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Ellagitannins are the main extractible phenolic compounds in oak wood; the monomers vescalagin and castalagin, lyxose/xylose-bearing monomers grandinin and roburin E, dimers roburins A and D and lyxose/xylose-bearing dimers roburins B and C are the principal ones. These compounds are responsible for the high durability of wood and may contribute to the organoleptic quality of wines and spirits (color, astringency, bitterness).

Despite their importance, their presence and forms in distilled spirits are not well known. The aim of this work was therefore to develop and validate a method to identify and quantify oak wood ellagitannins in Cognac using high liquid chromatography-triple quadrupole (LC-QQQ) analysis. The method was validated using vescalagin as the standard and by studying sensitivity, linearity in working range, intraday repeatability, and intraday precision in order to quantify individual ellagitannins in this complex matrix.

Introduction

The history of wooden barrels goes back thousands of years. They have not only been used to transport all manner of goods around the world, but they also remain integral to the production of wine and spirits, due to the character they impart. The first references to the use of barrels are by Pliny the Elder, who attributed their origin to the Celts who used them to store and transport beer and other goods (Work, 2014). The Romans originally stored and transported wine in amphorae, but after they arrived in Gaul, they quickly learned to build barrels. The greater capacity and resistance of the casks meant that they gradually replaced amphorae throughout the Mediterranean [START_REF] Lachivier | Vins, vignes et vignerons. Histoire du vignoble français[END_REF]. They also provide good thermal insulation, remarkable impermeability and contribute to the organoleptic quality of wines and spirits [START_REF] Vivas | Manuel de tonnellerie à l'usage des utilisateurs de futaille[END_REF]. The chemical composition of oak wood is influenced principally by the species and geographical origin of the wood [START_REF] Frangipane | Influence of oak woods of different geographical origins on quality of wines aged in barriques and using oak chips[END_REF][START_REF] Masson | Ellagitannin Content of Oak Wood as a Function of Species and of Sampling Position in the Tree[END_REF], as well as by the treatment of the wood in the cooperage, such as the process to obtain staves, seasoning of the staves (natural or artificial, length and location) and toasting of the barrel (method, temperature, length) [START_REF] Doussot | Extractives Content in Cooperage Oak Wood during Natural Seasoning and Toasting; Influence of Tree Species, Geographic Location, and Single-Tree Effects[END_REF]. During aging in oak barrels, the composition of wines and spirits changes because of the release of wood compounds (i.e. polyphenolic compounds, polysaccharides, triterpenes, lignans, volatile compounds), affecting their organoleptic properties such as aroma, color or even sensation and taste, such as astringency and bitterness [START_REF] Del Álamo | Aging markers from bottled red wine aged with chips, staves and barrels[END_REF][START_REF] Chira | Extraction of oak volatiles and ellagitannins compounds and sensory profile of wine aged with French winewoods subjected to different toasting methods : Behaviour during storage[END_REF][START_REF] Li | Astringency, bitterness and color changes in dry red wines before and during oak barrel aging : An updated phenolic perspective review[END_REF][START_REF] Awad | Evolution of Volatile Compounds during the Distillation of Cognac Spirit[END_REF][START_REF] Schwarz | Development of an accelerated aging method for Brandy[END_REF][START_REF] Wiśniewska | Chemical composition analysis and authentication of whisky[END_REF]. Among these compounds, ellagitannins (hydrolysable tannins) represent 10% of the dry weight in oak heartwood. They are responsible for the high durability of wood [START_REF] Scalbert | Polyphénols extractibles du bois de chêne : Variabilité interspécifique, interindividuelle et effet de la duraminisation[END_REF], possess antioxidant activity [START_REF] Alañón | A study of the antioxidant capacity of oak wood used in wine ageing and the correlation with polyphenol composition[END_REF], and have an impact on bitterness and astringency sensations [START_REF] Chira | Chemical and sensory evaluation of wine matured in oak barrel : Effect of oak species involved and toasting process[END_REF][START_REF] Glabasnia | Sensory-Directed Identification of Taste-Active Ellagitannins in American ( Quercus alba L.) and European Oak Wood ( Quercus robur L.) and Quantitative Analysis in Bourbon Whiskey and Oak-Matured Red Wines[END_REF] are involved in various reactions, including hydrolysis and oxidation [START_REF] García-Estévez | An Approach to the Study of the Interactions between Ellagitannins and Oxygen during Oak Wood Aging[END_REF][START_REF] Jourdes | Réactivité, synthèse, couleur et activité biologique d'ellagitannins C-glycosidiques et flavano-ellagitannins[END_REF][START_REF] Puech | Evolution of castalagin and vescalagin in ethanol solutions. Identification of new derivatives[END_REF].

