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Abstract
Food safety is a key priority for public health. However, consumer demand for cheese 

products may expose the population to the risk of mycotoxicosis and cancer, among others. Acute 
mycotoxicosis and cancer are examples of linked disorders. Among the most frequent toxic agents 
that enter the human body through food consumption are mycotoxins. This review study highlights 
the significance of the impact of the most important mycotoxins on public health through the 
consumption of cheese products. Despite being a poor substrate for mycotoxin development, 
cheese products have been found to contain harmful toxins. Aflatoxin Μ1 (AFM1) and ochratoxin 
A (OTA) are the main mycotoxins in cheese products, and they are very harmful to human health. 
Adherence to legislative limits and the implementation of appropriate control measures by food 
business operators (FBOs) are considered necessary to protect consumers’ health.
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grow on numerous foodstuffs, such as cereals, 
dried fruits, nuts, and spices. Mould growth can 
occur either before or after harvest and during 
storage under warm and humid conditions 
(2). It is estimated that 25% of global crop 
production is contaminated with mycotoxins (3). 
The effects of mycotoxins transmitted through 
the consumption of contaminated food may be 
acute, with symptoms of severe illness. Other 
mycotoxins transmitted indirectly from animals 
that are fed contaminated feed, in particular 
from milk, have been linked to long-term effects 
on health, including the induction of cancers 

Introduction

Food safety plays a key role in public health. 
Chemical compounds in food cause global 
concern for consumer health and constitute 
a main cause of trade barriers. Chemical 
compounds found in food may be either 
intentionally added for technological purposes 
(e.g., food additives) or through environmental 
air, water, and soil pollution (1).

Mycotoxins are toxic compounds that are 
naturally produced by certain types of moulds 
(fungi). Moulds that can produce mycotoxins 
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and immune deficiency (2, 4). Several hundred 
different mycotoxins have been detected so 
far, with aflatoxins and ochratoxins the most 
common (2).

Milk and dairy products are major sources 
of human nutrition (5). Cheese products have 
been among the basic foodstuffs since ancient 
times (6, 7). As one of the most commonly used 
foods, they are in high demand by consumers 
(8). Greece has a long tradition of cheese 
production and consumption, and it is ranked 
high in cheese consumption globally (9). It is 
among the countries with the highest number 
of cheese types produced, along with France, 
Germany, Italy, and the Netherlands (10). Cheese 
products are a sensitive product in terms of 
mould formation (11). Aflatoxin M1 (AFM1) and 
ochratoxin A (OTA) are recognised as the most 
dangerous mycotoxins (12, 13). The purpose of 
the present review is to highlight the significance 
of the impact of AFM1 and OTA on public health 
through the consumption of cheese products.

Mycotoxin Formation in Food

Mycotoxins are a group of secondary 
metabolites produced mainly by several 
filamentous fungi (14, 15). They are low 
molecular weight organic compounds, and 
they are toxic for people, animals, plants, and 
microorganisms, even in low concentrations 
(15, 16). The term mycotoxins originates from 
the Greek word “μύκης” (mykes), which means 
fungus, and the Latin word “toxicum”, which 
means poison (17).

Mycotoxins were first identified in 1960 in 
the aftermath of an unprecedented veterinary 
crisis near London (Turkey X disease), during 
which approximately 100,000 turkey poults 
died (18, 19). Soon afterwards, the use of the 
term “mycotoxins” was expanded to include not 
only the known fungal toxins, as well as several 
new fungal secondary metabolites that appeared 
later (e.g., OTA), but also other compounds that 
had originally been isolated as antibiotics (14, 
15, 20). Mould growth on certain foodstuffs and 
feed under favourable environmental conditions 
has resulted in the formation of mycotoxins (21), 
which are produced sporadically under fungal 
stress. Most mycotoxins in feed and foodstuffs 
are produced by the fungal genera Aspergillus, 
Penicillium, and Fusarium (3, 22). Some 
mycotoxins that have been found in foodstuffs 
include aflatoxin, patulin, fumonisin, ochratoxin, 
ergotamine, zearalenone, t-2 toxin, cyclopiazonic 

acid, and sterigmatocystin (23). Aflatoxins, OTA, 
fumonisins, and zearalenone have been identified 
as among the most important mycotoxins (24, 
25).

Endogenous and exogenous factors can 
influence the formation of fungi that produce 
mycotoxins. Endogenous factors include 
water activity (aw), pH, and redox potential. 
Exogenous factors include relative humidity, 
oxygen sufficiency, and temperature (21). The 
two basic reasons for their production are 
their competition with other microorganisms 
for nutrient content and the development of 
favourable conditions for their seeds to grow (21, 
26).

Generally, mycotoxins are found more 
often in feed (cereals, maize, rice, cottonseed, 
peanuts, legumes, and barley) and foodstuffs of 
plant origin (27). They can also be detected in 
foodstuffs of animal-origin, such as meat (and 
intestinal organs), milk, and eggs. Their presence 
in these foodstuffs is usually at lower levels than 
in feed (20).

Toxic Effects of Mycotoxins on 
Human Health

A major source of people’s exposure to 
mycotoxins is the consumption of contaminated 
foodstuffs. The illnesses caused by exposure 
to mycotoxins are known as mycotoxicoses 
(15, 28). Exposure through the consumption 
of foodstuffs can cause a variety of toxic 
effects, including haemorrhagic, hepatotoxic, 
nephrotoxic, neurotoxic, oestrogen, teratogens, 
immunosuppressant, mutagenic, and 
cancer effects (29). Aflatoxins, ochratoxin, 
sterigmatocystin, patulin, cyclopiazonic 
acid, citrinin, and other mycotoxins found 
in foodstuffs have been classified by the 
International Agency for Research on Cancer 
(IARC) as carcinogenic substances (30, 31). 
Mycotoxins can be immunotoxic, but this 
depends on the level of exposure (32, 33). 
The severity of mycotoxicosis also depends on 
biological condition, gender, age, and length of 
exposure to the respective mycotoxin (34).

Mycotoxins have various acute and 
chronic effects on people and animals  
(15, 29). In acute mycotoxicoses, symptoms in 
the human population appear rapidly. Chronic 
mycotoxicoses are a result of long-term, low-dose 
exposure to mycotoxins, which can lead to cancer 
and other irreversible toxic effects. In humans 
and animals, contamination with mycotoxins 
is usually associated with chronic exposure 
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to mycotoxins (e.g., cancer, kidney toxicity, 
immunosuppression, etc.) (30, 33).

Human exposure to mycotoxins can be 
further determined by environmental monitoring 
and bio indices (30). Several reports have shown 
that mycotoxins, such as aflatoxin, ochratoxin, 
and patulin, can influence the inflammatory 
response (35).

Mycotoxins in Cheese Products

The most common mycotoxins found in 
various types of cheese products are aflatoxins, 
OTA, sterigmatocystin, penicillic acid, patulin, 
Penicillin Roquefort (PR) toxin, roquefortine, 
citrinin, cyclopiazonic acid, and mycophenolic 
acid (36, 37). Besides the presence of mycotoxins 
with carcinogenic effects (AFM1), the presence 
of mycotoxins with nephrotoxic effects (OTA) in 
cheese products has also been reported. Other 
mycotoxins, such as patulin and penicillic acid, 
have also been reported, but they are not stable 
in cheese products (16).

Mycotoxins can be found in cheese products 
either because they pre-exist in milk (AFM1, 
AFM2), or because they are formed during their 
ripening and preservation processes following 
intense surface fungal growth (ochratoxin, 
patulin, cyclopiazonic acid, roquefortine, etc.). 
Contamination can also occur naturally from 
the equipment used or from the air (38). The 
presence of fungi in cheeses is harmful and 
undesired in most types of cheese, apart from 
mould-ripened cheeses (e.g., blue cheeses, 
Camembert, and Brie), in which the presence of 
fungi is desired (39, 40). The potential presence 
of mycotoxins in certain fungal strains of the 
Penicillium genus involved in cheese ripening 
(PR toxin, cyclopiazonic acid, roquefortine, etc.) 
has also been examined (41).

The Aspergillus and Penicillium genera 
are among the most common fungal genera to 
produce mycotoxins in cheese products (Table 1).

