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 ABSTRACT 

In the current study, 60 samples of different cheeses were examined to determine 

the extent of fungal contamination. The results showed the presence of mold in 24 

samples (40%) and yeast in 16 samples (26.6%). The results of the local white 

cheese showed that this type of cheese had the highest percentage of mold 

contamination, reaching 33.3%, and the presence of yeast in it was 2.3%. 

Aspergillus fumigatus recorded the highest percentage of contamination, 

representing 62.5% of the total mold contamination in the cheese in the current 

study. Aspergillus fumigatus and Aspergillus niger were the most contaminating 

mold species in the studied cheese, representing 25% of the total mold. Aspergillus 

flavus and Mucor circinelloides accounted for 12.5%. The study showed the 

presence of Pencillium roqueforti and Rhizopus stolonifer in approximately 8.33% 

of the examined samples. Acremonium falciforme and Pencilium commune were 

less common, with an average prevalence of 4.16% across all cheeses. The most 

prevalent yeast in cheese was Debaryomyces hansenii, accounting for 43.75% of 

the cheeses studied, followed by Rhodotorula mucilaginosa, at approximately 25%, 

and Candida lipolytica, at 18.75%. Candida albicans was less common, accounting 

for 12.5% of all samples. This study confirmed the identity of the two fungal 

species using BLAST analysis, achieving 100% accuracy for Aspergillus fumigatus 

and 99% accuracy for Mucor circinelloides, with one gene mutation observed. 

These results confirm the importance of genome sequencing in fungal classification 

and evolutionary relationships. 
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الجسيئي لبعض أًواع الجبي الوحلي الولود ببلفطريبث في هذيٌت حكريج الخشخيص  
دعبء احوذ الايبدي

1
ًعوبى سلواى، رًذ  

2
ًورا برهبى عبذالرحوي و 

2
 

1
 صلاح الذييحربيت وزارة الخربيت العراقيت / هذيريت 

2
 ، كليت العلوم، جبهعت حكريج، العراقعلوم الحيبةقسن 

 الخلاصت 

ػٌ٘ت هي أًْاع هخخلفت هي الجبي لخحذٗذ هذٓ الخلْد الفطزٕ. أظِزث الٌخائج  06ٕ الذراست الحال٘ت حن فحص  ف

٪(. أظِزث ًخائج الجبي الأب٘ض الوحلٖ أى ُذا الٌْع هي 40.0ػٌ٘ت ) 60٪( ّالخو٘زة فٖ 26ػٌ٘ت ) 42ّجْد الؼفي فٖ 

 Aspergillus٪. سجل 4.3ّّجْد الخو٘زة فَ٘ كاى  ٪،33.3الجبي كاى لذَٗ أػلٔ ًسبت حلْد بالؼفي، ح٘ذ بلغج 

fumigatus  ٖهي إجوالٖ حلْد الؼفي فٖ الجبي فٖ الذراست الحال٘ت. كاى 04.6أػلٔ ًسبت حلْد، ح٘ذ حْال ٪

Aspergillus fumigatus  ّAspergillus niger  هي 46أكزز أًْاع الؼفي حلْٗزاً فٖ الجبي الوذرّس، ح٘ذ هزلا ٪

٪ . أظِزث الذراست ّجْد 64.6ًسبت  Aspergillus flavus  ّMucor circinelloidesشكل إجوالٖ الؼفي. 

Pencillium roqueforti  ّRhizopus stolonifer  ٖهي الؼٌ٘اث الوفحْصت.ّحب٘ي أى كلاً هي 3.33فٖ حْال ٪

% فٖ 2.60 اًخشار بلغكاًا أقل شْ٘ػًا، بوخْسط  Acremonium falciforme ّPencilium communeفطزٕ 

% 23.36، ح٘ذ شكلج Debaryomyces hanseniiجو٘غ أًْاع الجبي. ّكاًج الخو٘زة الأكزز اًخشارًا فٖ الجبي ُٖ 

 Candida lipolytica%، رن 46، بٌسبت حقارب Rhodotorula mucilaginosaهي أًْاع الجبي الوذرّست، حلِ٘ا 

هي جو٘غ الؼٌ٘اث. ّأكذث ُذٍ الذراست % 64.6ذ شكلج أقل شْ٘ػًا، ح٘ Candida albicans%. ّكاًج 63.36بٌسبت 

% لفطز Aspergillus fumigatus ّ99% لفطز 666، هحققتً دقت BLASTُْٗت الٌْػ٘ي الفطزٗ٘ي باسخخذام ححل٘ل 

Mucor circinelloides هغ هلاحظت طفزة جٌ٘٘ت ّاحذة. ّحؤكذ ُذٍ الٌخائج أُو٘ت حسلسل الجٌْ٘م فٖ حصٌ٘ف ،

 ؼلاقاث الخطْرٗت.الفطزٗاث ّال

 اػفاى ، خوائز ، حلف اغذٗت ، اجباى هؼلبت ، جبي هحلٖ اب٘ض ، الزشاش٘اث الكلوبث الوفخبحيت :

 

INTRODUCTION 

Food loss through spoilage and waste during production is one of the most significant 

global concerns facing humanity in relation to food security and safety (Fao F. A. O. S. T. A. 

T, 2018). Since primitive man began to store food and cultivate crops, toxic fungi began to 

spoil food, and signs of food spoilage appeared, including spots of different colours black, 

red, and green, the appearance of fuzz, acidity, and disintegration, resulting in the production 

of harmful and spoiled products (Adebayo, et al.,, 2014). Concerning food spoilage, food 

products can be biochemically, chemically, physically, or microbiologically spoiled. Fungi 

and/or Bacteria are the main agents that cause microbial spoilage (Pitt & Hocking ,2009) 

.Until now, it was generally believed that fungi only cause unwanted spoilage of food, despite 

the fact that some of them have been associated with human diseases for two hundred years, 

and acute poisoning by fungi, which are microorganisms, has been known for a long time. 

The world has become aware that simple molds can cause serious toxins and problems. 

Molds cause digestive disorders and liver diseases in humans due to their ability to form 

(mycotoxins), so they have a serious impact on the general health of humans and animals. 

Fungi affect the physical properties of food (taste and smell) and chemical properties (pH and 

texture of food) and this leads to a decrease in the quality of food (Alcano et al.,,2016). 

