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Introduction

Bottling is the last but not the least important step in winemaking. One of the most important objectives is to limit the introduction of dissolved oxygen during this step (<0.5 mg.L -1 ). This condition is a primary factor ensuring wine conservation [START_REF] Ghidossi | The influence of packaging on wine conservation[END_REF]. Meanwhile, since the perception of carbonation in the mouth contributes significantly to the quality of white and rosé wines [START_REF] Chandrashekar | The Taste of Carbonation[END_REF], a level of dissolved carbon dioxide (CO2) is also desired, and varies from 0.6 g.L -1 to 1.5 g.L -1 according to the type of wine. Saturation levels of oxygen in wines are equal to 8.4 mg.L -1 at 20°C. The presence of dissolved carbon dioxide in wine strongly affects the efficiency of oxygen transfer [START_REF] Devatine | Micro-oxygenation of wine in presence of dissolved carbon dioxide[END_REF][START_REF] Chiciuc | Effect of wine properties and operating mode upon mass transfer in micro-oxygenation[END_REF].

The use of membrane contactors has many applications in different industries, such as power plants, pharmaceuticals, oil extraction, etc. [START_REF] Nymeijer | Composite hollow fiber gas-liquid membrane contactors for olefin/paraffin separation[END_REF] [6] [START_REF] Li | Surface modification to produce superhydrophobic hollow fiber membrane contactor to avoid membrane wetting for biogas purification under pressurized conditions[END_REF]. In a gas-liquid membrane contactor, the gas stream and the liquid solution flow on different sides of the membrane; the gas can be diffused through the microporous membrane and be absorbed by the liquid phase. The membrane is used as an interfacial barrier between the gas and liquid phase and could allow the regulation of oxygen and carbon dioxide in the wine industry. Membrane contactors offer several advantages, such as a high surface area per unit volume and high compactness. Their compact structure provides good flexibility for scaling up and they could replace traditional techniques for gas management in the wine sector. The removal of dissolved oxygen in wine can be achieved with either physical methods or chemical methods. To limit the impact of oxygen consumption during winemaking, sulfur dioxide (SO2) is often used for the chemical reduction process. However, the legislation tends to limit the use of SO2 and nitrogen (N2), and bubbling is now largely employed among physical treatments. Indeed, a two-step nitrogen bubbling treatment for O2 removal and CO2 addition is possible to obtain a bottled wine with the desired levels of dissolved O2 and CO2 [START_REF] Castellari | Effects of different enological treatments on dissolved oxygen in wines[END_REF]. The big disadvantages of this process are the high gas consumption (N2 and CO2), the time required and the difficulty of obtaining a precise level of CO2. Recently, membrane contactors have attracted the attention of winemaking process developers and could be a useful device to achieve gas/liquid mass transfers, but fouling phenomena are still a problem that limit their use [START_REF] Gabelman | Hollow fiber membrane contactors[END_REF]. These processes are already used in several applications and also offer a numbers of application possibilities for the wine industry: partial dealcoholization [START_REF] Diban | Ethanol and aroma compounds transfer study for partial dealcoholization of wine using membrane contactor[END_REF] [START_REF] Blank | Savoir-faire: Utilisation d'un contacteur membranaire pour la gestion exacte des gaz dissous[END_REF] and micro-oxygenation during aging [START_REF] Schonenberger | Membrane Contactor: A Nondispersive and Precise Method to Control CO2 and O2 Concentrations in Wine[END_REF] [START_REF] Chiciuc | Etude des paramètres affectant le transfert d'ooxygène dans les vins[END_REF]. By using membrane contactors, O2 and CO2 concentrations can be adjusted to the precise desired levels in one step before bottling. Besides, some studies have shown that after membrane contactor treatment, alcohol percentage, volatile acidity, pH values, free and total SO2 data and absorbance values at 420, 520 and 620 nm are not modified [START_REF] Vidal | New approach by membrane contactor to manage dissolved gases in wines[END_REF]. Gas chromatography analysis of higher alcohols and esters of wine show that only some esters undergo significant losses of up to 40 %, especially ethyl octanoate, ethyl hexanoate, isoamyl acetate and hexyl acetate, which are the most volatile molecules and which thus have the most affinity for the membrane passage. Comparatively, deoxygenation of wines by nitrogen sparging with a porous diffuser causes large losses of the same molecules because of their volatility. During triangular test tasting, no significant difference was revealed in the α risk of 5 % for the wine (white and red) before and after deoxygenation with membrane contactor, in spite of the ester losses cited above [START_REF] Vidal | New approach by membrane contactor to manage dissolved gases in wines[END_REF].

