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Abstract 
There are over 1,000 varieties of cheese in the world, with Brazil ranking fourth among the most prominent global cheese 
markets. Cheese is an excellent substrate for the growth of fungi; filamentous fungi, especially those from the genera 
Penicillium and Aspergillus, play a crucial role in enhancing cheese flavor but can also be dangerous, producing mycotoxins 
that are harmful to health. Artisanal cheeses are particularly vulnerable because they are predominantly made with raw milk 
and involve more basic and manual processes, which give them variations in sensory profile and chemical composition 
typically linked to the local terroir. Some studies indicate the occurrence of potentially toxigenic fungi in cheeses, including 
species of Aspergillus and Penicillium. Therefore, a comprehensive understanding of the mycobiota of cheeses is important 
for balanced management of their beneficial effects and potential risks. This review provides an overview of fungal and 
mycotoxin occurrence in cheeses, particularly artisanal ones. It discusses contemporary molecular techniques such as Next-
generation sequencing (NGS) and Matrix-Assisted Laser Desorption/Ionization Time-of-Flight (MALDI-TOF) mass 
spectrometry. These valuable tools accurately identify fungal species, leading to improved management within the artisanal 
cheese sector. 
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1 Introduction 
Cheese is considered a nutritionally rich food due to its significant amounts of proteins, calcium, phosphorus, zinc, 

iodine, selenium, vitamins, and lipids (O’Brien & O’Connor, 2004). According to Resende (2010), there are more than 
1,000 varieties of cheese in the world, with global production reaching approximately 14 million tons per year. Brazil is 
considered the fourth largest cheese market in the world, behind only the European Union (EU), the United States of 
America (USA), and Russia (Serviço Brasileiro de Apoio às Micro e Pequenas Empresas, 2023). Cheese consumption 
in Brazil is approximately 5.5 kg per inhabitant per year (United States Department of Agriculture, 2021). 

Cheese is an excellent substrate for mold growth. It can become moldy during the ripening process and refrigerated 
storage. Filamentous fungi, mainly those of the genera Penicillium and Aspergillus, play an essential role in cheese 
production but can also be hazardous. According to Decontardi et al. (2018), potentially toxigenic fungi have been 
isolated from Italian grana cheese, including species of A. flavus, P. crustosum, and P. verrucosum. However, cheese 
is generally considered unfavorable for mycotoxin production, such as patulin, penicillic acid, and Penicillium 
roqueforti (PR) toxin, because these toxins react with amino acids and compounds containing sulfhydryl groups, 
becoming unstable in cheese (Lieu & Bullerman, 1977; Hymery et al., 2014). On the other hand, species of fungi 
producing ochratoxin A (OTA) and sterigmatocystin (STC) are stable and have been found in some cheeses 
(Hymery et al., 2014), including Brazilian cheese (Marcelão et al., 2024). Indeed, P. roqueforti and P. camemberti 
are added to cheeses as ripening cultures to enhance flavor through proteases and lipases activities (Chávez et al., 
2011; Metin, 2023). The dual role of fungi in cheese production requires careful management to balance the beneficial 
effects and potential risks in producing this important food (Metin, 2018). 

Artisanal cheeses are mainly made from raw milk and involve more basic, manual processes. They are known 
for their sensory profile variations and chemical composition, typically linked to the local terroir. They may 
sometimes carry a designation of origin or geographical indication. In contrast, the industry produces cheeses 
primarily using starter cultures added to pasteurized milk. Most processes are automated and utilize advanced 
technology, ensuring a higher standardization level in the final product (Pinto et al., 2024). 

This work revises the occurrence of fungi and mycotoxins in cheese, focusing on artisanal cheeses and 
methodologies to study cheese mycobiota. A better understanding of the fungal communities present in these 
cheeses will provide a basis for assessing their benefits and risks and, in turn, will help develop strategies 
aimed at safer production practices without losing the rich cultural heritage related to artisanal cheesemaking. 