Table l. The most important fungal genera that 
produce mycotoxins in cheese products

Genus Penicillium Genus Aspergillus

OTA (Penicillium 
verrucosum) AFM1

Patulin OTA (Aspergillus ochraceus)

Citrinin OTA (Aspergillus niger)

Penicillanic acid Sterigmatocystin

Cyclopiazonic acid

PR toxin

Roquefortine

Mycophenolic acid

Source: O ‘Brien et al. (16)

The fungal species of the Penicillium genus 
can also grow on cheese at cooling temperatures, 
but the fungal species of the Aspergillus genus 
need higher temperatures to grow (16). The 
presence of mycotoxins in cheese is due to three 
main factors:
i) The presence of aflatoxin Μ1 (AFΜ1) in 

fresh or processed milk that is used in the 
production of cheese, arising from feed 
contaminated with aflatoxin Β1 (AFΒ1) that 
has been consumed by dairy cattle. This is an 
indirect method of cheese contamination.

ii) The production of mycotoxins by fungal 
species, such as Aspergillus and Penicillium, 
that grow on cheese constitutes a direct 
method of cheese contamination.

iii) The production of mycotoxins by fungal 
species used to produce mould-ripened 
cheeses is another direct way of producing 
cheese contaminated with mycotoxins.

The formation of wild fungal strains on the 
surface of cheese has been studied in numerous 
experiments to determine how deep into the 
cheese mycotoxins can penetrate. Several studies 
in which toxigenic fungi have been injected into 
cheese have shown aflatoxin formation, and 
some experiments have revealed the formation 
of OTA and other mycotoxins (41). Fungal 
penetration depth may be limited by monitoring 
the availability of oxygen required for the 
production of fungi (38). Several mycotoxins that 
have been produced by fungal growth on cheese 
have been reported to penetrate cheese masses  
1 cm–4 cm deep (41).
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Hard cheeses are of particular interest 
regarding fungal growth on their surfaces. Only 
a limited number of these cheeses produce 
mycotoxins (2%–15%), which is probably due 
to the low concentration of carbohydrates and 
the high concentration of proteins (38). The 
most important factors influencing mycotoxin 
production in cheese products are temperature 
and relative humidity, which are possibly low if 
cheese is stored in cooling conditions. The most 
common fungi that contaminate hard cheeses 
are species of the Penicillium genus (>80%) that 
grow easily in cooling conditions. The species of 
Aspergillus genus can also contaminate the hard 
surface of cheeses (<8%), but they do not grow, 
and they do not produce toxins in temperatures 
below 10°C–13°C. Mycotoxins in cheese 
products can withstand high temperatures. 
The manufacture of certain cheeses usually 
includes the heat treatment of the cheese and 
its ingredients. Cheese powders used in cheese-
making may also undergo heat treatment. The 
temperature levels may reach up to 105°C for 60 
seconds. However, it has been demonstrated that 
several types of mycotoxins remain relatively 
stable during most of the heat treatments in use 
today (38).

Aflatoxins

Aflatoxins constitute one of the most 
important groups of toxic agents in foodstuffs 
and feeds (42). The fungal species of Aspergillus 
flavus, Aspergillus parasiticus, and Aspergillus 
nonius that produce aflatoxins grow in 
increased relative humidity, which usually 
amounts to more than 85% (43, 44). Apart 
from temperature, the water activity coefficient 
(aw) and the presence of nutrients also affect 
the conditions that favour fungal growth (45). 
Aspergillus flavus produces aflatoxin Β while A. 
parasiticus produces aflatoxins B and G. Almost 
half of A. flavus strains produce aflatoxins (43). 
Aspergillus parasiticus may produce aflatoxins 
at temperatures of 6°C–46°C (optimum 
production temperatures are 25°C–35°C). 
Aspergillus flavus may produce aflatoxins at 
temperatures of 12°C–42°C (optimum values are 
28°C–30°C) (43).

Approximately 20 different types of 
aflatoxins have been identified. The four main 
types are B1 (AFB1), B2 (AFB2), G1 (AFG1), and 
G2 (AFG2) which are usually found in foodstuffs 
(23). Aflatoxins AFB2 and AFG2 are hydroxylated 
derivatives of the aflatoxins AFB1 and AFG1. 

Following the consumption of contaminated 
feed, AFB1 is metabolised in the livers of animals. 
AFM1 is the main hydroxylated metabolite of 
AFB1, and it is derived from milk-producing 
animals that have consumed feed contaminated 
with AFB1 (16). AFM1 is approximately 10 times 
less toxic for humans than AFB1 (46). The dose 
quantity, overall time of exposure, and the way 
they are metabolised are the most important 
factors influencing the toxic effect of aflatoxins 
(47).

Aflatoxicosis is the most important food-
borne disease caused by aflatoxin in both 
animals and humans (5, 48). Exposure to high 
doses of aflatoxins may lead to acute intoxication 
and may be life threatening, usually by damaging 
the liver (2, 44). Foodstuffs from animals with 
chronic subclinical toxicities are contaminated 
with aflatoxins and therefore can put consumers’ 
health at risk. Cases of acute aflatoxicosis in 
humans have been seen occasionally in some 
countries, mainly in the developing countries of 
Africa and Asia (49). In developing countries, 
an estimated 4.5 billion individuals are exposed 
to aflatoxin, which is one of the major causes 
of liver cirrhosis and hepatocellular carcinoma 
(HCC). In 2013, some countries in Europe, 
including Romania, Serbia, and Croatia, reported 
that milk was contaminated nationwide with 
aflatoxin (50).

Exposure to aflatoxin has an especially 
negative effect on children. Several studies have 
indicated a link between childhood aflatoxin 
exposure and development retardation. Adults 
are more resistant to aflatoxin exposure than 
children. Exposure to aflatoxin has been linked 
to HCC, accounting for 4.6% to 28.2% of HCC 
occurrences worldwide. Death may result 
from acute high-dose exposure in about 25% 
of cases. The majority of presenting cases of 
aflatoxin toxicity are late presentations after 
chronic exposure. Acute high-dose exposures 
are rare, and the most severe cases occur in 
children (51). The chronic forms result from low 
aflatoxin intake through food consumption over 
a long time (52). Epidemiological studies have 
demonstrated a positive correlation between 
aflatoxins and foodstuffs as a causative agent 
for the induction of primary HCC, while there is 
evidence of the synergistic action of aflatoxins 
in the effects of the hepatitis B virus (28). In 
1993, the IARC classified the aflatoxins AFB1 and 
AFM1 as 1 (human carcinogens) and 2b (probable 
human carcinogens), respectively (28, 30, 
44). It is estimated that exposure to aflatoxins 
may be responsible for 5%–28% of all cases of 
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exceeded the legislative limits of the European 
Union. Cheese products manufactured from 
AFM1-contaminated milk showed a higher 
concentration of mycotoxin in cheese curd than 
in manufactured yogurt (48). Compared with 
other dairy products, cheese is a potential source 
of AFM1 due to the presence of casein, which is 
highly concentrated during its manufacture 
(7, 48). In another study based on data from 
various countries (Czech Republic, Slovakia, 
France, Greece, Germany, Iran, Switzerland, 
Syria, Holland, etc.), the prevalence of AFΜ1 
in cheese varies (58). In a study conducted 
in southern Spain based on 35 samples of 
local cheese, AFΜ1 was detected in 16 (44.7%) 
samples in concentrations between 20 and 200 
μg/g (16). The type of cheese may play a role in 
the concentration of mycotoxins. Quantitative 
data on the concentration of AFM1 in some 
types of cheeses made with milk from cows and 
goats were evaluated through a global review 
conducted by Khaneghah et al. (10), which 
concluded that fresh cheeses contained a higher 
level of aflatoxins compared with other types 
of cheeses. In a study conducted in Turkey, 
the presence of AFM1 was detected in 75 fresh 
and fermented cheese samples (71.42%) out of 
105 samples analysed. In addition, the levels 
of AFM1 in 40 cheese samples (38.08%), a 
large proportion of which were fresh cheeses 
(59), were found to exceed the allowed national 
legislative limits (250 ng/kg). AFΜ1 remains 
stable in milk and cheese products (36). A strong 
association of AFM1 with casein is referred (60). 
Most researchers agree that cheeses contain 
40% to 60% of the AFΜ1 that pre-exists in milk, 
and the rest of the AFΜ1 is found in whey (61); 
45%–50% of AFΜ1 and AFΜ2 penetrate the curd 
during cheese-making. However, due to the 
concentration procedure, the concentration of 
AFΜ1 and AFΜ2 in the curd is 3.5 to 5.0 times 
greater than that in the milk from which the 
cheese is produced (41).