Studies indicate that fungi account for between 5% and 10% of total food loss and spoilage in 

developing countries) Pattono et al.,, 2013) The quantity of cheese discarded owing to fungal 

deterioration is substantial (Martin et al.,, 2021).  Fungi are the primary agents of food 
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degradation due to their ability to proliferate on diverse substrates and in conditions 

unsuitable for other microorganisms.  Fungal deterioration of cheese constitutes a significant 

issue, resulting in diminished quality due to both apparent and latent flaws.  Certain fungi that 

develop on cheese may generate mycotoxins, presenting a food safety concern.  

Notwithstanding attempts to mitigate contamination, fungal deterioration of cheese adversely 

affects the economy through product degradation, diminished quality, increased labor, and 

food safety concerns, particularly when mycotoxins are generated (Taniwaki, 2018).  

The fungal genera responsible for cheese poisoning are varied and many such several 

as Rhizopus, Acremonium, Aureobasidium,  Aspergillus,  Alternaria, , Wallemia, Botrytis, 

Epicoccum , Cladosporium, Exophiala , Lecanicillium, Eurotium, , Fusarium, Gliocladium , 

Penicillum and Mucor). Nevertheless, the most responsible genus for food and cheese 

spoilage is Penicillium followed by Aspergillus (Garnier et al.,, 2017; Marín et al.,, 2015). 

Mycotoxins are a heterogeneous group of toxic secondary metabolites produced by toxigenic 

fungi that contaminate a wide range of cheeses, cereals, fresh vegetables, cocoa, nuts, fruits 

before harvest and during storage, etc. There are many derivatives of these toxins, which may 

reach more than 600 species. The mycotoxins that can cause frequent contamination of 

human foods and animal and plant products are aflatoxins (B1, B2, M1, G1, G2), fumonisins 

(B1, B2, G2), ochratoxin A, trichothecenes (dexenvalenol, T2 toxins, HT2 toxins, 

nevvanilol), zearalenone, penicillic acid, and patulin are considered important (Alshannaq et 

al.,, 2016; Kępińska-Pacelik & Biel, 2021 ; Zain , 2011) 

Cheese contamination by fungi occurs at different stages of production. Milk is 

usually heat-treated before cheese making or pasteurization, as most fungi are generally heat-

sensitive, and milk is therefore not a source of contamination (Garnier, et al.,, 2017(. 

However, heat-resistant fungi and their spores can cause spoilage of heat-treated cheese (Pitt 

and Hocking, 2009(. Some local cheeses are produced from unpasteurized milk, where fungal 

growths on raw milk later appear as fungal threads and discoloured spots on the cheese 

(Marín et al.,, 2015). An important source of cheese contamination is air. Airborne spores can 

contaminate cheeses in preparation tanks and vats. Fungal and mold spores on the surface of 

cheeses can grow visibly if the conditions are favorable. Cheese that is brought and produced 

without packaging is sensitive to contamination from air (Barrios et al.,, 1998). 

Yeasts are organisms that play a major role in cheese spoilage and depending on the 

species (Atanassova et al.,, 2016; Buehler et al.,, 2017). yeasts are widely distributed and are 

often found in raw milk, production surfaces, brine, cheese tub, air, curd cutting knife and 

cloth (Sharaf et al.,, 2014; Banjara et al.,, 2015). The growth of yeasts in cheese in large 

numbers leads to reduced shelf life, altered sensory properties and deterioration of the quality 

of dairy products (Radha and Nath, 2014). In addition to various negative effects on cheese 

quality, such as discoloration, undesirable flavours, bulging of the case, and softening of the 

cheese texture (Geronikou et al.,, 2020; Cardoso et al.,, 2015; Garnier et al.,, 2017). The 

proliferation of yeasts in cheeses depends on several factors, such as availability of nutrients, 

production and storage conditions, milk composition and interactions with commensal 

microorganisms (Soliman and Aly, 2011; Buehler et al.,, 2017). 
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MATERIAL AND METHODS  

Sample collection 

Sixty cheese samples were collected between September 1, 2024, and October 1, 

2024. The samples were divided into fifty samples of local cheese from different markets in 

Tikrit (local Arabic cheese), and ten samples of different types of cheese available in Iraqi 

markets, with three replicates for each type. These samples were collected using sterile 

forceps, placed in sealed polyethylene plastic bags, placed in refrigerated containers for 

sample transport, and transported directly to the laboratory for culture and diagnosis. 

(Hayaloglu & Kirbag , 2007( 

Sample preparation 

One gram of cheese sample was added to 9 ml of 2% saline solution in test tubes to be 

homogenized by vortex device and ready for cultivation in Petri dishes on Potato Dextrose 

Agar (PDA) which is a selective agar medium used for counting and isolating molds and 

yeast in dairy products and adding the antibiotic chloramphenicol to prevent bacterial growth 

and then incubating the dishes at 25 °C for 7 days )Oyet et al.,,2020) 

Preparation of glass slides  

Glass slides were prepared from the grown fungi for the purpose of diagnosis. A part 

of the colony was taken at the age of 7 days using a sterile loop, and transferred to the glass 

slide and mixed with a drop of 70% ethyl alcohol. After the alcohol dried, a drop of 

Lactophenol Cotton Blue (LPCB) Stain was  ّ  of 40X.) Pitt and Hocking, 2009) 

Fungal (Molds and Yeast) Identification 

Fungal species were identified by determining the morphological and microscopic 

characteristics in terms of colony shape, colour, and texture, type of mycelium, conidia heads, 

conidia shape, colour and dimensions. A touch was taken from each colony and inoculated 

using the culture media inoculation technique on the culture medium for diagnosis (Potato 

dextrose agar (PDA). These colonies were incubated at 25°C and were identified according to 

the taxonomic keys followed by (Pitt and Hocking 2009; Frisvad and Samson 2004). Yeast 

identification was traditionally performed using microscopy, colony characteristics, and 

morphological features (Geronikou et al.,, 2020) , and the diagnosis was confirmed using the 

VITEK-2 device. 

Extraction of fungal molecules 

We used a Qiagen commercial fungal DNA extraction kit.  Using liquid nitrogen, the fungal 

isolates were ground into a fine powder.  Cell membranes were broken down using 

Proteinase K and Lysis Buffer.  DNA was purified by centrifugation, and a Nanodrop 

instrument set at 260/280 nm was used to measure its concentration and purity.   

ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and 18S rRNA-specific primers and the (5'-

TCCTCCGCTTATTGATATGC-3') ITS4 were used in thermal PCR 

Taq Polymerase, dNTPs, and MgCl₂  were all used in the PCR process.Gel Electrophoresis 

was used to assess the PCR results after samples were processed on a 1.5% Agarose gel and 
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stained with SYBR Green.  The NCBI database was compared with the sequences using the 

BLAST (Basic Local Alignment Search Tool) methods (Lobo, 2008). 

