
foods

Article

Comparative Evaluation of Brandy de Jerez Aged in American
Oak Barrels with Different Times of Use

Manuel J. Valcárcel-Muñoz 1 , María Guerrero-Chanivet 1,2 , M. Valme García-Moreno 2,* ,
M. Carmen Rodríguez-Dodero 2 and Dominico A. Guillén-Sánchez 2

����������
�������

Citation: Valcárcel-Muñoz, M.J.;

Guerrero-Chanivet, M.;

García-Moreno, M.V.;

Rodríguez-Dodero, M.C.;

Guillén-Sánchez, D.A. Comparative

Evaluation of Brandy de Jerez Aged

in American Oak Barrels with

Different Times of Use. Foods 2021, 10,

288. https://doi.org/10.3390/

foods10020288

Academic Editors: Fernando

M. Nunes and Susana Río Segade

Received: 10 December 2020

Accepted: 27 January 2021

Published: 31 January 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Bodegas Fundador S.L.U. Departamento de Investigación y Desarrollo, C/San Ildefonso, n 3,
11403 Jerez de la Frontera, Cádiz, Spain; m.valcarcel@bodegasfundador.com (M.J.V.-M.);
maria.guerreroch@uca.es (M.G.-C.)

2 Departamento de Química Analítica, Facultad de Ciencias, Instituto Investigación Vitivinícola y
Agroalimentaria (IVAGRO), Campus Universitario de Puerto Real, Universidad de Cádiz, 11510 Puerto Real,
Cádiz, Spain; maricarmen.dodero@uca.es (M.C.R.-D.); dominico.guillen@uca.es (D.A.G.-S.)

* Correspondence: valme.garcia@uca.es; Tel.: +34-956-016-456

Abstract: Brandy de Jerez is a European Geographical Indication for grape-derived spirits aged in
oak casks that have previously contained any kind of Sherry wine and, therefore, are known as Sherry
Casks®. Wood compounds have a substantial influence in the quality of the brandies that are aged in
the barrels. In the cellar, the barrels that have been used for many years to keep Sherry wine or other
wine spirits are often used for this purpose. When wooden barrels are used for the first time, they
release a large amount of compounds into the liquid contained in them. Such amount decreases over
time but casks life cycle has remained unexplored until now. The present work has the aim to study
the brandies obtained from the same wine spirit after two years ageing in three differently oak casks:
namely new, 7 years of use (4 years containing Oloroso wine and 3 years containing wine spirits) and
32 years of use (8 years containing Oloroso wine and 24 years containing wine spirits). According
to the results from our experiments, even after 32 years of use, the wood barrels still contribute to
modify the organoleptic characteristics of brandy. Moreover, the brandies aged in used barrels were
judged more balanced than those aged in new barrels.

Keywords: Brandy de Jerez; Sherry Cask®; oak wood; aroma; ageing

1. Introduction

Brandy de Jerez is a spirit produced in the Southern Spanish area known as Marco
de Jerez, which includes the cities of Jerez de la Frontera, El Puerto de Santa María and
Sanlúcar de Barrameda. It is elaborated following the specifications provided by the
Technical File of the Geographical Indication under such name [1,2]. This document defines
as a grape-derived spirit with a minimum alcoholic strength of 36% vol. (normally between
36–45% vol.), obtained from wine spirits and distillates aged in under 1000 L oak barrels
which have been previously seasoned with Sherry wine. The production process follows a
traditional dynamic system employed in the Sherry area known as Criaderas and Solera.

Brandy de Jerez exhibits a number of specific organoleptic characteristics that make
it different from other spirits. Such characteristics are conferred to brandy by the casks
where it is aged. This is so because the barrels used to produce Brandy de Jerez must have
contained for a certain length of time some type of Sherry wine, i.e., Fino, Amontillado,
Oloroso, or Pedro Ximénez. This conditioning process is known as seasoning and every
barrel that has undergone such seasoning process according to the rules established by the
Technical File that regulates its elaboration [3], is then referred to as Sherry Cask®.

Naturally, the characteristics of the final product will be influenced by a number of
characteristics related to the wooden cask that have an effect on the ageing process [4],
namely the geographical origin and botanical species [5–10], the container volume [11] and
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its wood toasting grade [4,7,12]), the temperature and humidity in the cellar, the ageing
time [5,13–15] and, only in the case of Brandy de Jerez, the seasoning of the barrel [16–20].
The organoleptic characteristics of a particular brandy will be different if it has been aged
in a cask with one type of Sherry wine or another. For these reasons, the characteristics
of each barrel represent a crucial element that will determine the outcome of the brandy
ageing process. Traditionally, American oak (Quercus alba) is the wood type that is most
often used by cooperage companies in the Sherry area for the manufacturing of barrels.

As previously said, casks are active contributors to the organoleptic properties of
brandy. Wood composition, atmospheric conditions as well as the type of distillate and
its alcoholic strength have an influence on the physical-chemical phenomena in which
certain compounds from the wood and other components in the distillate are involved.
Extraction processes are the most common among such phenomena, but oxidation, esterifi-
cation, hydrolysis, ethanolysis, Maillard reactions, polymerization, and polycondensation
reactions also take place during the ageing process [4,21,22]. Also, some water evaporates
and trickles out of the barrel through its pores.

Most of the compounds that are transferred from the wood into the liquid are respon-
sible for the organoleptic profile of the resulting brandy. Wood is mostly composed of
polysaccharides (cellulose and hemicellulose) and lignin. This represents around 90% of
the total wood matter. The remaining 10% is composed of extractive compounds such
as phenolic compounds (polyphenols or simple phenols), fatty acids, alcohols and inor-
ganic substances [22]. The thermal degradation of lignin during the manufacturing of the
barrels or its degradation by ethanolysis and hydrolysis during spirit and wine ageing,
together with is acid character [23], make it release certain compounds such as vanillin,
coniferylaldehyde, syringaldehyde, sinapaldehyde, and cinnamic and benzoic acids into
the distillate [4,22]. The degradation of hemicellulose gives place to compounds such
as furfural and its derivatives [24,25]. Hydrolysable tannins, such as gallotannins and
ellagitannins, are highly soluble in ethanol-water solutions and their transformation into
gallic acid or ellagic acid by hydrolysis is very common [22]. Brandy de Jerez also contains
other compounds that come from Sherry wine, such as tartaric, lactic, or succinic acid [20].
In those cases, the barrels act as transfer vectors between the Sherry wine that had been
previously contained in the cask and the newly ageing distillate [26].

American oak (Quercus alba) toasted wood contains between 460 and 3620 µg/g wood
of low molecular weight phenols [7]. 745.24 ± 51.28 µg/g wood of phenolic acids, such
as ellagic acid, gallic acid, vanillic acid, or syringic acid, 1608.18 ± 346.20 µg/g wood
of phenolic aldehydes and a certain amount of volatile compounds that range between
1919.13 and 2660.91 µg/g wood [27]. With repeated use, the amount of these components
extracted from the wood and transferred into the ageing spirit becomes gradually smaller
compared to the Sherry Cask®’s first use [28]. Nevertheless, since new Sherry Casks® contain
a huge amount of extractable compounds, a study on how the repeated use of the same
barrels over the years may affect their capacity to enrich the distillates and, therefore, to
have an impact on the final product’s organoleptic profile should be of the utmost interest.

Wine makers use the same barrels again and again for many years and only when
they are seriously deteriorated or damaged they are finally discarded. This study intends
to confirm that even after many years of use, wooden casks can be used to produce brandy.
For that purpose, the same wine spirit has been aged for two years in different oak casks:
new, 7 years of use (4 years containing Oloroso wine and 3 years containing wine spirits),
and 32 years of use (8 years containing Oloroso wine and 24 years containing wine spirits).

