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INTRODUCTION 
 
Molds are ubiquitous with various genera commonly found on grapes. Common 
examples include Aspergillus, Botrytis and Penicillium, and, to a lesser extent, 
Phytophthora, Moniliella, Alternaria and Cladosporium (Rosa et al., 2002). 
Mold growth plays an important role in the physical and chemical stability as 
well as the sensory properties of the future wine. For example, uncontrolled 
proliferation of mold on grapes just prior to harvest rapidly leads to growth of 
secondary contaminants (yeasts and bacteria), which, in turn, leads to a 
deteriorative state called “rot”. Recognizing the importance of mold growth to 
wine quality, grape contracts generally include specification for the extent of 
infections. Although not tolerant of ethanol, molds are ubiquitous in wineries and 
are present on surfaces as well as in the air (Donnelly, 1977). Molds are capable 
of growth on the outer and inner surfaces of wooden storage containers and on 
cork in bottled wines where seepage has occurred. Aside from esthetic problems 
of growth on these surfaces, molds produce sensorially powerful metabolites that 
are perceivable at parts-per-billion or parts-per trillion concentrations. As such, 
these compounds can play a significant role in wine quality (Fugelsang and 
Edwards, 2007). 
Fungi play a substantial role in spoilage of fruits and vegetables, because of their 
pathogenicity to the harvested products. Fungal spoilage of fruits causes 
substantial financial losses to fruit growers and processors and may pose a health 
threat to the consumer if the contaminating fungi produce mycotoxins. During the 
various stages of pathogenesis, however, some of these fungi may generate 
different mycotoxins – secondary metabolites that are toxic to humans and 
animals that consume the products. The major mycotoxigenic fungi that attack 
harvested fruits and vegetables are Aspergillus, Penicillium and Alternaria 
species – and the mycotoxins produced by them in the host tissues, e.g., 
aflatoxins, ochratoxin A, patulin and alternaria toxins. Some of these mycotoxins 
are known to be carcinogenic, and most of them are highly stable during 
processing and, therefore, can reach the consumer. Thus, although consumers 
will likely reject a visibly moldy or rotten fruit, processed fruit products may still 
form a significant source of these mycotoxins, if decayed or moldy fruit is not 
removed before processing or packaging and pose a serious threat to human and 
animal health throughout the world (Barkai-Golan and Paster, 2008). 
Some fungi are highly specialized pathogens, attacking only certain types of 
fruits while others have a more general ability to invade fruit tissue (Drusch and 

Ragab, 2003). The presence of toxin-producing fungi on fruit does not 
necessarily imply that mycotoxins will be present since toxin production is 
influenced by many factors including environmental conditions, type, cultivar 
and nutritional status of the fruit, the microbial load on the fruit, and strain of the 
fungus (Drusch and Ragab, 2003; Sanchis and Magan, 2004).  
Penicillium species are frequently associated with spoilage of foods and feeds, 
and are therefore of great economic importance. The majority of Penicillium 
species can easily be isolated from the soil, where they take part in the 
decomposition of organic substances, but they are also among the most common 
airborne fungi, capable of inducing allergic reactions in sensitive patients. Being 
common airborne fungi, Penicillium spp. can easily be isolated from surfaces of 
healthy plants, including fruits and vegetables. Several Penicillium species are 
among the most common agents of postharvest diseases and they attack a wide 
range of fruits and vegetables (Barkai-Golan, 2001). Penicillium is a diverse 
genus, with more than 200 recognized species. Penicillium species are common 
pathogens of stored grapes. These include P. aurantiogriseum, P. 
brevicompactum, P. chrysogenum, P. citrinum, P. crustosum, P. cyclopium, P. 
decumbens, P. frequentans, P. glabrum, P. stoloniferum, P. viridicatum, among 
others (Snowdon, 1990; Benkhemmar et al., 1993). Penicillium expansum is an 
example of the destructive postharvest pathogens that cause a large part of the 
economic losses that occur during storage and shipment (Barkai-Golan, 2001). 
However, in addition to losses they cause in many fruits and vegetables, various 
Penicillium species that are involved in postharvest decay of fruits and vegetables 
may produce a variety of mycotoxins – secondary metabolites, toxic to animals 
and humans who consume contaminated foods – during their life cycle in the host 
fruits (Andersen and Frisvad, 2004). It is important to know that the fungus can 
grow at 0 °C and that decay can progress, albeit slowly, at this temperature, and 
can be spread from diseased to sound fruits, by contact between them, during 
months of cold storage. When the fruits are transferred to warmer shelf-life 
conditions, rapid development takes place.  
The major Penicillium mycotoxin associated with fruit and vegetable decay, and 
the most studied one, is patulin (Andersen and Frisvad, 2004). Patulin is a 
mycotoxin characteristic of infected fruits. Although Penicillium expansum is the 
main pathogen responsible for patulin production in apples, fruit and vegetable 
decay may produce a variety of mycotoxins during their life cycle in the host. 
These include ochratoxin A, citrinin, penicillic acid, citreoviridin, penitrem, 

