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The aim of this study was to assess, both quantitatively and qualitatively, the populations of lactic acid bacteria
(LAB) and yeasts in air and wine of a winery, in order to evaluate the possible exchange of microorganisms be-
tween them. Samples were taken in a winery located in Castilla-La Mancha (Spain) during the winemaking pe-
riod of two consecutive vintages (2011 and 2012). The microbial composition was determined by using both a
culture-dependent method and a culture-independent method, PCR-denaturing gradient gel electrophoresis
(PCR-DGGE). In addition, genetic characterization of isolates from plates was carried out. A high diversity of spe-
cies was detected in air and wine samples from both vintages. Leuconostoc mesenteroides was the predominant
lactic acid bacteria in air from both vintages while Oenococcus oeniwas the predominant in wine. Saccharomyces
cerevisiaewas the most frequently isolated yeast in both air and wine. Typing of O. oeni and S. cerevisiae isolates
from air andwine samples showed the presence of coincident genotypes in both samples, thatwould confirm the
exchange ofmicroorganisms between the two environments, air andwine, and furthermore some of these geno-
typeswere also found at samples taken at different vintages, indicating that theywould remain in thewinery. The
results display the influence of the activity taking place in the winery and the moment of fermentation of the
wines in tanks, on the microorganisms present in the air and the role of the air for the dispersal of microorgan-
isms within the winery.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Winemaking is a complex process based on microbiological trans-
formations including two fermentative stages, the alcoholic fermenta-
tion (AF) led by yeast and the malolactic fermentation (MLF) carried
out by lactic acid bacteria (LAB). The most accepted sources of both
types of microorganisms are grapes and the material in the winery en-
vironment (Fleet and Heard, 1993; Mortimer and Polsinelli, 1999).
However, some studies (Connell et al., 2002; Garijo et al., 2008, 2009;
Ocón et al., 2013a, 2013b, 2013c) have displayed the presence of these
microorganisms in the air of the wineries which suggests that it could
be a source of both useful and potential contaminant microorganisms,
and also the medium for their dissemination. The air acts as a support
medium or carrier of microorganisms which travel through it adhered
to dust particles, to droplets or as single particles, until they fall and
are deposited on the surrounding surfaces (Curiel et al., 2000). Environ-
mental factors such as temperature, dust particle size, humidity and air
speed and others such as the area, the activity or the winery design
could affect the microbiological composition of the air (Ocón et al.,
2013a, 2013b).

There is little information about the composition of the microbiota
present in the air of wineries and the few studies carried out have fo-
cused on the detection of yeasts, both beneficial and spoilage ones
(Connell et al., 2002; Garijo et al., 2008; Ocón et al., 2013a, 2013b,
2013c), and molds (Garijo et al., 2008; Mandl et al., 2008, 2010; Ocón
et al., 2011; Simeray et al., 2001). Only Garijo et al. (2008, 2009) studied
the presence of LAB in the air, differentiating between Oenococcus and
non-Oenococcus isolates.

In all these reports, with the exception of that carried out by Connell
et al. (2002) who used a culture-independent method based in chemi-
luminescence for detecting Brettanomyces, airborne microbial popula-
tions have been studied by using culture-dependent techniques,
which are well known to offer an incomplete representation of the
true bacterial diversity present in an ecosystem since only a small pro-
portion of microorganisms are cultivable (Hugenholtz et al., 1998).

Therefore, it would be interesting to carry out an in-depthmicrobio-
logical study of the air of a winery by using both culture-dependent and
independentmethods in order to get amore detailed view of themicro-
biota present in this ecosystem, which in turn could be considered as
representative of the microorganisms present on material surfaces,
equipment and stored wines. Knowledge about the quantitative and
qualitative diversities of microbial ecology all around the winery
and the factors which affect their distribution could offer interesting
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information for the winemakers to develop strategies for the control of
spoilage microorganisms in the wineries.

The aim of the present work is to perform a quantitative and qual-
itative study of lactic acid bacteria and yeasts in the air of a winery and
the wines of the nearby fermentation tanks in order to evaluate the
possible exchange of microorganisms between them. The study has
been carried out in a winery located in Castilla-La Mancha (Spain)
during the winemaking period of two consecutive vintages (2011
and 2012). For that, the growth on agar plates using selective media
for both types of microorganisms and a culture-independent method,
such as PCR-denaturing gradient gel electrophoresis (PCR-DGGE), has
been used.

2. Materials and methods

2.1. Sampled area and sample collection

Sampling was conducted in a winery located in Castilla-La Mancha
(Spain) which produces and commercializes wine under the Appella-
tion of Origin Méntrida. This winery was selected because it is one of
the most important at this area and because it has never used starter
cultures for malolactic fermentation.

