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Abstract: Although bioprotection is now recognised as an alternative to SO2 for limiting microbial
spoilage, it does not guarantee protection against oxidation. This limits its application, more specifi-
cally for rosé winemaking. Oenological tannins present antioxidant properties, which could represent
an interesting alternative to SO2 to protect must and wines against oxidation. A combination of
the inoculation of a bioprotectant yeast strain and the addition of oenological tannins was tested to
eliminate sulfites during the pre-fermentative step of rosé winemaking. In this experiment carried out
in a winery, two oenological tannins were compared: quebracho and gall nut tannins. The antioxidant
efficiency of tannins was compared to that of SO2. Colorimetric assays associated with chemical
analyses of anthocyanins and phenolic compounds confirmed that the use of bioprotection alone
did not protect the wine from oxidation. An addition of oenological tannins on musts stabilized the
colour of bioprotected rosé wine in a similar way that SO2 addition did. Quebracho tannins appeared
more efficient than gall nut tannins. The colour differences observed cannot be explained either by
the concentration or forms of anthocyanins. However, the addition of tannins led to better protection
of oxidation-sensitive phenolic compounds comparable to that obtained with the addition of sulfites.

Keywords: oenological tannins; bioprotection; colour; rosé wine

1. Introduction

Reducing chemical inputs during winemaking has become a priority from a legal
and societal point of view. The bioprotection of musts or grapes is a strategy to limit
sulfiting during winemaking, and more specifically, during the pre-fermentative step.
The bioprotectants currently proposed to winemakers are non-Saccharomyces yeast strains
(most often belonging to the genus Metschnikowia) mainly used as pure cultures [1]. In
both red and white winemaking, previous studies have demonstrated that bioprotectant
strains colonise the matrix [2–5]. Their dominance suppresses or limits the development of
indigenous yeasts, potential agents of wine spoilage [2–4], but remains unsatisfactory to
ensure the protection of musts against oxidation.

The oxidation of a must is mainly an enzymatic phenomenon [6,7] due to tyrosinase,
which belongs to the polyphenol oxidase family [7,8]. The presence of O2 in must also
induces redox reactions through the interactions between phenolic compounds and oxygen,
which can alter wine colour and taste through the production of off-flavours [9–12]. Oxi-
dation of must compounds such as caftaric, coutaric, or hydroxy cinnamoyl tartaric acids
generates the corresponding quinones. Those molecules can polymerise with each other
and form brown pigments, producing enzymatic browning in wines [8,13]. Phenolic com-
pounds can also be subjected to enzymatic oxido-reduction reactions mediated by Fe(III)
and Cu(II) ions leading to production of quinones and hydrogen peroxide [14]. H2O2 is
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then used in the Fenton reaction, which oxidises wine’s compounds such as ethanol and
phenolic compounds.

The addition of SO2 protects must and wine against enzymatic and chemical oxidation.
It can interact with hydrogen peroxide and reduce it to water, thereby inhibiting the
oxidation of other wine compounds [14–17]. SO2 can also minimise the production of
quinones by converting them back into their corresponding phenols and then inhibiting
quinone polymerization and subsequent wine browning [14].

To substitute the antioxidant and antioxidasic properties of SO2, the use of oenological
tannin was investigated. Tannins are traditionally used to prevent protein haze and can
promote colour stability [18]. Recently, the 2022 International code of good oenological
practice of the International Organization of Vine and Wine recommended their use on must
as an antioxidant [19]. Oenological tannins can be classified into two families: hydrolysable
tannins and condensed tannins, also named proanthocyanidins. Hydrolysable tannins
can be divided into two subfamilies: ellagitannins and gallotannins [20,21]. Ellagitannins
are generally polymers of ellagic acid, gallic acid, and/or hexahydroxydiphenic acid such
as castalgins or vescalgins and are mainly extracted from oak and chestnut wood [18,22].
Gallotannins are polymers of D-glucose and gallic acid. In most cases, they are obtained
from gall nuts [18]. There are many different condensed tannins, which vary according to
the monomeric units from which they are derived, their polymerisation degree, their gal-
loylation level as a consequence of their botanical origin. They are derived from monomeric
units of flavan-3-ols like catechin, epicatechin, epigallocatechin, or fistinidiol. Polymeri-
sation of these compounds leads to the production of different condensed tannins such
as profisetinidins (quebracho tannins), procyanidins (seed grape tannins), or a mixture of
procyanidins and prodelphinidins (skin-grape tannins) [23].