2. Materials and Methods
2.1. Samples

The study was carried out in 500 L wooden barrels (Tonelerías Domecq, Jerez de la
Frontera, Spain) made out of American oak (AO) (Quercus alba) staves of a medium toasting
grade. The toasting procedure was carried out according to the traditional practices in the
Sherry area [29].
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The Oloroso wine employed for the seasoning the barrels is a white wine fortified at
18% vol. and aged following the traditional oxidation process in the Sherry area, Criaderas
and Solera system.

The wine spirit (grapes of the Airén variety) that was aged in all the experiments was
supplied by Bodegas Fundador, S.L.U. It had been obtained by column distillation at 77 %
vol. and it was hydrated with demineralized water at 65% vol.

The conditions of the three experiments in this study are specified in Table 1: New
barrels, 4 + 3 Used barrels with 7 years of use (4 years containing Oloroso wine and 3 years
containing wine spirits) and 8 + 24 Used barrels with 32 years of use (8 years containing
Oloroso wine and 24 years containing wine spirits). For the experiments 4 + 3 Used barrels
and 8 + 24 Used barrels were emptied and refilled with fresh wine spirit.

Table 1. Experimental conditions under study.

Experience

Previous Use of the Barrels

Sherry Seasoning Brandy Ageing

Type No. of Years No. of Years

New barrels None No seasoning No previous use
4 + 3 Used barrels Oloroso 4 3
8 + 24 Used barrels Oloroso 8 24

Each experimental group comprised ten barrels divided in two set of five barrels each.
Individual samples were taken from each barrel and were combined into a pooled sample
of each set of five barrels in order to reduce the variability of the barrels (Figure 1). Two
pooled samples were obtained (n = 2) in each sampling time. This sampling procedure
were carried out during two years, at 1, 2, 4, 6, 8, 10, 12, 15, 18, 21, and 24 months, for the
three proposed experiences (Table 1). The initial wine spirit was also analyzed. A total of
67 samples were studied. Each sample was analyzed in duplicate.
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Figure 1. Experimental group of barrels (two set of five barrels) and definition of the sampling plan
for the physical-chemical analysis.

Since the parameters studied had not been shown a great evolution, only the most
relevant results after the first and the second year of ageing have been included in the tables.
Ethyl acetate, volatile acids, and Total Polyphenol Index had experimented a significant
increase during the ageing, so the complete evolution have been graphically represented.

For the tasting sessions, the two pooled samples of the same experiment were com-
bined into an individual sample of each experiment (n = 1). The initial wine spirit and
the samples after 1 year and after 2 years of ageing were tasted. A total of 7 samples were
tasted in duplicate in two different sessions.
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2.2. Reagents

To determine the Total Polyphenol Index (TPI), Folin–Ciocalteu reagent, anhydrous
sodium carbonate and gallic acid were purchased from Merck (Darmstadt, Germany).

UHPLC grade acetonitrile from Panreac (Barcelona, Spain), acetic acid from Merck
(Darmstadt Germany) were used to prepare the UHPLC phases. The standards for calibra-
tion were purchased from Sigma-Aldrich (Saint Louis, MO, USA). Ultrapure water from
EMD Millipore (Bedford, MA, USA) was used to prepare the chromatography phases, the
reagents and the calibration standards.

2.3. Enological Control Parameters

A pH-Meter Basic 20 (Crison Instruments SA, Barcelona, Spain) was used to measure
the pH. The alcoholic strength (% Alcohol by Volume, ABV) was obtained by density
measurement of the distillate in a DMA-5000 densimeter (Anton Paar, Ashland, OR,
USA). The volatile acids expressed as mg acetic acid/100 mL of 100% vol. alcohol, were
measured by means of a segmented flow analyzer AA3 HR Autoanalyzer (Seal Analytical,
Norderstedt Stadt, Germany) following the iodide/iodate procedure [30–32] according to
the method established by the International Organization of Vine and Wine (OIV). The
potassium in brandy was determined in mg/L by means of a PinAAcle 900F Atomic
Absorption Spectrometer (Perkin Elmer, Boston, MA, USA) and WinLab32 AA (Perkin
Elmer, Boston, MA, USA) was the software application used for data acquisition and to
perform the data analyses. Each sample was measured in duplicate.

2.4. Phenolic Compounds and Furfurals

The phenolic compounds and furfurals were quantified by UHPLC following the
method previously established by our research group [33,34]. A Waters Acquity UPLC
equipped with a PDA detector and an Acquity UPLC C18 BEH, 100 × 2.1 mm (i.d.) with
1.7 µm particle size (Waters Corporation, Milford, MA, USA) column was employed for
the analysis. Nine phenolic compounds (gallic acid, ellagic acid, p-hydroxybenzaldehyde,
vanillic acid, vanillin, syringic acid, syringaldehyde, sinapaldehyde, and coniferylaldehyde)
and three furanic aldehydes (furfural, 5-methylfurfural, and 5-hydroxymethylfurfural)
were identified.

The samples and standards were filtered through 0.22 µm nylon membranes, and they
were injected in duplicate. The absorption was determined by UV scanning at between 250
and 400 nm, with a resolution of 1.2 nm. The linear standard curve ranges from 0.1 mg/L
to 10 mg/L. The compounds were identified by comparing the retention times and UV-Vis
spectra of the sample peaks against those previously obtained from the standards. The
results were expressed in mg of compound per 100 mL of 100% vol. alcohol.

2.5. Total Polyphenol Index

A Lambda 25 spectrophotometer (Perkin Elmer, Boston, MA, USA) was used to
determine the TPI. This instrument was calibrated based on gallic acid aliquots in the range
0–750 mg/L. The total polyphenolic index was measured following the Folin–Ciocalteau
method according to the official method established by the International Organization
of Vine and Wine (OIV). 0.5 mL of sample, 25 mL of ultrapure water, 2.5 mL of Folin–
Ciocalteau reagent and 10 mL of 20% sodium carbonate in strict order were introduced in a
50 mL volumetric flask, and made up to the mark by adding ultrapure water. The dilutions
were carried out in duplicate, and the absorbance was measured at 750 nm [35]. Glass cells
with a 1 cm optical path were used. The samples were measured in duplicate. The results
were expressed in mg gallic acid equivalent (GAE) per 100 mL of 100% vol. alcohol.

2.6. Color Measurements

The samples’ color was measured by means of a Lambda 25 spectrophotometer (Perkin
Elmer, Boston, MA, USA) at 420 nm, 520 nm and 620 nm absorbance, according to the
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official method established by the International Organization of Vine and Wine (OIV). Glass
cells with a 1 cm optical path were used. Each sample was directly measured in duplicate.

2.7. Aldehydes, Acetal, Methanol, Esters, and Higher Alcohols

Aldehydes, acetal, methanol, esters and higher alcohols (also known as fusel alco-
hols) were quantified by GC-FID. Twenty-one compounds were determined following two
different procedures. In both cases, the equipment used was an Agilent 7890B Gas Chro-
matograph (Agilent Technologies, Santa Clara, CA, USA) coupled with Flame Ionization
Detector.

For the analysis of acetaldehyde, acetaldehyde—diethyl acetal, methanol, ethyl acetate,
n-propyl alcohol, 2-butyl alcohol, isobutyl alcohol, n-butyl alcohol, 2-methyl-1-butanol and
3-methyl-1-butanol, the samples were injected in a split mode (split 1:46, 250 ◦C) into a
DB-624 (30 m × 250 µm × 1.4 µm, Agilent Technologies, Santa Clara, CA, USA) column.
The oven temperature for the analysis was programmed as follows: 30 ◦C (30 min), then
6 ◦C/min to 100 ◦C (0 min). Temperatures of the injector and the detector were 250 ◦C and
300 ◦C, respectively. Nitrogen was used as a carrier at flow of 1.0 mL/min. Data acquisition
and analyses were performed using OpenLAB CDS Chemstation (Agilent Technologies,
Santa Clara, CA, USA) software.