 

RESULTS AND DISSCUSION 

Fungi play a major role in food spoilage because they are able to adapt to many 

conditions that prevent the growth of other microbes. Cheese spoilage by fungi is a major 

challenge, resulting in reduced quality due to visual defects, including off-flavors and odors. 

Some fungi on cheese can also produce mycotoxins,  which raise food safety concerns. The 

current results showed the isolation rates of mold and yeast fungi in different types of cheese 

(Figures 1,2,3) .  

The present search showed that 60 samples of different types of cheese were analyzed 

to determine the extent of their contamination with fungi and yeast. The results showed the 

presence of mold in 24 samples at a rate of 40%, and yeast in 16 samples at a rate of 26.6% 

(Table 1). The results of local white cheese showed that this type of cheese had the highest 

percentage of mold contamination, reaching 33.3%, and yeast was found in it at a rate of 

2.3%. Cheese samples may be contaminated due to unhygienic practices in cheese 

manufacturing or during transportation and handling, especially in Tikrit, which suffers from 

energy shortages. However, contamination may occur in animals or cheese samples from the 

external surfaces of animals or cheese equipment or individuals if proper hygiene practices 

are not maintained. This study is consistent with another study where local white cheese 

showed positive results and high levels of mold and yeast were present in it. (Kareem et al.,, 

2016) Another study confirms and agrees with the results of the current study, which supports 

the presence of yeast in Arabic white cheese in different proportions. (Khalil et al.,, 2018). 

Basil cheese contained a molds level estimated at about (3.3%) and yeast (1.6%). While 

Sulaymaniyah cream cheese and Hema square cream cheese, the two types of samples 

showed a molds level of about 1.6% and no yeast was recorded. As for the other canned 

types, as shown in the table below, no fungal contamination was shown compared to the 

other types in this research. This current study is consistent with another study showing 

contamination by both molds and yeasts in processed and fresh cheeses. (Atheeb & Maktoof, 

2023). Cheese must be manufactured and processed in an atmosphere that meets basic 

hygiene standards and hygiene management throughout the process in order to maintain its 

microbiological quality, safety, and shelf life. High contamination rates in fresh cheese may 

be due to the absence of effective heat treatment or inadequate storage conditions, and should 

highlight the need for improved production and storage processes. (Fenster et al.,, 2019) . 
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Figure 1. Morphological characterization of some isolated molds 

A: Acremonium falciforme   B: Aspergillus nige           C: Aspergillus fumigatus  

 D: Aspergillus flavus             E:  Rhizopus stolonifer          F: mucor circinelloides 

 

 
Figure 2 : Microscopic examination of some fungi stained with lactophenol cotton blue 

stain 

A: Rhodotorula spp       B: Aspergillus niger   C: Aspergillus fumigatus 
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Figure 3:  Morphological characterization of some isolated yeasts 

A: Saccharomyces sp            B: candida krusei        C: Rhodotorula mucilaginosa 

 

 

Table 1: Types of cheese, their Characterizes, and the number of molds and yeasts in 

them 

Samples type Characterizes Mold No. % Yeast No. % 

Local white cheese 
Arab cheese from 

Tikrit markets 
+ 20 33.3%  + 14 23.3% 

Slemani cheese Cream cheese + 1 1.6% - - 0% 

Slemani cheese Cheddar taste cheese - - 0% - - 0% 

Zahrat alrabea cheese 
Pasteurized white 

cheese 
- - 0% - - 0% 

Iraqi Mercin cheese Cheddar cheese - - 0% - - 0% 

Hazar (lamatna) 

cheese 
Natural cheese - - 0% - - 0% 

Chiao cheese Cheddar cheese - - 0% - - 0% 

Jebnatna cheese Cheese with basil + 2 3.3 + 1 1.6% 

Hema cheese Cream cheese squire + 1 1.6 - - 0% 

Alradidain (abo 

ghreib) 

processed cheddar 

cheese 
- -  - - 0% 

Jebnatna cheese Cream cheese - -  + 1 1.6% 

Total 24 40% 16 26.6% 
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The most prevalent yeast in cheese in this current study was Debaryomyces hansenii. 

There is a study that is consistent with the current results when this yeast was isolated and 

was the most prevalent in their study (De Souza et al.,, 2021). The percentage of 

Debaryomyces hansenii presence was estimated at 43.75% in all samples (Table 2) , divided 

into 37.5% in local white Arab cheese, and 6.25% in canned cheese type Jebnatna with basil 

(Table 3). In the local white Arab cheese, the results showed that the second highest yeast 

was Rhodotorula mucilaginosa, which was isolated at 25%, while Candia albicans and 

Candida lipolytic constituted 12.5%. Candida lipolytic was present in Jebnatna cream cheese 

at a rate of 6.25%, and no other yeasts were isolated from the other types of cheeses studied.  

A study consistent with the results of the current research found that both R. mucilaginosa 

and Candida spp. are the two species that cause cheese spoilage (Geronikou et al.,, 2020).  

In the samples from which fungi were isolated, the CFU/g of yeasts was higher than 10
5 

CFU/g (Table 2), concerning yeast spoilage in dairy products, there is a paucity of evidence 

on these values. Yeasty and fermented off-flavors were detected when yeast populations 

attained or above 10
5
–10

6 
CFU/g (Ledenbach & Marshall, 2009). Sharaf et al., 2014) and 

(Banjara et al., 2015) indicate that yeasts are frequently present in raw milk, brine, air, 

production surfaces, cheese vats and cloths, curd cutting tools, and various other objects. The 

ripening process, aroma compound production, and interaction with starter cultures can be 

influenced by the incorporation of yeasts as adjunct cultures in specific cheese varieties, 

including blue-veined and smear-ripened cheeses (Ferreira and Viljoen, 2003; Kesenkaş and 

Akbulut, 2008; Gori et al.,, 2013; Ryssel et al.,, 2015). Although yeasts may occasionally be 

a part of secondary microflora, they are generally regarded as pollutants and are excluded 

from starter cultures in white cheeses (Kesenkaş and Akbulut, 2008).  

