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The behaviour in malolactic fermentation (MLF) of an autochthonous strain of Oenococcus oeni, C221.9,
isolated from a winery in Castilla-La Mancha (Spain), and of two other commercial strains of O. oeni, PN4
and Alpha (Lallemand Inc.), inoculated by direct inoculation (MBR®) and after a short acclimatisation
phase (1-STEP®), was studied. Strain C22L9 carried out MLF slightly faster than the two other commercial
strains, leading to a lower increase in volatile acidity and in 2,3-butanedione and 3-hydroxy-2-butanone
concentrations, a higher lactic acid content, lower degradation of citric acid and increased degradation of
ethanol. No great differences were observed in the duration of MLF, although the acclimatisation cultures
were slightly faster, or in the composition of the wines when using the O. oeni strains in the form of MBR®
or 1-STEP® cultures. The tasters did not detect significant differences in the wines obtained from the same

strain of O. oeni in the two inoculation formats.

INTRODUCTION

Malolactic fermentation (MLF) is generally considered to
be a desirable transformation in the winemaking process.
This process, in which L-malic acid is decarboxylated into
L-lactic acid and CO,, is carried out by lactic acid bacteria
(LAB) and results in the de-acidification and greater
microbiological stability of the wine. In addition, many other
secondary metabolic reactions occur, producing changes in
the organoleptic properties of wines (Lonvaud-Funel, 1999;
Ugliano et al., 2003), which are also dependent on the
bacterial strain responsible for MLF (Costello, 20006).

Previous reports have shown the presence of different
species and strains of LAB in spontaneous MLF, although
Oenococcus oeni has been described as the predominant
species (Wibowo et al., 1985; Lonvaud-Funel, 1999;
Guerrini et al., 2003; Izquierdo Caiias et al., 2009).

MLF is usually performed by the autochthonous
microbiota present in grapes and cellars, but sometimes
the process takes weeks and it does not always achieve
satisfactory results (Agouridis ef al., 2005). In order
to induce and better control MLF, the inoculation of
commercial malolactic starter cultures is becoming a
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common oenological practice in wineries (Bauer & Dicks,
2004). However, the use of starter cultures is not always
successful, because wine is a very harsh environment for
bacterial growth (Coucheney et al., 2005). The growth of the
inoculated bacteria and the time required to complete MLF
are influenced by various environmental factors, such as the
physicochemical parameters, the presence of energy sources
and the existence of other microbiota in the wine (Ribéreau-
Gayon et al., 2006). The use of MLF starter cultures of LAB
strains selected from the indigenous wine microbiota of each
region takes advantage of the natural adaptation of the strains
to the wine characteristics, and may simultaneously preserve
the characteristics of regional wines (Izquierdo ef al., 2004).

Strict criteria are used for the selection of the bacteria
to be used as starter cultures (Krieger-Weber, 2009). These
criteria include tolerance of low pH and high ethanol
and SO, concentrations, good growth characteristics
under the winemaking conditions, compatibility with
the Saccharomyces cerevisiae yeast used in alcoholic
fermentation, ability to survive the production process,
inability to produce biogenic amines, lack of off-flavour or off-
odour production, and the production of aroma compounds
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that may potentially contribute to a favourable wine aroma
profile (Volschenk et al., 2006; Lerm et al., 2010). In the
market, different companies commercialise various types of
LAB starter cultures, which differ in their characteristics and
the time required prior to being added to the wine (Lerm
et al., 2010). The liquid suspension cultures have a shelf life
of only two to 20 days and require a preparation time of three
to seven days. The traditional freeze-dried cultures have to
be rehydrated in a wine/water mixture and, consequently, a
period of three to four days is required prior to addition to
the wine. The quick build-up starter cultures (acclimatisation
cultures) also require an additional rehydration/activation
step, but they may be added to the wine in a shorter period of
time (18 to 24 hours). In contrast, direct inoculation cultures
do not need any special preparation and are added directly to
the wine, although they are more expensive.