A total of 10 wine producing grapes were collected from the Central Slovak region in 2011 and 2012, which involved 7 vineyards. 
Mycological analysis was carried out for the detection of fungi using standard media with focus on genera Penicillium. The exogenous 
mycobiota was determined by the method of direct placing of berry samples on agar plates and the endogenous mycobiota by the same 
method but the berry samples were first superficially sterilized. The resulting Penicillia were identified morphologically. The potentially 
toxigenic isolates were analysed for mycotoxin production by TLC method. In general representatives of Penicillium genus were 
isolated with higher frequency from the surface of the berries than from their interior.  In regard to species Penicillium chrysogenum 
seems to be the most wide-spread in wine grape berries from the Central Slovak wine growing area because was detected more 
frequently than other species. In total, 546 fungal isolates belonging to 12 Penicillium species. Overall, two species were dominant: P. 
chrysogenum and P. expansum. Four potentially toxigenic species isolated from endogenous mycobiota were tested for their toxigenic 
ability. Out of  10 strains, all of them produced at least one mycotoxin. Of all 16 potentially toxigenic strains from exogenous 
mycobiota,  88% produced at least one mycotoxin. Therefore study concluded, that wine producing grapes seems to be risk products. 
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roquefortine C and others, which may elicit toxicological effects in humans and 
animals. 
Factors known to affect production of these mycotoxins in fruit include the fruit 
type and cultivar, the physical and chemical properties of the fruit, geographical 
location where the fruit is grown and harvested, climate, pre-harvest treatments, 
method of harvest, the ripening state of the fruit, the microbial load, presence of 
surface defects on the fruit, post-harvest treatments and storage conditions. 
Temperature and relative humidity are environmental factors that influence 
fungal growth and mycotoxins production. Mycotoxin accumulation in fruits can 
occur in the field, during harvest, post-harvest and during storage. The best 
approach to prevent contamination is to prevent mold growth at all stages of 
production. Gentle and sanitary handling of the fruit during harvest and in storage 
and processing facilities is essential for reducing fungal decay and mycotoxin 
production in fruits (Jackson and Al-Taher, 2008). 
The objective of our study was to monitor the occurrence of mycobiota in wine 
grape samples collected from the Central Slovak region, in this manuscript with 

focus on genera Penicillium. Special emphasis was laid on the ability of some 
potentially toxigenic penicillia to produce some selected mycotoxins. 
 
MATERIAL AND METHODS 
 
Study area  
 
Slovak republic has 6 distinct wine-growing zones (the Small Carpathians, the 
Southern Slovak, the Nitra, the Central Slovak, the Eastern Slovak and the Tokaj 
wine regions). They spread from the west to the east of the country along its 
southern and south-western borders. We had samples from the Central Slovak 
wine region, which is divided to 7 subregions. The subregion is the area with the 
same soil and climate conditions. The time between sample collection and 
laboratory analysis was less than 24 hours. Ten samples – 5 of white grape 
varieties and 5 of blue grape varieties were mycologically analyzed. 
 

