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ABSTRACT

The majority of published work has studied the impact of wood chips on red wine composition by conducting
analyses during wood chip contact or immediately after the removal of chips from wine. Less attention has been
directed at the potential influence of prior chip-wine contact on the further phenolic and sensory evolution of red
wines during bottle storage. Therefore, this work focuses on the evolution over a period of 18 months of several
phenolic parameters and sensory characteristics of bottled Touriga Nacional red wines that had previously been in
contact with toasted wood chips from cherry (Prunus avium) and two oak species (Quercus pyrenaica and Quercus
pubescens) during 30 days of pre-bottling storage. Various global phenolic parameters, colour properties, individual
anthocyanin content and sensory profile of the wines were studied at 6, 12 and 18 months of bottle storage. The
results showed less decrease in the phenolic composition and red colour of wines which had prior contact with oak
chips, as well as a less developed brown colour during bottle storage, compared to the wine previously in contact
with cherry chips and the control wine. In addition, wine previously in contact with cherry chips always showed an
evolution similar to the control wine. From a sensory point of view, the wines previously in contact with oak wood
chips showed a tendency for higher aroma scores for “vanilla” and “coconut” descriptors and lower scores for
“brown colour” during bottle storage than wines previously in contact with cherry chips and the control wine. The
outcomes of this research could be of practical interest to winemakers since they could improve the knowledge of
the impact of prior contact with wood chips in the future evolution of the red wines during bottle storage.
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INTRODUCTION

The possibility of the use of wood fragments in
wine production, including during the aging
process, has emerged. However, this option only
became possible, for example, in Europe after
the publication of EEC regulation in 2006, more
recently modified by the EEC Regulation
N° 2019/934 of 12 March 2019 (Appendix 7),
which changed previous rules about the use of
pieces of oak for winemaking and the description
and presentation of wine undergoing this
treatment. It states that the pieces of oak wood
used for winemaking and aging must exclusively
come from the Quercus genus and be used at
different toasting levels or without toasting.

Traditionally, there are three main species of
wood used in oenology: Q. petraea Liebl. and
Q. robur L., the most common oak species in
French forests, and Q. alba L, the American oak.
Therefore, scientific literature contains a large
amount of data related to the impact of the
different oak wood species of French and
American origin when using oak barrels
(Fernandez de Simon et al., 2003a; Chira and
Teissedre, 2015) and oak fragments (De Coninck
et al., 2006; Tavares et al., 2017) on red wine
chemical and sensory characteristics. However, in
terms of the use of other oak wood species, the
literature is scarcer. A few studies have reported
the potential use in oenology of other oak wood
species, namely Quercus pyrenaica (De Coninck
et al., 2006; Fernandez de Simén et al., 2008,;
Gongalves and Jordao, 2009; Gallego et al.,
2012; Tavares et al., 2017), Quercus faginea
(Fernadndez de Simon et al., 2003a; Fernandez de
Simoén et al., 2003b), Quercus frainetto (Vivas,
2005), Quercus oocarpa (Vivas et al., 1996), and
Quercus humboldtii from Colombia (Martinez-
Gil et al., 2017; Martinez-Gil et al., 2018a). No
studies exist on the potential use in wine aging of
Quercus pubescens (usually referred to as
Pubescent oak), one of the oak wood species used
in this study. According to Bordacs ef al. (2019),
this is one of the most abundant tree species in
central and south eastern European forests, as
well as in the Anatolia region.

Other wood species, namely acacia (Robinia
pseudoacacia), cherry (Prunus avium L.) and
chestnut (Castanea sativa Mill), have been
widely used for oenological purposes in the
Mediterranean area in the past, due to their
widespread availability and low cost. In recent
years, study and interest in them has been
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renewed. The increased demand for these non-
oak wood species results from the fact that the
increased demand for traditional oak wood
species for wine production has caused a
remarkable limited availability of materials and
environmental costs (Martinez-Gil et al., 2018b).

In general, cherry wood is usually characterised by
an abundance of condensed tannins (procyanidin
type) and appreciable values of (+)-catechin, but
very low levels of hydrolysable tannins. In
addition, it is possible to use some phenolic acids
and their esterification products (benzoic acid,
p-hydroxybenzoic acid, 3,4,5-trimethylphenol,
p-coumaric acid, methylsyrin-gate and methyl-
vanillate), and flavonoids (such as naringenin,
aromadendrin, isosakuranetin and taxifolin) on
cherry wood as phenolic markers for
authentication purposes (De Rosso et al., 2009a;
Springmann et al., 2011; Sanz et al., 2012a; Jordao
et al., 2016). When compared to oak, this wood
also has high levels of some volatile compounds,
such as methyl syringate and benzoic acid, but low
levels of phenyl aldehydes and phenyl ketones,
except vanillin and syringaldehyde (Sanz et al.,
2010a; Sanz et al., 2012b).

Some studies have been recently published
regarding the use of cherry wood for white
(Délia et al., 2017; Del Galdo et al., 2019), rosé
(Santos et al., 2019; Nunes et al., 2020) and red
(Chinnici et al., 2015; Fernandez de Simén et al.,
2014a; Tavares ef al., 2017) wine aging. Some of
these studies, particularly those on red wines,
demonstrated that wines aged in cherry barrels or
in contact with cherry chips showed intermediate
quality (i.e., in terms of phenolic content and
sensory evaluation) compared to red wines aged
in contact with oak woods. However, according
to Chinnici ef al. (2011), the use of cherry barrels
results in the faster evolution of wine pigments
with a fast increase in the formation of derived
and polymeric compounds. Furthermore, cherry
barrels were shown to provide a favourable
environment for oxidative reactions, thus making
them less suitable for longer aging periods (De
Rosso et al., 2009b). Tavares et al. (2017)
reported that red wines aged in contact with
cherry chips during a period of 90 storage days
received similar sensory parameter scores for
visual and taste descriptors to the red wines aged
in contact with oak chips.

Despite the above-mentioned work demons-
trating the value of different woods in oenology,
in general published work has studied the impact
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of oak and cherry wood chips on red wine
composition by conducting analyses immediately
after removal of wood chips from wine or during
the contact of wine with wood chips. Therefore,
less attention has been paid to the potential
influence of previous wine-chip contact on the
further evolution of wine characteristics during
wine bottle storage. Moreover, several studies
have been previously conducted on the evolution
of the phenolic composition and sensory
properties of red wines during bottle storage
(Monagas et al., 2006; Dobrei et al., 2010;
Gomez-Gallego et al., 2013; Avizcuri et al.,
2016; Guiffrida de Esteban et al., 2019). In
general, these published studies have reported
the strong influence of storage time, oxygen
levels present in the wines, grape variety used,
initial wine phenolic composition, storage
temperature and closure type on the phenolic and
sensory changes which occur during bottle
storage. According to Monagas et al. (2003),
changes in phenolic content during aging in
bottles (i.e., a decrease in anthocyanins due to
the disappearance of monomeric anthocyanins
by precipitation and condensation reactions) are
expected to affect the red wine colour in different
ways, including a decrease in colour intensity. In
addition, it is well known that during wine
maturation and aging in bottles, phenolic
compounds participate in numerous chemical
reactions. Condensed pigments are thus formed
between free anthocyanins and the colourless
phenols present in grapes during wine storage,
including during wine storage in bottles. In
addition, anthocyanins are progressively
transformed into more stable oligomeric and
polymeric pigments, thereby inducing significant
changes to the colour and astringency of wines
(Gomez-Plaza et al., 2002).