2 Production of artisanal cheeses in Brazil 
Artisanal cheeses are typically characterized by small-scale production, using milk produced on the farm 

and following traditional cheesemaking techniques proper to each region (Kamimura et al., 2019). 

According to the latest Agricultural Census (Instituto Brasileiro de Geografia e Estatística, 2017), 175,198 rural 
establishments in Brazil produce different types of artisanal cheese and cream cheese. Of these, 143,921 are 
managed by family farmers, who produce 149,711 tons per year. The production of all enterprises in the segment 
is 222,652 tons (Empresa Brasileira de Pesquisa Agropecuária, 2021). The national production of artisanal cheeses 
in Brazil began in the 18th century when the Portuguese explorers traveled to the Central region of Brazil looking 
for gold and introduced the practice of cheesemaking, based mainly on  techniques used in Portugal. Artisanal 
cheeses are produced throughout the Brazilian territory, predominantly by small rural producers and their families, 
and have great economic, cultural, and social importance (Empresa Brasileira de Pesquisa Agropecuária, 2021). 

Minas Gerais (MG) is the largest producer of artisanal cheeses. It is a significant raw cow’s milk cheesemaker in 
Brazil, which is traditionally ripened at room temperature (Martins et al., 2015; Oliveira et al., 2017). The production 
of artisanal cheeses in MG is divided into 15 regions identified as producing artisal cheeses, as follows: Araxá, Campo 
das Vertentes, Canastra, Cerrado, Diamantina, Serra do Salitre, Serro, Triângulo Mineiro, Serras da Ibitipoca, Alagoa, 
Mantiqueira de Minas, Serra Geral do Norte de Minas, Vale do Jequitinhonha, and Vale do Suaçuí (Minas Gerais, 
2023). There are physicochemical variations in the moisture content, pH and ripening indices of these cheeses in MG 



Fungi and mycotoxins in Brazilian artisanal cheese 
Rodrigues, F. Z. et al. 

 

Braz. J. Food Technol., Campinas, v. 28, e2024131, 2025 | https://doi.org/10.1590/1981-6723.13124 3/14 

(Dargère et al., 2023). Although artisanal cheese production contributes to local economies and maintains cultural 
heritage, concerns about microbiological safety regarding raw milk cheeses remain of concern (Pineda et al., 2021). 

Among the regions producing artisanal cheese in the state of MG, one of the best known is the Serra da Canastra, 
a region that has certification of origin for its cheeses and is one of the most well-known Brazilian cheese-producing 
regions in Brazil and in the world. Artisanal cheese production in the Serra da Canastra is the main source of income 
for many families in the region. It is, therefore, an activity of great socioeconomic and cultural importance according 
to the Technical Assistance and Rural Extension Company of MG state (Empresa de Assistência Técnica e Extensão 
Rural do Estado de Minas Gerais, 2004). The production of Canastra cheeses reaches around 600 tons of artisanal 
cheese per year, and sales by regularized producers reach approximately 81,250 units per day (Campos, 2020). 

The production of artisanal cheese in the Serra da Canastra region of MG is detailed by the Association of Canastra 
Cheese Producers (Associação dos Produtores de Queijo Canastra, 2011), which outlines the following steps: (1) 
obtaining the raw material through either mechanical or manual milking, (2) filtering to remove undesirable particles, 
(3) adding endogenous starters, commonly referred to as Pingo, (4) incorporating rennet to initiate the coagulation 
process, (5) cutting the curd with shovels or lyres after coagulation, (6) stirring the curd to facilitate whey drainage, 
(7) shaping the cheeses by placing the curd into molds, (8) manually pressing the curd to achieve its shape, (9) salting 
by applying coarse salt to the surface of the cheese, and finally, (10) maturing the cheese on wooden shelves for a 
duration determined by the specific recipe. This process is illustrated in Figure 1 (Associação dos Produtores de 
Queijo Canastra, 2011). Pingo is a native ferment obtained from the cheese production of the previous day at the end 
of desorption (native whey starter). It gives identity to cheeses in each region, reflecting the natural environmental 
settings of the raw milk used in cheese-making. Pingo transfers the raw milk microbiota to cheeses, directly 
influencing the final products’ acidity, aroma, and flavor (Santos et al., 2017). 

