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Abstract: The aim of the present study was to induce malolactic fermentation (MLF) after alcoholic
fermentation (AF) of must of the Moschofilero cultivar, the only ‘gris’ native grape variety that is
cultivated in Greece. For this purpose, Oenococcus oeni strains Viniflora® CH16, Viniflora® Oenos and
Viniflora® CiNe were inoculated after the completion of AF driven by the Saccharomyces cerevisiae strain
UCLM S325. Growth of the aforementioned starter cultures was assessed during fermentation by
classical microbiological techniques, and verification of their dominance was performed by (GTG)5

fingerprinting. Assessment of standard enological parameters and colorimetric analysis were performed
by established approaches. Identification and quantification of organic acids, ethanol and glycerol was
performed by high performance liquid chromatography (HPLC), while the solid-phase microextraction
method (SPME), coupled with gas chromatography/mass spectrometry (GC/MS), was employed for the
identification and quantification of volatile compounds. Finally, sensory analysis took place according to
ISO 13299:2016. The suitability of the starter cultures employed to drive AF and MLF was exhibited; AF
and MLF of the white and rosé wines were completed after 15 days. Upon completion of AF, substantial
differences were observed in the chemical characteristics of the white and rosé wines, which were also
reflected in the balance descriptor. MLF also resulted in significant changes. In all cases total acidity
decreased and volatile acidity and pH value increased, while the vanilla and butter descriptors increased.
Interestingly, the color intensity of the rosé wines also increased. A series of strain-dependent changes in
the chemical composition and sensory analysis of both white and rosé wines was also observed.

Keywords: Saccharomyces cerevisiae; Oenococcus oeni; flavor; buttery

1. Introduction

Malolactic fermentation (MLF) is driven by lactic acid bacteria and involves the
conversion of L-malic acid to L-lactic acid, with the simultaneous release of CO2. It is
considered an essential step for the majority of red wines and has also been proposed for a
few white ones, including Chardonnay [1]. Substitution of the dicarboxylic malic acid with
the monocarboxylic lactic acid results in deacidification of the wine and modification of the
taste profile, since the harsh taste that characterizes L-malic acid is replaced by a milder
one. In addition, malic acid could serve as a carbon source for a number of microorganisms,
mainly yeasts, that have been associated with wine spoilage [2]; therefore, its removal
enhances the microbial stability of the product. Finally, a series of additional modifications
are likely to occur, depending on the capacity of the strain, or strains, that drives MLF, the
grape cultivar as well as its technological parameters [3,4].

Moschofilero is the only ‘gris’ native grape variety that is cultivated in Greece. Due to
the pink/purple color of the grape’s skin and the relatively intense terpenoid character, it
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is known for its use in the production of both white and rosé wines, in dry and sparkling
form. The variety usually features in high acidity and low alcohol wines, with a delicate but
intense aroma of rose petals, citrus fruits and pear, while it usually lacks body. The alcoholic
fermentation may take place either spontaneously or by the addition of selected strains
that highlight the varietal wine character, while malolactic fermentation in the majority
of the cases is not sought. Given the revived worldwide interest on MLF, which arose
from the benefits that it might exert on the final product [5–7], assessment of the impacts
that MLF might have on the qualitative characteristics of white and rosé wines from the
Greek Moschofilero grape variety, constitutes a very interesting topic. Therefore, the aim
of the present study was to induce MLF in rosé and white wines made from the Greek
Moschofilero grape variety and evaluate, for the first time, its technological interest and its
effect on sensorial quality.

2. Materials and Methods
2.1. Microorganisms

Saccharomyces cerevisiae strain UCLM S325 (Fermentis, Marcq-En-Baroeul, France) and
Oenococcus oeni strains Viniflora® CH16, Viniflora® Oenos and Viniflora® CiNe (Hansen,
Hoersholm, Denmark) were used throughout the study. Inoculation of the microorganisms
was performed according to the recommendations of the manufacturer.

