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Abstract Diversity of lactic acid bacteria (LAB) species
has been analyzed for three consecutive years (2006, 2007,
and 2008) during alcoholic and malolactic fermentations of
Tempranillo wine in a winery at La Rioja. The results
showed differences in malolactic fermentation duration, and
in both diversity of LAB species and diversity of
Oenococcus oeni genotypes. O. oeni was shown to be the
predominant species (73% of total isolates). Monitoring the
different strains of O. oeni using pulsed-field gel electro-
phoresis of chromosomal DNA digested with SfiI and ApaI
allowed detection of a total of 37 distinct genotypes, most
of them comprised at least two isolates. Six appeared in
more than one vintage, one of them being present in the
three studied years. Moreover, four genotypes were indis-
tinct of the strains isolated from the air of this same winery
in 2007 vintage. The frequency of participation of each
genotype varied from year to year, thus dominant genotypes
at one year were minority or not present at another year.
This suggests that distinct indigenous O. oeni strains are
better adapted to the different winery conditions every year.

Predominant genotypes that appeared in more than one
vintage and lead to quality wines with low histamine
contents could be considered as interesting for selecting of
new malolactic starter cultures.

Introduction

The microorganisms play an essential role in winemaking.
Yeast is able to convert sugar from grapes into alcohol and
many other changes that lead to wine [1]. Lactic acid
bacteria (LAB) are responsible to maintain the result of the
yeast metabolism and to increase the complexity and
microbial stability of this wine. To control the fermentation
process, it is necessary to know and to understand the
complex microbiota involved in them [2]. First studies of
microbial ecology of wine were focused on the study of
yeast; and subsequently, the difficulties encountered in
carrying out malolactic fermentation (MLF) increased
interest in the study of bacteria in wine [3]. In recent years,
much work has been done on the study of the bacteria
responsible for the transformation of malic acid into lactic
acid and CO2, and all of them have concluded that
Oenococcus oeni is the main agent of this biological
deacidification, and therefore one of the most interesting
oenological species [4–6]. This species has been studied at
genetic and phenotypic level with the aim of selecting those
most appropriate for marketing and promoting a reliable
and quick fermentation [7, 8]. The development of efficient
malolactic starters has therefore become one of the main
challenges for oenological research in recent years. Several
reports have shown that the success of these starters
depends on strain and is influenced by a variety of
conditions, including adaptation to the conditions of
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production of each wine [9–11]. Moreover, recent studies of
the LAB strain diversity during consecutive vintages have
shown the presence of some genotypes in several wineries
and suggest the existence of a population of cosmopolitan
O. oeni strains in a determinate wine-growing region [12].
Therefore, it is necessary to study previously the represen-
tative and best-adapted microbiota to the type of wine and
winemaking procedures in each elaboration area. Studies
conducted so far have been made mainly at the MLF stage,
with other grape varieties or only in 1 year [7, 12–14]. In
the present study, we analyze both the LAB diversity and
the different O. oeni strains throughout alcoholic fermenta-
tion (AF) and MLF in order to know how they evolve and
which one predominates in three consecutive vintages. This
study contributes to a first knowledge of bacterial ecology
from year to year in a winery at La Rioja region and in wine
elaborated from Tempranillo, the classic red grape variety
of Spain and native of Rioja Appellation.

Methods

Wine Production and Wine Samples

Traditional red wines elaborated from c.v. Tempranillo local
grapes of 2006, 2007, and 2008 vintages, at one winery at
the Spanish northern region of Rioja, were used in this
study. Winemaking practices were typical of this wine-
producing area: AF was conducted in the presence of grape
skins, seeds, and stalks after the addition of sulfur dioxide
and until the residual reducing sugar content was under 2 g/l.
At this endpoint of AF, wines were drawn off into cement
tanks and were allowed to undergo spontaneousMLFwith the
endogenous microbiota (no starter inoculum was used). The

sampled winery had never used commercial starters for
MLF. One fermentation tank was sampled in each
vintage. Wine samples were collected aseptically for
chemical and microbiological analyses at different times:
must (stage 1), tumultuous AF (density around 1,025; stage 2),
at the end of AF (<2 g/l glucose+fructose; stage 3),
consumption of 10% (stage 4), 60% (stage 5) of the initial
malic acid, and L-malic acid concentration <0.5 g/l (stage 6).

