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Abstract: An easy technique for a fast determination of wild yeast population-colonizing
grape must before fermentation is described. The mathematical relationship between viable cell
number and oxygen consumption rate was determined using a simple pO, electrode chamber.
This relation was determined in pure cultures belonging to six yeast species related to wine
environment and in natural samples of grape must collected at the time of the grape delivery
in the wineries. Results indicated a significant relationship between oxygen consumption rate
and viable cell count of the wine yeast species tested. The evaluation of natural grape must
samples indicated that the presence at pre-fermentative of wide contaminant yeast flora at a level
commonly believed responsible for uncontrolled microbiological process in winemaking (>10°
CFU ml™), was easily detected. Since the results are available in a short time, this method could
be profitable used to detect the presence of contaminant level of wild yeasts reducing the risk
of uncontrolled start fermentation that could compromise the quality of final product.
Keywords: wild yeasts contamination, oxygen consumption, O, probe

Introduction
Wine quality is influenced by several factors including grapevine variety, yeast strains
employed during fermentation processes and winemaking techniques. The role of the
yeast population on the fermentation, chemical composition and sensorial properties
of wine, has been widely demonstrated.' Indeed, microorganisms have a prominent
role in determining the chemical composition of wine. They influence the quality of
grape prior to harvest and during fermentation metabolizing grape sugars and other
components into ethanol, carbon dioxide and hundreds of secondary end-products that,
collectively, contribute to the wine character.> Therefore, yeast population and also
filamentous fungi and bacteria give a considerable contribution to the chemical compo-
sition of wine even if yeasts play the main role during the alcoholic fermentation.>*
Studies on yeast succession during spontaneous fermentations have shown that
several non-Saccharomyces yeast species are present at the early stages of the process.*
These yeast species was progressively replaced by Saccharomyces cerevisiae strains
which are more tolerant to alcohol and have better fermentative ability.” Several
authors noted that yeast diversity during fermentation contributes to the final complexity
of wine.!™!® However, uncontrolled yeast species presence can produce undesirable
compounds.'*'° The control of wild microflora could be performed avoiding to collect the
damaged grapes, harvesting the grapes at low temperature, reducing the time of grapes
transportation between vineyard and cellar, and using antiseptic agents such as SO.,.
Sulphur dioxide has a long history of usage as synthetic preservative agent in the
manufacture of food, dried fruits and fish, and alcoholic beverages, especially wine
where it is used as antioxidant and antiseptic agent. Indeed, in the winemaking industry
the inhibition of wild yeasts is obtained by adding this antiseptic agent to musts and
inoculating selected strains of S. cerevisiae.'”"* Since wild yeast flora generally
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shows a lower resistant to sulphite than that exhibited by
S. cerevisiae strains, selective doses of SO, are added to
grape must. Nowadays, the World Health Organization and
the European Economic Community have highlighted the
need to reduce the use of this antimicrobial agent in food
products because of its toxicity.

In view of SO, reduction, the quantitative presence of
wild microflora on grape berries and in grape must should
be monitored to promptly intervene with corrective practices
to preserve the quality of final product.

For this reason, it is therefore very important for cellar
operators to be able to quickly evaluate the contamination
degree of grapes and musts. Traditional procedures, such as
standard counting in plate and microscopy observation are
the most common methods used to estimate the viable yeast
population colonizing grapes and musts at pre-fermentative
stages. However, all these practices require specialized
equipment, are time-consuming, and deliver results after a
long time.

With the present work we propose a new method for a
fast detection of viable cell of wild yeast flora present in
grape must at the pre-fermentative stages by evaluating the
O, consumption rate of substrate in defined conditions.

Materials and methods

Microorganisms and media

Hanseniaspora uvarum DBVPG 3037, Torulaspora
delbrueckii DBVPG 6168, Pichia anomala DBVPG 3003,
and Candida stellata DBVPG 3827 were from the Industrial
Yeast Collection of the University of Perugia (DBVPG),
Saccharomyces cerevisiae was a commercial active dry
yeast, Fermicru® AR2 strain, and Aureobasidium spp. was
isolated from the grape surface during the 2003 vintage. All
of these strains were sub-cultured at six-month intervals
on YPD agar medium (10 g I"! Bacto yeast extract; 20 g !
Bacto peptone; 20 g 17! glucose and 18 g 1! agar) and main-
tained at 6 °C.

Pasteurized grape must (90 °C x 20 min.) from Verdic-
chio cultivar (pH 3.20; fermentable sugar 22% w/v), was
used as medium for the evaluation of oxygen consumption
rate by six yeast species tested.

Experimental conditions

Before assaying the method directly in natural grape must
samples, the O, consumption rate capability of each yeast
species that naturally colonizes the winemaking-related
substrates was determined. For each yeast species, the
preparation of different suspensions were performed from

pre-cultured cells in YPD broth at 25 °C overnight. Cells
were recovered by centrifugation at 4 °C (5000 rpm for
10 min) and were re-suspended in H,O. Yeast suspensions
with different amounts of viable cells were inoculated into a
0.5-1 vessel containing 500 ml of grape must with increasing
concentrations varying from 10° to 10® cell ml-!. The vessel
content was connected by an Ingold pO, probe with cathode-
Pt and anode-Ag/AgC, Teflon film, using electron current at
107 Ampers. This probe was associated with a display that
showed online values of O, consumption automatically.

