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Introduction

In winemaking, fining is a process used to modulate and protect the organoleptic properties of the wines and to ensure their physicochemical stability by preventing the formation of hazes and deposits [START_REF] El Rayess | Cross-flow microfiltration applied to oenology: A review[END_REF]. In practice, a fining agent is added to the wine and adsorbs some molecules, like polyphenols, to create complexes that can be separated from the wine. Polyvinylpolypyrrolidone (PVPP) is regularly used to this purpose in alcoholic beverage production like beer and wine [START_REF] Doner | Binding of Flavonoids by Polyvinylpolypyrrolidone[END_REF][START_REF] Mcmurrough | Adsorption by Polyvinylpolypyrrolidone of Catechins and Proanthocyanidins from Beer[END_REF][START_REF] Magalhães | Isolation of phenolic compounds from hop extracts using polyvinylpolypyrrolidone: Characterization by high-performance liquid chromatography-diode array detectionelectrospray tandem mass spectrometry[END_REF]. It is a partially cross-linked synthetic polymer of Polyvinylpyrrolidone PVP (Figure 1) known to have polyphenol binding affinities.

Polyphenols are very important molecules in wines, responsible for quality and sensorial characteristics such as taste and color. However, in excess they may induce several problems regarding color and aroma. Anthocyanins, the red pigments extracted from grape are fragile molecules that can lose their color through oxidation (Lopez, Richard, Saucier, Teissedre, Monti & Glories, 2007). Chemical reactions of phenolic acids, flavanols and anthocyanins may form more stable orange pigments like xanthylium derivatives [START_REF] Es-Safi | Xanthylium salts formation involved in wine colour changes[END_REF][START_REF] George | Factors influencing the production and stability of xanthylium cation pigments in a model white wine system[END_REF] or pyranoanthocyanins [START_REF] Sarni-Manchado | Stability and color of unreported wine anthocyanin-derived pigments[END_REF][START_REF] De Freitas | Formation of pyranoanthocyanins in red wines: a new and diverse class of anthocyanin derivatives[END_REF][START_REF] Vallverdú-Queralt | p-Hydroxyphenylpyranoanthocyanins: an experimental and theoretical investigation of their acid-base properties and molecular interactions[END_REF].

In white or rosé wines, the oxidation of molecules, especially flavanols, may induce browning problems [START_REF] Li | Mechanisms of oxidative browning of wine[END_REF]). An excess of polyphenols can also negatively affect the aroma content of these wines. In fact, the oxidation of polyphenols leads to the formation of quinones that can irreversibly react with thiols, the varietal aromas, to form odorless adducts (Singleton 1987).

PVPP treatment is then often used to reduce the polyphenol content of wines in order to control these issues. It can be done at the grape must stage, during fermentation, or on finished wine. In practice, it is often done at the must or fermentation stage [START_REF] Seabrook | Fining during fermentation: focus on white and rosé[END_REF]. In fact, the oxidizable phenolics should be removed before any damage on aroma or color is caused, or at least as soon as possible to limit their negative impact.

In a previous work, the effect of PVPP on rosé wine color and polyphenol content was investigated [START_REF] Gil | Rosé Wine Fining Using Polyvinylpolypyrrolidone: Colorimetry, Targeted Polyphenomics, and Molecular Dynamics Simulations[END_REF]. Color measurements, and targeted polyphenomics using Liquid Chromatography -Electrospray Ionization -Mass Spectrometry (UPLC-ESI-MS/MS) in Multiple Reaction Monitoring (MRM) mode [START_REF] Lambert | A High-Throughput UHPLC-QqQ-MS Method for Polyphenol Profiling in Rosé wines[END_REF] were used. A decrease in wine color was observed, confirming the adsorption of pigments. MS analysis showed adsorption differences among polyphenol families. Flavonols (42%) and flavanols (64%) were the most affected. Anthocyanins were not strongly adsorbed on average (12%), but a specific adsorption of coumaroylated anthocyanins was observed (37%). Using molecular dynamics simulations, intermolecular interactions were studied in order to explain these specific affinities. This initial work was done on commercial rosé wines, while in practice the fining process is often realised during fermentation. The goal of the present paper was to study the effect of PVPP on color, polyphenol content and thiol aroma compounds, when the treatment is performed at the early fermentation stage for rosé wines.

Material and methods

Chemicals

All chemicals were of analytical reagent grade. HPLC grade methanol and formic acid were obtained from Sigma-Aldrich (Saint-Quentin Fallavier, France). Deionized water was obtained from a Milli-Q Advantage A10 purification system from Millipore (Fontenay sous Bois, France). Zymaflore® X5, Superstart® and PVPP samples were obtained from Laffort (Bordeaux, France).