Chemical Analysis of the Musts and Wines

Alcohol degree, total acidity, volatile acidity, pH, free and total
SO2, and reducing sugars were measured according to the
European Community Official Methods [15]. Color intensity
was calculated as the sum of optical density (OD) 420, 520,
and 620 nm and total phenols as OD 280 nm [15]. Histamine
was analyzed by reverse-phase high-performance liquid
chromatography using the method reported by López [16].
MLF was followed by measuring wine L-malic acid and L-
lactic acid content using kits for Enzymatic BioAnalysis
(Boehringer-Mannheim/R-Biopharm, Darmstadt, Germany).

Bacterial Enumeration and Isolation

Wine samples were diluted in sterile saline solution and plated
on deMan, Rogosa, and Sharpe agar (Scharlau Chemie S.A.,
Barcelona, Spain) plates supplemented with tomato juice
(10% v/v), fructose (6 g/l), cysteine-HCl (0.5 g/l), D,L-malic
acid (5 g/l), and 50 mg of pymaricine/l (Acofarma, S. Coop.,
Terrassa, Spain). Samples were incubated at 30°C under
strict anaerobic conditions (Gas Pak System, Oxoid Ltd.,
Basingstoke, England, UK) for at least 10 days, and viable
counts were reported as the number of colony-forming units per
milliliter (CFU/ml). Fifteen colonies from each wine sample

Table 1 Analytical composition of must (stage 1) and wines (stages 3 and 6) during 3 years

Year 2006 2007 2008

Stage 1 3 6 1 3 6 1 3 6

Acohol content (% v/v) – 13.0 – – 13.8 – – 14.0 –

pH 3.57 3.64 3.83 3.43 3.41 3.57 3.30 3.32 3.50

Total acidity (g/l tartaric acid) 6.19 7.98 5.91 6.53 7.63 6.71 6.34 9.00 7.20

Volatile acidity (g/l acetic acid) – 0.25 0.46 – 0.37 0.49 – 0.26 0.37

Total SO2 (mg/l) – 28.4 – – 38.1 – – 31.6 –

Free SO2 (mg/l) – 4.24 – – 18.1 – – 13.2 –

L-malic acid (g/l) 2.79 2.60 0.04 2.35 1.48 0.16 2.60 2.61 0.21

L-lactic acid (g/l) – 0.25 1.81 – 0.39 1.10 – 0.24 0.72

Total phenols (OD 280 nm) – 50.3 50.2 – 69.3 66.6 – 71.3 67.0

Color intensity (OD 420+520+620 nm) – 11.9 8.73 – 23.2 20.3 – 29.1 27.8

Histamine – nd 2.09 – nd 0.63 – nd 0.33

(–) not analyzed, nd not detected
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were selected for reisolation and identification. Isolates were
stored in 20% sterile skim milk (DIFCO) at −20°C.

Species Identification

Species identification was carried out by previously
recommended methods, which included bacteria morphol-
ogy, Gram staining, and catalase [17]. O. oeni, Lactobacil-
lus plantarum, and Lactobacillus brevis species was
confirmed by the species-specific polymerase chain reac-
tion (PCR) method [18, 19]. In case of identification of
other unknown species, PCR amplification of partial 16S
rRNA genes was performed with WLAB1 and WLAB2 as
previously described [20]. PCR products were sequenced
by Macrogen Inc. (Seoul, South Korea) and sequences were
used for comparison to the data in GenBank using the Basic
Local Alignment Search Tool [21].

Strain Typing of O. oeni

Pulsed-field gel electrophoresis (PFGE) was carried out
according to the method described by Birren and Lai [22] with
some modifications [13] for agarose block preparation.
Macrorestriction analysis were performed with two separate
enzymes: SfiI endonuclease following the method reported by
Lopez et al. [13], and ApaI following the method reported by
Ruiz et al. [23] with some modifications for optimal
separation of fragments: 1.2% (w/v) agarose gels were
submitted to 24 h with a pulse ramping between 0.5 and 20 s
at 14°C and 6 V/cm in a CHEF DRII apparatus (Bio-Rad).

