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INTRODUCTION 

 

Tomato (Solanum lycopersicum L.) is one of the most widely consumed vegetables 
worldwide and represents an important component of the human diet due to its 

high nutritional value. Tomatoes are a rich source of bioactive compounds, 

including lycopene, β-carotene, flavonoids, vitamin C, and phenolic acids, which 
contribute to their antioxidant and health-promoting properties (Gerszberg et al., 

2015). Due to their high-water activity, soft tissue structure, and nutrient-rich 
composition, tomatoes represent a favorable substrate for the growth 

of microorganisms, particularly microscopic filamentous fungi and yeasts 

(Oladiran & Iwu, 1993; Tijjani et al., 2014). During cultivation, harvesting, 
transportation, storage, and retail distribution, tomatoes may become contaminated 

with fungi originating from soil, air, water, packaging materials, and handling 

practices (Verhoeff, 1970; Wani, 2011). Post-harvest fungal contamination is 
considered one of the major causes of quality deterioration and economic losses in 

tomatoes worldwide (Tijjani et al., 2014). 

Numerous studies have identified genera such as Penicillium, Alternaria, 
Aspergillus, Fusarium, Cladosporium, Botrytis, and Rhizopus as the most frequent 

agents of tomato spoilage (Oladiran & Iwu, 1993; Wani, 2011; Tijjani et al., 

2014). These fungi can colonize tomatoes through mechanical injuries or natural 
openings and may proliferate under a wide range of storage conditions, including 

refrigeration. 

Beyond visible spoilage, several fungal species associated with tomatoes are of 
particular concern due to their ability to produce mycotoxins. Mycotoxins are 

secondary metabolites with well-documented toxic, carcinogenic, mutagenic, and 

immunosuppressive effects on humans and animals (Samson et al., 2002; Frisvad 

et al., 2019). Species of the genera Penicillium, Aspergillus, Alternaria, and 

Fusarium are known producers of a broad spectrum of mycotoxins, including 

aflatoxins, ochratoxin A, patulin, citrinin, cyclopiazonic acid, alternariol, 
alternariol monomethylether, T-2 toxin, HT-2 toxin, and zearalenone (Samson et 

al., 2002; Frisvad et al., 2007). Although fresh tomatoes are not traditionally 

regarded as a high-risk commodity for mycotoxin contamination, the presence of 
mycotoxigenic fungi on tomatoes represents a potential food safety hazard, 

particularly when they are damaged or stored under unfavorable conditions 

(Tijjani et al., 2014). The Alternaria arborescens species group, frequently 
associated with tomato diseases, has been reported to produce several mycotoxins, 

including alternariol and alternariol monomethylether (Vaquera et al., 2014). 

Similarly, various Penicillium species isolated from tomatoes have demonstrated 

toxigenic potential under suitable environmental conditions (Samson et al., 2002, 

2019; Živković et al., 2021). 

Despite increasing interest in fungi associated with fresh produce, relatively 

limited data are available on the diversity and toxigenic potential of fungi 
responsible for tomato spoilage, particularly in retail environments in Central 

Europe. Moreover, many studies focus primarily on fungal occurrence, while 
fewer address the actual mycotoxin-producing capacity of isolates, which is 

essential for a realistic assessment of food safety risks. Therefore, the aim of this 

study was to characterize fungi associated with mould spoilage of retail tomatoes 
obtained from markets in Slovakia and Hungary, with particular emphasis on the 

diversity of microscopic filamentous fungi and yeasts and on the ability of selected 

isolates to produce mycotoxins under in vitro conditions. We hypothesized that 
tomatoes from retail chains in Slovakia and Hungary differ in fungal species 

diversity and in the toxigenic potential of associated isolates. 

 

MATERIAL AND METHODS 

 

Samples and mycological analysis  

 

Tomato samples from retail chains in Slovakia (n = 21) and Hungary (n = 9) were 

analysed (Tab 1). The samples were collected between 2023 and 2024 and 
consisted of commercially packaged consumer units obtained from retail outlets. 

The packages remained unopened until laboratory analysis. Only tomatoes 

showing visible signs of fungal spoilage (e.g. mycelial growth or lesions) were 
included in the study, in order to assess the diversity and toxigenic potential of 

fungi actively involved in spoilage.  

Tomato samples (Solanum lycopersicum L.) were classified according to the 
product labelling provided by the manufacturers (e.g. cherry, cocktail tomatoes). 

Information on specific tomato varieties was not available from the product 

labelling. A piece of mycelium was collected from visibly mouldy parts of each 
tomato sample and inoculated onto MEA (malt extract agar; HiMedia, India). 

Subsequently, cultivation was carried out at 25 ± 1 °C for 7 days in a 

thermostatically controlled incubator. 
 

Tomatoes represent a suitable substrate for the growth of microscopic filamentous fungi and yeasts, including potentially toxigenic species. 
The aim of this study was to compare the mycocenosis of tomatoes from retail chains in Slovakia and Hungary, with an emphasis on 

species diversity and the ability of selected isolates to produce mycotoxins. A total of 30 tomato samples (Slovakia, n = 21; Hungary, n = 

9) were analysed. Fungal genera were identified based on macro- and micromorphological characteristics, while identification at the 
species, section, or group level was performed using standard taxonomic keys. Selected isolates of the genera Penicillium, Aspergillus, 

Alternaria, and Fusarium were tested for their ability to produce selected mycotoxins in vitro using thin-layer chromatography (TLC). 

