fermentation

Article

Effects of Aging in Wood Casks on Anthocyanins Compositions,
Volatile Compounds, Colorimetric Properties, and Sensory
Profile of Jerez Vinegars

Reyhan Selin Uysal

check for
updates

Citation: Uysal, R.S. Effects of Aging
in Wood Casks on Anthocyanins
Compositions, Volatile Compounds,
Colorimetric Properties, and Sensory
Profile of Jerez Vinegars. Fermentation
2024, 10, 469. https://doi.org/
10.3390/ fermentation10090469

Academic Editors: Maria Soledad
Prats Moya, Ana Leahu and Cristina
Ghinea

Received: 3 August 2024
Revised: 31 August 2024
Accepted: 2 September 2024
Published: 10 September 2024

Copyright: © 2024 by the author.
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/).

Department of Genetics and Bioengineering, Istanbul Bilgi University, Istanbul 34060, Turkey;
selin.uysal@bilgi.edu.tr

Abstract: The Jerez (Sherry) vinegars, including Vinagre de Jerez, Reserva, and Gran Reserva, are crafted
from Sherry wines and are protected under the Denomination of Origin in Spain. The aim of this study
was to (i) characterize the physicochemical properties and composition; (ii) investigate the impact
of the aging process on color properties, phenolics, volatile compounds, and sensorial profiles; and
(iii) find a marker for tracing the authenticity of non-aged (Apto) and aged Jerez vinegars. The phenolic
components were identified through LC-MS/MS, whereas the volatile compounds were examined
using the GC-MS/MS technique. As the aging progressed, a decrease was observed in the levels of
flavonol and phenolic acids, with anthocyanin components being undetectable in non-aged and aged
samples. In the Gran Reserva variety, 2-methylbutyl acetate, acetic acid, and ethanol emerged as the
predominant volatile substances. The presence of oaklactone and ethyl butanoate components served
as marker substances to authenticate the Gran Reserva. Additionally, alterations in color properties
were noted, marked by a decrease in yellow content and an increase in the red component depending
on aging. Furthermore, novel sensory descriptors, such as vanilla, clove, woody, and nutty notes,
and winy character emerged in the samples with prolonged aging.

Keywords: Sherry vinegar; LC-MS/MS; GC-MS/MS; phenolics; acetification; oxidation; copolymerization;
Maillard reaction; lexicon; authentication

1. Introduction

Wine vinegar is an enological product that is highly appreciated by the consumer,
and it has different varieties depending on the raw materials used and the preparation
process. Jerez (also known as Sherry) wine vinegar is one of the most well-known products
of this type in the world [1]. Jerez vinegar (JV) is a very valuable and high-quality product
produced in the Vinagre de Jerez Denomination of Origin (DO) (geographical indication
of origin “Vinagre de Jerez”) region in the southwest of Spain, protected by Spain and
Europe, and of primary importance in the region of origin [2]. Besides JV, the other wine
vinegars produced and marketed under a specific Protected Designation of Origin (PDO)
are “Vinagre de Condado de Huelva” and “Vinagre de Montilla-Moriles” [3]. JV, produced
under geographically indicated regions, is obtained from Sherry wines produced from
Palomino, Pedro Ximenez, and/or Muscatel grapes produced by following the traditional
aging method called “Soleras and Criaderas” [4].

Jerez vinegars have an extraordinary organoleptic property (bright, highly aromatic,
and rich) because of the traditional production technique. This special production technique
includes a dynamic aging system. In this method, Jerez vinegars are aged in wooden barrels
with an oxidative process simultaneously with a slow acetification process. As aging
and acetification occur simultaneously in oak barrels, major changes in composition and
sensory properties are observed throughout the process. Meanwhile, depending on the
aging period in barrels, Jerez vinegars are called “Vinagre de Jerez (V])” for at least 6 months
to 2 years, “Reserva” for at least 2 years to 10 years, and “Gran Reserva” for at least 10 years
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and more [5]. Analyzing the chemical changes that occur in vinegars with such a long aging
process and evaluating their effects on sensory properties are also particularly important
in terms of studying and revealing the effects of acetification and oxidation processes
in vinegar.

In the analysis of aged vinegars, volatile compounds serve as significant indicators
of their distinctive properties [6]. In this context, to characterize the olfactory impact
of odorants, gas chromatography—mass spectrometry—olfactometry (GC-MS-O) has been
studied for just the “Reserva” category (aged up to two years) [7], for Shanxi aged vinegar [8],
and for Italian balsamic vinegar [9]. On the other hand, the volatile compounds and aroma
composition have been analyzed from the “V]” type (aged up to six months) using the
techniques of headspace sorptive extraction (HSSE)-GC-MS, liquid-liquid extraction GC-
MS (LLE-GC-MS), and GC-FID by several pieces of research [10,11].

Moreover, volatile and aroma compositions, anthocyanin profiles of vinegar during
fermentation, and the aging process in particular remain unknown [12]. Compared to
volatile component analysis, anthocyanin analysis studies in vinegar are less common.
Anthocyanin composition was analyzed in Cabernet Sauvignon wine vinegar [12], Condado
de Huelva, and Montilla Moriles [13] by means of liquid chromatography coupled to a
diode array detector.

On the other hand, colorimetric characteristics and sensorial profiles of aged vinegars
are another component for identifying aged vinegars. Especially the sensorial profile
of aged vinegars is affected highly by the fermentation process, oxidation process, and
the structure of storage containers, such as different kinds of wood casks [12,14-19]. In
addition, colorimetric features from the physicochemical qualities of aged vinegars show
a significant change in terms of visual color because of the transformation of bioactive
compounds [1,15,20-22]. As a result, during the microbiological and aging processes of
wine vinegars, they undergo various influences and reactions, resulting in a new product
with a transformed character. As mentioned earlier, some of these changes have been
examined in a few Jerez samples, specifically looking at volatile compounds in vinegars aged
for 6 months and 2 years. However, essential bioactive components such as anthocyanins,
additional physicochemical properties (colorimetric), and the sensory profile of both non-
aged and aged Jerez vinegars remain unexplored in the literature despite their importance
for thorough characterization.

Consequently, the objectives of the study were (i) to determine the content and compo-
sition of coloring agents (red, yellow, and blue), anthocyanins, flavonol, volatile compounds,
and sensory profiles in non-aged (Apto) and all types of Jerez vinegars (V], Reserva, and
Gran Reserva) aged for different years in oak barrels; (ii) to show the effect of acetification
and the aging process on other colorimetric characteristics (color intensity, color density,
and tonality), phenolics, volatile compounds, and sensory profiles; and (iii) to propose a
new approach to the authentication of Jerez vinegars by following new distinctive markers
of aged vinegars.

