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Chapter

Biodiversity of Saccharomyces
cerevisiae Yeasts In Spontaneous
Alcoholic Fermentations: Typical
Cellar or Zone Strains?

Pilar Santamaria, Rosa Lopez, Maria del Patrocinio Garijo,
Rocio Escribano, Lucia Gonzdlez-Arenzana, Isabel Lopez-Alfaro
and Ana Rosa Gutiérrez

Abstract

Spontaneous fermentation is the most traditional way and a low-intervention
method for conducting alcoholic fermentation in wineries, giving rise to the
most complex wine profiles. However, inoculation with single culture inocula of
Saccharomyces cerevisiae strains has become widespread in the modern wine indus-
try. Nevertheless, some authors have pointed out that the use of the same yeasts
in all the winegrowing regions of the world can cause a loss of typicity and have a
standardizing effect on the wines. For this reason, many wineries and regions are
carrying out programs of isolation and selection of yeasts that are typical of their
vineyards/wineries. The aim of this work was to study the ecology of spontaneous
fermentations in 11 wineries from all over the Rioja qualified designation of origin
(Spain) during 3-4 consecutive years in order to establish the existence of typi-
cal strains belonging to wineries, sub-zones, or regional ecosystems. The results
obtained showed a great diversity of strains of Saccharomyces cerevisiae in each
fermentation studied. These strains were different each year in each winery, and
hardly any common strains were detected between neighboring wineries, which
would indicate that there are no representative strains from the winery or the area.

Keywords: Rioja qualified designation of origin, alcoholic fermentation,
saccharomyces cerevisiae, diversity, ecology, typical strains

1. Introduction

Spontaneous fermentation is the most traditional way and a low-intervention
method for conducting alcoholic fermentation in wineries, giving rise to the most
complex wine profiles. This complexity develops because of the large number of
different yeast species involved (Saccharomyces spp. and non-Saccharomyces) [1].
However, the presence of unknown microbiota makes it a risky and unpredictable
practice. For this reason, the inoculation with single culture inocula of Saccharomyces
cerevisiae has become widespread in the modern wine industry to reduce the risk of
wine spoilage. Nevertheless, some authors have pointed out that the use of the same

1 IntechOpen



Advances in Grape and Wine Biotechnology

yeasts in all the winegrowing regions of the world can cause a loss of typicity and
have a negative effect on the biodiversity of natural yeasts present in the wineries [2].

S. cerevisiae is the predominant yeast species in alcoholic fermentation and the
main element responsible for the characteristics of the wines. Many surveys car-
ried out with spontaneous fermentations in different wine-producing regions have
demonstrated that there is high genetic diversity within this species in each vinifica-
tion [3]. However, in most cases, only a small number of strains of S. cerevisiae are
dominant, mainly in the tumultuous and final fermentation stages, representing a
high percentage out of the total number of strains identified.

Earlier studies have shown that some strains of S. cerevisiae have been isolated
in several consecutive years in the same winery, which is why some authors have
suggested the term “winery effect” [4], and also some strains of these species were
detected in different wineries of the same wine-producing area, suggesting that
they were representative of a specific enological ecosystem [5, 6]. Knight et al. [7]
even found specific genotypes from a particular region. These findings suggest
that specific native S. cerevisiae strains could be associated with a terroir and have
an influence on terroir-associated wine characteristics [8] These authors found a
correlation between genotypic and phenotypic groups and the geographical origin
of the strains, supporting the concept that there can be a microbial aspect to terroir.

Nowadays, many wineries and regions are carrying out strain selection programs
with yeasts isolated from their vineyard/winery ecosystems, based on the idea that
these yeasts are better adapted to their musts, which have characteristics determined
by the grape varieties and the terroir [9, 10]. Thus, the use of these typical strains
as starter yeasts could provide wines with distinctive characteristics of a particular
winery or region. For this reason, studying the existence of strains which are spe-
cific to one winery or enological area is very interesting for the wine industry [11].