However, in spite of its big advantages, this membrane technology suffers from two frequent problems during long-term operation: membrane wetting and membrane fouling [START_REF] Lu | Wetting mechanism in mass transfer process of hydrophobic membrane gas absorption[END_REF] [16] [START_REF] Lu | Amphiphobic PVDF composite membranes for anti-fouling direct contact membrane distillation[END_REF]. The wetting of membrane pores significantly impacts mass transfer coefficients in the membrane module, leading to a sharp increase in membrane resistance and a rapid decline in absorption performance [START_REF] Kreulen | Microporous hollowfiber membrane modules as gas-liquid contactors. Part 2. Mass transfer with chemical reaction[END_REF]. It has been demonstrated that even a marginal wetting (<2 %) of the pores could result in an increase in membrane resistance as high as 60 % of the total masstransfer resistance [START_REF] Rangwala | Absorption of carbon dioxide into aqueous solutions using hollow fiber membrane contactors[END_REF]. Membrane fouling could be a bigger problem with pressure-driven devices than with concentration-driven ones such as membrane contactors [START_REF] Gabelman | Hollow fiber membrane contactors[END_REF]. Several antiwetting and anti-fouling modifications are possible: amelioration of hydrodynamic factors based on the traditional mass transfer theories [START_REF] Kumar | Approximate solution to predict the enhancement factor for the reactive absorption of a gas in a liquid flowing through a microporous membrane hollow fiber[END_REF], utilization of a high hydrophobicity membrane, hydrophobic modification of the membrane surface, or utilization of a composite membrane [START_REF] Lu | Amphiphobic PVDF composite membranes for anti-fouling direct contact membrane distillation[END_REF] [START_REF] Nymeijer | Composite hollow fiber gas-liquid membrane contactors for olefin/paraffin separation[END_REF].

In an oenological context, the matrix of wine with 12-15 % alcohol could also contain different fouling agents such as polysaccharides, polyphenols and proteins [START_REF] Rayess | Cross-flow microfiltration of wine: Effect of colloids on critical fouling conditions[END_REF] [START_REF] Rayess | Analysis of membrane fouling during cross-flow microfiltration of wine[END_REF].

These compounds are widely recognized as contributing to the rapid fouling of classical filter media (ceramic membrane, polyethersulfone membrane, polysulfone membrane, pad filter, etc.). Thus, the frequency and ease of cleaning and the cost of periodic membrane replacement should be taken into account in the application of this technology. In other applications and to avoid these limiting phenomena, a composite hollow fiber with a protective dense layer has displayed high anti-wetting and anti-fouling performances in other industries and could be investigated [START_REF] Nymeijer | Composite hollow fiber gas-liquid membrane contactors for olefin/paraffin separation[END_REF]. The objective of this study is to develop a new, rapid membrane contactor characterization method in order to compare the performances of selected hollow fibers with and without a protective dense layer for final utilization in an oenological context. For the comparison, the development of a novel methodology that characterizes membrane contactors is proposed. The membrane contactor material is then investigated. The membranes are composed of polypropylene (PP) or PP coated with Teflon AF2400 (PPT). Teflon AF2400 is a copolymer of tetrafluoroethylene and 2,2bis(trifluoromethyl)-4,5-difluoro-1,3-dioxole, used as membrane materials. These materials are similar to other amorphous polymers in terms of optical clarity and mechanical properties, including strength. They also resemble fluoropolymers in their performance over a wide range of temperatures, and have outstanding electrical properties and chemical resistance. They are distinct from other fluoropolymers in that they are soluble in selected solvents and have high gas permeability, high compressibility, high creep resistance, and low thermal conductivity.