 
Figure 1. Fluxogram of artisanal cheese production. 
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3 Mycobiota of artisanal cheeses 
The microbiota of artisanal cheeses can vary greatly depending on the use of raw milk (without heat 

treatment) in the production process. Raw milk contains a so-called primary microbiota, which, after the 
addition of rennet, is responsible for transforming the milk into cheese and, together with the so-called 
secondary microbiota, both originating from endogenous dripping, provide unique sensory characteristics in 
cheeses, such as texture, aroma, and flavor. This microbiota is composed of microorganisms such as bacteria, 
molds, and yeasts, which contribute to the development of the sensory characteristics of the cheese during 
the ripening process (Pinto, 2004; Borelli et al., 2006a; Resende, 2010; Oliveira, 2014). 

Cheeses are generally susceptible to contamination by spoilage, pathogenic, or mycotoxin-producing fungi 
originating from milk or contaminating the finished product (van Egmond & Paulsch, 1986; Fox et al., 2004; 
Bastam et al., 2021). Several studies have investigated in depth the bacterial microbiota of Brazilian artisanal 
cheeses, including Canastra cheese (Perin et al., 2017; Kamimura et al., 2019), even reporting contamination 
by Staphylococcus spp., Salmonella spp., Escherichia coli, and Listeria monocytogenes (Kamimura et al., 
2019; Campos et al., 2021; Pinto et al., 2024), but there are few studies on the fungal microbiota. 

Filamentous fungi are capable of growing on different substrates, as well as on cheeses. They can cause 
changes in quality (appearance, flavor) and pose a health risk when these fungi produce mycotoxins 
(Hymery et al., 2014). Contamination by undesirable fungi can occur at any stage of the artisanal cheese 
production chain, including fungi in raw materials. Species of the genera Aspergillus, Chrysosporium, 
Cladosporium, Fusarium, Penicillium, Mucor, Scopulariopsis, Verticillium and Torrubiella have been 
frequently found as contaminants in milk and cheese samples (Barrios et al., 1998; Delavenne et al., 2011; 
Zacarchenco et al., 2011). 

In some cheeses, certain species of filamentous fungi are intentionally added to increase the nutritional 
and sensory quality of the product during ripening. These fungi can grow inside cheeses since they tolerate 
higher concentrations of salt and CO2 and can develop at low water activity (aw) (Fox et al., 2004; 
Hymery et al., 2014). Two well-known species are P. camemberti and P. roqueforti, which play a significant 
role in cheeses’ appearance, texture, and characteristic flavor. These species are known for producing 
mycotoxins; P. camemberti produces cyclopiazonic acid (CPA) and P. roqueforti produces roquefortine C, 
PR toxin, and mycophenolic acid (MPA). However, these metabolites have low toxicity and are present in 
low concentrations in cheeses. Due to the long history of consumption of these types of cheeses (no cases of 
food poisoning described in the literature), the USA and the EU consider the use of these fungi safe, already 
recognized as generally recognized as safe (GRAS) by the US Food and Drug Administration (FDA). In the 
EU, the European Food Safety Authority (EFSA) has acknowledged the absence of reports of adverse health 
effects due to the consumption of these cheeses but has not yet granted the two species the status of qualified 
presumption of safety (QPS), due to insufficient data on the production of mycotoxins, their toxicity and 
occurrence in cheeses (European Food Safety Authority, 2011; Hymery et al., 2014). Studies on the 
mycobiota of bloomy Canastra cheeses are few and require further investigation since, in this case, the 
process uses the natural mycobiota present in the environment. 