2.2. Experimental Design and Winemaking Conditions

Grapes of the Greek Moschofilero variety were harvested from the same vineyard
during the 2015 vintage, in the PDO wine zone of Mantineia in Peloponnese, at an altitude
of 650 m. Destemming and crushing were performed manually after storage of the grapes
for 24 h at 4 ◦C. In the case of rosé wine production, skin contact with the must was allowed
for 15 h at 10 ◦C. In both cases 3 g/hL of sodium metabisulfite (Scharlab S.A, Barcelona,
Spain) and 3 g/hL of pectolytic enzymes (Safizym® Clean, Fermentis, Lambersart, France)
were added to the must. After 24 h at 10 ◦C, the clarified must was inoculated with a com-
mercial strain of Saccharomyces cerevisiae, UCLM S325, at approximately 6.5 log CFU/mL.
Alcoholic fermentation (AF) took place in stainless-steel tanks of 50 L at 20 ◦C until residual
sugar concentration was below 2 g/L. Alcoholic fermentation was performed in duplicate.
Twenty-four hours after yeast inoculation, 200 mg/L of SpringFerm™ (Fermentis, France)
were added. After the completion of alcoholic fermentation, the wine was transferred into
stainless-steel tanks of 5 L each and the following five cases were assessed: 1. wine without
malolactic fermentation (MLF), in this case 8 g/hL sodium metabilsufite was added to the
wine in order to stop MLF (control condition-C); 2. wine with spontaneously driven MLF
(S); 3. MLF driven by the O. oeni strain Viniflora® CH16 (CH16); 4. MLF driven by the
O. oeni strain Viniflora® Oenos (Oenos); 5. MLF driven by the O. oeni strain Viniflora® CiNe
(Cine). Each O. oeni strain was inoculated at approximately 4.5 log CFU/mL. Each case
was studied in duplicate from each AF tank, therefore MLF was assessed in quadruplicate.
After the end of MLF (malic acid below 0.1 g/L), 8 g/hL sodium metabilsufite was added
and the wines were then kept at 10 ◦C for one week and decanted into glass bottles for
further chemical and sensory analyses.

2.3. Microbiological Analyses

Yeast and lactic acid bacteria populations were monitored during alcoholic and malo-
lactic fermentation, respectively, on a daily basis. Samples (10 mL) were thoroughly mixed
with 90 mL sterile saline and serially decimally diluted in the same diluent. Total yeast
count was obtained after plating serial dilutions on Rose Bengal Chloramphenicol agar
(RBC) (LAB M, Lancashire, UK) and incubated at 25 ◦C for 5 days. The population of
lactic acid bacteria was enumerated after pour-plating serial dilutions in MRS agar (Oxoid,
Basingstoke, UK), supplemented with 0.1 g/L cycloheximide and incubated for up to
20 days at 28 ◦C, under anaerobic conditions.
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Verification of the yeast and LAB identity was performed by (GTG)5 fingerprinting.
More specifically, all colonies enumerated in the final dilutions of RBC and MRS agar
during days 3 and 15, of both AF and MLF, were purified by successive subculturing
on the same media. Pure isolates were inoculated in BH broth (LAB M) and MRS broth
(Oxoid) and incubated at 25 ◦C for 5 days and 28 ◦C for up to 20 days, for yeasts and LAB,
respectively. For the extraction of DNA, (GTG)5 fingerprinting, gel scanning and analysis
took place according to Hadjilouka et al. [8]. The commercial strains used for inoculation
were also subjected to the same analysis. Two isolates were considered as identical when
the respective genotypic profiles were identical.

2.4. Chemical Analyses
2.4.1. Monitoring of AF and MLF

AF and MLF were monitored on a daily basis, the former through quantification of the
reducing sugars using the 3,5-dinitrosalicyclic acid (DNS) method [9] and the latter through
detection of malic acid by thin layer chromatography, according to Iland et al. [10], while
the mid-fermentation was monitored by using enzymatic kits adapted for a Y15 Biosystems
auto-analyzer (Barcelona, Spain).

2.4.2. Standard Enological Parameters

At the end of AF and MLF, the pH value, total and volatile acidity and chromatic char-
acteristics were assessed according to the official method of the International Organization
of Vine and Wine (OIV) [11].

2.4.3. Colorimetric Analysis

Color intensity was determined directly on wine samples placed in a cuvette with
a path length of 1 mm using a UV/VIS spectrophotometer (Jasco Corp., Tokyo, Japan)
according to OIV [11]. The color intensity for both the rosé and white wines was expressed
as the absorbance at 420 nm.

2.4.4. Identification and Quantification of Volatile Compounds

The solid-phase microextraction method (SPME) coupled with gas chromatogra-
phy/mass spectrometry (GC/MS) was used for identification and quantification of volatile
compounds [12]. In brief, headspace SPME sampling was performed at 40 ◦C for 30 min
using 1-octanol as the internal standard and a DVB/CAR/PDMS, 2 cm SPME fiber (Sigma
Aldrich, Taufkirchen, Germany). Volatile compound separation was performed in a DB-
WAX capillary column (30 m × 0.25 mm i.d., 0.25 µm film thickness, Agilent, Santa Clara,
CA, USA) using helium as the carrier gas (constant linear velocity 36 cm/s). The oven
temperature was initially set at 40 ◦C for 5 min. It was then increased by 5 ◦C/min to 180 ◦C
and then further by 30 ◦C/min up to 240 ◦C, at which it remained for 5 min. Source and
interface temperatures were set at 200 ◦C and 240 ◦C, respectively. Analysis was performed
using an Agilent 7890A GC, equipped with an Agilent 5873C MS detector.