The hydrophobicity of PP and PPT is different (water contact angle respectively 102° and 109°) and could optimize the gas transfer rate in an oenological application [START_REF] Khaisri | Comparing membrane resistance and absorption performance of three different membranes in a gas absorption membrane contactor[END_REF].

In this research, a specific methodology using KL.a is used to investigate the effect of wetting and fouling on the gas transfer efficiency of the two membrane materials. The mass transfer capacity, the cycle time and fouling are studied.

Materials and methods

2.1.

Experimental setup and procedure

The experimental setup was done especially for this study and is shown in Fig. 1. The gas transfer capabilities of the membrane contactors were evaluated in an inert closed loop. The schematic representation of membrane contactors used in the experiments is shown in Fig. 2.

Pure CO2 was passed through the lumen side of the membrane contactor and the liquid tested was passed through the shell side of the hollow fibers. The gas flow was regulated with a mass flow meter and controller (Brooks Instruments MFC) at 120 mL.min -1 . A digital variable gear pump (Cole Parmer Instruments company) was used to control the liquid flow at 300 mL.min -1 and pumped the liquid from a 5 L glass flask container to the shell side of the hollow fibers. These flow rates have been retained after the optimization study described in section 2.4.1 to ensure homogenization of the gas. The CO2 concentration of the outlet liquid was measured and the liquid returned to container. At the same time, the O2 concentration and the temperature in the liquid tank were measured while a magnetic stirrer homogenized the liquid (Fisher scientific FB15045) at 500 RPM. The pressure was monitored using a pressure gauge (Druck DPI 104).

Materials

Membrane and module specifications

The hollow fiber membranes used in this study were composed of polypropylene (PP) or PP with a Teflon layer (PPT). The PP membrane contactor is the Minimodule TM from 3M®

Liqui-Cel® (Celgard, Charlotte, NC) and the PPT membrane contactor is a prototype made by LGC (Laboratoire de Génie Chimique, Toulouse). The hollow fiber membrane and module specifications are summarized in Table 1 and for PPT and 0.180 m 2 for PP) and hence it was possible to perform a comparison of gas transfer capacities.

Liquid used for characterization

The liquids used for characterization were ultra-pure water, a wine model solution composed of 12 % ethanol (v/v) and 5 g.L -1 of tartaric acid adjusted at pH 3.5, and two red wines. The two red wines' characteristics are given in Table 2 and represent a typical red wine composition before bottling (wine #1) and a red wine with a high fouling index (wine #2).

The determination of the fouling index (FI) was performed with a dead-end filtration system.

The wine was placed in a stainless-steel tank (5 L, Predel) and the pressure was regulated with nitrogen to 2 KPa during measurement. The membrane was placed in the in-line filter holder (Millipore, diameter 25 mm). The FI was determined according to the method developed by Descout et al (1976) [START_REF] Descout | Contribution à l'étude des phénomènes de colmatage lors de la filtration des vins sur filtre écran[END_REF], using a 0.65 µm pore size membrane (Millipore, diameter 25 mm, filter area 3.9 cm 2 ). The FI was calculated with the formula FI=T400-2T200. T400 and T200 represent the time taken to filter 400 mL and 200 mL of sample, respectively. If the FI value is lower than 20, we can consider that the wine can be easily filtrated on a membrane filter, and if the value is higher than 20 it cannot. Oenological parameters (Ethanol content, pH, Glucose, Fructose, L-malic, volatile acidity, total acidity, free SO2, total SO2)

were measured with an Y15 enzymatic auto analyzer (Biosystems, S.A. Barcelona, Spain).