Besides the indirect presence of aflatoxins 
(AFΜ1) in cheese, there is a direct presence. The 
ability of toxicogenic Aspergillus to produce 
other types of toxins besides AFΜ1 has been 
observed in experimental studies. In a study 
that used different types of cheddar cheese, the 
results showed that aflatoxins can penetrate 4 
cm deep into the cheese surface (62). Similar 
results were observed in earlier experimental 
studies, such as Frank (1968), who grew A. flavus 
on Tilsit cheese; 200 μg/kg of AFB1 0.5 cm deep 
into the surface of the first slice of cheese and  

hepatocellular cancer worldwide (41, 42). Milk is 
a foodstuff that contains AFΜ1 more often than 
other animal-origin foodstuffs (53) and can cause 
aflatoxicosis which is the most important food-
borne disease through the consumption dairy 
products (5). In developed countries, aflatoxin 
exposure is not a major problem due to strict 
regulatory requirements and more diverse diets 
than in developing countries (54). The routes of 
exposure to aflatoxins in humans are illustrated 
in Figure 1 (55).

Field and post – harvest 
contamination 

Poor storage conditions  

Aflatoxin accumulation in food crops and feed 

Aflatoxins consumption 

Chronic 
aflatoxicosis 

Liver cirrhosis 

Chronic hepatitis B 

and C infection 

Malnutrition and 
stunted in children 

Immune 
suppression 

Liver cancer 
(Hepatocellular 

carcinoma) 

Adverse effects on 
reproductive health 

Acute aflatoxicosis 

Figure 1. Routes of exposure to aflatoxins in humans 
(Adopted by Bbosa et al. 2013) (55)

Occurrence of AFM1 in Cheese Products
The amount of AFB1 in the feed that is 

excreted in the form of AFΜ1 in cow’s milk is 
approximately 1%–3%, but values of up to 6% 
have been reported (56). It has been estimated 
that if a cow consumes a quantity of 300 ng/g 
AFB1, it will produce milk containing 1–3 ng/
mL AFΜ1 24 hours later. The AFB1 to AFM1 
conversion ratio can vary from 1:100 to 1:300 
(16). Similar conversion ratios of AFB1 in feed 
to AFΜ1 in milk are also seen in sheep and other 
milk-producing animals (57).

AFM1 is the most frequently reported 
mycotoxin in cheese worldwide (44). A study 
in Egypt revealed that AFM1 was found in 2 
of 13 local soft cheese samples manufactured 
from naturally contaminated milk at levels that 
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600 μg/kg of AFG1 were observed. The 
aforementioned aflatoxins were also found 1 
cm deep into the cheese surface, but in much 
smaller quantities (20 μg/kg) (63). Comparisons 
between studies that used strains of A. 
parasiticus demonstrated lower production of 
aflatoxins in cheese products regarding the 
presence of A. flavus. In research conducted 
to identify aflatoxins in processed cheeses that 
were contaminated with A. flavus, aflatoxins 
AFB1, and AFG1 were detected in quantities 
that diminished gradually depending on the 
penetration depth from the surface of the cheese 
(64). In a Greek study on feta cheese injected 
with A. Flavus fungi, aflatoxins AFB1 and AFG1 
were found on the third surface layer of the 
cheese (0.24 cm) the length of each layer was 
determined by the researcher at 0.8 cm were 
found in much smaller quantities than in the first 
surface layer of the cheese (0.9%–1.5%)(53).

Ochratoxin A

One of the most significant and harmful 
mycotoxins is OTA (65). It is considered the most 
prevalent and most toxic of all the ochratoxins 
(40). OTA can be produced from various species 
of the fungal strains Aspergillus and Penicillium 
and others (14). It constitutes one of the most 
common toxic agents in foodstuffs (66). OTA 
and the metabolites thereof are produced in 
foodstuffs, mainly from the species Penicillium 
verrucosum and Aspergillus ochraceus (20). 
Penicillium verrucosum is the dominant 
producer of OTA; however, Penicillium 
nordicum can also produce it (65). The fungus 
grows more often on foodstuffs of plant origin, 
but it can also be found in food products with a 
high protein and fat concentration, such as meat 
and cheese (67).

OTA is related to chronic kidney 
disease, which is defined as Balkan endemic 
nephropathy (BEN) (40, 68). The phenomenon 
of OTA-induced nephrotoxicity in humans is 
considered to play a key role in the aetiology 
of neuropathies and tumours of the urinary 
system (69). In addition to nephrotoxicity, 
research has shown that OTA can be toxic to 
the liver and a key regulator of the immune 
system (32, 70). According to the European 
Food Safety Authority’s (EFSA) risk assessment 
regarding OTA in foodstuffs, based on data on 
the mechanisms of OTA toxicity, weekly intake 
must not exceed 120 ng/kg body weight (71). 
In 1993, the IARC classified OTA into category 

2b (probable human carcinogens) (28, 30, 68). 
Following the digestion of feed contaminated 
with ochratoxins, OTA is converted into a less 
toxic metabolite ochratoxin α. OTA and the 
metabolites thereof are usually detected in the 
urine and faeces of animals, but they have also 
been detected in their milk (72, 73). The high 
toxicity of OTA is a major health concern that has 
led to an increased need for accurate monitoring 
of this mycotoxin in food products (74).

OTA in Cheese Products
In addition to aflatoxins, there is evidence 

of the presence of OTA in cow’s milk. A 
study in Italy investigated the presence of 
OTA in 73 samples of various types of cheese 
purchased from local markets. Sixty-nine of the 
samples were below the limit of quantification 
(LOQ), while four samples showed an OTA 
concentration level ranging from 1.3 to 7.5 pg/
kg, indicating that there was a low risk of OTA 
contamination. All of the positives were samples 
of grated hard cheese made from cow’s milk (40). 
In another study conducted in Sweden regarding 
the presence of OTA in cow’s milk, the results 
showed the presence of mycotoxin in 14% of the 
36 samples, in quantities ranging from 10 to 40 
ng/mL of milk (72). In another study in Italy, 22 
samples of cave-ripened cheeses were surveyed 
for their mycotoxigenic potential in vitro and 
mycotoxin content in cheese products, and the 
researchers concluded that the intake of OTA 
from cheese seems to be of limited significance 
for the general population (75). Experimental 
studies have focused on the prevalence of OTA 
in cheeses. In a study on the transfer of OTA in 
sheep’s milk used for the manufacture of cheese 
products, the amount of the toxin transferred 
to milk was determined to be lower than 1% 
(73). Another study conducted by Kokkonen 
et al. (76) concluded that cheese products do 
not constitute an appropriate substrate for the 
surface growth of fungi that produce OTA (e.g., 
P. verrucosum). A study on the occurrence 
of mycotoxins concerning the surface growth 
of fungi on cheddar cheeses concluded that 
significant quantities of OTA were detected 0.7 
cm deep into the surface of the cheese sample. 
OTA has been reported to be relevantly stable 
in cheddar cheeses; 49% of OTA appears to be 
preserved in storage conditions at 25°C for 48 
hours (37). In France, Comte semi-hard ripened 
cheese was examined after artificial inoculation 
with an OTA-producing P. verrucosum strain. 
At 8°C, OTA production started after 28 days 
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of incubation, while at 20°C, mycotoxin was 
produced from the seventh day. The maximum 
OTA concentration was approximately 4,000 
ng/g of cheese. Maximum concentrations were 
obtained in the top part of the cheese, but the 
mycotoxins were up to 1.6 cm deep (77). The 
results of a study in Germany on a quantification 
method for determining the toxicology of 
mycotoxin OTA applied for a market screening 
of hard, semi-hard, and soft cheese samples 
shown that two samples of hard cheese with 
particularly high OTA levels of 4.8 pg/kg and 
27 pg/kg were identified (78). In addition, a 
survey conducted to investigate the presence of 
OTA in cheese and pork meat products, based 
on data from official control sources, concluded 
on the basis of an analysis of 75 samples that 
the occurrence of OTA was quite low and only 
occasional in the food considered. However, the 
detection of mycotoxin in concentrations above 
LOQ (1 pg/kg) in grated cheeses poses a possible 
risk to the health of consumers (79). The results 
of this study support the findings of an earlier 
study conducted in Italy by Biancardi et al. 
(80), in which OTA was detected in six out of 40 
commercially grated hard cheeses at high levels 
that can be harmful for consumers health.