2.4.5. Identification and Quantification of Organic Acids, Ethanol and Glycerol

High performance liquid chromatography was used for the detection and quantifi-
cation of organic acids, glycerol and ethanol [13]. In brief, separation of the compounds
was performed using the Aminex HPX-87H column (Bio-Rad, Hercules, CA, USA) on the
Waters Association 600E apparatus equipped with an RI detector (Waters 410, Midland,
ON, Canada). Analysis was performed isocratically at 65 ◦C with H2SO4 as the mobile
phase and a flow rate of 0.8 mL/min.

2.5. Sensory Analysis

The sensory analysis of all the wine samples (50 mL/glass) was performed at a con-
trolled room temperature, in individual booths, according to the International Organization
for Standardization, standard ISO 13299:2016. The panel consisted of 14 panelists that
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were trained according to Nanou et al. [14]. Each sample was presented twice during each
session and the panel was asked to rate the intensity of four odor descriptors (vanilla,
butter, citrus, rosé) and of three mouth descriptors (acidity, balance, body) on a 10 cm scale
printed on paper. Sample presentation was randomized among the panelists.

2.6. Statistical Analysis

All statistical analyses were performed using Statistica V.7 (Statsoft Inc., Tulsa, OK,
USA). The differences between the chemical parameters and sensorial descriptors were as-
sessed with one-way analysis of variance (ANOVA) with post-hoc Fisher’s least significant
difference (LSD) procedure (p < 0.05).

3. Results

Alcoholic fermentation, of both the white and rosé wines, was completed within
15 days. Then, malolactic fermentation was effectively driven by the starter culture that was
added in each experimental case. Degradation of malic acid started 48 h after inoculation
with the O. oeni strains and could be considered as completed (malic acid < 0.1 g/L) after
15 days. On the contrary, during spontaneously driven MLF, malic acid degradation started
after 5 days and complete degradation was not achieved, even upon prolongation of the
MLF duration to 19 days.

3.1. Microbiological Characteristics

During AF, the population of the yeast strain increased, from the initial 6.33 and
6.45 log CFU/mL to 7.62 and 7.68 log CFU/mL, during the first 2 days of white and
rosé wine fermentations, respectively. Then, it remained without a statistically significant
change until the 10th day of AF. Then, in both cases, a slight decrease in the population
was evident. Final populations of 6.87 and 6.79 log CFU/mL were reached at the end of AF,
for the white and rosé wine fermentation, respectively (Figure S1).

During MLF, all three strains employed presented with nearly identical growth kinetics
in both white and rosé wine fermentations. More specifically, the population of all strains
increased, from an initial value in the range 4.27–4.58 log CFU/mL to a value in the range
7.43–7.62 log CFU/mL during the first 2 days of MLF and remained without a statistically
significant change until the end of MLF (Figure S2).

During AF and MLF the uniformity of the enumerated colonies was evident. The iden-
tity of the yeast and LAB isolates was verified by (GTG)5 fingerprinting. A total of 55 yeast
and 180 LAB isolates were subjected to the analysis, producing identical genotypic profiles.

3.2. Chemical Characteristics

The standard enological parameters of the white and rosé wines produced are pre-
sented in Table 1. Upon completion of alcoholic fermentation, substantial differences were
observed between the produced white and rosé wines. More specifically, apart from the
chromatic characteristics, the white wine was characterized by a lower pH value with less
ethanol, residual sugars and volatile acidity but a higher total acidity. Malolactic fermenta-
tion also resulted in significant changes. More specifically, the decrease in total acidity and
the increase in volatile acidity and pH value were evident in all cases. Increase of the pH
value and reduction of total acidity were less pronounced in spontaneously driven MLF.
Increase of volatile acidity seemed to be strain dependent; the O. oeni strain Viniflora® CiNe
produced the lower amount of volatile acidity, which was normal as this strain does not
metabolize citric acid. As far as color intensity was concerned, MLF resulted in a statistically
significant increase in the rosé wine, which was most evident in the spontaneously driven
MLF and with the use of starter culture; the highest increase in color intensity was observed
when the O. oeni strain Viniflora® CiNe was used as a starter culture. On the contrary, in
the white wines, an increase in color intensity was observed only when MLF was driven by
O. oeni strain Viniflora® CH16.
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Table 1. Standard enological parameters at the end of alcoholic and malolactic fermentations.

pH Ethanol
(% vol.)