These analyses were performed using the appropriate kits from Biosystems (http://www.biosystems.es). The Y15 equipment was calibrated with the external standards that are provided in every kit by Biosystems.

Total anthocyanins were determined using the SO 2 bleaching method [START_REF] Ribéreau-Gayon | Determination of anthocyanins in red wine[END_REF]. The total tannin content was measured according to Bate-Smith reaction by acidic hydrolysis of proanthocyanidin resulting in carbocation formation partially converted into red cyanidin [START_REF] Ribéreau-Gayon | Dosage des tanins du vin rouge et détermination de leur structure[END_REF].

Measurement of gas content

The CO2 concentration in the different liquids was measured using the multiple expansion method with CO2 analyzer (CarboQC, AntonPaar; 0-12 g.L -1 ) connected to a PFD Filling Device preventing oxygen input into the sample. Sampling was done in a continuous circle (Fig. 1).

The oxygen concentration in the liquid tank was detected using a mobile optical fiber coupled with a sensing device. The luminescent system is of the Oxy-trace type (PreSens GmbH, Germany), coupled with a PSt3 type oxygen sensor (detection limit = 15 µg.L -1 , 0 -100 % oxygen). The spots sensors were placed inside the liquid tank allowing the detection of oxygen concentration.

Determination of volumetric transfer coefficient KL.a

The volumetric transfer coefficient KL.a in a gas-liquid membrane contactor represents the capacity of the gas to transfer into the liquid. This KL.a determination has allowed us to compare membrane contactors with each other according to the experimental setup. By considering that the two membrane contactors have the same characteristics, we used the KL.a

to better understand the effects on the membrane materials (gas diffusion and fouling).

The quantities of gas transferred into a liquid are based on Henry's law and the general mass transfer law [START_REF] Heijnen | Influence of very small bubbles on the dynamic kLA measurement in viscous gas-liquid systems[END_REF] [28]:

= . . ( * -) (1) 
Where Q is the flow of gas solubilized in the liquid (g of gas.s -1 ), KL is the mass transfer coefficient between phases (m.s -1 ), A is the surface of the gas/liquid interface (m 2 ), C * is the saturated gas concentration in the liquid (g.m 3 ) and C the gas concentration in the liquid (g.m 3 ).

From Eq. 1 the volumetric transfer coefficient (KL.a) can be expressed by dividing by the total liquid volume of the tank V (m 3 ):

= . ( * -) (2) 
= . . ( * -)

Where a is the specific area of the gas/liquid interface for a unit of volume. Therefore, the capacity of oxygen to transfer depends on the transfer coefficient on the liquid side KL, the interfacial area a as well as the exchange potential (C * -C). The evaluation of the performance of membrane contactors is based in part on the estimation of these parameters.

By deriving and integrating Eq. 3: 

= . . ( * -) (4) 
If the border of the line integral of Eq. 6 is 0 and t, the volumetric transfer coefficient (s -1 ) can be experimentally determined with:

ln( * * ) = . . (7) 
From Eq. 7 and thanks to gas monitoring over time, a KL.a value was calculated.

2.5. Experiment

Optimization of liquid flow rate

The optimization of parameters was carried out on both membrane contactors, PP and PPT, with ultra-pure water. The CO2 flow rate was set at 120 mL.min -1 and the liquid flow rate was tested at 150 or 300 mL.min -1 . The CO2 and O2 concentrations were monitored and the KL.a CO 2 was calculated. The temperature during all the experiment was set at 21°C and the pression in the liquid was 0.05 bar.