Mycotoxin Control Measures and 
Legislative Levels in the European 
Union

To control mycotoxins, it is necessary to 
study and understand the factors that allow fungi 
to grow and produce mycotoxins (81). Mycotoxin 
production depends on various factors, such 
as water activity, temperature, substrate, 
fungal strain, presence of chemicals, and 
microbial interactions (81). The most dangerous 
mycotoxins do not usually grow to a significant 
extent on low-carbohydrate foods, such as 
cheese, in under-ripening conditions (82).

AFM1 may concentrate in the cheese-
making process, although its preservation 
in the curd depends on the technology used. 
Avoidance of contaminated feed remains the 
main control measure (82). The surface growth 

of the relative fungal species can be controlled 
by three basic measures: surface protection, 
limited access to oxygen, and low temperature. 
Table 2 summarises some of the mycotoxin 
control measures used with cheese products. 
Cheese products in which fungal growth is visible 
can be used for further processing to the extent 
that measures are adopted to control these 
fungi in a way that prevents the development 
of mycotoxins. It is worth noting that when 
cheese products are combined with seasonings 
(herbs, flavourings, flavour enhancers, etc.), 
a specific assessment must be carried out to 
determine whether additional types of fungi 
have penetrated, which are likely to produce 
mycotoxins, and if any extra controls will 
be needed to ensure that the possibility of 
mycotoxin formation in these cheese products is 
minimised (83).

Only a few species of fungi produce toxins 
at low temperatures, and the concentration of 
these mycotoxins in cheese is influenced by many 
factors. It has generally been acknowledged 
that relative humidity and temperature are 
considered the most critical factors. Storage in 
cool temperatures, in combination with vacuum 
or modified temperature (MAP) packaging, 
for example, which provides a relatively high 
concentration of dioxide (>50%) or/and low 
concentration of residual oxygen (<0.5%), will 
prevent fungal growth on cheese. Finally, the 
surface removal of fungi visible at a penetration 
depth of 4 cm is sufficient to remove any 
mycotoxins that may exist (83).

The European Regulation (EU) 2023/915 
requires that the maximum level of AFM1 in 
milk, heat-treated milk, and milk intended for 
the processing of cheese products be 0.050 
μg/kg (84). For the determination of the 
maximum permissible level in cheese products, 
concentration and dilution criteria apply (82). 
In Regulation (EC) 1881/2006, which has been 
repealed by Regulation (ΕU) 2023/915, it is 
explicitly stated that even if AFM1 is considered 
a less dangerous, genotoxic, and carcinogenic 
substance, it is necessary to avoid its presence in 
milk and other dairy products, especially in those 
intended for young children (85, 86).
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Table 2. Mycotoxin control measures in cheese 
products

Site of 
production

Implementation of 
control measures

Reference

Refrigerated 
storage

Temperatures below 9°C (83)

Packaging Low oxygen and/or high 
concentration of other gases

(81)

Production Addition of competitive 
microorganisms

(81)

Production Addition of natamycin (89)

Production Use of potassium sorbate in 
cheeses 0.2%–0.3%

(90)

Production Addition of natural plant 
extracts

(91)

Production Regulation of acidity  
(pH value approximately 4)

(92)

Discussion

The levels of mycotoxins reported in the 
published literature on cheese products are quite 
low. The expectation that cheese products are 
usually consumed in small quantities reduces the 
risk to human health. Nevertheless, even at low 
levels, AFM1 in cheese products raises concerns 
about public health. Cheeses can be susceptible 
to OTA contamination if the milk used in their 
production is contaminated with OTA-producing 
moulds. Some researchers have concluded that 
cheese products are not a suitable substrate for 
the growth of OTA-producing fungi. However, 
various experimental studies on the surface 
growth of fungi have observed OTA on cheese 
surfaces. In addition, the research findings on 
cheese products that are widely available in the 
marketplace, especially grated hard cheeses, are 
of particular interest.

Conclusion

Mycotoxins are among the most common 
toxic substances transferred into the human 
body through the consumption of foodstuffs. 
Cheese products are considered a poor substrate 
for mycotoxin production; however, the presence 
of dangerous toxins in them has been reported. 
Among the most important mycotoxins for 
human health through the consumption of milk 
are AFΜ1 and OTA.

AFΜ1 is the main mycotoxin in cheese 
products; however, its direct effect on the 
development of liver cancer through the 

consumption of cheese products requires further 
research. Regarding OTA, there is insufficient 
evidence to determine its transfer rate in cow’s 
milk. Further research is needed to draw sounder 
conclusions about the production of OTA from 
mould growth on the surface of cheese. The 
legislative limits established by the European 
Union for the maximum allowable limits for 
AFM1 in dairy products help to minimise the risk 
to consumers. Strict adherence to preventive 
measures by food business operators (FBOs), 
such as Hazard Analysis Critical Control Point 
(HACCP), is also considered very important to 
prevent the presence of mycotoxins in cheeses.

Acknowledgements

The authors would like to thank all staff 
from the postgraduate programme, Environment 
and health: Management of environmental 
health effects, Medical School of National and 
Kapodistrian University of Athens, Greece for the 
great collaboration.

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: ECH, OCH
Analysis and interpretation of the data: ECH, 
OCH
Drafting of the article: ECH
Critical revision of the article for important 
intellectual content: IMG, AMG, APD
Final approval of the article: ACL, NKV

Correspondence

Elias Ath. Chaidoutis
PhD (c), MSc Food Safety and Public Health
First Department of Pathology,
School of Medicine,
National and Kapodistrian University of Athens, 
5, Mikras Asias str.,
11527 Athens, Greece.
Tel: +30 697 789 4093
E-mail: echaidoutis@med.uoa.gr



www.mjms.usm.my 29

Review Article | Major mycotoxins in cheese

References

1. World Health Organization. WHO estimates 
of the global burden of foodborne diseases: 
foodborne disease burden epidemiology reference 
group 2007–2015 [Internet]. Geneva: World 
Health Organization; 2015 [Retrieved 2022 
Jun 9]. Available at: https://apps.who.int/iris/
handle/10665/199350

2. World Health Organization. Mycotoxins 
[Internet]. Geneva: World Health Organization; 
2018 [Retrieved 2023 Oct 24]. Available at: 
https://www.who.int/news-room/fact-sheets/
detail/mycotoxins

3. Bouhet S, Oswald IP. The effects of mycotoxins, 
fungal food contaminants, on the intestinal 
epithelial cell-derived innate immune response. 
Vet Immunol Immunopathol. 2005;108(1–
2):199–209. https://doi.org/10.1016/j.
vetimm.2005.08.010

4. Fokunang CN, Tembe-Fokunang EA, Tomkins 
P, Barkwan S. Global impact of mycotoxins on 
human and animal health management. Outlook 
Agric. 2006;35(4):247–253. https://doi.
org/10.5367/000000006779398263

5. Seid A, Mama A. Aflatoxicosis and occurrence 
of aflatoxin M1 (AFM1) in milk and dairy 
products: a review. Austin J Vet Sci Anim Husb. 
2019;6(1):1054.

