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Summary

Malolactic fermentation has important consequences for the quality of wine. The pre-
sent study analyzes the effect of timing of inoculation with bacteria on the performance of
alcoholic and malolactic fermentation in Malbec musts from a warm climate wine growing
region during two consecutive vintages, with a specific consideration for the sensory and
sanitary wine parameters. In this study traditional vinification, where malolactic bacteria
were inoculated after the completion of alcoholic fermentation, was compared with a si-
multaneous inoculation with yeast and bacteria. The experiment was made on pilot scale
which closely reproduces winery conditions. The obtained results point out that simulta-
neous inoculation resulted in a reduction of total time of fermentation and a better control
of the malolactic fermentation due to the early dominance of a selected bacterial strain.
There were no negative effects on yeast population and alcoholic fermentation performance
observed. Differences between the wine sensory attributes were no significant or they were
in favour of simultaneous inoculations. No statistical differences in the biogenic amine levels
between different timings of inoculation were found.

Key words: malolactic fermentation, Oenococcus oeni, Saccharomyces cerevisiae, inoculation tim-
ing, coinoculation, Malbec wine

Introduction

Malolactic fermentation (MLF), the enzymatic decar-
boxylation of L-malic acid to L-lactic acid, is an impor-
tant secondary fermentation carried out by lactic acid
bacteria (LAB), with Oenococcus oeni being the most suit-
able species to drive this fermentation (1,2). Malolactic
fermentation has important consequences for the quality
of wine, increasing microbiological stability and enhanc-
ing the flavour, and thus oenologists’ efforts are directed

towards a better control of how and when this fermenta-
tion takes place (1,3,4). Success of MLF depends on seve-
ral physical, chemical and biological factors widely de-
scribed, including ethanol concentration, pH, the presence
of SO2 and of other antimicrobial compounds, or nutri-
ent depletion by yeasts (1,4–10). The introduction of O.
oeni starter cultures for direct inoculation in wine has
greatly simplified the management of this fermentation
(3,11). Various studies have been carried out to deter-
mine the best time for bacterial inoculation (3,4,12–14).
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Some of them suggest a simultaneous fermentation (al-
coholic and malolactic) by adding at the same time se-
lected bacteria and yeast strains into the grape must.
Early inoculation was extensively assayed in the 1980s
along with the development of commercial bacterial
starter cultures with little encouraging results (15–17).
To avoid potential problems associated with simulta-
neous inoculation, the addition of bacterial cultures after
the completion of alcoholic fermentation (AF) was mas-
sively adopted (18–20). Unfortunately, sequential inocu-
lation with bacterial starter cultures has not always gua-
ranteed successful induction of MLF, and problems have
been reported from the industry (2,21,22). Consequently,
this subject has recently been retaken and new studies
have been done to determine the best time for inocula-
tion with bacterial starter culture (3,4,10,13,14).

It was postulated that simultaneous inoculation of
must with yeast and bacteria would allow a more suc-
cessful induction of MLF due to a gradual adaptation of
bacteria to increasing alcohol concentrations and to the
benefit from higher nutrient availability present in grape
musts, compared to the conditions at the end of AF
(2,4). Several yeast and bacterial strain combinations
have been used to study simultaneous AF and MLF
with variable results (3,4,10,12–14,23,24). Most of the
studies have been conducted under laboratory condi-
tions which do not always allow a scale-up to winery
conditions and successful prediction of a MLF in winery
environment (4,12,13,23). Especially when studies are
done in pasteurized juices or white musts, sanitary con-
ditions are very different from the winery conditions,
which could have an impact on the implantation of the
starter culture, and consequently on the final sensory
quality of the wines (10,14).

In Argentina, LAB inoculation after the completion
of AF is still the practice most widely used, and wines
are kept under ideal conditions in order to have the
MLF successfully induced, but most of these conditions
also increase the risk of spoilage by undesired microor-
ganisms (14). Argentina belongs to the wine growing re-
gions with warm climate, where musts and wines typi-
cally have pH values above 3.5, conditions favourable
for the growth of lactobacilli and pediococci, and the pre-
vention of spontaneous MLF is difficult. Especially red
wines with high pH are most suitable for undergoing
spontaneous MLF, mainly because of their potential to
support the growth of spoilage bacteria with unpredict-
able impact on wine safety and quality (e.g. biogenic
amine production, stuck fermentation) (25).