This study compares the results obtained from
fermentation assays of Tempranillo red wine inoculated
with the autochthonous O. oeni strain, C22L9, selected by
Ruiz et al. (2010) from a collection of LAB isolates from
Spanish red wines of the Castilla-La Mancha region, and
with each of the O. oeni commercial strains PN4 and Alpha.
The behaviour of freeze-dried direct inoculation cultures and
acclimatisation cultures was also compared for each strain.

MATERIALS AND METHODS

Fermentation assays

Must of the Tempranillo grape variety, also called Cencibel,
from Castilla-La Mancha vineyards, was fermented in
an experimental cellar at the Vine and Wine Institute of
Castilla-La Mancha (IVICAM) during the 2009 vintage.
The chemical composition of the must was as follows:
°Bé 13.21; total acidity 5.35 g/L tartaric acid; pH 3.42;
L-malic acid 2.91 g/L; citric acid 0.33 g/L. A controlled
alcoholic fermentation at 25 + 2°C was carried out using the
commercial yeast UvafermVN® (Lallemand Inc., Montreal,
Canada). After the alcoholic fermentation, the wine was
racked and distributed in eighteen 20-L tanks. For MLF,
three strains of O. oeni were assayed: one autochthonous
strain (C22L9) selected at our laboratory (Ruiz et al., 2010)
and two commercial strains, PN4 and Alpha (Lallemand
Inc.). Each strain was used as a direct inoculation culture
(MBR®) and as an acclimatisation culture (1-STEP®). The
cultures were purchased from Lallemand Inc.

All the fermentations were performed in triplicate. The
commercial preparations for direct inoculation (MBR®)
and acclimatisation culture (1-STEP®) were used according
to the manufacturer’s instructions, and the malolactic
fermentation temperature was 22°C.

MLF development was monitored by determining the
L-malic acid and L-lactic acid content of the wines. When the
malic acid content reached values < 0.2 g/L, the wines were
decanted and sulphited to reach a free SO, concentration of
25.0 mg/L and, subsequently, clarified, stabilised and filtered
through 0.2 um filters, following standard procedures, prior
to bottling.

Chemical analysis of the wines
The wines were analysed before and after MLF. The most
common chemical parameters of wine, namely alcohol

degree, total acidity, pH, volatile acidity, L-malic acid,
L-lactic acid and citric acid contents, were analysed
following official OIV methods (OIV, 2009).

Analysis of volatile compounds

The samples were analysed by GC/MS in SCAN mode using
a Trace GC gas chromatograph (Thermo Quest) and a DSQII
quadrupole mass analyser with an electronic impact source
at 70 eV.

For the major volatile compounds, 200 mL of wine
were steam-distilled to a volume of 200 mL (OIV, 2009).
Then, 1 4L of distilled wine with 4-methyl-2-pentanol as the
internal standard was directly injected. The chromatographic
conditions were as follows: CP-Wax 57 CB (Varian Inc.),
50 m x 0.32 mm and 0.2 um thick phase column, with
helium as the carrier gas (1.7 mL/min, split 1/25); injector
temperature, 220°C; transfer line temperature, 240°C, and
oven temperature, 43°C (5 min); 4°C/min; 100°C-20°C/min ;
190°C (1 min).

For the analysis of the minor volatile compounds, 500
mL of wine containing 100 uL of 10 g/L 4-nonanol as the
internal standard were extracted for 24 h with 250 mL of
a 60:40 mixture of pentane-dichloromethane. The extracts
were concentrated to 2 mL by distillation in a Vigreux
column and kept at -20°C until the time of analysis. Two uL
of the extract were injected in a BP21 column (SGE), 50
m x 0.32 mm internal diameter and 0.25 mm thickness, in
the FFAP phase (polyethylene glycol treated with TPA). The
chromatographic conditions were: oven temperature, 43°C
(15 min); 2°C/min; 125°C-1°C/min; 150°C-4°C/min; 200°C
(45 min), and helium as the carrier gas (1.4 mL/min, split
1/15, splitless time 0.5 min).

The compounds that were separated were identified by
their mass spectra and their chromatographic retention times,
using commercial products as a standard. The quantification
was performed by analysing the characteristic m/z fragment
for each compound using the internal standard method. The
results for the non-available products are shown as the ratio
between the area of each compound and that of the internal
standard.