The first step was the oxygen saturation (100% oxygen
dissolved) using a magnetic stirrer to apply a strongly agita-
tion of must for 5 min coupled with an aeration produced by
a simple air input system (vvm 0.5 I"! min™). After 5 min
the substrate was saturated (100% O, dissolved), the agita-
tion and the aeration was stopped, and the measurement
of oxygen consumption started. Oxygen consumption was
monitored at 25 °C with intervals of 15 s for 20 min. Results
were subjected to linear regression analysis to calculate the
oxygen consumption rate. At the same time, viable cell counts
were carried out for each cell concentration and yeast spe-
cies tested. The viable cell count was evaluated using YPD
agar medium to estimate the yeast amount. The relationship
between oxygen consumption and cell concentration was
determined using Excel 2003 (Microsoft Corp., Redmond,
WA, USA). The same modalities of O, consumption were
used for the samples of natural musts collected during the pre-
fermentations stage. The must samples coming from wineries
situated in the Marche region of Italy were collected in sterile
bottles and transported to the laboratory in cool bags (4 °C)
within one hour. At the laboratory the content of each bottle
was thermostated at 25 °C and introduced in the vessel and
added of 0.2 ml I'' of H,O, to avoid the possible interaction
of the SO, added in the musts at this stage.

Results and discussion
One of the main troubles in winemaking is the control of
microorganisms that colonize the substrates during the
fermentation process and/or develop after the fermentation
and cause stack of fermentation or spoiling problems.?*2! At
the present time, following the market request, the trend in
winemaking is the reduction of the use of antiseptic agents
such as SO,. In this context, a more strict monitoring of wild
microflora at pre-fermentative stages is required to reduce
possible deviation of alcoholic fermentation and/or following
spoiling activity by wild microflora.

To easily and quickly detect the presence and contamination
of wild yeasts in grape must at pre-fermentative stage, O,
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consumption rate was evaluated using a simple pO, probe.
From this point of view, six yeast species currently found in the
grape surfaces and in the must before the start of fermentation
were investigated. Preliminarily, the relationship between
viable cell counts and O, consumption was assayed. Very
high significant linear regression was found using the yeast
concentrations from 10°to 10% cell mI™". A representative result
of the linear regressions obtained was reported in Figure 1.

Figure 2 shows the relationship between viable cell
count (UFC ml™) and the rate of oxygen consumption for
all six species assayed. Results showed that all yeast species
exhibited a significant linear regression between oxygen
consumption rate and viable cell count (R? coefficient,
P = 0.01). However, the diverse species tested exhibited
different rate of O, consumption in relation to cells
concentration showing different coefficient of equation.?
In particular, Aurebasidium spp., T. debrueckii, and
C. stellata showed a similar equation coefficient between
them. Differently, a more vigorous oxygen consumption
rate was exhibited by S. cerevisiae and P. anomala, that
showed the same coefficient of equation (—2E-07xX), and
H. uvarum (—1E-07x).

To evaluate the possible application of this methodology
in a must sample where different species and strains
are present, all data were used to define the relationship
between oxygen consumption rate and viable cell count.
Notwithstanding the differences in oxygen consumption rate
in relation to the viable cell count previously found within

the different yeast species, the correlation coefficient using
all data was statistically significant (P = 0.01; R2=0.4316,
n—1 =46) (Figure 3).

After these results, the method was used to test several
natural grape must samples collected at different pre-
fermentative stages and during two different vintages. Results
of all samples tested are summarized in Figure 4a. In this
figure, a highly significant correlation between oxygen con-
sumption rate and viable cell concentration was detected (P
< 0.01; R?=0.839, n—1 = 50).

However, evaluating separately the consumption rate
of the samples determined with a viable cell count <10¢
CFU ml™ and those that exhibited a viable cell count
=10° CFU ml™!, we obtained different results. Indeed,
samples with viable cell count =10° CFU ml™" exhibited
a significant linear regression (P = 0.01; R? = 0.7911,
n—1=27) (Figure 4b) while O, consumption did not show
any correlation in presence of reduced yeast population
(<10° CFU ml™" ) (Figure 4c). These results indicated
that using this method, a good response in terms of linear
regression between yeast concentration and O, consumption
could be obtained when the wild yeast contamination level
at pre-fermentative stage is closed to the threshold value of
=10° CFU ml™. Below of this threshold value the method
did not able to detect the presence of wild yeast contami-
nation. However, this amount of contamination could be
believed a normal level and consequently conform to the
winemaking process.
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Figure | A representative result of the linear regression (% pO, dissolved) obtained using Hanseniaspora uvarum at 2 x 107 cell mI™'.
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Figure 2 Relationship between viable cell count and rate of oxygen consumption for: (a) Saccharomyces cerevisiae; (b) Hanseniaspora uvarum; (c) Pichia anomala; (d) Candida

stellata; (e) Aureobasidium spp.;and (f) Torulaspora delbrueckii.

In view of a practical application of this method during
the pre-fermentative stages, it is possible to individuate
the limit value of the rate of oxygen consumption in a
must sample. In the condition tested this value should be
below the oxygen consumption rate of —0.5% O, dissolved
min~'. The presence of vigorous consumption rate is a
symptom of an high level of contamination by wild yeast
flora and some actions to avoid consequent fermentation
problem, should be quickly adopted.

In conclusion, the method proposed is fast, easy, and
able to detect the wild yeast contamination level that
could cause microbiological problems to the fermenta-
tion process in winemaking. In the present work we used
a very inexpensive pO, probe with a limited sensitivity of
oxygen-dissolved measurement. However, an increased
accuracy could be obtained using a pO, probe more sensi-
tive to improve the detection limit of contaminating wild
yeast flora.
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