For the analysis of n-hexanol, 2-phenylethyl alcohol, ethyl lactate, ethyl succinate,
ethyl caproate, ethyl caprylate, ethyl caprate, ethyl laureate, ethyl myristate and ethyl
palmitate, samples were injected in a splitless mode (1 min, 250 ◦C) onto CP-WAX 57 CB
(25 m × 250 µm × 0.2 µm, Agilent Technologies, Santa Clara, CA, USA) column. The oven
temperature program during analysis was as follows: 45 ◦C (20 min), then 3 ◦C/min to
170 ◦C (20 min). Temperatures of the injector and the detector were 250 ◦C and 300 ◦C
respectively. Nitrogen was used as the carrier gas at a flow of 1.3 mL/min. The data
acquisition and analyses were performed using OpenLAB CDS Chemstation (Agilent
Technologies, Santa Clara, CA, USA) software.

Standards were made in an ethanol/ultrapure water solution at 40%vol. The linear
standard curve of 3-methyl-1-butanol ranges from 1 to 250 mg/100 mL of 100% vol. alcohol.
The linear standard curve of methanol, ethyl acetate, n-propyl alcohol, isobutyl alcohol
and 2-methyl-1-butanol ranges from 1 to 100 mg/100 mL of 100% vol. alcohol. The
linear standard curve of acetaldehyde and acetaldehyde—diethyl acetal ranges from 1 to
50 mg/100 mL of 100% vol. alcohol. The linear standard curve of ethyl lactate ranges from
0.5 to 25 mg/100 mL of 100% vol. alcohol. The linear standard curve of 2-butyl alcohol,
n-butyl alcohol, n-hexanol, 2-phenylethyl alcohol, ethyl succinate, ethyl caproate, ethyl
caprylate, ethyl caprate, ethyl laureate, ethyl myristate, and ethyl palmitate ranges from 0.1
to 5 mg/100 mL of 100% vol. alcohol. The samples were diluted at 40%vol. with ultrapure
water and injected in duplicate. The results were expressed in mg of compound per 100 mL
of 100% vol. alcohol.

2.8. Tasting Sessions

The tasting sessions took place in a room adequately furnished with individual
workspaces to facilitate the concentration and isolation of the tasters [36] at a controlled
temperature (20 ◦C). The 4 tasters were all experts belonging to the staff of Bodegas Fun-
dador, S.L.U. with over 20 years experience in the field and members of the official tasting
panel for the Denomination of Origin Jerez-Xérès-Sherry and the Geographical Indication
Brandy de Jerez.

72 h before the tasting sessions the samples were hydrated with demineralized water
up to 36% vol. of alcoholic strength, which is the standard alcohol content for the commer-
cial product. 50 mL of each sample was served in black standardized glasses [37], which
remained covered by a glass for 10 min in order to stabilize the headspace before the tasting.
In each session the set of 7 samples was presented in a random order to the tasters.

The selected descriptors of odor and flavor (Table 2) were chosen following the
indications of the Technical File of the Geographical Indication of Brandy de Jerez [1]. Table 2
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includes a description of the descriptors and also the odor and flavor patterns employed
for the training of the tasters. For the evaluation of the brandies, a numerical scale was
used, as defined in ISO 4121:2003 [38]. The pattern (Table 2) would represent a 5 score in
the 5-point scale used for the evaluation (5 = very high). Neutral wine alcohol hydrated at
36% vol. would represent a 1 score (1 = absence). The samples were tasted in duplicate in
two different sessions.

Table 2. Odor and flavor descriptors and patterns used for the training of the tasters.

Descriptor Definition Pattern

Odor

Aromatic complexity Diversity of positive aromatic sensations. 5 years old brandy, produced with pot stills,
hydrated at 36% vol.

Fruity
Fruit aromas characteristic of the grape varieties
used to produce the wine and its distillate (apple,
pear, banana, pineapple, tropical fruits, etc.).

Wine spirit from pot stills hydrated at 36% vol.,
with a level of fatty acids ethyl esters and higher
alcohols acetates of 35 mg/L.

Vinous
‘Memories’ of the original wine used to produce the
distillate and compounds acquired during ageing in
Sherry Casks®.

5 years old brandy, produced with pot stills,
hydrated at 36% vol.

Vanilla Compounds released during lignin degradation.
‘Noble’ wood sensations.

Wine spirit hydrated at 36% vol. with lignin
vanilla addition.

Toasted/caramel Sensations of toasted wood.
Wine spirit hydrated at 36% vol. after adding
hydroalcoholic medium toasted American oak
extract.

Spicy/aniseed
Sensations of non-toasted wood and the
characteristic smell of medium chain wine ethyl
esters (C6).

Wine spirit hydrated at 36% vol. after adding
hydroalcoholic raw American oak extract and
wine lees.

Flavor

Alcoholic Burning sensation in the oral cavity.

Neutral wine alcohol hydrated at 36% vol., with
addition of distillation heads and tails, with a
level of volatile compounds of 500 mg/100 mL of
100% vol. alcohol.

Smoothness Pleasant as it goes down the throat. 5 years old brandy hydrated at 36% vol.

Oxidative sweetness Velvety sensation in the oral cavity. 5 years old brandy hydrated at 36% vol., after
adding 3 g/L of rectified concentrate grape must.

Equilibrium
General evaluation of all the sensations, from the
first contact with the liquid until it is swallowed:
structured, absence of astringency or bitterness, etc.

8 years old brandy Solera Gran Reserva hydrated
at 36% vol.

Oak/woody Wood sensation; seasoned, unseasoned.
5 years old brandy hydrated at 36% vol., after
adding hydroalcoholic medium toasted
American oak extract.

2.9. Statistical Analysis

Statgraphics 18 software package (Statgraphics Technologies, Inc., The Plains, VA,
USA) was employed for ANOVA and Fisher’s Least Significant Difference test. Microsoft
Excel 2016 (Microsoft Corp., Redmond, WA, USA) was employed for other statistical
parameters.

3. Results and Discussion
3.1. Enological Control Parameters

The data corresponding to pH, ABV, volatile acids, and potassium of brandies ageing
in new barrels, barrels with 7 years of use and barrels with 32 years of use during the first
and second year of ageing are shown in Table 3.
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Table 3. pH, alcoholic strength (% Alcohol by Volume, ABV), volatile acids (mg acetic acid/100 mL of 100% vol. alcohol)
and potassium (mg/L) of brandies aged for one or two years in New barrels, 4 + 3 Used barrels, and 8 + 24 Used barrels.

