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Malolactic fermentation is a complex process that involves many reactions aside from the decarboxylation
of L-malic acid. But we still have only glimpses of that complexity. It is not clear if the phenolic composition
and colour are affected by malolactic fermentation and, if so, to what extent. So, the aims of this study were:
1) to evaluate the behaviour of native Patagonian strains of Oenococcus oeni and Lactobacillus plantarum
in two wine varieties, and 2) to analyse the effect of malolactic fermentation on the colour of these wines.
Our results show that the survival of bacteria and L-malic acid decarboxylation is different depending on
the lactic acid bacteria strain employed and the wine variety. In addition, we found that O. oeni can survive
in wine even when L-malic acid is not being consumed. We found some correlations between MLF and
colour-related parameters in Pinot noir but not for Merlot. In fact, some of the colour-related parameters
measured in Merlot (total polyphenolic index, colour intensity, hue, as well as the CIELAB parameters)
were affected even when L-malic acid was not being consumed.

INTRODUCTION

Malolactic fermentation (MLF), which is carried out by
lactic acid bacteria (LAB), is desired in most red and some
white and sparkling base wines (Bartowsky, 2017). The first
three advantages given by this process are widely known:
1) it deacidifies wine due to the decarboxylation of L-malic
acid into the softer L-lactic acid; ii) it improves wine aroma
by the production of secondary metabolites; and iii) it
improves microbiological stability due to the consumption
of the remaining carbon and energy sources.

During the last few decades, MLF has been proven to
be a much more complex process due to the complexity
and variability of LAB metabolism (Vivas et al., 1994;
Bartowsky, 2017). MLF modifies organoleptic parameters
and affects the aroma profile (Brizuela et al., 2017, 2018)
and colour parameters (Hernandez et al., 2007; Massera
et al., 2009; Abrahamse & Bartowsky, 2012; Burns &
Osborne, 2013; Izquierdo-Cafias et al., 2016). Besides
colour parameters, we need to consider the astringency
and bitterness, as all these wine attributes are related to the
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grape phenolic composition. While colour is conferred by
molecules called anthocyanins, astringency and bitterness
are related to polyphenolic compounds known in general
as tannins and, more specifically, condensed tannins or
proanthocyanidins (Cheynier et al., 2006; Garrido & Borges,
2013; Nel, 2018). Information about MLF affecting wine
phenolic composition and colour is still scarce. In Argentina,
there is only one study confirming this relationship using
wines from the Malbec grape variety (Paladino ef al., 2001).
The change in colour parameters is complex and depends on
grape variety, terroir, viticulture and oenological practices
(including the alcoholic fermentation and yeast strain), as
well as LAB species and strain (Versari et al., 2008; Dobrei
et al., 2010; Mangani et al., 2011). Oenococcus oeni is
the first species to be recognised as responsible for MLF,
since it is the best adapted to the wine conditions and the
main bacterium responsible for MLF in many countries and
wineries (Lonvaud-Funel, 2015; Lorentzen & Lucas, 2019;
Sumby et al., 2019). Lactobacillus plantarum is starting to
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211 Malolactic Fermentation and Wine Colour

be used as a starter culture, since it has been proven to be
able to carry out MLF as well as O. oeni (Du Toit et al.,
2011; Berbegal et al., 2016; Brizuela et al., 2019; Krieger-
Weber et al., 2020). For instance, Lb. plantarum is available
commercially, as well as in the co-inoculant bacterial starter
with both the O. oeni and Lb. plantarum strains.

As more information is obtained thanks to wine research
and new techniques are being applied in this field, more
questions arise. There is still little or no information about
O. oeni and Lb. plantarum modifying wine colour and
astringency sensations. And even when most winemakers
recognise the importance of carrying out MLF, they are
still reluctant to perform a deep analysis of their wines in
relation to this subject. Due to the need to know more about
the interaction of LAB, MLF, grape variety, wine colour and
astringency, we decided to contribute to this paradigm. The
aim of this research was to evaluate the MLF performance
of two Patagonian native strains, one of O. oeni and one of
Lb. plantarum, plus two additional strains (O. oeni ATCC
27310 and Lb. plantarum ATCC 14917), and to relate their
performance to the colour of the wine and the phenolic
content using the Pinot noir and Merlot grape varieties.