Yeasts were identified using MALDI-TOF MS. In total, nine genera of filamentous fungi were identified. The dominant genus was 
Penicillium (73.3%), followed by Alternaria (30.0%). The most frequently isolated taxa were Penicillium olsonii (56.7%) and the 

Alternaria arborescens species group (36.6%), both detected in Slovak and Hungarian samples. Several isolates of Penicillium, 

Aspergillus, Alternaria, and Fusarium demonstrated the ability to produce at least one mycotoxin, including aflatoxins B1 and G1, patulin, 
citrinin, roquefortine C, penitrem A, cyclopiazonic acid, griseofulvin, alternariol, alternariol monomethylether, T-2 toxin, HT-2 toxin, and 

zearalenone. The results revealed differences in fungal species diversity and toxigenic profiles between Slovak and Hungarian tomatoes 

and highlight the potential food safety risks associated with the presence of mycotoxigenic fungi in fresh tomatoes. 
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Table 1 Overview of tomato samples analysed from retail chains in Slovakia and Hungary, including sample type 

and country of origin 

No. Sample Country of origin No. Sample Country of origin 

1S Cherry tomatoes Slovakia 16S Cherry tomatoes Slovakia 
2S Summer cherry tomatoes Slovakia 17S Cherry tomatoes Slovakia 

3S Cherry tomatoes Slovakia 18S Cherry tomatoes Slovakia 

4S Cherry tomatoes Slovakia 19S Cherry tomatoes Netherlands 
5S Tomatoes Slovakia 20S Cherry tomatoes Tunisia 

6S Tomatoes Slovakia 21S Cherry tomatoes Tunisia 

7S Tomatoes Slovakia 1H Tomatoes Hungary 
8S Tomatoes Slovakia 2H Cherry tomatoes Hungary 

9S Cherry tomatoes Slovakia 3H Cherry tomatoes Hungary 

10S Cherry tomatoes Netherlands 4H Tomatoes Hungary 
11S Cherry tomatoes Slovakia 5H Cherry tomatoes Hungary 

12S Cherry tomatoes Slovakia 6H Cocktail tomatoes Morocco 

13S Tomatoes Slovakia 7H Tomatoes Turkey 
14S Cherry tomatoes Slovakia 8H Tomatoes Turkey 

15S Cherry tomatoes Tunisia 9H Tomatoes Spain 

Legend: S – samples from retail chains in Slovakia, H – samples from retail chains in Hungary 
 

 
Figure 1 Mouldy tomatoes samples 

 

Genera identification of micromycetes 

 

After 5–7 days of cultivation, genus-level identification of fungi was performed 
based on microscopic observation of slides prepared in a drop of lactic acid stained 

with cotton blue using an Olympus BX51 microscope. Following genus 

identification, isolates of the genus Alternaria were inoculated onto the 
identification medium PCA (potato carrot agar; HiMedia, India), isolates of the 

genus Aspergillus onto MEA and CYA (Czapek yeast extract agar; Pitt et al., 

1979), Fusarium isolates onto SNA (synthetic nutrient agar; Nirenberg, 1976) and 
PDA (potato dextrose agar; Pitt & Hocking, 2009), and Penicillium isolates onto 

MEA, CYA, YES (yeast extract sucrose agar; Samson & Frisvad, 2004), and 

CREA (creatine sucrose agar; Frisvad, 1985). Cultures of Aspergillus and 
Penicillium genera were incubated at 25 ± 1 °C for 7 days in a thermostatically 

controlled incubator, whereas cultures of Alternaria and Fusarium were incubated 

at room temperature under natural light conditions. 
 

Species/sections/species groups identification of micromycetes 

 

After cultivation of micromycetes (5–7 days) on identification media, isolates were 

identified at the species level (genera Fusarium and Penicillium), at the species 

group level (Alternaria), and at the section level (Aspergillus). Identification was 

based on macro- and micromorphological, physiological, and chemotaxonomic 

characteristics of the isolates, using standard taxonomic keys and monographs. 

For individual genera, identification was performed according to commonly 
accepted taxonomic references, including those for Aspergillus (e.g. Klich, 2002; 

Samson et al., 2014; Visagie et al., 2014b), Alternaria (e.g. Andersen et al., 2001, 

2004; Simmons & Roberts, 1993; Lawrence et al., 2016), Fusarium (e.g. Leslie 

& Summerell, 2008), and Penicillium (e.g. Pitt & Hocking, 2009; Visagie et al., 

2014a). 

 
Frequency of occurrence  

 

The occurrence of fungal genera/species/species groups/sections (frequency of 
occurrence, Fr) was calculated according to the formula described by Hyde & 

Jones (1988). This approach allows for a standardized comparison of fungal 

prevalence across the analysed samples. 
 

𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 𝒐𝒇 𝒐𝒄𝒄𝒖𝒓𝒓𝒆𝒏𝒄𝒆 (%)

=  
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆𝒔 𝒊𝒏 𝒘𝒉𝒊𝒄𝒉 𝒕𝒉𝒆 𝒇𝒖𝒏𝒈𝒖𝒔 𝒘𝒂𝒔 𝒅𝒆𝒕𝒆𝒄𝒕𝒆𝒅

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆𝒔 𝒆𝒙𝒂𝒎𝒊𝒏𝒆𝒅
× 𝟏𝟎𝟎 

 

Statistical analysis 

 

Data were evaluated using descriptive statistical methods. The occurrence of 

individual fungal genera and species was expressed as relative frequencies 
(percentages) based on the total number of analysed samples. No inferential 

statistical analyses were performed due to the limited and unequal sample size, 

which was not considered sufficient for a robust statistical comparison. 

 
Assessment of Toxigenicity in Selected Micromycete Isolates 

 

Selected isolates of potentially toxigenic species were tested by TLC (thin-layer 
chromatography) for their ability to produce selected mycotoxins in vitro. Cultures 

for screening of intracellular mycotoxins were cultivated on CYA, and for 

screening of extracellular mycotoxins on YES, for 14 days at 25 ± 1 °C. TLC was 
performed according to Samson et al. (2002), as modified by Labuda 

& Tančinová (2006). 

For fungi of the genera Aspergillus and Penicillium, three agar plugs (0.5 × 0.5 
cm) were cut from each colony; each plug contained both mycelium and the 

underlying culture medium. The plugs were transferred into 1.5 mL microtubes 

(Eppendorf, Germany), and 0.5 mL of a chloroform–methanol extraction solvent 
(2:1, v/v) was added. To facilitate the release of metabolites into the extraction 

solvent, the samples were homogenized by vortexing (Genie 2, Scientific 

Industries, USA) for 5 min. Subsequently, aliquots of each extract (30–50 µL) were 
applied onto chromatographic plates (Merck, Germany). The developing solvent 

system consisted of toluene–ethyl acetate–formic acid (5:4:1, v/v/v). 

For Alternaria isolates, agar plugs (approximately 2 × 2 cm) were cut from the 

colonies together with the culture medium, divided into smaller pieces, placed into 

microtubes, and extracted with 0.5 mL of chloroform–methanol (2:1, v/v). 

For Fusarium isolates, squares of approximately 2 × 2 cm were cut from the grown 
colonies, fragmented, and transferred into microtubes containing 1 mL of 

extraction solvent. Methanol–water (80%, v/v) was used for the extraction of 

zearalenone, while acetonitrile–water (84%, v/v) was used for the extraction of 
deoxynivalenol, HT-2 toxin, and T-2 toxin. After 5 min of mixing, the extracts 

were applied onto chromatographic plates. The following developing systems were 

used: toluene–acetone–ethyl acetate (5:4:1, v/v/v) for T-2 and HT-2 toxins, 
chloroform–acetonitrile–methanol (6:3:1, v/v/v) for deoxynivalenol, and toluene–

acetone–acetic acid (90:9:1, v/v/v) for zearalenone. 

Subsequently, visualisation of selected mycotoxins was performed. Citrinin 
appeared under UV light (365 nm) as a yellow–green fluorescent stain with a 

characteristic tail. Roquefortine C was visualised under daylight as an orange spot 

after spraying the chromatographic plate with Ce(SO₄)₂·4H₂O. Ochratoxin A was 
observed under UV light as a blue–green fluorescent stain. Patulin was visualised 

under daylight as a yellow–orange stain after spraying the plate with a 0.5% 

solution of MBTH (3–methyl–2–benzothiazolinone hydrazone) in methanol and 

heating at 130 °C for 8 min. Penitrem A was visualised as a dark green to black 

stain after spraying the plate with a 20% solution of AlCl₃ in 60% ethanol followed 
by heating at 130 °C for 8 min. Cyclopiazonic acid was detected under daylight as 

a purple tail stain after application of Ehrlich’s reagent and subsequent heating at 

130 °C for 8 min. Aflatoxin B₁ was observed under UV light as a blue fluorescent 
stain, while aflatoxin G₁ appeared as a green fluorescent stain. Altenuene was 

observed under UV light as a turquoise stain, whereas alternariol and alternariol 
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monomethylether appeared as light blue fluorescent stains. T-2 toxin, HT-2 toxin, 

and deoxynivalenol were visualised under UV light; T-2 and HT-2 toxins appeared 

as green–blue fluorescent stains, while deoxynivalenol was detected as a light blue 

stain. Zearalenone was observed under UV light as a blue–purple fluorescent stain. 

 

Identification of yeasts by MALDI-TOF 

 

The identification of yeast isolates was performed using the MALDI-TOF MS 

system (Bruker Daltonik GmbH, Germany), a widely recognized tool for microbial 
analysis. The procedure was supported by the proprietary Biotyper software 

(Bruker Daltonik GmbH, Germany), which facilitates accurate classification based 
on protein fingerprinting. Detailed information about the specific steps involved in 

protein extraction, sample preparation, and the identification workflow is available 

in a previously published study (Hleba et al., 2020). 
 