Rioja is a wine region in Spain with qualified designation of origin status. It is sub-
divided into three sub-zones: Rioja Alta, Rioja Oriental, and Rioja Alavesa. Rioja Alta is
located on the western edge of the region and at higher elevations with an Atlantic climate.
Rioja Oriental, the eastern section, is strongly influenced by a Mediterranean climate
which makes this area the warmest and driest part of the region. Rioja Alavesa, witha
similar climate to Rioja Alta, produces different wines due to the relatively poor condition
of the soil. Each sub-zone has its own character, which results in different wines derived
from the different compositions and origins of the soils and the climate conditions.

The study of the ecology and biodiversity of the yeast population during alcoholic
fermentation is an interesting and important step in the research into, and understanding
of, a winegrowing area and should be a step prior to the selection and subsequent employ-
ment of the yeasts isolated from that area as starters. The aim of this work was to study the
ecology of spontaneous fermentations in 11 wineries from all over the Rioja Designation
of Origin during 3-4 consecutive years in order to establish the existence of typical strains
belonging to wineries, sub-zones, and regional ecosystems. The wineries under study
were distributed throughout the three sub-zones of the Rioja designation of origin.

2. Study on the ecology of S. cerevisiae in the Rioja qualified designation
of origin

2.1 Material and methods

2.1.1 Sample collection

Samples were taken from 11 wineries (A-K) located in three different sub-zones
of the Rioja designation of origin (Rioja Alta, Rioja Oriental, and Rioja Alavesa)
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over a period of 3 or 4 consecutive years (Figure 1). None of the wineries studied
had ever used a commercial starter yeast. Wineries A and B were new; wineries C,
E, and K were about 20 years old, while the others were over 50 years old.

Alcoholic fermentation (AF) was carried out by the destemming and crushing
method in stainless steel (wineries A, B, C, D, and F) or wooden vats (winery H).
In the other wineries, AF was carried out following the traditional carbonic macera-
tion method (whole grape) in open concrete vats (wineries E, G, I, ], and K). The
wines underwent spontaneous AF with the indigenous microbiota in all cases.

In each winery, one fermentation tank was monitored in each year studied.
The sampling was carried out 24 hours after vatting, in tumultuous AF (density
1025 g/L) and final AF.

2.1.2 Microbial analyses: strain typing of S. cerevisiae

Samples collected in sterile bottles were taken to the laboratory and processed as
follows: serial decimal dilutions were performed, and the samples were seeded onto
plates containing a chloramphenicol glucose agar medium (CGA). The plates were
incubated at 28°C for 48 h. Plates containing between 30 and 300 colonies were
examined, and 10 colonies were randomly isolated from each CGA plate. The colo-
nies were analyzed in order to identify Saccharomyces and non-Saccharomyces yeast
and the clonal distribution of the S. cerevisiae by mitochondrial DNA (mtDNA)
restriction analysis. Yeast cells were grown overnight in a culture of 5 ml YPD. DNA
extraction and mtDNA restriction were determined by the method described by
Querol and Barrio [12]. The DNA was digested with the restriction endonucleases
Alul, RSal, and Hinf I, in accordance with the supplier’s instructions (Boehringer
Mannheim). The restriction fragments were separated by electrophoresis in agarose
1% gels and visualized on a UV transilluminator after ethidium bromide staining.

The different clones isolated in each fermentation were named with the letter of
the cellar (A-K), followed by a Roman numeral and year of harvest (1-4).

The clonal variability of each fermentation was determined as a percentage
of different S. cerevisiae genotypes compared to the total colonies S. cerevisiae
identified.

The index of diversity (I.D.) [13] was calculated with the different S. cerevisiae
strains identified in the tumultuous and final stages of fermentation, according to
the following equation:

LD~ 1~ N (N-1)

ey

where N is the total number of S. cerevisiae strains and n; is the number of S.
cerevisiae strains with the same electrophoretic profile.