6. Harvard T.H. Chan School of Public Health. The 
nutrition source. cheese [Internet]. Boston. MA: 
Harvard T.H. Chan School of Public Health; 2020 
[Retrieved 2023 Feb 11]. Available at: https://
www.hsph.harvard.edu/nutritionsource/cheese

7. Gonçalves BL, Uliana RD, Coppa CFSC, Lee SHI, 
Kamimura ES, Oliveira CAF, et al. Aflatoxin M1: 
biological decontamination methods in milk 
and cheese. Food Sci Technol. 2022;42:e22920. 
https://doi.org/10.1590/fst.22920

8. Kamaloddini MH, Kheradmand HR. A 
foodborne botulism occurrence in Mashhad: 
Clostridium botulinum in local cheese. J Emerg 
Pract Trauma. 2021;7(1): 66–68. https://doi.
org/10.34172/jept.2020.01

9. Panagou EZ, Nychas G-JE, Sofos JN. Types 
of traditional Greek foods and their safety. 
Food Control. 2013;29(1):32–41. https://doi.
org/10.1016/j.foodcont.2012.05.050

10. Khaneghah AM, Moosavi M, Omar SS, Oliveira 
CAF, Karimi-Dehkordi M, Fakhri Y, et al. The 
prevalence and concentration of aflatoxin M1 
among different types of cheeses: a global 
systematic review, meta-analysis, and meta-
regression. Food Control. 2021;125(139):107960. 
https://doi.org/10.1016/j.foodcont.2021.107960

11. Van Egmond HP. Aflatoxin M1: occurrence, 
toxicity, regulation. In: van Egmond HP, editor. 
Mycotoxins in dairy products. London: Elsevier 
Applied Science; 1989. pp. 11–55.

12. Mahmudiono T, Mazaheri Y, Sadighara P, 
Akbarlou Z, Hoseinvandtabar S, Fakhri Y. 
Prevalence and concentration of aflatoxin M1 
and ochratoxin A in cheese: a global systematic 
review and meta-analysis and probabilistic 
risk assessment. Rev Environ Health. 
2023;38(4):697–712. https://doi.org/10.1515/
reveh-2023-0069

13. Kure CF, Skaar I. The fungal problem in cheese 
industry. Curr Opin Food Sci. 2019;29:14–19. 
https://doi.org/10.1016/j.cofs.2019.07.003

14. Peraica M, Radić B, Lucić A, Pavlović M. Toxic 
effects of mycotoxins in humans. Bull World 
Health Organ. 1999;77(9):754–766.

15. Zain ME. Impact of mycotoxins on humans and 
animals. J Saudi Chem Soc. 2011:15(2):129–144. 
https://doi.org/10.1016/j.jscs.2010.06.006

16. O’Brien NM, O’Connor TP, O’Callaghan J, 
Dobson ADW. Toxins in cheese. Cheese Chem 
Phys Microbiol. 2004;1:561–571. https://doi.
org/10.1016/S1874-558X(04)80082-4

17. Bullerman LB. Significance of mycotoxins 
to food safety and human health. J Food 
Prot. 1979;42(1):65–86. https://doi.
org/10.4315/0362-028X-42.1.65

18. Blount WP. Turkey “X” disease. J Br Turk Fed. 
1961;9(52):52–54.

19. Antunović M, Kovač Tomas M, Šarić A, Lučan 
Čolić M, Babić J, Kovač T. Aflatoxin M1 in milk 
and dairy products – a mini review. Croat J Food 
Sci Technol. 2022;14(2):235–248. https://doi.
org/10.17508/CJFST.2022.14.2.08

20. Bennett JW, Klich M. Mycotoxins. Clin Microbiol 
Rev. 2003;16(3):497–516. https://doi.
org/10.1128/CMR.16.3.497-516.2003

https://apps.who.int/iris/handle/10665/199350
https://apps.who.int/iris/handle/10665/199350
https://www.who.int/news-room/fact-sheets/detail/mycotoxins
https://www.who.int/news-room/fact-sheets/detail/mycotoxins
https://doi.org/10.1016/j.vetimm.2005.08.010
https://doi.org/10.1016/j.vetimm.2005.08.010
https://doi.org/10.5367/000000006779398263
https://doi.org/10.5367/000000006779398263
https://www.hsph.harvard.edu/nutritionsource/cheese
https://www.hsph.harvard.edu/nutritionsource/cheese
https://doi.org/10.1590/fst.22920
https://doi.org/10.34172/jept.2020.01
https://doi.org/10.34172/jept.2020.01
https://doi.org/10.1016/j.foodcont.2012.05.050
https://doi.org/10.1016/j.foodcont.2012.05.050
https://doi.org/10.1515/reveh-2023-0069
https://doi.org/10.1515/reveh-2023-0069
https://doi.org/10.1016/j.cofs.2019.07.003
https://doi.org/10.1016/j.jscs.2010.06.006
https://doi.org/10.1016/S1874-558X(04)80082-4
https://doi.org/10.1016/S1874-558X(04)80082-4
https://doi.org/10.4315/0362-028X-42.1.65
https://doi.org/10.4315/0362-028X-42.1.65
https://doi.org/10.1128/CMR.16.3.497-516.2003
https://doi.org/10.1128/CMR.16.3.497-516.2003


Malays J Med Sci. 2024;31(6):21–33

www.mjms.usm.my30

21. O’Brien E, Dietrich DR. Ochratoxin 
A: the continuing enigma. Crit Rev 
Toxicol. 2005;35(1):33–60. https://doi.
org/10.1080/10408440590905948

22. Battilani P, Palumbo R, Giorni P, Dall’Asta C, 
Dellafiora L, Gkrillas A, et al. Mycotoxin mixtures 
in food and feed: holistic, innovative, flexible 
risk assessment modelling approach. EFSA 
Support Publ. 2020;17(1):1757E. https://doi.
org/10.2903/sp.efsa.2020.EN-1757

23. United Nations Environment Programme and 
World Health Organization. Mycotoxins. Geneva: 
World Health Organization; 1979.

24. Nasrollahzadeh A, Mokhtari S, Khomeiri M, Saris 
P. Mycotoxin detoxification of food by lactic acid 
bacteria. Int J Food Contam. 2022;9:1. https://
doi.org/10.1186/s40550-021-00087-w

25. Wu F, Groopman JD, Pestka JJ. Public health 
impacts of foodborne mycotoxins. Annu Rev Food 
Sci Technol. 2014;5(1):351–372. https://doi.
org/10.1146/annurev-food-030713-092431

26. Kamle M, Mahato DK, Gupta A, Pandhi S, 
Sharma N, Sharma B, et al. Citrinin mycotoxin 
contamination in food and feed: impact on 
agriculture, human health, and detection and 
management strategies. Toxins. 2022;14(2):85. 
https://doi.org/10.3390/toxins14020085

27. Orriss GD. Animal diseases of public health 
importance. Emerg Infect Dis. 1997;3(4):497–
502. https://doi.org/10.3201/eid0304.970413

28. International Agency for Research on Cancer 
(IARC) Working Group on the Evaluation 
of the Carcinogenic Risks to Humans. IARC 
monographs on the evaluation of carcinogenic 
risks to humans, volume 100 C, arsenic, metals, 
fibres, and dusts. Lyon: IARC; 2012.

29. Joshi P, Chauysrinule C, Mahakarnchanakul W, 
Maneeboon T. Multi-mycotoxin contamination, 
mold incidence and risk assessment of aflatoxin 
in maize kernels originating from Nepal. 
Microbiol Res. 2022;13(2):258–277. https://doi.
org/10.3390/microbiolres13020021

30. Valavanidis A. Environment and malignant 
neoplasias. exogenous-environmental 
carcinogenic factors in human and risk 
assessment. Athens: BETA Medical Arts; 2000.

31. Chu FS. Mycotoxins: food contamination, 
mechanism, carcinogenic potential and preventive 
measures. Mutat Res Genet Toxicol. 1991;259(3–
4):291–306. https://doi.org/10.1016/0165-
1218(91)90124-5

32. Sharma RP. Immunotoxicity of mycotoxins. J 
Dairy Sci. 1993;76(3):892–897. https://doi.
org/10.3168/jds.S0022-0302(93)77415-9

33. Beasley RP. Epidemiology of hepatocellular 
carcinoma. In: Vyas G.H., Dienstag J.L., 
Hoofnagle J.H., editors. Viral Hepat Liver 
Disease. Orlando: Grune and Stratton; 1984. pp. 
209–224.

