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Fungi are well-known as dominating components of the airborne microflora in wine cellars. In this study, different
types of Austrian wine-cellars were examined for their environmental conditions as well as for their aerial fungal
spectrum. Air samples were taken under controlled conditions, and data loggers were used to monitor temperature
as well as humidity over a period of nine months. The fungal densities ranged from 55 to 12,050 CFU/m’ air, using
different culture media. The fungal samples were identified microscopically. In general, members of the genera Pe-
nicillium, Aspergillus, Cladosporium, Exophilia, Phialophora, Phoma, Trichoderma and Ulocladium were found.
In three cellars, the species Aspergillus fumigatus and A. niger could be isolated. In addition, other species with al-
lergy-provoking potential like Aspergillus versicolor, Cladosporium sphaerospermum and Cl. herbarum were iden-
tified.
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Luft-Mikroflora ausgewdblter Kellertypen in Osterreich. Schimmelpilze gelten als Hauptbestandteil der Mikroflora
von Weinkellern. In dieser Studie wurden die Umgebungsbedingungen sowie das Schimmelpilzspektrum mebrerer
osterreichischer Kellertypen erfasst. Mit Hilfe eines Luftkeimsammlers wurden Proben genommen; Datenlogger
dienten zur Erfassung der lokalen Temperaturprofile sowie der Feuchtigkeitsentwicklung iiber einen Zeitraum von
neun Monaten. Die registrierten Keimzahlen bewegten sich zwischen 55 und 12.050 KBE/m® Luft, wobei verschie-
dene Kultivierungsmedien zum Einsatz kamen. Die Identifizierung einzelner Isolate erfolgte mikroskopisch. Gene-
rell konnten die Gattungen Penicillium, Aspergillus, Cladosporium, Exophilia, Phialophora, Phoma, Trichoderma
und Ulocladium nachgewiesen werden. In drei Kellern wurden Aspergillus fumigatus und A. niger isoliert. Dane-
ben wurden auch andere potenziell allergieauslosende Pilze, wie Aspergillus versicolor, Cladosporium sphaerosper-
mum und Cl. herbarum identifiziert.

Schlagwérter: Weinkeller, Luftkeimspektrum, Pilze, Osterreich

La microflore de types de caves sélectionnés en Autriche. Les champignons de moisissure sont considérés comme élé-
ment principal de la microflore des caves a vin. Les conditions environnementales et le spectre des champignons de
moisissure dans plusienrs types de caves autrichiennes ont €té saisis dans le cadre de la présente étude. Des échantil-
lons ont été recueillis a aide d’un collecteur de germes aériens, des enregistrenrs de données ont servi a saisir les pro-
fils de température locaux et du développement de ’humidité sur une période de neuf mois. Les nombres de germes
enregistrés se situaient entre 55 et 12.050 KBE/m® d’air dans les différents milienx de culture utilisés. Les isolats ont
été identifiés par voie microscopique. En général, on a décélé les genres Penicillium, Aspergillus, Cladosporium,
Exophilia, Phialophora, Phoma, Trichoderma et Ulocladium. Aspergillus fumigatus et A. niger ont été isolés dans
trois caves. En outre, on a également identifié d’auntres champignons pouvant déclencher des réactions allergéniques,
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tels que Aspergillus versicolor, Cladosporium sphaerospermum er Cl. herbarum.
Mots clés : cave, spectre des germes aériens, champignons, Autriche

In recent years, increased attention has been given to
the presence of fungi in indoor air for different reasons.
Moulds are known as destroyers of organic compounds
and also may have negative health effects on humans.
There are several reports on the role of moisture and
mould in homes and different working locations, but
there is only limited information about the environ-
ment of wine production (Picco et al., 2004; GoOTO et
al., 1989; SIMERAY et al., 2001).

Moulds and bacteria occasionally influence the quality
of wine and also the health status of the people working
in a contaminated environment. In principle, bioaero-
sols can cause four different types of illness: allergy, in-
fection, irritation and toxic diseases, whereas the indivi-
dual susceptibility is variable (FUNG et al., 2003; SAMSON
et al., 2002). Several studies have shown that fungal
contamination of the indoor air is associated with irrita-
tive and non-specific respiratory symptoms, as well as
the development of respiratory diseases such as asthma
(MILLER et al., 2004).