Reducing Sugars
(g/L) Acidity Color

Total
(g/L Tartaric Acid)

Volatile
(g/L Acetic Acid) Intensity (A420)

Rosé Wine

C 3.40 (0.005) a,B 12.30 (0.023) B 1.12 (0.008) B 7.05 (0.023) c,A 0.297 (0.0022) a,B 2.505 (0.0021) a,B

S 3.44 (0.012) b,B 6.37 (0.057) b,A 0.421 (0.0020) d,B 2.745 (0.0012) b.B

Oenos 3.52 (0.032) c,B 5.66 (0.041) a,A 0.426 (0.0038) d,B 3.195 (0.0014) d,B

Cine 3.50 (0.034) c,B 5.75 (0.108) a,A 0.345 (0.0035) b,B 3.481 (0.0010) e,B

CH16 3.53 (0.010) c,B 5.70 (0.022) a,A 0.385 (0.0027) c,B 2.807 (0.0022) c,B

White Wine

C 3.26 (0.004) a,A 11.36 (0.037) A 0.99 (0.006) A 7.42 (0.052) c,B 0.228 (0.0451) a,A 0.102 (0.0053) a,A

S 3.29 (0.006) b,A 6.97 (0.010) b,B 0.303 (0.0223) bc,A 0.112 (0.0041) ab,A

Oenos 3.36 (0.004) d,A 6.03 (0.063) a,B 0.316 (0.0415) c,A 0.117 (0.0102) ab,A

Cine 3.35 (0.006) c,A 6.03 (0.041) a,B 0.251 (0.0210) ab,A 0.117 (0.0127) ab,A

CH16 3.38 (0.002) e,A 5.96 (0.055) a,B 0.303 (0.0353) bc,A 0.130 (0.025) b,A

C: strain UCLM S325-conducted AF without MLF; S: strain UCLM S325-conducted AF followed by spontaneous
MLF; Oenos: strain UCLM S325-conducted AF and strain Viniflora® Oenos-conducted MLF; Cine: strain UCLM
S325-conducted AF and strain Viniflora® CiNe-conducted MLF; CH16: strain UCLM S325-conducted AF and
strain Viniflora® CH16-conducted MLF. The average values are presented and the standard deviation is given in
parenthesis. Different superscript lowercase letters within a column of the same wine type designate statistically
significant differences (p < 0.05). Different superscript capital letters within a column designate statistically
significant differences between wine types (p < 0.05).

In Table 2, the volatile and non-volatile compounds quantified in the rosé and white
wines after AF and MLF, are presented. Upon completion of AF, the concentration of
malic acid, citric acid, ethyl butyrate, ethyl caproate, ethyl laurate, isoamyl acetate and
isoamyl alcohol was higher in the rosé wine, whereas the concentration of glycerol and
lactic acid was higher in the white wine. MLF was characterized by a reduction in malic
acid and an increase in lactic acid concentration in both wines; after MLF a higher lactic
acid concentration was observed in the rosé wine compared to the white wine.

In the case of the rosé wine, MLF also resulted in a decrease in citric acid, ethyl
butyrate, ethyl caproate, isoamyl acetate and isoamyl alcohol concentration, either MLF
was conducted spontaneously or with the addition of a starter culture. On the contrary,
the fate of glycerol, ethyl butyrate, ethyl-2-methyl butyrate, ethyl laurate and phenethyl
alcohol seemed to be affected not only by the addition of a starter culture but by the specific
strain as well. More specifically, an increase in the concentration of ethyl butyrate and
phenethyl alcohol was observed when MLF took place spontaneously or with the addition
of the O. oeni strain Viniflora® CiNe. Use of the latter strain also resulted in an increase in
ethyl-2-methyl butyrate concentration. Use of the O. oeni strain Viniflora® CH16 resulted in
an increase in ethyl-2-methyl butyrate and a decrease in ethyl laurate concentration.

When MLF was conducted by the O. oeni strain Viniflora® Oenos, an increase in
glycerol and a decrease in ethyl laurate concentration was observed.