Initial

New Barrels 4 + 3 Used Barrels 8 + 24 Used Barrels

1 Year
Ageing

2 Years
Ageing

1 Year
Ageing

2 Years
Ageing

1 Year
Ageing

2 Years
Ageing

pH 4.52 4.33 ± 0.01 a 4.20 ± 0.03 a 4.12 ± 0.03 b 3.99 ± 0.01 b 4.10 ± 0.02 b 4.00 ± 0.03 b

Volatile acids 10.3 58.6 ± 0.4 a 76.9 ± 0.4 a 15.9 ± 0.5 b 22.3 ± 0.7 b 14.0 ± 0.8 b 20.0 ± 0.4 c

Alcoholic strength 65.27 65.36 ± 0.04 a 65.57 ± 0.02 a 65.13 ± 0.03 b 65.15 ± 0.04 b 65.14 ± 0.03 b 65.16 ± 0.00 b

Potassium n.d. 5.90 ± 0.30 a 8.00 ± 0.15 a 15.50 ± 0.71 b 17.00 ± 1.41 b 7.00 ± 0.00 a 8.50 ± 0.71 a

Mean values ± standard deviation (n = 2); significant differences (p < 0.05) of a particular parameter in the same ageing year are indicated
by different letters; n.d.: Not detected.

pH value is around 4, which is characteristics of young brandies [39]. In all the cases
studied, their pH decreased over time. In the case of Used barrels—Sherry Casks®—the
distillate is enriched with acid compounds from the wood [4,17] or the wine during the
ageing process [20]. Some oxidation reactions of the ethanol molecules produce acetic acid
during this process too, which also explains why aged brandy contains a greater amount
of volatile acids than younger ones (Figure 2). Significant differences associated to used
or unused barrels have been observed, but no differences between the brandy aged in
4 + 3 Used barrels or 8 + 24 Used barrels were registered.
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Figure 2. Evolution of volatile acids in brandies aged in New barrels, 4 + 3 Used barrels, and 8 + 24
Used barrels for two years. When the standard deviation was lower than 0.8 cannot be noticed in the
graph.

The alcoholic strength of all the studied brandies was approximately 65% vol. This
percentage decreased when aged in the Used barrels, while in the New barrels it increased.
Since the barrels are not airtight, the evaporation processes that take place inside the
barrel are compensated by the perspiration of water molecules to the outside through the
wood [40,41]. The volume losses during brandy ageing are shown in Table 4. A greater
volume loss was detected in New barrels than in 3 + 4 and 8 + 24 Used barrels. In the New
barrels experiments, part of the brandy in them was absorbed by the barrel dry wood. This
fact explains the higher concentration of compounds such as higher alcohols in brandies
kept in New barrels compared to that of the brandies in the Used barrels.
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Table 4. Brandy volume loss after two years of ageing.

Experiment New Barrels 4 + 3 Used Barrels 8 + 24 Used Barrels

Average volume loss after the first year (L/500 L barrel) 28.1 ± 3.4 a 14.1 ± 3.3 b 14 ± 3.4 b

Average volume loss after the second year (L/500 L barrel) 13.7 ± 3.3 13 ± 3.2 14.6 ± 3.4
Average percentage of volume loss per year (%) 4.2 ± 0.7 a 2.7 ± 0.7 b 2.9 ± 0.7 a,b

Data are mean values ± standard deviation (n = 2); values in the same row with different letters are significantly different (p < 0.05).

With regard to potassium, significant differences were found depending on the type
of barrel where the brandy was aged. The smallest amount of potassium was found in the
brandies aged in New barrels. Although new wood would release inorganic compounds
into the distillate, such as potassium [42], in this case, seasoning had a greater effect on the
final product, since Sherry wines contain inorganic salts such as potassium bitartrate [43].
During the seasoning process, these compounds precipitate and dissolve in the distillate
and, as a consequence, the amount of potassium that can be found in brandies aged in
Sherry Casks® is greater than the one detected in New barrels without any previous contact
with wine.

3.2. Phenolic Composition and Total Polyphenol Index of the Aged Brandies

The data corresponding to low molecular weight phenolic compounds content as
determined by means of UHPLC in the two-year aged brandies are indicated in Table 5
as mg per 100 mL of 100% vol. alcohol. All the compounds in the study exhibited the
same trend: significant differences were observed depending on the barrel type, but no
differences were noted between the brandy aged in 4 + 3 Used barrels and 8 + 24 Used
barrels, excluding the content of syringic acid, vanillin and syringaldehyde. Except for
furfural, all of the above mentioned compounds could not be detected in the initial wine
spirit, since they are provided by the wood or the wine in the case of seasoned barrels,
and they are easily and generally found in brandies aged in wood [4,17,19–21,44]. When
wood is used for the first time, a large amount of these compounds are transferred into
the liquid [45]. Therefore, the brandy held in New barrels contains a larger concentration of
them than those held in Used barrels, because these wood compounds had already been
extracted in large quantities during the previous use. From the tasters’ point of view this
high concentration of wood compounds might be perceived as a sort of ‘aggressive’ taste,
as described in Section 3.5. On the other hand, Used barrels release into the distillate Sherry
wine compounds that provide the brandy with rather pleasant organoleptic characteristics.
Although the phenolic compounds concentration levels detected in the brandies aged in
8 + 24 Used barrels was slightly lower than in those brandies aged in 4 + 3 Used barrels, such
difference, that could be explained by a lower availability of such compounds in older
barrels, could not be regarded as relevant.

With regard to the concentration of the phenolic acids (gallic acid, vanillic acid, sy-
ringic acid, and ellagic acid) their values in the different brandies follow the expected
pattern (Table 5). Thus, their concentration increased over the ageing period and greater
concentrations were observed in the brandies aged in New barrels than in those aged in
3 + 4 Used barrels or 8 + 24 Used barrels, because of the lower availability of these compounds.
Phenolic aldehydes as p-hydroxybenzaldehyde, vanillin, syringaldehyde, coniferylalde-
hyde, and sinapaldehyde resulting from the thermal degradation of lignin [23,25,46], were
found in all the brandies studied (Table 5). Significant amounts of 5-hydroxymethylfurfural,
furfural and 5-methylfurfural were also detected with similar content trends in all the
experiments (Table 5).
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Table 5. Phenolic compounds content (mg/100 mL of 100% vol. alcohol) in brandies aged in New barrels, 4 + 3 Used barrels,
and 8 + 24 Used barrels after the first and the second year of ageing.

Initial

New Barrels 4 + 3 Used Barrels 8 + 24 Used Barrels

1 Year
Ageing

2 Years
Ageing

1 Year
Ageing

2 Years
Ageing

1 Year
Ageing

2 Years
Ageing

Gallic acid n.d. 0.83 ± 0.05 a 1.02 ± 0.05 a 0.29 ± 0.02 b 0.47 ± 0.03 b 0.22 ± 0.02 b 0.36 ± 0.02 b

Vanillic acid n.d. 0.52 ± 0.02 a 0.60 ± 0.06 a 0.06 ± 0.00 b 0.09 ± 0.01 b 0.05 ± 0.01 b 0.08 ± 0.01 b

Syringic acid n.d. 0.47 ± 0.02 a 0.58 ± 0.02 a 0.14 ± 0.01 b 0.24 ± 0.02 b 0.08 ± 0.01 c 0.12 ± 0.01 c

Ellagic acid n.d. 2.48 ± 0.05a 2.90 ± 0.05 a 1.52 ± 0.03 b 1.97 ± 0.03 b 1.57 ± 0.07 b 1.90 ± 0.08 b

p-Hydroxybenzaldehyde n.d. 0.06 ± 0.01 0.05 ± 0.01 n.d. n.d. n.d. n.d.
Vanillin n.d. 0.64 ± 0.02 a 0.78 ± 0.03 a 0.09 ± 0.01 b 0.15 ± 0.01 b 0.06 ± 0.01 b 0.09 ± 0.01 c

Syringaldehyde n.d. 1.39 ± 0.07 a 1.59 ± 0.07 a 0.24 ± 0.01 b 0.39 ± 0.02 b 0.12 ± 0.01 b 0.21 ± 0.01 c

Coniferylaldehyde n.d. 1.60 ± 0.05 a 1.57 ± 0.04 a 0.05 ± 0.00 b 0.07 ± 0.01 b 0.03 ± 0.00 b 0.05 ± 0.01 b

Sinapaldehyde n.d. 2.59 ± 0.09 a 2.99 ± 0.07 a 0.03 ± 0.00 b 0.06 ± 0.01 b 0.03 ± 0.00 b 0.05 ± 0.01 b

5-Hydroxymethylfurfural n.d. 1.63 ± 0.06 a 1.60 ± 0.06 a 0.04 ± 0.01 b 0.06 ± 0.01 b 0.02 ± 0.00 b 0.03 ± 0.01 b

Furfural 0.083 3.72 ± 0.17 a 4.04 ± 0.12 a 0.18 ± 0.01 b 0.23 ± 0.01 b 0.16 ± 0.01 b 0.20 ± 0.01 b

5-Methylfurfural n.d. 0.54 ± 0.02 0.52 ± 0.03 n.d. n.d. n.d. n.d.