In this context, the present study aims to evaluate
several global phenolic parameters, individual
anthocyanins and the sensory profile evolution of
red wines stored in bottles for 18 months after
having previously been in contact with oak and
cherry wood chips for 30 days. In addition, this
work will contribute to the better understanding
of the potential use of oak wood chips from
Quercus pubescens species in oenology.

MATERIAL AND METHODS
1. Red wine and wood chips

The red wine used in this experiment was a
varietal wine made from Portuguese Vitis
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vinifera cv red grape variety Touriga Nacional,
harvested at the technological stage of ripeness
(1250 kg with 24 °Brix) in September 2017 in
the Do region (northwest Portugal), following
standard red winemaking technology with a
maceration time of 7 days at 24 °C £2. The
sulfitation of the grapes (30 mg/L of SO,) was
followed by alcoholic fermentation, which was
carried out in a closed stainless-steel tank
(1000 L) using a standard Saccharomyces
cerevisiae yeast strain (Fermol Plus by AEB
Group, Brescia, Italy) and inoculated at 20 g/hL.
After alcoholic and malolactic fermentation, the
wine was kept in the stainless-steel tank under
controlled conditions (temperature 20 °C) for
3 months and analysed for the free SO, level
regularly. At the beginning of wine storage in
contact with wood chips, the main wine
physicochemical characteristics were as follows:
alcohol content = 13.0 % (v/v); pH = 3.58; total
acidity = 5.59 g/L (expressed as tartaric acid);
volatile acidity = 0.42 g/L (expressed as acetic
acid); sugar content = 1.5 g/L and free SO, =
35 mg/L.

The wood chips used in this research were cherry
(Prunus avium) purchased from AEB
Bioquimica (Viseu, Portugal), Iberian oak
(Quercus pyrenaica) from J.M. Gongalves
Cooperage (Palagoulo, Portugal) and Pubescent
oak (Quercus pubescens) from Djordjevic
Cooperage (Vranje, Serbia). According to
information provided by the cooperages, all
wood chips used underwent medium toasting
(15 min at 165 °C on the wood surface for cherry
chips, 20 min at 170 °C on the wood surface for
Iberian oak chips and 20 min at 180 °C on the
wood surface for Pubescent oak chips) and had a
medium particle size of 8 mm.

2. Experimental conditions

The experimental work was performed in
duplicate at laboratory scale (20 litres for each
assay), according to the procedure summarised
in Figure 1. The treatment consisted of the wines
being kept in contact with the different wood
chip species (2 g/L) in closed stainless-steel vats
for 30 days prior to bottling. The characteristics
(level of toast and particle size) and
concentration of the wood chips used in this
experimental work, particularly for the oak
species, were based on previous work carried out
on red wines of the Touriga Nacional variety
(Tavares et al., 2017) also produced in the Dao
region.

© 2020 International Viticulture and Enology Society - IVES 1161
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FIGURE 1. Experimental procedure developed in the work.

* experimental work performed in duplicate.

Each wood chip species was placed in a sanitised
polyethylene bag in the central part of each vat,
without agitating the contents during the contact
time. The vats were only opened after 30 days.
After this time, the wood chips were removed
and the wines analysed. Subsequently, all the
wines were bottled in 0.75 L green bottles with
cork closures (Neutrocork®, Amorim cork
company, Santa Maria de Lamas, Portugal), and
characterised every 6 months, corresponding to
6, 12 and 18 storage months. Immediately after
manual filling, and before applying the cork
closure, nitrogen was added to remove oxygen
from the bottle headspace (5 mL). For each
assay and storage time considered, 5 bottles were
selected for chemical characterisation (3 bottles)
and sensory evaluation (2 bottles). Before wine
bottling, the values for free SO, were adjusted to
35 mg/L. All wines during this experiment were
stored at cellar temperature (between 16-17 °C)
and kept in the dark. The wine samples were
filtered (pore diameters of 13 um) before
laboratory analysis.

3. General wine physicochemical
characterisation

The general red wine physicochemical
characterisation (pH, total and volatile acidity,
alcohol strength, total and free sulfur dioxide)
was performed following the analytical methods
recommended by International Organization of
Vine and Wine (OIV, 2014). All analyses were
done in triplicate.

1162 © 2020 International Viticulture and Enology Society - IVES

4. Global phenolic parameters

During the red wine bottle storage, several global
phenolic parameters were analysed. Total
polyphenolic content was determined according
to Ribéreau-Gayon et al. (2006) methodology,
while non-flavonoid and flavonoid phenols were
determined using the improved method
described by Kramling and Singleton (1969).
Briefly, the quantification of non-flavonoid
phenols was based on the determination of the
phenolic content before and after the
precipitation of flavonoids through reaction with
formaldehyde under certain conditions (low pH,
room temperature and darkness). After 24 hours,
a dilution with distilled water (1:10) was carried
out and the absorbance was read at 280 nm on a
UV-Vis spectrophotometer (model UV-1900i,
Shimatzu, Duisburg, Germany). Flavonoid
phenols come from subtracting non-flavonoid
phenols from total phenols. The results obtained
were expressed as gallic acid equivalents by
means of calibration curves with standard gallic
acid (Extrasynthese, Genay, France).

Total pigments, total and coloured anthocyanins,
and polymeric pigments were quantified
according to Somers and Evans (1977). For total
and coloured anthocyanins, the results were
expressed as malvidin-3-monoglucoside
equivalents by means of calibration curves with
the standard of this individual monomeric
anthocyanin (Extrasynthese, Genay, France).
Colour intensity at 420, 520 and 620 nm and
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colour hue were evaluated following the
methodology described by the OIV (2014).

Tanning power was quantified following the
methodology developed by De Freitas and
Mateus (2001). This method included a 1:50
dilution with a hydroalcoholic solution (12 % v/v
and pH 3.2 at 20 °C), followed by a reading (d0)
on a turbidimeter (model HI93703 Hanna
Instruments, Limena, Italy). Then, 8 mL of the
previous dilution and 300 pL of BSA (bovine
serum albumin) were put in a tube and, after
agitation and 45 min in the darkness, a second
reading was carried out on the turbidimeter (d1).
The final value (NTU/mL) was calculated as
Tanning power = (d1 - d0)/0.08. All laboratory
measurements were performed in triplicate.