The redox activity of gallotannins seems to be due to their ability to scavenge free
radicals from the medium. Condensed tannins are able to scavenge peroxyl radicals,
while ellagitannins chelate iron ions [24,25]. A previous study demonstrated that oeno-
logical tannins are able to inhibit polyphenol oxidases, such as laccase synthesised by the
phytopathogen Botrytis cinerea [26]. This work demonstrated an antioxidasic efficiency
of tannins on red and white wines, but with a larger effect on synthetic red wines than
white ones. In addition, tannins can act as co-pigments by interacting with must antho-
cyanins [23,27] and can produce new pigments by direct or indirect condensation reactions
with anthocyanins [28]. Because of the diversity of their properties, oenological tannins
could represent an interesting alternative to replace or decrease the amount of SO2 used
during winemaking and wine ageing.

To our knowledge, the antioxidant properties of tannins have not yet been studied in
natural rosé wine, but only in white and red wines or in white wines supplemented with
anthocyanins to simulate red or rosé wines [26]. Furthermore, tannins are not traditionally
added during pre-fermentative steps in rosé winemaking. The present study, conducted in
real conditions of production in a winery, aimed at assessing the efficiency of combining
the antimicrobial properties of bioprotection with the antioxidasic/antioxidant properties
of tannins (gall nuts or quebracho tannins) in comparison with bioprotection combined
with SO2 addition at the pre-fermentative step during rosé elaboration. The implantation
of bioprotection in musts and its effect on the development of alteration microorganisms
during alcoholic fermentation were verified. The phenolic composition of wines and their
colorimetric characteristics were determined to investigate the ability of oenological tannin
addition to protect musts against oxidation and to stabilise the colour of bioprotected
rosé wines.

2. Materials and Methods
2.1. Yeast Strains and Experimental Conditions

The bioprotectant strain Metschnikowia pulcherrima MCR 24 (Primaflora VB®) (AEB
group—Kaysersberg, France). and the Saccharomyces cerevisiae strain Fermol Tropical®

(AEB group—Kaysersberg, France) were used. These strains were provided in dried
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form and were rehydrated before inoculation according to the manufacturer’s instructions.
Fermentations were performed on must obtained from Vitis vinifera L. cv. Pinot Noir grape
vines, grown in the vineyards of the University of Burgundy in Marsannay-La-Côte (Côte
d’Or, France) and harvested in 2019. The vines were treated according to conventional
viticulture conditions.

The grapevines were harvested by a mechanical grape harvester. The bioprotectant
yeast was added in harvest containers at 10 g/hL (5 × 105 CFU/mL) concentration, corre-
sponding to the manufacturer’s recommendations. The juice obtained after pressing was
distributed in eight 100 L flat-bottomed stainless steel tanks for alcoholic fermentation.
Four modalities were designed (in duplicate): bioprotection (control modality named BP);
bioprotection + addition of 5 g/hL of gall nuts tannin (GALLOVIN®) (named BPG); bio-
protection + addition of 15 g/hL of quebracho tannin (PROTAN BIO Q®) (named BPQ);
and bioprotection + addition of 5 g/hL of SO2 (named BPS) (Figure 1). Tannins were
provided by AEB Group® (Kaysersberg, France) and the concentrations used were those
recommended by the manufacturer, based on the higher antioxidant capacity (three-fold)
of gall nut tannins than quebracho tannins, in accordance with the literature [29].
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Figure 1. Shema of experimental conditions. BP: bioprotection (control modality), BPG: bioprotection
and gall nut tannin addition (5 g/hL), BPQ: bioprotection and quebracho tannin addition (15 g/hL),
BPS: bioprotection and SO2 addition (5 g/hL).

Initial juice composition was 232 g/L of sugar, 493 mg/L of Yeast Assimilable Nitrogen
(YAN) sources, with a total acidity of 6.83 g/L of tartaric acid and a pH value of 3.5.
These values were obtained by Fourier transform infrared spectroscopy with OenoFoss©
(FOSS—Nanterre, France) analyser.

At the end of alcoholic fermentation, wines were filtered through 0.22 µm filter car-
tridges with nitrogen gas. 30 mg/L of SO2 was added at bottling for each condition. Wines
were stored in bottles with DIAM® corks away from light for 15 months (samples named
aged wines).

2.2. Experimental Sampling

Grape juice was collected directly from harvest containers before addition of the bio-
protectant yeast (named T0 sample) and after pressing in the presence of the bioprotectant
yeast (named T0 + BP). During alcoholic fermentation, samples were collected from both
tanks for each condition: 24 h after vatting and before S. cerevisiae strain inoculation (named
D1), 48 h after vatting (corresponding to 24 h after S. cerevisiae strain inoculation) (named
D2), 72 h after vatting (named D3), 96 h after vatting (named D4), and at the end of alcoholic
fermentation (D6).