MATERIALS AND METHODS

Microvinifications and experimental design
Microvinifications were carried out on a laboratory scale
using 2 kg of must from two grape varieties, Pinot noir and
Merlot, harvested from vineyards located in General Roca,
North Patagonia, Argentina in 2018. The must was fermented
in one container for each variety by inoculation with the
commercial yeast strain, Saccharomyces cerevisiae bayanus,
Lalvin QA23 (Lallemand BIO S.L.), according to the
manufacturer’s instructions. The alcoholic fermentation (AF)
was monitored every two days by measuring the temperature
and density of the must, and a pigeage was performed
each time to favour phenolic compounds dissolution. The
temperature of the fermenting must was stable, at around
21°C, and the process took 14 days for Pinot noir and 21 days
for Merlot. At the end of AF, the ethanol concentration was
13% (v/v) in the Pinot noir and 14.5% (v/v) in the Merlot. At
this point, both wines contained approximately 13 mg/L free
sulphur dioxide. After AF, the wines were separated from
the skins and then sterilised by filtration through a 0.2 um
pore size filter (Sartorius Stedim Biotech Gmbh, Géttingen,
Germany). Then, 50 mL of each wine was poured into each
of ten sterile glass flasks before inoculation with lactic acid
bacteria.

Growth conditions and MLF

The two O. oeni strains (ATCC 27310 (OeATCC 27310)
and UNQOel9 (KY561603, CP027431)) and the two
Lb. plantarum strains (ATCC 14917 (LpATCC 14917) and
UNQLpll (CP031140)) were cultured at 28°C in tubes
containing MRS broth medium supplemented with L-malic
acid (4 g/L) and fructose (5 g/L) at pH 5.0. After 48 h,
cells were harvested by centrifugation and resuspended
in the acclimation medium (50 g/ MRS, 40 g/L fructose,
20 g/L glucose, 4.5 g/L L-malate, 1 g/L Tween 80, 0.1 mg/L
pyridoxine, pH 4.6) containing 6% (v/v) ethanol (Bravo-
Ferrada et al., 2014). The acclimation tubes were cultured at
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21°C for 48 h, after which cells (approximately 108 CFU/mL)
were harvested by centrifugation and inoculated into the
sterile wines (prepared as described above). From these 10
flasks, two were left without inoculation, as they were the
control condition. The other eight flasks were inoculated
with each of the four strains by duplicate and then kept at an
incubation temperature of 21°C. Cell survival was analysed
every two days at the beginning of MLF, and then every five
days until approximately the 35th day, by counting colonies
on plates of MRS medium supplemented as described above.
L-malic acid consumption was measured using the L-malic
Acid Enology Enzymatic kit (BioSystems SA, Barcelona,
Spain) according to the manufacturer’s instructions.

Wine chemical analysis

Both wines were analysed for pH, ethanol and free
sulphur dioxide concentrations according to the methods
recommended by the OIV (2009). The total polyphenol
index (TPI) was determined following the method described
by Ribéreau-Gayon et al. (2006). Briefly, wines samples
were diluted to 1:100 and then absorbance was measured
at 280 nm in a cuvette of 1 cm optical path. The results
were multiplied by the dilution factor. Total tannins were
determined by absorbance measurement at 550 nm, after
acid hydrolysis of the samples as described by Elorduy Vidal
(2014). Colour intensity (IC) was estimated by summing the
absorbance values at 420, 520 and 620 nm (Glories, 1984),
and the hue was determined as the ratio between the values
obtained at 420 and 520 nm (A420/520). The CIELAB
parameters, lightness (L*), chroma (C*), hue (H*), redness
(a*) and yellowness (b*), were determined according to
Ayala et al. (1997). The total anthocyanin (TA) content was
determined as described by Duran and Trujillo (2008), using a
sulphur dioxide bleaching protocol with some modifications
according to Pandeya ef al. (2018). Two tubes were used for
each wine sample, both containing 100 pL of wine, 100 uL
of HCI in ethanol (0.1%), and 200 pL aqueous HCI (20%).
A total of 440 pL of water was then added to tube A and
440 pL of potassium bisulphite (26%) solution was added to
tube B. Both mixtures were diluted 1:1 and absorbance was
measured at 520 nm after 20 min, against a blank (500 pL
HCI in ethanol (0.1 %), and 1 mL aqueous HCI (20%) and
2.7 mL water). The TA content was then quantified using the
formula TA (mg/L) = 875 (AA,,)).