2. Materials and Method
2.1. Reagents and Chemicals

Methanol, acetonitrile (all LC-MS grade, >99.9%), sodium chloride and 1-hexanol
(all reagent grade, 98%) for chromatographic analysis were purchased from Panreac
Applichem (Darmstadt, Germany). Formic acid (LC-MS grade, >99.9%) was supplied
from VWR Chemicals BDH (Leuven, Belgium). Anthocyanins: Cyanidin-3-O-glucoside,
delphinidin-3-O-glucoside, malvidin-3-O-glucoside, pelargonidin-3-O-glucoside, peonidin-
3-O-glucoside, petunidin-3-O-glucoside, cyanidin-3,5-di-O-glucoside, delphinidin-3,5-di-O-
glucoside, malvidin-3,5-di-O-glucoside, pelargonidin-3,5-di-O-glucoside, peonidin-3,5-di-
O-glucoside; malvidin-3-O-galactoside, cyanidin-3-O-rutinoside, cyanidin-3-O-arabinoside,
and pelargonidin-3-O-rutinoside; flavonol: myricetin-3-O-glucoside, quercetin-3-O-glucoside,
quercetin-3-O-galactoside, quercetin-3-O-rutinoside, quercetin-3-O-glucuronide, and
quercetin-3-O-glucopyranoside; flavone: luteolin-7-O-glucoside; phenolic acid: caffeic acid,
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neochlorogenic acid, chlorogenic acid, and gallic acid; flavanone: eriotricin, hesperidin,
cynarine, and rutin; and stilbene: (E)-resveratrol were purchased from Cymit Quimica
(Barcelona, Spain).

2.2. Vinegar Samples

Four traditional Jerez wine vinegar samples non-aged (young) and aged at different
periods (V] (Crianza), Reserva, and Gran Reserva) were kindly provided by a Jerez vinegar
producer in the Jerez de la Frontera district of Cadiz, Spain. The Jerez vinegar was obtained
from Sherry wine produced with Palomino grapes. All of the samples were provided in
duplicate (from two batches of the same kind of vinegar).

All Jerez vinegar samples can be produced only using the origin of Sherry wines under
the Protected Designation of Origin (PDO) and European system with the application of
different aging periods defined by the PDO. Jerez vinegar is aged in American oak wooden
casks according to a process known as the “Criadera y Solera” system, and the analyzed
samples were aged using this technique. According to the PDO, the aging period of Sherry
wine vinegars must be processed as follows: (i) V] (Crianza) vinegars must have an aging
period of at least 6 months to 2 years with residual alcohol <3% (v/v) and total acidity
>70 g/L acetic acid; (ii) the other sample, Reserva vinegar, can have a range from 2 to
10 years for the aging period with residual alcohol <3% (v/v) and total acidity >70 g/L
acetic acid; and for the last Jerez vinegar, (iii) Gran Reserva must be aged for more than
10 years with less than 3% (v/v) residual alcohol and total acidity >80 g/L acetic acid.

2.3. Anthocyanins and the Other Polyphenol Compositions (LC-MS/MS)

Vinegar samples were diluted (1:1, w/v) by the addition of an extractant composed of
methanol/water/formic acid (80:19.9:0.1, v/v). After that, diluted vinegar samples were
filtered through a 0.45 pm pore size membrane filter before injection in the LC-MS/MS sys-
tem. Anthocyanins and polyphenol composition analyses were performed on a Shimadzu
LC-MS/MS 8050 triple quadrupole mass spectrometer (Shimadzu Corporation, Kyoto,
Japan) equipped with an electrospray ionization (ESI) as the source operating in negative
and positive modes. The method of LC-MS/MS analysis was carried out according to the
procedure performed in an article by Uysal et al. [23]. The mobile phase for anthocyanins
and polyphenols consisted of two solvents: (i) Solvent A, water/formic acid (99.9:0.1,
v/v), and (ii) Solvent B, acetonitrile/formic acid (99.9:0.1, v/v). Anthocyanin compounds
were eluted under the following conditions: 0.4 mL min~! flow rate and 50 °C, isocratic
conditions for 2 min with 95% A, from 2 to 10 min linear gradient of 5% to 95% acetonitrile
with 0.1% formic acid (B); isocratic conditions with solvent B continued between 10 and
11 min and then returned to initial conditions of 95% A for 1 min and isocratic conditions
with 95% of 1% aqueous formic acid for 4 min followed by washing and reconditioning
the column. On the other hand, the elution conditions of polyphenol compounds were as
follows: 0.4 mL min~! flow rate and 40 °C, isocratic conditions for 2 min with 90% A, from
2 to 17 min linear gradient of 10% to 100% acetonitrile with 0.1% formic acid (B), and then
returned to initial conditions of 90% A for 4 min, followed by washing and reconditioning
the column. The sample volume injected was 10 pL both anthocyanin and polyphenol
compounds. Two MS experiments were implemented for anthocyanins in positive mode
and for polyphenols in negative mode before and after fragmentation. The MS conditions
were as follows: Analyses were performed with full scan mode, and data-dependent MS
scanning from m/z 100 to 1800, via collision-induced fragmentation experiments carried out
using argon as the collision gas. The capillary voltage was 4.0 kV. The capillary temperature
was set to 300 °C, and the source heater temperature was 250 °C, while the desolvation
gas flow rate was 160 L/h. Characterization of the single components was performed
considering retention time and the accurate molecular masses. In addition, concentrations
of the individual compounds were determined by external calibration with corresponding
standard compounds. The stock solution of all individual standards was prepared with
the extractant in the range of concentrations of 0.1, 0.3, 0.5, 0.8, and 1 mg/L. The limit of
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detection (LOD) and limit of quantification (LOQ) values for the present chromatographic
method were determined at a signal-to-noise ratio (5/N) of 3 and 10, respectively. The
analysis for anthocyanin and polyphenols was performed in duplicate for each sample.