5. Individual monomeric anthocyanins
analysis

For the analysis of individual monomeric
anthocyanins, the apparatus used was a high-
performance liquid chromatography (HPLC)
Dionex Ultimate 3000 Chromatographic System
(Sunnyvale, CA, USA) equipped with a
quaternary pump Model LPG-3400 A, an auto
sampler Model ACC-3000, a thermostatted
column compartment (adjusted to 25 °C) and a
multiple Wavelength Detector MWD-300. The
column (250 x 4.6 mm, particle size 5 pm) was a
Cig Acclaim® 120 (Dionex) protected by a guard
column of the same material. The solvents were
(A) 40 % (v/v) formic acid, (B) pure acetonitrile
and (C) bi-distilled water. The individual
anthocyanins were analysed by HPLC using the
method described by Dallas and Laureano
(1994); initial conditions were 25 % (A),
10 % (B) and 65 % (C), followed by a linear
gradient from 10 to 30 % (B), and 65 to 45 %
(C) for 40 min with a flow rate of 0.7 mL/min.
The injection volume was 40 pL. Detection was
carried out at 520 nm, for which a Chromeleon
software program version 6.8 (Dionex,
Sunnyvale, CA, USA) was used. Individual
anthocyanins were quantified using a calibration
curve obtained with standard solutions
containing different concentrations (covering a
range of 0-800 mg/L) of malvidin-3-
monoglucoside chloride (> 9 % purity, Extra-
synthese, Genay, France). The chromatographic
peaks of anthocyanins were identified according
to reference data previously described by Dallas
and Laureano (1994). All analyses were done in
triplicate.

OENO One 2020, 54,4, 1159-1181

6. Sensory evaluation

After 6, 12 and 18 months of bottle storage, the
red wine samples were evaluated by seven
expert judges. Furthermore, at the beginning
(i.e., after 30 days of wood chip contact), the
wines were tasted immediately before bottling.
Each red wine sample was stored for 24 hours at
room temperature before sensory analysis, which
was performed at 20-22 °C in a sensory analysis
room with individual booths for each expert and
according to standardised procedures (ISO 3591,
2016). Samples of 30 mL from each wine
sample were presented to the panel in tasting
glasses marked with three-digit numbers. In
addition, wine samples were presented to each
expert judge in a different randomised order. All
data were collected using specific sensory
evaluation sheets.

All evaluations were conducted in the afternoon
(between 16:00 to 17:00 ) and always by the
same seven expert judges (4 men and 3 women
aged between 44 and 60 years old and with over
15 years of wine tasting experience) from Dao
Wine Institute (the official organisation that
certifies wines produced in the Dao region of
northeast Portugal). All expert judges had been
previously selected and trained for 6 months to
assess the sensorial attributes of wines produced
in the Dao wine region (including red wines
from the Touriga Nacional grape variety, one of
the most common red grape varieties from this
region, which was used to produce the wines
used in this study). During this training period
and under supervision of the panel leader,
several sessions were carried out in order to train
judges about the meaning of each attribute and
to achieve reliable intensity ratings. The
sensorial attributes used were grouped in the
following way: colour (“red” and “brown”),
aroma (“fruity”, “floral”, “vanilla”, “boisé”,
“coconut”, “sawdust” and “balance”), taste
(“body”, “bitterness”, “astringency”,
“persistence” and “balance”) and overall
appreciation. The experts scored each sensory
attribute on a scale of 1 to 5 (1 = “absence”; 2 =
“little intensity”; 3 = “moderate intensity”; 4 =
“intense”; 5 = “high intensity”) according to
their sensory knowledge, training and
experience. Overall appreciation was also scored
on a scale of 1 to 5 (1 = “bad”; 2 = “pleasant”;
3 =“good”; 4 = “very good”; 5 = “excellent™).

© 2020 International Viticulture and Enology Society - IVES 1163
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7. Statistical analysis

The data are presented as mean + standard
deviation. Phenolic and sensory parameter data
were statistically tested by analysis of variance
(ANOVA, one-way). Tukey test (p < 0.05) was
applied to the data to determine significant
differences between red wines. Principal
component analysis (PCA) was used to analyse
the data and to study the relationships between
the red wines with previous wood chip contact
and their phenolic composition and sensory
characteristics during the bottle storage time.
Since variables with different scales were used,
the PCA analysis was performed with a previous
standardisation of the initial variables and
conducted using a correlation matrix.

In addition, a hierarchical cluster analysis (HCA)
with the Ward criteria was also applied to the
global phenolic and sensory parameters of all red
wines. All analyses were performed using SPSS
software version 26.0 (SPSS Inc., Chicago, IL,
us).

RESULTS AND DISCUSSION

1. Evolution of general physicochemical
composition

Table 1, shows the general physicochemical
characteristics of the different red wines after 30
storage days in contact with the different wood
chip species, as well as after 6, 12 and 18 months
of bottle storage.

During bottle storage, a slight decrease in total
acidity was observed for all red wines. This
decrease ranged from 0.35 to 0.47 g/L of tartaric
acid. The total acidity decrease was probably due
to a slight precipitation of tartaric acid in the
form of potassium bitartrate that may have
occurred in red wines over time, and which also
contributed to the increase in pH values.
Therefore, during bottle storage, the pH values
increased between 0.09 and 0.17 pH units.

Slight changes in volatile acidity also occurred
during the 18 months of bottle storage, with an
increase in acetic acid which varied between
0.03 and 0.08 g/L. However, these changes were
not appreciable and can only be considered
acceptable when there is no microbiological
spoilage during storage. The slight increase in
volatile acidity observed may be associated with
an oxidative chemical process, as suggested by
other authors (Clarke and Bakker, 2004). A very

OENO One 2020, 54,4, 1159-1181

slight and progressive decrease in free sulphur
dioxide values of between 4 and 8 mg/L during
bottle storage was detected. In addition, it is
important to note that before wine bottling, the
values for free sulphur dioxide were adjusted to
35 mg/L. Finally, for each storage period, the
wines kept in contact with the different wood
chip species generally showed similar values for
the different general oenological parameters
studied.

2. Global phenolic parameters
2.1. Total, non flavonoid and flavonoid phenols

Figure 2 shows the total, non-flavonoid and
flavonoid phenols content of red wines after
30 storage days in contact with different wood
chip species and their changes during 18 months
of bottle storage. After 30 storage days in
contact with different wood chips, the red wines
in contact with the two oak wood chip species
under study had significantly higher values of
total phenols (1980 and 1990 mg/L gallic acid
equivalent respectively for the red wine in
contact with Iberian and Pubescent oak wood
chips), while the wine kept in contact with
cherry chips and the control wine showed
significantly lower values (1860 and 1849 mg/L
gallic acid equivalent respectively). This
increase in total phenol content is a clear
consequence of phenol transfer from oak wood
to wine. In fact, the majority of published work
has also reported a higher phenolic composition
in wines aged in contact with wood, in particular
in contact with oak wood species (De Coninck et
al., 2006; Nunes et al., 2017; Tavares et al.,
2017; Santos et al., 2019; Nunes et al., 2020). In
addition, the red wine kept in contact with
cherry wood chips showed significantly lower
values compared with the red wines in contact
oak wood chips. These results can be explained
by the low phenolic content usually quantified
for cherry wood, particularly for ellagitannins,
with respect to the values quantified for oak
woods (Sanz et al., 2012a; Jordado et al., 2016).

