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Abstract This work describes the inXuence of yeast pop-
ulation on the chemical characteristics of wine obtained by
spontaneous and inoculated fermentation of must from Vitis
vinifera Lado, a minor white grapevine autochthonous to
Galicia (NW Spain). The study was carried out for two con-
secutive years. The results showed that musts derived from
Lado presented a high acidity though the potential alcohol
level was acceptable. The genetic diversity of S. cerevisiae
strains isolated from spontaneous fermentations was low,
probably due to must characteristics, although these did not
interfere with the implantation of the commercial strains
used. Analyses showed that the wines subsequently pro-
duced had high alcoholic levels and very high acidities (pH
3.0) as was expected from must composition. Wines
obtained from spontaneous fermentations had a lower alco-
hol content but higher total acidity than those from inocu-
lated fermentations. Monovarietal wines produced from
Lado were poorly evaluated in sensorial tests because of
their unbalanced structure and sourness; however, when
they were mixed with other autochthonous white varieties
with less acidity, the resulting wines were well accepted.

Keywords Lado variety · Yeasts · Saccharomyces 
cerevisiae · Spontaneous fermentations · Inoculated 
fermentations · Wine chemical composition · pH

Introduction

Wine quality is inXuenced by several factors including
grapevine variety, winemaking techniques and yeast strains
employed during fermentations. The role of the yeast popu-
lation on the fermentation process, Wnal chemical composi-
tion and sensorial properties of wine has been widely
reported [15, 16, 22]. Studies on yeast population succes-
sion during spontaneous fermentations have shown that
several non-Saccharomyces yeast species are present at the
early stages of the process; but, as the fermentation pro-
gresses, they are substituted by Saccharomyces strains
which are more tolerant to alcohol and have better fermen-
tative ability [2, 8–10, 16]. This yeast diversity during fer-
mentation contributes to the Wnal complexity of wine [10,
16, 18, 23, 24]; though it can also produce undesirable
compounds [11, 29]. Therefore, in the wine-making indus-
try the growth of undesirable yeasts is controlled by addi-
tion of sulphur dioxide to musts and inoculation with
selected strains of Saccharomyces cerevisiae [20, 21, 28].
Analysis obtained from spontaneous and inoculated fer-
mentations has shown signiWcant diVerences in the chemi-
cal composition and sensory properties of wine [4, 10, 33].

Wine quality is also conditioned by grapevine variety.
Although Galicia (NW Spain) has a wide range of autoch-
thonous varieties of Vitis vinifera, few have been
thoroughly studied from the oenological point of view.
Such investigations have focused mainly on varieties like
Albariño, Treixadura and Godello, which form the majority
of grapevines in Galician vineyards [6, 12, 13, 32]. Nowa-
days, however, there is an increasing interest shown in the
properties of minor cultivars that may have potential
uses as complementary varieties. The study of such varie-
ties is necessary since they could provide a good source of
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diversiWcation and, consequently, a market expansion of
wines from Galicia.

Vitis vinifera cv. Lado is a white grapevine variety
autochthonous to Galicia, whose growth is restricted to a
limited area within the Denomination of Origin Ribeiro.
Although there is some information available about the
agronomic and ampelographic characteristics of Lado
[14, 17], little is known about its oenological potential
and the role of yeast population on the Wnal wine compo-
sition.

This study reports the inXuence of yeast population on
the characteristics of wine produced by spontaneous and
inoculated fermentations of must from Lado for 2 years.

Materials and methods

Grape processing

Vitis vinifera Lado grapes were collected from the experi-
mental vineyard of Estación de Viticultura e Enoloxía de
Galicia (EVEGA) during the 2004 and 2005 vintages. The
grapes were harvested manually and transported to the cel-
lar where they were crushed and pressed for juice extrac-
tion. During grape processing SO2 (50 mg/l) was added to
avoid oxidation and for microbiological control. After 24 h
of cold static clariWcation, the must obtained was distrib-
uted into 35-l stainless steel tanks in which fermentations
were carried out.

Fermentation assays

Three fermentations were performed each year: two of
them (named LD04-A and LD04-B in 2004, and LD05-A
and LD05-B in 2005) were inoculated with commercial
yeasts and the third one (denominated LD04-esp in 2004
and LD05-esp in 2005) was allowed to ferment spontane-
ously. The commercial strains of S. cerevisiae used were
D47 from Lalvin in 2004 and Excellence B2 from Lamo-
the-Abiet in 2005. All microviniWcations were carried out
in a cold room at 18 °C and the fermentation process was
monitored by the daily measurement of density and temper-
ature. At the end of fermentation, wines were racked to a
new tank and sulphited (30 mg/l). After 2 months of cold
stabilization at 4 °C, they were bottled and stored for fur-
ther analysis.