 
Table 1 Wine grape varieties used in the study from the Central Slovak region 

Village Subregion Grape variety Date of harvest Date of analyses 
1. Hontianske Moravce  Hontiansky Konkordia 26.09.2011 27.09.2011 
2. Veľký Krtíš  Modrokamenský Pinot gris 16.10.2011 17.10.2011 
3. Veľký Krtíš  Modrokamenský Pinot noar 16.10.2011 17.10.2011 
4. Veľký Krtíš  Modrokamenský Sauvignon 16.10.2011 17.10.2011 
5. Vinica Vinický Blue frankish 30.09.2012 01.10.2012 
6. Šahy   Ipeľský Perle of Zala 30.09.2012 01.10.2012 
7. Sebechleby  Hontiansky Svätovavrinecké 30.09.2012 01.10.2012 
8. Čamovce   Fiľakovský Pálava 17.10.2012 17.10.2012 
9. Rimavská Sobota  Gemerský Blue frankish 17.10.2012 17.10.2012 
10. Kráľ Tornaľský Müller Thurgau 17.10.2012 17.10.2012 

 
 
Mycological analysis of grapes 
 
Four wine grape varieties were collected from the end of September to the middle 
of October in the harvest time 2011 and six wine grape varieties from the end of 
September to the middle of October 2012 (Table 1). The berries from the 
vineyards sampled were generally in good condition without visible damage. A 
total of 50 berries (6 - 7 healthy berries per bunch) from each sample were plated 
on Dichloran Rose Bengal Chloramphenicol agar medium (DRBC) (MERCK, 
Germany), and incubated at 25 °C in the dark for one week. In this way was 
determined an exogenous mycobiota. Fifty another grapes were surface-
disinfected in 1% NaClO for 1 min according methods of Magnoli et al. (2003) 
and 3 times rinsed by submersion in sterile distilled water (total amount 1L), 
dried, plated in the same medium and incubated at 25°C in the dark for 7 days. In 
this way was determined an endogenous mycobiota.  
Penicillium strains were isolated and cultivated in MEA (Malt extract agar, 
Samson et al., 2010) and CYA (Czapek yeast agar, Samson et al., 2010), 
Creatine-Sucrose agar (CREA, Samson et al., 2010) and Yeast Extract agar 
(YES, Samson et al., 2010).  Genus Penicillium was identified to species level 
based on morphological characters according to the manuals of Pitt and 
Hocking (1997), Samson and Frisvad (2004) and Samson et al. (2002a, 2010).  
 
Results evaluation 
 
 The obtained results were evaluated and expressed according to isolation 
frequency (Fr) and relative density (RD). The isolation frequency (%) is defined 
as the percentage of samples within which the species or genus occurred at least 
once. The relative density (%) is defined as the percentage of isolates of the 
species or genus, occurring in the analyzed sample (Guatam et al., 2009). These 
values were calculated according to González et al. (1996) as follows: 
Fr (%) = (ns / N) x 100                    RD (%) = (ni / Ni) x 100 
ns – number of samples with a species or genus; N – total number of samples; ni 
– number of isolates of a species or genus; Ni – total number of isolated fungi. 
 
Toxinogenity analysis 
 
Toxinogenity of selected isolates was screened in in vitro conditions by means of 
thin layer chromatography (TLC) according to Samson et al. (2002b),  modified 
by Labuda and Tančinová (2006). Extracellular metabolites – citrinin, patulin 
and griseofulvin were carried out on YES agar and intracellural roquefortin C, 
penitrem A and cyclopiazonic acid on CYA agar. A few pieces of mycelium with 
approximate size 5 x 5 mm were cut from colonies and placed in an Eppendorf 
tube with 500 µL of chloroform: methanol – 2:1 (Reachem, Slovak Republic). 
The content of the tubes was stirred for 5 min. by Vortex Genie ® 2 (MO BIO 
Laboratories, Inc. – Carlsbad, CA, USA). The volume 30 µL of liquid phase of 
extracts along with 10 µL standards (Sigma, Germany) was applied on TLC plate 
(Alugram ® SIL G, Macherey – Nagel, Germany). The plate was put into TEF 
solvent (toluene: ethyl acetate: formic acid – 5:4:1, toluene – Mikrochem, Slovak 
Republic; ethyl acetate and formic acid – Slavus, Slovak Republic). After elution 