In the case of the white wine, MLF resulted in a reduction in ethyl caproate concen-
tration and had no effect on the concentration of ethyl butyrate, ethyl-2-methyl butyrate,
ethyl decanoate and isoamyl acetate. The fate of the rest of the volatile and non-volatile
compounds seemed to depend on the strain conducting the MLF. More specifically, an
increase in the concentration of ethyl isobutyrate, isoamyl alcohol, phenethyl alcohol and
linalool was noticed when MLF was conducted by the O. oeni strains Viniflora® CiNe and
Viniflora® CH16. Use of the latter strain also resulted in an increase in ethyl laurate and a
decrease in the citric acid and glycerol concentrations. Use of the O. oeni strain Viniflora®

Oenos also resulted in a decrease in glycerol and citric acid concentrations and an increase
in the ethyl isobutyrate concentration. A reduction in citric acid concentration was also
noted when MLF took place spontaneously.
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Table 2. Volatile and non-volatile compounds present in the white and rosé wines at the end of AF and MLF.

C S Oenos Cine CH16 C S Oenos Cine CH16

Rosé Wine White Wine

Polyols (g/L)

Glycerol 6.95
(0.121) a,A

6.72
(0.153) ab,A

7.16
(0.821) b,A

6.23
(0.074) a,A

6.77
(0.102) ab,A

7.32
(0.051) b,B

7.23
(0.048) ab,B

7.19
(0.038) a,A

7.24
(0.078) ab,B

7.16
(0.052) a,B

Organic acids (g/L)

Malic acid 2.50
(0.008) e,B

0.61
(0.002) d,A

0.07
(0.002) c,A

0.05
(0.002) b,A

0.04
(0.001) a,A

1.75
(0.053) c,A

0.76
(0.086) b,B

0.11
(0.003) a,B

0.05
(0.002) a,A

0.12
(0.008) a,B

Lactic acid 0.18
(0.005) a,A

1.25
(0.015) b,B

1.51
(0.018) c,B

1.52
(0.003) cd,B

1.53
(0.004) d,B

0.22
(0.021) a,B

0.73
(0.044) b,A

1.17
(0.041) c,A

1.18
(0.087) c,A

1.16
(0.038) c,A

Citric acid 0.57
(0.018) c,B

0.12
(0.016) a,A

0.09
(0.021) b,B

0.51
(0.019) a,A

0.09
(0.018) a,A

0.42
(0.052) b,A

0.13
(0.045) a,A

0.05
(0.038) a,A

0.35
(0.056) b,B

0.07
(0.034) a,A

Ethyl esters (mg/L)

Ethyl butyrate 0.30
(0.016) c,B

0.19
(0.008) ab,A

0.21
(0.031) b,A

0.20
(0.042) ab,A

0.16
(0.004) a,A

0.17
(0.054) a,A

0.19
(0.075) a,A

0.19
(0.021) a,A

0.23
(0.013) a,A

0.16
(0.030) a,A

Ethyl caproate 0.47
(0.030) b,B

0.15
(0.003) a,A

0.18
(0.043) a,A

0.17
(0.01) a,A

0.18
(0.021) a,A

0.32
(0.052) b,A

0.16
(0.050) a,A

0.15
(0.022) a,A

0.16
(0.012) a,A

0.19
(0.047) a,A

Ethyl isobutyrate 0.19
(0.012) a,A

0.25
(0.032) b,A

0.23
(0.024) ab,A

0.25
(0.025) b,A

0.19
(0.019) a,A

0.17
(0.018) a,A

0.20
(0.058) ab,A

0.31
(0.015) d,B

0.27
(0.037) cd,A

0.24
(0.042) bc,A

Ethyl-2-methyl butyrate 0.21
(0.032) a,A

0.19
(0.021) ab,A

0.18
(0.003) a,A

0.38
(0.037) c,B

0.28
(0.045) b,A

0.20
(0.054) ab,A

0.24
(0.062) ab,A

0.19
(0.027) a,A

0.28
(0.035) b,A

0.28
(0.048) bc,A

Ethyl laurate 0.45
(0.013) b,B

0.38
(0.002) ab,A

0.38
(0.003) a,A

0.38
(0.006) ab,A

0.38
(0.002) a,A

0.37
(0.008) a,A

0.37
(0.006) a,A

0.37
(0.007) a,A

0.38
(0.006) a,A

0.40
(0.012) b,B

Ethyl decanoate 0.034
(0.0052) c,A

0.028
(0.0011) b,A

0.011
(0.0012) a,A

0.024
(0.0044) b,A

0.011
(0.0014) a,A

0.032
(0.0082) a,A

0.034
(0.0125) a,A

0.043
(0.0052) a,A

0.045
(0.0084) a,B

0.044
(0.0105) a,B

Acetate esters (mg/L)

Isoamyl acetate 0.49
(0.055) c,B

0.21
(0.042) b,A

0.15
(0.009) a,A

0.15
(0.005) a,A

0.16
(0.001) ab,A

0.16
(0.025) a,A

0.16
(0.017) a,A

0.16
(0.005) a,A

0.16
(0.010) a,A

0.17
(0.032) a,A
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Table 2. Cont.