2.2 Results and discussion

2.2.1 Ecology of the yeast population during alcoholic fermentation in Rioja Oriental
sub-zone

In this sub-zone, four wineries were sampled (A-D). In all of them, the vinifica-
tion took place after destemming and crushing the grapes.

As expected, and concurring with previous studies on the ecology of alcoholic
fermentation (FA) [14, 15], non-Saccharomyces yeasts were detected mainly in the
first stages of the fermentation (data not shown). The rest of the yeasts isolated in
this sub-zone (316 colonies) were identified as belonging to the S. cerevisiae species.



Advances in Grape and Wine Biotechnology

RIOJA AL?VESA

v

Figure 1.
Location of the wineries in the three different sub-zones of the Rioja designation of origin.

The clonal variability in this species was different depending on the winery and
the year studied within each winery (Table 1). Thus, while in cellars A and B the
total clonal variability was 13.8 and 21.8%, respectively, in the other two (C and D),
it was around 35%. Because of the lower variability in the first two wineries, the
index of diversity was also smaller.

A percentage of the isolated microbiota in each harvest had already been identi-
fied in previous years (Table 1). This percentage was higher in wineries A and
B, while in the others, this proportion was lower. However, the evolution in the
population of the strains during fermentation was similar in all the wineries, since
in all of them the fermentation in general was carried out by one or two majority
yeasts (Table 2) associated with a variable number of minority strains (Table 3).
This majority strain(s) represented between 50 and 82% of the total isolated in
each vinification (Table 2). The only exception was found in vintage 2 of cellar C,
in which there were three major strains with a percentage of 14.3% each. Previous
research on the S. cerevisiae population in spontaneous fermentations also showed
the existence of a great diversity of strains. Among them, one or two represented
more than 50% of the total [16, 17].

Nonetheless, only in wineries A and B, there was one common majority strain in the
vinifications studied in the 3-4 years (it is highlighted in the same color in Table 2).
The fact that the same strains were predominant in successive campaigns in the
same winery has already been described in other works [4, 18], for which reason
they considered that these yeasts were representative of the winery or the process-
ing area. In contrast, in other studies, common yeasts were not found from one
campaign to another or were only found in small proportions [19, 20].

The results obtained could suggest that in wineries A and B, there are yeasts
characteristic of the winery that lead the fermentation, in proportions that vary
depending on the characteristics of the vintage. However, in the other two wineries,
the fermentations were carried out by a succession of strains, among which one or
two were majority, but different from one vintage to another.

The main difference between the four wineries studied in the Rioja Oriental
sub-zone was their age. While wineries A and B were new (this study began in
its third and first harvest, respectively), cellar C had been producing wine for
15 years and D for 50. This means that the latter two had more complex ecosystems,
which have been formed over successive harvests, as evidenced by the greater
number of clones that participated in the fermentations and the higher diversity
index (Table1).
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Winery  Years Isolates of Number of Clonal Indexof  Genotypes detected in
S. cerevisiae different variability diversity previous years
analyzed clones (%)
Number %
A 1 29 6 20.7 0.65 - -
2 28 7 25.0 0.77 3 714
3 22 4 18.2 0.33 2 86.3
4 30 6 20.0 0.46 3 83.2
Total 109 15 13.8 0.64
B 1 - - - - - -
2 20 5 25.0 0.76 - -
3 30 9 30.0 0.84 2 36.6
4 28 8 28.6 0.77 3 63.8
Total 78 17 21.8 0.83
C 1 - - - - - -
2 21 11 534 0.94 - -
3 22 8 36.4 0.77 2 13.6
4 24 11 45.8 0.87 3 45.8
Total 67 25 37.3 0.92
D 1 - - - - - -
2 20 10 50.0 0.86 - -
3 22 5 227 0,58 1 9.1
4 20 8 40.0 0.82 2 10.0
Total 62 20 323 0.91
Table 1.