Microbiological control

Samples for yeast isolation and characterization were
taken from must and from each viniWcation at initial,
middle and Wnal stages of fermentation. Each sample was
adequately diluted in sterile water and spread on WL

nutrient agar [26]. The plates were incubated at 28 °C
until visible colonies appeared. After viable yeast count-
ing, 20 colonies were randomly isolated on YPD [1% (w/
v) yeast extract, 2% (w/v) peptone, and 2% (w/v) glu-
cose] for further characterization. Lysine medium was
used to distinguish S. cerevisiae from non-Saccharomy-
ces yeasts [19]. S. cerevisiae strains were characterized
by mtDNA-RFLP analysis as described by Querol et al.
[27] using the restriction endonuclease HinfI (Promega).
Restriction fragments were separated by electrophoresis
on a 0.8% (w/v) agarose gel in TAE buVer (40 mM Tris
acetate, 1 mM EDTA), visualized in a transiluminator
and photographed [30].

Chemical analysis of wine and must

Musts and wines were analysed according to the oYcial
analytical methods [1]. In musts, potential alcohol, total
reducing sugars, pH, and total acidity were determined. In
wine, the parameters analysed were alcohol content, reduc-
ing sugars, total and volatile acidity and pH.

Evaluation of Lado as complementary variety

The wine obtained from Lado in this study was mixed with
monovarietal wines from Treixadura and Godello (two
grapevine varieties widely employed in Denomination of
Origin Ribeiro). The chemical composition of the wines
used is speciWed in Table 4. The mixtures had the following
proportions (v/v) of each monovarietal wine: mixture LD–
TRX (Lado 1:Treixadura 3), mixture LD–GOD (Lado
1:Godello 3), and mixture LD–TRX–GOD (Lado 1:Treixa-
dura 2:Godello 2).

Wines were submitted to sensorial analysis by a group of
Wve expert testers in order to evaluate the acceptability of
wine derived from Lado and its potential as a complemen-
tary variety.

Results and discussion

Must composition

The characteristics of musts obtained from Lado grapes
in 2004 and 2005 vintages are summarized in Table 1.
The results showed that this variety attained a very high
probable alcoholic level in 2004 because then, the
grapes were overripe at the harvest time. Therefore, in
2005, the grapes were collected earlier, when the poten-
tial alcohol was acceptable. However, at this stage of
ripening the total acidity was high, compared to the nor-
mal values that have been described for Galician wines
[31].
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Fermentation kinetics

The progress of fermentations is shown in Fig. 1a, b. All
fermentations presented a typical curve, although in 2004
the lag phase was very long (7 days in inoculated fermenta-
tions and 11 days in spontaneous fermentation). The rate of
spontaneous fermentation was slower compared to the
inoculated fermentations. The three fermentations stuck at a
density of 995, so musts were not fermented to dryness.

In 2005 the lag phase was only 1 day in inoculated fer-
mentations and 3 days in the spontaneous one. However,
once it started, the rate of fermentation was faster in the
spontaneous viniWcation (Fig. 1). The analyses of yeast
population showed that the number of viable yeast during
the vigorous phase of fermentation (Table 2) was higher in
the spontaneous process, which is in agreement with the
faster rate of fermentation observed. The duration of all fer-
mentations was about 11 days, and the sugar consumption
was almost complete (residual sugars <2 g/l).

Several factors could be responsible for the delay in the
onset of fermentation in 2004. It has been reported that
stuck and sluggish fermentations were related to high initial
concentrations of sugar [8, 16], high SO2 content [16, 20],
and the low number of viable yeast after must clariWcation
[3]. However, it is more likely that the high content of alco-
hol at the end of the process (close to 15%) is the cause of
the premature stopping of these fermentations [3].

Yeast community levels and composition

Yeast levels were low in the clariWed must, especially in
2004 (Table 2). Strong clariWcation techniques, which are
regularly adopted in winemaking and which decrease the
number of yeasts in must as well as certain nutrients; may
lengthen the lag phase of fermentation [3, 16, 25]. In this
study the eVect was quite drastic in 2004, when fermenta-
tions took 7 days to start. In 2005, directed fermentations
started one day after inoculation, whereas the spontaneous
process was delayed by 3 days until the number of yeast
reached 4.2 £ 106 cfu/ml. At the middle stage of fermenta-

tion, yeast density was similar in inoculated fermentations,
but was higher (2.6 £ 108 cfu/ml) in the spontaneous fer-
mentation (LD05-esp) and remained stable until the end of
fermentation (Table 2). The yeast population in 2004 spon-
taneous viniWcation was lower in the middle stage of fer-
mentation and it decreased dramatically towards the end of
the process, probably due to yeast settling and the toxic
eVect of alcohol [3, 7].

The implantation ability of commercial yeasts was eval-
uated by genetic analysis of several yeast colonies isolated
at the middle stage of fermentation. The results showed that
all strains tested showed identical mtDNA restriction pat-
terns (Fig. 2); therefore, inoculated strains had led those
fermentations. Furthermore, it was observed that the
genetic proWle of commercial strains D47 and B2 was iden-
tical with this technique.