Sensory analysis

Sensory analysis was performed in order to determine
whether differences were perceived between the wines
obtained from the different strains and from the MBR® and
1-STEP® forms. A triangular test (ISO Standard 4120, 1983)
was carried out by 14 assessors. A significance level of 5%
was chosen.

Statistical analysis

The Student-Newman-Keuls test for multiple comparisons
of the means was carried out in order to determine whether
there were significant differences between the results
obtained from the chemical and the volatile compound
analyses. Multivariate data analysis (PCA) was used to
obtain an overview of the chemical and volatile compounds
analysed and to investigate possible correlations between the
samples. SPSS 12.0 software (IBM, USA) was used for both
analyses.
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RESULTS AND DISCUSSION
Evolution of malolactic fermentation
Figure 1 shows the evolution of the malic acid content of
the wines following inoculation with the assayed strains
used as MBR® and 1-STEP® cultures. Between 11 and 16
days were necessary to reach a malic acid content lower than
0.2 g/L. In all cases, the degradation of malic acid was very
slow during the first days following the inoculation. This
fact has already been reported by other authors (Ugliano &
Moio, 2005) and has been attributed to the characteristic of
wine, such as the pH and the alcohol and SO, contents, which
make wine a very harsh environment for bacterial growth
(Coucheney et al., 2005).

The two commercial strains, PN4 and Alpha, required
a somewhat longer period (between one and three days) to
consume the malic acid compared to the C22L9 strain. For
this strain, no differences were observed in the duration of
MLF when it was used as an MBR® or a 1-STEP® culture;
however, the duration of MLF was slightly longer when PN4
and Alpha were used in the MBR® form.

Chemical and volatile composition

The results for the chemical parameters and the volatile
compounds most closely related to MLF are shown in
Table 1. A decrease in the total acidity of between 0.79 to

1.08 g/L was observed in all the wines following MLF, and
no significant differences were observed between the strains
of O. oeni used. As a consequence, an increase in the pH was
obtained, ranging between 0.12 and 0.16 units for the two
commercial strains, and between 0.45 and 0.48 units for the
C22L9 strain. The greater increase in the pH of wines from
the C22L9 strain could be attributable partially to a higher
production of lactic acid and a lower production of volatile
acidity, as shown in Table 1, although other factors, such as
the formation of organic acid salts, as reported by Aladrén
(2004), may also have had an influence.

The increase in the volatile acidity of the wines
(between 0.01 and 0.12 g/L) was similar to that reported by
other authors (Bartowsky & Henschke, 1995). The lowest
increase in the volatile acidity was observed in the wines in
which MLF had been carried out with the C22L9 strain used
as a 1-STEP® culture. Moreover, the autochthonous strain
C22L9 yielded a slightly higher lactic acid content and a
lower degradation of citric acid than the two other strains.
In contrast, the commercial strain PN4 exhibited the highest
degradation of citric acid and, as a consequence, these wines
had significantly higher concentrations of 2,3-butanodione
and 3-hidroxy-2-butanone, secondary metabolites from
citric acid degradation (Table 1).

Furthermore, it was observed that the two commercial

L-malic acid (g/L)

Days of MLF

—<¢— C22L9-MBR®

---—ge--- C22L.9-1-STEP®

—&— PN4-MBR®

----E--- PN4-1-STEP®

—— Alpha-MBR®

<=z Alpha-1-STEP®

FIGURE 1
Evolution of L-malic acid in wines after inoculation with strains of O. oeni, C221L9, PN4 and Alpha, used as MBR® and
1-STEP® cultures.
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TABLE 1

Malolactic Fermentation of Three Strains of Oenococcus oeni

Chemical parameters and the most important volatile compounds in wines inoculated with the selected autochthonous strain of
0. oeni, C2219, and two commercial strains of O. oeni, PN4 and Alpha, used as MBR® and 1-STEP® cultures.