Wines and sample preparation

300 mL of must from free run juice conserved by congelation with a level of turbidity of 200 NTU were inoculated using Zymaflore® X5 at 20 g/hL (equivalent to 200 mg/L) and 30 g/hL were measured by the SARCO Lab (alcohol, pH, TA, residual sugar, AV, SO2) and no significant differences were measured. 1.5 mL samples were prepared and kept in closed plastic Eppendorf at -80°C for further UPLC-ESI-MS/MS analyses. Before analyses, the samples were thawed to room temperature and centrifuged before injection.

Spectrophotometric L*a*b* measurements

Color analysis were performed on a spectrophotometer CM-3600d from KONICA MINOLTA with a 1.0 cm length glass cell, between 360-740 nm with 10 nm pitch, and piloted with the SpectraMagic TM NX software. The CIELAB coordinates L*, a*, b* were obtained using the D65 illuminant and a 10° observer. The CIELAB is a color space defined in 1976 (ISO 11664-4: 2008). In this 

UPLC-ESI-MS/MS parameters

Polyphenol analyses were performed with a Waters Acquity UPLC system connected to a triple quadrupole mass spectrometer equipped with an electrospray ionization source (ESI)

operating in switching positive and negative mode. The UPLC system included a binary pump, a cooled autosampler maintained at 7 °C and equipped with a 5 µL sample loop, a 100 µL syringe and a 30 µL needle, a thermostated column department, and a DAD detector.

MassLynx software was used for instrument control and data acquisition and TargetLynx software was used for data processing. Quantitative analyses were performed by UPLC-ESI-MS/MS using the Multiple Reaction Monitoring (MRM) detection mode under the conditions (HPLC elution conditions, MS and MRM parameters, calibration standards) described in [START_REF] Lambert | A High-Throughput UHPLC-QqQ-MS Method for Polyphenol Profiling in Rosé wines[END_REF].

Thiol quantification

Volatile thiol quantifications were performed by the wine analysis laboratory Sarco (Bordeaux, France) with this protocol: From 50 mL of the previously described wine, as described by [START_REF] Tominaga | A novel method for quantification of 2-methyl-3furanthiol and 2-furanmethanethiol in wines made from Vitis vinifera grape varieties[END_REF], 4-methyl-4-sulfanylpentan-2-one (4MSP), 3sulfanylhexan-1-ol (3SH), and 3-sulfanylhexyl acetate (3SHA) were specifically extracted by reversible combination of the thiols with sodium-p-hydroxymercuribenzoate. They were then quantified by gas chromatography-mass spectrometry using methods described by Tominaga, Furrer, Henry & Dubourdieu (1998a), and [START_REF] Tominaga | Identification of cysteinylated aroma precursors of certain volatile thiols in passion fruit juice[END_REF]. The aromatic indexes are then calculated by dividing the concentration by the perception threshold. For 3MH and 3MHA, the perception threshold values are 60 ng/L and 4 ng/L respectively.

Statistical analyses

All the experiments were carried out in triplicate (biological replicates). Statistical analyses, including means, standard deviations, variance analysis (ANOVA), were performed using Excel (Microsoft, Redmond, WA, USA).

Results and discussions

Effect of PVPP on rosé wine colors

As expected, the CIELAB coordinates of the studied wines were modified by the PVPP In all treatments, the lightness L* have increased. On the contrary, both a* and b* coordinates decreased, implying a reduction of red and yellow color components respectively. This reflects adsorption of color active polyphenol, such as anthocyanins and their derivatives and flavonols, as described earlier [START_REF] Gil | Rosé Wine Fining Using Polyvinylpolypyrrolidone: Colorimetry, Targeted Polyphenomics, and Molecular Dynamics Simulations[END_REF]. Besides pigment adsorption, the color drop can also be related to the reduction of the copigmentation effect by adsorption of copigments [START_REF] Boulton | The copigmentation of anthocyanins and its role in the color of red wine: a critical review[END_REF][START_REF] Gutiérrez | Phenolic composition and magnitude of copigmentation in young and shortly aged red wines made from the cultivars, Cabernet Sauvignon, Cencibel, and Syrah[END_REF]. Regarding b* values, an adsorption of orange aging pigments [START_REF] Guyot | Structural determination of colourless and yellow dimers resulting from (+)-catechin coupling catalyzed by grape polyphenoloxidase[END_REF][START_REF] Simpson | Factors affecting oxidative browning of white wine[END_REF][START_REF] Cheynier | Effect of pomace contact and hyperoxidation on the phenolic composition and quality of Grenache and Chardonnay wines[END_REF][START_REF] Oliveira | Oxidation mechanisms occurring in wines[END_REF][START_REF] Es-Safi | Xanthylium salts formation involved in wine colour changes[END_REF][START_REF] Sarni-Manchado | Stability and color of unreported wine anthocyanin-derived pigments[END_REF][START_REF] De Freitas | Formation of pyranoanthocyanins in red wines: a new and diverse class of anthocyanin derivatives[END_REF][START_REF] Vallverdú-Queralt | p-Hydroxyphenylpyranoanthocyanins: an experimental and theoretical investigation of their acid-base properties and molecular interactions[END_REF] by PVPP may also explain the decrease observed.

