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ABSTRACT

The aim of the study was to analyze the mycobiota occurring on the grapes
originating from Slovak wine-growing regions. The main focus was to discover the presence
of the representatives of the genus Alternaria on/in grape berries and in the stum. Using the
direct method of placing grape berries on the culture medium was analyzed their total and
endogenous (after superficial sterilization) mycobiota. Plate dilution method was used for
stum mycobiota determination. Alternaria spp. colonized grapes on the surface and inside
with an isolation frequency (Fr) of 100%. Moreover, 100% of the stum samples were positive
for the presence of this genus. Their relative density (RD) was 44.9% (unsterilized grapes),
57.9% (sterilized grapes) and 6.35% (stum). In all the areas analysed we recorded 4 species-
groups: A. alternata, A. arborescens, A. infectoria and A. tenuissima. With the highest Fr and
RD occurred 4. tenuissima species-group, followed by A. alternata and A. arborescens
species-groups. All of them are potential producers of mycotoxins as alternariol, alternariol

monomethylether, tenuazonic acid, altertoxin I, IT and III.
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INTRODUCTION

Grapes have a complex microbial ecology including filamentous fungi, yeasts and
bacteria with different physiological characteristics and effects upon wine production. Some
species are only found in grapes, such as parasitic fungi and environmental bacteria, while
others have the ability to survive and grow in wines, constituting the wine microbial
consortium. The proportion of these microorganisms depends on the grape ripening stage and
on the availability of nutrients (Barata et al, 2012). Contamination by different moulds
occurs during preharvesting, harversting and grape processing. During these periods,
temperature and humidity are important factors in mycelium growth and conidia germination
(Lozada, 1995). Rotting and spoilage of grape berries before harvest can be caused by a
variety of fungal species. Botrytis cinerea, which causes bunch rot, is the main species. Other
species include Penicillium, Aspergillus, Alternaria and Cladosporium. Grapes that are
heavily infected with moulds alter in chemical composition and mould enzymes adversely
affect wine flavour and colour and the growth of yeasts during alcoholic fermentation (Fleet,
1999, 2001). Botrytis cinerea damages the berries and has a detrimental effect on the
organoleptic properties. Moulds like Aspergillus spp. or Penicillium spp., possibly producing
mycotoxins, are active mostly in the vineyard, although their metabolites may affect wine
quality during grape processing (Barata et al., 2012; Serra et al., 2006; Pitt et Hocking,
1997, 2009). The main concern from the viewpoint of mycotoxin contamination is the black
Aspergilli, Aspergillus carbonarius and A. niger. These fungi are capable of producing
ochratoxin A (OTA) which may contaminate grapes and grape products such as wine, grape
juice and dried vine fruit (Hocking et al., 2007).

Surveys of the fungi to which grapes are exposed in the vineyard were conducted in
the main wine-producing countries in Europe such as France (Sage et al., 2004), Greece
(Tjamos et al., 2004), Italy (Battilani ez al., 2003), Portugal (Abrunhosa et al., 2001; Serra
et al., 2003) and Spain (Bau et al. 2005), and also in countries such as Australia (Leong et
al., 2004), Argentina and Brazil (Rocha Rosa et al., 2002).

In view of the fact that there are a number of fungi that can produce toxins in
vineyards, it is necessary to examine their distribution and potential to endanger the health
security of the grape products. The fact, that on the detection of Alternaria mycotoxins in
wine there are very few publications, there is no guarantee that in the wine and other products

from grapes they are not present and they do not constitute any risk.
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The aim of this work was to evaluate the mycobiota of healthy Slovak grapes destined
for commercial winemaking at harvest time and to identify the species-groups of Alternaria

with the potential to produce mycotoxins.

MATERIAL AND METHODS

The study was focused on the mycological analysis of grapes and stum (grape juice)
with a focus on potentially toxigenic representatives of genera Alternaria.

For the analysis we used 20 samples collected from various Slovak localities in 2011
(Table 1). The collection of grape samples took place in the time of their technological
ripeness. The grapes were picked at random by the diagonal of the land and each sample was
made up of around 3 kg of grapes. Samples were collected in sterile plastic containers, stored
in a cool place and transported to the mycological laboratory for analysis up to 24 hours from
the collection. Totally 16 samples came from vineyards with conventional way of
management, 3 samples (No 14, 15, 16) from the vineyards with the bio-production and
sample No 10 was collected from a variety produced without chemical protection, with a
natural resistance to economically important vine disease such as powdery mildew and
diseases caused by Peronospora and Botrytis.