Regarding the values obtained for the red wines
kept in contact with the two oak wood chip
species under study (Iberian and Pubescent
oaks), no significant differentiation for total
phenols among the red wines was found. A
similar trend was also observed for flavonoid
and non-flavonoid phenols, for which no
significant differences were detected between
the wines after 30 storage days in contact with

© 2020 International Viticulture and Enology Society - IVES 1165
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FIGURE 2. Total, non flavonoid and flavonoid phenols from red wines after 30 storage days in contact

with different wood chip species and during 18 months of bottle storage.

CW - control wine; WCH - wine with cherry wood chip contact; WIO - wine with Iberian wood chip contact; WPO - wine with
Pubescent wood chip contact; 30D - after 30 storage days in contact with wood chips; 6M - after 6 months of bottle storage;
12M - after 12 months of bottle storage; 18M - after 18 months of bottle storage; average values with same letter are not
significantly different (p < 0.05), wherein lowercase letters (* over the bars) are used for wood chips species factor (for each
storage time), and capital letters (** inside the bars) are used for storage time evolution factor (for each individual red wine); the

error bars represent the standard deviation of the three replicates.

the two oak wood chip species used (Figure 2).
Currently, not enough information is available
for suitable industrial exploitation of pubescent
oak wood; however, Bamber and Fukazawa
(1985) previously reported that this oak species
shows high levels of extractive compounds. For
Bordacs et al. (2019), Quercus pubescens wood
is similar to Q. petraea, particularly in terms of
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ring porosity and heartwood colour. In addition,
according to these authors, the genetic potential
of Mediterranean oak populations (mainly
0. pubescens, Q. virgiliana and Q. pyrenaica,
plus Q. faginea on the Iberian Peninsula) might
assure a continuous gene composition between
the populations. This fact may thus help to
explain the similar values obtained for the
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general phenolic composition of wines stored for
30 days in contact with both of the oak wood
chip species used.

During the 18 months of bottle storage, total
phenol values decreased for all red wines; this
was particularly evident for the control wine and
the wine previously in contact with cherry wood
chips, with a percentage decrease of 10.7 % and
10.5 % during bottle storage respectively. After
18 months of bottle storage, the levels of total
phenols for the control wine and wine previously
in contact with cherry wood chips were also very
similar (1650 and 1663 mg/L gallic acid
equivalent respectively). In addition, red wines
previously in contact with oak wood chips
showed significantly higher values during the
entire bottle storage time. At the end of the bottle
storage time (18 months), these two red wines
showed total phenol values of between 1800 and
1831 mg/L gallic acid equiv. for wines
previously in contact with Iberian and Pubescent
oak chips respectively.

In terms of non-flavonoid phenols, after
30 storage days in contact with the different
wood chip species, red wines in contact with oak
wood chips showed significantly higher values
than the remaining red wine samples. These
differences were particularly evident between
wines stored in contact with oak and cherry
wood chips. After 30 storage days in contact
with wood chips, non-flavonoid phenol content
showed the following tendency in descending
order: wine stored in contact with Pubescent oak
chips (474 mg/L gallic acid equiv.), wine stored
in contact with Iberian oak chips (469 mg/L
gallic acid equiv.), the control wine (383 mg/L
gallic acid equivalent), and wine stored in
contact with cherry wood chips (247 mg/L gallic
acid equiv.). The highest non-flavonoid content
detected in the red wines stored in contact with
oak chips may correspond to a higher potential
extraction of several individual non-flavonoid
compounds, such as gallic, protocatechuic,
vanillic, caffeic, syringic and p-coumaric acids,
ellagitannins, ellagic acid and other compounds
from this oak wood species. In fact, it is well
known that European oak wood species are an
important source of hydrolysable tannins (Jordao
et al., 2007; 2016), while an absence of
hydrolysable tannins from cherry heartwood has
been noticed by several authors (Sanz et al.,
2010b; Jordao et al., 2016). In addition, wine
stored in contact with cherry wood chips showed
the lowest non-flavonoid phenol content. This
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could be due to the precipitation of phenolic
compounds and oxidation and polymerisation
phenomena, in which phenolic leakage from
wood plays an important role. According to
Chinnici et al. (2015), cherry wood promotes a
faster evolution of wine constitutive phenols.
After bottling, and throughout the 18 months of
storage, the values of non-flavonoid phenols
generally showed a very slight decrease with
some slight oscillations in all the wines (except
in the wine previously in contact with cherry
wood chips, where there seems to be a slight
tendency for the values to increase). In any case,
after 18 months of bottle storage, the red wines
previously in contact with oak wood chips
maintained significantly higher values (393 and
365 mg/L gallic acid equiv. for wines in prior
contact with Iberian and Pubescent oak wood
chip species respectively), followed by the
control wine and the wine in prior contact with
cherry wood chips (328 and 324 mg/L gallic acid
equiv. respectively).

Finally, with respect to the flavonoid phenols
(Figure 2), after 30 storage days in contact with
the different wood chip species, there were
significantly higher values for the red wine in
contact with cherry wood chips (1612 mg/L
gallic acid equiv.) compared to the remaining
wines. Red wines stored in contact with the two
oak wood chip species under study represented
the second group with similar values (1506 and
1521 mg/L gallic acid equiv. for wines stored
with Pubescent and Iberian oak wood chip
species respectively). The control wine showed a
significantly lower value (1456 mg/L gallic acid
equiv.). The significantly highest values for
flavonoid phenols found in red wine stored in
contact with cherry wood chips may correspond
to a higher potential extraction of several
condensed tannins and (+)-catechin. In fact,
according to previous studies (Zhang et al.,
2015; Jordao et al., 2016), cherry wood is
usually characterised by an abundance of
condensed tannins (procyanidin type), as well as
by appreciable values for (+)-catechin in relation
to the oak wood species. In addition, Fernandez
de Simon et al. (2014a) evaluated several
phenolic markers in different varietal wines and
found that wines aged with cherry wood chips
for two months showed several specific
flavonoid phenols, including aromadendrin,
taxifolin, isosakuranetin, pruning, eriodictyol,
naringenin and significantly higher concentra-
tions of (+)-catechin.
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After bottling and throughout the 18 months of
bottle storage, the values of flavonoid phenols
showed a tendency to decrease in all wines.
However, this tendency was more evident for the
control wine and the wines previously in contact
with cherry wood chips. In fact, during bottle
storage, a drop in the flavonoid phenol values for
these two wines corresponded to a percentage
decrease of 19.0 and 17.0 % respectively, while
for the wines previously in contact with Iberian
and Pubescent oak wood chips, the decrease was
only between 2.7 and 7.5 % respectively. Thus,
after 18 months of bottle storage, wines
previously in contact with oak chips showed the
significantly highest values (1406 and
1465 mg/L gallic acid equiv. for wines
previously in contact with Iberian and Pubescent
oak chips respectively), followed by the wine
previously in contact with cherry chips
(1338 mg/L gallic acid equiv.), and finally the
control wine (1221 mg/L gallic acid equiv.).