Hydrodynamic characterization

Hydrodynamic characterization of each membrane contactor was evaluated using the theoretical and experimental residence time distribution (RTD). The theoretical RTD is the membrane contactor volume divided by the flow rate. The measurement of the experimental RTD was performed by injecting 1 mL of sodium chloride (NaCL) with an initial conductivity of 4 mS.cm -1 through the shell side of membrane contactors with a flow rate set at 300 mL.min -1 . Every 5 seconds, 3 mL of the outlet liquid were recovered and the conductivity was measured in each sample with a conductivity meter (Mettler Toledo LE703).

The experimental RTD E(t) is determined by the change in the sample's conductivity (σ)

according to the following equation:

( ) = ( ) !( ) "# (8) 

Wettability study

The study of membrane wettability was carried out with a wine model solution passing through each membrane contactor in series for 16 days in order to determine the moment when the membrane pores were wetted by the liquid. Meanwhile, the setup was stopped regularly to characterize each module by the determination of the volumetric transfer coefficient KL.a CO 2 with a wine model solution according to the procedure previously described.

Fouling study

The fouling characterization was carried out with a red wine previously described in Table 2 in order to evaluate the impact of polyphenols on gas transfer capacities. The experiments were run over 8 days with the red wine on each membrane contactor. Meanwhile, the setup was stopped several times to characterize each module by the determination of volumetric transfer coefficient KL.a CO 2 with a wine model solution according to the procedure previously described.

Cleaning and membrane regeneration method

Recovery of membrane properties was carried out with sodium hydroxide (NaOH) 0.5% in the shell side, in open and in closed cycles for 30 min and with acidified methanol (1 % hydrochloric acid) in static during 30 min. The membrane contactor was then dried with N2.

Results and discussion

Optimization of liquid flow rate

We noted that an optimization of the liquid flow rate is necessary in order to obtain an optimal gas transfer according to the membrane contactors tested. The liquid flow rate needs to be adjusted as a function of the contact area of the membrane contactor cartridge. In this part, we optimized the liquid flow rate in order achieve optimal hydrodynamic conditions ensuring gas exchange over the entire membrane contactor surface.

In our experimental setup, the membrane contactor response must come within an acceptable time lapse to ensure acceptance by end users (under 4 hours). Both 150 mL.min -1 and 300 mL.min -1 flow rates were investigated and the liquid entered the shell side in both membrane contactors. The gas flow rate was adjusted to 120 mL.min -1 . The gas concentration (O2 and CO2) was measured at the inlet and the outlet, and the purity was constant. No significant difference was noted and repeatability was ensured within this flow rate. The PPT coating features on the outside of the membrane and the comparison should be made using this configuration. With this methodology, the main difference will concern the material structure, and thus membrane contactor performances can be discussed.

Fig. 3 shows the effect of liquid flow rate on O2 and CO2 concentrations in ultra-pure water for both types of membrane contactor. As we can see in Fig. 2a, for each membrane contactor, a liquid flow set at 300 mL.min -1 increases the O2 removal in ultra-pure water more than to a liquid flow rate set at 150 mL.min -1 . Focusing on 100 min for a liquid flow rate of 300 mL.min -1 , we note that the O2 removal percentage is close to 62 % for the PP contactor and around 58 % for the PPT. Conversely, a liquid flow rate set at 150 mL.min -1 only removes 27 % of O2 in 100 min for both types of membrane contactor. At the end of the experiment, for both membrane contactors, the final O2 concentration was close to 0.2 mg.L -1 at a liquid flow rate of 300 mL.min -1 against a final O2 concentration of around 0.65 mg.L -1 at 150 mL.min -1 within a time of less than 5 hours.

On the other hand, as we can see in Fig. 2b, the same effect could be observed on the CO2 concentration. After 100 min, at a liquid flow rate of 300 mL.min -1 , the CO2 transfer is respectively around 83 % (PP) and 76 % (PPT) of the final CO2 concentration whereas at 150 mL.min -1 it is only 51 % (PP) and 50 % (PPT). However, after 300 min, the final CO2 concentrations of the two liquid flow rates are very close to each other. Finally, if we focus on the volumetric transfer coefficient, we note that at a liquid flow rate of 300 mL.min -1 , the KL.a CO 2 is 22.5 ×10 -5 s -1 for PP and 19.2 ×10 -5 s -1 for PPT. At 150 mL.min -1 , the volumetric transfer coefficient decreases to 9.3 ×10 -5 s -1 for PP and to 7.9 ×10 -5 s -1 for PPT.