Data are mean value ± standard deviation (n = 2); significant differences (p < 0.05) of a particular parameter in the same ageing year are
indicated by different letters; n.d.: Not detected.

The data corresponding to the TPIs of the studied brandies, expressed in mg GAE/
100 mL of 100% vol. alcohol, can be seen in Figure 3. As expected, TPI increased with ageing
in all the cases. However, depending on the wood previous usage, it did so in a lesser or
greater extent. Thus, the TPI closely followed a similar evolution pattern as the one for low
molecular weight phenolic compounds that has been previously discussed [47], since the
amount of phenolic compounds available in the wood and, therefore, their concentration
in the aged brandy also depend on whether the wood has been previously used or not.
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Figure 3. Evolution of Total Polyphenol Index (TPI) in brandies aged in New barrels, 4 + 3 Used barrels
and 8 + 24 Used barrels for two years, expressed in mg gallic acid/100 mL of 100% vol. alcohol. The
standard deviation between 4 + 3 Used barrels-aged brandies and 8 + 24 Used barrels-aged brandies
was lower than 0.7 and cannot be noticed in the graph.

In this way, when wood is used for the first time (New barrels) it releases a much
larger quantity of compounds into the distillate than when the wood has been previously
seasoned. Nevertheless, a close look at Figure 3 and Table 5 let us see that no significant
differences between 4 + 3 Used barrels and 8 + 24 Used barrels were noted. All in all, it can
be confirmed that, regardless of the length of time that a particular barrel may have been
used, typically seasoned barrels will release similar levels of phenolic compounds into
the brandy. In fact, even after 32 years of use, barrels will continue to provide brandies
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with the compounds that confer this spirit with its characteristic and highly appreciated
organoleptic profile.

3.3. Chromatic Characteristics

The samples were measured for the following color absorbances: A420, A520 and
A620. As expected, the color intensity of the brandies increased with ageing (Table 6).

Table 6. Chromatic characteristics of the brandies studied after 1 and 2 years of ageing.

Initial
New Barrels 4 + 3 Used Barrels 8 + 24 Used Barrels

1 Year Ageing 2 Years Ageing 1 Year Ageing 2 Years Ageing 1 Year Ageing 2 Years Ageing

A420 n.d. 0.327 ± 0.020 a 0.410 ± 0.018 a 0.189 ± 0.008 b 0.268 ± 0.008 b 0.122 ± 0.007 c 0.198 ± 0.006 c

A520 n.d. 0.053 ± 0.004 a 0.086 ± 0.004 a 0.041 ± 0.001 b 0.065 ± 0.001 b 0.028 ± 0.003 c 0.042 ± 0.003 c

A620 n.d. 0.012 ± 0.001 a 0.015 ± 0.001 a 0.011 ± 0.001 a 0.016 ± 0.000 b 0.008 ± 0.000 b 0.011 ± 0.000 c

Data are mean value ± standard deviation (n = 2); significant differences (p < 0.05) of a particular parameter in the same ageing year are
indicated by different letters; n.d.: Not detected.

The distillates aged in New barrels presented the greatest intensity growth. The ab-
sorbance at 420 nm, which corresponds to the yellow zone, was higher than the absorbance
at 520 nm and 620 nm in all the cases studied. Since the color of the brandy is closely
related to the presence of phenolic compounds in the distillate, the increment in A420, A520
and A650 intensity would be related to the ageing process in the wood barrels and to the
subsequent extraction and oxidation reactions that take place between the compounds that
are being extracted from the wood and those already present in the distillate [44,46,48].

Some studies associate the increment in the yellow shade intensities (A420) with the
oxidation of the ellagitannins from the wood [49] and with the condensation reactions
among tannins in the presence of acetaldehyde and phenolic aldehydes [44]. The intensity
of the A420 shade as measured in the experimental brandies in the study presented
significant differences that could be associated to the type of barrel used for the ageing
of the spirit. Thus, the brandies aged in New barrels registered the highest values for this
parameter, while those brandies that had been aged in 8 + 24 Used barrels exhibited the
lowest values, i.e., the least intense A420 shade. Hence, it can be concluded that even
though this shade intensity increased in all the cases, the brandies that had been aged in
4 + 3 Used barrels or 8 + 24 Used barrels presented a paler yellow tone than those brandies
aged in New barrels.

3.4. Aldehydes, Acetal, Methanol, Esters, and Higher Alcohols

Regarding acetaldehyde and acetaldehyde—diethyl acetal, their content did not ex-
periment any marked evolution during the ageing period (Table 7). This is due to the
equilibrium that affects these two compounds, influenced by alcoholic strength and pH.
Acetaldehyde stabilized its presence during the second year of brandy ageing [50], when
its losses due to evaporation and its oxidation into acetic acid are compensated by the
concentration of the compound caused by the ethanol evaporation and the perspiration of
the water through the wood [40,41] (Table 4). It can be seen in Table 7 that both compounds
do not follow a clear evolution.
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Table 7. Aldehydes, acetal, methanol, esters and higher alcohols contents (mg/100 mL of 100% vol. alcohol) in the brandies
studied.

Initial

New Barrels 4 + 3 Used Barrels 8 + 24 Used Barrels

1 Year
Ageing

2 Years
Ageing

1 Year
Ageing

2 Years
Ageing

1 Year
Ageing

2 Years
Ageing

Acetaldehyde 21.8 23.8 ± 0.5 a 24.1 ± 0.6 a 21.9 ± 0.6 b 22.0 ± 0.3 b 21.9 ± 0.3 b 21.9 ± 0.3 b

Diethyl acetal 28.8 31.3 ± 0.3 a 32.1 ± 0.3 a 29.4 ± 0.3 b 29.5 ± 0.7 b 29.3 ± 0.4 b 29.4 ± 0.5 b

Methanol 68.0 66.2 ± 0.3 a 66.9 ± 0.3 67.4 ± 0.4 a,b 68.1 ± 0.2 67.9 ± 0.7 b 68.0 ± 0.7
Ethyl acetate 31.1 47.7 ± 0.7 a 65.7 ± 0.4 a 37.8 ± 0.5 b 44.9 ± 0.6 b 37.3 ± 0.5 b 43.1 ± 0.9 b

Higher alcohols

N-propyl alcohol 33.2 37.3 ± 0.2 a 37.8 ± 0.1 a 34.2 ± 0.6 b 34.2 ± 0.6 b 34.0 ± 0.5 b 34.1 ± 0.4 b

2-butyl alcohol 0.5 0.5 ± 0.1 0.5 ± 0.0 0.5 ± 0.0 0.5 ± 0.0 0.5 ± 0.0 0.5 ± 0.0
Isobutyl alcohol 33.2 33.3 ± 0.1 37.2 ± 0.2 a 34.0 ± 0.6 34.5 ± 0.1 b 34.4 ± 0.7 34.4 ± 0.9 b

n-butyl alcohol 2.1 2.3 ± 0.1 a 2.6 ± 0.0 a 2.2 ± 0.0 b 2.2 ± 0.0 b 2.2 ± 0.0 b 2.2 ± 0.0 b

2-methyl-1-butanol 40.3 46.5 ± 0.5 a 50.5 ± 0.2 a 41.4 ± 0.6 b 41.8 ± 0.1 b 40.9 ± 1.0 b 41.4 ± 0.4 b