Eight ellagitannins have been identified in oak wood, so far [START_REF] Jourdes | Identification, amounts, and kinetics of extraction of C-glucosidic ellagitannins during wine aging in oak barrels or in stainless steel tanks with oak chips[END_REF]. The monomers castalagin and vescalagin are the most abundant, but lyxose/xylose derivatives (grandinin and roburin E) and dimeric forms (roburins A to D) are also present (Figure 1). These compounds have been widely studied in red wine [START_REF] García-Estévez | Validation of a Mass Spectrometry Method To Quantify Oak Ellagitannins in Wine Samples[END_REF][START_REF] González-Centeno | Comparison between Malolactic Fermentation Container and Barrel Toasting Effects on Phenolic, Volatile, and Sensory Profiles of Red Wines[END_REF][START_REF] Michel | Classification et influences des polyphénols du bois de chêne sur la qualité sensorielle des vins (Application du procédé OakScan®)[END_REF], but not in spirits and especially in Cognac "eaux-de-vie", however. Only the determination of ellagitannin monomers by HPLC has been performed in brandy [START_REF] Canas | Antioxidant activity and phenolic content of Portuguese wine aged brandies[END_REF], and the formation of whiskey polyphenols by oxidation of castalagin has been studied in whiskey [START_REF] Fujieda | Isolation and Structure of Whiskey Polyphenols Produced by Oxidation of Oak Wood Ellagitannins[END_REF]. Cognac is a prestigious French spirit produced exclusively in Charente and Charente-Maritime. Like other spirits, cognac is a complex matrix due to the different stages of its manufacture (alcoholic fermentation, double distillation, maturation in oak barrels and bottling) characterized by a high degree of alcohol with ethanol concentrations usually ranging from 40% v/v (commercial cognac) to 65% v/v ("eau-de-vie" as it comes out of the still). Cognac possesses a lot of volatile compounds, more than 500 of which have already been detected [START_REF] Ferrari | Determination of Key Odorant Compounds in Freshly Distilled Cognac Using GC-O, GC-MS, and Sensory Evaluation[END_REF][START_REF] Jeleń | Key odorants in peated malt whisky and its differentiation from other whisky types using profiling of flavor and volatile compounds[END_REF][START_REF] Ledauphin | Differences in the Volatile Compositions of French Labeled Brandies (Armagnac, Calvados, Cognac, and Mirabelle) Using GC-MS and PLS-DA[END_REF], and nonvolatile compounds acquired after distillation, such as ellagitannins, which are released by oak wood during aging. Due to their high reactivity and similarities in structure (Figure 1), the detection and quantification of the ellagitannins in spirits is difficult. They present coelutions in HPLC-DAD, thereby limiting their quantification. For this reason, identification and quantification of the main oak wood ellagitannins by HPLC-DAD-MS is more suitable. In addition, ellagitannins from oak wood are not commercially available in view of the difficulty of synthesizing them. As the purification of these molecules is long and complicated for lyxose/xylose derivatives (grandinin and roburin E) and dimeric forms (roburins A to D), the development of a method to quantify the eight ellagitannins seems to be more judicious and necessary.

The objective of this study was therefore to develop and validate a new method to identify and quantify the ellagitannins in oak wood and Cognac "eaux-de-vie" by a mass spectrometry method. For the method development, vescalagin was used, given that it is one of the most abundant ellagitannins in oak wood and has previously been purified in the laboratory. After development of the Liquid Chromatography-Diode Array Detector coupled with a Triple quadrupole (LC-DAD-QQQ) method, the eight ellagitannins were quantified in various samples of oak wood and Cognac "eaux-de-vie" and all the concentrations were expressed in vescalagin equivalents, in order to validate the current method.