Thus, increasing the liquid flow rate from 150 mL.min -1 to 300 mL.min -1 improves O2 and CO2 transfer capacities thanks to a better hydrodynamic and utilization of all membrane surface exchanges.

Additional experiments have been performed at 400 mL.min -1 and no increase in terms of KL.a CO 2 has been noted (22.3 ×10 -5 s -1 for PP and 19.1 ×10 -5 s -1 for PPT). Given these results, it may be considered that 300 mL.min -1 is suitable for ensuring efficient mixing inside the membrane contactor and facilitating contact between the porous media and the liquid.

Hydrodynamic characterization

The liquid flow rate is important but must be linked with the retention time distribution. Each membrane contactor has a specific geometry (volume, compactness etc.) and the contact times between the membrane surface and the liquid should be comparable. Hydrodynamic characterization according to residence time distribution (RTD) is presented in Fig. 4. We note that the experimental RTD is higher than the theoretical RTD for both membrane contactors. Additionally, the experimental RTD of the PPT prototype is five times higher than the commercial PP module. This result reflects a hydrodynamic difference between the membrane contactors in the presence of dead volume in the PPT prototype due to its shape, as we can see in Fig. 2. However, the experimental RTD is under 60 sec for both membrane contactors, which is negligible in relation to the time of the experiment (5 hours) and the standard deviation are low which indicates a good repeatability of the experimental setup.

This dead volume of the PPT membrane contactor could impact upon gas transfer capacities if there is a contact with the membrane. Nevertheless, in Fig. 3 we note that there is no clear difference in gas transfer between the two modules at a liquid flow rate set at 300 mL.min -1 .

By using these operating parameters, it is possible to evaluate the two membrane contactors in terms of gas transfer performance.

Initial characterization of gas transfer capacities of membrane contactors

The initial characterization of the gas transfer capacities of the two membrane contactors with ultra-pure water shows that there is no significant difference (Fig. 5). Indeed, the carbonation of pure water reaches a stationary phase after 150 min for both membranes. Regarding deoxygenation, we noted a similar behavior by both types of membrane. After 300 min, O2 elimination reaches 86 % and 93 % of the total amount for the PP and PPT membrane contactors, respectively. Finally, the mean volumetric transfer coefficient KL.a CO 2 for the PP module is 21.9 ±0.7 ×10 -5 s -1 and 20.3 ±1.6 ×10 -5 s -1 for the PPT prototype. Both membrane contactors, PP and PPT, have the same gas transfer capacity with water. This initial characterization is very important because it corresponds to the initial gas transfer performance. It could be determined in order to control whether membrane regeneration is correctly performed after a wine treatment.

Wettability and fouling study

The wettability resistance of both types of membrane contactor using a wine model solution was evaluated over time with the evolution of the volumetric transfer coefficient KL.a CO 2. The phenomenon of membrane wetting in gas-liquid membrane contactors involves liquid input into the pores of porous membranes and substantially affects gas transfer capacities [START_REF] Kreulen | Determination of mass transfer rates in wetted and non-wetted microporous membranes[END_REF]. If membranes are wetted, the gas to be absorbed has to diffuse through the stagnant liquid insides pores and thus the overall mass-transfer coefficient will be reduce (about 20%) even if membranes pores are wetted at 5 % [START_REF] Wang | Influence of membrane wetting on CO2 capture in microporous hollow fiber membrane contactors[END_REF].