4 Mycotoxins found in cheeses 
Few reports are available on the occurrence of mycotoxins in artisanal cheese, but some mycotoxins have 

been found in cheeses worldwide, as shown in Table 1. 

After an extensive review of possible mycotoxins and toxigenic fungi found in cheeses from various parts 
of the world, Hymery et al. (2014) concluded that the mycotoxins of most significant risk is OTA due to its 
greater stability and toxicity, although other mycotoxins may occasionally occur. OTA can be produced 
mainly by A. ochraceus, A. westerdijkiae, A. steynii, A. carbonarius, A. niger, P. verrucosum and P. nordicum 
(Jay et al., 2005; Pattono et al., 2013; Anelli et al., 2019; Pitt & Hocking, 2022; Marcelão et al., 2024). OTA 
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is linked to kidney damage, liver necrosis, and enteritis, making the study of its production crucial for public 
health (Chu & Wilson, 1974; Simon, 1996; Kuiper-Goodman & Scott, 1989; Magnoli et al., 2006). Due to 
the considerable amount of NaCl introduced during the cheese salting process, microorganisms that can adapt 
to higher salt concentrations may develop, such as P. nordicum and P. verrucosum, which are OTA producers 
(Schmidt-Heydt et al., 2012; Hymery et al., 2014). Furthermore, these species are psychrotrophic, growing 
in temperate and refrigerated environments (Pitt & Hocking, 2022). 

Table 1. Occurrence of mycotoxins in cheese from several parts of the world. 

Cheese type Country Mycotoxins 
Total of 

samples/positive 
samples 

Toxin levels 
(µg/kg) 

Methodology 
of detection Reference 

Grated 
Parmesan, 

Prato, 
processed and 
hard parmesan 

cheeses 

Brazil 
Aflatoxins (B1, B2, 

G1, G2), ochratoxin A, 
patulin, penicillic acid 

and citrinin 
36/0 ND TLC 

Taniwaki & 
van Dender 

(1992) 

White mold 
(type Brie) 

cheese 
Italy Cyclopiazonic acid 

(CPA) 6/6 20 – 80 HPLC Zambonin et al. 
(2001) 

Blue cheese Finland Roquefortin C 11/11 800 – 5,600 LC-MS Kokkonen et al. 
(2005) 

White mold 
(type Brie) 

cheese 
Finland Roquefortin C and 

mycophenolic acid 9/9 ND LC-MS Kokkonen et al. 
(2005) 

Blue cheese Finland Mycophenolic acid 11/1 300 LC-MS Kokkonen et al. 
(2005) 

Hand-made 
semi-hard 

cheese 
Italy Patulin 32/9 15 – 460 HPLC Pattono et al. 

(2013) 

Cave cheese Italy 
Aflatoxin (B1, B2, G1, 

G2), patulin, 
sterigmatocystin 

22/0 ND HPLC Anelli et al. 
(2019) 

Grana cheese Italy Sterigmatocystin 107/101 <LOD – 6.87 HPLC Pietri et al. 
(2022) 

Blue cheese Italy Ochratoxin A 92/30 0.1 – 3.0 HPLC Dall’Asta et al. 
(2008) 

Hand-made 
semi-hard 

cheese 
Italy Ochratoxin A 32/6 1 – 262 HPLC Pattono et al. 

(2013) 

Grated cheese Italy Ochratoxin A 40/6 1.62 – 54.07 LC-MS/MS Biancardi et al. 
(2013) 

Artisanal 
Italian cave 

cheese 
Italy Ochratoxin A 22/8 0.2 – 317 HPLC Anelli et al. 

(2019) 
Italian grana-

type Italy Ochratoxin A 51/7 1.3 – 22.4 LC-MS/MS Altafini et al. 
2021 

Grana cheese Italy Ochratoxin A 
 107/52 <LOD – 25.05 HPLC Pietri et al. 

(2022) 
Artisanal 
cheese Brazil Ochratoxin A 130/28 0.3 – >1000 HPLC Marcelão et al. 