Besides this negative impact on human health, fungal
contaminants may also affect the quality of the wine.
CHATONNET et al. (1994) were able to demonstrate that
moulds and bacteria transform chlorophenols, which
are used in wood preservatives, into chloroanisols. Mo-
reover, chloroanisols can migrate into the wine from
the atmosphere of the cellar. Probably, substances like
2,3,6-trichloranisol (TCA) may induce a typically
mouldy taste in wine. In analogy, the development of
2,4,6-tribromoanisole has been shown to cause an ear-
thy taste (CHATONNET et al., 2004). Even other volatile
compounds may result from the metabolism of moulds
and bacteria and possess solubility in a mixture of water
and ethanol. A substance named geosmine can be
enriched by Penicillium expansum and has been identi-
fied as one of the causes of earthy taste and smell
(DARRIET et al., 2000; MATTHEIS et al., 1992).The purpose
of this study was to screen the airborne fungal microf-
lora of a selection of different types of wine cellars in
Austria.

Material and methods

Samples were collected in eight different wine cellars in
Lower Austria and Burgenland.

Wine cellar types

Depending on their construction, the wine cellars were
categorized in three different groups. A protocol pro-
posed in the “Schimmelpilz-Leitfaden® (SErrErT, 2002)
was adapted and used for categorization and registra-
tion of visible mould growth and stains on the wall:

— “Old subterranean cellar® with brick or limestone
walls and packed sod floors

— “House cellars“ of small family-run wineries, with
brick or stone walls and concrete or flagstone floors

— “Modern air-conditioned cellars“, non-subterranean,
built with concrete and air conditioning, with the
possibility to regulate the temperature

Registration of climate data

In all cellars temperature and relative humidity were re-
gistered over a period of nine months in one-hour inter-
vals with two different types of data loggers, four of the
type ilog (Escort, VWR ,Wien) and four of the type
TFM (ELV Elektronik AG, http://www.elv.de). The
data loggers were applied at about the half ceiling
height at the sampling locations.

Microbial sampling and culturing

For the sampling and culturing of the microbiota, three
different culture media were used (THORNE et al., 1992).
Malt extract agar (MEA) was used as collective medium
for the fungi; CASO-agar was used for the total viable
count of all culturable microorganisms and Dichloran
Glycerol agar (DG18, Roth Nr. AE26.1 ), which detects
xerophilic fungi.

The samples were collected with the MAS-100 Eco air
sampler (VWR, Wien). Measurements were catried out
in the middle of the room at a height of approximately
1.5 meter, aspiring three different volumes (20, 50 and
100 1) of air. Air plates were produced in duplicates.
The same was done outdoors as a reference in order to
be able to analyze how much the indoor air is influen-
ced by an air flow from the exterior. The MEA and
DG18 plates were incubated for 6 days at room tempe-
rature, before colonies were enumerated. The CASO
agar plates were evaluated first after incubating for
two days at 28 °C. Incubation was continued at room
temperature and the second count for the total viable
count was performed after 6 days. The colony counts
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expressed in colony forming units (CFU) were related
to the air volume aspired and calculated as CFU/m’.
For the identification of the fungi, pure cultures were
grown from morphologically different colonies. Then
the isolates were conserved under sterile water using
the method of BUurDsALL et al. (1994). For identification,
the fungi were inoculated on MEA, DG18, Czapek
Dox Agar (CZA) and, in some cases, also on Corn
Meal Infusion Agar (CMA). The identification was
done according to their micro- and macroscopical mor-
phological properties, based on different literature
(DowmscH et al., 1993; KuLicH et al., 1988; PrrT et al,,
1991; RoBERTet al., 2004; ELLIS et al., 1971)