RESULTS AND DISCUSSION 

 

Genera identification 

 

Table 2 and Supplementary Table S1 document the diversity of microscopic 
filamentous fungi and yeasts isolated from tomato samples obtained from retail 

chains in Slovakia and Hungary. In total, representatives of nine genera of 

filamentous fungi as well as yeasts were identified, with their occurrence varying 
among individual samples. The fungal genera detected in the present study, namely 

Aspergillus, Alternaria, Botrytis, Cladosporium, Fusarium, Mucor, Penicillium, 

Rhizopus, and Trichoderma, correspond to those most frequently reported in the 
literature as principal agents of post-harvest tomato spoilage. These fungi are well 

known for their ability to colonize tomatoes, facilitated by the production of 

degradative enzymes such as pectinases, their tolerance to a wide range of storage 
conditions, and their capacity to exploit structural weaknesses of the tomato, 

including mechanical damage and high moisture levels. The consistent detection 

of these genera across multiple studies highlights their pervasive role in tomato 
spoilage and suggests the influence of similar ecological strategies and 

environmental factors promoting their proliferation (Oladiran & Iwu, 1993; 

Wani, 2011; Tijjani et al., 2014). 
The occurrence frequency of the dominant fungal genera in tomato samples from 

Slovak and Hungarian retail chains is summarized in Figure 2. As shown in Figure 

2, Penicillium was the most frequently detected genus in samples from retail chains 

in both countries, confirming its dominant position in the mycocenosis of tomatoes. 

In total, Penicillium was isolated from 22 out of 30 samples (73.3%), with a higher 

frequency in Slovak samples (81.0%) compared to Hungarian samples (55.6%). 
The second most frequently detected genus was Alternaria, identified in 9 samples 

(30.0%), showing a higher frequency of occurrence in tomatoes obtained from 

Hungarian retail chains. Representatives of the genus Aspergillus were detected in 
6 samples (20.0%), while Cladosporium and Botrytis were each present in 5 

samples (16.7%). In contrast, Fusarium species were isolated exclusively from 

tomato samples obtained from Hungarian retail chains. 
 

Table 2 Occurrence frequency (Fr, %) of fungal genera in tomato samples 

Genus Slovakia (n = 21) Hungary (n = 9) 
Total (n = 

30) 
Fr (%) 

Penicillium 17 (81.0%) 5 (55.6%) 22 73.3 

Alternaria 5 (23.8%) 4 (44.4%) 9 30.0 

Aspergillus 4 (19.0%) 2 (22.2%) 6 20.0 

Cladosporium 4 (19.0%) 1 (11.1%) 5 16.7 

Botrytis 4 (19.0%) 1 (11.1%) 5 16.7 

Fusarium 0 (0.0%) 3 (33.3%) 3 10.0 

Rhizopus 2 (9.5%) 1 (11.1%) 3 10.0 

Mucor 2 (9.5%) 0 (0.0%) 2 6.7 

Trichoderma 2 (9.5%) 0 (0.0%) 2 6.7 

Yeasts 6 (28.6%) 2 (22.2%) 8 26.7 

 
Yeasts were detected in 8 samples (26.7%). Among them, Geotrichum was the 

most frequently identified genus, although in some cases yeast isolates could not 

be reliably classified at the genus level based on the available identification 
methods. The co-occurrence of multiple fungal genera within individual samples 

indicates mixed microbial contamination, which may reflect cultivation practices, 

post-harvest handling, storage conditions, or distribution processes involved in 
tomato production and marketing. 

 

 
Figure 2 Occurrence frequency (Fr, %) of dominant fungal genera isolated from 
tomatoes obtained from retail chains in Slovakia (n = 21) and Hungary (n = 9). 

Only visibly mouldy tomatoes were analysed. 

 
Species identification 

 

Overall, eight Penicillium species were recorded (Tab 3, Tab S2). P. olsonii was 
the dominant species, occurring in 17 samples (56.7%), including 12 of 21 Slovak 

samples (57.1%), and 5 of the Hungarian samples (55.6%). The second most 

frequently detected species was P. griseofulvum, which occurred in 3 samples 
(10.0%) of Slovak origin. Other species were detected only sporadically and 

exclusively in samples from Slovak retail chains. In contrast, samples from 

Hungarian retail chains showed lower species diversity, with a dominance of P. 
olsonii and the absence of other Penicillium species. In several samples from 

Slovak markets (e.g., sample 11S), the co-occurrence of multiple Penicillium 

species was observed, indicating mixed contamination, whereas samples from 
Hungarian retail chains were typically colonized by a single P. olsonii species. In 

the studies by Barboráková et al. (2023) and Mašková et al. (2023), similar to 

our findings, P. olsonii was the most frequently identified fungal species at the 
species level among Penicillium isolates from tomatoes. Similarly, P. olsonii, 

frequently detected in our samples, was recently reported by Živković et al. (2021) 

as a post-harvest tomato contaminant in Serbia. Their study demonstrated that P. 
olsonii caused grey lesions on tomatoes under experimental conditions, with 

morphological and molecular characterization matching those of our isolates. 