Table 3 shows that the circulation of the wine model solution has no impact on gas transfer capacities for either type of membrane. Indeed, the initial KL.a CO 2 is 20 ×10 -5 s -1 for PP and 19 ×10 -5 s -1 for PPT, then after 12 days of wine model solution circulation in the PP module, the KL.a CO 2 is 22 ×10 -5 s -1 and is 21.6 ×10 -5 s -1 after 16 days for PPT. Therefore, there is no influence of the ethanol content (12 % v/v) of the wine model solution has no influence on membrane wettability in our running conditions because we didn't notice a reduction of KL.a after 12 or 16 days compared to the initial values with water. In fact, water and solutions of inorganic substances in water have such high surface tension values (γL > 72 ×10 -3 N.m -1 ) that for a number of hydrophobic microporous membranes with pores in the range of 1 pm or less, such as polypropylene (PP) and polytetrafluoroethylene (PTFE, Teflon), this non-wetting condition is guaranteed. Nevertheless, ethanol has a low surface tension (γL= 30 ×10 -3 N.m -1 ) [START_REF] Franken | Wetting criteria for the applicability of membrane distillation[END_REF], which can easily wet the hydrophobic pores, and performances could be changed. In our case, the impact of ethanol concentration on gas transfer capacities in membrane contactors in an oenological context (wine model solution) did not emerge. Some authors proved that contact angles decrease with alcohol concentration and hence with the surface tension of the liquid [START_REF] Dindore | Membrane-solvent selection for CO2 removal using membrane gas-liquid contactors[END_REF]. In general, straight-line relation between the cosine of angle θ, and liquid surface tension is observed even for the liquids having different chemical structure. As shown in table 3, the mass transfer coefficient obtained in both case are very similar. These results can be explained by similar wetting of the membrane. The very low pressure applied (0.05 bar) is another parameter that could explain the very low wetting of the membrane.

The fouling of the membrane contactors by two different red wines (with high and low fouling indices) was also assessed over time. In Table 4, we can see that the PP and PPT contactors have a constant KL.a CO 2 for 8 days in the wine with FI < 20 (filtration on membrane). However, when the wine has a higher FI index, the KL.a CO 2 is quite different for the PP and PPT contactors (Table 5). We note that a significant difference appears after 1 day of treatment and a lower gas transfer capacity is observed with the PP membrane contactor (25 % lower than the PPT material). The same difference in percentage of efficiency is maintained after 4 days of treatment. The fouling agent was not determined in this study, but several hypotheses could be put forward. We could consider that components of red wine like polyphenols especially tannins (1.76 g.L -1 ), have no effect on gas transfer capacity for either type of membrane, because the concentration is relatively high in both cases. Thus, we do not assume any adsorption phenomena between polyphenols and membrane materials, unlike El Rayess et al (2011) [START_REF] Rayess | Cross-flow microfiltration of wine: Effect of colloids on critical fouling conditions[END_REF]. In their research, these authors consider that, according to their increasing effect on permeate flux decline, the most significant fouling agents in wine could be ranked as mannoproteins < tannins < pectins in the case of filtration with a ceramic membrane [START_REF] Rayess | Analysis of membrane fouling during cross-flow microfiltration of wine[END_REF]. In our case, we could assume that other compounds contribute to the fouling, such as mannoproteins or pectins. These compounds were not considered and could explain the difference between the two membranes in terms of gas transfer capacity. We also observe that if the wine is well prepared before bottling (meaning that FI is lower than 20), no polarization -concentration or clogging phenomena appear. This confirms our supposition about the potential fouling agent involved. Finally, after a final cleaning operation and an initial characterization with ultra-pure water, we obtain the same KL.a CO 2 value as previously, and easily reach values higher than 20 ×10 -5 s -1 for the PP and PPT membranes. This means that no irreversible clogging occurs and the membrane regeneration could be performed using classical techniques.