34. D’Mello JPF, Macdonald AMC. Mycotoxins. 
Anim Feed Sci Technol. 1997;69(1–3):155–166. 
https://doi.org/10.1016/S0377-8401(97)81630-6

35. Oswald IP, Marin DE, Bouhet S, Pinton P, 
Taranu I, Accensi F. Immunotoxicological risk 
of mycotoxins for domestic animals. Food Addit 
Contam. 2005;22(4):354–360. https://doi.
org/10.1080/02652030500058320

36. Sengun I, Yaman D, Gonul S. Mycotoxins and 
mould contamination in cheese: a review. World 
Mycotoxin J. 2008;1(3):291–298. https://doi.
org/10.3920/WMJ2008.x041

37. Bullerman LB. Public health significance of molds 
and mycotoxins in fermented dairy products. J 
Dairy Sci. 1981;64(12):2439–2452. https://doi.
org/10.3168/jds.S0022-0302(81)82869-X

38. United Kingdom. Committee on Toxicity of 
Chemicals in Food, Consumer Products and 
the Environment (COT). Annual report 2006 
[Internet]. UK: COT; 2006 [Retrieved 2023 Oct 
25]. Available at: https://cot.food.gov.uk/sites/
default/files/cot/cotsection06.pdf

39. Lopez-Diaz TM, Roman-Blanco C, Garcia-Arias 
MT, García-Fernández MC, García-López ML. 
Mycotoxins in two Spanish cheese varieties. Int 
J Food Microbiol. 1996;30(3):391–395. https://
doi.org/10.1016/0168-1605(96)00957-9

40. Altafini A, Roncada P, Guerrini A, Minkoumba 
Sonfack G, Fedrizzi G, Caprai E. Occurrence of 
ochratoxin a in different types of cheese offered 
for sale in Italy. Toxins. 2021;13(8):540. https://
doi.org/10.3390/toxins13080540

https://doi.org/10.1080/10408440590905948
https://doi.org/10.1080/10408440590905948
https://doi.org/10.2903/sp.efsa.2020.EN-1757
https://doi.org/10.2903/sp.efsa.2020.EN-1757
https://doi.org/10.1146/annurev-food-030713-092431
https://doi.org/10.1146/annurev-food-030713-092431
https://doi.org/10.3390/microbiolres13020021
https://doi.org/10.3390/microbiolres13020021
https://doi.org/10.1016/0165-1218(91)90124-5
https://doi.org/10.1016/0165-1218(91)90124-5
https://doi.org/10.3168/jds.S0022-0302(93)77415-9
https://doi.org/10.3168/jds.S0022-0302(93)77415-9
https://doi.org/10.1016/S0377-8401(97)81630-6
https://doi.org/10.1080/02652030500058320
https://doi.org/10.1080/02652030500058320
https://doi.org/10.3920/WMJ2008.x041
https://doi.org/10.3920/WMJ2008.x041
https://doi.org/10.3168/jds.S0022-0302(81)82869-X
https://doi.org/10.3168/jds.S0022-0302(81)82869-X
https://cot.food.gov.uk/sites/default/files/cot/cotsection06.pdf
https://cot.food.gov.uk/sites/default/files/cot/cotsection06.pdf
https://doi.org/10.1016/0168-1605(96)00957-9
https://doi.org/10.1016/0168-1605(96)00957-9


www.mjms.usm.my 31

Review Article | Major mycotoxins in cheese

41. Mantis A, Papageorgiou D, Fletouris D, Angelidis 
A. Hygiene and technology of milk and its 
products. Thessaloniki, Greece: Kyriakidis Bros - 
Publications S.A.; 2018.

42. Milki S, Abdeta D. Public health impact of 
aflatoxin. J Bacteriol Mycol Open Access. 
2023;11(1):34–39. https://doi.org/10.15406/
jbmoa.2023.11.00340

43. Klich MA, Pitt JI. Differentiation of Aspergillus 
flavus from A. parasiticus and other closely 
related species. Trans Br Mycol Soc. 
1988;91(1):99–108. https://doi.org/10.1016/
S0007-1536(88)80010-X

44. Rojas-Marín V, Carvajal-Moreno M, González-
Villaseñor MC, García-Hernández EA, González–
Mendoza A. Presence of aflatoxin carcinogens 
in fresh and mature cheeses. Pharm Anal Acta. 
2018;9(3):581. https://doi.org/10.4172/2153-
2435.1000581

45. Northolt MD, Verhulsdonk CAH, Soentoro 
PSS, Paulsch WE. Effect of water activity 
and temperature on aflatoxin production by 
Aspergillus parasiticus. J Milk Food Technol. 
1976;39(3):170–174.

46. Chu FS. 2006. Mycotoxins and alimentary 
mycotoxicoses. In: Rieman HP, Cliver DO, 
editors. Foodborne infections and intoxications. 
3rd ed. London: Academic Press; 2006. pp. 583–
661. https://doi.org/10.1016/B978-012588365-
8/50020-7

47. Wild CP, Turner PC. The toxicology of 
aflatoxins as a basis for public health decisions. 
Mutagenesis. 2002;17(6):471–481. https://doi.
org/10.1093/mutage/17.6.471

48. Tahoun ABMB, Ahmed MM, Abou Elez RMM, 
AbdEllatif SS. Aflatoxin M1 in milk and some dairy 
products: level, effect of manufacture and public 
health concerns. Zagazig Vet J. 2017;45(2):188–
196. https://doi.org/10.21608/zvjz.2017.7891

49. Chao T-C, Maxwell SM, Wong S-Y. An outbreak 
of aflatoxicosis and boric acid poisoning in 
Malaysia: a clinicopathological study. J Pathol. 
1991;164(3):225–233. https://doi.org/10.1002/
path.1711640307

50. Cinar A, Onbaşı E. Mycotoxins: the hidden danger 
in foods. In: Sabuncuoğlu S, editor. Mycotoxins 
and food safety. Rijeka, Croatia: IntechOpen; 
2020. pp. 1–21. https://doi.org/10.5772/
intechopen.89001

51. Dhakal A, Hashmi MF, Sbar E. Aflatoxin toxicity. 
Treasure Island, FL: StatPearls Publishing; 2024 
[Retrieved 2024 Feb 2]. Available at: https://
www.ncbi.nlm.nih.gov/books/NBK557781/

52. Topi D, Babič J, Jakovac-Strajn B, Tavčar-
Kalcher G. Incidence of aflatoxins and ochratoxin 
A in wheat and corn from Albania. Toxins. 
2023;15(9):567. https://doi.org/10.3390/
toxins15090567

53. Karaioannoglou P. Aflatoxin production on 
white brined Feta cheese. Milchwissenschaft. 
1984;39(11):671–674.

54. Gong YY, Watson S, Routledge MN. Aflatoxin 
exposure and associated human health effects, 
a review of epidemiological studies. Food Saf. 
2016;4(1):14–27. https://doi.org/10.14252/
foodsafetyfscj.2015026

55. Bbosa GS, Kitya D, Lubega A, Ogwal-Okeng J, 
Anokbonggo WW, Kyegombe DB. Review of the 
biological and health effects of aflatoxins on body 
organs and body systems. In: Razzaghi-Abyaneh 
M, editor. Aflatoxins - recent advances future 
prospects. Rijeka, Croatia: IntechOpen; 2013. pp. 
239–265. https://doi.org/10.5772/51201

56. Veldman A, Meijs JAC, Borggreve GJ, Heeres-
Van Der Tol JJ. Carry-over of aflatoxin from cows’ 
food to milk. Anim Sci. 1992;55(2):163–168. 
https://doi.org/10.1017/S0003356100037417

57. Kaniou-Grigoriadou I, Eleftheriadou A, 
Mouratidou T, Katikou P. Determination of 
aflatoxin M1 in ewe’s milk samples and the 
produced curd and Feta cheese. Food Control. 
2005;16(3):257–261. https://doi.org/10.1016/j.
foodcont.2004.03.003

58. Pittet A. Natural occurrence of mycotoxins in 
foods and feeds: an update review. Rev Med Vet. 
1998;149: 479–492.

59. Yapar K, Elmali M, Kart A, Yaman H. Aflatoxin 
M1 levels in different type of cheese products 
produced in Turkey. Med Wet. 2008;64(1):53–
55.