Yeast spoilage may adversely affect the sensory attributes, shelf life, and overall 

quality of dairy products (Salustiano et al.,, 2003; Radha and Nath, 2014). The growth of 

yeast in dairy products is influenced by milk composition, nutritional availability, interactions 

with commensal microorganisms, and production and storage circumstances (Soliman and 

Aly, 2011; Buehler et al.,, 2017). Moreover, many yeasts are recognized for their distinct 

spoilage characteristics, attributable to variations in biochemical functions and metabolic 

activities (Akabanda et al.,, 2013; Haastrup et al.,, 2018; Bayili et al.,, 2019). In this context, 

ascertaining the genotype of yeast at the strain level and precisely identifying yeast species 

taxonomically are essential for evaluating the spoilage risk posed by yeast contamination. 

              The proliferation of yeasts in fresh white cheeses results in undesirable tastes, 

textural softening, gas generation, discoloration, and package swelling (Geronikou et al.,, 

2020). The contamination of white fresh cheese with yeasts will diminish its shelf life and 

compromise its quality. A primary cause of economic losses in the food sector is microbial 

contamination. Moreover, the proliferation of foodborne microorganisms might result in 

poisonous food, potentially causing serious illnesses in consumers. Yeasts are recognized as 

microorganisms that contribute to food rotting. The presence of yeasts in fresh cheeses will 

result in off-flavours, discoloration, textural softening, and gas production.  (Yalcin & Ucar , 

2009). 
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Aspergillus spp fungi recorded the highest contamination rate in the different samples 

studied, as it constituted 62.5% of the total number of mold causing contamination of cheeses 

in the current study (Table 2,3). (Silva et al.,, 2015) obtained comparable findings, 

identifying Aspergillus spp. as the predominant fungal contaminant responsible for the 

deterioration of cheese and milk. Aspergillus was identified by (ELbagory et al.,, 2014) as the 

most frequently occurring genus among the tested cheese species samples. 

(Table 2) showed the colony forming unit was estimated at 2 × 10
3 

CFU/g and 

infection rate of Aspergillus fumigatus was 25% , which aligns with the findings of another 

study (Shaker & Farghaly, 2021) and surpasses the findings reported by (Hamed ,2016). A. 

fumigatus in this study appeared about 20.83%  and 4.16% in Local white Arab cheese and 

Jebnatna cheese with basil (Table 3) .A. fumigatus is a rapidly growing and decomposing 

fungus that proliferates extensively and emits thousands of airborne conidia (Croft et al.,, 

2016). Nonetheless, it can readily disseminate in settings linked to cheese manufacturing 

during processing, ripening, or storage, resulting in the generation of mycotoxins (Sugui & 

Kwon-Chung, 2015 ; Ashton & Dyer,2019).  

Aspergillus niger was 25% in all cheese samples, divided into 16.66% in local white 

Arab cheese, and 4.16% Hema Cream squire cheese.The CFU of A. niger was 2.5 × 10
3
 

CFU/g , this result is completely consistent with the result of another study, where 

Aspergillus niger was isolated at a rate of 25% (Abdullah et al , 2007), 

Aspergillus flavus was identified at 12.5% in local white cheese in the present study, which is 

consistent with another study where this fungus was found at 12.2%. )Seddek  et al.,, 2016). 

As for the rest of the cheeses in this study, no contamination with this type of mold appeared 

on them. 

The CFU of Mucor circinelloides in study was 2 × 10
3
 CFU/g, the contamination rate 

of this fungus in local white Arab cheese was estimated at 12.5%, but it did not appear in 

canned cheeses in this study. Mucor spp. is species within the phylum Mucoromycota 

commonly identified as spoilage fungi linked to milk are significant spoiling agents of 

concern in fresh or short-ripened cheese matrices (Valle, et al.,,2022; Biango-Daniels & 

Wolfe 2021; Shi & Maktabdar 2022). Certain Mucor species can proliferate in anaerobic 

environments; however, this does not apply to cheese packaged in vacuum or modified 

atmospheres. Moreover, they are proficiently adapted to the dairy environment, low 

temperatures, and pH levels (Shi & Knøchel 2021). Mucor circinelloides van tieghem is 

acknowledged as a spoiling agent in cheesemaking. This fungus is a dimorphic organism 

capable of transitioning between yeast and fungal stages based on environmental factors 

(Homa et al.,, 2022; Valle, et al.,,2023). Numerous Mucor species are recognized as 

pathogenic. M. circinelloides has been identified as a causal agent of mucormycosis in 

immunocompromised individuals following the consumption of contaminated yogurt 

(Mueller et al.,, 2019; Lee et al.,, 2014) 

The CFU of Acremonium falciforme in the present study was 7 × 10
2
 CFU/g, the 

presence of this fungus was estimated at 4.16% in local white cheese, its presence has not 
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been proven in other types of cheese studied. Acremonium species have also been identified, 

including in cheese produced in Brazil (Martin  et al.,, 2023). 

The percentage of Pencillium commune in local white Arab cheese was 4.16%,and the 

CFU of P. commune was 7 × 10
2
 CFU/g. Another study proves that it is a cause of cheese 

contamination (Hlebová et al.,,2022) . The primary environment of P. commune is food, 

especially cheese, in which it is one of the most important contaminants, both in the finished 

products and in the process of their production (Hayaloglu & Kirbag 2007). 

In this study, another type of Penicillinium fungus was isolated from the studied 

samples and it was Pencillium roqueforti, this fungus has been isolated at a rate of 4.16% in 

local white Arab cheese, and 4.16% in Jebnatna Cheese with basil. Several studies and 

research agree with the current study, Pencillium roqueforti was isolated from several types 

of cheeses (Lund & Frisvad 1995 ; Kure et al .,2001; Kure & Skaar 2000) 

The spoilage of local white Arab cheese in the present study Rhizopus stolonifer was 

estimated at about 8.33% and the CFU was 3 × 103 CFU/g .Other studies have shown that 

this fungus is one of the molds that cause spoilage and contamination of some types of 

cheese. (Ando et al.,, 2012;  De Santi et al.,, 2010). 

It is necessary to refer to the fourth table that we have included to understand each fungus 

included in the study and to know its locations and causes. 