2.4. Volatile Analysis by Gas Chromatography—Mass Spectrometry (GC-MS)

The volatile substances of vinegar samples were determined by using a gas chromatog-
raphy (GC-2030)-mass spectrometer (GCMS-TQ8040 NX, Shimadzu Corporation, Kyoto,
Japan) coupled with the head space solid-phase microextraction (HS-SPME) technique.
Volatile analysis was performed with a procedure described in one study [24] with a small
modification. Before analyzing, samples were prepared briefly as follows: A 10 mL aliquot
of the vinegar sample (10 mL) was transferred into a 20 mL vial, followed by the addition
of 100 pL of 1-hexanol as internal standard. The sample was saturated by adding 1 g
of sodium chloride). After that, the vial was tightly capped with a polypropylene cap
PTFE/silicone septum. The sample was extracted at a constant temperature of 40 °C for
40 min with agitation (250 rpm) in an AOC-6000 Plus autosampler (Shimadzu Corporation,
Kyoto, Japan) with SPME capability. Separation and identification of analytes were per-
formed with both InertCap Pure-WAX (30 m x 0.25 mm X 0.25 pm) and Sapiens X5MS
(30 m x 0.25 mm x 0.25 um) capillary columns (Teknokroma, Barcelona, Spain). Following
extraction, volatile analytes were desorbed from DVB/CAR/PDMS fiber coating in the
injection port of the GC at 210 °C (Pure-WAX) and at 230 °C (X5MS) for 1 min in 1:10 split
mode. The condition of column temperature for both columns was adjusted as follows:
initial temperature of 50 °C, held for 1 min, followed by increases to 100 °C at a rate of
2 °C/min, increasing by 3 °C/min to 180 °C, and increases from 180 to 230 °C at a rate
of 20 °C/min, and then this temperature was held constant for 5 min. Helium was used
as the carrier gas at 0.6 mL/min. The MS conditions of the Pure-WAX column were as
follows: capillary direct interface temperature, 240 °C; ion source temperature, 210 °C;
ionization mode was positive; and m/z scan range, 40-400 amu. The differences in the
injection port and MS conditions of the other column were as follows: capillary direct
interface temperature, 280 °C, and ion source temperature, 230 °C.

Identification of the compounds was performed based on the retention index, compar-
ison of EI mass spectra, and C6—C40 alkane (Sigma-Aldrich, Steinheim, Germany) mixing.
Each volatile compound was determined by using the relative area to the internal standard
(1-hexanol, 1000 mg/L) of each compound. The relative concentration of an analyte = peak
area of compound x concentration of internal standard/peak area of the internal standard.
The analysis of each sample was performed in triplicate.

2.5. Chromatic Characteristics of Sherry Vinegars

The chromatic characteristics of (i) tonality, (ii) color intensity, and (iii) color density
in the Jerez vinegar samples were examined according to the procedure described in [25].
Absorbance measurements were taken using a UV—visible spectrophotometer (UV-1280,
Shimadzu Corporation, Kyoto, Japan). Colorimetric properties of vinegar samples were
measured at wavelengths of 420 nm (yellow components), 520 nm (red components), and
620 nm (blue components). From these measurements, the color intensity (IC), tonality (T),
and color density (D) were calculated with the following formulas:

IC = A420 + A520 + A620

T = A420/A520
D = A420 + A520

The Glories color index percentages of yellow (Y %), red (R %), and blue (B %) of
the vinegars were calculated using the data obtained at 420, 520, and 620 nm [26]. The
measurements of colorimetric properties were performed in triplicate.
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2.6. Descriptive Sensory Analysis with Trained Personnel

Nine panelists consisting of five females and four males, aged between 28 and 60 years,
assessed Jerez vinegar samples at the facilities of the Food Quality and Safety (CSA) research
group of Universidad Miguel Herndndez de Elche (UMH). The descriptors (attributes) and
questionnaire have been created according to the Foundation of Organization of Evaluation
Conformity and Food Certification (OECCA, Cadiz, Spain) [27] and a study described
in an article by Tesfaye et al. [2]. While samples of 20 mL of vinegar diluted three times
with water were served in a non-transparent standard wine-tasting cup for odor analysis
(detection of volatile compounds with vinegar outside the mouth), samples of 20 mL of
vinegar diluted five times with water were also served for flavor analysis [combination of
odor, aroma (detection of volatile compounds with vinegar inside the mouth), basic tastes,
and chemical feeling factors] and global attributes. On the other hand, for appearance
analysis, samples were served in transparent cups. Sensorial analyses were performed
in room conditions (18-20 °C) and under white light. The samples were coded with 3-
digit numbers and served one by one with the appropriate questionnaire and randomly,
waiting for 5 min between samples. For palate cleansing, water and unsalted crackers were
offered to the panelists between the samples. The attributes of sensorial evaluation were as
follows: odor (odor intensity, vinegar ID, winy character, raisin, ethyl acetate (chemical),
alcohol/liquor, woody, fruity, spicy, vanilla, clove, toasted, nuts, and leather/old); flavor
(odor intensity, vinegar ID, winy character, raisin, ethyl acetate (chemical), alcohol/liquor,
woody, fruity, spicy, vanilla, clove, toasted, nuts, and leather/old); basic tastes (sweetness,
sourness, and bitterness); chemical sensations (astringent and pungent); global attributes
(aftertaste); appearance (color and untuoso (texture)); and defects (dirty (sucio), bacteria,
cheese, and sawdust (wood shavings)). Panelists used a 0 to 10 scale for assessment, where
10 is extremely high intensity and 0 is extremely low intensity or unnoticeable.

2.7. Statistical Analysis

All experiments were performed in triplicate, and the results are presented as
mean =+ standard deviation (SD). Statistical analysis was performed using XLSTAT Pre-
mium version 2016 (Addingsoft, Barcelona, Spain). The one-way analysis of variance
(ANOVA) test was applied to examine the significant differences in chromatic character-
istics, anthocyanins, polyphenols, and volatile compounds of the vinegar samples. Then,
Tukey’s multiple range tests were applied for the post hoc test, where the effect is commonly
considered significant if the resulting p-value is below 0.05.

3. Results and Discussion
3.1. Phenolic Compounds

The anthocyanin, t-resveratrol (frans-stilbene), flavanones, flavonols, and phenolic
acid compounds were determined using the positive mode of ESI, which has a mode
of flavylium cations under acidic conditions. Table 1 shows the phenolic compounds
identified and quantified in the vinegar samples. In anthocyanin analysis, fifteen different
derivatives of major mono-anthocyanin compounds were analyzed by LC-MS/MS, but
only six forms of these compounds, which are peonidin-3,5-di-O-glucoside, cyanidin-3-O-
rutinoside, pelargonidin-3-O-glucoside, peonidin-3-O-glucoside, malvidin-3-O-glucoside,
and malvidin-3-O-galactoside, could be detected with a trace amount in some of the vinegar
samples. However, as can be seen from the table, none of the anthocyanin compounds
were found even in trace amounts in Gran Reserva samples.
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Table 1. Retention time, mass spectral characteristics, and concentration of anthocyanins and other
polyphenols (ug/L) present in Jerez vinegars.