The winery covers a surface area of 24,000 m2 presenting two sep-
arated areas (Fig. 1): an outdoor area covered by a roof (zone 1)
where the vats empty the harvested grapes in a processing facility
(barn) and after that they are stemmed, crushed and pumped via
pipes; and the vinification area (zones 2 and 3) located inside a two
floor building only partially exposed to the outdoor atmosphere
through open windows. In it, a number of cement fermenters open
at the top (at the level of the second floor) with 1350 hL capacity
are arranged as shown in Fig. 1.

Samples of air and wine were taken at two consecutive vintages,
from September to November 2011 (22 and 29 September, 19 October
and 7 November) and from September to October 2012 (11 and 24
September, 16 and 23 October), between 10.00 am and 13.00 pm. In
addition, an air sample was taken between the two vintages (24
May 2012) when there was no activity in the winery.

Air samples were collected using the AirPort MD8 air sampler
(Sartorius Stedim Biotech) that operates according to the filtration
and impactionmethods. A defined air volume passes through a gelatin
membrane filter (Sartorius Stedim Biotech) where the airborne
microorganisms are retained. Then, filters can be placed directly on
a suitable culture medium in a Petri dish to carry out the counts or
dissolved in 10 mL of sterile saline solution (NaCl 0.9%) warmed to
35–40 °C for PCR-DGGE analysis. The volume of air sampled was
1000 L for LAB counts and PCR-DGGE analysis and 250 L for yeast counts.
Air samples for both LAB and yeast counts were collected in duplicate.

During both vintages, air samples from three areas were collected:
one in the outdoor area (zone 1 in Fig. 1) and two in the vinification
area, one of them near full tanks undergoing alcoholic or malolactic fer-
mentations (zone 2 in Fig. 1) and the other one far from such zone (zone
3 in Fig. 1). At the last days sampled at each vintage (19 October 2011, 7
November 2011, 16 and 23 October 2012) only samples in the vinifica-
tion area (zones 2 and 3)were taken, since the grape input had finished.
The air sample between the two vintages was taken at a place between
zones 2 and 3.

The air sampler was placed at a distance of approximately 2 m from
the crushing unit in the outdoor area and on a platform 1 m above the
ground in the vinification area.

At each of these three areas, five samples were taken, two for LAB
counts, two for yeast counts and one for PCR-DGGE analysis. In conse-
quence a total of 105 air samples were analyzed.

Wine samples were collected in sterile bottles from the same
three fermentation tanks nearest to the zone 2. Counts in duplicate
of LAB and yeasts and PCR-DGGE analysis were also performed. A
total of 24 samples were analyzed (3 samples × 4 date sampled =
12 samples / vintage). Sampling was coincident with the different
moments of the vinification process: before and during AF (22 and
29 September 2011; 11 and 24 September 2012), start and middle
of MLF (19 October 2011 and 16 October 2012), end of MLF and emp-
tying of tanks once fermentation was completed (7 November 2011,
23 October 2012).

2.2. Microbial counts

For LAB analysis at air samples, the gelatin membrane filters were
placed on MRS agar (Man, Rogosa and Sharpe) (Scharlau, Barcelona,
Spain) plates supplemented with 50 mg/L sodium azide and
100 mg/L cycloheximide (Sigma, St. Louis, USA) to prevent growth
of acetic acid bacteria and yeast, respectively. The plates were incu-
bated at 30 °C for 5 days under anaerobic conditions (Gas Pack Sys-
tem, Oxoid Ltd., Basingstoke, UK). Cloramphenicol Glucose Agar
(CGA) (Scharlau, Barcelona, Spain) plates were used for yeast counts,
with plates being incubated at 25 °C for 48 h. In both cases, some
diphenyl crystals (approximately 100 mg per plate) (Sigma, Madrid,
Spain) were added to the cover plates in order to avoid the develop-
ment of molds.

After incubation, colonies were counted and the results expressed as
the average of the number obtained in the two repeat samples (CFU).
Subsequently, this value was converted into themost probable number
of microorganisms collected per plate (MPN) by using Feller's law
(Feller and Higgins, 1968), following indications of the equipment's
instruction manual. Finally, the most probable number of microorgan-
isms collected was expressed as MPN/m3.

Wine samples were diluted in sterile saline solution and plated in
duplicate on MRS agar plates and CGA, as described above. Counts
were expressed as colony forming units (CFU) per mL of wine.

A representative number (10%) of isolated colonies from MRS and
CGA countable plates from air and wine samples were randomly pick-
ed and propagated until purification on MRS agar and YPD (Yeast Ex-
tract Peptone Dextrose) (Pronadisa, Laboratorios Conda, Madrid,
Spain) plates, respectively. Pure cultures were stored at −80 °C
with 20% (v/v) glycerol (Panreac, Barcelona, Spain).

Fig. 1. Diagram of the winery. The color blue indicates outdoor areas. Black circles corre-
spond to the points where the air sampler was placed. *Windows or doors.
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