Regarding the efficiency of the treatment, the discoloration effect increased with the PVPP dose used.

In the CIELAB color space, ΔE is a parameter illustrating the difference of colors between two samples. It is calculated as √[(L1*-L2) 2 +(a1*-a2*)²+(b1*-b2*) 2 ], if this value is greater than 1, a color difference can be perceived by the human eye, and the higher the ΔE value, the easier it is to notice the color difference [START_REF] Wojciech | Color difference Delta E -A survey[END_REF].

In our study, in all cases, the ΔE value between the colors of the control and the treated wine is greater than 1 (Table 1) meaning that a standard observer can see a difference in color. At PVPP concentrations, 3,5 < ΔE < 5, a clear difference in color is noticed. For the highest concentrations, ΔE > 5, the observers will see two different colors.

Effect of PVPP on the polyphenol composition of rosé wines

The polyphenol composition of the wines was determined by UPLC-ESI-MS/MS using the MRM detection mode under the conditions described in [START_REF] Lambert | A High-Throughput UHPLC-QqQ-MS Method for Polyphenol Profiling in Rosé wines[END_REF]. The concentrations of the different families and associated statistics are available in Appendix 1.

Among the seven studied polyphenol families (benzoic acids, hydroxycinnamic acids, stilbenes, flavonols, flavanols, dihydroflavonols, anthocyanins), mainly three were affected by PVPP fining: flavonols, flavanols (especially dimers and trimmers) and anthocyanins (especially coumaroylated anthocyanins).

Figure 2. Concentration before and after fining of flavonols (A), flavanols (B), anthocyanins (C) and coumaroylated anthocyanins (D). Within each line, a to e represent the groups identified in an

ANOVA statistical test with a confidence interval of 99%.

These concentrations drops can be related to the diminution of the CIELAB a* and b* components. Actually, these three families are known to play a major role in wine color.

Anthocyanins are the major red grape pigments in young red or rosé wines and flavonols are yellow grape pigments [START_REF] Jeffery | Flavonol composition of Australian red and white wines determined by high-performance liquid chromatography[END_REF]) that can favor the copigmentation effect by enhancing the redness of anthocyanins [START_REF] Boulton | The copigmentation of anthocyanins and its role in the color of red wine: a critical review[END_REF]. Flavanols are easily oxidized compounds inducing browning and appearance of orange pigments [START_REF] Es-Safi | Xanthylium salts formation involved in wine colour changes[END_REF][START_REF] George | Factors influencing the production and stability of xanthylium cation pigments in a model white wine system[END_REF]. For all those reasons, the diminution of these compounds is immediately leading to a yellow and red color decrease.

These results are similar to those found in our previous published work [START_REF] Gil | Rosé Wine Fining Using Polyvinylpolypyrrolidone: Colorimetry, Targeted Polyphenomics, and Molecular Dynamics Simulations[END_REF] where the PVPP treatments were done on commercial rosé wines. The selectivity of PVPP towards polyphenols seems to be similar whether the fining treatment occurs during fermentation or after fermentation on finished wines.

Effect of PVPP on the thiol composition of rosé wines

Grapes used to make rosé wines possess some odorless molecules, called varietal precursors which are able to generate odoriferous compounds during winemaking: the varietal aromas [START_REF] Roland | Varietal Thiols in Wines: Discovery, Analysis and Applications[END_REF][START_REF] Murat | Assessing the Aromatic Potential of Cabernet Sauvignon and Merlot Musts Used to Produce Rose Wine by Assaying the Cysteinylated Precursor of 3-Mercaptohexan-1-ol[END_REF].

Some of the main varietal aromas are 4-mercapto-4-methylpentan-2-one (4MMP), 3mercaptohexyl acetate (3MHA), and 3-mercaptohexan-1-ol (3MH). These varietal thiols are released during alcoholic fermentation from the cleavage of odorless precursors identified in grapes and musts [START_REF] Ribéreau-Gayon | Handbook of Enology[END_REF].