RESULTS

Cell survival and MLF performance in wine

The four LAB strains behaved differently depending
on the wine (Fig. 1). O. oeni survived and maintained its
viability in Pinot noir wine (Fig. la). A difference in the
rate at which L-malic acid was converted by O. oeni ATCC
27310 (OeATCC 27310) and UNQOel9 was evident, with
the former being more active (Fig. 1c). Both Lb. plantarum
strains, ATCC 14917 (LpATCC 14917) and UNQLplI,
presented similar behaviour in terms of population survival
and L-malic acid consumption (Fig. l1a and 1c¢).

In Merlot wine, both O. oeni strains slowly decreased
their viability (Fig. 1b), with OeATCC 27310 being the
one that was able to keep its viability stable at 1x10*
CFU/mL until the end of analysis, despite no L-malic acid
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consumption being detected by either O. oeni strain (Fig. 1d).
Lb. plantarum UNQLp11 maintained its viability for at least
ten days (Fig. 1b) and then decreased abruptly, but it was the
only strain able to consume almost all L-malic acid (Fig. 1d).
LpATCC 14917 decreased its population as soon as it was
inoculated into wine and, accordingly, no L-malic acid
consumption was registered.

Colour parameters in Pinot noir wine with and without
MLF

Table 1 shows the different parameters that were measured
in the Pinot noir wine with and without MLF, inoculated, or
not inoculated (no-MLF). The no-MLF condition (control)
corresponds to the wine sample filtrated after alcoholic
fermentation but not inoculated. The pH was higher only
in the wine samples in which MLF fermentation was
successful, i.e. samples inoculated with O. oeni strains.
Tannins (TAN) were significantly reduced in the wine
inoculated with LpATCC 14917, whereas colour intensity
(CI) was significantly increased in the wine inoculated with
strain UNQOe19 compared to all other conditions. The hue
values, calculated as the ratio of the absorbances obtained
at 420 and 520 nm (A420/520), were significantly higher in
wines inoculated with the Oenococcus strains and with the
LpATCC 14917 strain. Also, the values of redness (a*) were
significantly lower than in the control condition, and in the
conditions where MLF was not successful (wines inoculated
with Lactobacillus strains). Although not statistically
significant, our results show a decrease in chroma (C*)
and an increase in hue (H*) in the samples in which MLF
was successful (samples inoculated with Oenococcus) in
comparison with all other conditions. Finally, we found

-o- OeATCC 27310 = UNQOe19
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that colorimetric differences (4E*) between the inoculated
samples and the control condition (no-MLF) were higher
than 2.7 CIELAB units and that these differences were
higher in wines in which MLF was successful.

Colour parameters in Merlot wine with and without MLF
Table 2 shows the different parameters that were measured
in Merlot wine with and without MLF, inoculated or not
inoculated (no-MLF). The no-MLF condition (control)
corresponds to the wine sample filtrated after alcoholic
fermentation but not inoculated. In this grape variety, only
UNQLpl1 was able to complete MLF, which is reflected
in the higher modification in pH even when there is also a
significant difference in the pH value for samples in which
MLF was unsuccessful (UNQOe19 and LpATCC 14917).
A significant increase in the total phenolic index (TPI)
was observed in the wine inoculated with strain LpATCC
14917, whereas a slight though not statistically significant
increase was detected in wines inoculated with Oenococcus
strains. Only the wine sample with a successful MLF (wine
inoculated with UNQLp11) maintained a similar TPI value
to the control condition (no-MLF). The colour intensity
(CI) was significantly increased in samples inoculated
with Lactobacillus strains and with OeATCC 27310.
The hue values, calculated as the ratio of the absorbances
obtained at 420 and 520 nm (A420/520), were significantly
higher in wines inoculated with Lactobacillus, although
a slight increase was also found in wines inoculated with
Oenococcus, in comparison with the control condition.
Almost all CIELAB parameters presented a significantly
different value to that of the control condition (no-MLF). The
lightness (L*) was reduced in all the inoculated wines, but
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FIGURE 1
Survival and MLF performance of O. oeni and Lb. plantarum strains in Pinot noir and Merlot wines.
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TABLE 1
Colour parameters of Pinot noir wine samples inoculated with different LAB strains.
Pinot noir