 

Table 2: Total percentage of Fungal Species and Corresponding CFU/g Values 

Fungi type CFU/g Total percentage in all 

cheese types 

Acremonium falciforme 7 × 10
2
 CFU/g 1 (4.16%) 

Aspergillus flavus 3 × 10
3
 CFU/g 3 (12.5%) 

Aspergillus fumigatus 2 × 10
3 

CFU/g 6 (25%) 

Aspergillus niger 2.5 × 10
3
 CFU/g 6 (25%) 

mucor circinelloides 2 × 10
3
 CFU/g 3 (12.5%) 

Pencillium commune 1.5×10
3
 CFU/g 1 (4.16%) 

Pencillium roqueforti 2 × 10
3
 CFU/g 2 (8.33%) 

Rhizopus stolonifer  3 × 10
3
 CFU/g 2 (8.33%) 

Candida Albicans Above  10
5 

CFU/g 2 (12.5%) 

Candida lipolytica Above 10
5 

CFU/g 3 (18.75%) 

Debaryomyces hansenii Above  10
5 

CFU/g 7 (43.75%) 

Rhodotorula mucilaginosa Above 10
5 

CFU/g 4 (25%) 

    CFU :colony-forming unit 

     CFU= Dilution factor×Volume of the cultured sample 
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Table 3: Percentages of positive molds and yeasts isolated from different types of cheese  

Samples type Molds types No. % Yeasts type No. % 

Local white 

cheese 

Acremonium falciforme 1 4.16% Candida Albicans 4 12.5% 

Aspergillus flavus 3 12.5% Candida lipolytica 4 12.5% 

Aspergillus fumigatus 5 20.83% Rhodotorula mucilaginosa 2 25 

Aspergillus niger 4 16.66% Debaryomyces hansenii 0 37.5% 

mucor circinelloides 3 12.5% - - - 

Pencillium commune 1 4.16% - - - 

Pencillium roqueforti 1 4.16% - - - 

Rhizopus stolonifer 2 8.33% - - - 

Slemani 

cream cheese 
Aspergillus niger 6 4.16% Nil 6 0% 

Slemani 

Cheddar taste 

cheese 

Nil 0 0% Nil 0 0% 

Zahrat alrabea 

Pasteurized white 

cheese 

Nil 0 0% Nil 0 0% 

Iraqi Mercin 

Cheddar cheese 
Nil 0 0% Nil 0 0% 

Hazar (lamatna) 

Natural cheese 
Nil 0 0% Nil 0 0% 

Chiao 

Cheddar cheese 
Nil 0 0% Nil 0 0% 

Jebnatna 

Cheese with basil 

Pencillium roqueforti 

& 

Aspergillus fumigatus 

 

1 

 

1 

4.16% 

 

4.16% 

Debaryomyces hansenii 6 6.25% 

Hema 

Cream squire 

cheese 

Aspergillus niger 6 4.16% Nil 0 0% 

Alradidain 

processed cheddar 

cheese (abo ghrib) 

Nil 0 0% Nil 0 0% 

Jebnatna 

cream cheese 
Nil 0 0% Candida lipolytica 6 6.25% 

TOTAL 24 100% TOTAL 16 100% 
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Table 4: Fungi types localization and pathogenicity 

Fungi type Localization* Pathogenicity** References  

Acremonium falciforme O P Pérez‐ Cantero& Guarro, 

2020 

Aspergillus flavus I,O OP Hatmaker, et al.,, 2022 

Aspergillus fumigatus I,O OP Burks, et al.,,  2021 

Aspergillus niger I,O OP Poulsen, et al.,, 2021 

mucor circinelloides H P Yalcin & Ucar 2009 

Pencillium commune  I OP Guo,et al.,,2021 

Pencillium roqueforti I OP Guo,et al.,,2021 

Rhizopus stolonifer  I P Baggio, et al.,,2016 

Candida Albicans H OP Szabó, et al.,,2021 

Candida lipolytica  I OP Yu, et al.,, 2024 

Debaryomyces hansenii I OP Angulo, et al.,, 2020 

Rhodotorula mucilaginosa I OP Cespedes, et al.,,2022 
Localization* I=indoor environment, O=outdoor environment , H=Human commensal  . Pathogenicity** P=pathogen, 

OP=opportunistic pathogen 

Results of Genetic Sequence Analysis 

 

The gene sequences of two fungal isolates were examined using BLAST to compare the 18S 

rRNA genes.  The findings indicated that the initial sample was classified as Aspergillus 

fumigatus, exhibiting a 100% correspondence with the reference sequence in the GenBank 

database, but the subsequent sample was recognized as Mucor circinelloides, demonstrating a 

99% match.  The specifics of the BLAST analysis are presented (Table 5). The results 

indicated a mutation in the second sample, characterized by a nucleotide substitution 

(Transition) at position 51, where base T was changed to C. This mutation may influence 

gene function or indicate genetic variation within the species Mucor circinelloides. The 

study's results demonstrate that the BLAST approach is an efficient method for recognizing 

and classifying fungi using ribosomal RNA sequences.  The precise identification of 

Aspergillus fumigatus bolsters the credibility of the employed methodology, given that this 

fungus is a significant pathogen responsible for aspergillosis.  Mucor circinelloides was 

recognized with 99% accuracy, suggesting a minor genetic discrepancy potentially 

attributable to intraspecific variation or technical error during the identification process. The 

identified T/C mutation may hold evolutionary significance, potentially influencing the 

stability or expression of the gene.  These alterations may contribute to the identification of 

subspecies within fungal taxa, necessitating more genetic investigations to comprehend their 

effects (Figures 4, 5). 

 This investigation verified the identity of the two fungal isolates by BLAST analysis, 

achieving 100% accuracy for Aspergillus fumigatus and 99% for Mucor circinelloides, with a 

genetic mutation observed.  These findings underscore the significance of genome 

sequencing in fungal taxonomy and evolutionary relationships, enhancing comprehension of 

microbiological diversity 
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Table 5: Identification of isolated fungi utilizing 18S rRNA gene sequences and 

comparison with reference databases. 

Gene : 18 s ribosomal RNA gene 

N0 
Type of 

substitution 
Location Nucleotide Source 

Sequence of 

compare 
Identities 

1 ................ ………. ............. Aspergillus fumigatus 
ID: 

KX788286.1 
100% 

2 Transition 51 T\C Mucor circinelloides 
ID: 

PQ649867.1 
99% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Genetic Sequence Analysis of Aspergillus fumigatus samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Genetic Sequence Analysis of Mucor circinelloides samples 
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CONCLUSION 

Despite the advancements in industrial machinery, food contamination, especially 

cheese, is a major problem. Fungi and their growth in cheese are among the obstacles related 

to quality and food safety. The results of this study indicate the presence of diverse types of 

molds and yeasts in different types of cheeses studied, whether local, open-faced, or 

packaged. The results emphasize the need to move away from traditional methods and adopt 

new and advanced strategies to sterilize and preserve food products from contamination. It 

also emphasizes the need for confirmed sample diagnosis to address problems related to food 

spoilage. 

 

CONFLICT OF INTEREST 

We, the researchers, declare that we have no conflict of interest regarding this research. 