https://doi.org/10.15406/jbmoa.2023.11.00340
https://doi.org/10.15406/jbmoa.2023.11.00340
https://doi.org/10.1016/S0007-1536(88)80010-X
https://doi.org/10.1016/S0007-1536(88)80010-X
https://doi.org/10.1093/mutage/17.6.471
https://doi.org/10.1093/mutage/17.6.471
https://doi.org/10.21608/zvjz.2017.7891
https://doi.org/10.1002/path.1711640307
https://doi.org/10.1002/path.1711640307
https://doi.org/10.5772/intechopen.89001
https://doi.org/10.5772/intechopen.89001
https://doi.org/10.14252/foodsafetyfscj.2015026
https://doi.org/10.14252/foodsafetyfscj.2015026
https://doi.org/10.1016/j.foodcont.2004.03.003
https://doi.org/10.1016/j.foodcont.2004.03.003


Malays J Med Sci. 2024;31(6):21–33

www.mjms.usm.my32

60. Elkak A, El Atat O, Habib J, Abbas M. Occurrence 
of aflatoxin M1 in cheese processed and marketed 
in Lebanon. Food Control. 2012;25(1):140–143. 
https://doi.org/10.1016/j.foodcont.2011.10.033

61. Dragacci S, Gleizes E, Fremy JM, Candlish 
AAG. Use of immunoaffinity chromatography 
as a purification step for the determination 
of aflatoxin M1 in cheeses. Food Addit 
Contam. 1995;12(1):59–65. https://doi.
org/10.1080/02652039509374279

62. Lie JL, Marth EH. Aflatoxin formation by 
Aspergillus flavus and Aspergillus parasiticus 
in a casein substrate at different pH values. J 
Dairy Sci. 1968;51(11):1743–1747. https://doi.
org/10.3168/jds.S0022-0302(68)87269-8

63. Frank K. (1968). Diffusion of aflatoxin in 
foodstaffs. J of Food Sci. 1968;33(1):98–100. 
https://doi.org/10.1111/j.1365-2621.1968.
tb00892.x

64. Ostry V, Skarkova J, Ruprich J. The experimental 
contamination of foodstuffs with the spores of 
toxigenic micromycetes and the production of 
mycotoxins. Mycotoxin Res. 2004;20(1):31–35. 
https://doi.org/10.1007/BF02946707

65. Malir F, Ostry V, Pfohl-Leszkowicz A, Malir J, 
Toman J. Ochratoxin A: 50 years of research. 
Toxins. 2016;8(7):191. https://doi.org/10.3390/
toxins8070191

66. Wu Q, Dohnal V, Huang L, Kuca K, Wang X, Chen 
G, et al. Metabolic pathways of ochratoxin A. 
Curr Drug Metab. 2011;12(1):1–10. https://doi.
org/10.2174/138920011794520026

67. Larsen TO, Svendsen A, Smedsgaard J. 
Biochemical characterization of ochratoxin 
A-producing strains of the genus Penicillium. 
Appl Environ Microbiol. 2001;67(8):3630–
3635. https://doi.org/10.1128/AEM.67.8.3630-
3635.2001

68. Kőszegi T, Poór M. Ochratoxin A: molecular 
interactions, mechanisms of toxicity and 
prevention at the molecular level. Toxins. 
2016;8(4):111. https://doi.org/10.3390/
toxins8040111

69. Galvano F, Ritieni A, de Lorenzo A, Piva G, 
Pietri A. Mycotoxins in the human food chain: 
what risks for the consumer? In: Diaz, D., editor. 
The Mycotoxin Blue Book. Nottingham, UK: 
Nottingham University Press; 2005. pp. 99–119.

70. Rahimtula AD, Béréziat J-C, Bussacchini-
Griot V, Bartsch H. Lipid peroxidation as a 
possible cause of ochratoxin a toxicity. Biochem 
Pharmacol. 1988;37(23):4469–4477. https://
doi.org/10.1016/0006-2952(88)90662-4

71. European Food Safety Authority (EFSA). Opinion 
of the scientific panel on contaminants in the 
food chain [CONTAM] related to ochratoxin A 
in food. EFSA J. 2006;365: 1–56. https://doi.
org/10.2903/j.efsa.2006.365

72. Breitholtz-Emanuelsson A, Olsen M, Oskarsson A, 
Palminger I, Hult K. Ochratoxin A in cow’s milk 
and in human milk with corresponding human 
blood samples. J AOAC Int. 1993;76(4):842–846. 
https://doi.org/10.1093/jaoac/76.4.842

73. Boudra H, Barnouin J, Dragacci S, Morgavi 
DP. Aflatoxin M1 and ochratoxin A in raw bulk 
milk from French dairy herds. J Dairy Sci. 
2007;90(7):3197–3201. https://doi.org/10.3168/
jds.2006-565

74. Zhang X, Cudjoe E, Vuckovic D, Pawliszyn J. 
Direct monitoring of ochratoxin A in cheese with 
solid-phase microextraction coupled to liquid 
chromatography-tandem mass spectrometry. 
J Chromatogr A. 2009;1216(44):7505–7509. 
https://doi.org/10.1016/j.chroma.2009.03.009

75. Anelli P, Haidukowski M, Epifani F, Cimmarusti 
MT, Moretti A, Logrieco A, et al. Fungal 
mycobiota and mycotoxin risk for traditional 
artisan Italian cave cheese. Food Microbiol. 
2019;78:62–72. https://doi.org/10.1016/j.
fm.2018.09.014

76. Kokkonen M, Jestoi M, Rizzo A. The effect of 
substrate on mycotoxin production of selected 
Penicillium strains. Int J Food Microbiol. 
2005;99(2):207–214. https://doi.org/10.1016/j.
ijfoodmicro.2004.08.014

77. Coton M, Auffret A, Poirier E, Debaets S, Coton 
E, Dantigny P. Production and migration of 
ochratoxin A and citrinin in Comté cheese by an 
isolate of Penicillium verrucosum selected among 
Penicillium spp. mycotoxin producers in YES 
medium. Food Microbiol. 2019;82:551–559. 
https://doi.org/10.1016/j.fm.2019.03.026

78. Gützkow KL, Al Ayoubi C, Vasco LS, Rohn S, 
Maul R. Analysis of ochratoxin A, aflatoxin B1 and 
its biosynthetic precursors in cheese – method 
development and market sample screening. 
Food Control. 2023;143(6):109241. https://doi.
org/10.1016/j.foodcont.2022.109241

https://doi.org/10.1080/02652039509374279
https://doi.org/10.1080/02652039509374279
https://doi.org/10.3168/jds.S0022-0302(68)87269-8
https://doi.org/10.3168/jds.S0022-0302(68)87269-8
https://doi.org/10.1111/j.1365-2621.1968.tb00892.x
https://doi.org/10.1111/j.1365-2621.1968.tb00892.x
https://doi.org/10.3390/toxins8070191
https://doi.org/10.3390/toxins8070191
https://doi.org/10.2174/138920011794520026
https://doi.org/10.2174/138920011794520026
https://doi.org/10.3390/toxins8040111
https://doi.org/10.3390/toxins8040111
https://doi.org/10.1016/0006-2952(88)90662-4
https://doi.org/10.1016/0006-2952(88)90662-4
https://doi.org/10.2903/j.efsa.2006.365
https://doi.org/10.2903/j.efsa.2006.365
https://doi.org/10.3168/jds.2006-565
https://doi.org/10.3168/jds.2006-565
https://doi.org/10.1016/j.fm.2018.09.014
https://doi.org/10.1016/j.fm.2018.09.014
https://doi.org/10.1016/j.ijfoodmicro.2004.08.014
https://doi.org/10.1016/j.ijfoodmicro.2004.08.014
https://doi.org/10.1016/j.foodcont.2022.109241
https://doi.org/10.1016/j.foodcont.2022.109241


www.mjms.usm.my 33

Review Article | Major mycotoxins in cheese

79. Delfino D, Lucchetti D, Mauti T, Mancuso M, 
Di Giustino P, Triolone D, et al. Investigation 
of ochratoxin A in commercial cheeses and 
pork meat products by liquid chromatography–
tandem mass spectrometry. J Food Sci. 
2022;87(10):4465–4475. https://doi.
org/10.1111/1750-3841.16326