On the other hand, when the evolution of each
red wine was analysed individually during the
storage period for the three global phenolic
parameters, the quantified values generally
showed a significant decrease during the entire
bottle storage time. However, between 12 and 18
months of bottle storage, the decreases in the
total phenol content for the control wine and the
wine previously in contact with Pubescent oak
chips were not significantly different. A similar
trend was observed for non-flavonoid phenols, in
particular for wine with previous contact with
Pubescent oak chips, for which it was clear that
total phenols were stabilising throughout the
time of bottle storage. In addition, individual
decreases for each red wine over the storage time
were most significant for flavonoid phenols;
these decreases in the values were generally
significantly different for all red wines, except
for the wine previously in contact with
Pubescent oak chips, for which the values
remained unchanged during the 18 months of
bottle storage.

Generally speaking, the decrease in these global
phenolic parameters studied during the bottle
storage time could be due to the precipitation of
phenolic compounds, oxidation and polymeri-
sation phenomena, as phenolic leakage from
wood plays an important role, which, in this
case, was particularly evident when oak wood
chips were used before bottle storage. Therefore,
the extracted wood phenolic compounds may
have contributed to a greater stability of wine
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phenolic compounds, reducing their loss during
the bottle storage process. This is particularly
evident for the red wines previously in contact
with oak chips in relation to the red wine
previously in contact with cherry chips and the
control wine. Previous results have demonstrated
the positive impact of oak wood components,
particularly ellagitannins and ellagic acid, in
terms of preventing the degradation of some
wine flavanols, namely (+)-catechin and
procyanidin Bl during the aging period (Jordao
et al., 2006; Jordao et al., 2008). In addition,
according to Chinnici et al. (2015), when
compared to oak, cherry wood promotes a faster
evolution of wine constitutive phenols, inducing
a greater reduction of flavanol and flavonol
phenols. These facts could help to explain why,
after 18 months of bottle storage, red wine
previously in contact with cherry wood chips
generally showed similar values to the control
wine, as well as lower values than red wines
previously in contact with oak wood chips.

2.2. Total and polymeric pigments, and tanning
power

Figure 3 shows the total and polymeric pigment
values for the red wines after 30 storage days in
contact with different wood chip species, and
their changes during 18 months of bottle storage.

After 30 storage days in contact with wood
chips, the wines in contact with oak chips
showed significantly higher values for total
pigments (36.2 and 34.4 abs. units for wines
previously in contact with Pubescent and Iberian
oak wood chips respectively), while the wine
previously in contact with cherry chips and the
control wine showed significantly lower values
(29.5 and 28.1 abs. units respectively), with a
significant difference between them.

During 18 months of bottle storage, the wines
generally maintained the same differences
between them as those observed after 30 days of
wood chip contact. In addition, all total pigment
values showed a tendency to slightly decrease
during the bottle storage time; however, this was
most pronounced for the wine previously in
contact with Pubescent oak chips. Thus, after
18 months of bottle storage, the wines
previously in contact with oak chips showed
significantly higher values for total pigments
(29.9 and 28.9 abs. units for wines with previous
contact with Iberian and Pubescent oak chips
respectively), followed by the wine previously in
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contact with cherry chips (24.4 abs. units) and
the control wine (20.8 abs. units). On the other
hand, when the evolution of each red wine was
analysed individually over the storage period for
total pigments, the values quantified generally
showed a non-significant decrease for wines
previously in contact with Iberian oak wood
chips, particularly between 12 and 18 months of
bottle storage. In general, the remaining wines
showed a significant decrease during the whole
bottle storage period.

During red wine aging, tannins and anthocyanins
may react either by directly forming flavanol
anthocyanin or anthocyanin-flavanol adducts, or
by generating molecular aggregates through the
intervention of ethanol, whereby hydrolysable
tannins extracted from the oak wood play an
important role (Fulcrand et al., 2006). These
formed compounds, called polymeric pigments,
are responsible for colour stability in wines over
time (Blanco-Vega et al., 2014). Thus, the
monitoring of these parameters (such as
polymeric pigments in red wines) contributes to
assessing the changes that may occur in wines in
terms of their colour, namely the redness
component. The results obtained in our study
showed that after 30 storage days in contact with
the different wood chip species, the wine in
contact with Iberian oak wood chips exhibited
the significantly highest value for polymeric
pigments (3.6 abs. units). For the remaining
wines, there was no clear differentiation in the
values (Figure 3). However, during the 18
months of bottle storage, and particularly after
12 months of bottle storage, there was a clear
tendency towards a slight increase in polymeric
pigments in red wines previously in contact with
oak chips compared to the wine previously in
contact with cherry chips and the control wine.
This tendency confirms previous results obtained
by other authors during bottle storage (Giuffrida
de Esteban et al., 2019) and for bottled wines
previously aged in oak wood barrels for 10 and
18 months (Avizcuri et al., 2016). After 18
months of bottle storage, the wines previously in
contact with oak chips showed significantly
higher polymeric pigment values (3.8 and
3.6 abs. units for wines previously in contact
with Iberian and Pubescent oak chips
respectively), while the control wine and the
wine previously in contact with cherry wood
chips showed significantly lower values without
a clear differentiation between them (2.9 and
2.8 abs. units respectively). In fact, it was clear
that there was a significant decrease in polymeric
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pigments in the latter two wines as from the
sixth month of the 18 months of bottle storage.

With respect to the individual evolution of the
different red wines, polymeric pigments changes
were generally insignificant for up to 6 months
of bottle storage. Only after this stage was a
significant increase in polymeric pigments
detected for wines previously in contact with
oak chips. The values for the control wine were
maintained between 12 and 18 months of bottle
storage, while they significantly decreased for
the wine previously in contact with cherry wood
chips.

Regarding tanning power (Figure 3), as
expected, all red wines in contact with wood
chips for 30 storage days showed significantly
higher values (particularly the wines stored in
contact with oak chips, with values varying
between 215 and 220 NTU/mL) than the control
wine (150 NTU/mL). The wine stored in contact
with cherry wood chips showed intermediate
values (190 NTU/mL). This parameter
represents the expression of the tannicity of a
wine; i.e., the capacity of some tannins (such as
proanthocyanidins with particular polymeri-
sation degrees), to interact with proteins,
influencing the astringent character of the wine
at tasting. Regarding the individual evolution of
each red wine during bottle storage, there was a
general significant decrease of tanning power
values for all wines, particularly as from
12 months of bottle storage.

In fact, the phenolic composition that
characterises oak woods (Chira and Teissedre,
2015; Jordao et al., 2007; Jordao et al., 2012;
Jordao et al., 2016), and the extraction of these
phenolic compounds from wood to wine (in
particular ellagitannins that have a high
reactivity with proteins), may explain the
significantly high tanning power values
quantified in red wines kept in contact with
wood chips for 30 storage days. In that case,
high levels of interactions between these
phenolic compounds and human saliva proteins
will induce a potentially higher level of
astringency in these wines. Moreover, the
presence of (+)-catechin and procyanidins in
cherry wood could also explain the significantly
higher value also obtained for the wine stored in
contact with cherry wood chips for 30 days
compared to the control wine (Zhang et al.,
2015; Jorddo et al., 2016). During bottle storage,
wines were generally differentiated for up to
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12 months. However, after 18 months of storage,
a marked decrease in the values was detected,
despite the wines previously in contact with
wood chips showing significantly higher values
(particularly those previously in contact with oak
chips). This decrease was more evident for wines
previously in contact with cherry chips and for
the control wine, for which there was a decrease
of 39 and 33 % in tanning power values
respectively. The tannin power decrease could be

explained by the general decrease in phenolic
content of the wine and, in particular, the
increase in polymeric pigments, which show
lower reactivity with human salivary proteins.