Numerical Analysis of Gel Images

The FPQuest™ software version 5.1 (Bio-Rad, Hercules,
CA, USA) was used for conversion, normalization, and
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Figure 1 Viable LAB
counts and L-malic acid
concentration in wines during
the fermentation process

Table 2 Number of isolates and percentage of the LAB species (%) identified at each stage of the vinification in 3 years

Year 2006 2007 2008

Stages 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 Total

O. oeni 42 46 50 100 100 100 100 100 100 100 8 77 100 100 100 100 73

L. plantarum 8 54 50 29 8 7

L. mali 33 12 92 15 7

L. brevis 17 2

L. coryniformis 7 1

L. uvarum 7 1

L. mesenteroides 47 71 6

P. parvulus 27 3

Number of isolates 12 13 14 15 15 11 15 14 13 14 15 15 12 13 15 15 15 15
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further processing of images. Comparison of the obtained
PFGE patterns was performed with Pearson's product–
moment correlation coefficient and the unweighted pair
group method using arithmetic averages.

Results and Discussion

Analytical composition of must and wines during three
vintages are shown in Table 1. Data for chemical
parameters were within the usual range for this vinification
area [16, 24]. Alcohol content ranged between 13.0% and
14.0%, pH was between 3.64 and 3.32, and free SO2 level

was between 4.24 and 18.1 mg/l, at the end of AF. During
MLF, a decrease in total acidity and a subsequent increase
in pH were observed. In addition, an increase in volatile
acidity and a decrease in parameters related to wine color
(total phenols and color intensity) were noted as expected
(Table 1). Thus, the wine from 2008 vintage showed more
restrictive parameters for microbial growth, except for SO2

(higher in 2007), whereas the wine from 2006 vintage
presented higher pH and the lowest values of alcohol
content, SO2, total phenols, and color intensity. Regarding
histamine concentrations in wines, results showed low
levels of this amine in all studied vintages in comparison
with other values reported for spontaneous MLF [25].
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Viable LAB counts and L-malic acid concentration in wines
during the total fermentation process are shown in Fig. 1. AF
completion lasted for 6, 16, and 11 days in 2006, 2007, and
2008 vintages, respectively. Counts during AF were in the
range of 102–103 CFU/mL, increasing to 107–108 CFU/mL
during MLF, similar to spontaneous MLF results reported by
other authors [12, 14]. The development of the MLF was
related to the viable population of LAB and there was a
relation between bacterial population and decrease in L-malic
acid. Important differences in MLF duration were observed
between vintages and MLF completion lasted for 21, 239, and
136 days (calculated as total fermentation days minus days of
AF completion) in 2006, 2007, and 2008 vintages, respec-
tively. The lack of temperature control in the winery (wine
temperature below 12°C after AF in 2007) was the
determinant factor in these differences, but factors such as
pH, composition of the wine, and the interaction with other
microorganisms implicated in the fermentation could also
influence, as has been reported by other authors [2, 7, 26].

Table 2 shows the number of isolates and the percentage
of the LAB species identified at each stage and year of
vinification. A total of 251 LAB isolates were recovered.
The greatest diversity of LAB species was detected during
the AF (stages 1–3). O. oeni was present in all studied
stages of the fermentation process. It was isolated in must
and tumultuous AF in 2006 and 2008 vintages, and was the
only species isolated at MLF in the 3 years, being therefore
the predominant species, followed by L. plantarum and L.
mali. The other non-O. oeni species appeared at stages 1–3
in variable rates in the three vintages. A similar distribution
of species has been also reported by other authors [3, 11]
and they also concluded that O. oeni is the main responsible
species for MLF. The diversity of species found at each year
was different, the number of species isolated in 2007 being
almost double that in 2006 and 2008 and missing O. oeni
until the end of the 2007 AF, a fact that could also influence
the MLF duration as indicated above.

Identification of the O. oeni strains in this study was
successfully achieved by PFGE of DNA digested with SfiI and
each strain presented a characteristic PFGE pattern. Digestions
with ApaI enzyme were not more discriminating than SfiI
restriction (data not shown). Cluster analysis and visual

inspection of the PFGE patterns from the 187 O. oeni isolates
revealed 24, 5, and 15 unrelated patterns in 2006, 2007, and
2008 vintages, respectively (Fig. 2, Table 3). The index of
diversity was also higher in 2006 than in the other years.