no-MLF OeATCC 27310 UNQOel9 LpATCC 14917 UNQLpl1
pH 3.61+0.01 3.82+0.01% 3.79 £ 0.05* 3.59+0.04 3.62+0.01
'TPI 32.1+0.55 33.97+0.02 33.06 £0.28 32.79£0.1 33.62+1.46
TAN 0.841 +0.05 0.812£0.02 0,791 £0.01 0.756* £ 0.01 0.798 £ 0.01
STA 67.3+7.67 79.3+£3.71 74.9 +4.46 61.6 +6.69 68.5+3.83
iCI 5.06+£0.35 5.41+0.17 5.86 +£0.52* 4.83 +0.04 5.04 £0.04
SA420/520 1.023 £0.07 1.184 £ 0.04%* 1.147 £ 0.04%* 0.944 £0.01* 0.97 +£0.01
L* 65.5+£0.99 61.65+5.3 63.25+ 1091 68.15+1.34 64.75 £ 0.64
C* 114.25 +£2.47 107.9 £4.81 108.6 +1.13 117.55 +0.21 1152+0.14
H* 42.6 £0.54 47.17+0.17 45.7+0.98 42.05 +0.81 42,92 +0.12
a* 84.11 £2.52 73.36 £ 3.48* 75.85 £0.54* 87.29+1.24 84.37 +0.25
b* 77.31+0.85 79.13 £3.29 77.73 £2.1 78.71 £ 1.12 78.45£0.11
AE* 12.03 +1.87 8.70 +2.73 4.65+3.82 2.71+0.13

ITPI, total polyphenolic index; *TAN, tannins are expressed in g/L; *TA, total anthocyanins are expressed in mg/L; “CI, colour intensity;
SA420/520, hue calculated as the ratio of the absorbances obtained at 420 and 520 nm. The statistical analysis was performed against the
control (no-MLF) condition. Asterisks indicate that means differed significantly at * p < 0.05, ** 0.01 (or less) from the control condition.

it was lower in wines inoculated with Lactobacillus strains,
and even lower in the one inoculated with UNQLp11. No
change was observed in the chroma (C*), hue (H*), redness
(a*) and yellow-blue component (b*) presented the lower
values. The only CIELAB parameter that showed a different
trend was the colorimetric difference (4E*). All samples
presented higher values than 2.7 CIELAB units, but there
were significant differences among them. The AE* values
in wines inoculated with OeATCC 27310 and UNQOe19
were statistically equal, whereas the 4E* value in the wine
inoculated with UNQLpl1 was statistically different and
higher.

Comparison of changes in colour parameters between
wine varieties

Table 3 shows the general increase or decrease in the
different colour parameters in wines that were inoculated
with the different LAB strains and in which consumption of
L-malic acid occurred (MLF+), or where no L-malic acid
was consumed (MLF-), based on the results from Table 1 and
Table 2. The increase or diminution of values is indicated by
arrows (double arrows when values are statistically different)
with reference to the control condition (no-MLF), not
included in this table. It is difficult to generalise, but it seems
that the occurrence of MLF has different effects on some of
the colour parameters, depending on the wine variety. For
instance, the total anthocyanin (TA) content increased when
MLF was successful, but only in Merlot, as it was not clear in
Pinot noir. On the other hand, the hue (A420/520) increased
with successful MLF in Pinot noir, but not in Merlot. The
chroma (C*) diminished after MLF, whereas it increased
when MLF was not successful in Pinot noir. In Merlot, the
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chroma (C*) diminished in all samples, as also did lightness
(L*), hue (H*), redness (a*) and yellowness (b*).

DISCUSSION

We evaluated the MLF performance of four strains, two of
O. oeni and two of Lb. plantarum, and found out that they
behave differently depending on the wine variety, and thus the
wine chemistry. O. oeni consumed L-malic acid in Pinot noir
but not in Merlot, and one strain of Lb. plantarum consumed
L-malic acid in Merlot but not in Pinot noir. We also found
that O. oeni can survive in wine even when L-malic acid is
not being consumed.

Our second goal was to find out if there was a relationship
between the MLF conducted by each strain and the wine
colour, but we were unable to do so due to the uneven results
in viability and L-malic acid consumption. However, our
results show that some colour parameters can change even
when MLF is not successful.