2.3. Anthocyanins and colour parameters

The results obtained for total and coloured
anthocyanins, as well as the colour intensity and
hue of red wines during the storage period are
shown in Figure 4. After 30 storage days in
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FIGURE 3. Total and polymeric pigments, and tanning power from red wines after 30 storage days
in contact with different wood chip species and during 18 months of bottle storage.

CW - control wine; WCH - wine with cherry wood chip contact; WIO - wine with Iberian wood chip contact; WPO - wine with
Pubescent wood chip contact; 30D - after 30 storage days in contact with wood chips; 6M - after 6 months of bottle storage;
12M - after 12 months of bottle storage; 18M - after 18 months of bottle storage; * average values with same letter are not
significantly different (p < 0.05); wherein lowercase letters (* over the bars) are used for wood chips species factor (for each
storage time), while capital letters (** inside the bars) are used for storage time evolution factor (for each individual red wine);
the error bars represent the standard deviation of the three replicates.
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contact with wood chips, it was possible to
detect similar values for total anthocyanins
between the control wine and the wine stored in
contact with Pubescent oak wood chips. The
values obtained for these two wines were
significantly higher compared with the values
obtained for the wines stored in contact with
cherry and Iberian oak wood chips.

After bottling, and during the 18 months of
bottle storage, there was a clear significant
tendency for a decrease in total anthocyanins in
all individual red wines, which was particularly
evident as from 12 months of bottle storage. Red
wine previously in contact with Pubescent oak
wood chips was the exception, with values
staying the same between 12 and 18 months of
bottle storage.

The total anthocyanin decrease was more evident
for the control wine and for the wine previously
in contact with cherry wood chips (a decrease of
45 and 32 % respectively). For the remaining
wines previously in contact with oak wood chips,
the total anthocyanin decreases during bottle
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storage varied from 23 to 29 %. After 18 months
of bottle storage, the wines with prior oak chip
contact showed significantly higher values for
total anthocyanins (322 and 319 mg/L of
malvidin-3-monoglucoside equiv. for wines with
prior contact with Pubescent and Iberian oak
chips respectively), followed by the wine
previously in contact with cherry chips
(290 mg/L of malvidin-3-monoglucoside equiv.)
and the control wine (250 mg/L of malvidin-3-
monoglucoside equiv.). For coloured
anthocyanin content (i.e., the content of free red-
coloured anthocyanins in flavylium cation form),
a similar tendency to that of total anthocyanins
was found during the entire bottle storage
period. After 18 months of bottle storage, wines
with prior oak chip contact showed the
significantly highest coloured anthocyanin
values, followed by wine previously in contact
with cherry chips and the control wine.

It follows that the aforementioned evolution of
total and coloured anthocyanin values was
reflected in the evolution of wine colour
intensity during bottle storage. After 30 storage
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FIGURE 4. Total and coloured anthocyanins, colour intensity and hue from red wines after 30 storage

days in contact with different wood chip species and during 18 months of bottle storage.

CW - control wine; WCH - wine with cherry wood chip contact; WIO - wine with Iberian wood chip contact; WPO - wine with
Pubescent wood chip contact; 30D - after 30 storage days in contact with wood chips; 6M - after 6 months of bottle storage;
12M - after 12 months of bottle storage; 18M - after 18 months of bottle storage; average values with same letter are not
significantly different (p < 0.05); wherein 1 letters (* over the bars) are used for wood chips species factor (for each storage time),
while capital letters (** inside the bars) are used for storage time evolution factor (for each individual red wine); the error bars

represent the standard deviation of the three replicates.
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days in contact with wood chips, the control
wine and the wine stored in contact with
Pubescent oak chips showed the significantly
highest colour intensity values (16.7 and
16.0 abs. units respectively), followed by the
wine stored in contact with cherry chips
(15.3 abs. units) and the wine stored with Iberian
oak chips (14.4 abs. units). During the bottle
storage, colour intensity showed a tendency to
slightly decrease in all wines. However, this
decrease was only statistically different for the
control wine. Nevertheless, for wines previously
in contact with oak chips, particularly following
12 months of bottle storage, a colour intensity
stabilisation was detected. After 18 months of
bottle storage, these wines previously in contact
with oak chips showed the significantly highest
values for colour intensity (values between 13.6
and 13.9 abs. units), followed by the wine
previously in contact with cherry chips and the
control wine (11.5 and 11.0 abs. units
respectively). These results thus clearly exhibit
the positive effect of the oak chips used in the
study, as well as the potential of the oenological
use of Q. pubescens wood in red wine aging.

Although there was a tendency for anthocyanin
content (including coloured anthocyanins) values
to decrease, this fact was not fully reflected in a
sharp decrease in colour intensity values during
the entire bottle storage period (Figure 4). This is
probably due to the increase in absorbance
values at 420 nm (one of the components of the
colour intensity that quantifies the brown colour)
which compensated for the decrease in
absorbance values at 520 nm (red). This fact is
particularly evident for the control wine, which
showed a tendency for a significant increase in
colour hue values (32 %) during bottle storage,
with significantly higher values after 18 months
of bottle storage (0.70). Furthermore, after 18
months of bottle storage, significantly lower
colour hue values (0.63 and 0.58 for the wine
previously in contact with Pubescent and Iberian
oak wood chips respectively) were found for
wines previously in contact with oak chips.
Intermediate values for colour hue (0.66) were
found for the wine previously in contact with
cherry chips.

The higher anthocyanin content (total values and
coloured forms), and consequently the
significantly higher colour intensity values
observed after 18 months of bottle storage for the
wines previously in contact with oak wood chips,
could be explained by the important role of
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hydrolysable tannins extracted from the oak
chips during the prior chip contact in
anthocyanin stabilisation and colour protection.
In fact, ellagitannins, found mainly in oak wood,
as well as in very low levels in cherry wood
(Jordao et al., 2016), are involved in stabilising
anthocyanin structures and demonstrate
important antioxidant properties (Vivas and
Glories, 1996; Fujieda et al.,, 2008; Escudero-
Gilete et al., 2019). Moreover, ellagitannins have
an important role in wine oxidation processes, as
they rapidly absorb dissolved oxygen and
facilitate the hydroperoxidation of wine
constituents, and they also play an important role
in the condensation rate of proanthocyanidins
and anthocyanins, preventing their degradation
and precipitation (Vivas and Glories, 1993;
Vivas and Glories, 1996). Moreover, several
authors have reported (Monagas et al., 2006;
Avizcurti et al., 2016) that during bottle storage,
red wines have a tendency to increase their
colour hue and to develop a brown colour, which
is generally explained by a degradation and
decrease in anthocyanin content, particularly due
to the disappearance of monomeric
anthocyanins. This tendency was also confirmed
by the evolution of the individual monomeric
anthocyanins quantified in the studied red wines
during the entire bottle storage period (Table 2).