Materials and methods

Chemicals

For sample preparation, analytical reagent grade acetone was purchased from VWR International (Pessac, France). Ultrapure water (Milli-Q purification system, Millipore, France) was used. Vescalagin was extracted from untoasted oak chips (Quercus robur/Quercus petraea) and further isolated using preparative analysis (2.3.3). The methanol, water and formic acid used for chromatographic separation were LC-MS grade and purchased from Agilent Chemical (France).

Origin of Oak Wood

Oak material was collected from two French forests: Châteauroux (Indre) and Dordogne. The stave samples came from two oak species Quercus robur and Quercus petraea and they were stored for natural seasoning during 36 months in the Courvoisier seasoning park (Jarnac, France).

Sample Preparation

Preparation of Oak Wood Extracts for LC-QQQ Analysis

Nine staves from different positions on a wooden pallet were reduced to a fine sawdust. 4 g of each oak sawdust was submitted to 6 solid/liquid extractions by acetone/water (70/30) during 17 min using a 350 ASE Dionex Corporation Extractor solvent extraction system (ThermoFisher, Les Ulis, France) with the following parameters: static time set at 8 min, temperature at 60 °C and pressure at 150 bar [START_REF] Michel | Classification et influences des polyphénols du bois de chêne sur la qualité sensorielle des vins (Application du procédé OakScan®)[END_REF]. Indeed, previous experiments showed that 96% of total ellagitannins were extracted with 6 consecutive extractions [START_REF] Michel | Classification et influences des polyphénols du bois de chêne sur la qualité sensorielle des vins (Application du procédé OakScan®)[END_REF]. All the extracts were combined and evaporated under reduced pressure, and the obtained residue was dissolved in 10 mL of water, then cooled and stored at -20 °C in order to be freeze-dried for 2 days. Prior to analysis, 5 mg of the wood dry extract was dissolved in 1 mL of Milli-Q water and filtered through a 0.45 µm PTFE syringe filter.

The results were expressed as milligrams per gram (of oak wood) on the basis of the dilution 113 factor. 8

"Eaux-de-vie" of Cognac and Sample Preparation for LC-QQQ Analysis

A series of 20 samples of young Cognac "eaux-de-vie" aged for 6 months in barrels was used in this study. For the first time, the eight principal ellagitannins of oak wood were quantified in Cognac "eaux-de-vie" using the method validated previously in the laboratory.

Cognac "eaux-de-vie" are rich in alcohol content and in order to quantify the ellagitannins, it was therefore necessary to evaporate them under reduced pressure to ensure good chromatographic separation and allow all concentrations to be included in the working range. 100 mL of Cognac "eau-de-vie" was evaporated under reduced pressure, and the obtained residue was redissolved in 500 µL of water and filtered through 0.45 µm micron filters. The samples were injected into LC-QQQ using the chromatographic and spectrometric parameters described below. All concentrations were expressed in mg/L of vescalagin equivalents.

Preparative HPLC

Vescalagin was isolated using semi-preparative HPLC analysis. Chromatographic separation was carried out on a Prontosil C18 column (250 x 8 mm, 5 µm, Metrohm France).

UV detection was carried out at 280 nm. The mobile phases were (A) water and (B) methanol, each containing 0.025% TFA. The flow rate was 2.5 mL/min, and eluent B varied as follows:

1 to 3% from 1-25 min; 3 to 100% from 26-36 min, 100% from 37-42 min, 100 to 0% from 43-45 min and 0% from 46-48 min. The injection volume was 200 μL. The data obtained were analyzed by LC Open Lab.