 
Table 3 Occurrence frequency (Fr, %) of Penicillium species in tomato samples 

Species Slovakia (n = 21) Hungary (n = 9) Total isolates 
Fr 

(%) 

P. olsonii 12 5 17 56.7 

P. griseofulvum 3 0 3 10.0 

P. expansum 1 0 1 3.3 

P. crustosum 1 0 1 3.3 

P. camemberti 1 0 1 3.3 

P. sublectaticum 1 0 1 3.3 

P. thomii 1 0 1 3.3 

P. waksmanii 1 0 1 3.3 

 

The genus Alternaria was detected in 9 analysed samples (Fr 30.0%). The A. 

arborescens species group was present in 5 samples from Slovak retail chains (Fr 

23.8%) and 4 samples from Hungarian retail chains (Fr 44.4%) (Tab 4, Tab S3). 

The fungal species identified in this study align with findings from authoritative 
mycological research. A. arborescens species group, isolated from tomato samples 

in this work, has been explicitly documented as a tomato pathogen by Vaquera et 

al. (2014), who stated that A. arborescens is the causal agent of tomato stem canker 
and can produce several mycotoxins, such as alternariol, alternariol 

monomethylether, and tenuazonic acid.  

Representatives of the genus Aspergillus were isolated only from three samples (Fr 
10.0%) and belonged to three sections: Circumdati, Flavi, and Nigri. Similarly, 

species of the genus Fusarium were isolated from three samples (Fr 10.0%), 
exclusively from tomatoes obtained from Hungarian retail markets. The identified 

species included F. acuminatum, F. incarnatum, and F. subglutinans. No Fusarium 

species were detected in tomatoes from Slovak retail chains. The yeast Geotrichum 
candidum, identified using MALDI-TOF MS, was detected in 5 samples (Fr 

16.7%). 

These findings are consistent with previously published data. As emphasized by 

Vaquera et al. (2014), environmental factors such as water activity and 

temperature critically influence fungal proliferation, which may explain the high 

occurrence rates observed in our samples. These findings further support the 
ecological and agricultural relevance of the fungal species identified in this study. 

The observed differences in fungal species diversity and toxigenic profiles between 

Slovak and Hungarian samples may be influenced by several factors. In the Slovak 
samples, a greater diversity of countries of origin (e.g. the Netherlands, Tunisia) 
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was recorded, which may have contributed to a more diverse mycobiota. In 

contrast, Hungarian samples included a greater proportion of tomatoes originating 

from countries such as Turkey, Morocco, and Spain, which may reflect differences 

in supply chains and sources of contamination. 

In addition, variations in transportation distance, storage conditions, and handling 

practices within retail chains may have influenced the composition of fungal 
communities and their toxigenic potential. Differences in shelf life and turnover 

rates between retail markets in Slovakia and Hungary may also contribute to the 

extent of fungal colonization and spoilage. Environmental factors, particularly 
temperature and humidity during post-harvest handling, are likely to further affect 

fungal growth and the potential for mycotoxin production. 
 

Table 4 Occurrence frequency (Fr, %) of selected fungal species, groups and 

sections 

Taxon / Group Slovakia Hungary Total 
 Fr 

(%) 

Alternaria arborescens species 

group 
5 4 9 

 
30.0 

Aspergillus section Flavi 1 0 1  3.3 

Aspergillus section Circumdati 1 0 1  3.3 

Aspergillus section Nigri 0 1 1  3.3 

Fusarium acuminatum 0 1 1  3.3 

Fusarium incarnatum 0 1 1  3.3 

Fusarium subglutinans 0 1 1  3.3 

Geotrichum candidum 4 1 5  16.7 

 

Toxigenicity of isolates 

 

A total of eight selected isolates of the genus Penicillium and three isolates of the 

genus Aspergillus were tested for their ability to produce selected mycotoxins by 
TLC in vitro (Tab 5). Among the five tested isolates of P. griseofulvum, all 

produced griseofulvin, four isolates produced patulin, and two isolates each 

produced roquefortine C and cyclopiazonic acid. The P. expansum isolate 
produced all tested mycotoxins (roquefortine C, patulin, and citrinin), the P. 

crustosum isolate produced penitrem A and roquefortine C, while the isolate of 

P. camemberti produced cyclopiazonic acid (Tab S4). The toxigenic potential of 
fungal isolates associated with tomatoes has been addressed in several previous 

studies; however, comparative data focusing on isolates from retail chains remain 

limited. In the present study, all tested Penicillium isolates demonstrated the ability 
to produce at least one mycotoxin in vitro, which is consistent with findings 

reported by Samson et al. (2002) and Frisvad et al. (2007), who described 

Penicillium species as prolific producers of a wide range of secondary metabolites. 
Similar results were reported by Živković et al. (2021), who identified P. olsonii 

as a post-harvest pathogen of tomatoes with confirmed spoilage capability. 

Although toxigenicity was not the primary focus of their study, the species detected 
correspond closely to those identified in our work. The production of patulin, 

griseofulvin, roquefortine C, cyclopiazonic acid, and citrinin by Penicillium 

isolates in the present study aligns with observations reported for Penicillium 
species isolated from fruits and vegetables by Barboráková et al. (2023) and 

Mašková et al. (2023). These previous studies also highlighted that the toxigenic 

profiles of Penicillium isolates can vary considerably depending on environmental 
conditions and substrate, which may explain differences in the spectrum and 

frequency of detected mycotoxins. 