(2024) 
ND: Not Detected. TLC: Thin-layer Chromatography. HPLC: High Performance Liquid Chromatography. LC-MS: Liquid Chromatography-
Mass Spectrometry. LC-MS/MS: Liquid Chromatography-tandem Mass Spectrometry. 

Anelli et al. (2019) found the species A. westerdijkiae and A. steynii to be OTA producers in 45% of 
artisanal cave cheese samples in Italy. This study detected OTA in 36% of the samples analyzed. 
Pattono et al. (2013) also detected the presence of OTA in hand-made semi-hard cheeses in Italy. Recently, 
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Marcelão et al. (2024) found A. westerdijkiae as the most frequent species (67%), followed by A. ostianus 
(22%) and A. steynii (11%), and approximately 22% of Brazilian artisanal cheese samples were contaminated 
by OTA, ranging from 1.0 to over 1000 μg/kg. This fact shows that OTA in cheeses manufactured in Brazil 
is a concern since the species of this group (A. section Circumdati) are well adapted to warmer climates and 
have already been isolated from Brazilian foods such as coffee, cocoa, among others (Taniwaki et al., 2003; 
Copetti et al., 2010). In a study carried out in Brazil by Taniwaki & van Dender (1992), OTA was not found 
in the cheeses analyzed. However, at the time, thin layer chromatography was used for OTA detection; this 
technique has low sensitivity and specificity for detecting this toxin in cheeses. Other mycotoxins, such as 
mycophenolic acid, patulin, citrinin, PR toxin, and STC, have been evaluated in cheeses but are rarely found, 
as shown in Table 1. 

Table 2 shows the worldwide occurrence of aflatoxin M1 (AFM1) in cheese. The presence of this toxin in 
cheese is a result of a metabolic process in dairy animals. When these animals consume feed contaminated 
with aflatoxin B1, they metabolize it, transforming it into aflatoxin M1, which is then excreted in the milk 
and subsequently found in the cheese produced from that milk. 

Table 2. Occurrence of aflatoxin M1 (AFM1) in cheese from several parts of the world. 

Cheese type Country Mycotoxins 
Total of 

samples/positive 
samples 

AFM1 levels 
(µg/kg) 

Methodology of 
detection Reference 

Minas frescal 
and padrão 

cheese 
Brazil AFM1 48/13 0.037 – 0.313 HPLC Oliveira et al 

(2011) 

Minas frescal 
and padrão 

cheese 
Brazil AFM1 58/39 0.01 – 0.34 HPLC Iha et al. (2011) 

White cheese Iran AFM1 50/30 0.040 – 0.374 ELISA Tavakoli et al. 
(2012) 

Italian cheese Italy AFM1 102/85 < 0.025 – > 0.25 ELISA Anfossi et al. 
(2012) 

White cheese Pakistan AFM1 119/93 0.004 – 0.595 HPLC Iqbal & Asi 
(2013) 

Cream cheese Pakistan AFM1 150/89 0.004 – 0.456 HPLC Iqbal & Asi 
(2013) 

Artisanal 
cheese Brazil AFM1 130/41 0.05 – 5.29 HPLC Maffei et al. 

(2025) 

AFM1: Aflatoxin M1. HPLC: High Performance Liquid Chromatography. ELISA: Enzyme-linked immunosorbent assay. 

Aflatoxin B1 is known to cause liver damage and is carcinogenic, classified by the International Agency 
for Research on Cancer (IARC) as belonging to group 1 (carcinogenic to humans, International Agency for 
Research on Cancer, 1993). Aflatoxin M1 is monitored in milk used for cheese-making in several countries 
due to its toxicity potential (Cathey et al., 1994; European Food Safety Authority, 2004; Hymery et al., 
2014). In the EU and the USA, the maximum value for milk used for cheese-making is 0.05 µg/kg (Food and 
Drug Administration, 2005; European Union, 2006); in China, it is 0.5 µg/kg in milk (Hymery et al., 2014). 
In Brazil, Resolution RDC No. 7 of February 18, 2011, of Agência Nacional de Vigilância Sanitária 
(ANVISA – in English National Health Surveillance Agency) established a maximum limit of 2.5 µg/kg and 
0.5 μg/kg of aflatoxin M1 in cheeses and milk, respectively (Brasil, 2011). 