Clonal diversity of S. cerevisiae yeasts in Rioja Oriental wineries in 4 consecutive years (1—4).

In a later study, carried out by our research group in cellar B [21], 72 colonies
of the species S. cerevisiae were isolated in three fermentation tanks analyzed. The
results showed 41 different clones, which provided a clonal variability of 56.9% and
a biodiversity index of 0.98. These data would indicate that the fermentations were
carried out by the succession of different clones and that there were no dominant
ones. On the other hand, the comparison of the restriction profiles of this year’s
clones with those identified in the years specified in Tables 1 and 2 showed that
there was no correspondence with any of them, and therefore the majority strain
(Table 2) that was isolated in the first three vintages as representative of the winery
did not appear years later. Therefore, the ecology of the fermentations of this last
year in cellar B was similar to those found in cellars C and D in the period shown
previously. The situation in winery A could be similar, but it could not be proven
since in the following years, commercial yeasts were inoculated, and the study
could not be carried out. Taking into account the results shown, the presence of a
dominant strain in the elaborations of wineries A and B could be due to the fact that
they are new wineries and not to the existence of representative yeasts.

On the other hand, the comparison of the different restriction profiles obtained
in the four wineries during the 3-4 years of study showed that only two yeasts were
common among the different wineries (Table 3). Therefore, the results obtained in
this study did not show the existence of typical strain/s of this sub-zone. In the wine
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Years 1 2 3 4
Winery Strain % Strain % Strain % Strain %
A AL 55.2 A-I 429 A-1V; 81.8 AL, 73.3
A-IL 241 AL, 214
Total 79.3 64.3 818 73.3
B - - B-I, 35.0 B-I; 333 B-IL, 214
- - B-1V, 35.0 B-VIII; 20.0 B-1V, 423
Total - 70.0 53.3 63.7
C - - C-Iv, 14.3 CI; 40.9 C-L 333
- - CVv, 14.3 C-1v; 273 C-IX, 16.7
C-X, 14.3
Total - 429 68.2 50.0
D - - D-V, 35.0 D-II; 63.6 D-L, 35.0
- - D-V], 15.0 D-II14 25.0
Total - 50.0 63.6 60.0

Clones with box in gray within the same winery indicate that they ave the same strain, according to their mtDNA
restriction profiles

Table 2.
Major S. cevevisiae strains in the fermentations of Rioja Oriental in 4 consecutive years (1-4).

Winery A Winery B Winery C Winery D

1 2 3 4 2 3 4 2 3 4 2 3 4

AL AL AL AL Bl Bl B, CL Cl CL DL, DI DI

A1, AL, A, A, BI, BI; BI, CI, CI; CI, DI, DI, DI,

A1l AL, A-Il;  A-IIL,  B-III, B-IIL B-Ill, C-I, C-III; C-II1, D-III, D-IlI; D-IIl,

A1V, A1V, A-1V; A1V, B-IV, B-IV; B-1v, C-1v, C-IV; C-IVy D-1Iv, D-IV; D-IV,

AV, AV, AV, BV, BV; BV, CV, CV; €V DV, DV; DV,
AVL, AV AVL, BV BVL, CVL CVL CVL DVL D-VL,
AVIL, BVI; BVIL, CVI, CVI; CVI, DVIL D-VIL,
BVII; BVI, CVIL CVI CVIL D-VIL D-VIIL,
B-IX; C-IX, CIX, DIX,
CX, CX, DX
CXL CXl,

Clones in bold and with box in gray in different columns show the same clones in different cellars

Table 3.
S. cerevisiae clones identified in each elaboration of Rioja Oriental in 4 consecutive years (1-4).

area of Charentes in Cognac, a strain widely distributed throughout the area had
been described, which was considered representative of the wine region. But unlike
our data, this strain was the dominant one in all the samples where it appeared [18].
Likewise, in other ecological studies, widely disseminated strains were isolated in
an area, and it was thought that they may be typical strains of that area [22].
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2.2.2 Ecology of the yeast population during alcoholic fermentation in Rioja Alta
sub-zone

In this sub-zone, five wineries were sampled. Vinification was by both the destem-
ming and crushing (F and H) and the carbonic maceration methods (E, G, and I).