In the case of Aspergillus, toxigenic potential was detected only in the isolate 
belonging to section Flavi, which produced aflatoxins B1 and G1. This finding 

aligns well with numerous studies identifying Aspergillus section Flavi as the 

primary source of aflatoxin production in food commodities (Samson et al., 2002; 

Frisvad et al., 2019). In contrast, isolates belonging to sections Circumdati and 

Nigri did not produce the tested mycotoxins under the applied conditions, which 

corresponds with reports by Visagie et al. (2014b), indicating that mycotoxin 
production is species-specific and dependent on suitable environmental conditions. 

 
Table 5 Toxigenic potential of selected fungal genera 

Genus 
No. of tested 

isolates 
≥1 mycotoxin (%) 

Main detected 

mycotoxins 

Penicillium 8 100.0 PAT, G, RC, CPA, C 

Aspergillus 3 33.3 AFB1, AFG1 

Alternaria 11 81.8 AOH, AME, ALT 

Fusarium 3 33.3 T-2, HT-2, ZON 

Legend: AFB1 – aflatoxin B1, AFG1 – aflatoxin G1, C – citrinin, CPA – 

cyclopiazonic acid, G – griseofulvin, PAT – patulin, RC – roquefortine C, ALT – 

altenuene, AME – alternariol monomethylether, AOH – alternariol, ZON – 
zearalenone  

 

Alternaria isolates exhibited a high toxigenic potential in the present study, with 

81.8% of the tested isolates producing at least one Alternaria toxin. This result is 

comparable to findings by Vaquera et al. (2014), who reported that members of 

the A. arborescens species group can produce alternariol, alternariol 

monomethylether, and other toxins on tomato-based media. Similarly, Andersen 

et al. (2002) and Lawrence et al. (2016) highlighted the frequent occurrence of 
toxigenic Alternaria species on plant substrates and their adaptability to diverse 

environmental conditions. The high proportion of toxigenic Alternaria isolates 

observed in our study supports the importance of this genus as both a spoilage 
organism and a potential source of mycotoxins in tomatoes. 

Compared to Penicillium and Alternaria, Fusarium isolates showed a lower 
toxigenic potential in the present study, with mycotoxin production detected only 

in one isolate of F. incarnatum. This observation partially corresponds with 

previous reports by Leslie & Summerell (2008), who emphasized pronounced 
interspecific variability in toxigenic capacity within the genus Fusarium. Similar 

variability has been reported in studies focusing on Fusarium isolates from 

vegetables, in which only a subset of isolates could produce trichothecenes 
or zearalenone under experimental conditions. 

It should be noted that the thin-layer chromatography (TLC) method used in this 

study provides only screening evidence of the ability of fungal isolates to produce 
mycotoxins under in vitro conditions. This does not confirm the actual presence or 

concentration of mycotoxins in tomato tissues. Therefore, the results should be 

interpreted strictly as evidence of in vitro toxigenic potential and not as proof of 
actual mycotoxin contamination in tomato tissues. 

A limitation of the present study is the unequal number of analysed samples 

obtained from Slovak (n = 21) and Hungarian (n = 9) retail chains. This imbalance 
significantly limits the robustness of direct cross-country comparisons and reduces 

the generalizability of the findings. It may also have influenced the observed 

differences in fungal species diversity and toxigenic profiles. Therefore, the 
comparative results should be interpreted with caution. 

Another limitation is that fungal identification was based on morphological, 

physiological, and chemotaxonomic characteristics without molecular 
confirmation (e.g. ITS sequencing). Although classical taxonomic approaches are 

widely used and remain reliable for routine identification, the absence of molecular 

methods may have affected the accuracy of species-level identification, 
particularly in taxonomically complex groups, which may have resulted in possible 

misidentification. 

Overall, the comparison of our results with published data indicates that the 

toxigenic potential of fungi associated with tomatoes is strongly species- and 

strain-dependent and influenced by environmental conditions. 

 
CONCLUSION 

 

This study demonstrated that tomatoes from retail chains in Slovakia and Hungary 
are colonized by a wide spectrum of filamentous fungi and yeasts, including 

species with known toxigenic potential. The Penicillium genus dominated the 

mycocenosis of the analysed samples, with P. olsonii being the most frequently 
isolated species. Tomatoes from Slovak retail chains exhibited higher species 

diversity, whereas samples from Hungarian retail chains were characterized by a 

more uniform fungal composition. A substantial proportion of selected isolates 
of the Penicillium, Aspergillus, Alternaria, and Fusarium genera could produce at 

least one mycotoxin in vitro, indicating a potential risk under favorable conditions 

rather than confirmed contamination. The detected toxigenic potential does not 
necessarily indicate the presence of mycotoxins in tomato tissues. Differences in 

toxigenic profiles among individual genera and species emphasize the importance 

of species-level identification in food safety assessments. The obtained results 

highlight the need for regular monitoring of fungal contamination and toxigenic 

potential in fresh vegetables, particularly tomatoes, throughout the entire 

production and distribution chains. Further research should focus on the 
quantitative determination of mycotoxins in tomato products and on identifying 

critical factors influencing fungal growth and toxin production during post-harvest 

handling and storage, as well as on the application of molecular methods (e.g. ITS 
sequencing) to improve the accuracy of fungal identification. These conclusions 

should be interpreted in the context of the study limitations, particularly the 
unequal sample size and the absence of molecular confirmation. 