The comparison of PFGE patterns between the 3 years
gave a total number of 37 distinct genotypes. Table 4 shows
the number of different O. oeni genotypes taking part in
each vintage, the stages in which each genotype was

Table 4 O. oeni genotypes, isolation stage, and frequency (percent) of
their appearance at each vintage

Genotype Isolation stages 2006 2007 2008

1 1–2 5

2 1–3 5

3 2–3 8 1

4 2–3 5

5 1 2

6 1 2

7 2 2

8 3 2

9 4 14

10 4 2

11 4–5–6 7

12 4 8

13 4–5–6 2 45

14 5 3

15 5 2

16 5 5

17 4–5–6 2 4

18 3–4–5–6–air 15 14 3

19 5 2

20 3–4–5–6–air 2 32

21 6 2

22 6 2

23 6 2

24 6 2

25 3–4–5–air 14 4

26 3–4–5–6 39

27 6 2

28 1 1

29 2 6

30 2 1

31 2 4

32 2 1

33 3 4

34 3–4–air 14

35 6 1

36 5–6 4

37 6 4

Appearance (%)=number of isolates that presented a specific PFGE
pattern×100/total number of isolates per vintage

Table 3 Number of isolates, number of O. oeni genotypes and index
of diversity (ID) at each vintage

Year Number of
total isolates

Number of
O. oeni isolates

Number of
O. oeni genotypes

IDa

2006 80 59 24 0.94

2007 86 57 5 0.72

2008 85 71 15 0.77

a ID ¼ 1� 1=N N � 1ð Þ½ �P nj nj � 1
� �

, where N is the total number
of strains and n is the number strains belonging to each type

16 L. González-Arenzana et al.



isolated and the frequency of their appearance at each
vintage. Twenty-one PFGE patterns comprised several
isolates (between 2 and 33), 16 strains showed unique
PFGE patterns (results not shown) with percentages of
appearance ranged between 1 and 2 at each year (Table 4).

This is the first study, to our knowledge, that analyzes O.
oeni strain variability along the whole fermentation process
in three consecutive years. Curiously, only 14 genotypes
appeared at AF (stages 1–3), six were present at all MLF
stages [1, 9, 24], and only three of them were also detected
at stage 3. Therefore, no genotype was isolated in all
fermentation stages (Table 4).

Seven genotypes (9, 13, 18, 20, 25, 26, and 34) could
be described as predominant because they were detected

most frequently (>10%). Genotypes 3, 13, 17, 18, 20,
and 25 appeared in more than one vintage and only one
genotype [25] was detected in the three studied years.
There was also four genotypes (18, 20, 25, and 34)
indistinct of the strains isolated by Garijo et al. [27] from
the air of this winery in 2007 vintage. The frequency of
participation of each genotype varied from year to year,
thus dominant genotypes at 1 year were minority or not
present at another year.

Comparing coincident genotypes for the three vintages,
it was observed that 2006 and 2008 shared the same
number [1] of patterns and only one was different from year
to year but their frequency of appearance was very
different, which suggests the adaptation of O. oeni strains
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that grow spontaneously in wine to the winery conditions
every year. Similar results were reported by other authors in
studies of population of bacteria and yeast [7, 14, 28].

Figure 3 shows the population dynamics of O. oeni
genotypes in this study. Interestingly, most fermentation
stages showed mixed O. oeni strains populations, which
confirmed that several strains of O. oeni occur in a single
spontaneous MLF [13, 14, 29]. The number of different
genotypes identified ranged from 0 to 5 and from 3 to 9 at
stages 1–3 and 4–6, respectively. The 2006 vintage showed
equal or higher number of genotypes than the other
vintages at all stages, except for stage 2; and 2008 was
the only year in which the same genotype persisted as
majority at all three MLF moments studied, although
different genotypes coexisted at the same moment.

Summarizing, this study contributes to a better understand-
ing of microbial diversity of LAB populations from year to
year in red wine. These results all together indicated the high
diversity of indigenous O. oeni strains responsible for MLF
of the wines in this study and the complexity of the ecology
involved in a fermenting wine. Several genotypes [13, 17,
25] can be considered as interesting O. oeni strains because,
in addition to being isolated at more than 1 year in wines
with no significant production of histamine, they were
dominant in most of the MLF stages at each vintage. This
could be the result of successful adaptation to winemaking
conditions and suggests their potential utility for the
selection of new malolactic starter cultures as individual or
mixed strains. Further investigation is required in more
wineries at several vintages to determine coincident geno-
types between wineries and distinctive genotypes at each
winery that could contribute to the peculiarity of the final
product. Moreover, genetic and technological characteriza-
tion of the predominant strains will be necessary to carry out
a starter culture selection as has been performed in other
winemaking regions.
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