C22L9 PN4 Alpha
]T\‘;f]i’;e MBR® 1-STEP® MBR® 1-STEP® MBR® 1-STEP®
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Alcohol (% vol/vol) 13.84 1373 006 13.69 004 1370 0.16 13.60 0.05 13.66 0.02 13.63 0.02
Total acidity (g/L) 522 428 000 416 0.1 414 024 411 001 443 028 432 020
pH 357 405¢ 003 4.02° 000 373° 003 371® 000 3.69° 000 3.72° 0.00
Volatile acidity (g/L) 023 028" 002 024° 002 030%™ 001 035¢ 001 029° 001 031¢ 0.0l
L-malic acid (/L) 282 0.01* 000 004° 003 020° 006 006° 002 0.17° 008 0.04° 0.04
L-lactic acid (g/L) 008 1.89° 003 1.87° 001 1.71* 001 177® 0.6 178* 008 185° 0.00
Citric acid (g/L) 032 028° 001 028° 000 0.I5° 001 0.09° 001 024¢ 004 020° 0.0l
2.3-Butanedione (mg/L) 183 3.54° 074 2.65° 023 923¢ 048 8949 081 7.02° 046 9.06° 037
3-Hidroxy-2-butanone (mg/L) 1.01  127° 0.09 1.13* 005 273¢ 002 235¢ 020 191° 007 228¢ 038
2.3- Butanediol (mg/L) 1273 1770 643 28.10¢ 479 14.81° 022 13.51° 4.18 2600 446 21.22% 091
Ethanal (mg/L) 13.60  4.17° 008 456 031 4.84° 029 472® 009 547°¢ 082 659¢ 005
Ethy! lactate (mg/L) 465 22.68° 115 2228 0.3 2245 0.61 25.66° 0.06 23.02° 143 22.78* 1.0l
Diethyl succinate (mg/L) 188 191 005 181 013 176 008 176 007 204 033 192 009

Different superscripts "9 indicate significant differences between the O. oeni strains assayed for a = 0.05 according to the
Student-Newman-Keuls test. Values are the mean of triplicates. The initial wine data were not statistically compared.

strains in the form of MBR® cultures produced less lactic
acid and degraded a lower quantity of citric acid than the
corresponding 1-STEP® cultures, most likely due to the fact
that they grew more slowly and degraded a lower quantity
of malic acid. In contrast, the autochthonous strain C221L9
in both forms of inoculation degraded practically the same
quantity of malic acid, producing similar concentrations of
lactic acid and citric acid. These results indicate that the
differences are not attributable to the type of starter culture
(MBR® or 1-STEP®), but to the degree of progress of MLF
and to the strain of O. oeni used.

One of the most important aromatic compounds
produced by LAB in MLF is 2,3-butanedione, which at
low concentrations (about 1.4 mg/L) contributes positively
to the wine aroma, supplying buttery notes and adding
complexity to the wine (Martineau & Henick-Kling, 1995;
Bartowsky & Henschke, 2004; Swiegers et al., 2005),
while at high concentrations it depreciates the quality. It
is formed as an intermediate product in the metabolism of

citric acid (Bartowsky et al., 2002) and may be reduced to
3-hydroxy-2-butanone; the latter, in turn, may be reduced to
2,3-butanediol (Costello, 20006).

The metabolism of citric acid begins at the end of MLF,
when most of the malic acid has been transformed into lactic
acid and, for this reason, the maximum concentration of
2,3-butanedione is reached when the malic acid is exhausted
(Bartowsky & Henschke, 2004).

It was observed that the degradation of citric acid
and, consequently, the production of 2,3-butanedione and
3-hydroxy-2-butanone, were dependent on the strain of
O. oeni used, with the C22L9 strain producing the lowest
concentration of these compounds with both types of
inoculation cultures (MBR® and 1-STEP®). However, the
degradation of malic acid with the C22L9 strain was greater
than or equal to that of the two other commercial strains.
No differences in the production of 2,3-butanedione were
observed between the MBR® and 1-STEP® cultures with
any of the strains.
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Ethanal is another important compound associated with
herbaceous and oxidative notes in wines (Osborne et al.,
2000). In all cases, a decrease in the content thereof was
observed with respect to the initial wine, and significant
differences between the wines were noted depending on
the strain of O. oeni used. These results are similar to those
reported by Pozo-Bayon et al. (2005), who also observed
differences in the final concentration of ethanal in wines in
which MLF had been carried out with different strains of
O. oeni. For the C22L9 and Alpha strains, a lower decrease
in the ethanal content was observed when they were used as
1-STEP® cultures.