3-methyl-1-butanol 182.6 184.5 ± 0.0 185.9 ± 0.0 186.3 ± 0.8 188.1 ± 1.1 186.7 ± 1.8 188.3 ± 1.5
N-hexanol 2.8 2.8 ± 0.0 2.9 ± 0.0 2.8 ± 0.0 2.8 ± 0.0 2.8 ± 0.0 2.8 ± 0.0

2-phenylethyl
alcohol 0.6 0.6 ± 0.0 0.7 ± 0.0 a 0.6 ± 0.0 0.6 ± 0.0 b 0.6 ± 0.0 0.6 ± 0.0 b

Total 295.3 308.1 ± 0.6 318.0 ± 0.1 a 302.0 ± 2.5 304.7 ± 1.8 b 302.2 ± 3.0 304.4 ± 2.3 b

Ethyl esters from organic acids

Ethyl lactate 13.2 13.4 ± 0.0 a 13.5 ± 0.0 a 14.1 ± 0.1 b 14.3 ± 0.1 b 13.9 ± 0.1 b 14.0 ± 0.1 c

Ethyl succinate 1.1 1.1 ± 0.0 a 1.1 ± 0.0 a 1.8 ± 0.1 b 2.0 ± 0.1 b 1.5 ± 0.1 c 1.5 ± 0.1 c

Total 14.3 14.5 ± 0.1 a 14.6 ± 0.0 a 15.9 ± 0.3 b 16.5 ± 0.1 b 15.3 ± 0.1 c 15.6 ± 0.1 c

Ethyl esters from fatty acids

Ethyl caproate 0.2 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0
Ethyl caprylate 1.4 1.4 ± 0.0 a 1.5 ± 0.0 1.5 ± 0.0 b 1.5 ± 0.0 1.5 ± 0.0 b 1.5 ± 0.0
Ethyl caprate 1.0 1.0 ± 0.0 1.0 ± 0.0 a 1.0 ± 0.0 1.1 ± 0.0 b 1.0 ± 0.0 1.1 ± 0.0 b

Ethyl laureate 0.2 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.3 ± 0.0
Ethyl myristate 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0
Ethyl palmitate 0.4 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0

Total 3.2 3.3 ± 0.2 3.4 ± 0.1 3.6 ± 0.1 3.7 ± 0.1 3.6 ± 0.1 3.7 ± 0.1

Mean value ± standard deviation (n = 2); significant differences (p < 0.05) of a particular parameter in the same ageing year are indicated
by different letters.

A similar slight evolution was also observed in the methanol concentration. This
is a volatile compound that may evaporate during ageing, but its concentration is also
influenced by ethanol evaporation and water perspiration [40,41], thus, its concentration
could increase as a consequence of a total volume decrease (Table 4).

Ethyl acetate is the compound in these families of volatile substances that most
increased its concentration with the ageing process (Figure 4). Its initial content in the wine
spirit is determined by the quality of the distilled wine and the type of still or distillation
column used. Ethyl acetate is involved in the esterification reactions between the acetic
acid (formed during the ageing) and the ethanol. The content levels of this compound in
New barrels are higher than in Used barrels. In recent studies published by our research
group [34], it was demonstrated that wood has the capacity to release acetic acid into the
distillate, thus increasing its content in the liquid with ageing. After the esterification of the
acetic acid has been completed, the amount of ethyl acetate in brandy increases. Significant
differences were observed attending to the usage conditions of the barrel, but there were
no differences between the brandy aged in 4 + 3 Used barrels or 8 + 24 Used barrels.
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Figure 4. Evolution of ethyl acetate in brandies aged in New barrels, 4 + 3 Used barrels and 8 + 24 Used
barrels for two years, expressed in mg/100 mL of 100% vol. alcohol. When the standard deviation
was lower than 0.9 cannot be noticed in the graph.

In relation to the higher alcohols (n-propyl alcohol, 2-butyl alcohol, isobutyl alcohol,
n-butyl alcohol, 2-methyl-1-butanol, 3-methyl-1-butanol, n-hexanol and 2-phenylethyl
alcohol), slight increments were observed in most of the brandies. Although in some
cases, their content level remained invariable. These compounds are not influenced by the
wood, since they come from the distillate. They hardly evaporate through the wood pores,
because their molecular volume is larger than water or ethanol’s. Thus, their concentration
increment could be attributed to the ethanol evaporation and water perspiration during
the process [40,41]. After the two years of ageing, a high total amount of higher alcohols
was determined in those brandies aged in New barrels. This could be explained by the
considerable loss of volume that took place over the experiment (Table 4).

The esters (ethyl lactate, ethyl succinate, ethyl caproate, ethyl caprylate, ethyl caprate,
ethyl laureate, ethyl myristate, and ethyl palmitate) either remained stable or increased
slightly. In general, their concentration is affected by hydrolysis, but this reaction rarely
takes place during the ageing process, since pH and alcoholic strength values remain
almost stable. Similarly to the higher alcohols, esters’ concentration increment was a result
of the ethanol evaporation and water perspiration during the process (Table 4) [40,41].

The amount of ethyl esters that come from organic acids, such as lactic acid and
succinic acid, is larger in 4 + 3 and 8 + 24 Used barrels than it is in New barrels due to the
seasoning of the casks, since the presence of these compounds in brandies is explained
by the organic acids content in wine (lactic acid and succinic acid), which are involved
in the esterification reactions that take place in the liquid over the brandy ageing process.
Naturally, their concentration levels were higher in those brandies that had been aged
in 3 + 4 Used barrels than it was in 8 + 24 Used barrels because of the lower availability
of these compounds after the repeated use of each barrel. Thus, significant differences
were registered between the three experiments. Furthermore, it should be noted that the
concentration of esters derived from fatty acids also increased during the ageing process
as a consequence of volume losses. Nevertheless, these compounds were found in very
low concentrations in all the Brandies studied here and hardly any differences could be
observed between them.
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3.5. Tasting Results

According to the tasting sessions carried out, the best perceived descriptors were
fruity and vinous notes with medium-high intensity values (between 3 and 5 in a 5-point
scale). The ageing notes (vanilla, toasted/caramel, spicy/aniseed, oxidative sweetness, and
oak) were evaluated with scores between 1 and 3 points, with the highest values awarded
to the brandies that had already been aged for two years in new oak barrels. All of them
were characterized by their complex aromatic profile, soft and balanced sensations in the
oral cavity, with a remarkable presence of the alcoholic component.

The highest intensity of vinous note was found in the two-year aged brandies, while
the lowest intensity was attributed to the young wine spirits. Similar scores were awarded
to aromatic complexity, vanilla, toasted/caramel, spicy/aniseed, softness, oxidative sweet-
ness and oak notes. On the other hand, in terms of flavor balance, 2-year brandies were
scored higher by the tasters than the other two younger samples. As expected, fruity
character and alcoholic note decreased significantly with longer ageing times. The differ-
ences between the aromatic notes of wine, vanilla, toasted/caramel and spicy/aniseed,
as well as for the woody note and the balance in the flavor evaluation, were confirmed
to be associated to wood age and usage. Thus, when the brandy was aged in new oak
barrels, the samples were less vinous and balanced and presented higher notes of vanilla,
toasted/caramel and oak than the others brandies. When wood is used for the first time, a
large amount of phenolic compounds are transferred into the liquid [45], as can be seen
in Section 3.2. It should be highlighted that the 4 tasters associated the highest flavor
notes of oak, that had been attributed to the brandies aged in New Barrels, with astringent
sensations and ‘aggressiveness’. The tasters related the ‘aggressive’ term with the gusta-
tory evaluation: high alcoholic character, high bitter oak notes, low smoothness and low
oxidative sweetness, which is the opposite of a balanced product. However, they did not
establish such association in the case of the brandies aged in used casks. Regarding these
descriptors, no big differences were perceived between aged spirits in 4 + 3 Used barrels
and 8 + 24 Used barrels according to the tasters’ opinion. The spicy/aniseed note is the only
one that was perceived at different intensity between the three types of casks. Thus, the
tasters associated the highest values to the samples aged in New barrels and the lowest for
the samples aged in 8 + 24 Used barrels. The softness sensation perceived in the oral cavity
was higher in brandies aged in 4 + 3 Used barrels than in brandies aged in 8 + 24 Used barrels,
followed by the spirits aged in New barrels.