 

ACKNOWLEDGMENTS 

  I would like to extend my 

sincere thanks to Tikrit University and the laboratories of the College of Agriculture for 

helping me to make this research a success. I also thank the shop owners in Tikrit for their 

cooperation. Finally, I thank the Tikrit Journal of Agricultural Sciences for helping us publish 

this research. 

 

REFRANCES  

Abdullah, S. K., Mohamed, A. A. H., & Mustafa, K. M. (2007). Fungal contamination of 

Baiza (Jaji) white cheese during consumption stage in Duhok. J. Duhok Univ, 10, 39-

44. 

Adebayo, A. M., Olubukola, O. J., Oluseye, A., Juliet, C., Sukurah, O., Waheed, O., ... & 

Bashir, O. A. (2014). Molecular characterization and antibiotic susceptibility patterns 

of bacteria isolated from wara (West African cheese) sold in Osun state, 

Nigeria. Innovative Romanian Food Biotechnology, (15), 23-30. 

Akabanda, F., Owusu-Kwarteng, J., Tano-Debrah, K., Glover, R. L., Nielsen, D. S., & 

Jespersen, L. (2013). Taxonomic and molecular characterization of lactic acid 

bacteria and yeasts in nunu, a Ghanaian fermented milk product. Food 

Microbiology, 34(2), 277-283. 

Alcano, M. D. J., Jahn, R. C., Scherer, C. D., Wigmann, É. F., Moraes, V. M., Garcia, M. V., 

... & Copetti, M. V. (2016). Susceptibility of Aspergillus spp. to acetic and sorbic 

acids based on pH and effect of sub-inhibitory doses of sorbic acid on ochratoxin A 

production. Food research international, 81, 25-30. 

Alshannaq, A., & Yu, J. H. (2017). Occurrence, toxicity, and analysis of major mycotoxins in 

food. International journal of environmental research and public health, 14(6), 632. 



Alayadi  et al., ., TJAS Vol. 25, No.3: pp. 153-171 

 

 

Ando, H., Hatanaka, K., Ohata, I., Yamashita-Kitaguchi, Y., Kurata, A., & Kishimoto, N. 

(2012). Antifungal activities of volatile substances generated by yeast isolated from 

Iranian commercial cheese. Food Control, 26(2), 472-478. 

Angulo, M., Reyes-Becerril, M., Medina-Córdova, N., Tovar-Ramírez, D., & Angulo, C. 

(2020). Probiotic and nutritional effects of Debaryomyces hansenii on animals. 

Applied microbiology and biotechnology, 104, 7689-7699. 

Ashton, G. D., & Dyer, P. S. (2019). Culturing and mating of Aspergillus fumigatus. Current 

Protocols in Microbiology, 54(1), e87. 

Atanassova, M. R., Fernández-Otero, C., Rodríguez-Alonso, P., Fernández-No, I. C., 

Garabal, J. I., & Centeno, J. A. (2016). Characterization of yeasts isolated from 

artisanal short-ripened cows' cheeses produced in Galicia (NW Spain). Food 

microbiology, 53, 172-181. 

Atheeb, S. Z., & Maktoof, A. A. (2023). Microbial contamination in Iraqi and imported soft 

and processed cheese. Appl. Biochem. Microbiol, 59(S1), 155-161. 

Baggio, J. S., Gonçalves, F. P., Lourenço, S. A., Tanaka, F. A. O., Pascholati, S. F., & 

Amorim, L. (2016). Direct penetration of Rhizopus stolonifer into stone fruits 

causing rhizopus rot. Plant Pathology, 65(4), 633-642.Guo, L. N., Yu, S. Y., Wang, 

Y., 

Banjara, N., Suhr, M. J., & Hallen-Adams, H. E. (2015). Diversity of yeast and mold species 

from a variety of cheese types. Current microbiology, 70, 792-800. 

Barrios, M. J., Medina, L. M., Lopez, M. C., & Jordano, R. (1998). Fungal biota isolated 

from Spanish cheeses. Journal of food safety, 18(2), 151-157. 

Bayili, G. R., Johansen, P., Nielsen, D. S., Sawadogo-Lingani, H., Ouedraogo, G. A., 

Diawara, B., & Jespersen, L. (2019). Identification of the predominant microbiota 

during production of lait caillé, a spontaneously fermented milk product made in 

Burkina Faso. World Journal of Microbiology and Biotechnology, 35, 1-13. 

Biango-Daniels, M. N., & Wolfe, B. E. (2021). American artisan cheese quality and spoilage: 

A survey of cheesemakers' concerns and needs. Journal of Dairy Science, 104(5), 

6283-6294. 

Buehler, A. J., Evanowski, R. L., Martin, N. H., Boor, K. J., & Wiedmann, M. (2017). 

Internal transcribed spacer (ITS) sequencing reveals considerable fungal diversity in 

dairy products. Journal of dairy science, 100(11), 8814-8825. 

Burks, C., Darby, A., Gómez Londoño, L., Momany, M., & Brewer, M. T. (2021). Azole-

resistant Aspergillus fumigatus in the environment: Identifying key reservoirs and 

hotspots of antifungal resistance. PLoS Pathogens, 17(7), e1009711. 

Cardoso, V. M., Borelli, B. M., Lara, C. A., Soares, M. A., Pataro, C., Bodevan, E. C., & 

Rosa, C. A. (2015). The influence of seasons and ripening time on yeast communities 

of a traditional Brazilian cheese. Food Research International, 69, 331-340. 

Cespedes, L., Fonseca, C., & Sanchez, R. (2022). Rhodotorula an emergent pathogen. J Exp 

Clin Microbiol Vol, 6(3). 



Alayadi  et al., ., TJAS Vol. 25, No.3: pp. 153-171 

 

 

Croft, C. A., Culibrk, L., Moore, M. M., & Tebbutt, S. J. (2016). Interactions of Aspergillus 

fumigatus conidia with airway epithelial cells: a critical review. Frontiers in 

microbiology, 7, 472. 

De Santi, M., Sisti, M., Barbieri, E., Piccoli, G., Brandi, G., & Stocchi, V. (2010). A 

combined morphologic and molecular approach for characterizing fungal microflora 

from a traditional Italian cheese (Fossa cheese). International dairy journal, 20(7), 

465-471. 

De Souza, T. P., Evangelista, S. R., Passamani, F. R. F., Bertechini, R., de Abreu, L. R., & 

Batista, L. R. (2021). Mycobiota of Minas artisanal cheese: Safety and 

quality. International Dairy Journal, 120, 105085. 