2.3. Microbiological Analysis

Total yeasts counting was carried out on an agar plate medium WL Oxoid CM0309
with an addition of 0.2 g/L of chloramphenicol (Sigma-Aldrich, St. Louis, MO, USA). Yeast
morphological diversity on WL medium allows discrimination between Saccharomyces
genus, M. pulcherrima and Hanseniaspora genus [30] after an incubation of 48 h at 28 ◦C.
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On this medium, M. pulcherrima colonies appear red because of the production of a red
pigment named pulcherrimin [31,32].

Enumerations of Brettanomyces bruxellensis were specifically made on agar plate ITV
medium according to Gerbaux et al., [33] with some modifications (20 g/L glucose, 10 g/L
yeast extract, 20 g/L tryptone, 0.1 g/L para-coumaric acid, 0.1 g/L ferulic acid, 0.03 g/L
green bromocresol, 0.2 g/L chloramphenicol, 20 g/L agar, pH 5, with addition of cyclo-
heximide 0.006% (v/v)) after an incubation of 7 days at 28 ◦C. Acetic acid bacteria (AAB)
populations were determined by enumeration on Mannitol medium (25 g/L mannitol,
10 g/L yeast extract, 0.004% (w/v) Delvocid©, 0.002% (w/v) penicillin), and lactic acid bac-
teria (LAB) populations on Lac medium (78 mL grape juice, 33 g/L yeast extract, 0.6 mL/L
Tween 80, 0.08 g/L MnSO4, 0.004% (w/v) Delvocid©, pH 5.1) after an incubation of 48 h at
28 ◦C.

2.4. Fermentation Kinetics and Wine Composition

Fermentation kinetics were monitored daily by densitometry. At the end of alcoholic
fermentation (D6), each sample was analysed with Fourier transform infrared spectroscopy
by OenoFoss® for residual sugar (g/L), ethanol (% (v/v)), total acidity (g/L tartaric acid),
and volatile acidity (g/L tartaric acid) concentrations of wines. SO2 analyses were realised
on aged wines with a Sulfilyser+® analyzer (Dujardin-Salleron, Noizay, France), according
to the manufacturer’s instructions.

Combined SO2 (mg/L) can be calculated as the difference between total and free SO2
as follows:

[Combined SO2] = [Total SO2]− [Free SO2]

2.5. Colorimetric Analyses by Tristimulus Coordinates (L*a*b*)

Colorimetric analysis of Tristimulus coordinates (L*a*b*) was performed on a spec-
trophotometer CM-5 Konica Minolta. The visible absorption spectrum was measured
between 380 and 700 nm. The CIELab parameters (L*, a*, and b*) were obtained following
the recommendations of the Commission Internationale de L’Eclairage (CIE, 2004) and the
OIV-MA-AS2-11 method, using the standard illuminant D65 and the 10◦ standard observer
on aged wines. Three millilitres of samples were transferred to a glass spectrophotome-
ter cuvette (10 mm). The calculation of colorimetric parameters is done according to the
OIV-MA-AS2-11 method.

Colorimetric variation between two samples ∆E* is calculated as follows:

∆E∗ = [(∆ L∗)2 + (∆a∗)2 +
(

∆b∗)2
]1/2

Chroma of sample are calculated as follows:

C∗ = √
(

a∗2 + b∗2
)

Hue of samples is calculated as follows:

h∗ = arctan(b∗ ÷ a∗)

2.6. Anthocyanins Analyses

For anthocyanins analyses, 500 mL of each wine was collected before bottling from
each tank, and 0.2 g/L of sodium benzoate was added to the samples. Analyses of to-
tal anthocyanins by SO2 discoloration were carried out according to Ribéreau-Gayon &
Stonestreet [34] methods. The concentration of total anthocyanins in mg/L was calculated
as follows:

[Total anthocyanin] = (AbsTube A − AbsTube B) × 875∗
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The analysis of free and combined anthocyanins was carried out by PVPP column
methods [35]. PVPP index (%) was calculated as follows:

PVPP index =
[Total anthocyanins]− [Free anthocyanins]

[Total anthocyanins]
× 100

Combined anthocyanins concentration (mg/L) were calculated:

[Combined anthoycanins] = [Total anthocyanins]− [ Free anthocyanins]

The ionisation index allows to determine the percentage of anthocyanins contributing
to sample coloration [36]. Samples were centrifuged for 5 min at 9000× g. For each sample,
Abs520 was measured in four different sample tubes by spectrophotometric analysis. The
four sample tubes contained, respectively:

Tube 1 (Abs1): 5 mL of supernatant + 1 mL of distilled water
Tube 2 (Abs2): 5 mL of supernatant + 1 mL of NaHSO3 15% (v/v)
Tube 3 (Abs3): 1 mL of supernatant + 7 mL of HCl 0.1 M + 2 mL of distilled water
Tube 4 (Abs4): 1 mL of supernatant + 7 mL of HCl 0.1 M + 2 mL NaHSO3 15% (v/v)
Ionisation index (%) was calculated according to: Ionisation index = (Abs1−Abs2)×1.2