The esters most closely related to MLF are ethyl lactate
and diethyl succinate (Herjavec et al., 2001; Ugliano &
Moio, 2005; Izquierdo et al., 2008). Ethyl lactate is one of the
most important by-products of the metabolism of lactic acid
bacteria and is beneficial for the aroma of wines, supplying
fruity and dairy notes and contributing to the sensations of
roundness in the mouth (Ugliano & Moio, 2005).

The concentration of ethyl lactate undergoes a significant
increase following MLF, and some authors (Pozo-Bayon
et al., 2005) have reported that the concentrations reached
are dependent on the strain of O. oeni used. In our study,
no significant differences in the production of ethyl lactate
were observed between the different strains and the different
modes of use.

Diethyl succinate also contributes to the aroma of wines,
supplying fruity and melon notes. Its odour threshold is
1.2 mg/L (Peinado et al., 2004). Although the differences
were not statistically significant, a higher content of this
compound was observed in strains C22L9 and Alpha when
used as MBR® cultures.

Table 2 shows the volatile compounds analysed in the
wines grouped into families and Table 3 shows the results
obtained for these groups of compounds. Linear alcohols
contribute to the aromatic complexity of wine, supplying a
fruity flavour when they are found at concentrations lower
than 300 mg/L. At concentrations above 400 mg/L they are

TABLE 2
Groups of volatile compounds analysed in the wines.
Linear alcohols Ethyl esters
Methanol Ethyl butyrate
Propanol Ethyl hexanoate
Isobutanol Ethyl octanoate
1-Butanol Ethyl decanoate
1-Pentanol Ethyl dodecanoate
3-Methyl-3-buten-1-ol Ethyl hexadecanoate
c-2-Penten-1-ol

Ethyl phenols
C6 alcohols Phenol

1-Hexanol
t-3-Hexen-1-ol
c-3-Hexen-1-ol

4-Ethyl-phenol
4-Ethyl-guaiacol

t-2-Hexen-1-ol Methoxyphenols
c-2-Hexen-1-ol Syringol
Eugenol
Bencenic alcohols Vanillin
Benzyl alcohol Methyl vanillate
2-Phenylethanol Acetovanillone
Propiovanillone
Acids Zingerone
Hexanoic acid Acetosyringone
Octanoic acid Tyrosol
Decanoic acid
Phenylacetic acid Terpenes
a-Terpineol
Acetates Geraniol
Isobutyl acetate Linalool
Isoamyl acetate Hydroxylinalool
Hexyl acetate Hydroxycitronelol

c-3-Hexenil acetate
2-Phenylethyl acetate

Norisoprenoids
Damascenone

B-Ionone
3-Hydroxy-p-damascone
3-Oxo0-0-ionol

Lactones

y-Butyrolactone

y-Caprolactone
4-Ethoxy-y-butyrolactone
4(1-hydroxy-ethyl)-y-butyrolactone
Pantolactone

Furaneol
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TABLE 3
Mean value and standard deviation of the concentration of the volatile compounds analysed in the wines.
C2219 PN4 Alpha
Before
MLF MBR® 1-STEP® MBR® 1-STEP® MBR® 1-STEP®
Mean SD Mean SD Mean SD Mean SD  Mean SD Mean  SD
Linear alcohols (mg/L) 124.75 162.69° 524 16597° 8.14 141.79* 1.82 142.37* 7.97 157.68° 1630 161.07° 5.59
C6 alcohols (mg/L) 2.65 3.08 0.13 2.89 024 3.05 006 283 013 297 0.02 2.84 023
Bencenic alcohols (mg/L) 2720 25.11%® 1.17 24.71® 215 2452® 141 22.55% 156 27.85°> 4.07 2537® 0.83
Acids (mg/L) 5.18 598 0.68 6.01 0.57 520 0.68 597 0.15 6.15 0.64 6.01 0.09
Acetates (mg/L) 1.82 1.65 054 1.65 055 172 0.18 1.61  0.42 1.97 0.03 1.98  0.01
Ethyl esters (mg/L) 1.41 1.34  0.06 1.27 0.08 134 0.05 1.29  0.01 1.36 0.06 1.31 0.05
Ethyl phenols (ug/L) 1.25 1.27  0.07 1.32 0.10 1.23  0.06 .21 0.02 1.29 0.01 1.23 0.06
Methoxyphenols (ug/L) 355  428* 107 581° 87  370° 66 367° 62  560° 35  470° 27
Terpenes (ug/L) 18 20 @ 1 20 @ 1 182 2 20 @ 0 21° 2 21 0
Norisoprenoids (ug/L) 10 10 1 10® 1 9 0  10® 0 11® 2 e 0
Lactones (mg/L) 2.92 341 0.83 3.66 0.58 3.09 006 294 0.03 328 0.38 291 0.37