Results and discussion

Temperature and relative humidity profiles

The ’old subterranean cellars’ generally showed a very
high humidity throughout the year. In two of three cel-
lars the average relative humidity exceeded 90%, but
the temperature was at a very constant level in all three
cellars investigated. This is an important pre-requisite
for a good development of wine. The ’house cellars’
are characterized by high relative humidity values and
little seasonal fluctuations in the temperature as well.
None of the three ’air conditioned modern cellars” had
an annual average of more than 75 % relative humidity.
This can be helpful to keep the microbial load as low as
possible. These results were enabled by air-conditio-
ning and are also supported by the modern construc-
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tion of these halls, which were above ground level in
most cases. In the older cellar types, the humidity often
permeated through the cellar walls as could be seen in
typical stains. Sometimes water even penetrated the
walls crevices trickling off from the walls. These pat-
terns offer a perfect ground for the growth of moulds.
Exemplarily, in Figures 1 and 2 climate diagrams of an
old subterranean cellar and an air-conditioned cellar, re-
spectively, are shown.

Microbial load

Because of the high dampness of the walls and indoor
air growth conditions were optimal for fungi in the
old subterranean cellars. Moreover, the walls of these
cellars are often covered with layers of organic substan-
ces from earth, insects, algae and bacteria thus provi-
ding a wide range of nutrients and minerals. In this ca-
tegory the mean value of the colony forming units on
MEA-media was 4,769 CFU/m’. The variations be-
tween different cellars and samplings, however, were
high. The lowest fungal count in this category was 848
CFU/m’ and the highest 12,050 CFU/m’. In all three
cellars the fungal contamination of the walls was clearly
visible and the values of the indoor air always were si-
gnificantly higher than outdoors. The values observed
in the house cellars were very similar to those of the
old subterranean cellars. On MEA-media the average
fungal count was 4,293 KBE/m".

As concluded from the climatical data of the wine cel-
lars, the microbial load of the internal air of the air-con-
ditioned cellars was relatively low. The average fungal
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Fig. 1: Climatical development of a typical subterranean cellar
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Fig. 2: Climatical development of a typical air-conditioned cellar

count on MEA-media was only 357 CFU/m’. Inter-
estingly, higher counts were observed on DG18-media
with an average of 868 CFU/m’. This is due to the fact
that DG18 agar is particularly suitable for xerophilic
fungi, germinating and growing at RH values of above
65 to 70%. The average values of all three categories
are summarized in Table 1. The reason for the much
smaller spore contamination in the modern cellars is
on one hand the low humidity and on the other hand
the modern construction of these cellars which makes
cleaning more easy and thus avoids accumulation of or-
ganic pollutions on walls and water intrusion through
the cellar walls can be avoided. To limit the growth of
the moulds the relative humidity should not exceed 75
% over longer periods (Rowan et al., 1999). But to
avoid fungal growth also the effect of condensation
and hygroscopic materials like wood or paper should
be taken into account. Whereas condensation of water
from warm air on cold walls can be one of the most im-
portant sources of humidity in an old cellar, these ef-
fects do much less occur in modern buildings with ap-
propriate thermic isolation.

In particular, in the air of old subterranean cellars and
in the house cellars rather high fungal counts have
been observed, which can be classified as not being nor-
mal. In each case, the values of the indoor air were
higher than those measured outdoors. This is a clear
sign for some indoor source of contamination. Fungal
counts like, e.g., 12,050 CFU/m’ as measured in one
cellar, can constitute some big disadvantage for the peo-
ple working in this area, especially for allergic persons.
Lavoik et al. (1997) has concluded from his findings re-

lated to a sorting and composting plant of household
waste that bacterial loads exceeding 10,000 CFU/m’
and the presence of Aspergillus fumigatus, necessarily
preclude the use of effective respiratory protection.
With culture methods only 1 to 50 % of the actual
spore concentration in the air can be measured (MILLER
et al., 2004). This inaccuracy, the variations between
measurements and the lack of validated standard proce-
dures for the measurements make it difficult to evaluate
and to interpret the results. In particular, in connection
with possible detrimental health effects, there is some
increasing need for having available threshold levels, as
no dose-response data are available so far (JENSEN et
al,, 1998).