Thus, as noted for total anthocyanins, a
considerable decrease in the different individual
monomeric anthocyanins was detected in all red
wines during bottle storage (Table 2). However,
this decrease was more evident for the control
wine and the wine previously in contact with
cherry chips in the last two data points (after 12
and 18 months of bottle storage). Nevertheless,
all the wines maintained an almost constant
anthocyanin profile, with the most abundant
group being the group of 3-monoglucosides,
followed by the acetylglucoside and
coumarylglucoside groups. At the end of the
bottle storage period, the wines previously in
contact with oak wood chips had the
significantly highest content of the 3-
monoglucoside group (between 160 and
160 mg/L of malvidin-3-monoglucoside equiv.),
followed by the wine previously in contact with
cherry wood chips (138.4 mg/L of malvidin-3-
monoglucoside equiv.) and the control wine
(127 mg/L of malvidin-3-monoglucoside equiv.).
However, when the evolution of each wine was
analysed individually over the storage period for
the three monomeric anthocyanins groups, a
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significant decrease in the values was found for
the entire bottle storage time.

It is also important to note that after 18 months
of bottle storage, the ratio of total
acetylated/coumarylated derivatives was higher
for the wines previously in contact with oak
chips (ranging between 3.70 and 4.06) than for
the control wine (2.51) and the wine previously
in contact with cherry chips (1.77). According to
several authors (Del Alamo et al., 2008;
Avizcuri et al., 2016) the ratio of acetylated and
coumarylated derivatives provides important
information about the stability of the red colour.
According to Malien-Aubert et al. (2001),
acylated anthocyanins are very important for
wine colour since they participate in
intramolecular copigmentation processes, thus
increasing the red colour. Therefore, the higher
proportion of acetylated anthocyanins compared
to coumarylated forms corresponds to a higher
red colour stability and a tendency for higher red

Red color
4,0

After 30 storage days

in contact with wood chips Overall appreciation Brown color

Taste balance Fruity

——CW

—o—WCH

Persistence Floral

—o—WIO

—o—WPO Astringency* & Vanilla*

Bitterness Boisé*

Body* Coconut*

Aroma balance Sawdust*

After 12 months
of bottle storage

Red color
4,0

Overall appreciation* Brown color*

Taste balance Fruity

—o—CW

Persistence* Floral

—o— WCH

—o—WIO

—o— WPO Astringency Vanilla*

Bitterness Boisé*

Body Coconut*

Aroma balance* Sawdust

colour values, as well as for lower colour hue
values. This fact could thus help to explain the
results shown in Figure 4, in which the highest
colour intensity and coloured anthocyanins
values and lower values of colour hue can be
observed for the wines with the highest ratios of
total acetylated/coumarylated derivatives (wines
with prior oak wood chip contact) after 18
months of bottle storage in comparison with the
control wine and wine with prior cherry wood
chip contact. The results obtained also agreed
with previous work by Del Alamo et al. (2008),
who reported a lower decrease in acetylated than
non-acetylated anthocyanins in red wines aged in
oak barrels. Other authors (Gongalves and
Jordao, 2099; Jordao et al., 2019) describe how
during wine aging, besides extraction, reactions
occur between the wood components and the
wine compounds, particularly phenolic
compounds (namely anthocyanins), thus leading
to a clear decrease in anthocyanins in wines with
oak wood contact. In addition, for model wine

Red color
4,0

After 6 months

of bottle storage Overall appreciation* Brown color*

Taste balance Fruity
o WCH Persistence* Floral
b
—o— WIO
o— WPO Astringency Vanilla*
Bitterness Boisé*
Body Coconut*
Aromab t*
After 18 months Red color*
of bottle storage Overall appreciation 4.0 Brown color*
Taste balance Fruity
—o—CW
—o— WCH Persistence™ Floral
—o—WIO
—o—WwPro Astringency Vanilla*
Bitterness Boisé
S
Body c Coconut*

Aroma balance* Sawdust

FIGURE 5. Sensory profile of red wines after 30 storage days in contact with different wood chip species

and their evolution during 18 months of bottle storage.

CW - control wine; WCH - wine with cherry wood chip contact; WIO - wine with Iberian wood chip contact; WPO - wine with
Pubescent wood chip contact; * sensory parameters where there are significant differences between the wines and in which

values with same letter are not significantly different (»p < 0.05).

1174 © 2020 International Viticulture and Enology Society - IVES

OENO One 2020, 54,4, 1159-1181



solutions Jordao et al. (2008) reported a more
pronounced decrease in malvidin-3-mono-
glucoside in the presence of ellagic acid and oak
wood chip extracts.

3. Sensory evaluation

Figure 5 shows the spider diagrams of the
average values of each descriptor obtained from
the sensory analysis of red wines after 30 storage
days in contact with wood chips and during
bottle storage. Seven wine experts (belonging to
a panel of tasters from an official certification
organisation, as mentioned previously in the
materials and methods section), carried out a
sensory evolution of the red wines studied.
According to Parr et al. (2002), wine experts
have a higher recognition memory than wine
novices, as well as superior perceptual skills
unaffected by verbal interference.

After 30 storage days in contact with the
different wood chips, the most marked sensory
differences were related to the several aroma
descriptors (“sawdust”, “coconut”, “boisé¢” and
“vanilla”) and two taste descriptors
(“astringency” and “body”’). Thus, red wines in
contact with wood chips received significantly
higher scores for the two aroma descriptors,
“sawdust” and “boisé”, than the control wine.
Wines kept in contact with oak (Q. pyrenaica
and Q. pubescens) chips received significantly
higher scores for “astringency” and the two
aroma descriptors, “vanilla” and “coconut”. In
addition, red wine stored in contact with cherry
wood chips obtained the significantly highest
scores for “body”.

In general, the results obtained for the
“astringency” descriptor, showed the same
tendency as those obtained for tanning power
(Figure 3): red wines previously in contact with
wood chips had the highest tannicity values after
30 storage days. According to Chira and
Teissedre (2015), wood ellagitannin
concentration and other extractable phenolic
wood components, particularly from oak wood
species, are closely correlated with several wine
sensory descriptors, namely “persistency” and
“astringency”. In addition, the significantly
highest scores obtained for “vanilla” and
“coconut” aroma descriptors in wines in contact
with oak chips is probably a result of frans and
cis-B-methyl-y-octalactone extraction from the
oak wood chips and transfer to the wines. These
two lactones play an important role in wood
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aroma, giving coconut and vanilla sensory
character to wines (Pérez-Prieto et al., 2002; De
Coninck et al., 2006; Guchu et al., 2006).