However, despite a possible advantage of simulta-
neous inoculation with yeast and bacteria in order to
achieve an early dominance of the selected bacterial
strain, this technique is little considered by Argentinean
wineries, because oenologists fear the depreciation of
wine quality due to the activity of LAB in musts, mainly
related to an excessive acetic acid production as a conse-
quence of heterofermentative sugar metabolism (C. Ca-
tania, personal communication).

This study was done to investigate the risk and/or
the advantage of early bacterial inoculation under the
Argentinean climate conditions for winemaking with
special regard to security and wine quality. Studies were
done in Malbec musts during two consecutive years and

traditional vinifications with LAB inoculated after com-
pletion of AF were compared with a simultaneous inocu-
lation, where yeasts and bacteria were inoculated con-
currently. Two commercial wine yeast strains and one
malolactic bacterium strain were chosen for this study.
The selection was done with respect to good compatibil-
ity between the microorganisms, but also with respect to
the starter cultures commonly used in our region to fer-
ment red wines. Malbec was chosen because it is the
most important grape cultivar in Argentina, and it repr-
esents a typical example of a red wine production by
vinification with malolactic fermentation.

Materials and Methods

Microorganisms

Two commercial active dry Saccharomyces cerevisiae
strains (INTA MZA and ICV D80, Lallemand Inc., Can-
ada) were used to ferment the musts. The yeast strain
INTA MZA had previously been isolated from Mendoza
vineyards (Argentina) and selected for Malbec fermenta-
tion in an earlier work from the laboratory (26,27). The
freeze dried commercial O. oeni strain (Uvaferm Alpha,
Lallemand Inc., Canada) was selected because of its
good capacity to induce MLF in Malbec wines. Microor-
ganisms were rehydrated according to the manufac-
turer’s specifications.

Experimental design

This study was designed to closely reproduce, in pi-
lot scale (1 hL), the real winery conditions and then to
conduct the sensory analyses of the obtained wines. Ex-
perimental design included randomized complete block
design with factorial arrangement of treatments. Two
factors were included: yeast strain and bacterial inocula-
tion timing. Each must was considered as one block
with 4 treatments. Treatments (in triplicate) consisted in
combining AF by S. cerevisiae Lalvin MZA or ICV D80
strains with MLF by O. oeni Uvaferm Alpha strain.
Malolactic bacteria were inoculated either together with
yeast (simultaneous treatment: SIM) or after the comple-
tion of AF (sequential treatment: SEQ).

Fermentations

Malbec grapes (Vitis vinifera) from Pedriel and Drum-
mond, two important viticultural areas in Mendoza (Ar-
gentina), were hand harvested during 2004 (musts A
and B04) and 2005 (musts B05 and C) vintages. Grapes
from vineyard B were collected in both sampling years,
so they were identified as B04 and B05. Musts A and C
were harvested from two different vineyards during dif-
ferent vintages to respect the variation of the 'terroir' in-
fluence. The chemical composition of the musts is shown
in Table 1. Grapes were crushed before 50 mg/L of total
SO2 and 30 g/hL of yeast nutrient (Fermaid K, Lalle-
mand Inc., Canada) were added. Twelve 1-hL stainless
steel tanks were filled with each must and yeast strains
were added. Malolactic bacteria were inoculated either
12 h after yeast inoculation (SIM), when total and free
SO2 were 27 and 12 mg/L, respectively, or after the com-
pletion of AF (SEQ). The microorganisms were inocu-
lated according to manufacturer’s recommendations to
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give cell counts of 106 CFU/mL for both commercial
yeast and malolactic bacterial strains. Fermentations were
done following the standard protocols for Malbec wine
vinification. This includes a maceration period for 15–20
days at 24–26 °C and at the end of AF, the wines were
settled, racked and then kept at 22 °C until the end of
MLF. After MLF, the wines were physically and chemi-
cally stabilized, bottled without filtration and stored at
18 °C. The wines were considered to be dry and AF con-
cluded when the reducing sugar level was below 2 g/L.