HPLC-DAD Analysis

The HPLC-DAD system was an Agilent 1200 Infinity series (Agilent Technologies, Waldbronn, Germany) equipped with a diode-array (DAD). For ellagitannin quantification, a Kinetex column (150 × 3 mm, 2.6 µm particle size, Phenomenex, Le Pecq Cedex, France) was used with acidified water at 0.1% formic acid (Eluent A) and acidified methanol at 0.1% injection volume was 10 µL. The gradient of solvent B was as follows: 1% from 0-3 min; 1 to 3% from 4-5 min, 3 to 3.5% from 6-7 min, 3.5 to 4% from 7-8 min, 4 to 4.5% from 8-9 min, 4.5 to 5% from 9-10 min, 5 to 10% from 11-15 min, 10 to 15% from 16-18 min, 15 to 20% from 19-23 min, 20 to 99% from 24-35 min and 99% from 36-40 min, and then the HPLC column was equilibrated for 4 min using the initial conditions before the next injection. The DAD signals were carried out at 280 nm and 250 nm wavelengths. 10

QQQ Analysis

A 6460 Triple Quadrupole mass spectrometer equipped with a heated electrospray ionization probe (both from Agilent Technologies, Waldbronn, Germany) connected to the HPLC system via the DAD cell outlet was used. The mass analyzer was calibrated each week using an ESI-L Low Concentration Tuning Mix (Agilent Technologies, Waldbronn, Germany).

To perform targeted screening, the ionization and spectrometric parameters were optimized in negative mode: gas temperature and flow were 350°C and 5 L/min, respectively; sheath gas temperature and flow were 250°C and 10 L/min, respectively; capillary voltage was 4500 V.

For the quantification of ellagitannins in the spirits and oak wood, mass acquisitions were performed and optimized in negative ionization mode, and the cell accelerator voltage was 8 V. All data were processed using MassHunter Qualitative Analysis software (Agilent Technologies, Waldbronn, Germany).

Model Calibration Development

Vescalagin solution (1 g/L) was prepared in methanol. A range of calibration was prepared by successive dilutions of this solution in acidified water with 0.1% formic acid in order to supply calibration samples (200 -0.1 mg/L). Detection of vescalagin was based on the theoretical exact mass of the most intense ion, the fragment ion at m/z 933.1, and its retention time at 10.3 min.

Method Validation

The LC-QQQ method that was developed was validated using MS detection in negative ionization mode. Previous injections in positive and negative mode have shown that negative mode is the best way to identify and quantify the peak signals of ellagitannins, since this mode allows the best response coefficient. The quantification method was validated by studying the determination of sensitivity, linearity in working range, intraday repeatability, and intraday precision [START_REF] De Paepe | An improved mass spectrometric method for identification and quantification of phenolic compounds in apple fruits[END_REF][START_REF] Winstel | Lignans in Spirits : Chemical Diversity, Quantification, and Sensory Impact of (±)-Lyoniresinol[END_REF] in order to quantify the individual ellagitannins in oak wood and spirits.

Linearity

A calibration curve for vescalagin was obtained by plotting the peak area for each concentration level versus the nominal concentration of each calibration standard. The best curve fit was obtained with a linear curve with a good correlation coefficient (R² of 0.9994) for a range from 100 µg/L to 200 mg/L.

Sensitivity

The limit of detection (LOD) is calculated by the concentration for a signal to noise ratio equal to 3 and the quantification limit (LOQ) is the concentration for a signal to noise ratio equal to 10. LOD and LOQ were calculated using the MassHunter Qualitative Analysis software. Replicate injections of the lowest level of the calibration curve (from 100 µg/L to 1 mg/L) allowed precision to be determined accurately (RSD %). The accuracy of the analytical method was evaluated by calculating the recoveries adding vescalagin at three intermediate concentrations in three Cognac "eaux-de-vie". LOD and LOQ were defined as the lowest concentrations with a lower precision (< 10%) and a higher accuracy (> 90%).

Repeatability and Reproducibility

To evaluate intraday precision, five replicates of two intermediate calibration solutions

(2 and 20 mg/L) were injected on the same day and the relative standard deviation (RSD%) was calculated. In the same manner, interday precision consisted in injecting the previous two samples over 5 successive days.