As happened in the Rioja Oriental, alcoholic fermentation in the Rioja Alta
sub-zone was carried out by yeasts of the S. cerevisiae species, since the non-Saccha-
romyces group was identified mainly in the early stages of the process. However, in
the third harvest of cellars E and F, three colonies belonging to non-Saccharomyces
genera were isolated in tumultuous fermentation (data not shown). The detection of
these yeasts in advanced stages of winemaking had also been reported in other works
[23, 24]. In total, 450 yeasts belonging to the S. cerevisiae species were studied.

Clonal variability was high in this sub-zone in all the wineries (Table 4). From
the 450 isolated colonies of S. cerevisiae, 177 different clones were identified, result-
ing in high clonal variability in Rioja Alta, which ranged between 35% in winery H
and 39% in winery F, with the exception of cellar I, in which 50% was reached. It
is noteworthy that clonal variability depended on the year analyzed, being gener-
ally lower the first year and higher the third. These results could be related to the
climatological characteristics of the harvest.

The index of diversity was high and similar for all the wineries with a value of
0.95-0.96. These results were due to the high number of different strains that partici-
pated in each fermentation, which in the case of wineries F and I was favored by the low
presence of common clones in different campaigns within the same winery (Table 4).
In wineries E, G, and H, although there were more strains that appeared in different
campaigns, they did so in a low percentage, and, therefore, the index remained high.

The population evolution in this sub-zone was similar to Rioja Oriental, since the
alcoholic fermentation was carried out by different clones during the fermentation
process. In most of the vinifications, 1-3 majority clones were detected, represent-
ing at least 43% of the population (Table 5). However, in this sub-zone certain
exceptions were found. Thus, in the first year analyzed in winery F, one clone
represented 65% of the total and so was therefore dominant and responsible for
the fermentation. This could be due to the special characteristics of this campaign
(frosts at the end of April, high rainfall and strong winds in spring, hail storms and
low temperatures in summer) that negatively influenced the grape ripening and
meant that few yeasts were able to adapt and develop to carry out the fermentation.
These conditions were more adverse in winery F, due to its geographic situation. It is
the winery located at higher altitude and closer to the mountains.

On the other hand, in wineries G and I, there were vinification processes in which
no major clones were isolated, which could be related to the high number of different
clones that participated in the fermentations. What these wineries have in common
is that they follow the carbonic maceration method and have been making wine for
more than 100 years. Santamaria et al. [15] showed that the number of different
S. cerevisiae strains and the frequency of their appearance varied according to age.

When comparing the clones found in the five wineries (Table 6), only pattern I,
coming from the last year studied in the four wineries, was common in all of them.
When comparing the restriction profiles of the four strains, all of them showed the
same electrophoretic pattern (Figure 2).

The presence of the same strain in four wineries could be due to the fact that the
villages where wineries G, H, and I are located are geographically very close to each
other (Figure1). In cellar F, a little further away, a part of the grapes came from the
same area as the other three. In this fourth year of study, strong winds were reported
by grape growers in September and October. These winds could be responsible for
transporting yeasts from one area to another, which would explain the appearance
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Winery  Years Isolates of Number of Clonal Indexof  Genotypes detected in
S. cerevisiae different variability diversity previous years
analyzed clones (%)
Number %
E 1 30 10 333 0.80 - -
2 30 14 46.7 0.93 2 6.6
3 12 8 66.7 0.91 3 41.6
4 20 8 40.0 0.87 1 5.0
Total 92 34 37.0 0.96
F 1 20 5 25.0 0.57 -
2 23 10 435 0.91 0 0
3 19 9 474 0.85 0 0
4 20 9 45.0 0.79 1 5.0
Total 82 32 39.0 0.95
G 1 30 13 433 0.93 - -
2 23 11 47.8 0.92 0 0
3 21 12 571 0.92 5 573
4 30 12 40.0 0.85 3 40.0
Total 104 40 38.5 0.95
H 1 20 9 45.0 0.88 - -
2 30 13 433 0.92 3 36.6
3 20 11 55.0 0.88 4 50.0
4 30 13 433 0.80 4 232
Total 100 35 35.0 0.95
I 1 - - - - - -
2 22 9 409 0.82 - -
3 30 20 66.7 0.97 3 13.3
4 20 11 55.0 0.76 1 5.0
Total 72 36 50.0 0.96
Table 4.