The strains used in this work were selected according
to previous studies (Brizuela et al., 2017; Olguin et al.,
2019), except for LpATCC 14917. The latter strain was
selected for comparison purposes and it was the first time
it was used in our studies, so its performance was new to
us. It was surprising to discover that OeATCC 27310 was
able to maintain a higher viability than the selected native
UNQOel19 strain in Merlot wine, even when none of the
employed O. oeni strains consumed L-malic acid in this
wine variety. Renouf ef al. (2007) found viable LAB —most
of them O. oeni — in aged Bordeaux wines. These results
again highlight the ability of O. oeni to survive under
stressful conditions (Lonvaud-Funel, 2015; Sumby et al.,
2019). It might be useful to search for additional acclimation
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TABLE 2
Colour parameters of Merlot wine samples inoculated with different LAB strains.
Merlot

no-MLF 0eATCC 27310 UNQOel9 LpATCC 14917 UNQLpll1
pH 3.53+0.01 3.55+£0.0 3.6 £0.01%* 3.58+0.01* 3.67 £0.0%*
'TPI 46.32+0.18 47.34+0.01 47.56 £ 0.47 48.74 £ 0.7* 46.72 +£0.42
*TAN 1140 +0.02 1161 +0.04 1192 +0.04 1110+0.09 1086 +0.02
3TA 108.8 = 13.8 98.3 £16.58 123.7+10.95 103.5+12.37 131.6 = 1.05
‘CI 8.29 +0.04 9.04 £ 0.53* 8.82+0.17 9.29 £ (0.33%* 9.54 £ 0.09%*
SA420/520 0.772 +0.0 0.830+0.0 0.834+0.0 0.857£0.1* 0.857 £ 0.0*
L* 50.55+1.91 37.85 £ 0.35%%* 37.4£0.14%* 342 +£0.14%* 32.35+£0.07**
C* 120.9 +4.38 97.53 £0.7%* 96.02 £ 0.08%** 90.09 £ 0.33%* 85.88 £ 0.04%**
H* 43.34+0.25 41.14 £ 0.08** 41.17 £0.08** 40.09 £ 0.07** 39.69 £ 0.1%*
a* 87.94 £2.86 73.45 +0.43%* 72.28 £0.03* 68.92 +0.17* 66.09 £+ 0.13%*
b* 83+34 64.16 £0.57* 63.2+0.15*% 58.02 £ 0.3%* 54.85 £ 0.09%*
AE* 28.74 +3.08° 30.24 £2.47° 37.18£1.93 41.78 £2.36°

ITPI, total polyphenolic index; >TAN, tannins are expressed in g/L; *TA, total anthocyanins are expressed in mg/L; *CI, colour intensity;
SA420/520, hue calculated as the ratio of the absorbances obtained at 420 and 520 nm. The statistical analysis was performed against the
control condition. Asterisks indicate that means differ significantly at * p <0.05, **0.01 (or less) from the control (no-MLF) condition. Letters

denote significant difference between Oenococcus and Lactobacillus

conditions, as different strains may not respond and become
activated in the same way.

When analysing the colour parameters, we found that
some of them changed significantly in comparison to the
control condition (no-MLF), even when no L-malic acid
was consumed (MLF-) and particularly in the Merlot wine.
But when consumption of L-malic acid occurred (MLF+),
the changes in those colour parameters were even higher
(UNQLpl11). We also observed that some of the CIELAB
parameters changed in the samples in which no L-malic acid
was consumed (MLF-) in both wines. Some authors suggest
that the variation, especially the decrease in wine colour,
could be attributed to the absorption of polyphenols by LAB
cell walls (Costantini et al., 2009; Burns & Osborne, 2013),
the increase in pH or the LAB strain involved, which is an
ongoing discussion (Costello et al., 2012; Burns & Osborne,
2013). In the case of pH variation, we could not explain
why there was a significant increase in samples in which
L-malic acid was not consumed. As pH and acidity are not
only related to MLF (Comuzzo & Battistutta, 2019), we will
consider additional analyses in the future.

We agree that the different parameters that determine
wine colour, astringency and bitterness may be modified
according to LAB species or even strains carrying out the
MLF (Hernandez et al., 2007; Burns & Osborne, 2013;
Wang et al., 2018). An important point in the selection of
novel LAB for use as malolactic starter cultures is to know if
the selected strain will affect wine colour and/or astringency.