the plate was air-dried. Identification of the metabolites was done by comparison 
with metabolite standards.  Roquefortin C was visible after spraying with 
Ce(SO4)2 x 4 H2O as an orange spot. Cyclopiazonic acid was visible directly in 
daylight after spraying with the Ehrlich reagent as a violet-tailed spot. Penitrem 
A after spraying with 20% AlCl3 in 60% ethanol and heating at 130 °C for 8 min 
as a dark blue spot. Patulin by spraying with 0,5% methylbenzothiazolone 
hydrochloride (MBTH), (Merck, Germany) in methanol and heating at 130 °C for 
8 min and then detectable as a yellow-orange spot. Directly under UV light with 
a wavelength of 365 nm was visualized citrinin as a yellow-green-tailed spot and 
griseofulvin as a blue spot. 
 
RESULTS AND DISCUSSION 
 
Fungi of the genus Penicillium were found from 10 in 8 wine grape samples, 
except Pinos gris and Pinos noar from Modrokamenský subregion (2, 3) (Table 
2). Nine Penicillium species were found, but there occurrence was very 
sporadically, except 2 subregions – Gemerský (9) and Tornaľský (10). The 
samples were contaminated by potentially toxicological species P. expansum and 
P. chrysogenum. According Felšöciová et al. (2013) some similar species but in 
lower number of abundance were isolated from the Nitra wine growing region in 
10 analysed samples, namely P. citrinum, P. corylophilum, P. crustosum, P. 
decumbens, P. expansum, P. chrysogenum and Penicillium sp.. The occurrence of 
most was also very sporadically, except P. crustosum, P. chrysogenum and P. 
expansum. Penicillium expansum spoils grapes, apples, pears, tomatoes, 
avocados and mangoes. Penicillium expansum, the cause of the destructive blue 
mold rot of pome and stone fruits, is a major concern for human health, because 
of the production of patulin during pathogenesis. The factors affecting P. 
expansum growth and patulin formation include fungal strain, host fruit cultivar, 
and storage conditions, especially the storage atmosphere. Mould growth 
normally occurs only where the surface tissue of fruits has been damaged. 
Infection commonly follows insect or storm damages during pre-harvest, rough 
gathering at harvest or strong washing and sorting procedures post-harvest 
(Snowdon, 1990). During storage, infection can occur even at 0 °C, but decay 
proceeds slowly during cold storage, and usually develops rapidly only when 
fruits are returned to warm temperatures (Paster et al., 1995).  
The percentages of a colonized samples by Penicillium species (isolation 
frequency) was low (Table 3), except Penicillium sp. (50%). However these 
isolates could not be taxonomically identified because of contamination. 
Penicillium crustosum was detected in 30% of the samples, P. expansum, P. 
chrysogenum and P. variabile in 20%. Other samples were contaminated only 
once (10%). The most presented species of all tested isolates (226) was P. 
chrysogenum (67%) and P. expansum (22%). Another isolates were present only 
under 5%. From the overall endogenous Penicillium contamination from the 
Nitra wine growing region Penicillium expansum and P. chrysogenum grew on 
20% from 10 tested samples. Other samples were contaminated only once (10%). 
The most presented species of all tested isolates (37) was P. crustosum (35%), 
follow by P. chrysogenum (24%) and P. expansum (19%) (Felšöciová et al., 
2013).  
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Table 2 The overall endogenous Penicillium contamination of tested various 
types of grape 
Penicillium species 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
P. canescens       1    
P. citrinum    1       
P. crustosum      1 1 3   
P. expansum         17 33 
P. funiculosum     1      
P. glabrum                              1     
P. griseofulvum       1    
P. chrysogenum         133 18 
P. variabile       1 5   
Penicillium sp. 1   1 2 4  1   
∑ 1   2 3 6 4 9 150 51 
Legend: 1-10 subregions; 1- Hontiansky; 2-4 – Modrokamenský; 5 – Vinický; 6 
– Ipeľský; 7 – Hontiansky; 8 – Fiľakovský; 9 – Gemerský; 10 - Tornaľský 
    