Retention

- [M-H]- ANOVA Gran
Code Compound Tlr.ne (nlz) MS/MS (n/z) h Apto Jerez Reserva Reserva
(min)
Stilbenes
1 (E)-resveratrol 8.16 229,00 135.10/107.10 t /91.10 ND#b 2504 a ND b ND b
Anthocyanins
2 Peonidin-3,5-di-O- 4.89 625.15 462.95/300.95/285.95 NS ND a ND a trla ND a
glucoside
3 Cyanidin-3-O-rutinoside 4.94 595.10 449.00/287.10 NS tra NDa NDa NDa
4 Pelargonidin-3-O- 5.04 433.00 271.10/121.10 trb 1570 a ND b ND b
glucoside
5 Peonidin-3-O-glucoside 5.14 463.00 301.10/286.00/201.05 NS ND a ND a tra ND a
6 Malvidin-3-O-glucoside 5.16 493.10 331.10/315.10/287.10 NS tra ND a tra ND a
7 Malvidin-3-O- 521 493.20 331.10/315.10/287.10 NS tra NDa tra NDa
galactoside
Flavones
8 Luteolin-7-O-glucoside 6.68 448.90 287.10/153.10/135.15 * 7.28a 419 ab 2.39b 1.77b
Flavanones
9 Eriotricin 595 595.20 287.05/150.09/135.05 65.82b ND ¢ 84.67a NDc
10 Hesperidin 7.02 609.20 301.00/163.90/150.95 trb NDb 65.05a NDb
Flavonols
11 Myricetin-3-O-glucoside 5.69 481.10 319.10/273.10/153.00 31.72b 28.59 ¢ 4550 a 28.69 ¢
12 Quercetin-3-O-glucoside 5.95 463.25 300.15/271.15/255.20 * 153.89 a 36.44b 21.80b NDc
13 Quercetin-3-O- 597 478.95 303.05/229.00/153.00/112.80 *** 1806.09a  1008.81b  14232c¢  6l.44c
glucuronide
14 Quercetin-3-O- 598 465.00 303.10/229.10/164.00/153.00  *** 239.92a 61.19b 39.11¢ NDd
galactoside
15 Quercetin-3-0- 6.20 608.90 301.00/299.95,/270.95 NS ND a ND a tra NDa
rutinoside
16 Quercetin-3-0- 641 463.10 300.95/300.00/270.95 bt 79.71a 34.85b 30.71b ndc
glucopyranoside
Phenolic acids and derivatives
17 Gallic acid 1.18 169.10 124.95/124.30/78.95 NS 42184a  5390la  196.17a 177.05a
18 Chlorogenic acid 3.22 353.30 191.05/92.95/85.05 NS tra nd a 7325a nd a
19 Caffeic acid 412 179.10 135.00,/134.00/106.95 907.27a  99292a  2026b  9273b
Total of polyphenolic o 371356a  2731.06b  90359c¢  361.69c
compounds

* The m/z values of the dominant ions are highlighted using bold font. T tr: trace. ¥ ND: not detected. ¥ NS: not
significant at p < 0.05; ¥, ***, significant at p < 0.05 and p < 0.001, respectively. Mean values were obtained from
the duplicate analysis of all vinegar samples. Values followed by the same letter, within the same row, were not
significantly different (p > 0.05) according to Tukey’s least significant difference test.

Grapes are the unique source of these compounds. On the other hand, anthocyanins
are not stable substances and can be degraded under many kinds of processes. First, the
vinification process of wine production promotes several reactions between anthocyanins
and other molecules, such as pyruvic acid, vinyl phenol, acetone, and glyoxylic acid,
leading to a decrease in free anthocyanin contents and copolymerization reactions between
tannins and anthocyanins [23,28]. Second, the acetification process of Sherry wine to a
vinegar product [12] was observed with a decrease (~50%) in the content of monomeric
anthocyanins during the acetification of red wine. In many studies, the acetification process
was related to a decrease in the total phenolic content of 13%. Surprisingly, most of the
individual phenolic compounds, the anthocyanins, showed a much higher decrease of
~50% due to low oxidizable tannins contributing to the total phenols. Moreover, it was
stated that the concentration of the monomeric phenols might be reduced by oligo- and
polymerization [29-31], yielding products that still contribute to the total phenol content.
Therefore, these mechanisms might explain why vinegar samples include a lower content
of anthocyanins than wine products. Obviously, while these processes are taking place,
there are many conditions, such as temperature, pH, ethanol content, and the presence
of oxygen, that can affect the degradation of anthocyanins. Although four anthocyanin
compounds were found in trace amounts in the Apto sample as seen in the table, this result
contributed to the reduction in anthocyanin compounds during the acetification process.
This can be explained by the fact that Apto also contains lower amounts of anthocyanins.
Another raw substance obtained from grapes is t-resveratrol. This component was detected
only in the V] sample with a content of 25.04 g L. This result can be explained by the
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acetification process of red wine vinegar and the loss of t-resveratrol in wood. Additionally,
this may be due to polymerization and precipitation [12,29].

A statistically significant decrease and difference was found for flavonol and flavone
compounds of the Apto to Gran Reserva samples depending aging period, for instance,
quercetin-3-O-glucoside (from 153.89 ug/L to ND), quercetin-3-O-glucuronide (1806.09 to
61.44 ng/L), quercetin-3-O-galactoside (239.92 ug/L to ND), quercetin-3-O-glucopyranoside
(from 79.71 ug/L to ND), and luteolin-7-O-glucoside (from 7.28 to 1.77 ug/L), which have
been identified for the first time in Jerez samples. It can be stated that there is a significant
effect of aging on flavonol compounds even in wood stored for at least six months (V]). It
can be concluded that some reactions between phenolic molecules reduce the flavonoid
content of the samples depending on aging time, which can be explained by some reactions
taking place between phenolic molecules. One of these reactions may occur by the poly-
condensation mechanism between flavonoid and tannin compounds and lead to the loss
of monomeric flavonoid compounds [21]. Moreover, gallic acid and caffeic acid, among
the phenolic acid derivatives, showed a significant decrease in the content of the V] and
Gran Reserva samples from 539.01 to 177.05 ug/L and 992.92 to 92.73 ug/L, respectively.
The decrease in these compounds might be explained by the second mechanism, which
is the oxidation process during the aging period [5]. Moreover, the total phenolic com-
pound content shows a sharp decrease depending on the aging period in the sample from
Apto (3713.56 ug/L) to Gran Reserva (361.69 ug/L). A similar result was also obtained for
aged balsamic vinegar samples with reduced phenolic compound content from 1500.6 to
1321.4 mg/kg [21]. On the other hand, an increase, although not significant, in the gal-
lic content of Apto and Vinagre de Jerez samples was shown (from 421.84 to 539.01 ug/L)
during the six-month aging period in a wood cask. This phenomenon is explained by the
hydrolysis of gallic tannins to free gallic during the aging period. In a study, some phenolic
compounds were analyzed in V] and Reserva samples, and a similar increasing trend was
obtained in the content of gallic acid [5]. Besides gallic acid, a similar trend was also de-
tected for the caffeic acid component (907.27 to 992.92 ng/L) between Apto and V] samples.
In another study, the concentration of gallic acid was found to increase after 360 days of
aging, and the increase in caffeic acid concentration in the first year was explained by the
hydrolysis of their corresponding tartaric esters [2]. Additionally, eriotricin and hesperidin,
from flavanone compounds, were detected for the first time in some Jerez samples. While
eriotricin was determined as 65.82 and 84.67 ug/L in Apto and Reserva samples, hesperidin
was detected as 65.05 ng/L in only Reserva.