80. Biancardi A, Piro R, Galaverna G, Dall’Asta C. 
A simple and reliable liquid chromatography-
tandem mass spectrometry method for 
determination of ochratoxin A in hard cheese. Int 
J Food Sci Nutr. 2013;64(5):632–640. https://
doi.org/10.3109/09637486.2013.763911

81. Bullerman LB, Schroeder LL, Park K-Y. 
Formation and control of mycotoxins in food. J 
Food Prot. 1984;47(8):637–646. https://doi.
org/10.4315/0362-028X-47.8.637

82. FACEnetwork. European guide for good hygiene 
practices in the production of artisanal cheese 
and dairy products [Internet]. Santander, Spain: 
Farmhouse and Artisan Cheese and Dairy 
Producers European Network; 2016. [Retrieved 
2023 Nov 15]. Available at: https://food.
ec.europa.eu/document/download/589df643-
14af-4ded-b62f-e21ecd1a9161_en?filename= 
biosafety_fh_guidance_artisanal-cheese-and-
dairy-products_en.pdf

83. EDA/EUCOLAIT. Guidance on cheese as raw 
material in the manufacture of food products. 
[Internet]. Brussels, Belgium: European Dairy 
Association (EDA)/European Association of 
Dairy Trade (EUCOLAIT): 2018 [Retrieved 2023 
Nov 15]. Available at: https://food.ec.europa.
eu/document/download/adcf6cfc-29d1-4e3b-
8f3b-ecbf24521a2d_en?filename=biosafety_fh_
guidance_cheese-raw-material_en.pdf

84. European Commission. Commission Regulation 
(EC) No 2023/915 of 25 April 2023 on setting 
maximum levels for certain contaminants in 
foodstuffs and repealing Regulation (EC) No 
1881/2006 of 19 December 2006 [Internet]. 
Brussels, Belgium: European Commission. 2023 
[Retrieved 2023 Sep 19]. Available at: https://
eur-lex.europa.eu/eli/reg/2023/915/oj

85. European Commission. Commission Regulation 
(EC) No 1881/2006 of 19 December 2006 
setting maximum levels for certain contaminants 
in foodstuffs. Brussels, Belgium: European 
Commission; 2006. [Retrieved 2023 Nov 15]. 
Available at: https://eur-lex.europa.eu/eli/
reg/2023/915/oj

86. Prandini A, Tansini G, Sigolo S, Filippi L, Laporta 
M, Piva G. On the occurrence of aflatoxin M1 in 
milk and dairy products. Food Chem Toxicol. 
2009;47(5):984–991. https://doi.org/10.1016/j.
fct.2007.10.005

87. Taniwaki MH, Hocking AD, Pitt JI, Fleet GH. 
Growth of fungi and mycotoxin production on 
cheese under modified atmospheres. Int J Food 
Microbiol. 2001;68(1–2):125–133. https://doi.
org/10.1016/S0168-1605(01)00487-1

88. Thanaboripat D, Ramunsri W, Apintanapong M. 
Effects of sodium chloride, propionic acid and 
ammonium hydroxide on growth of Aspergillus 
flavus on corn and aflatoxin production. ASEAN 
Food J. 1992;7(1):24–29.

89. Ray LL, Bullerman LB. Preventing growth of 
potentially toxic molds using antifungal agents. 
J Food Prot. 1982;45(10):953–963. https://doi.
org/10.4315/0362-028X-45.10.953

90. Liewen MB, Marth EH. Growth of sorbate-
resistant and-sensitive strains of Penicillium 
roqueforti in the presence of sorbate. J Food 
Prot. 1985;48(6):525–529. https://doi.
org/10.4315/0362-028X-48.6.525

91. Yin M-C, Cheng W-S. Inhibition of Aspergillus 
niger and Aspergillus flavus by some herbs and 
spices. J Food Prot. 1998;61(1):123–125. https://
doi.org/10.4315/0362-028X-61.1.123

92. Arvanitoyannis IS, Tzouros NH. ISO 22000, 
the new food quality and safety standard 
[Internet]. Athens: Stamoulis-SA; 2006. 
[Retrieved 2024 Feb 29]. Available at:  
https://www.stamoulis.gr/ViewShopProduct.
aspx?ProductId=374604&FromSearch=1& 
SearchStr=%E1%F1%E2%E1%ED%E9%F4 
%EF%E3%E9%DC%ED%ED%E7%F2

https://doi.org/10.1111/1750-3841.16326
https://doi.org/10.1111/1750-3841.16326
https://food.ec.europa.eu/document/download/589df643-14af-4ded-b62f-e21ecd1a9161_en?filename= biosafety_fh_guidance_artisanal-cheese-and-dairy-products_en.pdf
https://food.ec.europa.eu/document/download/589df643-14af-4ded-b62f-e21ecd1a9161_en?filename= biosafety_fh_guidance_artisanal-cheese-and-dairy-products_en.pdf
https://food.ec.europa.eu/document/download/589df643-14af-4ded-b62f-e21ecd1a9161_en?filename= biosafety_fh_guidance_artisanal-cheese-and-dairy-products_en.pdf
https://food.ec.europa.eu/document/download/589df643-14af-4ded-b62f-e21ecd1a9161_en?filename= biosafety_fh_guidance_artisanal-cheese-and-dairy-products_en.pdf
https://food.ec.europa.eu/document/download/589df643-14af-4ded-b62f-e21ecd1a9161_en?filename= biosafety_fh_guidance_artisanal-cheese-and-dairy-products_en.pdf
https://food.ec.europa.eu/document/download/adcf6cfc-29d1-4e3b-8f3b-ecbf24521a2d_en?filename=biosafety_fh_guidance_cheese-raw-material_en.pdf
https://food.ec.europa.eu/document/download/adcf6cfc-29d1-4e3b-8f3b-ecbf24521a2d_en?filename=biosafety_fh_guidance_cheese-raw-material_en.pdf
https://food.ec.europa.eu/document/download/adcf6cfc-29d1-4e3b-8f3b-ecbf24521a2d_en?filename=biosafety_fh_guidance_cheese-raw-material_en.pdf
https://food.ec.europa.eu/document/download/adcf6cfc-29d1-4e3b-8f3b-ecbf24521a2d_en?filename=biosafety_fh_guidance_cheese-raw-material_en.pdf
https://eur-lex.europa.eu/eli/reg/2023/915/oj
https://eur-lex.europa.eu/eli/reg/2023/915/oj
https://doi.org/10.1016/j.fct.2007.10.005
https://doi.org/10.1016/j.fct.2007.10.005
https://doi.org/10.1016/S0168-1605(01)00487-1
https://doi.org/10.1016/S0168-1605(01)00487-1
https://doi.org/10.4315/0362-028X-45.10.953
https://doi.org/10.4315/0362-028X-45.10.953
https://doi.org/10.4315/0362-028X-48.6.525
https://doi.org/10.4315/0362-028X-48.6.525
https://www.stamoulis.gr/ViewShopProduct.aspx?ProductId=374604&FromSearch=1& SearchStr=%E1%F1%E2%E1%ED%E9%F4 %EF%E3%E9%DC%ED%ED%E7%F2
https://www.stamoulis.gr/ViewShopProduct.aspx?ProductId=374604&FromSearch=1& SearchStr=%E1%F1%E2%E1%ED%E9%F4 %EF%E3%E9%DC%ED%ED%E7%F2
https://www.stamoulis.gr/ViewShopProduct.aspx?ProductId=374604&FromSearch=1& SearchStr=%E1%F1%E2%E1%ED%E9%F4 %EF%E3%E9%DC%ED%ED%E7%F2
https://www.stamoulis.gr/ViewShopProduct.aspx?ProductId=374604&FromSearch=1& SearchStr=%E1%F1%E2%E1%ED%E9%F4 %EF%E3%E9%DC%ED%ED%E7%F2

	_Hlk157080217
	_Hlk161325517
	_Hlk159455644
	_Hlk120800384
	_Hlk118900496
	_Hlk10481892