 

Acknowledgements: The study was carried out with the financial support of the 
projects KEGA 030SPU-4/2024 and VEGA 1/0734/20. 

 

REFERENCES  

 

Andersen, B., Krøger, E., & Roberts, R. G. (2001). Chemical and morphological 

segregation of Alternaria alternata, A. gaisen, and A. longipes. Mycological 
Research, 105(3), 291-299. https://doi.org/10.1017/S0953756201003446 

Andersen, B., Krøger, E., & Roberts, R. G. (2002). Chemical and morphological 

segregation of Alternaria arborescens, A. infectoria and A. tenuissima species-
groups. Mycological Research, 106(2), 170-182. 

https://doi.org/10.1017/S0953756201005263 

Barboráková, Z., Jakabová, S., Mašková, Z., Mrvová, M., Uzsáková, V., Maková, 
J., & Tančinová, D. (2023). Toxin producing micromycetes of the genus 

https://doi.org/10.1017/S0953756201003446
https://doi.org/10.1017/S0953756201005263


J Microbiol Biotech Food Sci / Barboráková et al. 2026 : 15 (6) e13987 

 

 

 

 
5 

 

  

Penicillium and Aspergillus on berries, grapes, and tomato fruits in Slovak 

stores. Journal of Microbiology, Biotechnology and Food Sciences, 13(1), e9927. 

https://doi.org/10.55251/jmbfs.9927 

Frisvad, J. C. (1985). Creatine sucrose agar, a differential medium for mycotoxin 

producing terverticillate Penicillium species. Letters in Applied 

Microbiology, 1(6), 109-113. https://doi.org/10.1111/j.1472-
765X.1985.tb01500.x 

Frisvad, J. C., Larsen, T. O., de Vries, R., Meijer, M., Houbraken, J., Cabanes, F. 

J., Ehrlich, K. C., & Samson, R. A. (2007). Secondary metabolite profiling, growth 
profiles and other tools for species recognition and important Aspergillus 

mycotoxins. Studies in Mycology, 59, 31-37. 
https://doi.org/10.3114/sim.2007.59.04 

Frisvad, J. C., Hubka, V., Ezekiel, C. N., Hong, S. B., Nováková, A., Chen, A. J., 

Arzanlou, M., Larsen, T. O., Sklenář, F., Mahakarnchanakul, W., Samson, R. A., 
& Houbraken, J. (2019). Taxonomy of Aspergillus section Flavi and their 

production of aflatoxins, ochratoxins and other mycotoxins. Studies in 

Mycology, 93(1), 1-63. https://doi.org/10.1016/j.simyco.2018.06.001 
Gerszberg, A., Hnatuszko-Konka, K., Kowalczyk, T., & Kononowicz, A. K. 

(2015). Tomato (Solanum lycopersicum L.) in the service of biotechnology. Plant 

Cell, Tissue and Organ Culture (PCTOC), 120, 881-902. 
https://doi.org/10.1007/s11240-014-0664-4 

Hleba, L., Hlebová, M., Kováčik, A., Šmehýl, P., Hricáková, N., Petrová, J., 

Shariati, M. A., & Čuboň, J. (2020). Escherichia coli as a carrier of tetracyclines 
and penicillins resistance in wild pheasant (Phasianus colchicus). Journal of 

Environmental Science and Health, Part A, 55(10), 1201–1209. 

https://doi.org/10.1080/10934529.2020.1777050 
Hyde, K. D., & Jones, E. B. G. (1988). Marine mangrove fungi. Marine 

Ecology, 9(1), 15-33. https://doi.org/10.1111/j.1439-0485.1988.tb00196.x 

Klich, M. A. (2002). Identification of common Aspergillus species. 1st ed. The 
Netherlands: Centraalbureau voor Schimelcultures, 116 p. ISBN 90-70351-46-3. 

Labuda, R., & Tančinová, D. (2006). Fungi recovered from Slovakian poultry feed 

mixtures and their toxinogenity. Annals of Agricultural and Environmental 
Medicine, 13(2), 193-200.  

Lawrence, D. P., Rotondo, F., & Gannibal, P. B. (2016). Biodiversity and 

taxonomy of the pleomorphic genus Alternaria. Mycological Progress, 15(1), 3. 
https://doi.org/10.1007/s11557-015-1144-x 

Leslie, J. F., & Summerell, B. A. (2008). The Fusarium laboratory manual. John 

Wiley & Sons. ISBN-13: 978-0-8138-1919-8 

Mašková, Z., Barboráková, Z., Pilarčíková, K., Mrvová, M., & Tančinová, D. 

(2023). Filamentous micromycetes responsible for the spoilage of selected 

vegetables in the food retail chain. Journal of Microbiology, Biotechnology and 
Food Sciences, 12(6), e9925. https://doi.org/10.55251/jmbfs.9925 

Nirenberg, H. (1976). Untersuchungen über die morphologische und biologische 

Differenzierung in der Fusarium-Sektion Liseola. Mitteilungen aus der 
Biologischen Bundesanstalt fur Land und Forstwirtschaft, Berlin-Dahlem, 169, 

11-17. 