Although the effect of aging on anthocyanins is not seen much, it is observed that it
has a significant effect on other phenolic components. Major flavonol and phenolic acid
compounds show statistical differences according to the aging process. In conclusion, as a
notable study, many phenolic compounds from Jerez samples were identified and deter-
mined in this study. As a result of this analysis, the impact of aging on these compounds
through a series of chemical interactions revealed that some chemical transformations occur
between free and polymerized forms of anthocyanins, flavonol, and phenolic acids.

3.2. Volatile Compounds

Volatile compounds of vinegar samples were identified and quantified using GC-
MS/MS by applying the HS-SPME technique. A total of 62 volatile compounds could be
quantified by using DB-Wax and DB-5 columns, and the results are shown in Table 2. As
can be seen from the table, 24 volatile compounds could be found for both columns, while
the remaining 27 and 11 volatile compounds were identified only in the DB-Wax and DB-5
columns, respectively. Thus, it can be said that most of the compounds can be determined
with the DB-Wax column. These volatile compounds are classified into seven chemical
families: esters, acids, alcohols, aldehydes, ketones, lactones, phenolic compounds, and
others (not in any specific family). The total contents of these chemical groups according to
the samples are given in Figure 1.
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Table 2. Volatile compounds identified in Jerez vinegars (mg/L).

Chemical RT# RIY ANOVA Vinagre de Gran
Family Compound Code T DBWax DB DBWax DB f Apte Jerez  RESTOT Reserva
Esters Methyl acetate V3 2.80 NT 857 N e 3.232a 1.904 b 1.318 ¢ 0.811d

Ethyl acetate V4 3.16 272 888 624 e 37.87 a 3591 a 36.14 a 24.54Db
Ethyl propanoate v7 3.88 N 947 N i 0.082b 0.235b 0.045b 1179 a
Ethyl isobutyrate V8 4.0 4.62 957 752 ek 0.282b 0.211 be 0.101¢ 1420 a
sec-Butyl acetate V10 4.29 N 980 N o ND* ¢ 0.346 a NDc 0.111b

Isobutyl acetate Vi1 4.7 4.95 1007 766 e 10.56 a 5.575b 4.803b 5.484b
Methyl isovalerate Vi2 4.81 N 1012 N o 0.202a 0.125b ND ¢ NDc
Ethyl butanoate V13 513 N 1027 N e ND b NDb NDb 0.623 a
Ethyl 2-methylbutanoate V14 5.45 N 1041 N i 0.166 b 0.118 b 0.087 b 1.848 a
Ethyl isovalerate V16 5.77 7.396 1056 841 ok 4.568 b 2.477b 1.967 b 2215a

Butyl acetate V17 5.84 N 1059 N e 0.009 b NDb NDb 0.162 a

2-Methylbutyl acetate V20 721 8.39 1113 868 b 107.65 a 51.07 ¢ 60.45 ¢ 83.55b
Ethyl hexanoate V22 11.42 14.64 1225 992 e 1.580 b 0.447 ¢ 0.220d 1942 a

Hexyl acetate V23 13.19 15.48 1262 1006 ** 0.705b 0.737 b 1598 a 0.909 b

2-Methylbutyl isovalerate V25 14.39 N 1288 N wHx 1.147 a 0.270 ¢ 0.152¢ 0.464b
(Z)-3-Hexenol acetate V26 15.38 N 1308 N e NDb NDb 0.090 a NDb
Ethyl heptanoate V27 16.29 N 1325 N e ND b NDb NDb 0.190 a

Ethyl lactate V28 16.60 N 1330 N b NDc 0.104b ND ¢ 0.186 a
Acetoin Acetate V29 18.76 8.76 1370 877 ** 0.446 a 0.385 ab 0.328 b 0.208 ¢
Ethyl decanoate V35 32.75 38.68 1630 1386 o 4.367 a 0.408 ¢ 0.096 ¢ 1.232b

1,3-Propylene diacetate V36 33.29 21.41 1642 1096 e 0.406 b 0.754 a NDc 0.871a
Diethyl succinate V38 34.28 26.59 1664 1172 e 0.345 ¢ 1.101a 0.367 ¢ 0.722b
Benzyl acetate V40 36.18 25.34 1706 1154 b 0.570 a 0.500 a 0.191b 0481 a
Methyl salicylate V41l 37.74 N 1745 N ok 0.174b 0.340 a NDd 0.103 ¢
Ethyl benzeneacetate V42 38.57 30.45 1765 1234 o 0.232b 0.177b 0.139b 1.809 a
Phenethyl acetate V43 39.68 31.14 1792 1245 e 23.64a 10.98 ¢ 8.435d 17.82b
Isopropyl myristate V49 48.22 N 2010 N o 0.349 a 0.308 a 0.335a 0.079b
Ethyl butyrate V56 N 5.64 N 793 i NDb NDb ND b 0.114a
1'Meth°a"cye'tza't};r"?a“"l V58 N 10.54 N 917 - 0234ab  0286a  0.161b  0289a
Isopentyl isovalerate V60 N 21.65 N 1100 wEE 0.074 a 0.037b 0.032b 0.069 a
Ethyl octanoate V62 N 27.81 N 1190 e 1520 a 0.252b 0.110b 1.066 b
Acids Acetic acid V31 21.93 2.99 1427 661 i 634.95 a 438.53b 437.57b  352.84c
Isobutyric acid V34 28.98 4.55 1554 750 ok 0.812b 1285a 0.300 d 0.540 ¢
Isovaleric acid V37 33.85 7.39 1654 841 e 23.12a 25.35a 9.331b 9.567 b
Hexanoic acid V44 41.03 N 1828 N e 0.620 a 0.459 b 0.213d 0.328 ¢
Octanoic acid V50 48.61 26.32 2013 1168 ** 0.943 a 0.577 ab 0.350 b 0.875a
Isobutyric acid V54 N 4.55 N 750 ** 0.210 a 0.200 a ND b 0.085 ab
«-Methylbutyric acid V57 N 7.69 N 849 wx 0.363 a 0.426 a 0.110b ND ¢
Alcohols Ethanol Ve 3.57 N 922 N e 3.573b 4.063 b 4.960 b 4139 a
Isobutyl alcohol V18 6.43 N 1085 N e 1.278 a 0.993 b 0.778 ¢ 1.020 b
Active amyl alcohol V21 10.24 425 1200 738 ** 13.35 bc 14.19 ab 11.244 ¢ 16.06 a
l-oc-Terpineol V39 34.95 N 1679 N o NDb NDb 0.225a NDb
Benzyl alcohol V45 41.95 N 1852 N o 0.357b 0.530 a 0.144 c 0.475a
Phenylethyl alcohol V46 43.19 21.83 1885 1102 e 10.93 a 1113 a 4791 c 8.761b
Dodecyl alcohol V48 45.72 N 1957 N * 0.165b 0.266 a 0.241ab  0.233 ab
Isopentyl alcohol V53 N 418 N 735 b 1.016d 1379 ¢ 1.675b 3.302 a
2,3-Butanediol V55 N 5.17 N 774 ** 0.089 b 0.060 bc 0.028 ¢ 0.144 a
Linalool V59 N 21.19 N 1093 NS 0.060 a NDa NDa NDa
«-Terpineol Vel N 27.56 N 1186 e 0.097 a 0.022 ab 0.075 ab NDb
Aldehydes Acetaldehyde \2! 2.36 N 820 N b 0.098 b 0.040 ¢ NDc 0.288 a
Isovaleraldehyde V5 3.44 N 911 N i 0.741 a 0.051 ¢ ND ¢ 0.330b
Furfural V32 22.95 6.61 1445 821 ek 0.560 a 0.357 b 0.164 ¢ 0.304b
Benzaldehyde V33 25.92 12.43 1496 951 e 2.168 a 0.327b 0.437b 0.495b
Ketones Acetone V2 2.73 N 851 N e 0.169 b 0.182b 0.249b 1813 a
2-Acetylpropane V9 4.10 N 965 N b 1.239b 0.775 ¢ 0.693 ¢ 3.365a
Acetoin V24 13.43 3.73 1268 718 ** 3.036 a 3573 a 2.876 a 1.686 b