Yeast and bacteria enumeration

During fermentation, viable yeast and bacterial cell
counts were determined using commercial culture me-
dia. Yeasts were enumerated by inoculating 0.1 mL of
adequate dilutions (in 0.1 % peptone, if necessary) onto
the plates of WL nutrient agar (Oxoid Ltd., UK) with the

addition of chloramphenicol (50 mg/L) and erythromy-

cin (70 mg/L). Plates were incubated at 28 °C during
two days for colony development. Bacteria were enu-
merated by spread plating on MRS agar (Britania Labs
S.A., Argentina) with the addition of tomato juice (15 %
by volume) and natamycin (to suppress yeast growth)
with a final concentration of 500 mg/L (Fermi-Stop, Ro-
dán S.R.L., Argentina). Plates were incubated at 30 °C
for 10 days under low oxygen conditions (GENbag Mi-
croaer, bioMérieux S.A., France).

Analytical methods

The progress of AF was monitored daily for decline
in total soluble solids using the gravimetric method for
density (28). Malolactic fermentation was monitored fol-
lowing L-malic acid degradation by enzymatic determi-

nation (Boehringer Inc., Germany). Initial free a-amino
nitrogen in must was calculated by formol titration (29).
Titratable and volatile acidity, pH, ethanol, sugar and
SO2 concentrations were determined by standard meth-
ods (30). Biogenic amines (histamine, tyramine, putres-
cine, cadaverine and phenylethylamine) were determined
in the finished wines by HPLC (31).

Sensory analyses

Sensory analyses were performed to investigate the
differences among treatments, always comparing within
the same must and the same harvest year. Sensory anal-
yses were done 4 months after bottling by 15 trained
panelists from the Stable Sensorial Analysis Group be-

longing to Oenological Research Center from the
National Institute of Agricultural Technology (INTA),
Argentina. Panelists in this group are continuously
trained in monthly sessions and at the Annual Sensory
Descriptive Training Course. Wines were equilibrated at
room temperature (22 °C) and 50-mL samples were
poured into wine glasses ISO 3591 (32). Two consecutive
sessions were done. Each tray contained four test wines
from one must including all treatments. Replicates were
done separately on different days. Sensory descriptive
analysis was performed working on anonymous sam-
ples. For the sensory descriptive analysis, wine des-
criptors were selected by the panellists during the first
session to allow discrimination between treatments (SIM
and SEQ). At the following session, intensity of each
descriptor was measured by means of a structured scale
from 1 to 5 (33,34). The average rating of all panellists
for each wine and each descriptor was obtained.

Statistical analyses

Statistical data analyses were done by analysis of
variance (ANOVA) followed by LSD Fisher test to eval-
uate the significance of variation among mean values.

All significance tests were conducted at p�0.05 levels.

Results

AF finished in all musts between 10 and 14 days af-
ter yeast inoculation independently of the timing of
LAB inoculations. No differences in duration of AF were
observed between the two bacteria inoculation times in
any of the yeast/bacteria pairings evaluated during both
years studied (Table 2).

In wines with simultaneous treatments, MLF was
completed in 10 to 26 days (Table 2), and the pH in-
creased by 0.2–0.4 units compared to the initial values
(Table 3). The only exception to this trend was must C
simultaneously inoculated with INTA MZA yeast strain,
where bacteria failed to reduce L-malic acid below 0.1
g/L, the level generally recognized as the threshold for
a complete MLF (12). After 35 days, 0.38 g/L of L-malic
acid still remained in wines of this treatment (Table 3).
Treatments with simultaneous inoculation showed a re-
duced total fermentation time (AF+MLF) compared to
sequential inoculations. However, the length of MLF it-
self in simultaneous treatments was similar or longer
than their respective sequential treatments (Table 2).
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Table 1. Chemical composition of Malbec musts from Mendoza, Argentina