(Abs−Abs)× 100
95
× 100

2.7. UHPLC Analysis of Phenolic Compounds

Wine samples (bottles labeled as aged wines) were filtered on 0.45 µm Polytetraflu-
oroethylene (TPFE) filters and placed directly in UHPLC vials. The analyses were car-
ried out in an Ultra High Performance Liquid Chromatography (UHPLC) system from
Waters Acquity (Waters, Milford, MA, USA) with a Raptor ARC-18 (Restek) column
(150 mm × 2.1 mm) with 2.7 µm of granulometry. The temperature of the column oven
was regulated at 35 ◦C and the sample system was at 12 ◦C with an injection volume of
2 µL. Two eluants are used: a mix of water, 0.28% trifluoroacetic acid (TFA), and 5%
methanol as eluant A, and methanol as eluant B, according to Popîrdă et al. [37].

The PDA (photodiode array) detector screens the UV-visible spectrum between 210 and
610 nm wavelength, with a 1.2 nm resolution and an acquisition frequency of 20 point/s.
The fluorimeter records three pairs of excitation/emission wavelengths: 270 nm/322 nm,
270 nm/420 nm, and 330 nm/374 nm.

2.8. Statistical Analysis

The cellar condition of this experiment allowed two biological replicates for each
condition. One-Way ANOVA test was performed for each analysis, followed by a Tukey
test for group determination (α = 0.05). Statistical analyses and graphs were drawn with
RStudio software (4.0.3 version).

Colorimetric similarity was analysed using multidimensional scaling (MDS). This
multivariate statistical technique analyses the similarity relationships among samples,
representing them as points on a map. The distances between pairs of points reflect the
distances between the pairs of products. MDS was carried out on the symmetrical square
distance matrix, where the rows and columns are the samples of the study, and ∆E* values
are presented between each pair of samples.

3. Results
3.1. Microbial Behavour

Microbial populations were analysed in the grape juice collected directly from the har-
vest containers before bioprotection addition (T0) and at the end of pressing (T0 + BP). Be-
fore bioprotection addition, the indigenous yeast population in the must was approximately
4.8 × 106 CFU/mL, and no M. pulcherrima was detected. Lactic and acetic acid bacteria
populations were 1.0 × 103 CFU/mL and 1.2 × 103 CFU/mL, respectively. After biopro-
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tection addition and grape pressing, the total yeast population reached 1.1 × 107 CFU/mL
with 70.5% (7.9 × 106 CFU/mL) of M. pulcherrima yeasts.

The results of microbial analysis after juice transfer into tanks and the addition of
tannins or sulfites are presented in Table 1. These analyses were performed at one (D1-
before S. cerevisiae strain inoculation), two (D2-24 h after S. cerevisiae strain), and four days
(mid-fermentation D4).

Table 1. Microbial populations during winemaking.

Tank * Day Yeats (CFU/mL) Metschnikowia
pulcherrima (%)

Saccharomyces
(%)

Hanseniaspora
(%)

Lactic Acid
Bacteria

(CFU/mL)

Acetic Acid
Bacteria

(CFU/mL)

BP 1 3.2 ± 0.54 × 107 ** 2.45 ± 0.47 95.10 ± 0.93 2.45 ± 0.47 683 ± 24 1600 ± 471
BPG 1 7.6 ± 0.50 × 107 7.15 ± 4.21 91.53 ± 4.13 1.33 ± 0.09 550 ± 24 1517 ± 212
BPQ 1 1.1 ± 1.3 × 108 3.34 ± 2.67 95.64 ± 2.05 1.02 ± 0.62 567 ± 47 1500 ± 189
BPS 1 5.4 ± 5.3 × 107 7.53 ± 0.23 91.31 ± 0.14 1.16 ± 0.09 567 ± 47 1267 ± 189
BP 2 2.8 ± 0.69 × 108 ND *** 100 ± 0 ND 50 ± 24 100 ± 47

BPG 2 2.3 ± 0.02 × 108 0.22 ± 0.31 99.78 ± 0.31 ND ND ND
BPQ 2 2.4 ± 0.02 × 108 0.21 ± 0.30 99.79 ± 0.30 ND 83 ± 24 ND
BPS 2 2.2 ± 0.18 × 108 ND 100 ± 0 ND 83 ± 24 ND
BP 4 2.9 ± 0.96 × 108 ND 100 ± 0 ND 167 ± 47 817 ± 24

BPG 4 2.7 ± 0.16 × 108 ND 100 ± 0 ND 600 ± 566 2133 ± 2923
BPQ 4 3.3 ± 0.15 × 108 ND 100 ± 0 ND 417 ± 354 4733 ± 6505
BPS 4 3.2 ± 0.12 × 108 ND 100 ± 0 ND 1383 ± 1815 300 ± 283

* BP: bioprotection, BPG: bioprotection and gall nut tannin addition, BPQ: bioprotection and quebracho tannin
addition, BPS: bioprotection and SO2 addition. ** Results are the mean ± standard deviation of biological
replicates, no significative differences are detected with the Anova test (α = 0.05). *** ND: not detected.