C S Oenos Cine CH16 C S Oenos Cine CH16

Rosé Wine White Wine

Higher alcohols (mg/L)

Isoamyl alcohol 78.5
(18.2) b,B

34.0
(17.12) a,A

32.2
(16.04) a,A

35.1
(16.43) a,A

34.9
(15.45) a,A

37.8
(2.04) ab,A

40.0
(2.36) b,A

34.0
(2.02) a,A

60.5
(3.24) c,A

59.4
(2.14) c,A

Phenethyl alcohol 0.79
(0.081) a,A

0.94
(0.078) bc,B

0.84
(0.062) ab,A

0.99
(0.074) c,A

0.89
(0.062) abc,A

0.77
(0.027) ab,A

0.79
(0.035) a,A

0.88
(0.038) b,A

1.24
(0.019) d,B

0.94
(0.014) c,A

Terpenes (mg/L)

Linalool 0.073
(0.0052) a,A

0.082
(0.0064) a,A

0.085
(0.0307) a,A

0.089
(0.0426) a,A

0.086
(0.0446) a,A

0.073
(0.0087) a,A

0.070
(0.0122) a,A

0.073
(0.0041) a,A

0.089
(0.0035) b,A

0.082
(0.0045) ab,A

C: strain UCLM S325-conducted AF without MLF; S: strain UCLM S325-conducted AF followed by spontaneous MLF; Oenos: strain UCLM S325-conducted AF and strain Viniflora®

Oenos-conducted MLF; Cine: strain UCLM S325-conducted AF and strain Viniflora® CiNe-conducted MLF; CH16: strain UCLM S325-conducted AF and strain Viniflora® CH16
conducted MLF). The average values are presented and the standard deviation is given in parenthesis. Different superscript lowercase letters within a column of the same wine type
designate statistically significant differences (p < 0.05). Different superscript capital letters within a column designate statistically significant differences between wine types (p < 0.05).
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The 14 volatile and non-volatile compounds with enological interest, which were
quantified in all fermentation cases assessed, were further analyzed by PCA to enhance the
visualization of the diversity of the produced wines through different inoculation schemes
(Figure 1). The PCA plot of the first two components explained 66.2% of the wine variation;
variations with a component 1 rating accounted for 42.8% of the total and variations with a
component 2 rating accounted for 23.4% of the total. PCA analysis clearly distinguished the
wine in which no MLF took place (C) on the positive right side of the map, connecting to the
malic, citric acid, isoamyl acetate and isoamyl alcohol as well as some medium chain fatty
acids. The strains Viniflora® CH16, Viniflora® Oenos and Viniflora® CiNe were associated
with lactic acid, ethyl-2-methyl butyrate, phenethyl alcohol and ethyl isobutyrate. The rosé
wines were loaded on the upper part of component 2, while the white ones were on the
lower part.
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Figure 1. Principal component analysis of 14 metabolites of Moschofilero rosé and white wines
fermented under different malolactic fermentation schemes. The O. oeni strains used to drive the
malolactic fermentation were Viniflora® CH16 (CH16), Viniflora® Oenos (Oenos) and Viniflora®

CiNe (Cine). Spontaneous fermentation is denoted by (S) and wines in which no MLF took place are
denoted by (C).

3.3. Sensory Analysis

In Table 3, the sensory analysis after AF and MLF of the produced rosé and white
wines, is exhibited. In general, MLF improved the rating of vanilla and butter descriptors
and reduced acidity perception. In addition, balance was also improved in the white
wine. The rose petal descriptor received a higher rating when the O. oeni strain Viniflora®

CH16 was used and the citrus descriptor received a lower rating when the O. oeni strain
Viniflora® CiNe was employed. In addition, the sensation of body was improved when
using malolactic starters and especially when using Viniflora® CH16. In the rosé wine,
balance and body received higher ratings when MLF was driven by the O. oeni strain
Viniflora® CiNe in the first case and O. oeni strains Viniflora® CiNe and Viniflora® CH16 in
the second case.