Three important varietal thiols were quantified and the detailed aromatic indexes and associated statistics are available in Appendix 1. 4MMP was not detected in our wines. The At low PVPP concentrations (20 to 40 g/hL), there was a significant gain in thiol compounds and their aromatic indexes. A possible explanation is that the removal of some polyphenols at the early stage of fermentation would reduce the amount of quinones generated by oxidation during later stages of fermentation. A similar amount of thiol aroma from precursors would be released but less would be trapped by quinones to form adducts [START_REF] Nikolantonaki | Reactivity of volatile thiols with polyphenols in a wine-model medium: Impact of oxygen, iron, and sulfur dioxide[END_REF]. At higher concentration, the gain in thiol was more limited, suggesting that another phenomenon is taking place. A possible explanation is that PVPP would adsorb glutathione-S-conjugates aroma precursors, thus reducing the aroma content on the finished wine. The optimum dose for the PVPP treatment observed in our experiments would then be the balance between two specific adsorption phenomena (quinones on one side and glutathione-S-conjugates on the other side). 

Conclusions

The effect of PVPP treatments on rosé wines during early stages of fermentation was investigated. A clear effect on color and polyphenol adsorption was observed and increased with the PVPP concentration used. Some polyphenol families or sub-families had specific affinities for PVPP. A clear effect on thiol aroma in the corresponding finished wines was evidenced for the first time in our study. The gain in thiol compounds observed was PVPP dose dependent. An optimum dose, non-correlated with the color removal effect was measured. Further research is needed to explain this dose-dependent effect of PVPP treatment during fermentation on thiol release in the corresponding finished wines. Table 1. Average CIELAB coordinates measured in the wines after PVPP treatment. Within 
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 1 Figure 1. Structure of PVPP

  at 20 °C. Fermentation activities were monitored by weight loss as an estimate of CO2 production, and fining agents were added at the end of the third of the alcoholic fermentation. For all experiments, the kinetic of fermentation were the same after 13 days and the end of the fermentation was confirmed by measurement of glucose and fructose concentrations using clinitest. At the end of the fermentation the wine was treated with 5 g/hL of a 10% SO2 solution, maintained at 5 °C for a day, and filtered through a 3 µm glass fiber filter. Five fining modalities were tested, a control without fining and four different PVPP concentrations: 20, 40, 60, and 80 g/hL, the maximum legal use. All micro-fermentations were done in triplicates on 2 different musts obtained directly from the press without any maceration, blends of Grenache Noir from Villevielle Cellar (Gard) Languedoc-Roussillon and Merlot from Vignobles Ducourt Bordeaux in different proportions (Rosé A: 70/30 and Rosé B: 50/50). At the end of the vinification process, all the classical oenological parameters

  three dimension system, the L* axis indicates the lightness which value extends from 0 (black) to 100 (white), the a* and b* axes represent the chromaticity. Coordinate a* has positive values for red colors and negative values for green colors. Coordinate b* has positive values for yellow colors and negative values for blue colors.[START_REF] Hernández | Colour Evolution of Rosé Wines after Bottling[END_REF][START_REF] Korifi | CIEL*a*b* color space predictive models for colorimetry devices-Analysis of perfume quality[END_REF].

Figure 3 .
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  each line, a to e represent the groups identified in an ANOVA statistical test with a confidence interval of 99%.Appendix 1. Analytical results and statistics for Rosé A. a to e represent the groups identified in an ANOVA statistical test with a confidence interval of 99%. Appendix 2. Analytical results and statistics for Rosé B. a to e represent the groups identified in an ANOVA statistical test with a confidence interval of 99%.

  

Table 1 .

 1 treatments. The average values of the different color coordinates measured on the control wines and after all treatments are reported in Table1. Average CIELAB coordinates measured in the wines after PVPP treatment. Within each line, a to e represent the groups identified in an ANOVA statistical test with a confidence interval of 99%.

			Control	PVPP 20 g/hL	PVPP 40 g/hL	PVPP 60 g/hL	PVPP 80 g/hL
	L*	Rosé A Rosé B	91.2 ± 0.1 d 90.1 ± 0.03 e'	92.7 ± 0.1 c 91.8 ± 0.04 d'	93.5 ± 0.01 b 92.7 ± 0.04 c'	93.7 ± 0.1 b 93.0 ± 0.1 b'	94.1 ± 0.1 a 93.3 ± 0.1 a'
	a*	Rosé A Rosé B	5.06 ± 0.12 a 6.29 ± 0.08 a'	3.95 ± 0.17 b 4.99 ± 0.10 b'	3.15 ± 0.02 c 4.26 ± 0.13 c'	3.00 ± 0.14 cd 3.97 ± 0.11 c'd'	2.64 ± 0.06 d 3.70 ± 0.06 d'
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Appendix

Rosé A

Control PVPP 20 g/hL PVPP 40 g/hL PVPP 60 g/hL PVPP 80 g/hL