At D1, the M. pulcherrima population was approximately 3.1× 106 CFU/mL. This yeast
was undetectable at D2 in BP and BPS conditions, whereas its concentration was maintained
at 5 × 105 CFU/mL in BPG and BPQ conditions. No M. pulcherrima colony was detectable
at D4, whatever the condition (Table 1). Indigenous S. cerevisiae yeasts were detected at D1
in high concentration (around 6.4 × 107 CFU/mL) without significant differences between
conditions. At D2 (24 h after S. cerevisiae addition), S. cerevisiae concentration varied be-
tween 2.2 × 108 and 2.8 × 108 CFU/mL, and between 2.7 × 108 and 3.3 × 108 CFU/mL
at D4. B. bruxellensis populations remained low (maximum of 3.50 × 102 CFU/mL) at D1
and D2, whatever the modalities. From D4, no B. bruxellensis were detected. Hansenias-
pora populations represented a small proportion of total yeasts (≈2% corresponding to
1 × 106 CFU/mL) during D1 but they were undetectable from D2. Lactic acid bacteria
populations decreased in all modalities to reach concentrations under 103 CFU/mL at D4,
except for the BPS condition (concentration of 1.48 × 103 CFU/mL). Concerning acetic acid
bacteria, the populations were below 1.0 × 103 CFU/mL for BP and BPS conditions and
5.0 × 103 CFU/mL for BPG and BPQ conditions, but those differences were not statistically
significant (Table 1).

3.2. Fermentation Kinetics Analysis and Must and Wine Composition

Alcoholic fermentation ended in all tanks after 6 days (0.992 of density) (Table S1). At
the end of fermentation, the residual sugar concentration was 1.71 (±0.26) g/L with a total
acidity of 5.49 (±0.08) g/L of tartaric acid. The ethanol concentration was 13.71 (±0.07) %
(v/v), and pH values were 3.25 (±0.03) (Table S1) (means values for the eight tanks). No
significant differences were found in the evolution of density during alcoholic fermentation
or in the final wine’s composition between the different modalities.

Concerning sulfite concentrations in wines after ageing (Table 2), the total SO2 concen-
trations were significantly different between conditions. BPS wines had the highest SO2
concentration (27 mg/L). BPG and BPQ wines presented lower levels at around 19 mg/L.
The average concentration of free SO2 was 6 mg/L in all conditions, without statistical
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differences. Differences in total SO2 concentration could not be explained by the free SO2
form but by the combined SO2 form, where significant differences were found for BPS
wines with the higher combined SO2 concentration (20.55 ± 2.83 mg/L).

Table 2. SO2 composition of wines after ageing.

Condition * Total SO2 (mg/L) Bound SO2 (mg/L) Free SO2 (mg/L)

BP 22.58 ± 0.86 ab ** 15.58 ± 1.25 a 7.00 ± 0.59 a
BPG 18.64 ± 4.17 a 11.55 ± 4.05 a 6.20 ± 0.63 a
BPQ 19.79 ± 3.12 a 13.80 ± 3.17 a 6.03 ± 0.46 a
BPS 27.25 ± 2.42 b 20.55 ± 2.83 b 6.70 ± 0.97 a

* BP: bioprotection, BPG: bioprotection and gall nuts tannin addition, BPQ: bioprotection and quebracho tannins
addition, BPS: bioprotection and SO2 addition. ** Results are the mean ± standard deviation of biological
replicates, letter corresponds to statistical groups within each column, values with different letter are significantly
different (Tukey test (α = 0.05)).