Table 3 Isolation frequency and relative density of endogenous strains from 
genus Penicillium, isolated of grapes (n=10) harvested in Central Slovak wine 
region 

Penicillium species No of isolates Isolation 
frequency (%) 

Relative density 
(%) 

P. canescens 1 10 0.4 
P. citrinum 1 10 0.4 
P. crustosum 5 30 2 
P. expansum 50 20 22 
P. funiculosum 1 10 0.4 
P. glabrum                                                                              1 10 0.4 
P. griseofulvum 1 10 0.4 
P. chrysogenum 151 20 67 
P. variabile 6 20 2.6 
Penicillium sp. 9 50 4 
  Legend: n = number of samples                           
                                                                            
Eight Penicillium species were found more frequently in exogenous 
contamination compared to endogenous because all wine growing region was 
colonised by the genus Penicillium (Table 4). Penicillium strains were present on 
grapes in higher numbers. The highest proportion of Penicillium species was 
determined in Fiľakovský subregion (8), namely P. crustosum, P. expansum, P. 
chrysogenum and Penicillium sp.. From a quantitative perspective the highest 
proportion was found in Tornaľský subregion (10) – 141 isolates. Penicillium 
species in exogenous contamination in the Nitra wine growing region were 
present on grapes also in higher numbers, where Penicillium sp. colonised most 
samples (5 out of 10). The quantitative representation of the colonized samples 
was not as high as in the samples of the Central Slovak region. The highest 
abundance was recorded for the species P. chrysogenum (36) (Felšöciová et al., 
2013).  
 
Table 4 The overall exogenous Penicillium contamination of tested various types 
of grape 
Penicillium species 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
P. aurantiogriseum   8        
P. crustosum      5 2 8   
P. expansum 1       4 19 53 
P. funiculosum     1      
P. griseofulvum       1    
P. chrysogenum   13 4    6 60 87 
P. polonicum  1         
P. purpurogenum          1 
Penicillium sp. 5 7   10 3 9 12   
∑ 6 8 21 4 11 8 12 30 79 141 
Legend: 1-10 subregions; 1- Hontiansky; 2-4 – Modrokamenský; 5 – Vinický; 6 
– Ipeľský; 7 – Hontiansky; 8 – Fiľakovský; 9 – Gemerský; 10 - Tornaľský 
 
With regard to species representation, the most frequently encountered 
Penicillium were Penicillium sp. (60%), follow by P. chrysogenum (50%), P. 
expansum (40%) and P. crustosum (30%) (Table 5). Colonization of another 
species was established once. The largest number of isolates belongs to P. 
chrysogenum (170) and P. expansum (77). From this point of view, the relative 
density of both species was the highest (53%) and (24%) respectively. The 
obtained results of the study in the Nitra wine growing region showed a high 
isolation frequency of Penicillium sp. (50%) exactly as in our wine grape samples 
from the Central Slovak region, follow by P. citrinum, P. crustosum and P. 
chrysogenum (20%). The largest number of isolates belongt to P. chrysogenum 
(37) and P. crustosum (34). From this point of view, the relative density was 28% 
and 26%  respectively (Felšöciová et al., 2013).  
. 