Table 1 Characteristics of musts from Lado in 2004 and 2005 vin-
tages

The data are mean values of duplicates
a Harvest date: 7/10/2004
b Harvest date: 27/9/2005

Parameter Vintage 2004a Vintage 2005b

Potential alcohol (%) 14.6 12.7

Sugar content (g/l) 255.4 221.7

pH 3.12 3.14

Total acidity (g/l tartaric acid) 5.7 7.8

Fig. 1 Evolution of fermentations from Lado in 2004 (a) and 2005
(b). Unbroken lines indicate the variation of density. Broken lines rep-
resent temperature variation
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In addition, yeast strains isolated during spontaneous
fermentations were genetically characterized. This
approach allowed the identiWcation of only three diVerent
strains of S. cerevisiae in 2004 and six diVerent strains in
2005. The genetic proWle of these strains and the frequency
found for each strain are represented in Fig. 3.

In 2004 strain D was the major yeast component, appear-
ing with a frequency of 58%, although strain G reached
37%. The latter could be a strain well adapted to the cellar
environment, since it also appeared at 15% in 2005 fermen-
tation, being the only common strain for both years. This
strain, mainly isolated from must samples, was substituted
by strain D during fermentation.

Spontaneous fermentation carried out in 2005 was
clearly dominated by strain A, whose genetic proWle was
similar to the commercial strains used. In this case, Wve
other secondary strains were identiWed at frequencies lower
than 10%.

The genetic diversity found was low when compared to
that reported earlier for the same experimental cellar [5].
Although several factors can aVect yeast population, the
characteristics of must from Lado (high sugar content and
low pH), in conjunction with excessive clariWcation, are
likely to be the main causes for the low diversity observed
in our study [16, 25].

Chemical composition of wine

The chemical composition of wines derived from Lado is
summarized in Table 3. In general, the wines showed a

very high alcohol content and total acidity, whereas the pH
(3.0) was low when compared to the standard values
described for white wines from Galicia [31]. The wines
obtained in 2004 reached an extremely high degree of alco-
hol (14.8%), although this was in agreement with the
amount of sugars and the expected degree recorded for the
must (Table 1). In addition, these wines contained residual
sugars, probably due to the premature stopping caused by
excessive alcohol concentration at the end of fermentation.
Wines from 2005 were better balanced. The degree of alco-
hol was lower than in 2004, and the amount of sugars con-
Wrmed that the wines were fermented to dryness. Despite

Fig. 2 Genetic characterization of S. cerevisiae strains isolated from
inoculated fermentations. M 1-kb molecular marker (Promega). Line 1
control, lines 2–6 and lines 7–12 yeast strains isolated from fermenta-
tions LD05-A and LD05-B, respectively

1 2 3 4 5 6 M 7 8 9 10 11 12

4,0 

6,0 

5,0 

3,0  

Size
(Kbp) 

Table 2 Yeast population (cfu/
ml) in must and at diVerent stag-
es of fermentation

Fermentation ClariWed must Initial fermentation Middle fermentation Final fermentation

LD04-A 2.50 £ 102 4.2 £ 107 7.1 £ 107
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Fig. 3 a Genetic proWles (mtDNA-RFLP) of S. cerevisiae strains iso-
lated from spontaneous fermentations with Lado must. M 1-kb molec-
ular weight marker (Promega). Lanes A–H are diVerent strains. b
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the degree of alcohol reached, the total acidity was high
(7.0 g/l) for all wines analysed.

Inoculated fermentations always yielded a higher
amount of alcohol than spontaneous ones, indicating that
the eYciency of commercial strains, in that the amount of
sugar necessary to increase the alcohol content in 1° was
less than that required by native yeasts. Conversly, total
acidity was higher in spontaneous fermentations. These
data indicated that although yeasts with a good capacity for
alcohol production are desirable in winemaking, when the
grape variety used has a high potential alcohol, strains with
lower alcohol yields might be more suitable. Such strains
would allow a total consumption of sugar without produc-
ing excessive alcohol levels.

Sensory analysis proved that the wines from Lado were
not well accepted by testers because of their unbalanced
structure and sourness. The chemical properties of wines,
joined to the minority character of Lado, make this variety
as a good candidate to be used in mixtures with other

main grapevine cultivars from Galicia to counteract its
acidity.

To evaluate the potential of Lado as a complement, wine
from this variety was mixed with monovarietal wines of
Treixadura and Godello as indicated in “Materials and
methods”. The chemical characteristics of wines used and
the resulting wines are listed in Table 4. Godello wine pre-
sented the same alcohol content as Lado, but the acidity
was lower. Therefore, the blend of these varieties yielded a
wine with a relatively high alcohol level but with accept-
able acidity. With respect to Treixadura, this wine showed
an alcohol degree lower than the two previous ones, and a
very low acidity. Both parameters increased to more
acceptable values when it was mixed with Lado. Finally, a
better-balanced wine was obtained when the three varieties
were blended, this being also the wine that had better
acceptance in sensory analysis.
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