3.3. Colorimetric Analysis by Tri-Dimensional Coordinates L*a*b*

Parameters L*, a*, and b* correspond respectively to brightness parameters, red/green
and yellow/blue hue of wine (Figure 2, Table S2a). BP wines had a higher L* value
(L* = 67.56 ± 2.92) compared to those resulting from BPG (L* = 62.96 ± 0.81), BPQ
(L* = 58.99 ± 1.92), or BPS conditions (L* = 60.61 ± 1.52), as well as lower a* and b* values
than the wines that combined bioprotection and other treatments (Figure 2, Table S2a). The
colorimetric variation (∆E*) values, calculated with L*, a*, and b* parameters, were used
to detect differences between samples. The ∆E* value is considered significantly different
and distinguishable for the human eye (non-expert) at a threshold value of 3 [38]. The
∆E* values calculated for aged wines are presented in Table S2b. Comparisons between
BPG/BPQ, BPG/BPS, and BPQ/BPS conditions showed ∆E* values up to the threshold
value of 3 but close to it. Comparisons between BP and the three other conditions (BPQ,
BPG, and BPS) show ∆E* values that are considerably higher than the threshold. The
chroma (C*) and hue (h*) values (Table S2a) were also calculated from the a* and b* values.
The hue (p-value = 0.10) and chroma (p-value = 0.0595) were not statistically different, but
trends can be drawn for the chroma. BP wine had the lowest value (41.06 ± 3.46), BPG and
BPQ wines had intermediate values, and BPS wine had the highest (47.70 ± 0.1).
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Figure 2 shows the two-dimensional MDS space translating colorimetric differences
between samples based on ∆E* computations. The stress value is very low, indicating a
very good fit of the data.

Figure 3 shows a clear visual proximity between the two BPS and the two BPQ
replicates. BP is located on the opposite side of BPQ and BPS. BPG replicates are located
between the two previous groups. Moreover, BP samples show low reproducibility, as
visualised by the large distance between them.
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Figure 3. Colorimetric differences between samples obtained by MDS of the ∆E* distance matrix.
The segment represented in the bottom right corner represents the distance corresponding to ∆E* of
3, which is the average human difference threshold for colour differences [38]. R1 and R2 correspond,
respectively, to the two replicates of each condition. BP: bioprotection, BPG: bioprotection and
gall nut tannin addition, BPQ: bioprotection and quebracho tannin addition, BPS: bioprotection
and SO2 addition.

3.4. Anthocyanin Analysis and Phenolic Compound Determination
3.4.1. Anthocyanin Analysis by Spectrophotometric Analyses

After ageing, the mean total anthocyanin concentration in the wines was
17.2 (±2.24) mg/L (Table 3). Concentrations of free and combined anthocyanins were
2.92 (±1.90) mg/L and 14.20 (±1.95) mg/L, respectively. The ionization index allows
determining the percentage of anthocyanins contributing to sample colouration. In wines,
the ionisation index was about 37.9 (±20) %. No statistical differences were found between
the four conditions.

Table 3. Anthocyanins analyses by spectrophotometric and UHPLC methods.

Spectrophotometric Analyses UHPLC Analyses

Total Anthocyanins
(mg/L)

Free Anthocyanins
(mg/L)

Combined
Anthocyanins (mg/L) Ionisation Index (%) Anthocyanins (mg/L of

Malvidine-3-O-glucoside)

BP * 16.19 ± 3.09 ** 4.67 ± 0.82 11.52 ± 2.27 34.32 ± 22.88 1.07 ± 0.04
BPG 17.50 ± 3.71 2.63 ± 2.47 14.88 ± 6.16 47.95 ± 0.53 0.91 ± 0.08
BPQ 16.63 ± 0.00 2.19 ± 3.09 14.44 ± 3.09 48.62 ± 0.88 0.96 ± 0.12
BPS 18.38 ± 2.47 2.19 ± 0.62 16.19 ± 1.86 24.40 ± 34.51 1.16 ± 0.22

* BP: bioprotection, BPG: bioprotection and gall nut tannin addition, BPQ: bioprotection and quebracho tannin
addition, BPS: bioprotection and SO2 addition. ** Results are the mean ± standard deviation of biological
replicates, no significative differences are detected with Anova test (α = 0.05).

3.4.2. Phenolic Compound Analyses (UHPLC Analyses)

The concentration of mono-glycoside anthocyanins was 1.02 (±0.11) mg/L (Table 3).
Other peaks were detected at 520 nm between the malvidin-3-glucoside peak and the end of
the chromatograms, which corresponded to non-identified anthocyanin derivatives formed
during winemaking and ageing. The same peaks at the same concentrations were detected
for all the conditions.
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The analysis of the aged wines revealed 14 phenolic compounds in addition to antho-
cyanins (Table 4). Significative differences between conditions were found only for gentisic
acid (p-values≈ 0.009), coumaric acid (p-values≈ 0.037), and gallic acid (p-values ≈ 0.0002).
Concerning gallic acid, a higher concentration (11.99 mg/L) was found in wines resulting
from the BPG condition. Gentisic acid was detected at higher concentrations in wines
resulting from the BPS and BPQ conditions (0.48 and 0.40 mg/L, respectively). For
coumaric acid, the BP condition presented the lowest concentration (0.30 mg/L) and
the BPQ condition the highest (0.38 mg/L), while the BPG and BPS conditions showed an
intermediate concentration.

Table 4. Aged wines’ phenolic composition.