The total mycobiota was determined by the method of direct placing of grape berries
on agar plates (Samson et al., 2002b). Exactly 50 berries from each sample were placed on
DRBC plates (agar with dichloran, rose bengal and chloramphenicol) (Samson et al., 2002a).
Cultivation lasted from 5 to 7 days in darkness at 25 + 1 °C.

The endogenous mycobiota was determined by the method of direct placing of
superficially sterilized berries on agar plates (Samson et al., 2002b). More than 50 pieces of
undamaged berries from each sample were superficially sterilized with chloramine solution,
prepared from 10 ml of distilled water and 5 g of chloramine. Sterilization was carried out 2
minutes. Grains were rinsed 3 times with sterile distilled water and dried on sterile filter
paper. Exactly 50 berries from each sample were placed on DRBC plates (Samson et al.,
2002a). Cultivation lasted from 5 to 7 days in darkness at 25 + 1 °C.

The analyses of stum were determined by using the plate dilution method. From each
sample were squeezed more than 250 g of randomly selected berries and 20 ml of the stum
has been added to 180 ml of sterile peptone water containing 0.02% Tween 80. Prepared

suspensions were shaken on a Stomacher easyMix®. Dilutions 10, 102 and 10~ were in the
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double repetition surface-inoculated in amount of 0.1 ml on DRBC agar plates. Cultivation

lasted from 5 to 7 days in darkness at 25 £ 1 °C.

Table 1 Sampling points of mycologically analyzed Slovak grape berries and their varieties

Town or Wine-growing Wine-growing
No Variety
village rayon region
1. | Bab Sintavsky Nitrianska Chardonnay
2. | Nitra Nitriansky Nitrianska mixture
3. | Oponice RadoSinsky Nitrianska Chardonnay
4. | Beladice Zlatomoravecky | Nitrianska Riesling Italico
5. | Vinodol Vrabel'sky Nitrianska Chardonnay
6. | Komjatice Zitavsky Nitrianska Riesling
7. | Caka Zeliezovsky Nitrianska Riesling Italico
8. | Nova Dedina | Tekovsky Nitrianska Green veltliner
9. | Brhlovce Pukanecky Nitrianska Pinot blanc
10. | H. Moravce | Hontiansky Stredoslovenska | Konkordia
11. | Gbelce Strekovsky JuZnoslovenska Riesling Italico
12. | Muzla Starovsky JuZnoslovenska Riesling Italico
13. | Pribeta Hurbanovsky JuZnoslovenska Riesling
14. | V. Krti§ Modrokamensky | Stredoslovenska | Pinot gris
15. | V. Krti§ Modrokamensky | Stredoslovenska | Pinot noir
16. | V. Krti§ Modrokamensky | Stredoslovenska | Sauvignon
17. | Modra Modransky Malokarpatska Pinot blanc
18. | Zelenec Trnavsky Malokarpatska Cabernet Sauvignon
19. | Bab Sintavsky Nitrianska Traminer
20. | Bab Sintavsky Nitrianska Blaufrinkisch

Grown micromycetes were classified into the genera and then isolated by re-
inoculation on the identification nutrient media and identified through macroscopic and
microscopic observation in accordance with accepted mycological keys and publications.
Isolates of the genus Alternaria were re-inoculated on PCA - potato-carrot agar (Samson et
al., 2002a) and cultured for 7 days at room temperature and natural light. The colonies were

examined according to the classification schemes proposed by Simmons et Roberts (1993).
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Another used identification keys were Andersen ez al. (2001), Andersen et al. (2002), Dugan
and Peever (2002), Simmons (1994) and Simmons (2007).

The obtained results were evaluated and expressed in isolation frequency (Fr) and
relative density (RD) at the genus and species level. 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
Gonzalez et al. (1996) as follows:

Fr (%) = (ns / N) x 100 RD (%) = (ni/ Ni) x 100

where 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.

RESULTS AND DISCUSSION

Submitted study monitored the occurrence of micromycetes from the genus
Alternaria, which are able to produce mycotoxins and thus aggravate the impact of wine
products on human health. Results confirmed a claim of Scott (2001), that Alternaria spp. are
important fungal contaminants of fruits and fruit products, including 4. alternata, a
contaminant of various fruits. Mycological analyses (Figure 1) have shown that the
representatives of this genus occur on grape berries with a 100% isolation frequency (Fr)
(within the total as well as the endogenous mycobiota). In addition, their averaged relative
density (RD) was also quite high - 44.9% within the total and 57.9% within the endogenous
mycobiota. Some other authors have similar findings. According to Bau et al (2005),
predominant mycobiota of the Spanish wine grapes belonged to Alternaria spp.,
Cladosporium spp. and Aspergillus spp.. Serra et al. (2006) reported, that Alternaria was one
of the most frequent genera on grapes without surface disinfection in all the regions of
Portugal. Most of the fungi found are ubiquitously distributed, such as the field fungi
Alternaria, Cladosporium and Epicoccum, which occur commonly in the air, plant surfaces,
debris and soil. Magnoli ef al. (2003) noted that Alternaria genus was the most frequent (80%
of the samples) genus found on surface-disinfected wine grapes from Argentina. Alternaria
alternata was the only species identified from this genus. In samples from Slovakia we
recorded the presence of 4 groups of the genus Alternaria — A. alternata species-group, A.
arborescens species-group, A. infectoria species-group and A. ftenuissima species-group.