Clonal diversity of S. cerevisiae yeasts in Rioja Alta wineries in 4 consecutive years (1—4).

of the same strain in the four wineries. This yeast could come from the grapes,

since in none of the three previous vintages had this strain been isolated in any of
the cellars. This strain dominated the beginning of the fermentations and was later
replaced by other indigenous strains, since in no case was it isolated at the end of the
fermentation processes. These results would concur with those of Schiitz and Gafner
[19], who consider that the population of yeasts can be considered dependent on the
harvest and the vineyard, and also with Le Jeune et al. [25], who indicated that the
populations involved in spontaneous alcoholic fermentation result from a balance
between the S. cerevisiae strains present in the grape and in the cellar.

The data obtained would show the existence of extensive microbiota in each
winery, which, together with the microflora that accompanies the grapes, will
develop according to the characteristics of the harvest. The fermentations would
be the result of the sequence of different yeasts, and despite having found a widely
spread yeast in the sub-zone 1 year, it did not appear in any other winery in the
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Years 1 2 3 4
Winery Strain % Strain % Strain % Strain %
E E- 40.0 E-L, 133 E-I; 25.0 E-L, 20.0
E-II 20.0 E-IV, 16.7 E-III; 25.0 E-1V, 25.0
E-XL, 133 E-V, 20.0
Total 60.0 43.3 50.0 65.0
F F-1IL 65.0 F-II 13.0 F-I; 25.0 F-L, 45.0
F-1II, 21.8 F-V; 30.0
F-VIIL, 174
Total 65.0 52.2 55.0 45.0
G G-, 20.0 G-V, 20.0 G-I 14.3 G-l 333
G-VII, 15.0 G-1V; 28.6 G-I11, 20.0
G-VIL, 15.0 G-VL, 174
Total 20.0 50.0 429 70.7
H H-II 25 H-IIL, 20.0 H-L; 30.0 H-I, 433
H-1IT, 20 H-X, 13.3 H-TI; 20.0 H-XI, 133
Total 55 33.3 50.0 56.6
I - - I, 18.2 I-XV; 15.0 I-L 50.0
-1V, 36.4
Total - 54.6 15.0 50.0
Table s.

Major S. cervevisiae strains in the fermentations of Rioja Alta in 4 consecutive years (1—4).

other three campaigns studied. So, we do not consider that in Rioja Alta, there are
representative strains from either the wineries or the sub-zone.

2.2.3 Ecology of the yeast population during alcoholic fermentation in the Rioja
Alavesa sub-zone

In this sub-zone, two wineries (J and K) were sampled, where wines were
produced by the carbonic maceration method. As in the other two sub-zones, the
non-Saccharomyces yeasts participated at the beginning of the alcoholic fermenta-
tion, and later they were replaced by S. cerevisiae strains, which were the ones that
directed and carried out the process until the end. In total, 149 colonies of these
species were isolated.

The level of clonal variability was very high in both cellars, especially in winery
K, where it reached 60% (Table 7). It is noteworthy that the highest percentage of
clonal variability in both wineries was obtained in the third year, as in the vinifica-
tions in the Rioja Alta, which confirms the importance of the characteristics of the
harvest in the microbiota that drives the fermentations.