Statistical data analysis was performed using the analysis of variance (ANOVA) of RStudio Team software (Boston, 2015). Tukey's HSD was used as a comparison test when samples were significantly different after ANOVA, with a significance level of α = 0.05, for chemical analysis. The Kruskal-Wallis test and Wilcoxon-Mann-Whitney test were used to analyze non-parametric values. 13

Results and discussion

Development of a Mass Spectrometry method to quantify ellagitannins in oak wood

and "eaux-de-vie"

Mass Parameter Optimization

The LC-QQQ combination appeared to be a powerful technique for phenolic compound quantitation. A simple UV chromatography with a DAD at 280 nm does not allow good separation for the 8 ellagitannins, because 4 of them are co-eluted at the beginning of the chromatogram, and LC-QQQ is therefore a perfect choice for the quantification of these molecules. Indeed, the QQQ allows the SIM quantification of each molecular ion in a precise way with low detection limits. zDifferent HPLC columns (Eclipse 150 mm, hypersilgold column 50 × 1.1 mm × 1.9 µm, zorbax eclipse plus C18 2.1 × 50 mm × 1.8 µm) were tested and finally the best chromatographic separation was achieved with a Kinetex column (150 × 3 mm, 2.6 µm particle size, Phenomenex, Torrance, CA). Mass parameters were tuned to obtain the highest signal for the main eight oak wood ellagitannins. The quantification of these compounds was performed in SIM (Singular Ion Monitoring) mode due to its high selectivity and sensitivity, after a preliminary study in full scan injection to ensure the presence of the ellagitannins and to note their retention times. In the SIM method, the exact mass of the 8 individual ellagitannins in negative mode was submitted: (-)-vescalagin and (-)-castalagin are monomers and isomers as well with an identical m/z ratio of 933.1 (C41H25O26 -), (-)-grandinin and (-)-roburin E, as glycosylated monomers, also have similar structures with an identical m/z ratio of 1065.1 (C46H33O30 -), likewise, roburin A and D are two dimers that have an identical m/z ratio of 1849.1 (C82H49O51 -) but as they are bicharged molecules, they are more easily observable in mass spectrometry at a m/z ratio of 924.2. Finally, roburin B and C are two glycosylated dimers with an identical m/z ratio of 1981.2 (C87H57O55 -), but like roburin A and D, they are bicharged molecules so they are more observable at a m/z ratio of 990.2.

Based on previous laboratory studies with red wine ellagitannins [START_REF] Jourdes | Réactivité, synthèse, couleur et activité biologique d'ellagitannins C-glycosidiques et flavano-ellagitannins[END_REF][START_REF] Michel | Classification et influences des polyphénols du bois de chêne sur la qualité sensorielle des vins (Application du procédé OakScan®)[END_REF] and on the specific ellagitannin fragmentation, we were able to determine their appearance order on the chromatogram. The concentrations of vescalagin, castalagin, grandinin, and roburin A to roburin E were expressed as equivalents of vescalagin.

Method Validation

The quantification of ellagitannins was carried out by preparing calibration solutions of pure vescalagin in acidified water with 0.1% formic acid. The calibration model could therefore be in acidified water, which also corresponds to the solvent used at LC-QQQ.

Working range

The calibration curve of vescalagin was built in a large range of concentrations (from 100 µg/L to 200 mg/L) to establish a wide range adapted to the concentrations found in Cognac "eaux-de-vie" and in oak wood.

Calibration Curve Adjustment

Data were fitted to different calibration models and the best results were obtained for a linear model with a good correlation coefficient (r² > 0.999). Accuracy was established by obtaining the recovery rates for each concentration level of the calibration curve. The recovery value was always higher than 84%, thus demonstrating the accuracy of the method.

Sensitivity

The lowest levels of the calibration curve (from 0.1 to 1 mg/L) were injected into five replicates. Precision was measured by the relative standard deviation RSD (%) obtained for each concentration. Limits of detection (LOD) and quantification (LOQ) were calculated for the lowest concentration for which the RSD was less than 10%. They were calculated at 41.4 µg/L and 138 µg/L respectively (Table 1).

Intra-and Interday precision, and Trueness

To determine intraday precision, five replicates of two intermediate concentrations ( 2m/L and 20 mg/L) of the calibration curve were injected successively. Intraday repeatability (RSD) was <2% to 2 mg/L and <1% to 20 mg/L, ensuring a good repeatability of the method (Table 1).