Parameters
2004 vintage 2005 vintage

Must A Must B04 Must C Must B05

pH 3.20±0.02 3.60±0.02 3.10±0.02 3.60±0.01

g(assimilable nitrogen)/(mg/L) 90±2 199±3 112±4 126±3

g(reducing sugars)/(g/L) 237.80±2.35 222.20±1.89 245.62±1.12 273.47±2.22

g(titratable acidity)/(g/L) 7.5±0.3 5.9±0.1 8.3±0.2 7.2±0.2

g(L-malic acid)/(g/L) 1.37±0.10 2.46±0.12 1.51±0.26 2.67±0.40

Data are means of triplicates±standard deviation



Viable yeast population was not significantly influ-
enced by O. oeni addition in simultaneous treatments
during active fermentation (Figs. 1–4). Considerable re-
duction of yeast populations was observed in simulta-

neous treatments with ICV D80 once AF was finished in
two of the musts, compared to their respective sequen-
tial treatments (Figs. 1c and 4c).
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Table 2. Time required to reach sugar concentrations below 2 g/L and L-malic acid concentrations below 0.1 g/L in Malbec musts
fermented with two S. cerevisiae strains (INTA MZA and ICV D80) and with O. oeni strain (Uvaferm Alpha), comparing two inocula-
tion times (SIM: simultaneous, SEQ: sequential)

Vintage
year

Must Yeast strain Inoculation time
Time to complete

AF/day
MLF time after LAB

inoculation/day
Total fermentation time

(AF+MLF)/day

2004

A

INTA MZA
SIM 14 10 14

SEQ 14 14 28

ICV D80
SIM 14 14 14

SEQ 14 14 28

B04

INTA MZA
SIM 14 14 14

SEQ 14 8 22

ICV D80
SIM 14 26 26

SEQ 14 21 35

2005

C

INTA MZA
SIM 12 NR NR

SEQ 12 14 26

ICV D80
SIM 12 26 26

SEQ 12 21 33

B05

INTA MZA
SIM 10 14 14

SEQ 10 12 22

ICV D80
SIM 10 22 22

SEQ 10 26 36

AF: alcoholic fermentation; MLF: malolactic fermentation; LAB: lactic acid bacteria; NR: not reached
Values are means of three independent fermentation tank replicates

Table 3. Average of chemical analysis data±standard deviation recorded after MLF in Malbec wines fermented with two S. cerevisiae
strains (INTA MZA and ICV D80) and O. oeni strain (Uvaferm Alpha), comparing two inoculation times (SIM: simultaneous, SEQ:
sequential)

Vintage year Malbec must Yeast strain Inoculation time pH g(volatile acidity)/g/L g(L-malic acid)/g/L

2004

A

INTA MZA
SIM (3.42±0.01)a (0.41±0.04)a

�0.04

SEQ (3.40±0.04)a (0.40±0.03)a
�0.04

ICV D80
SIM (3.37±0.02)a (0.59±0.03)a

�0.04

SEQ (3.40±0.02)a (0.40±0.02)b
�0.04

B04

INTA MZA
SIM (3.87±0.03)a (0.42±0.03)a

�0.04

SEQ (3.92±0.05)a (0.30±0.01)b
�0.04

ICV D80
SIM (3.86±0.03)a (0.41±0.02)a

�0.04

SEQ (3.89±0.03)a (0.32±0.02)b
�0.04

2005

C

INTA MZA
SIM (3.45±0.01)a (0.41±0.01)a (0.38±0.07)a

SEQ (3.47±0.01)a (0.40±0.01)a (0.06±0.04)b

ICV D80
SIM (3.50±0.01)a (0.50±0.01)a

�0.04

SEQ (3.53±0.01)a (0.48±0.04)a
�0.04

B05

INTA MZA
SIM (4.01±0.02)a (0.60±0.03)a

�0.04

SEQ (4.01±0.11)a (0.57±0.02)a
�0.04

ICV D80
SIM (4.00±0.08)a (0.49±0.16)a

�0.04

SEQ (4.04±0.05)a (0.36±0.02)b
�0.04

Data are means of triplicates. Number with different letters within a same column from each yeast/bacteria pair differ at p<0.05
level (Fisher´s LSD test)