Table 5 Isolation frequency and relative density of endogenous strains from 
genus Penicillium, isolated of grapes (n=10) harvested in Central Slovak wine 
region 

Penicillium species No of isolates Isolation 
frequency (%) 

Relative 
density (%) 

P. aurantiogriseum 8 10 2.5 
P. crustosum 15 30 4.7 
P. expansum 77 40 24 
P. funiculosum 1 10 0.3 
P. griseofulvum 1 10 0.3 
P. chrysogenum 170 50 53 
P. polonicum 1 10 0.3 
P. purpurogenum 1 10 0.3 
Penicillium sp. 46 60 14 
Legend: n = number of samples 
 
From endogenous and exogenous mycobiota were isolated 546 strains of 12 
Penicillium species, namely P. aurantiogriseum, P. canescens, P. citrinum, P. 
crustosum, P. expansum, P. funiculosum, P. glabrum, P. griseofulvum, P. 
chrysogenum, P. polonicum, P. purpurogenum and P. variabile. Penicillium 
species were presented in all 9 types of wine berries. The most colonized 
subregions by Penicillium were Gemerský (9) with Blue frankish grape variety 
and Tornaľský (10) with Müller Thurgau grape variety. According Felšöciová et 
al. (2013) some similar species but in lower number of abundance were isolated 
from grapes in the Nitra wine growing region: P. citrinum, P. corylophilum, P. 
crustosum, P. decumbens, P. expansum and P. chrysogenum. In a later study in 
French vineyards with a variety of climatic conditions the following species were 
reported by Bejaoui et al. (2006): P. brevicompactum, P. expansum, P. 
spinulosum, P. glabrum, P. crustosum, P. citrinum, and others. Penicillium 
verrucosum, which has frequently been isolated from cereals, in which it causes 
ochratoxin contamination in temperature climates, was no isolated from grapes in 
Italy (Battilani et al., 2003), France (Sage et al., 2002; Bejaoui et al., 2006) or 
southern Spain (Bellí et al., 2004). From our Slovak wine grape samples has not 
been isolated yet. In a study on fungal population in wine grapes in France, Sage 
et al. (2002) reported on the occurrence of several different Penicillium species, 
of which P. brevicompactum was the most common. In another heavily molded 
sample, P. thomii was the dominant species, and other species, such as P. 
chrysogenum, P. citrinum, P. griseofulvum and P. purpurogenum, were recorded 
infrequently. The dominance of P. thomii in harvested grapes was also reported 
in two grape-growing areas in Italy (Battilani et al., 2003). In our study we didn't 
isolated any of their dominant species.  
 
Table 6 The overall endogenous and exogenous Penicillium contamination of 
tested various types of grape wine samples 

Penicillium species 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
P. aurantiogriseum   8        
P. canescens       1    
P. citrinum    1       
P. crustosum      6 3 11   
P. expansum 1       4 36 86 
P. funiculosum     2      
P. glabrum      1     
P. griseofulvum       2    
P. chrysogenum   13 4    6 193 105 
P. polonicum  1         
P. purpurogenum          1 
P. variabile       1 5   
Penicillium sp. 6 7  1 12 7 9 13   
∑ 7 8 21 6 14 14 16 39 229 192 
Legend: 1-10 subregions; 1- Hontiansky; 2-4 – Modrokamenský; 5 – Vinický; 6 
– Ipeľský; 7 – Hontiansky; 8 – Fiľakovský; 9 – Gemerský; 10 – Tornaľský      
 