Compounds (mg/L) BP * BPG BPQ BPS

Caffeic acid 1.70 ± 0.08 a ** 1.66 ± 0.02 a 1.66 ± 0.06 a 1.64 ± 0.12 a
Caftaric acid 63.54 ± 1.50 a 61.86 ± 1.93 a 63.11 ± 1.62 a 63.61 ± 1.21 a

Coumaric acid 0.30 ± 0.01 a 0.32 ± 0.03 ab 0.38 ± 0 b 0.35 ± 0 ab
Coutaric acid 11.20 ± 0.64 a 11.19 ± 0.42 a 11.74 ± 0.01 a 12.58 ± 0.57 a

Gallic acid 0.30 ± 0.01 b 11.99 ± 1.22 a 1.69 ± 0.73 b 0.33 ± 0.02 b
Gentisic acid 0.34 ± 0.01 a 0.34 ± 0 a 0.40 ± 0.02 ab 0.48 ± 0.04 b

Hydroxybenzoic acid 0.38 ± 0.07 a 0.41 ± 0.02 a 0.44 ± 0.05 a 0.51 ± 0.01 a
Protocatechuic acid 1.80 ± 0.37 a 2.01 ± 0.02 a 2.34 ± 0.12 a 1.83 ± 0.11 a

Catechin 1.44 ± 0 a 1.40 ± 0.04 a 1.36 ± 0.07 a 1.54 ± 0.19 a
B1 dimer 0.08 ± 0.01 a 0.07 ± 0.01 a 0.06 ± 0.01 a 0.07 ± 0.02 a
B2 dimer 0.02 ± 0.02 a 0.02 ± 0.01 a 0.02 ± 0 a 0.02 ± 0.01 a

Epicatechin 0.20 ± 0 a 0.18 ± 0 a 0.16 ± 0.01 a 0.11 ± 0.13 a
Grape Reaction Product 14.82 ± 0.81 a 14.74 ± 0.35 a 14.82 ± 0.1 a 14.70 ± 0.16 a

Hydroxytyrosol 0.39 ± 0.05 a 0.37 ± 0 a 0.39 ± 0.01 a 0.42 ± 0 a
Tyrosol 9.64 ± 0.26 a 9.56 ± 0.03 a 9.22 ± 0.25 a 8.96 ± 0.5 a

* BP: bioprotection, BPG: bioprotection and gall nut tannin addition, BPQ: bioprotection and quebracho tannin
addition, BPS: bioprotection and SO2 addition. ** Results are the mean ± standard deviation of biological
replicates, letter corresponds to statistical groups on each row, values with different letter are significantly
different (Tukey test (α = 0.05)).

4. Discussion
4.1. Microbial Analyses

The bioprotective strain added to grapes in harvest containers was predominant
and well established in the must after pressing (representing more than 70% of the to-
tal yeast population), despite the high concentration of indigenous yeasts in the must
(4.8 × 106 CFU/mL). This result confirms the implantation of the strain, as previously
reported in the literature [2–4]. A decrease in the bioprotectant yeast was observed after
24 h. This drop in concentration could be explained by the quick start of fermentation.

Brettanomyces was detected in low concentrations and undetectable from D4, like
the Hanseniaspora population, which was undetectable 24 h after vatting, regardless of
conditions (Table 1). Bacterial populations (AAB and LAB) remained at low concentrations.
Concentrations of undesirable microorganisms measured in this experiment were consistent
with data previously observed in unaltered wines [39]. This lack of spoilage microorganisms
in must and wine could be attributed to the implantation of the bioprotective yeast linked
to the healthy state of grapevines.

4.2. Oenological Analysis of Wines

Our results indicated that the combined addition of M. pulcherrima and oenological
tannins leads to a wine composition similar to that with SO2 (Tables 2 and S1). Concerning
sulfite concentrations in wines, the higher total SO2 concentration in the BPS condition can
be explained by the addition of 50 mg/L in this condition in pre-fermentative steps. The
free SO2 form was similar in all conditions, which suggests that the difference detected
in total SO2 was due to a higher combined SO2 proportion in the BPS condition. These
results could be attributed to higher acetaldehyde production by yeast. Studies have



Foods 2023, 12, 735 10 of 13

demonstrated that a higher initial SO2 concentration leads to increased acetaldehyde
release by yeasts [40,41]. Acetaldehyde is the main compound that combines with SO2.
However, the final concentrations appeared lower than expected. These results could be
explained by the oxidation of SO2 and its transformation into other chemical forms (such as
SO4

−) during fermentation, and during ageing from the oxygen added during bottling [42].