Viable population of LAB did not decline after si-
multaneous inoculation. In the majority of treatments, O.
oeni populations stayed constant or increased and reached
peak populations above 106 CFU/mL (Figs. 1a and c, 2a
and c, 3c, and 4a and c). Once more, fermentation from
must C inoculated with INTA MZA/Uvaferm Alpha pair

represents the exception to this trend. LAB population
decreased during the first days after inoculation, fol-
lowed by a slow increase of bacterial population and con-
sequently a slow rate of L-malic acid degradation. Malo-
lactic fermentation failed to go to dryness during the eval-
uated time (35 days), as was reported above (Fig. 3a).
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Fig. 1. Must A: kinetics of L-malic acid degradation and viabi-
lity of Saccharomyces cerevisiae strains (INTA MZA and ICV D80)
and Oenococcus oeni strain (Uvaferm Alpha) in simultaneous (a
and c) and sequential (b and d) inoculations. Arrows indicate
bacterial inoculation in sequential treatments. Error bars repre-
sent standard error
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Fig. 2. Must B04: kinetics of L-malic acid degradation and viabil-
ity of Saccharomyces cerevisiae strains (INTA MZA and ICV D80)
and Oenococcus oeni strain (Uvaferm Alpha) in simultaneous (a
and c) and sequential (b and d) inoculations. Arrows indicate
bacterial inoculation in sequential treatments. Error bars repre-
sent standard error



Bacterial viabilities were highly similar among si-
multaneous treatments, while different rates of L-malic
acid degradation were recorded. In 5 of the 7 simulta-
neous treatments, which had undergone MLF, 80 % of
the total L-malic acid were transformed during the first
week (Figs. 1a and c, 2a, and 4a and c), while in the
other two treatments, a slower MLF was observed (Figs.

2c and 3c). In addition, slow rates of L-malic acid degra-
dation were also observed in their respective sequential
inoculation treatments (Figs. 2d and 3d). This fact could
suggest a certain incompatibility between yeast and bac-
teria in this pair in some must conditions. The addition
of bacteria at the end of AF caused a change in the rates
of L-malic acid degradation, which was different in every
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Fig. 4. Must B05: kinetics of L-malic acid degradation and viabi-
lity of Saccharomyces cerevisiae strains (INTA MZA and ICV D80)
and Oenococcus oeni strain (Uvaferm Alpha) in simultaneous (a
and c) and sequential (b and d) inoculations. Arrows indicate
bacterial inoculation in sequential treatments. Error bars repre-
sent standard error



must. In 5 of 8 sequential treatments, 30–45 % of L-malic
acid had already been metabolized at inoculation time
(Figs. 1b and d, 3b and d and 4b).

Chemicoanalytical data of the finished wines after
MLF are shown in Table 3. In all wines undergoing
MLF, residual L-malic acid concentrations were below
0.1 g/L measured by the enzymatic test, always taking
into account the exception in the trial with simultaneous
inoculation of INTA MZA/Uvaferm Alpha pair in must
C, already mentioned. Acetic acid concentrations were
statistically higher in some treatments with simultane-
ous inoculation compared to the respective sequential
inoculation. In spite of this, all measured values were
well within the range normally found in Mendoza red
wines and volatile acidity never exceeded 0.60 g/L (Ta-
ble 3). No differences in ethanol and total and free SO2

concentrations were recorded among treatments within
the respective must (data not shown).

Biogenic amines (histamine, tyramine, putrescine,
cadaverine and phenylethylamine), frequently found in
wines with spontaneous MLF, were determined in the
finished wines obtained from the 2005 vintage. Putres-
cine was the most abundant amine in all analyzed wines,
in concentrations ranging from 5 to 9 mg/L (Table 4).
Histamine was only detected at low concentrations in
wines obtained from must B05 without distinction among
the inoculation treatments, and levels were below the le-
gal maximum for histamine in wine (35). Tyramine, cada-
verine and phenylethylamine concentrations were under
the detection limit of the method (0.05 mg/L for tyra-
mine and cadaverine; and 0.1 mg/L for phenylethylamine)
(data not shown). No statistical differences in the bio-
genic amine levels between the timings of inoculation
were found (Table 4).