Interday precision was determined by injecting these same two concentrations in five replicates over five successive days. For both concentrations, the interday repeatability was <10%, ensuring good reproducibility of the method.

Trueness of the method was evaluated by calculating the recovery ratio of three samples of cognac "eau-de-vie" spiked with three different concentrations of the stock solutions (5 mg/L, 10 mg/L and 50 mg/L). Recovery ratios were > 85% for the compounds with the addition of 5 mg/L, 10 mg/L and 50 mg/L. These results then demonstrated the trueness of the method applied to "eaux-de-vie" (Table 1) [START_REF] Research | Bioanalytical Method Validation Guidance for Industry[END_REF].

Ellagitannin Determination in Oak Wood Samples

To prove the feasibility of the analysis method that had been developed, nine samples of oak wood were analyzed with this method, in duplicate. To assay ellagitannins in oak wood, nine staves coming from different positions on a wooden pallet were studied.

The main eight oak wood ellagitannins were observed in all samples, and all the concentrations were measured using the vescalagin calibration curve. Figure 2a shows the eight ellagitannins according to their form and retention time found in the oak wood extracts that were analyzed. Total individual ellagitannin concentrations ranged from 10.4 mg/g to 18.8 mg/g of vescalagin equivalents.

Statistical analysis showed that ellagitannin content depended on the wood position on the pallet. The Pairwise-Wilcoxon test revealed that there were no significant differences according to pallet height or between the top and the middle of the pallet. On the contrary, there were significant differences between the bottom, middle and top of the pallet for the total ellagitannin content (Figure 3). At the bottom of the pallet, the average concentrations were 16.7 mg/g of wood in vescalagin equivalents, and therefore higher than the concentrations found in the middle (14 mg/g of wood in vescalagin equivalents) and at the top of the pallet (11.3 mg/g of wood in vescalagin equivalents). In addition, most of the individual ellagitannins showed significant differences in concentrations between the staves from the bottom of the pallet and those from the top (p < 0.05). This preliminary study helped to optimize wood piece sampling to achieve good representativeness of ellagitannin concentrations in oak wood.

The distribution of ellagitannins in the staves of a pallet can be explained by the fact that during the first 6 months, the wood dries quickly. It is also during this period that leaching by rain or by artificial means is the most important. Indeed, several water-soluble compounds such as ellagitannins can be entrained. After 6 months, the wood which then contains a humidity of less than 35% is less prone to leaching. The fibers are tightened and allow very little runoff water to pass. It is from this time that the deeper, slower drying will really begin, up to about 12-18 months [START_REF] Michel | Classification et influences des polyphénols du bois de chêne sur la qualité sensorielle des vins (Application du procédé OakScan®)[END_REF][START_REF] Vivas | Manuel de tonnellerie à l'usage des utilisateurs de futaille[END_REF]. As the staves at the top of the pallet are the most prone to leaching, it is normal that they contain less ellagitannins.

Ellagitannin Determination in "Eaux-de-vie" Samples.

The method developed in this study was also applied to quantify ellagitannins in Cognac. Twenty samples of young Cognac "eaux-de-vie" aged in contact with barrels were analyzed, taking into consideration four replicates for each "eau-de-vie". Ellagitannins were detected in all samples. Individual quantification of ellagitannins was carried out using selected ion monitoring mode (SIM), as this is accurate and precise, and allows the quantification of small amounts of ellagitannins.