Prado et al. (2000) evaluated samples of different cheeses produced in MG and found an average 
contamination by aflatoxin M1 of 0.36 µg/kg in samples from Serra da Canastra. Oliveira et al. (2011) 
detected concentrations of aflatoxin M1 ranging from 0.142 to 0.118 µg/kg in samples of Minas frescal and 
Minas padrão cheeses produced in São Paulo state. 
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5 Factors that affect the production of mycotoxins in cheeses 
Some external and internal factors can directly interfere with the presence of fungi and the production of 

mycotoxins in cheeses. External conditions include temperature, oxygen availability, and relative humidity. 
Internal conditions include water activity, pH, and interactions between microorganisms in the cheese 
microbiota (Magan & Aldred, 2007). 

There are several potential sources of contamination by toxigenic fungi, but one that stands out is the 
ambient air in production areas. Spores present in the air have the potential to contaminate both the raw 
material and the surfaces and utensils used during cheese production. These spores can then germinate and 
give rise to mycelial growth during the ripening process under favorable environmental conditions. An 
additional concern is using raw milk in cheese production since fungal spores are generally resistant to high 
temperatures and can remain viable. Furthermore, in some instances, the brine used can serve as a reservoir 
for fungal spores, including species such as P. commune (Decontardi et al., 2017; Kure & Skaar, 2019). 

Another factor that influences the development of microorganisms in cheeses is the ripening time, which, 
in many cases, can reduce the undesirable microbiota in the final product. Borelli et al. (2006b) and 
Campos et al. (2021) reported a reduction in hygienic-sanitary indicator microorganisms over the ripening 
time of artisanal cheese samples collected and produced in the Serra da Canastra region; in some cases, levels 
below the detection limit of the methods were found. 

Another point is tolerance to salinity, which most fungi have. An example is P. camemberti, which grows 
well in saline concentrations close to 10%, and some strains of P. roqueforti, which can withstand 
concentrations up to 20%. However, Geotrichum candidum is an exception because it is relatively sensitive 
to high salt concentrations, with its growth completely inhibited at concentrations of around 6% salt. (Martin 
& Cotter, 2023). 

Temperature is also an essential factor that influences the growth of specific microbial groups to the 
detriment of others. For example, in epoisses cheese, the yeast Debaromyces hansenii can become 
predominant, especially at the beginning of the ripening process, due to its ability to grow at temperatures 
between 5 and 10 °C, among other conditions (Irlinger & Mounier, 2009; Irlinger & Monnet, 2021). 

Despite the increase in knowledge about the factors that influence the development of fungi, there are 
undesirable ones during the cheese ripening process, which is of significant concern for artisanal cheese 
producers. In the USA, where the production of artisanal cheeses ripened with surface molds has recently 
grown, a survey conducted with 61 cheese producers revealed that 71% of them consider the increase of these 
unwanted surface molds as their biggest challenge (Biango-Daniels & Wolfe, 2021). 

Despite removing fungi on the surface, it is worth noting that the simple presence of fungi on the surface 
of the cheeses does not necessarily involve the production of mycotoxins (Souza et al., 2021). Fungal spores 
found in the cheesemaking environment attach themselves to the cheese rinds, multiply, and proliferate, 
forming several colonies of filamentous fungi and yeasts to which their vegetative or reproductive structures 
are exposed (Saraiva et al., 2012). For this reason, after cheese production, producers usually wash the pieces 
with water and dry them to remove the layers of fungi that adhere during maturation (Rocha, 2004). However, 
some producers prefer to keep these fungi on the cheese rinds, as they bring unique sensory aspects. Cheeses 
with these characteristics are known as “artisanal cheeses with bloomy rinds” and are currently highly sought 
after and valued nationally (Pereira et al., 2014; Kamimura et al., 2019) and internationally (Mondial du 
Fromage, 2021). However, some toxigenic fungi may be present, producing mycotoxins such as OTA 
(Marcelão et al., 2024), and cheese producers generally cannot recognize these fungi. 