Table 1: Mean microbial counts in three cellar categories

Culture ; : CFU/m?

medium Detection of: Cellar category {axith. mean)

GASE  LOALBeHDIC 3.456
microbial count (14 subterranean

DGI18 Fungal count cellar type 4.088

MEA Fungal count 4.769

gagp  JamElEEmbc 4.643
microbial count

DG18 Fungal count House cellar type 4.624

MEA Fungal count 4.293

CASO Total geroblc 717
microbial count  Air_conditioned

DG18 Fu.ngal count cellar type 868

MEA Fungal count 357
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Microbial diversity

A reliable analysis of the indoor air '*]

quality is always based on quantitative
and on qualitative analysis of the fungal
community. In this study fungi were |
identified based on their morphology  su ]
alone. Because of this, species identifi- 0% ]
cation was not always possible and a  30%
molecular approach based on DNA-se-  20%1
quences would have been necessary. %]
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But we could compare the air quality — **
of the different cellars and relate these
findings to the results obtained from
outside. The old subterranean cellars
and the house cellars were clearly domi-
nated by the genus Penicillium (77% in old subterra-
nean cellars 78% in house cellars) and Aspergillus
(15% in house cellars, 16 % in old subterranean cel-
lars). A survey of French wine cellars was performed
by SiMERAY et al. (2001) and revealed similar results. Fi-
gure 3 demonstrates that the quality of the aeromycolo-
gical flora of the old subterranean and the house cellars
is rather similar, and also much less diverse than the
outside air. Obviously, a distinct microflora has deve-
loped in older cellars. The aeromycological diversity of
the air-conditioned cellars, however, is considerably
bigger and much more agrees with that of the outside
air. This means that the aeromycological flora of the
air-conditioned cellars is mainly influenced by the out-
side air and not by an indoor source.

In three cellars, the thermophilic species Aspergillus fu-
migatus and A. niger could be isolated. These represen-
tatives are known to be able to produce mycotoxins
and also are related with allergies and infections. Other
potentially allergy-provoking species like Aspergillus
versicolor, Cladosporium sphaerospermum and CI. her-
barum have also been isolated.

During recent years, hygienic design of wine produc-
tion has undergone some considerable modification
with special regard to cellar construction. This develop-
ment has led to some improvements in the controllab-
ility of the climate as well as of the microbial load of
the cellars and can therefore be seen as some improve-
ment of the microbial load at such locations. This is de-
finitely of advantage for the health status of employees
at their working places. On the other hand, improved
status of the level of airborne contamination may also
allow a better tailor-made control and more detailed
monitoring of the conditions of wine production. But
traditional settings of wine production may not be con-

subterranean cellar

house cellar air-conditioned cellar

Fig. 3: Aeromycological composition depending on the type of cellar

sidered as some competitive disadvantage, since pro-
ducts of high quality may be also obtained if proper mi-
croecological conditions exist. This study has shown,
that each wine cellar category possesses some resident
airborne microflora, which can be influenced by exter-
nal contaminants, in particular if classical buildings are
considered. Unfortunately there is only limited infor-
mation available, which of the predominating fungal
colonization is of higher, which of lower value for the
development of wine. Hence studies like this can serve
as a contribution to complete the heterogeneous puzzle
of environmental conditions of wine production.

Conclusion

In the old cellars and in the house cellars very high
mould concentrations were measured. Only viable spo-
res could be registered with the methods used in this
project. Therefore it is very likely that the actual spore
levels are much higher. There are limits to the interpre-
tation of aeromycological data, because no dose-re-
sponse data is available so far, but it is obvious that the
amounts of spores measured in the air of some of the
monitored cellars is not healthy, especially in the cellars
of large wineries, where people work eight hours a day.
Also to secure a high level of quality in the production
of wine, it is very important to keep the level of mi-
croorganisms in the air as low as possible. Bacteria and
moulds produce different volatile metabolites, which
can contaminate the atmosphere and other materials,
which get into contact with the wine.

The results of this research show clearly, that the cont-
rol of the cellar climate and a modern construction are
the keys to a high quality product and to secure the
workers” health. For further investigations it would be
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very interesting to use molecular biology techniques for
the identification of moulds and bacteria. Sampling in
shorter intervals and also in the summer months could
give a better view on the development of the microflora
in the wine cellars.
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