The results showed that young "eaux-de-vie" contained all eight ellagitannins (Table 2). However, each individual ellagitannin had its own extraction pattern. Castalagin made up around 40% to 70% of the total ellagitannins extracted. This monomer is the majority ellagitannin in oak wood and is more stable than its isomer, vescalagin, due to the position of the hydroxyl on the carbon 1. The roburin D dimer and grandinin glycosylated monomer are the most extractible ellagitannins after castalagin. In general, the total ellagitannin concentration ranged from 1.9 mg/L to 9.3 mg/L in vescalagin equivalents. As individual ellagitannin concentrations in cognac have never been analyzed before this study, the values observed here are the first to be reported for Cognac spirits. In brandies, the sum of vescalagin and castalagin has been reported to be between 9 to 12 mg/L of ellagitannins in gallic acid equivalents [START_REF] Canas | Antioxidant activity and phenolic content of Portuguese wine aged brandies[END_REF]. In a red French Cabernet Sauvignon wine, the sum of individual ellagitannin concentrations ranged from 0.6 to 15.5 mg/L in castalagin equivalents for six and twelve months of aging in oak barrels respectively. Italian and American Cabernet Sauvignon wines presented a sum ranging from 0.5 to 5.76 mg/L and from 0.6 to 12.4 mg/L in castalagin equivalents after between six and twelve months of aging respectively. As in red wine, castalagin is the most abundant component in "eau-de-vie" and represents 68-79% of the total ellagitannin fraction (M.R. González-Centeno, [START_REF] González-Centeno | Ellagitannin content, volatile composition and sensory profile of wines from different countries matured in oak barrels subjected to different toasting methods[END_REF].

Conclusion

To sum up, a spectrometry method for the quantification of individual oak ellagitannins in distilled spirits and oak wood was developed and validated for the first time in this study. More precisely, the present method allows accurate and precise quantification of oak ellagitannins in Cognac "eaux-de-vie" after a simple dry evaporation under pressure, and in oak wood after steps of extraction with low detection and quantification limits. The method that was developed was validated in terms of LOD, LOQ, sensitivity, linearity in working range, intraday repeatability, and intraday precision. The best results in the validation process were achieved with SIM analysis, which showed the highest precision and the lowest detection and quantification limits. This validated method was applied successfully to the 

Tables Table 1

Validation parameters for LC-QQQ quantification of molecular ellagitannins in Cognac "eaux-de-vie" and oak wood. 
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 2 Fig. 2. Negative LC-QQQ of an a) oak wood extract and b) a Cognac "eau-de-vie" corresponding to [M -H] -ions of molecular ellagitannins.

Fig. 3 .

 3 Fig. 3. Content of the main eight molecular ellagitannins of wood taken from staves at three different levels (low, middle, high) in the pallet; a-c show the significant differences among the different positions (p < 0.05).