Referred species-groups were identified according to the classification schemes proposed by
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Simmons et Roberts (1993) and within each group is still possible to observe some
differences. Isolates, which could not be closer specified were marked as Alternaria sp..
Isolation frequency and relative density of each group (within the genus) from grape berries
are listed in the Table 2. Sample No 10 (variety produced without chemical protection, with a
natural resistance to economically important vine diseases) was actually the least inhabited by
representatives of this genus (unsterilized grapes — RD 16.8%, sterilized grapes — RD 28.2%).
On the contrary, in the samples from bio-production (No 14, 15, 16), the values of RD were
relatively high and ranged between 31.1 — 50.4% (unsterilized grapes) and 60.0 — 67.5%

(sterilized grapes).

Figure 1 Grape berries of Slovak origin, colonized mostly by Alternaria species (agar with

dichloran, rose bengal and chloramphenicol)

The study has shown that representatives of the genus Alternaria come into stum in
lower numbers. Isolation frequency of the genus was still 100%, but relative density was only
6.4%. The dominant genus of the stum was Cladosporium. Isolation frequency and relative
density of each group (within the genus) isolated from the stum are listed in the Table 3.

Mycological analyses of all 3 articles (unsterilized, sterilized grapes and stum) have
found that the most dominant species-group is A. tenuissima, followed by A. alternata and A.

arborescens species-groups (Figure 2). The toxins produced by this species (alternariol,
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alternariol monomethylether, tenuazonic acid, altertoxin I, II and III) have been reported in

various fruits (Tournas and Stack, 2001) and authors Sage et al. (2004) assessed that among

the 90 species identified from the French grape samples, almost half were listed as mycotoxin

producers. On the basis of the study, which we discussed in the past (Maskova et al., 2012), it

is highly probable that the Alternaria strains present at the grapes berries in Slovak conditions

are able to produce mentioned mycotoxins.

Table 2 Isolation frequency (Fr) and relative density (RD, within the genus) of Alternaria

species-groups isolated from grape berries, harvested from various localities of Slovakia

in 2011

Species-group

Unsterilized grapes

Sterilized grapes

Fr [%] RD (min — max) [%] Fr [%] | RD (min — max) [%]
A. alternata 80.0 0.0 -100.0 75.0 0.0-98.3
A. arborescens 50.0 0.0-90.9 70.0 0.0-97.9
A. infectoria 40.0 0.0-7.6 50.0 0.0-34.8
A. tenuissima 80.0 0.0 —100.0 90.0 0.0-92.2
Alternaria spp. 15.0 0.0-3.0 25.0 0.0-16.7

Table 3 Isolation frequency (Fr) and relative density (RD, within the genus) of Alternaria

species-groups isolated from the stum obtained from grapes harvested from various localities

of Slovakia in 2011

Species-group Fr [%] RD (min — max) [%]
A. alternata 50.0 0.0-87.5

A. arborescens 40.0 0.0 —100.0

A. infectoria 20.0 0.0 -100.0

A. tenuissima 70.0 0.0-100.0
Alternaria spp. 20.0 0.0 -100.0
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Figure 2 The average relative density of Alternaria species-groups isolated from grape

berries of Slovak origin (the percentage of particular representatives of the genus Alternaria)

CONCLUSION

In the field of grapes mycobiota monitoring are carried out many studies, particularly
in the southern wine regions of the Europe (Spain, Italy, France, Greece, Portugal), where are
the wine products contaminated by mycotoxins in larger quantities. In these areas, attention
focuses mainly on ochratoxin A. However, producers of this mycotoxin can overshadow other
potential toxigenic micromycetes, such as Alternaria spp. and their metabolites.

Our study has shown that representatives of the genus Alternaria occur in all
monitored regions of Slovakia and even they represent for approximately half of all isolates.
For that reason, they constitute a significant risk of mycotoxin contamination. Next studies
should be directed to the testing of the ability of Alternaria isolates to produce mycotoxins

and to the monitoring of the mycotoxins presence in grape products.
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