From 546 Penicillium strains isolated from the both type of isolation the largest 
number of isolates belongs to P. chrysogenum (321),  P. expansum (127) and 
Penicillium sp. (55) (Table 7), so these species represented  the highest relative 
density 59%, 23% and 10%, respectively. On the other hand, their occurrence 
was not so high, Penicillium sp. was detected the most. Other remaining 
penicillia has been reported in only a small number. Similar results were obtained 
even in 2011 (Felšöciová et al., 2013), when also the largest number of isolates 
belongs to P. chrysogenum (46) and P. crustosum (47), so they occurred with the 
highest relative density (27%, 28%, respectively). A high isolation frequency was 
detected in Penicillium sp. (60%) and P. chrysogenum (40%). Penicillium sp. 
were part of an endogenous and exogenous mycobiota in all analyzed samples. 
Serra et al. (2005) reported that from 885 Penicillium strains identified, the most 
frequent were Penicillium brevicompactum and P. thomii which represented 29% 
of the isolates and P. glabrum/spinulosum 14%. In our study we didn't isolated 
any of them. 
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Table 7 Isolation frequency and relative density of endogenous and exogenous 
strains from genus Penicillium, isolated of grapes (n=10) harvested in Central 
Slovak wine region 

Penicillium species No of isolates Isolation 
frequency (%) 

Relative 
density (%) 

P. aurantiogriseum 8 10 1.5 
P. canescens 1 10 0.2 
P. citrinum 1 10 0.2 
P. crustosum 20 30 3.7 
P. expansum 127 40 23.3 
P. funiculosum 2 1 0.4 
P. glabrum 1 1 0.2 
P. griseofulvum 2 1 0.4 
P. chrysogenum 321 50 58.8 
P. polonicum 1 10 0.2 
P. purpurogenum 1 10 0.2 
P. variabile 6 20 1.1 
Penicillium sp. 55 70 10.1 
Legend: n = number of samples                              
 
Mycotoxins are a chemically diverse group of toxic secondary metabolites 
produced by filamentous fungi also belonging to the genus Penicillium. Despite 
efforts to control fungal contamination of foods, mycotoxin-producing fungi are 
ubiquitous contaminants of nature and make their way into fruit in the field or 
orchard and at any time during harvesting, processing, storage and marketing. 
Although most foods have chemical and/or physical properties that permit fungal 
or microbial spoilage, fruits are susceptible to fungal rather than microbial 
spoilage due to their high water activity (aw) and sugar content, and presence of 
organic acids which impart the fresh of fruit a low pH (Tournas and Katsoudas, 
2005). Mycotoxins can be present in intact (fresh) fruits, juices, wines, canned 
fruits and dried fruit products.  
In total 10 endogenous Penicillium strains representing 4 potentially toxigenic 
species were tested for their toxigenic ability, namely P. citrinum, P. crustosum, 
P. expansum and P. chrysogenum (Table 8). Of all potentially toxigenic strains 
all of them were positive except one -  P. expansum. Citrinin produced 1 out of 3 
strains screened. Three of them (P. citrinum, P. expansum and P. chrysogenum) 
were also tested in total 8 endogenous strains from the Nitra wine-growing region 
(Felšöciová et al., 2013). Out of 8 strains, 50% produced at least one mycotoxin 
as revealed by the method used here. 
 
Table 8 Toxinogenity of selected Penicillium strains, isolated from endogenous 
mycobiota of wine grapes 

Penicillium species C P PA RC 
P. citrinum 1*/1**    
P. crustosum   1/1 1/1 
P. expansum 1/3 3/3  3/3 
P. chrysogenum    5/5 
Legend: C – citrinin; P – patulin; PA – penitrem A; RC – roquefortin C; * 
positive isolates; ** number of tested isolates 
 