Martin & Cotter (2023) proposed periodic testing for mycotoxins such as OTA in artisanal cheeses. They 
also discussed whether rind removal could significantly reduce the health risk from OTA ingestion. However, 
they concluded that since the consumption of these rinds is routine, recommendations are difficult to 
implement unless more evidence of health risks is demonstrated. 
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Unsurprisingly, given the importance of other factors, the geographic location of cheese production is not 
positively related to the microbial diversity of the rind of different artisanal cheeses. A study characterizing 
the microbial diversity of 137 different types of cheese produced in 10 European countries and the USA 
revealed that only 10 fungal genera were found with an average abundance greater than 1%. Among these, 
an average of 3.2 genera were identified as dominant. It is estimated that 25% of the fungi present in the 
cheeses were not intentionally inoculated. The authors also point out that cheeses produced in geographically 
distant regions may have similar rind communities and, thus, the manipulation of abiotic conditions can target 
the desired microbiota in artisanal cheese, regardless of the region (Wolfe et al., 2014). Such differences in 
abiotic conditions likely explain why a study of fungal species in the different types of Brazilian artisanal 
cheeses showed a significant difference in the mycobiota diversity of cheeses produced in the South and 
Southeast regions. In cheeses from the Southern region, a predominance of D. hansenii was observed; in the 
second, Diutina catenulata, Trichosporon sp. and Kodamaea ohmeri were the species more abundant. 
According to the authors, these differences could be related to the fact that the ripening time for cheeses from 
the South is shorter than that of Southeast cheeses, thus favouring the prevalence of lactic acid bacteria (LAB) 
on the final product (Kothe et al., 2022). 

6 Importance of fungal identification 

Correctly identifying species in cheeses is a critical factor for all research. Classical studies of the mycobiota 
of cheeses, are primarily based on phenotypic characters, using microbiological growth media in combination 
with morphology and physiological criteria such as colony color, sporulation structures, and ability to grow in 
defined environments, different water activities and temperatures (Mueller et al., 2011; King Junior et al., 2013; 
Pitt & Hocking, 2022). Limitations of these methods are that they are time-consuming and, even with taxonomic 
expertise, identification by phenotypic methods is commonly difficult for some genera of fungi that contain a 
large number of closely related species, e.g., Aspergillus, Penicillium, or Fusarium (Taniwaki et al., 2023). 

Molecular techniques have allowed progress toward more accurate and faster results compared to 
phenotypic methods in identifying fungi in artisanal cheeses. Among the most widely used molecular 
markers, the Internal Transcribed Spacer (ITS) region has stood out due to its significant variability among 
different fungal species ᅳ which makes it an excellent tool for species differentiation. ITS sequencing has 
been cited as the “universal DNA barcode for fungi” (Schoch et al., 2012) and is typically used to authenticate 
and identify fungal species within various food matrices, including cheeses. 

Other molecular markers, such as the ß-tubulin and calmodulin (CaM) genes, have differentiated closely 
related species within the genera Aspergillus and Penicillium (Visagie et al., 2014). Molecular approaches 
are particularly valuable in the context of food safety, where rapid and accurate identification is crucial to 
avoid mycotoxin contamination. Furthermore, next-generation sequencing (NGS) technologies can provide 
deep insights into the microbial diversity of cheeses, allowing the identification of cultivable and non-
cultivable species that might otherwise go unnoticed (Mayo et al., 2014; Melo Pereira et al., 2022). 
Integrating NGS with other omics approaches can provide significant advances in understanding cheese 
ripening processes and identify potential biomarkers for cheese quality and safety (Afshari et al., 2020). 

Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry (MS) has 
emerged as a promising tool for rapidly identifying fungi. MALDI-TOF-MS analyzes the protein profiles of 
microorganisms, generating a unique spectral “fingerprint” for each species that can be compared to reference 
databases for identification (Singhal et al., 2015). As MALDI-TOF databases become more extensive, their 
use in routine food safety analysis will likely become more widespread, providing a rapid and cost-effective 
method for monitoring fungal contamination in food (Quéro et al., 2019; Rolland et al., 2024). 

Fungal species must be identified in cheeses not only to ensure quality but also to ensure public health. 
For example, Aspergillus spp. and Penicillium spp. are some of the most common genera in the mycobiota 
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of artisanal cheeses, and many species from these groups can produce mycotoxins, which are a real danger 
to the health of consumers (Barrios et al., 1997; Álvarez-Días et al., 2022). 

Accurate identification of fungi is essential to distinguish between species that participate in beneficial 
fermentation processes and those involved in spoilage and toxin production, or even to recognize their ambiguous 
nature. While P. roqueforti is used in blue cheese production, other species, such as P. nordicum, are potential 
producers of OTA found in cheeses (Cabañes et al., 2010) and need to be detected/identified for better control. 

The most effective way of monitoring is to implement molecular methods (mass spectrometry and 
genotypic methods) to identify mycobiota in the cheese production chain. This significantly reduces the risk 
of mycotoxin contamination before reaching the consumer. This integrative approach is essential for artisanal 
cheeses produced in Brazil to meet food safety regulations and international quality standards. 

7 Risk assessment 

The emergence of toxigenic fungi and mycotoxins, especially ochratoxin A, in European cheeses has 
raised public health concerns (Pattono et al., 2013; Biancardi et al., 2013; Anelli et al., 2019, Pietri et al., 
2022). Nevertheless, the current scarcity of data (European Food Safety Authority, 2020) leaves the risks 
associated with cheese consumption incompletely characterized, making detailed predictions for various 
consumption scenarios inherently imprecise and potentially misleading. 

In 2024, the Minas Gerais Institute of Agriculture (Instituto Mineiro de Agropecuária - IMA) introduced 
the Technical Regulation for the Identity and Quality of Bloomy Cheese (Ordinance No. 2307) to oversee 
this type of cheese production and commercialization (Minas Gerais, 2024). This regulation provides 
technical guidelines to prevent undesirable fungi and enhance quality, but it does not address the presence of 
mycotoxins. Cheese consumers, including vulnerable groups such as young children and the elderly, require 
heightened caution. Therefore, further studies are essential to gather more data and refine the risk assessment 
of mycotoxins in cheeses, especially concerning ochratoxin A (European Food Safety Authority, 2020). 

8 Conclusion 

In conclusion, the presence of filamentous fungi in Brazilian artisanal cheeses raises the need to balance 
the beneficial actions during ripening and the potential risks due to the production of mycotoxins. 
Considering that the production of Brazilian artisanal cheeses is an activity with enormous cultural and 
economic relevance, efforts must be dedicated to ensuring the microbiological safety of this product. These 
efforts must include knowledge of fungal biodiversity and potential for mycotoxin contamination. Overall, 
molecular techniques can provide valuable insights into fungal diversity associated with artisanal cheeses. 
They will help more accurately identify the toxigenic species and the mycotoxins, thus strengthening food 
safety through better risk management and damage mitigation strategies. In this sense, contemporary 
molecular techniques, particularly NGS sequencing and MALDI-TOF mass spectrometry, are valuable tools 
to ensure accurate and rapid identification/detection methods for fungal species and can, therefore, direct 
better management strategies in the artisanal cheese industry. Future research should involve easy and rapid 
methods to detect mycotoxins, including aflatoxin M1 and ochratoxin A, to ensure the microbiological safety 
of this product, safeguarding the production of this important national cultural heritage. 
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