2-Nonanone V30 19.05 N 1375 N ek 0.398 b 0.161c¢ 0.196 ¢ 0.548 a

Lactones (Z)-Oaklactone V47 44.45 N 1920 N ek ND b ND b ND b 0.286 a

Phenolic

com- 2-Ethylphenol V51 52.11 N 2047 N b 0.275b 0.373 a 0.088 d 0.183 ¢
pounds
Others 2-Methyl-1,3-dioxane V15 5.69 N 1052 N i 0.037 b 0.027 b NDb 0.253 a
Linalool 3,7-oxide V19 6.81 13.01 1102 962 e 0.775a 0.233b 0.116 ¢ 0.074 c
2'4'5;;.“‘“‘*&‘5’1'1’3' V52 N 404 N 730 wok 0.201b ND ¢ NDc  0924a
ioxolane
Total e 91572 a 620.62b 594.02b  616.60 b

 RT: Retention times on DB-Wax and DB-5 columns. ' RI: Retention index on DB-Wax and DB-5 columns.
1 N: Not detected by DB-Wax or DB-5 columns. # NS: not significant at p < 0.05; *, **, ***, significant at p < 0.05,
p <0.01, and p < 0.001, respectively. Mean values obtained from the triplicate analysis of all vinegar samples.
Values followed by the same letter, within the same row, were not significantly different (p > 0.05), according to
Tukey’s least significant difference test. * ND: Not detected.
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Figure 1. Total concentration of chemical families of esters, acids, alcohols, aldehydes, ketones,
lactones, phenolics, and others found in Jerez vinegar samples.

Acids and esters constitute the main volatile substances in the samples and show a
notable change during the aging process. A decrease in the acid content by approximately
half was observed due to aging (from Apto, 661.02, to Gran Reserva, 364.24 mg/L). A slight
decrease in the amount of ester was detected from Apto, 214.09, to V], 115.06 mg/L, and
then an increase again (from 115.06 to 170.43 mg/L, Gran Reserva) was found during the
long aging process. Esters are the most diverse compounds with 31 substances, among
the volatile compound families, and they give off flower, fruity, and rose-like odors. Ethyl
acetate, phenethyl acetate, and ethyl octanoate were found to be the most abundant com-
ponents in the Apto sample with the amount of 37.87, 23.64, and 15.20 mg/L, respectively.
Esters are mostly produced during the fermentation process of vinegars by turning off
ethanol and acid production [32,33]. Ethyl acetate, the main ester component, may be
formed by the condensation of ethanol and acetic acid with the loss of water and was
found in the range of 60-1451 mg/L in aged Jerez samples [34]. Ethyl acetate was also
found in other types of aged vinegars, namely, Zhenjiang and Shanxi vinegar in increas-
ing concentrations with aging [8,35]. However, in this study, ethyl acetate exhibited a
declining profile with a content of 37.87 to 24.54 mg/L in the Gran Reserva sample, and
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this result can be explained because of volatilization or due to the change in esterification
balance [36]. Some specific components have been identified for the first time in Jerez
samples and can be used as a marker to authenticate the Gran Reserva sample, which are
ethyl butanoate (with the aroma of banana and apple), 0.623 mg/L, and ethyl heptanoate,
0.190 mg/L. During post-processing of vinegar (aging), these compounds may be produced
from the esterification process between ethanol-butanoic acid and ethanol-heptanoic acid.
On the other side, (Z)-3-hexenol acetate was identified for the first time with an amount of
0.090 mg/L. Additionally, it can be accepted as an authenticator compound for the Reserva
sample. A similar condensation reaction between acetic acid and hexanol can be stated in
the formation of this compound during the aging period.

Secondly, as can be seen from the table, the most abundant chemical family in terms
of quantity are acids with seven components. The most dominant component was ob-
tained in acids and all chemical substances for acetic acid with a varying concentration
of 634.95-352.84 mg/L from Apto to Gran Reserva samples, respectively. For acetic acid, a
main flavor product of the acetification process of vinegar, a sharp decline in its content can
be explained due to evaporation and condensation reactions with ethanol [37]. Moreover, a
similar decrease in the concentration of acetic acid was observed during the aging of tradi-
tional balsamic vinegar in oak barrels [21]. The second main component is isovaleric acid
with a content of 23.12 mg/L and 25.35 mg/L in the samples of Apto and Jerez, respectively.
A quantity of 9.567 mg/L was quantified in Gran Reserva. Due to this observed decrease,
it is believed that isovaleric acid is involved in the esterification reactions of short-chain
carboxylic esters during the aging process [38]. As can be seen from Figure 1, during the
aging time, it can be implied that all of these factors, including vaporization, esterification,
and condensation reactions, play a significant role in the decrease in the content of acids.