Finally, using a dense layer (Teflon) on a hydrophobic membrane like PP could be an efficient way to limit fouling phenomena for problematic or unprepared wines [START_REF] Makhloufi | Ammonia based CO2 capture process using hollow fiber membrane contactors[END_REF]. Indeed, the difference in degree of water contact angle (7°) between PP and PPT materials could permit a significant improvement in gas transfer capacity using PPT membrane contactors with a high contact surface.

Conclusions

In this study, we developed a simple method using the KL.a approach to compare the efficiency of membrane contactors in managing oxygen in an oenological context. We highlighted that the liquid flow rate should be adapted to improve gas transfer. Moreover, the utilization of a matrix like a wine model solution and red wine serves to investigate membrane behavior in terms of gas transfer with wetting and fouling.

This methodology could be used to study various hydrophobic hollow fiber membrane types (PP and PTFE) or the addition of a dense layer and their efficiency according to lifespan, gas transfer capacities, and cleaning ability. Additionally, membrane contactors clearly offer a way to remove oxygen that has previously been incorporated during winemaking, and to incorporate CO2. We proved that our methodology can be used to compare membrane performances. The influence of coating with Teflon has been demonstrated. Indeed, our results prove that wettability is limited for both hydrophobic membranes even if the solution used contains alcohol, which decreases the surface tension value. We can also suppose that fouling agents are not necessarily tannins but may be other compounds such as pectins or mannoproteins. We also demonstrate that no irreversible fouling occurs with either wine treated (IF < 20 or otherwise), because the initial KL.a CO 2 value (close to 20 ×10 -5 s -1 ) is easily reached after classical regeneration. Fouling Index <20 >20 

  the schematic representation of both modules is shown in Fig 2. The contact area of both membrane contactors was very analogous (0.200 m 2

Figure 1 : Experimental setup 22 Figure 2 :Figure 3 :Figure 4 : 25 Figure 5 :

 122234255 Figure 1: Experimental setup

Table 1 :

 1 Membranes and modules specifications

		Fiber	Fiber		Fiber	Contact
	Membrane			Number		
		inner radius	outer radius		length	area
	material			of fibers		
		(µm)	(µm)		(m)	(m 2 )
	Commercial					
	PP	110	150	2300	0.115	0.180
	(Liqui-cel)					
	Prototype					
	PPT	140	191	1210	0.192	0.200
	(LGC)					

Table 2 :

 2 Wines characteristics

	Analyzed parameters	Wine #1	Wine #2
	Ethanol (% v/v)	13.18	12.7
	pH	3.73	3.6
	Glucose and fructose (g.L -1 )	0.8	0.7
	L-malic acid (g.L -1 )	ND	ND
	Volatile acidity (g.L -1 )	0.32	0.30
	Total acidity (g.L -1 H2SO4)	2.84	3.05
	Free SO2 (mg.L -1 )	21	20
	Total SO2 (mg.L -1 )	68	71
	Total tannins (g.L -1 )	1.76	1.83
	Total Anthocyanins (mg.L -1 )	252.2	260.3

Table 3 :

 3 Wettability study of the PP and PPT membrane contactors: determination of KL.aCO 

	2

Table 4 :

 4 Fouling study of the PP and PPT membrane contactors: determination of KL.a CO 2 evolution (Red wine #1, Fouling index < 20)

		Commercial PP		PPT Prototype
		module		
	Time (h)	KL.a (×10 -5 s -1 )	Time (h)	KL.a (×10 -5 s -1 )
	0	24	0	23
	17	23	110	23
	116	22	178	22
	184	23	202	22

Table 5 :

 5 Fouling study of the PP and PPT membrane contactors: determination of KL.a CO 2 evolution (Red wine #2, Fouling index > 20)

		Commercial PP		PPT Prototype
		module		
	Time (h)	KL.a (×10 -5 s -1 )	Time (h)	KL.a (×10 -5 s -1 )
	0	25	0	23
	24	19	47	22
	72	18	66	21
	96	14	102	19

However, further research should be carried out with several other wines, with a longer running time and with a bigger effective surface area.
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