As in the rest of the sub-zones, the high number of different clones identified
in each fermentation and the few common yeasts between campaigns (Table 7)
provided high indexes of diversity, which reached values of 0.95 and 0.98 for cellars
J and K, respectively. These indices were of the same order as those found in Rioja
Alta and higher than those of Rioja Oriental. Likewise, the number of yeasts that
participated in more than one campaign was small in the two wineries, with the



(1)

Winery E Winery F Winery G Winery H Winery I
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 2 3 4
E-I, E-L E-I E-L, F-I F-L, F-I; F-14 G-, G-I G-, G-I H-L H-IL, H-L3 H-L I IL I-L
E-1§ E-IL, E-I; E-1, F-IL F-II, F-II3 F-IL, G-I G-I, G-, G-I H-1L H-1I, H-1I3 H-IL, I-11, 11, II-1L,
E-IIL E-IIL, E-1I; E-IIL, F-III,  F-IL F-II1, F-111, G-1IL G-I, G-I G-1IL H-IIL H-III, H-IIT3 H-111, I-1IL, 111, 11111,
E-1V, E-1V, E-IV; E-1v, F-IV;  F-1V, F-IV; F-1V, GIvV;  GIV, Gl1vV; G-IV, H-IV; H-IV, HIV; H-IV, -1V, IBA'A II-1V,
E-v; E-V, E-V; E-V, F-v; F-V, F-V; F-v, G-V, GV, G-V; G-V, H-V; H-V, H-V; H-V, v, IA'A IV
E-V E-V], E-V]; E-VL F-VI, F-VL F-V], G-V GV, G-V G-V, H-VL H-VI, H-VL H-V], VL, V], 11V,
E-VIL E-VIL, E-VIL E-VIL, F-VIlyg  F-VIL3 F-VIL, G-Vl; G-I, G-VI G-VIL H-VIL H-VIl, H-VIL H-VIL, [-VII, VI [I-VIl,
E-VIIl; E-VIIL, E-VII; E-VIII, F-VII, F-VII; F-VIIL, G-VII;, G-VIII, G-VIII; G-VII, H-VIL H-VII, H-VI H-VII [-VIIL, [-VIII; [I-VIIL,
EIX, EIX, FIX, FIXs FIX, GIX, GIX, GIX; GIX, HIX, HIX, HIX; HIX, LIX, X, ILIX,
E-X; E-X, F-X; G-X; G-X, G-X; G-Xy H-X, H-X; H-X, I-X; I1-X,
E-XI, G-X GXL, GXI GXL H-XI, H-X]; H-XL, I-X]; II-X1,
E-XII, G-XIL GXIl; GXIL H-XII, H-XII, [-XII3
E-XIII, G-XIIL H-XIIL, H-XIIL, [-XIII,
E-XIV, [-XIV;
I-XV;
[-XV],
[-XVII;
[-XVIIL
[-XIX;3
XX,

Clones with box in gray in different columns show the same clone in different cellars

Table 6.

S. cerevisiae clones identified in each elabovation of Rioja Alta in 4 consecutive years (1—4).
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Figure 2.
Restriction patterns obtained with different vestriction endonucleases, from the patterns I isolated in four Rioja
Alta wineries in year 4.

Winery  Years Isolates of Number of Clonal Indexof  Genotypes detected in
S. cerevisiae different variability diversity previous years
analyzed clones (%)
Number %
J 1 29 15 51.7 0.93 - -
2 30 13 433 0.92 3 299
3 20 14 70.0 0.94 5 50.0
Total 79 34 43.0 0.95
K 1 20 12 60.0 0.95 - -
2 30 14 46.7 0.92 0 0
3 20 19 95.0 0.99 3 15.0
Total 70 42 60.0 0.98
Table 7.

Clonal diversity of S. cerevisiae yeasts in Rioja Alavesa wineries in 3 consecutive years (1-3).

exception of the third year of study in winery J. Therefore, the microbiota respon-
sible for the fermentation was different in each harvest.