In the case of alcohols, it has been observed that certain components detected in very
small amounts decrease over time, such as «-terpineol and linalool (not found in Gran
Reserva), while some main components found in higher amounts significantly increase,
namely, ethanol (from 3.573 to 41.39 mg/L) and amyl alcohol (from 13.35 to 16.06 mg/L).
Additionally, as can be seen from Figure 1, there is a significant sharp increase in the number
of alcohols in the Gran Reserva sample. The aging period can have an impact on the ethanol
content in certain types of vinegar. In one study, ethanol content was not detected in Sherry
vinegar aged for 6 months [34]. In another study, the concentration of ethanol was found
to show a declining profile during the aging period of traditional balsamic vinegar [21].
However, in this study, the statistically significant increase in the content of ethanol may
have resulted from the hydrolysis of ethyl acetate into ethanol, resulting in the amount of
ethyl acetate.

Four components, namely, acetaldehyde, valeraldehyde, furfural, and benzaldehyde,
can be identified and quantified in low amounts in aldehydes. During the aging process,
aldehydes exhibited a decreasing trend from Apto to Reserva (from 3.567 to 0.601 mg/L),
followed by a modest increase from Reserva (0.601 mg/L) to Gran Reserva (1.417 mg L~1), as
depicted in Figure 1. A statistically significant difference was observed for benzaldehyde.
Initially, a decrease from 2.168 to 0.327 mg/L (between Apto and Jerez) was noted, followed
by an increase to 0.495 mg/L in the Gran Reserva sample observed throughout the aging pe-
riod. An increase in benzaldehyde between V] and Gran Reserva samples may be explained
by oxidation reactions and the decarboxylation of phenylalanine and methionine [39]. Ben-
zaldehyde is also stated as one of the main flavor aldehyde components in many vinegars,
such as Chinese traditional bran vinegar (Cupei), Italian balsamic vinegar, and Shanxi aged
vinegar [8,9,40]. A change in the concentration of acetaldehyde was found from 0.098 to
0.288 mg/L, which is an intermediary and is produced by ethanol oxidation, resulting
in flavor differences [41]. One of the aromatic wood compounds, furfural, was found to
have a content of 0.164 and 0.304 mg/L for Reserva and Gran Reserva, respectively. It may
be extracted from the oak barrels during the aging process, and, additionally, furfural
comes from the degradation of monosaccharides resulting from the partial hydrolysis
of hemicellulose [34]. Like aldehydes, four ketone substances could be detected in all
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samples. While acetoin was the most abundant compound (3.036 mg/L) in the Apto sample,
2-acetylpropane was found to be the predominant compound in Gran Reserva, with its level
increasing from 1.239 to 3.365 mg/L during the aging process. As in aldehydes, ketone
substances exhibited a low decrease between Apto and Reserva samples but then a high
increase in Gran Reserva samples, as shown in Figure 1. Over the aging time, the reason
for the increase in the number of ketones can be explained by the Maillard reaction, that is,
Strecker degradation [33].

Oaklactone, identified for the first time in the Jerez vinegars, was exclusively detected
in the Gran Reserva sample (0.286 mg/L). Its presence serves as an indicator of long aging
in traditional wooden barrels and shares similarities with compounds extracted, such
as whisky lactones [34,42]. Additionally, this component can be used as a marker for
Gran Reserva samples. 2-Ethylphenol, a volatile phenol, was found at a content of 0.275
for the Apto sample and 0.183 mg/L for the Gran Reserva sample. Additionally, other
compounds identified in different categories included 2-methyl-1,3-dioxane (0.253 mg/L),
linalool 3,7-oxide (0.074 mg/L), and 2,4,5-trimethyl-1,3-dioxolane (0.924 mg/L) in the Gran
Reserva samples.

As a result, the total content of volatile compounds exhibited a decreasing trend in
the range of 915.72 to 616.60 mg/L from the Apto to Gran Reserva samples. This decline is
indicative of various processes such as oxidation, esterification, wood extraction, hydrolysis,
and fermentation playing a significant role during this period. In a previous study by
Morales et al. [10], 18 volatile compounds were identified in Sherry wine vinegars aged up
to 24 months using gas chromatography coupled with a flame ionization detector (GC-FID).
In the current study, the GC-HSPME fiber method was utilized, enabling the capture and
identification of even minor volatile components in all samples.

This study identified an additional forty-four volatile compounds, totaling sixty-two
volatile components in all samples, including the detection of these substances in Gran
Reserva. While prior research extensively studied aroma components in aged vinegars to un-
derstand their complexity, certain unidentified volatile components remained undiscovered
until this examination. The methodology utilized in this study facilitated the quantification
of sixty-two volatile substances using two distinct types of columns, providing new insights
into the comprehensive volatile profile of all Jerez vinegars.

3.3. Chromatic Characteristics

Absorbance measurements (A420, A520, and A620), color intensity (CI), tonality (T),
color density (D), and yellow (%), red (%), and blue (%) percentages of vinegar samples
were taken using UV-VIS spectroscopy. The values of all chromatic parameters of vinegar
samples are shown in Table 3. The table illustrates a notable difference in color composition
between non-aged and aged samples. The Apto sample exhibited the highest yellow
pigment content (73%) but the lowest levels of red (21%) and blue pigments (6%) compared
to other samples. Conversely, the Reserva sample displayed the lowest yellow pigment
content (60%) and the highest levels of red (29%) and blue pigments (11%). These changes
can be attributed to the increase in absorbance values at 420 nm (from 0.879 to 2.049)
and at 520 nm (from 0.257 to 0.784), indicating an overall increase in color concentrations.
However, the rise in red components may have proportionally exceeded that of yellow
components during aging, resulting in this observed difference. The change in the color for
these absorbance measurements might be related to Maillard and caramelization reactions
and finalized with browning agents [43,44]. In a study on Sherry vinegar, absorbance
measurements were taken at 470 nm to assess the impact of aging time. A simultaneous
increase in absorbance values was observed, which was attributed to the oxidation of
polyphenolic compounds during the aging process [1]. Furthermore, an increase in the blue
pigment was observed in both Apto and aged samples, with percentages of 6% and 11% for
Apto and Gran Reserva, respectively. The change in absorbance values at 420 nm, 520 nm,
and 620 nm from Apto to Reserva indicated an overall increase in all CI values (from 1.210
to 4.676) and D values (from 1.136 to 4.164). In contrast, there was a decline in the T values
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of non-aged and aged samples, decreasing from 3.419 to 2.616 between the Apto and V]
samples. The increase in the T value may be attributed to the rise in red pigment and a
decrease in yellow pigment values. The color characteristics of wine vinegar originate from
grapes and the fermented product of wine. Grapes are rich in anthocyanins, tannins, and
resveratrol compounds, which contribute to their unique color. However, as detailed in the
phenolic section of the results, mono-anthocyanins were not detected even in the non-aged
vinegar sample due to various reactions that occur during the acetification process, leading
to the formation of anthocyanin derivatives. Furthermore, the aging process facilitates
copolymerization reactions between tannins and anthocyanin derivatives, resulting in the
loss of these monomeric compounds [23].