For the sensory descriptive analysis (SDA), wine
descriptors associated with MLF and typical Malbec
wine flavours were selected: fruity, spicy, lactic, aroma
intensity, bitterness, sweetness, astringency, concentrati-
on, violet colour and global colour intensity. Sensory

evaluation of all wines from 2004 vintage revealed not
statistically significant differences for any treatment and
combination regardless of the yeast strains employed
and timing of LAB inoculation, always comparing with-
in the same must. Similar results were obtained with
wines from must C (2005), while wines from must B05

fermented with the yeast strain INTA MZA showed sig-
nificant differences in 3 of the 10 sensory descriptors se-
lected. In this last case, wines with sequential inocula-
tion showed significantly lower values in fruity flavour,
violet colour and global colour intensity compared to
their simultaneous treatment (Fig. 5).

Discussion

Malolactic fermentations of red wines with high pH
are difficult to control, since wine conditions support the
growth of native bacteria already during AF, which could
have a negative impact on wine quality. Inoculation
with selected bacterial cultures after AF does not always
result in a dominance of the selected strain and the de-
sired contribution. Simultaneous inoculation of LAB with
the wine yeast will allow an early dominance of the se-
lected strain and a better control over the outcome of
MLF. Nevertheless, there is still the discussion of the
risk to get excessive production of acetic acid due to the
heterofermentative degradation of sugar when bacteria
are inoculated in the must.

Although the benefits and risks in sequential and si-
multaneous AF and MLF remain controversial, early in-
oculation now begins to be more frequently used to en-
sure the success of MLF with selected bacterial strains
(1). This work represents for the first time the impact of
the timing of bacterial inoculation on the performance of
AF and MLF in Malbec musts from a warm climate
wine growing regions, comparing simultaneous inocula-
tion of yeast and bacteria with traditional vinification
protocol, where bacterial inoculation was done sequen-
tially after the completion of AF. A specific consider-
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Fig. 5. Sensory descriptors of Malbec wines from must B05 fer-
mented with S. cerevisiae strain (INTA MZA) and Oenococcus oeni
strain (Uvaferm Alpha) in simultaneous (SIM) and sequential
(SEQ) inoculations

Table 4. Average of biogenic amine analysis data and standard
deviation from Malbec wines fermented with two S. cerevisiae
strains (INTA MZA and ICV D80) and with O. oeni strain (Uva-
ferm Alpha), comparing two inoculation times (SIM: simultane-
ous, SEQ: sequential) during 2005 vintage

Malbec
must

Yeast
strain

Inoculation
time

g(histamine)

mg/L

g(putrescine)

mg/L

C

INTA MZA
SIM <0.05 (5.69±0.20)a

SEQ <0.05 (5.84±0.84)a

ICV D80
SIM <0.05 (6.40±1.78)a

SEQ <0.05 (9.25±2.40)a

B05

INTA MZA
SIM (1.97±0.47)a (5.41±0.16)a

SEQ (1.84±0.25)a (5.31±0.30)a

ICV D80
SIM (1.51±0.04)a (6.63±1.35)a

SEQ (1.53±0.27)a (7.19±8.08)a

Data are means of triplicates. Number with different letters
within a same column from each yeast/bacteria pair differ at
p<0.05 level (Fisher´s LSD test)



ation was given to the sensorial and sanitary wine pa-
rameters. The experiments were made in pilot scale
(experimental unit of 1 hL) which closely reproduces the
winery conditions and allows sensorial evaluation.

Different researchers have suggested that simultane-
ous inoculation of yeast and bacteria could have a nega-
tive impact on the kinetics of the AF (17,36). The authors
associated the inhibition of yeast growth with the high
levels of acetic acid produced by LAB in the presence of
available sugars in the must. In our experiments, a neg-
ative impact of the presence of bacteria on the perfor-
mance of AF (duration 10–14 days of irrespective timing
of inoculation) could not be found and levels of acid ace-
tic never exceed 0.60 g/L. Our results confirm the find-
ings of other research groups (3,10,13,14,24), showing the
possibility of simultaneous induction of alcoholic and
malolactic fermentations without excessive increase in
volatile acidity. A reduction of yeast populations was
observed in simultaneous treatments after AF had been
finished, as described by King and Beelman (17) in a
model grape juice/wine system where bacteria acceler-
ated the yeast’s death phase without any effect on AF.