ELbagory, A. M., Amal, M. E., Hammad, A. M., & Salwa, A. D. (2014). Prevalence of fungi 

in locally produced cheese and molecular characterization of isolated toxigenic 

molds. Benha Vet. Med. J, 27(2), 9-20. 

Fao, F. A. O. S. T. A. T. (2018). Food and agriculture organization of the United 

Nations. Rome, URL: http://faostat. fao. org, 403-403. 

Fenster, K., Freeburg, B., Hollard, C., Wong, C., Rønhave Laursen, R., & Ouwehand, A. C. 

(2019). The production and delivery of probiotics: A review of a practical 

approach. Microorganisms, 7(3), 83. 

Ferreira, A. D., & Viljoen, B. C. (2003). Yeasts as adjunct starters in matured Cheddar 

cheese. International journal of food microbiology, 86(1-2), 131-140. 

Frisvad, J. C., & Samson, R. A. (2004). Polyphasic taxonomy of Penicillium subgenus 

Penicillium. A guide to identification of food and air-borne terverticillate Penicillia 

and their mycotoxins. Studies in mycology, 49(1), 1-174. 

Garnier, L., Valence, F., Pawtowski, A., Auhustsinava-Galerne, L., Frotté, N., Baroncelli, R., 

... & Mounier, J. (2017). Diversity of spoilage fungi associated with various French 

dairy products. International journal of food microbiology, 241, 191-197. 

Geronikou, A., Srimahaeak, T., Rantsiou, K., Triantafillidis, G., Larsen, N., & Jespersen, L. 

(2020). Occurrence of yeasts in white-brined cheeses: Methodologies for 

identification, spoilage potential and good manufacturing practices. Frontiers in 

Microbiology, 11, 582778. 

Gori, K., Ryssel, M., Arneborg, N., & Jespersen, L. (2013). Isolation and identification of the 

microbiota of Danish farmhouse and industrially produced surface-ripened 

cheeses. Microbial ecology, 65, 602-615. 

Haastrup, M. K., Johansen, P., Malskær, A. H., Castro-Mejía, J. L., Kot, W., Krych, L., ... & 

Jespersen, L. (2018). Cheese brines from Danish dairies reveal a complex microbiota 

comprising several halotolerant bacteria and yeasts. International journal of food 

microbiology, 285, 173-187. 

Hamed, S. R. (2016). Diversity of Aspergillus and Penicillium of farmland in Egypt. Int J 

Innov Stud Sci Eng Technol, 2, 2455-4863. 

Hatmaker, E. A., Rangel-Grimaldo, M., Raja, H. A., Pourhadi, H., Knowles, S. L., Fuller, K., 

... & Rokas, A. (2022). Genomic and phenotypic trait variation of the opportunistic 



Alayadi  et al., ., TJAS Vol. 25, No.3: pp. 153-171 

 

 

human pathogen Aspergillus flavus and its close relatives. Microbiology 

Spectrum, 10(6), e03069-22. 

Hayaloglu, A. A., & Kirbag, S. (2007). Microbial quality and presence of moulds in Kuflu 

cheese. International journal of food microbiology, 115(3), 376-380. 

Hayaloglu, A. A., & Kirbag, S. (2007). Microbial quality and presence of moulds in Kuflu 

cheese. International journal of food microbiology, 115(3), 376-380. 

Hlebová, M., Foltinová, D., Vešelényiová, D., Medo, J., Šramková, Z., Tančinová, D., ... & 

Hleba, L. (2022). The vapor phase of selected essential oils and their antifungal 

activity in vitro and in situ against Penicillium commune, a common contaminant of 

cheese. Foods, 11(21), 3517. 

Homa, M., Ibragimova, S., Szebenyi, C., Nagy, G., Zsindely, N., Bodai, L., ... & Papp, T. 

(2022). Differential gene expression of Mucor lusitanicus under aerobic and 

anaerobic conditions. Journal of Fungi, 8(4), 404. 

Kareem, M. A., Noaman, A. A., & Al-Azzawi, M. N. A. (2016). Determination of fungi and 

some heavy metals in locally cheeses. Iraqi Journal of Science, 2213-2219. 

Kępińska-Pacelik, J., & Biel, W. (2021). Alimentary risk of mycotoxins for humans and 

animals. Toxins, 13(11), 822. 

Kesenkaş, H., & Akbulut, N. (2008). Yeasts as ripening adjunct cultures in Turkish white 

brined cheese production. Turkish Journal of Veterinary & Animal Sciences, 32(5), 

327-333. 

Khalil, I. I., Aldabbagh, S. Y. A., & Shareef, A. M. (2018). Isolation, identification and 

detection of some virulence factors in yeasts from local cheese in Mosul city. Iraqi 

Journal of Veterinary Sciences, 32(1). 

Kure, C. F., & Skaar, I. (2000). Mould growth on the Norwegian semi-hard cheeses Norvegia 

and Jarlsberg. International Journal of Food Microbiology, 62(1-2), 133-137. 

Kure, C. F., Wasteson, Y., Brendehaug, J., & Skaar, I. (2001). Mould contaminants on 

Jarlsberg and Norvegia cheese blocks from four factories. International Journal of 

Food Microbiology, 70(1-2), 21-27. 

Ledenbach, L. H., & Marshall, R. T. (2009). Microbiological spoilage of dairy 

products. Compendium of the microbiological spoilage of foods and beverages, 41-

67. 

Lee, S. C., Billmyre, R. B., Li, A., Carson, S., Sykes, S. M., Huh, E. Y., ... & Heitman, J. 

(2014). Analysis of a food-borne fungal pathogen outbreak: virulence and genome of 

a Mucor circinelloides isolate from yogurt. MBio, 5(4), 10-1128. 

Lobo, I. (2008). Basic local alignment search tool (BLAST). Nature Education, 1(1). 

Lund, F., Filtenborg, O., & Frisvad, J. C. (1995). Associated mycoflora of cheese. Food 

Microbiology, 12, 173-180. 

Marín, P., Palmero, D., & Jurado, M. (2015). Occurrence of moulds associated with ovine 

raw milk and cheeses of the Spanish region of Castilla La Mancha. International 

Journal of Dairy Technology, 68(4), 565-572. 



Alayadi  et al., ., TJAS Vol. 25, No.3: pp. 153-171 

 

 

Martin, J. G. P., Silva, J. M. M., César, I. C. D. R., Da Silva, M., Santana, S. A., Veloso, T. 

G. R., ... & Cotter, P. D. (2023). Seasonal variation in the Canastra cheese 

mycobiota. Frontiers in microbiology, 13, 1076672. 