4.3. Wine Colour

Wines resulting from the condition with tannins had higher a*, b*, and C* values,
indicating higher colour intensity (Figure 2, Table S2a) and lower brightness (L* value) than
the control BP wine (Table S2a), in accordance with the effect of tannins on wine colour pre-
viously observed in red wines and model wine solutions [43–46]. Both co-pigmentation [45]
and the formation of anthocyanin-tannin adducts by direct or indirect condensation reac-
tions could be responsible for the higher colour expression of the wines [22].

The visual proximity (Figure 3) between BPS and the conditions with tannins, and
more specifically with BPQ conditions, suggested that these treatments gave quite similar
colours, whereas the position of BP reveals a clear, perceptible difference in colour between
BP on the one hand and the condition with antioxidant compounds on the other. These
results are in accordance with the ∆E* values calculated (Table S2b) and the C* results.
Moreover, BP samples showed low colour repeatability, which was already suggested by the
high standard deviations on the L*, a*, b*, and C* parameters presented in Table S2a and the
∆E* values. These data underline that the use of bioprotection alone can impact rosé wine
colour expression in an unpredictable way. On the other hand, the addition of oenological
tannins allowed better colour reproducibility, as with SO2. Moreover, quebracho tannins
induced a better colour expression than nut gall tannins at the doses studied. These first
results obtained on rosé wines are in accordance with previous literature focused on white
wine and the chemical properties of tannins [23,26].

4.4. Phenolic Composition of Wines

Spectrophotometric analyses showed similar concentrations of total anthocyanins in
all conditions (Table 3). These results indicated that the total anthocyanin concentration in
bioprotected wines was not impacted either by the addition of SO2 or oenological tannins.
After storage, the main anthocyanins formed in wine were their combined forms in all
treatments. In our experimental conditions, the addition of oenological tannins or SO2 did
not impact the final combined anthocyanin concentrations (Table 3). The lack of differences
for the ionisation index between conditions could be explained by the weak impact of the
antioxidant compound tested on the proportion of anthocyanins, which contributed to wine
colour, but the high standard deviation of the results did not allow further investigation
into this result.

Concerning anthocyanin concentrations quantified by UHPLC methods, no signifi-
cant difference was observed between wines. Only mono-glycoside anthocyanins were
quantified, which are the only native anthocyanin form of Pinot Noir [47]. The concentra-
tion obtained (≈1 mg/L) corresponded to free anthocyanins and anthocyanins in weak
co-pigmentation interaction with other wine compounds. This result could mean that
oenological tannins, as well as SO2 addition, had no impact on the evolution of free or
weakly bound anthocyanins. These concentrations were close to the concentrations of free
anthocyanins obtained by spectrophotometric analyses. The colour differences observed in
wines by CIELab analyses cannot therefore be explained by anthocyanin concentrations, by
a different free/combined anthocyanin ratio, or by a coloured anthocyanin proportion.

Concerning the other phenolic compounds detected by the UHPLC method (Table 4),
the higher gallic acid concentration in the BPG condition was explained by the addi-
tion of nut gall tannin in this treatment. It is a hydrolysable tannin composed of gallic
acid units [22]. The gentisic and coumaric phenolic acids, which were in significantly
different concentrations as a function of the conditions, are oxidation-sensitive wine
compounds [48,49]. The concentration of these compounds was higher in the condition



Foods 2023, 12, 735 11 of 13

with antioxidant inputs (specifically SO2 or quebracho tannin) compared to the condition
with bioprotection alone. This could suggest that the addition of an antioxidant compound
(tannin or SO2) could protect certain oxidation-sensitive compounds during winemaking
and ageing and explain their protective effect on wine colour.

5. Conclusions

The bioprotection of musts and grapes represents a strategy for limiting sulfite addition
during winemaking. Although previous studies have demonstrated that bioprotectant
non-Saccharomyces strains are able to protect musts and wines against microbial spoilage,
they cannot protect must against oxidation. This fact can limit its practice, especially in
rosé must, where it is crucial to preserve not only the freshness of aromatic grape varieties
but also the colour after pressing.

This experiment carried out with the constraints of winemaking in the cellar led to
a preliminary conclusion that the combined action of bioprotection and tannins could be
an alternative to sulfites in pre-fermentative steps to guarantee microbiological protection
and the colour of the wine, as shown by tristimulus coordinates and MDS analysis. In
our experiments, it appeared preferable to favour quebracho tannins over gall nut tannins
for better colour protection. The HPLC analysis showed that tannin addition protected
oxidation-sensitive compounds (gentisic and coumaric acids) in a way comparable to the
conditions with SO2. It will be interesting to carry out further experiments to study new
pigments formed by interactions between anthocyanins, and between anthocyanins and
other phenolic compounds to better understand the action of oenological tannins used as
antioxidants in a bioprotected must.

This section is not mandatory but can be added to the manuscript if the discussion is
unusually long or complex.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/foods12040735/s1. Table S1: Must composition at the
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