The effect of both wine style and bacterial strain on the sensory profile of Moschofilero
wines is illustrated in Figure 2. Malolactic fermentation had a significant effect on both
acidity and butter flavor. More precisely, the acidity of the control condition (i.e., wine
without MLF) was significantly higher (p < 0.001) than the acidity after MLF took place,
independent of the bacterial strain used. The opposite effect was observed for the buttery
notes, which were much higher after malolactic fermentation. The interaction effect of both
wine style and malolactic fermentation mode (p < 0.05) took place for the balance and body
sensory descriptors.
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Table 3. Sensory analysis of the white and rosé wines.

C S Oenos Cine CH16 C S Oenos Cine CH16

Rosé Wine White Wine

odor descriptors

Vanilla 1.04
(0.412) a,A

2.09
(0.253) b,A

2.73
(0.253) cd,A

2.35
(0.323) bc,A

3.06
(0.368) d,A

1.65
(0.175) a,A

2.30
(0.163) b,A

2.95
(0.172) c,A

2.15
(0.137) b,A

2.71
(0.179) c,A

Butter 0.50
(0.251) a,A

1.82
(0.210) b,A

2.17
(0.214) bc,A

1.83
(0.192) b,A

2.35
(0.184) c,A

0.87
(0.154) a,A

1.78
(0.133) b,A

2.36
(0.147) c,A

1.80
(0.145) b,A

2.67
(0.185) d,A

Citrus 2.97
(0.301) a,A

2.77
(0.352) a,A

3.06
(0.300) a,A

2.97
(0.422) a,A

3.39
(0.485) a,A

3.21
(0.171) bc,A

3.02
(0.140) b,A

3.17
(0.172) b,A

2.56
(0.207) a,A

3.51
(0.195) c,A

Rose 3.48
(0.258) ab,A

2.99
(0.205) a,A

3.62
(0.312) b,A

3.16
(0.420) ab,A

3.54
(0.322) ab,A

3.31
(0.163) a,A

3.09
(0.165) a,A

3.24
(0.176) a,A

3.03
(0.215) a,A

3.93
(0.187) b,A

flavor descriptors

Acidity 6.07
(0.513) c,A

5.53
(0.532) bc,A

4.84
(0.502) ab,A

4.47
(0.520) a,A

5.07
(0.528) ab,A

5.98
(0.125) c,A

5.01
(0.186) b,A

4.79
(0.134) b,A

4.47
(0.208) a,A

4.74
(0.197) ab,A

Balance 5.25
(0.173) ab,B

5.14
(0.185) a,B

5.57
(0.203) bc,A

5.63
(0.214) c,B

5.60
(0.212) bc,A

3.48
(0.119) a,A

3.99
(0.151) b,A

5.26
(0.194) d,A

4.69
(0.161) c,A

5.22
(0.176) d,A

Body 2.82
(0.511) a,A

3.19
(0.472) ab,B

3.65
(0.552) abc,A

3.83
(0.586) bc,A

4.23
(0.486) c,B

2.51
(0.144) α,A

2.23
(0.152) a,A

3.93
(0.182) c,A

3.29
(0.155) b,A

3.18
(0.149) b,A

C: strain UCLM S325-conducted AF without MLF; S: strain UCLM S325-conducted AF followed by spontaneous MLF; Oenos: strain UCLM S325-conducted AF and strain Viniflora®

Oenos-conducted MLF; Cine: strain UCLM S325-conducted AF and strain Viniflora® CiNe-conducted MLF; CH16: strain UCLM S325-conducted AF and strain Viniflora® CH16-
conducted MLF). The average values are presented and standard deviation is given in parenthesis. Different superscript lowercase letters within a column of the same wine type and
descriptor designate statistically significant differences (p < 0.05). Different superscript capital letters within a column designate statistically significant differences between wine types
(p < 0.05).
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4. Discussion

MLF is more commonly performed in red wines than in white ones, due to the
reduction in the tart taste of malic acid resulting in a more palatable wine with greater
ageing potential [15]. From a technological point of view, MLF is much more than the
decarboxylation reaction, as many enzymatic activities of LAB have been reported in the
wine environment with both beneficial and detrimental effects [4–6,16–18]. Thus, the proper
use of LAB, which could lead to a desirable result, is really challenging for the winemaker.
In our present work, the effect of MLF with different O. oeni strains, for the production of
two different wine styles, white and rosé, from the same Greek grape variety, Moschofilero,
was studied for the first time.