When focusing on mean values (Figure 5), the differences in the taste profile of the
brandies aged in Used barrels with respect to the Brandies aged in New barrels grows wider
as wood contact time increases.
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Figure 5. Radar charts of the tasting results of brandies aged for 1 and 2 years in barrels with different previous usage: New
barrels, 4 + 3 Used barrels, 8 + 24 Used barrels. (a) Odor evaluation after 1 year of ageing; (b) Flavor evaluation after 1 year of
ageing; (c) Odor evaluation after 2 years of ageing; (d) Flavor evaluation after 2 years of ageing (Legend in Figure 5d).

4. Conclusions

There is a clear difference between brandies aged in New barrels and those aged in
used or seasoned barrels. When barrels are used for the first time, they release much
larger amounts of wood compounds into the distillate than in later uses of the same barrel.
However, once the barrel has been used, no significant differences can be observed in
relation to the number of years of use. In fact, although slightly higher levels of volatile
acids, phenolic compounds, A420, A520, and A620, as well as aldehydes, acetal, methanol,
esters, and higher alcohols have been detected in the brandies aged in 4 + 3 Used barrels
compared to 8 + 24 Used barrels, such differences were irrelevant in most cases.

The tasters described as ‘aggressive’ the brandies aged in the New barrels, that released
a high number of compounds. Moreover, the final product was not considered as well
balanced as those obtained from Used barrels. On the other hand, in most cases the taster
did not perceived differences between brandies aged in 4 + 3 or 8 + 24 Used barrels.

It has been confirmed that even after 32 years of use the barrels’ wood would still
contribute to the organoleptic properties of brandy. Obviously, Used barrels do not yield the
same amount of wood compounds into the distillates, but, attending to the organoleptic
properties of the final product, this could be considered a positive factor. According to the
main results of this study, it can be concluded that wooden barrels that have been used
for a high number of years can still be used for ageing distillates, providing them with
different organoleptic characteristics than New barrels.



Foods 2021, 10, 288 15 of 16

Author Contributions: Conceptualization, methodology, formal analysis, D.A.G.-S., M.C.R.-D.;
M.G.-C., M.J.V.-M. and M.V.G.-M.; investigation, M.G.-C. and M.J.V.-M.; writing—original draft
preparation, M.G.-C.; writing—review and editing, D.A.G.-S., M.J.V.-M. and M.V.G.-M.; supervision,
D.A.G.-S., M.J.V.-M. and M.V.G.-M.; project administration, D.A.G.-S. and M.V.G.-M.; funding
acquisition, D.A.G.-S. and M.V.G.-M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research has been supported by the University of Cadiz and Bodegas Fundador, S.L.U.
(ref.: OT2019/108). The authors wish to thank the University of Cadiz and Bodegas Fundador, S.L.U.
for the industrial pre-doctoral contract TDI-8-18, granted to the author María Guerrero Chanivet.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Consejería de Agricultura Pesca y Desarrollo rural. Orden de 28 de junio de 2018, por la que se aprueba el expediente técnico de

Indicación Geográfica “Brandy de Jerez”. Boletín Oficial la Junta Andalucía 2018, 127, 19–20.
2. European Parliament and of the Council. Regulation (EC) No 2019/787 of 17 April 2019, on the definition, description, presentation

and labelling of spirit drinks, the use of the names of spirit drinks in the presentation and labelling of other foodstuffs, the
protection of geographical indications for spirit drinks, the use of ethyl alcohol and distillates of agricultural origin in alcoholic
beverages, and repealing Regulation (EC) No 110/2008. Off. J. Eur. Union 2019, L130, 17–27.

3. Consejo Regulador de Vinos y Vinagres de Jerez. Especificación Técnica de Envinado de Vasijas; Consejo Regulador de Vinos y
Vinagres de Jerez: 2017. MicrosoftWord-Documento3. Available online: www.sherry.wine (accessed on 29 January 2020).

4. Canas, S. Phenolic Composition and Related Properties of Aged Wine Spirits: Influence of Barrel Characteristics. A Review.
Beverages 2017, 3, 55. [CrossRef]

5. Caldeira, I.; Mateus, A.M.; Belchior, A.P. Flavour and odour profile modifications during the first five years of Lourinhã brandy
maturation on different wooden barrels. Anal. Chim. Acta 2006, 563, 264–273. [CrossRef]

6. Jordao, A.M.; Ricardo-da-Silva, J.M.; Laureano, O. Comparison of volatile composition of cooperage oak wood of different origins
(Quercus pyrenaica vs. Quercus alba and Quercus petraea). Mitt. Klosterneubg. 2005, 55, 22–31.

7. Martínez-Gil, A.; del Alamo-Sanza, M.; Sánchez-Gómez, R.; Nevares, I. Different Woods in Cooperage for Oenology: A Review.
Beverages 2018, 4, 94. [CrossRef]

8. Canas, S.; Silva, V.; Belchior, A.P. Wood related chemical markers of aged wine brandies. Ciência e Técnica Vitivinícola 2008, 23,
45–52.

9. De Rosso, M.; Cancian, D.; Panighel, A.; Dalla Vedova, A.; Flamini, R. Chemical compounds released from five different woods
used to make barrels for aging wines and spirits: Volatile compounds and polyphenols. Wood Sci. Technol. 2009, 43, 375–385.
[CrossRef]

10. Prida, A.; Puech, J.L. Influence of geographical origin and botanical species on the content of extractives in American, French,
and East European oak woods. J. Agric. Food Chem. 2006, 54, 8115–8126. [CrossRef]

11. Pérez-Prieto, L.J.; López-Roca, J.M.; Martínez-Cutillas, A.; Pardo Mínguez, F.; Gómez-Plaza, E. Maturing wines in oak barrels.
Effects of origin, volume, and age of the barrel on the wine volatile composition. J. Agric. Food Chem. 2002, 50, 3272–3276.
[CrossRef]

12. Soares, B.; Garcia, R.; Freitas, A.M.C.; Cabrita, M.J. Phenolic compounds released from oak, cherry, chestnut and robinia chips
into a syntethic wine: Influence of toasting level. Ciência e Técnica Vitivinícola 2012, 27, 17–26.

13. Rodríguez Madrera, R.; Blanco Gomis, D.; Mangas Alonso, J.J. Influence of distillation system, oak wood type, and aging time on
volatile compounds of cider brandy. J. Agric. Food Chem. 2003, 51, 5709–5714. [CrossRef] [PubMed]

14. Cruz, S.; Canas, S.; Belchior, A.P. Effect of ageing system and time on the quality of wine brandy aged at industrial-scale. Ciência e
Técnica Vitivinícola 2013, 27, 83–93.