Regarding the population dynamics of the fermentation, it was observed that in
the two wineries, the fermentations were carried out by different S. cerevisiae strains
that followed each other during the different fermentative phases. In each vinification
process, several major clones were detected, which represented at least 30% of the
yeasts that carried out the fermentation (Table 8). The exception was the third year,
in which most of the strains that were found in a fermentative phase were replaced
by others in the following stage, particularly in winery K. This fact was also found in
some of the vinifications in wineries G and I in Rioja Alta. All four wineries are over
a hundred years old and conduct vinifications using the carbonic maceration method.

The comparison of the different strains found in the two cellars during the
3 years of study (Table 9) showed the existence of a single common clone, cor-
responding to the fermentations of the second year. Therefore, the data obtained
would show the existence of extensive microbiota in each winery. The fermenta-
tions would be the result of the sequence of different populations of yeasts, as there
are no representative strains of the sub-zone.
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Years 3
Winery Strain % Strain % Strain %
J JIV; 207 J-IIL, 133 JIL 25
J-L 13.8 J-1V, 133
-V, 133
JVL 166
Total 34.5 56.5 25
K K-V 15.5 K-IIL, 16.7 K-1I5 6.7
K-XT 15.0 K-1V, 16.7
K-VL, 133
Total 30.5 46.7 6.7
Table 8.
Major S. cevevisiae strains in the fermentations of Rioja Alavesa in 3 consecutive years (1-3).
Winery] Winery K
1 2 3 1 2 3
J-h J-L J5 K-y K-, K-I4
J-IL J-L, J-11 KL, KL K-111,
J-IIL, J-IIL, JVI KA1, KA1, K-V,
J-1V, J-IV, JVIL, K1V, K-V, KV,
JV, JVL J-IX, KV, KV, KV
JVL JVIL J-Xs KV, KVL, K-VIIL
JVIL JVIIL JXIIy KVIL KVII, K-IX3
JVIIL JIX, J-XIIL K-VIIL K-VIIL K-X;
JIX, JX, JXIV, K-IX, K-IX, KX,
1% JXIIL, KX, KX, K-XII,
JXL, K-XI, K-XI, K-XIII;
JXIL K-XIL KXIL, KXV,
J-X1IL K-XIIL, K-XVI;
JXIV; K-XIV, K-XVII,
JXV, K-XVIIL;
K-XIX5

Clones In bold in different columns show the same clone in different cellars

Table 9.

S. cerevisiae clones identified in each elaboration of Rioja Alavesa in 3 consecutive years (1-3).

3. Conclusions

As in other ecological studies of wine fermentations, spontaneous alcoholic
fermentations in the Rioja qualified designation of origin are mainly conducted by
yeasts of the S. cerevisiae species, and the non-Saccharomyces species have only been
detected in the early stages. These fermentations have been carried out by different
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S. cerevisiae strains that have appeared throughout the different stages of the
process. Out of the 915 colonies of S. cerevisiae analyzed, 330 different clones have
been identified, which means a very high clonal diversity.

Different agronomic and technological factors can influence in the diversity of
the yeasts present in each vinification, such as the age of the winery, the winemak-
ing system employed, and the climate conditions that prevailed during the ripening
period of the grapes. The vinifications carried out in newly constructed wineries
presented a lower clonal diversity than those which took place in older wineries. The
clonal diversity was higher in vinifications conducted by carbonic maceration than
in those carried out after crushing and destemming grapes. Unfavorable climatol-
ogy during the vegetative period decreased the number of strains that participated
in the fermentation.

There were very few common strains that participated in the fermentations car-
ried out in successive years within the same winery, and hardly any common strains
were detected in different wineries of the same sub-zone during the 4 years studied.
All this allows us to affirm that there are no representative “typical” strains of the
wineries, nor of the sub-zones and, therefore, of the Rioja designation of origin.
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