Martin, N. H., Torres-Frenzel, P., & Wiedmann, M. (2021). Invited review: Controlling dairy 

product spoilage to reduce food loss and waste. Journal of Dairy Science, 104(2), 

1251-1261. 

Mueller, K. D., Zhang, H., Serrano, C. R., Billmyre, R. B., Huh, E. Y., Wiemann, P., ... & 

Lee, S. C. (2019). Gastrointestinal microbiota alteration induced by Mucor 

circinelloides in a murine model. Journal of Microbiology, 57, 509-

520.https://doi.org/10.1007/s12275-019-8682-x. 

Oyet, G. I., Achinewhu, S. C., Kiin-Kabari, D. B., & Akusu, M. O. (2020). Microbiological 

quality of selected street vended foods during wet and dry season in parts of Port 

Harcourt metropolis, Rivers State, Nigeria. Research Journal of Food Science and 

Nutrition, 5(2), 35-45. 

Pattono, D., Grosso, A., Stocco, P. P., Pazzi, M., & Zeppa, G. (2013). Survey of the presence 

of patulin and ochratoxin A in traditional semi-hard cheeses. Food Control, 33(1), 

54-57. 

Pérez‐ Cantero, A., & Guarro, J. (2020). Sarocladium and Acremonium infections: new faces 

of an old opportunistic fungus. Mycoses, 63(11), 1203-1214.\ 

Pitt, J. I., & Hocking, A. D. (2009). Fungi and food spoilage (Vol. 519, p. 388). New York: 

Springer. 

Poulsen, J. S., Madsen, A. M., White, J. K., & Nielsen, J. L. (2021). Physiological responses 

of Aspergillus niger challenged with itraconazole. Antimicrobial agents and 

chemotherapy, 65(6), 10-1128. 

Radha, K., & Nath, L. S. (2014). Studies on the air quality in a dairy processing plant. Ind. J. 

Vet. Anim. Sci. Res, 43, 346-353. 

Ryssel, M., Johansen, P., Al-Soud, W. A., Sørensen, S., Arneborg, N., & Jespersen, L. 

(2015). Microbial diversity and dynamics throughout manufacturing and ripening of 

surface ripened semi-hard Danish Danbo cheeses investigated by culture-

independent techniques. International journal of food microbiology, 215, 124-130. 

Salustiano, V. C., Andrade, N. J., Brandão, S. C. C., Azeredo, R. M. C., & Lima, S. A. K. 

(2003). Microbiological air quality of processing areas in a dairy plant as evaluated 

by the sedimentation technique and a one-stage air sampler. Brazilian Journal of 

Microbiology, 34, 255-259. 

Seddek, N. H., Gomah, N. H., & Osman, D. M. (2016). Fungal flora contaminating Egyptian 

Ras cheese with reference to their toxins and enzymes. Food Science and 

Technology, 4(4), 64-68. 

Shaker, E. M., & Farghaly, M. M. (2021). Antifungal activity of thyme and carvacrol 

nanoemulsions against aspergillus fumigatus isolated from different types of 

cheese. Adv. Anim. Vet. Sci, 9(11), 1945-1950. 

https://doi.org/10.1007/s12275-019-8682-x


Alayadi  et al., ., TJAS Vol. 25, No.3: pp. 153-171 

 

 

Sharaf, O. M., Ibrahim, G. A., Tawfek, N. F., Effat, B. A., El Shafei, K., El-Din, H. M., & 

Salem, M. M. (2014). Prevalence of some pathogenic microorganisms in factories 

Domiati, Feta cheeses and UHT milk in relation to public health sold under market 

conditions in Cairo. Int. J. Chem. Tech. Res, 6(5), 2807-2814. 

Shi, C., & Knøchel, S. (2021). Susceptibility of dairy associated molds towards microbial 

metabolites with focus on the response to diacetyl. Food Control, 121, 107573. 

Shi, C., & Maktabdar, M. (2022). Lactic acid bacteria as biopreservation against spoilage 

molds in dairy products–A review. Frontiers in microbiology, 12, 819684.  

Silva, J. L. D., Aparecido, C. C., Hansen, D., Pereira, T. A. M., Felicio, J. D. A., & Gonçalez, 

E. (2015). Identification of toxigenic Aspergillus species from diet dairy goat using a 

polyphasic approach. Ciência Rural, 45(8), 1466-1471. 

Soliman, N. S., & Aly, S. A. (2011). Occurrence and identification of yeast species isolated 

from Egyptian Karish cheese. Journal of Yeast and Fungal Research, 2(4), 59-64. 

Sugui, J. A., Kwon-Chung, K. J., Juvvadi, P. R., Latgé, J. P., & Steinbach, W. J. (2015). 

Aspergillus fumigatus and related species. Cold Spring Harbor perspectives in 

medicine, 5(2), a019786. 

Szabó, K., Miskei, M., Farkas, I., & Dombrádi, V. (2021). The phosphatome of opportunistic 

pathogen Candida species. Fungal Biology Reviews, 35, 40-51. 

Taniwaki, M. H. (2018). Editorial overview: Food mycology. Current Opinion in Food 

Science, 23, vi-vii. 

Valle, M., Van Long, N. N., Jany, J. L., Bregier, T., Pawtowski, A., Barbier, G., ... & 

Coroller, L. (2022). Impact of water activity on the radial growth of fungi in a dairy 

environment. Food Research International, 157, 111247. [6] J.I. Pitt, A.D. Hocking, 

Fungi and Food Spoilage, fourth ed., Springer, 2022 (chapter 6).  

 Valle, M., Van Long, N. N., Jany, J. L., Koullen, L., Couvert, O., Huchet, V., & Coroller, L. 

(2023). Impact of carbon dioxide on the radial growth of fungi isolated from dairy 

environment. Food Microbiology, 115, 104324. 

Yalcin, H. T., & Ucar, F. B. (2009). Isolation and characterization of cheese spoiler yeast 

isolated from Turkish white cheeses. Annals of microbiology, 59, 477-483. 

Yu, J., Liu, X., Guo, D., Yang, W., Chen, X., Zou, G., ... & National China Hospital Invasive 

Fungal Surveillance Network (CHIF-NET). (2024). Antifungal susceptibility profile 

and local epidemiological cut-off values of Yarrowia (Candida) lipolytica: an 

emergent and rare opportunistic yeast. Microbiology Spectrum, 12(1), e03203-23. 

Zain, M. E. (2011). Impact of mycotoxins on humans and animals. Journal of Saudi chemical 

society, 15(2), 129-144. 