The fact that only O. oeni fermented the Pinot noir
wine, and only the Patagonian strain of Lb. plantarum
fermented the Merlot wine, brought some challenges to

S. Afr. J. Enol. Vitic., Vol. 41, No. 2, 2020

find correlations regarding colour parameters. For instance,
looking at the CIELAB parameters in Pinot noir, a decrease
in redness (a*) was the only clear and statistically significant
change after MLF. This result agrees with the increase in
the hue (A420/520), which in this case denotes the relative
importance of the yellowness over the redness (Zamora,
2003). And, although not statistically significant, the
reduction of the chroma (C*) and increase of the hue (H*)
after MLF may also be contributing to the colour of this wine
variety. In fact, when analysing the 4E* component, the
higher values correspond to the wines in which L-malic acid
was consumed (OeATCC 27310 and UNQOe19). As a brief
clarification, when 4E* is equal to or more than 2.7 CIELAB
units, the wines being compared can be chromatically
differentiated by the human eye, even when the variation
in colour intensity (CI) is very low (Casassa & Sari, 2006).
This comparison was made against the control (no-MLF)
condition.

When looking at the results for the Merlot, it is difficult to
come up with a general assumption for MLF. With or without
L-malic acid consumption, there was a general increase in
the values of the total phenolic index (TPI), colour intensity
(CI) and hue (A420/520). In contrast, there was a general and
significant decrease in the CIELAB parameters, especially
in the wine with successful MLF (UNQLp11). Finally, the
AE* component showed a significant difference to that of
the control (no-MLF) condition, and again was higher in the
wine with successful MLF. So, these results highlight that
the presence of LAB might be responsible for some of these
changes, even when they are not consuming L-malic acid.

We undoubtedly need more colour measurement assays
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TABLE 3

General differences in colour parameters between Pinot noir and Merlot wines, with and without L-malic acid consumption, in

comparison with the control condition (no-MLF).

Pinot noir Merlot
MLF- MLF+ MLF- MLF+
'TPI - 0 1 -
TAN l l nc l
TA nc 1 l i
‘CI ne t 11 11
SA420/520 1 " ™ ™"
L* ne l I U
C* T ! H )
H* - i W H
a* ne H A H
b* T ne A H
AE* 1 1 1 1

MLF-, wines that were inoculated but in which no L-malic acid consumption was detected; MLF+, wines with successful MLF. 'TPI, total
polyphenolic index; *TAN, tannins are expressed in g/L; 3TA, total anthocyanins are expressed in mg/L; *CI, colour intensity; *A420/520, hue
calculated as the ratio of the absorbances obtained at 420 and 520 nm; nc, not clear; -, values maintained. Arrows represent |, decrease or 1,
increase in each value. Double arrows represent significantly different values in both strains of the same species.

to complement these comparisons, as well as more O. oeni
and Lb. plantarum strains to successfully perform MLF in
the same wine variety. We are also considering working
with higher volumes of wines and to include analyses after
some time of wine evolution (ageing), with or without oak
addition, as the presence of wood seems to correlate well
with MLF (De Revel et al., 2005; Izquierdo-Caias et al.,
2016; Gonzalez-Centeno ef al., 2017). In addition, we need
to consider the inoculation strategy that is being used
(simultaneous or sequential yeasts and LAB bacteria, and the
compatibility between them), which seems to affect tannin
concentration (Abrahamse & Bartowsky, 2012; Massera
et al., 2009), and/or grape variety (Dobrei et al., 2010;
Mangani et al.,2011), since colour, astringency and bitterness
are influenced by the concentration of anthocyanins and other
phenolic compounds, and the extent of polymerisation and
copigmentation, among other chemical parameters (Versari
et al., 2008).

In summary, the two O. oeni strains used in this study
completed L-malic acid consumption in Pinot noir wine but
not in Merlot. Only the Patagonian Lb. plantarum strain
consumed all L-malic acid in the Merlot wine, but not in
the Pinot noir. The two O. oeni strains, but mostly OecATCC
27310, were able to survive in Merlot wine even when not
consuming L-malic acid. From our results, we hypothesise
that the phenolic composition of wine may vary depending
on the LAB strain, and that a successful MLF will have a
higher impact on this variation. Further work is needed to
confirm these results and to increase our knowledge on this
subject.
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CONCLUSIONS

Different strains of O. oeni and Lb. plantarum behave
differently depending on wine variety, and successful MLF
modifies wine colour, astringency and bitterness. Our results
also demonstrate that sometimes not only O. oeni, but also
Lb. plantarum, can be fastidious and unpredictable bacteria
when inoculated into wine. This is exactly the reason why
it is so important to keep studying MLF, as we still have
a long road ahead to understand how different species and
strains of LAB will react to different wine chemistry, and the
consequences of such interaction for wine quality.
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