In total 16 exogenous strains representing 4 potentially toxigenic species were 
tested for their toxigenic ability, namely P. expansum, P. griseofulvum, P. hordei 
and P. chrysogenum (Table 9). Penicillium expansum produced citrinin (4 out of 
8 strains screened) and all of them produced patulin and roquefortin C. Patulin is 
produced by fungi belonging to several genera including Penicillium, Aspergillus 
and Byssochlamys. P. expansum which, in addition to patulin, citrinin, 
roquefortine C may produce penicillic acid, cyclopiazonic acid, and other 
secondary metabolities such as chaetoglobosins, communesin B, and 
expansolides (Andersen et al., 2004). Penicillium expansum is believed to be the 
major fungal species contributing to patulin in apple products or in fruit. Its 
production in grapes has been associated with moldy berries (Abrunhosa et al., 
2001). Although patulin can occur in many moldy fruits including pears, berries, 
mangoes, plums, apricots and tomatoes, the major source of patulin 
contamination is apples with blue rot, and in apple cider or juice pressed from 
moldy fruit. Patulin has been demonstrated to be acutely toxic (Dailey et al., 
1977), genotoxic (Alves et al., 2000), teratogenic (Dailey et al., 1977; Roll et al., 
1990; Sugiyanto et al., 1993) and possibly immunotoxic (Sorenson et al., 1985; 
Escuola et al., 1988) to animals. At present, there are no published toxicological 
or epidemiological data to indicate whether consumption of patulin is harmful to 
humans. However, there is a desire to limit patulin levels in apple products since 
infants and young children are major consumers of these foods and the effects of 
long-term exposure to patulin are not yet known. Many countries have set 
regulatory limits for patulin in apple products of 50 µg/L or less (Drusch and 
Ragab, 2003). Surveys of the presence of patulin in cherries, strawberries, 
raspberries, mulberries, peaches, grapes, pears and other fruits indicated low 
incidence and levels of the toxin (Drusch and Ragab, 2003, Piemontese et al., 
2005). Patulin production was not confirmed by P. griseofulvum, but this species 
produced griseofulvin, roquefortin C and cyclopiazonic acid. From six P. 

chrysogenum tested isolates five produced roquefortin C. The production 
roquefortin C by P. hordei was not confirmed.  
 
Table 9 Toxinogenity of selected Penicillium strains, isolated from exogenous 
mycobiota of wine grapes 

Penicillium species C G P RC CPA 
P. expansum 4*/8**  8/8 8/8  
P. griseofulvum  1/1 0/1 1/1 1/1 
P. hordei    0/1  
P. chrysogenum    5/6  
Legend: C – citrinin; G – griseofulvin; P – patulin; RC – roquefortin C; CPA – 
cyclopiazonic acid; * positive isolates; ** number of tested isolates 
 
CONCLUSION 
 
Ten grape samples were collected from Konkordia, Pinot gris, Pinot noar, 
Sauvognon, Perle of Zala, Svätovavrinecké, Pálava, Müller Thurgau and 2x from 
Blue frankish grape varieties in the Central Slovak wine growing zone. Penicillia 
were isolated in endogenous and exogenous mycobiota. Penicillium 
contamination in endogenous mycobiota at harvest time was lower than in 
exogenous, where 226 isolates of 9 Penicillium species were found. One species 
less was isolated from exogenous mycobiota but with higher representation of 
Penicillium strains (320). Mycological endogenous and exogenous survey 
indicated the presence of 12 species of the Penicillium genus: P. 
aurantiogriseum, P. canescens, P. citrinum, P. crustosum, P. expansum, P. 
funiculosum, P. glabrum, P. griseofulvum, P. chrysogenum, P. polonicum, P. 
purpurogenum, P. variabile and Penicillium sp.. Penicillium sp. was the most 
frequent isolated in 70% of the samples according to our study. The species 
isolated in smaller frequency were P. chrysogenum (50%), P. expansum (40%) 
and P. crustosum (30%). The largest number of isolates belongs to P. 
chrysogenum (321) and P. expansum (127). From this point of view, the relative 
density of both species were the highest (59%) and (23%). Four potentially 
toxigenic species isolated from endogenous mycobiota were tested for their 
toxigenic ability by thin layer chromatography, namely P. citrinum, P. 
crustosum, P. expansum and P. chrysogenum. Out of 10 strains, all of them were 
positive on screening mycotoxin. Also 4 potentially toxigenic species isolated 
from exogenous mycobiota were tested for their toxigenic ability, namely P. 
expansum, P. griseofulvum, P. hordei and P. chrysogenum. Out of 16 strains, 
75% produced at least one mycotoxin. 
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