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INTRODUCTION

MATERIALS AND METHODS

RESULTS AND DISCUSSION

CONCLUSION

The quality of a wine relies both on the value of the harvested grapes and control of its winemaking process. A maturation period involves contact between wine and oak wood, wine bouquet and taste
being profoundly modified during this step. These modifications can be due to the moderate oxidation of wine compounds during aging or to the release of molecules from wood. Oak releases non-volatile
compounds likely to modify the tannin perception of wine (structure and dryness) and bitterness as well as perceptions described as volume or sweetness.
The present work describes the identification of a new class of taste-active wood compounds called QTT and their distribution in Quercus robur and Quercus petraea. This data enabled the establishment of a
method to accurately discriminate between the aforementioned species.

Purification protocol of new triterpenoids using complementary separation techniques

Oak wood chips

Liquid/solid extraction 
(EtOH/water 50/50) Liquid/liquid extraction 

EtOAc: 5 × 250 mL
CPC fractionnation

of EtOAc extract
p-HPLC 

purification of 
enriched fractions

Structural 
elucidation by NMR
of pure compounds

Nature of compound Empirical formula m/z ([M-H]-)

glucosylated triterpenoid C36H56O12 679.3699

glucosyl-galloylated triterpenoid C43H62O15 817.4016
UHPLC-HRMS

Exactive

Purification of new triterpenoids in oak wood extracts
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Compounds R1 R2 R3 First identification
Taste in hydro-

ethanolic solution
Modification of wine taste 

(in comparison with control)
QTT I H CH3 CH2OGall Marchal et al. 2011 (Q. petraea) sweet sweeter, less bitter
QTT II Gall CH2OH CH3 Marchal et al. 2011 (Q. petraea) sweet sweeter, less bitter
QTT III Gall CH3 CH2OH Marchal et al. 2011 (Q. petraea) sweet sweeter, less bitter
Glu-BA H COOH CH3 Arramon et al. 2002 (Q. petraea) bitter less sweet, bitterer

Gall = galloyl

Screening of a sessile oak extract sample by LC-HRMS by targeting m/z ions characteristic 
of specified empirical formulas

 First identification of three sweet triterpenoids: quercotriterpenoside I, II, and III
 Purification of a bitter triterpenoid: 28-O-β-D-glucopyranoside bartogenic acid (Glu-BA)

Development of a LC-HRMS method to quantitate triterpenoids in oak 
wood extract

Application of the method to quantitate triterpenoids in sessile and 
pedunculate oak wood

Two matrices tested
• hydro-alcoholic

solution
• non-oaked wine

This study presents the development of an LC-HRMS method to quantitate sweet (QTTs) and bitter (Glu-BA) triterpenoids in oak wood. The results provide new insights into the chemical composition of oak
wood and the interpretation of its organoleptic effect on wine and spirits. Sessile oak was found to be rich in sweet QTTs and poor in bitter Glu-BA, whereas pedunculate oak samples exhibited high levels of
Glu-BA and low levels of QTTs. This may explain why sessile oak is preferred for wine aging. Apart from this significant trend, the high interindividual variations in concentrations observed for these
compounds within each species are similar to previous observations concerning oak lactone and ellagitannins. However, a TI reflecting the triterpenoid profile of wood samples was calculated and showed a
clear-cut differentiation between species without any equivocal sample or recovery between species. This TI therefore seems to be a promising tool for identifying oak species in a chemical manner in addition
to genetic assignment.

 significant differences between the
species for each compound

 sessile oak is richer in QTTs than
pedunculate oak

 Glu-BA concentrations were higher in
pedunculate oak than in sessile oak

Arramon et al. Phytochem. Anal. 2002, 13 (6), 305–310
Marchal et al. Anal. Chem. 2011, 83, 9629–9637.
Marchal et al. J. Agric. Food Chem. 2016, 64 (3), 618–626.

Orbitrap mass accuracy specificity of screening

Taste-guided fractionation and purification
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Quantitation of triterpenoids by Fournier Tranform Mass 
Spectrometry (FTMS) in 46 oak samples

 46 oak samples from 8 french forest regions
• 27 sessile samples
• 19 pedunculate samples
• Genetic assignment of species (Guichoux et al.)

6 experts

A. LC-HRMS chromatograms of a sample of sessile oak. From top to bottom: TIC, XIC for QTT, and 
XIC for Glu-BA. XICs were recorded in a 3 ppm window around the molecular mass corresponding to 
C43H61O15

– (m/z 817.4016) and C36H55O12
– (m/z 679.3699)

B, C. Detail of the experimental and theoretical HRMS spectra corresponding to the isotopic pattern of 
QTT III and Glu-BA, respectively (at a resolution of 25000 at m/z 200)

sensitivity linearity specificity repeatability and trueness

tr
variation 

(min)

mass 
accuracy

(ppm)

intraday 
repeatability (%)

interday 
repeatability (%)

recovery (%)

IDL
(μg/L)

LOD 
(μg/g)

LOQ 
(μg/g)

working range R2 5 μg/L 500 μg/L 5 μg/L 500 μg/L 10 μg/L 500 μg/L

QTT I 0.5 0.25 0.5 1 μg/L− 2 mg/L 0.999 0.04 0.9 7 4 11 11 91 96
QTT II 0.5 0.25 0.5 1 μg/L− 2 mg/L 0.996 0.03 1.8 6 5 14 10 93 96
QTT III 1 0.5 1 2 μg/L− 2 mg/L 0.998 0.03 2.8 8 3 16 12 89 97
Glu-BA 0.5 0.25 0.5 2 μg/L− 5 mg/L 0.999 0.04 2.2 7 4 13 11 94 98

 Good sensitivity of the method (IDL ≤1 µg/L)
 Good linearity: correlation coefficients R2 >0.996
 Very low variations in retention time (<0.04 min) and in mass accuracy (<3 ppm)
 Good intraday repetability (RSD <8% at 5 μg/L and <5% at 500 μg/L)
 Trueness of the method: recovery ratios were >89% for all compounds with the addition of

10 μg/L and >96% with 500 μg/L

BUT some extreme values of individual triterpenes were very close for sessile and
pedunculate oak  individual quantitation of each triterpenoid did not allow the direct
identification of the botanical species

 creation of a Triterpenoids Index

𝑇𝐼 =
𝑄𝑇𝑇 𝐼 + 𝑄𝑇𝑇 𝐼𝐼 + [𝑄𝑇𝑇 𝐼𝐼𝐼]

[𝐺𝑙𝑢 − 𝐵𝐴]

 sessile oak = positive values
 pedunculate oak = negative values
 smaller confidence intervals
 no ambiguity in the assignment of the

botanical species