Generally, a significant reduction in total fermenta-
tion time was observed when using simultaneous inocu-
lation techniques compared to sequential inoculations.
The time gained in the traditional inoculation practice
was ranging between 7 and 14 days, depending on the
must and the yeast involved. This represents an impor-
tant advantage for the wineries not only for the process
efficiency, but also for safety, because it avoids the pres-
ence of spoilage microorganisms and/or biogenic amines.
Wines obtained after successful AF/MLF would imme-
diately be ready for downstream treatments, such as
racking, fining, and sulphur dioxide addition, allowing
an early microbiological stabilization. In general, irre-
spective of the timing of inoculation, combinations with
yeast strain INTA MZA resulted in faster performance of
MLF (up to 14 days), compared to the wines inoculated
with yeast strain ICV D80, suggesting a good compati-
bility of INTA MZA with the malolactic starter strain
Uvaferm Alpha. Nevertheless, in one must this combi-
nation resulted in an incomplete L-malic acid degrada-
tion when bacteria and yeast were inoculated simulta-
neously. Sluggish MLF was directly correlated with an
important die-off of the bacterial population upon inoc-
ulation (2 log) and bacterial population could not regain
the critical number of 106 CFU/mL within the time
frame of this experiment (35 days).

When slow MLF rates were recorded in simulta-
neous inoculation treatments, they were also observed
in the respective sequential inoculations. Although the
compatibility between yeast and malolactic bacteria is
dependent of the specific strain combinations, the use of
compatible strains will not always guarantee the success
of MLF. As it was observed in our study, results obtain-
ed with the same yeast/bacteria pair were dependent on
the must used. Successful induction of MLF depends not
only on the must composition and vintage, but also on
the yeast/bacteria pairing and timing of inoculation, as
previously reported by other researchers (37,38).

On the other hand, partial degradation of L-malic
acid was recorded in sequential treatments. The initial

L-malic acid reduction before the inoculation with se-
lected LAB was above 20 %, which is the maximum
percentage that could be attributed to yeast metabolism
(39,40). These results could indicate a partial native LAB
L-malic acid degradation.

Although O. oeni implantation was not measured in
this study an increase of LAB population was observed
when commercial O. oeni strain was simultaneously in-
oculated. In our later studies, similar results were asso-
ciated with 100 % dominance of the selected bacterial
strain (41,42). This could suggest a better control over
the spontaneous bacterial populations when simulta-
neous inoculation is done.

Biogenic amines were included in this study as a sa-
nitary parameter to evaluate the advantage of simulta-
neous inoculation practices allowing an early dominan-
ce of the selected strain. High levels of biogenic amines
in wine are mainly related to the development of spon-
taneous ML bacteria, frequently belonging to the genera
Pediococcus and Lactobacillus, especially in red wines
with high pH (25,43). No significant differences in the
amine levels between the timings of bacteria inoculation
were found in our studies, although in some sequential
treatments considerable development of native bacteria
was observed. Putrescine levels recorded in all wines
could already have been present in the must. Some
biogenic amines are normal constituents of grapes in
variable amounts in different varieties of Vitis vinifera,
frequently associated with excessive nitrogen nutrition
and/or low potassium concentrations in soil, which in-
crease polyamine levels in berries (44–46).

No evidence was found of simultaneous AF/MLF
having a negative impact on the general quality of the
inoculated wines with regard to the relevant chemical
parameters and sensory attributes of wines. Sensory
analysis is an important aspect that has been scarcely
considered in earlier related works. When simultaneous
and sequential treatments were compared, differences
between wine sensory attributes were not significant or
they were in favour of the simultaneous inoculations.
Wines with simultaneous treatment showed enhanced
sensorial attributes related to high quality wine like col-
our and fruity flavour. Many authors have described
acetaldehyde degradation by malolactic bacteria leading
to colour reduction in wine during MLF (47,48), which
was not confirmed in our results.

Our study has shown that simultaneous inoculation
results in an important reduction of total time (AF+MLF).
Early inoculation with a selected bacterial strain allows the
dominance of the selected strain and a better control over
the spontaneous bacterial populations without any nega-
tive effect on the yeast population and performance of AF.

Conclusion

Simultaneous inoculation with yeast and bacteria
could be an interesting winemaking practice with an
easy protocol to carry out, which represents a real time
saving tool for wineries and allows the best control over
the sensorial and sanitary quality of wines from a warm
climate wine growing regions.
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