Oladiran, A. O., & Iwu, L. N. (1993). Studies on the fungi associated with tomato 
fruit rots and effects of environment on storage. Mycopathologia, 121, 157-161. 

https://doi.org/10.1007/BF01104071 

Pitt, J. I. (1979). The genus Penicillium and its teleomorphic states Eupenicillium 
and Talaromyces. 634 p. ISBN 0-1255-7750-7 

Pitt, J. I., & Hocking, A. D. (2009). Fungi and Food Spoilage. 3rd ed. Springer. 

536 p. ISBN 978-0-387-92206-5 
Samson, R. A., Hoekstra, E. S., Frisvad, J. C., & Filtenborg, O. (2002). 

Introduction to Food— and Airborne Fungi, 6th ed. Centraalbureau voor 

Schimmelcultures (CBS): Utrecht, The Netherlands, ISBN 90-70351-42-0 

Samson, R. A., & Frisvad, J. C. (2004). Penicillium subgenus Penicillium: New 

Taxonomic Schemes and Mycotoxins and Other Extrolites; Centraalbureau voor 

Schimmelcultures (CBS): Utrecht, The Netherlands, vol. 449, ISBN 90-70351-53-
6 

Samson, R. A., Houbraken, J., Thrane, U., Frisvad, J. C., & Andersen, B. (2010). 

Food and Indoor Fungi; Centraalbureau voor Schimmelcultures (CBS): Utrecht, 
The Netherlands, ISBN 978-90-70351-82-3 

Samson, R. A., Visagie, C. M., Houbraken, J., Hong, S. B., Hubka, V., Klaassen, 
C. H. W., Perrone, G., Seifert, K. A., Susca, A., Tanney, J. B., Varga, J., Kocsubé, 

S., Szigeti, T., Yaguchi, T., & Frisvad, J. (2014). Phylogeny, identification and 

nomenclature of the genus Aspergillus. Studies in Mycology, 78(1), 141-173. 
https://doi.org/10.1016/j.simyco.2014.07.004 

Samson, R. A., Houbraken, J., Thrane, U., Frisvad, J. C., & Andersen, B. 

(2019). Food and indoor fungi. Westerdijk Fungal Biodiversity Institute. 481 p. 
ISBN 978-94-91751-18-9 

Tijjani, A., Adebitan, S. A., Gurama, A. U., Haruna, S. G., & Safiya, T. (2014). 

Effect of some selected plant extracts on Aspergillus flavus, a causal agent of fruit 
rot disease of tomato (Solanum lycopersicum) in Bauchi State. 

https://doi.org/10.12692/ijb/4.12.244-252 

Simmons, E. G., & Roberts, R. G. (1993). Alternaria themes and variations (73). 
Mycotaxon. no. 40, 109-140 

Vaquera, S., Patriarca, A., & Pinto, V. F. (2014). Water activity and temperature 

effects on growth of Alternaria arborescens on tomato medium. International 

Journal of Food Microbiology, 185, 136-139. 

https://doi.org/10.1016/j.ijfoodmicro.2014.06.007 

Visagie, C. M., Houbraken, J., Frisvad, J. C., Hong, S. B., Klaassen, C. H. W., 

Perrone, G., Seifert, K. A., Varga, J., Yaguchi, T., & Samson, R. A. (2014a). 

Identification and nomenclature of the genus Penicillium. Studies in 

Mycology, 78(1), 343-371. https://doi.org/10.1016/j.simyco.2014.09.001 
Visagie, C. M., Varga, J., Houbraken, J., Meijer, M., Kocsubé, S., Yilmaz, N., 

Fotedar, R., Seifert, K. A., Frisvad, J. C., & Samson, R. A. (2014b). Ochratoxin 

production and taxonomy of the yellow aspergilli (Aspergillus section 
Circumdati). Studies in Mycology, 78, 1-61. 

https://doi.org/10.1016/j.simyco.2014.07.001 
Wani, A. H. (2011). An overview of the fungal rot of tomato. Mycopath, 9(1), 33-

38. 

Živković, S., Ristić, D., & Stošić, S. (2021). First report of Penicillium olsonii 
causing postharvest fruit rot on tomato in Serbia. Plant Disease, 105(8), 2246. 

https://doi.org/10.1094/PDIS-02-21-0323-PDN 

https://doi.org/10.55251/jmbfs.9927
https://doi.org/10.1111/j.1472-765X.1985.tb01500.x
https://doi.org/10.1111/j.1472-765X.1985.tb01500.x
https://doi.org/10.3114/sim.2007.59.04
https://doi.org/10.1016/j.simyco.2018.06.001
https://doi.org/10.1007/s11240-014-0664-4
https://doi.org/10.1080/10934529.2020.1777050
https://doi.org/10.1111/j.1439-0485.1988.tb00196.x
https://doi.org/10.1007/s11557-015-1144-x
https://doi.org/10.55251/jmbfs.9925
https://doi.org/10.1007/BF01104071
https://doi.org/10.1016/j.simyco.2014.07.004
https://doi.org/10.12692/ijb/4.12.244-252
https://doi.org/10.1016/j.ijfoodmicro.2014.06.007
https://doi.org/10.1016/j.simyco.2014.09.001
https://doi.org/10.1016/j.simyco.2014.07.001
https://doi.org/10.1094/PDIS-02-21-0323-PDN