Different superscripts > indicate significant differences between the O. oeni tested for o = 0.05 according to the Student-
Newman-Keuls test. Values are the mean of triplicates. The initial wine data were not statistically compared.

detrimental to the aroma (Swiegers et al., 2005). During
MLF, the linear alcohol content increased and significant
differences were observed between the strains, but not
between the modes of use. The increases were greater for
the C22L9 and Alpha strains. These results are consistent
with those obtained by Maicas et al. (1999), who noted that
the production of alcohols is dependent on the strain used
to carry out MLF. Pozo-Bayodn ef al. (2005) also observed
increases in the alcohols after MLF, but statistically
significant differences were not reported.

The concentration of C6 alcohols, which contribute
significantly to the wine aroma (Ugliano & Henschke,
2008), also increased during MLF, although no significant
differences were observed between the strains of O. oeni.
Smaller increases were noted when the strains were used
as MBR® cultures, albeit without statistically significant
differences.

In contrast, a decrease in the content of bencenic alcohols
was observed in all the wines, except those inoculated with
the Alpha strain as an MBR® culture. Lower contents of
bencenic alcohols were observed in the three strains of O.
oeni when used in the 1-STEP® format.

Regarding the acid content, no statistically significant
differences were observed between the three strains assayed
or the inoculation cultures used, although in all cases there

was a slight increase following MLF. It is worth noting that
the total acid concentration was less than 20 mg/L in all the
wines, which does not compromise the quality or the aroma
of these wines (Pozo-Bayon ef al., 2005). The significant
contribution of these compounds to the wine aroma has been
reported by various authors (Gomez-Minguez et al., 2007,
Mansfield et al., 2011).

The two main groups of esters associated with the
fruity character of wines are acetates and ethyl esters. The
production or hydrolysis of esters in MLF depends primarily
on the LAB strains participating in the process (Izquierdo et
al., 2008; Boido et al., 2009; Lerm et al., 2010), and there
is disagreement regarding the influence of MLF on the final
ester content in wines. Thus, some authors state that, during
MLF, there are significant increases in the concentrations
of some of the esters originating in alcoholic fermentation
(Swiegers et al., 2005; Jeromel et al., 2008), whereas other
authors have observed a decrease in the ester content during
MLEF, with a consequent decrease in fruitiness (Du Plessis et
al., 2002).

The acetate and ethyl ester contents varied slightly during
MLEF. Increases or decreases were observed depending not
only on the strains used, but also on their mode of use, either
MBR® or 1-STEP® cultures, although the differences were
not significant. Therefore, the fruity character of the wines
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was preserved.

Volatile phenols are a large family of compounds that
participate in wine aroma, supplying very varied aromas
(Zamora, 2003; Gerbaux et al., 2009). Different studies have
determined the capacity of certain LAB to produce volatile
phenols (Couto et al., 2006; Nelson, 2008), including
ethylphenols. These compounds present an unpleasant animal
odour, described as leather and even as horse sweat, and
their presence at high concentrations, whenever it exceeds
the perception threshold, is considered to be a serious defect
in the wine (Ribéreau-Gayon et al., 1999). In our study, no
significant differences in the content of ethylphenols were
observed in the wines before or after MLF with any of the
strains studied.

Regarding methoxyphenols, an increase was observed
during MLF, and it was higher in the case of the C22L9 and
Alpha strains. This led to an improvement in the aromatic
characteristics of the wines, since this group of compounds
imparts highly appreciated spicy aromas.