15. Canas, S.; Caldeira, I.; Belchior, A.P. Extraction/oxidation kinetics of low molecular weight compounds in wine brandy resulting
from different ageing technologies. Food Chem. 2013, 138, 2460–2467. [CrossRef]

16. Martínez Montero, C.; Rodríguez Dodero, M.D.C.; Guillén Sánchez, D.A.; García Barroso, C. Sugar contents of Brandy de Jerez
during its aging. J. Agric. Food Chem. 2005, 53, 1058–1064. [CrossRef]

17. Rodríguez Dodero, M.C.; Guillén Sánchez, D.A.; Rodríguez, M.S.; Barroso, C.G. Phenolic Compounds and Furanic Derivatives in
the Characterization and Quality Control of Brandy de Jerez. J. Agric. Food Chem. 2010, 58, 990–997. [CrossRef]

18. Schwarz, M.; Rodríguez, M.C.; Guillén, D.A.; Barroso, C.G. Analytical characterisation of a Brandy de Jerez during its ageing.
Eur. Food Res. Technol. 2011, 232, 813–819. [CrossRef]

19. Schwarz, M.; Rodríguez, M.C.; Martínez, C.; Bosquet, V.; Guillén, D.; Barroso, C.G. Antioxidant activity of Brandy de Jerez and
other aged distillates, and correlation with their polyphenolic content. Food Chem. 2009, 116, 29–33. [CrossRef]

20. Sánchez-Guillén, M.M.; Schwarz-Rodríguez, M.; Rodríguez-Dodero, M.C.; García-Moreno, M.V.; Guillén-Sánchez, D.A.; García-
Barroso, C. Discriminant ability of phenolic compounds and short chain organic acids profiles in the determination of quality
parameters of Brandy de Jerez. Food Chem. 2019, 286, 275–281. [CrossRef]

www.sherry.wine
http://doi.org/10.3390/beverages3040055
http://doi.org/10.1016/j.aca.2005.12.008
http://doi.org/10.3390/beverages4040094
http://doi.org/10.1007/s00226-008-0211-8
http://doi.org/10.1021/jf0616098
http://doi.org/10.1021/jf011505r
http://doi.org/10.1021/jf034280o
http://www.ncbi.nlm.nih.gov/pubmed/12952423
http://doi.org/10.1016/j.foodchem.2012.12.018
http://doi.org/10.1021/jf0403078
http://doi.org/10.1021/jf902965p
http://doi.org/10.1007/s00217-011-1448-2
http://doi.org/10.1016/j.foodchem.2009.01.096
http://doi.org/10.1016/j.foodchem.2019.02.006


Foods 2021, 10, 288 16 of 16

21. Nishimura, K.; Matsuyama, R.R. Maturation and Maturation Chemistry. In The Science and Technology of Whiskies; Piggott, J.,
Sharp, R., Duncan, R.E.B., Eds.; Longman Scientific and Technical: London, UK, 1989; pp. 253–263.

22. Mosedale, J.; Puech, J.-L. Wood maturation of distilled beverages. Trends Food Sci. Technol. 1998, 9, 95–101. [CrossRef]
23. Conner, J.M.; Paterson, A.; Piggott, J.R. Analysis of lignin from oak casks used for the maturation of Scotch whisky. J. Sci. Food

Agric. 1992, 60, 349–353. [CrossRef]
24. Sarni, F.; Moutounet, M.; Puech, J.L.; Rabier, P. Effect of heat treatment of oak wood extractable compounds. Holzforschung 1990,

44, 461–466. [CrossRef]
25. Le Floch, A.; Jourdes, M.; Teissedre, P.-L. Polysaccharides and lignin from oak wood used in cooperage: Composition, interest,

assays: A review. Carbohydr. Res. 2015, 417, 94–102. [CrossRef] [PubMed]
26. Coelho, E.; Teixeira, J.A.; Domingues, L.; Tavares, T.; Oliveira, J.M. Factors affecting extraction of adsorbed wine volatile

compounds and wood extractives from used oak wood. Food Chem. 2019, 295, 156–164. [CrossRef] [PubMed]
27. Martínez-Gil, A.; Cadahía, E.; Fernández de Simón, B.; Gutiérrez-Gamboa, G.; Nevares, I.; del Álamo-Sanza, M. Phenolic and

volatile compounds in Quercus humboldtii Bonpl. wood: Effect of toasting with respect to oaks traditionally used in cooperage. J.
Sci. Food Agric. 2019, 99, 315–324. [CrossRef]

28. Reazin, G.H. Chemical analysis of whisky maturation. In Flavour of Distilled Beverages: Origin and Development; Piggott, J.R., Ed.;
Ellis Horwood: Chichester, UK, 1983; pp. 225–240.

29. The Cooperage. The Making of A Sherry Cask. Available online: https://www.sherry.wine/sherry-cask/sherrycask-the-
cooperage (accessed on 8 December 2020).

30. Saris, J.; Morfaux, J.N.; Dervin, L. Détermination automatique de l’acidité volatile du vin. Ind. Alim. Agric. 1970, 87, 115–121.
31. Pilone, G.J. Effect of lactic acid on volatile acid determination of wine. Am. J. Enol. Vitic. 1967, 18, 149–156.
32. Dubernet, M. Dosage automatique de l’acidité volatile dans les vins. Connaiss. Vigne Vin 1976, 10, 297–309. [CrossRef]
33. Schwarz, M.; Rodríguez, M.C.; Guillén, D.A.; Barroso, C.G. Development and validation of UPLC for the determination of

phenolic compounds and furanic derivatives in Brandy de Jerez. J. Sep. Sci. 2009, 32, 1782–1790. [CrossRef]
34. Guerrero-Chanivet, M.; Valcárcel-Muñoz, M.J.; García-Moreno, M.V.; Guillén-Sánchez, D.A. Characterization of the Aromatic and

Phenolic Profile of Five Different Wood Chips Used for Ageing Spirits and Wines. Foods 2020, 9, 1613. [CrossRef]
35. Singleton, V.L.; Rossi, J.A. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol.

Vitic. 1965, 16, 144–158. [CrossRef]
36. International Organization for Standardization (ISO) Sensory analysis. General Guidance for the Design of test rooms (ISO

8589:2007). 2007. Available online: https://www.iso.org/standard/36385.html (accessed on 29 January 2020).
37. International Organization for Standardization (ISO) Sensory Analysis. Apparatus. Wine-tasting glass (ISO 3591:1977). 1977.

Available online: https://www.iso.org/standard/52497.html (accessed on 29 January 2020).
38. International Organization for Standardization (ISO) Sensory Analysis. Guidelines for the Use of Quantitative Response Scales

(ISO 4121:2003). 2003. Available online: https://www.iso.org/standard/33817.html (accessed on 29 January 2020).
39. Tsakiris, A.; Kallithraka, S.; Kourkoutas, Y. Grape brandy production, composition and sensory evaluation. J. Sci. Food Agric.

2014, 94, 404–414. [CrossRef] [PubMed]
40. Singleton, V.L. Maturation of Wines and Spirits—Comparisons, Facts, and Hypotheses. Am. J. Enol. Vitic. 1995, 46, 98–115.
41. Guymon, J.F.; Crowell, E.A. Brandy aging. Some comparisons of American and French oak cooperage. Wines Vines 1970, 23–25.
42. Maga, J.A. The contribution of wood to the flavor of alcoholic beverages. Food Rev. Int. 1989, 5, 39–99. [CrossRef]
43. García-Ruiz, J.M.; Alcántara, R.; Martín, J. Effects of Reutilized Potassium Bitartrate Seeds on the Stabilization of Dry Sherry

Wine. Am. J. Enol. Vitic. 1995, 46, 525–528.
44. Canas, S.; Caldeira, I.; Anjos, O.; Belchior, A.P. Phenolic profile and colour acquired by the wine spirit in the beginning of ageing:

Alternative technology using micro-oxygenation vs traditional technology. Lwt 2019, 111, 260–269. [CrossRef]
45. Baldwin, S.; Andreasen, A.A. Congener Development in Bourbon Whisky Matured at Various Proofs for Twelve Years. J. AOAC

Int. 1974, 57, 940–950. [CrossRef]
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