For the panel test, only taste “persistence” and
two aroma descriptors, “coconut” and “vanilla”,
were detected as being statistically different over
the entire 18 months of bottle storage. Thus, all
red wine samples previously in contact with both
types of wood chips obtained significantly
higher scores for taste “persistence”, while only
wines previously in contact with oak wood chips
received significantly higher scores for
“coconut” and “vanilla” aroma descriptors.
Several authors (Fernandez de Simon et al.,
2009; Fernandez de Simon et al., 2014b; Flamini
et al., 2007) reported very low amounts of
vanillin and lactones in cherry wood which may
help to explain the low scores obtained for wine
samples previously in contact with cherry wood
chips. Only after 18 months of bottle storage did
the panel test reveal statistical differences for the
“red colour” descriptor, for which all red wines
previously in contact with wood chips (oak and
cherry) showed significantly higher values than
the control wine. In general, these results follow
the same tendency observed for total and
coloured anthocyanins and colour intensity, with,
in particular, significantly higher values being
obtained for the red wines previously in contact
with oak wood. It was also clear that for the
“brown colour” descriptor, the control wine
received the significantly highest scores after the
entire bottle storage time, which also confirms
the results already obtained for quantified colour
hue, where the control wine showed the
significantly highest values (Figure 4).

In addition, although after 6 and 12 months of
bottle storage, wines previously in contact with
wood chips (particularly with Pubescent oak
chips after 12 months of bottle storage) received
significantly higher scores for “overall
appreciation”, this trend was not observed after
18 months of bottle storage, when all wines
obtained similar scores for this descriptor.
Finally, the results obtained from the sensory
analysis of wine after bottle storage also allowed
the wines previously in contact with cherry
wood chips to be verified: for the majority of the
sensory descriptors analysed, they generally
received intermediate scores compared to the
control wine and the wines with prior oak wood
chip contact. Furthermore, it can also be
observed that both the wine previously in
contact with Pubescent oak chips and the wine in
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contact with Iberian oak chops received similar
scores during bottle storage, particularly for
“coconut” and “vanilla” aroma descriptors, as
well as for “overall appreciation”.

4. Principal components analysis applied to
wine phenolic and sensory characterisation

To better understand the relationship between the
use of different wood chip species, general
phenolic parameters and sensorial attributes of
red wines, a principal component analysis (PCA)
was performed at four time points: after
30 storage days in contact with wood chips, and
after 6, 12 and 18 months of bottle storage. The
PCA was carried out to obtain a reduced number
of linear combinations of the variables that

explain the greater variability in the data. Thus, a
PCA was calculated on 25 initial variables
(phenolic and sensory parameters). The
corresponding loading plots that established the
relative importance of each variable are shown in
Figure 6.

The PCA showed that the first two principal
components (PCs) explained 66.34 % of the total
variance. The projections of the analysed
variables in the PCs are the weighted sum of the
original variables and are shown in Figure 6A.
The first PC (PC1, 45.40 % of the variance) was
positively correlated with all initial variables,
except for the “brown colour” sensory attribute.
The second PC (PC2, 20.94 % of the variance)
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FIGURE 6. Principal component analysis (PCA; PC1 and PC2) for different phenolic parameters
and several sensorial attributes of red wines after 30 storage days in contact with different wood chip
species and during 18 months of bottle storage. (A) Projection of sensorial attributes and phenolic

parameters. (B) Projection of red wine samples.

Phenolic parameters: CI - colour intensity; CH - colour hue; TA - total anthocyanins; CA - coloured anthocyanins; TP - total
phenols; FP - flavonoid phenols; NFP - non flavonoid phenols; TPG - total pigments; PP - polymeric pigments; TPW - tanning
power. Sensorial attributes: RD - red color; BC - brown colour; FR - fruity aroma; FL - floral aroma; VN - vanilla aroma;
BOS - boisé aroma; CCO - coconut aroma; SWD - sawdust aroma; AB - aroma balance; BD - body; BTT - bitterness;
AST - astringency; PES - taste persistence; TB - taste balance; OVA - overall appreciation. CW - control wine; WCH - wine with
cherry wood chip contact; WIO - wine with Iberian wood chip contact; WPO - wine with Pubescent wood chip contact;
30D - after 30 storage days in contact with wood chips; 6M - after 6 months of bottle storage; 12M - after 12 months of bottle

storage; 18M - after 18 months of bottle.
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was positively correlated with two global
phenolic parameters, total anthocyanins and
colour intensity, and two sensory attributes
(“fruity” and “bitterness’). However, this second
PC was negatively correlated with polymeric
pigments and with the 3 sensory attributes,
“vanilla aroma”, “coconut aroma” and “taste
balance”. Figure 6B gives a spatial distribution
of the red wines which had previous wood chip
contact in relation to the different parameters
considered. After a cluster analysis, three
different groups were formed. One group
comprises red wines with previous wood chip
contact and after 12 and 18 months of bottle
storage; these wines are positively related to total
pigments and two sensory descriptors associated
with aroma, such as, “vanilla” and “coconut”.
Another group comprises the control wines after
12 and 18 months of bottle storage; these two
wines are positively related to the “brown
colour” sensory descriptor. Finally, a last third
group constitutes all red wine samples analysed
after 30 days in contact with the different wood
chips (including control wine), as well as all
wines after 6 months of bottle storage; these
wines are positively related to the majority of the
phenolic and sensory parameters studied, except
for one phenolic parameter (colour hue) and four
sensory attributes (“brown colour”, “taste

balance”, “vanilla” and “coconut” aromas).

All of these results were confirmed by the hierar-
chical cluster analysis as shown in Figure 7,
clearly showing the three distinct clusters com-

prising the different red wines previously
described for Figure 6B.

CONCLUSIONS

This study revealed a clear influence of the prior
contact of wine with wood chips in terms of the
evolution of the global phenolic parameters and
sensory characteristics of red wine during bottle
storage. Compared to red wines previously in
contact with cherry chips and the control wine,
wines previously in contact with oak chips for
30 storage days showed less decrease in
phenolic composition and red colour, as well as
a reduction in the development of the brown
colour during bottle storage. From a sensory
point of view, the wines previously in contact
with oak chips also tended to receive higher
aroma scores for “vanilla” and “coconut”
descriptors, and lower scores for “brown
colour”, but they showed greater evidence of
astringency during bottle storage than wines
with prior cherry chip contact and the control
wine. However, after 18 months of bottle storage
no statistical differences in overall appreciation
were found between all the wines. In addition,
the wine previously in contact with cherry chips
always showed a similar evolution to the control
wine. Finally, it is also worth noting that the two
oak species used (Quercus pyrenaica and
Quercus pubescens) had similar impacts on red
wine characteristics. This is particularly
important for oak wood from the Quercus pubes-
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cens species, because currently no information is
available on the oenological use of this species.

It can be concluded that the outcomes of our
study could be of practical interest to
winemakers, allowing them to make better use of
different wood chip species and to have a
perspective of how red wines can evolve after
and during bottle storage. Further research
involving more detailed chemical analyses,
different wood chip-wine contact times, different
wood chip concentrations, and longer bottle
wine storage will be necessary to improve our
understanding of the potential impact of prior
wood chip contact on bottled wine quality.
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