A series of starter cultures was developed for the induction of MLF, some of which,
including the ones employed in the present study, were presented by Lerm et al. [3]. More
specifically, the suitability of the O. oeni strains Viniflora® CiNe, Oenos and CH16 for MLF
in rosé wines and the two formers also in white wines, was presented. In the present study,
the effectiveness of these strains to carry out MLF in both rosé and white wines made
using the Moschofilero cultivar, was exhibited. On the other hand, the autochthonous
bacteria could sometimes lead to slow or incomplete fermentation, as observed in our
case [4,5]. As expected, the wines that underwent MLF had higher pH values and lower
acidity compared to the control condition.

The temporal relationship between AF and MLF is a very important practical is-
sue, and, therefore, has been extensively assessed. More specifically, the effect that the
yeast-LAB metabolic co-existence or succession may have on the sensorial properties of
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the final product has been in the epicenter of intensive research, leading to the conclu-
sion that the outcome depends upon factors such as the capacity and compatibility of
the microbial strains utilized, the winery, the vintage, the cultivar and the fermentation
temperature [19–28]. In the present study, a sequential approach was employed with AF
preceding MLF, which is closer to the traditional practice, and no issues regarding the
compatibility between the yeast and the LAB strains employed was observed.

Regarding the chromatic characteristics of the wines that underwent MLF, the loss
of color seemed to be frequently reported and attributed to LAB metabolic activities and,
more specifically, to acetaldehyde metabolism [29] as well as absorption and enzymatic
degradation of anthocyanin glucosides [30]. However, there are studies that report a
strain-dependent increase in color intensity, such as the ones by Delaquis et al. [31] and
Olguin et al. [32] and the present one. The latter studies concur with the conclusion reached
by Olguin et al. [33] that the effect that MLF may have on wine color depends upon the
strain that drives the MLF and the grape variety, as well as the winemaking practices.
Interestingly, a study conducted by El Khoury et al. [34], which was based on O. oeni
isolates from various wines, mainly from France, showed that two genetic groups were
created based on the wine color, red or white, which possibly suggested an adapting
evolution due to the type of wine.

The malolactic fermentation of rosé and white Moschofilero wines resulted in the
enhancement of vanilla and buttery notes in all cases and the improvement of balance in
the white wine. Improvement of buttery and vanilla notes, among others, were reported
by Bartowsky et al. [35] as the descriptors that distinguished wines that had undergone
MLF from the ones that had not. In the case of Chardonnay wines, this was also reported to
occur after the MLF of Chardonnay wine [36]. Citric acid metabolism has been implicated
in buttery notes enhancement through the production of diacetyl via the activation of
the citrate pathway [37]. The level of production plays a crucial role as the detection
threshold is low and highly dependent upon the bacterial strain and the composition of the
fermentation niche. According to our results, citric acid consumption led to wines with
significantly increased buttery notes compared to the control condition. Even though the
citric acid degradation capacity was significantly different among the tested conditions,
the relative effect on buttery wine notes was only slightly different between the bacterial
strains used. It should be taken into consideration that some bacterial strains are also able
to reduce diacetyl to the corresponding alcohol, 2,3-butandiol, which is a compound with
no aromatic impact [38].

The ester groups have a great impact on the fruity sensory profile of wine, and they are
formed during alcoholic and malolactic fermentation [39]. MLF fermentation can lead to
either an increased or a decreased content of esters, influencing the aromatic composition of
the wine [18,40]. LAB have been reported to both synthesize and hydrolyze esters through
their esterase activities [41]. In our present study, we showed that the impact of MLF
fermentation on ethyl esters was highly strain-dependent and less influenced by the wine
type, which was in accordance with the literature [41,42]. However, [43] reported that only
the branched hydroxylated esters, especially the R form, were strongly influenced by the
bacterial strain.

5. Conclusions

The suitability of the starter cultures employed to drive alcoholic and malolactic fer-
mentation in the must of the Moschofilero cultivar was exhibited. Although the effect of
MLF on the chemical composition and sensorial analysis of the wines was strain-dependent,
in all cases an enhancement of the buttery and vanilla notes was observed. Further re-
search, including the evaluation of additional strains being taking into consideration in the
inoculation strategy, is necessary in order to optimize the sensory outcome.
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Figure S2: LAB population (in log CFU/mL) during spontaneous MLF (yellow), or after inoculation
with Oenococcus oeni strains Viniflora® CH16 (blue), Viniflora® Oenos (green) and Viniflora® CiNe
(red) during white (A) and rosé (B) winemaking; Figure S3: Reducing sugars consumption during
alcoholic fermentation of Moschofilero must for white (yellow) and rosé (red) winemaking by
Saccharomyces cerevisiae strain UCLM S325.
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