Table 2

 2 Molecular ellagitannin concentrations quantified in different Cognac "eaux-de-vie" (EDV).

	EDV	[Vescalagin] (mg/L vescalagin eq)	[Castalagin] (mg/L vescalagin eq)	[Roburin A] (mg/L vescalagin eq)	[Roburin D] (mg/L vescalagin eq)	[Grandinin] (mg/L vescalagin eq)	[Roburin E] (mg/L vescalagin eq)	[Roburin C] (mg/L vescalagin eq)	[Roburin B] (mg/L vescalagin eq)	Total molecular ellagitannin content (mg/L vescalagin eq)
	EDV-1	0.53 ± 0.20	4.54 ± 0.18	0.06 ± 0.03	1.39 ± 0.23	1.50 ± 0.35	0.58 ± 0.25	0.56 ± 0.19	0.14 ± 0.04	9.29 ± 1.37
	EDV-2	0.35 ± 0.12	3.41 ± 0.39	0.04 ± 0.02	1.07 ± 0.24	1.10 ± 0.20	0.41 ± 0.15	0.45 ± 0.15	0.10 ± 0.03	6.9 ± 1.11
	EDV-3	0.48 ± 0.16	3.78 ± 0.24	0.07 ± 0.02	1.47 ± 0.25	1.22 ± 0.11	0.57 ± 0.14	0.52 ± 0.10	0.12 ± 0.03	8.23 ± 0.95
	EDV-4	0.52 ± 0.17	3.62 ± 0.40	0.07 ± 0.02	1.48 ± 0.15	1.22 ± 0.34	0.61 ± 0.17	0.52 ± 0.11	0.14 ± 0.03	8.18 ± 1.30
	EDV-5	0.55 ± 0.11	3.77 ± 0.18	0.07 ± 0.02	1.27 ± 0.18	1.42 ± 0.17	0.53 ± 0.09	0.61 ± 0.11	0.17 ± 0.04	8.39 ± 0.61
	EDV-6	0.64 ± 0.24	4.90 ± 0.57	0.04 ± 0.01	0.61 ± 0.53	1.23 ± 0.32	0.39 ± 0.14	0.36 ± 0.10	0.10 ± 0.02	8.28 ± 0.53
	EDV-7	0.29 ± 0.06	2.81 ± 0.36	0.04 ± 0.01	0.84 ± 0.16	0.81 ± 0.22	0.32 ± 0.09	0.27 ± 0.06	0.05 ± 0.03	5.43 ± 0.70
	EDV-8	0.33 ± 0.11	2.88 ± 0.09	0.04 ± 0.01	0.77 ± 0.09	0.96 ± 0.12	0.40 ± 0.17	0.28 ± 0.03	0.06 ± 0.01	5.71 ± 0.30
	EDV-9	0.08 ± 0.09	2.13 ± 0.58	0.01 ± 0.01	0.37 ± 0.21	0.30 ± 0.21	0.06 ± 0.09	0.12 ± 0.06	0.04 ± 0.02	3.10 ± 1.18
	EDV-10	0.07 ± 0.15	1.34 ± 0.86	0.01 ± 0.02	0.35 ± 0.39	0.31 ± 0.26	0.07 ± 0.13	0.09 ± 0.15	0.04 ± 0.05	2.28 ± 1.43
	EDV-11	0.06 ± 0.13	2.02 ± 0.63	0.01 ± 0.01	0.28 ± 0.22	0.26 ± 0.33	0.05 ± 0.17	0.08 ± 0.09	0.03 ± 0.01	2.77 ± 1.53
	EDV-12	0.09 ± 0.04	1.98 ± 0.46	0.01 ± 0.00	0.35 ± 0.20	0.23 ± 0.09	0.06 ± 0.02	0.07 ± 0.05	0.02 ± 0.02	2.81 ± 0.87
	EDV-13	0.16 ± 0.07	3.07 ± 0.38	0.02 ± 0.01	0.80 ± 0.25	0.46 ± 0.15	0.09 ± 0.04	0.19 ± 0.08	0.07 ± 0.03	4.86 ± 0.87
	EDV-14	0.12 ± 0.10	2.71 ± 0.54	0.01 ± 0.01	0.65 ± 0.41	0.37 ± 0.22	0.06 ± 0.06	0.15 ± 0.12	0.06 ± 0.04	4.14 ± 0.98
	EDV-15	0.17 ± 0.07	2.79 ± 0.21	0.02 ± 0.01	0.73 ± 0.20	0.32 ± 0.13	0.09 ± 0.05	0.13 ± 0.06	0.05 ± 0.02	4.29 ± 1.47
	EDV-16	0.07 ± 0.03	2.09 ± 0.38	0.01 ± 0.00	0.42 ± 0.21	0.17 ± 0.05	0.03 ± 0.02	0.07 ± 0.03	0.03 ± 0.01	2.89 ± 0.67
	EDV-17	0.18 ± 0.08	2.49 ± 0.23	0.03 ± 0.02	0.84 ± 0.24	0.24 ± 0.08	0.08 ± 0.04	0.11 ± 0.05	0.04 ± 0.02	4.00 ± 0.69
	EDV-18	0.14 ± 0.13	2.43 ± 0.46	0.02 ± 0.02	0.71 ± 0.32	0.21 ± 0.07	0.05 ± 0.03	0.08 ± 0.04	0.03 ± 0.01	3.66 ± 1.01
	EDV-19	0.12 ± 0.06	1.73 ± 0.34	0.01 ± 0.01	0.42 ± 0.15	0.12 ± 0.03	0.04 ± 0.02	0.04 ± 0.01	0.01 ± 0.00	2.49 ± 0.61
	EDV-20	0.06 ± 0.05	1.38 ± 0.21	0.01 ± 0.01	0.26 ± 0.11	0.11 ± 0.04	0.03 ± 0.02	0.03 ± 0.01	0.01 ± 0.00	1.88 ± 0.41

wood and "eaux-de-vie".
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