Terpenes, norisoprenoids and lactones are volatile
compounds that are closely related to wine aroma (Izquierdo
etal.,2008). As can be observed in Table 3, small differences
between the strains were observed in the content of these
families of compounds, although for some of them (i.e.
terpenes) these differences were statistically significant.

Multivariate data analysis

Principal component analysis (PCA) was applied to the results
obtained from the chemical and volatile compound analyses
of the wines. Table 4 shows the variables with the highest
correlation with principal component 1 (PC1) and principal
component 2 (PC2). A total of 45.30% of the variance was
explained by the first two principal components. Figure 2
shows the distribution of the wines on the plane formed by
the two principal components PC1 and PC2. For PCI, two
different groups were evident: the wines from strain PN4,
to the right of PC1, and those from the autochthonous strain

TABLE 4

C22L9 and the Alpha strain, located on the positive side of
this axis. The latter had a higher content of propiovanillone,
methyl vanillate and benzyl alcohol. Principal component 2
separated the wines of the PN4 and Alpha strains from those
of O. oeni C22L9, which are located on the negative side of
this axis. Wines from O. oeni C22L9 had a lower content of
2,3-butanedione, 3-hydroxy-2-butanone and ethanal, and a
higher pH and citric acid content. It can also be observed
that the wines obtained with strains PN4 and Alpha used in
the 1-STEP® form were located at slightly higher values of
PC2.

Sensory analysis

The results from the triangular test carried out in accordance
with standard ISO 4120 for the pairs PN4-Alpha, C2219-
Alpha and C22L9-PN4 showed significant differences
only between wines from the C22L9 and PN4 strains, with
a 95% confidence interval. The wines elaborated with the
autochthonous strain of O. oeni C22L9 were preferred by
62.5% of the tasters when compared to the PN4 wines.
When wines produced with the same strain in the two forms
of inoculation (MBR® and 1-STEP®) were compared, the
tasters did not perceive significant differences.

CONCLUSIONS
From the results previously described it may be concluded
that the autochthonous strain, C22L9, carries out a slightly
more rapid MLF than the two other commercial strains
assayed, leading to a higher lactic acid content, a higher
degradation of ethanal and a lower degradation of citric acid
and, as a consequence, a lower increase in the volatile acidity
and a lower content of 2,3-butanedione and 3-hydroxy-2-
butanone at the end of MLF. In addition, wines from the
C22L9 strain were preferred by 62.5% of the tasters when
compared to the PN4 wines.

Regarding the volatile compounds, increases or
decreases were observed depending on both the family of

Results of principal component analysis (PCA) applied to the data from the chemical and volatile compound analyses.

Variance Total variance
explained % (%)

Principal
component

Variables highly correlated with
the axis and their loadings

1 22.70 22.70

Propiovanillone (0.903)
Methylvanillate (0.810)
Benzyl alcohol (0.781)
Damascenone (0.698)
Acetosyringone (0.694)
Diethyl succinate (0.679)
2-Phenylethanol (0.648)
L-lactic acid (0.619)

2 22.59 45.30

2,3-Butanodione (0.851)
Zingerone (0.817)

pH (-0.803)
3-Hidroxy-2-butanone (0.783)
Citric acid (-0.701)

Ethanal (0.692)

Volatile acidity (0.687)
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A PN4 1-STEP®

0 0,5 1
PC1

# Alpha MBR®
4 Alpha 1-STEP®

FIGURE 2
Distribution of the samples on the plane defined by the two principal components obtained by principal
component analysis (PCA) of the data from the chemical and volatile compound analyses.

compounds and the strain of lactic acid bacteria used. Slight
differences were observed for only a few of the compounds
analysed (i.e. bencenic alcohols), depending on the type of
culture used.

Big differences were not observed in the development
of MLF or in the composition of the wines for the different
inoculation formats used, and the tasters did not perceive
significant differences when comparing wines from the same
strain in the two formats.

In the light of these results, it may be stated that the use
of the autochthonous strain of O. oeni with any of the formats
assayed is highly recommended, because it is effective and
applicable to different types of elaboration and cellars.
Therefore, criteria such as the cost or the availability of the
different forms of culture will be conclusive when choosing
one of these types of cultures in winemaking.
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