Table 3. The chromatic characteristics of Jerez vinegars are determined by Glories method.

Color Color

i 1 1 1 : q (o q (o 1 (o
Vinegar Type Ay Asp A0 Intensity Tonality Density Y 1 (%) R1(%) B1(%)

ANOVA + L L L L *ok N *okN *okN *ok N *okN

Apto 0.879d ¥ 0.257d 0.074d 1.210d 3419 a 1.136d 73 a 21d 6d

Vinagre de Jerez 2.049 ¢ 0.784 ¢ 0.294 ¢ 3.127 ¢ 2.616 b 2.833 ¢ 66 b 25¢ 9¢

Reserva 2.825a 1.339 a 0.512 a 4.676 a 2.109d 4164 a 60d 29 a 11a

Gran Reserva 2.786 b 1.190b 0.474Db 4.450b 2.341 ¢ 3976 b 62 c 27b 11b

# Gignificant at p < 0.001. ¥ Values (mean of three replications) followed by the same letter, within the same column,
were not significantly different (p > 0.05) according to Tukey’s least significant difference test. T Y: yellow color, R: red
color, and B: blue color. Ag: absorbance at 420 nm, Aspg: absorbance at 520 nm, and Agyo: absorbance at 620 nm.

Notably, even though there is a statistical difference in the yellow (60% to 62%) and red
color pigments (29% to 27%) during long-term aging and storage, the change in absorbance
values at 420 nm (from 2.825 to 2.786) and 520 nm (from 1.339 to 1.190) is less pronounced
for Reserva and Gran Reserva samples, respectively.

3.4. Sensory Analysis

Jerez vinegar is officially renowned for its amber hue with mahogany undertones, offer-
ing subtle notes of nuts, wood, and a distinct acetic aroma. With prolonged aging, it develops
intricate hints of vanilla, nuts, and matured wood. The Gran Reserva variant stands out for
its intense aroma rich in nutty and spicy notes [45]. While certain characteristics have been
acknowledged by regulators, this study delves into previously unexplored sensory descriptors,
leading to the development of precise lexicons, some of which were refined in prior works [46].
These terminologies were further tailored to suit each vinegar variety, aiding in effectively
characterizing the sensory profile of all Jerez vinegars using descriptive analysis. The sen-
sory profile of Jerez vinegars, encompassing appearance (color and texture), aroma, flavor
(sweetness, sourness, bitterness, pungency, and other specific descriptors), overall impression
(aftertaste), and qualification (liking), including a total of 38 attributes, is presented in Table 4.
In addition, consumer preferences were assessed under the qualification category. Table 4
reveals that in the appearance category, the darkest color, scoring 9.55 points, was observed
in the Reserva samples. This outcome aligns with the color characteristics, indicating a high
intensity of red pigments. Additionally, the non-aged sample secured the highest vinegar ID
scores for odor (8.00) and flavor (8.05), likely due to its potentially higher acetic acid content in
volatile compounds. During aging, many attributes showed a meaningful change in the odor
feature. These differences mainly with an increasing quantity were observed in the attributes
of winy character (from 1.27 to 7.16), raisin (0.27 to 4.27), liquor (0.11 to 2.38), woody (from 0
to 2.88), toasted (from 0 to 2.50), and nuts (from 0 to 0.72) but not fruity (from 6.61 to 4.05). An
increase in the attributes of woody, toasted, and nut corresponded to the aging of the samples
taking place in wood casks [47,48]. Although no statistically significant difference was found
in the attributes of clove (0 to 0.33), spicy, and leather, distinctions were noted between the
Reserva and Gran Reserva samples. Furthermore, no defects were identified in either the odor
or taste categories.
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Table 4. Descriptive sensory analysis of “Jerez” vinegars.
Sample
. i -
Attribute ANOVA Apto Vinagre de Reserva Gran Reserva
Jerez
Appearance
Color ek 4.16d 6.05 ¢ 9.55 a 8.66 b
Untuoso (texture) i 2.00d 455b 7.00 a 3.22¢
Odor
Odor intensity i 2.38Db 1.55b 1.72b 4.50 a
Vinegar ID HHE 8.00 a 4.61b 450b 3.72b
Winy character o 1.27 ¢ 1.27 ¢ 2.44b 7.16a
Raisin i 0.27 ¢ 1.22 bc 1.33b 427 a
Ethyl acetate ok 022 ¢ 0.05¢ 0.77b 1.38 a
Alcohol/liquor i 0.11b 0.55b 0.27b 238 a
Woody ek 0.00b 0.00b 0.27b 2.88 a
Fruity HHE 6.61 a 2.61c 2.00 ¢ 4.05b
Spicy NS 0.00 a 0.00 a 0.22a 0.77 a
Vanilla ok 0.00b 0.00b 0.11b 1.50 a
Clove NS 0.00 a 0.16 a 0.22a 0.33a
Toasted xEE 0.00b 0.38b 0.38 b 2.50a
Nuts * 0.00b 0.00b 0.11 ab 0.72 a
Leather/old NS 0.00 a 0.00 a 0.00 a 0.16 a
Defects NS 0.00 a 0.00 a 0.00 a 0.00 a
Flavor
Flavor intensity ok 8.27 a 5.55b 6.44b 5.75b
Vinegar ID xEx 8.05a 6.00 ¢ 6.83b 5.00d
Winy character il 2.55Db 2.33b 2.16b 5.06 a
Raisin HHx 0.00b 0.00b 0.38b 243 a
Ethyl acetate xEE 0.00b 0.00b 0.00b 043 a
Alcohol/liquor s 0.00b 0.00b 0.00 b 1.81a
Woody HHE 0.00b 0.00b 0.00 b 143 a
Fruity ** 5.16 a 3.22b 3.27b 4.00 ab
Spicy NS 0.00 a 0.00 a 0.00 a 0.18a
Vanilla NS 0.00 a 0.00 a 0.00 a 0.31a
Clove NS 0.00 a 0.00 a 0.11a 0.12a
Toasted ** 0.00b 0.16 b 0.22b 0.81a
Nuts * 0.77 a 0.16 ab 0.05b 0.50 ab
Leather/old NS 0.00 a 0.00 a 0.00 a 0.00 a
Sweetness i 1.11b 2.50a 222 a 2.33a
Sourness i 8.11a 6.11 bc 6.61b 5.38 ¢
Bitterness NS 0.33a 0.38 a 0.27 a 0.33a
Astringent NS 0.00 a 0.00 a 0.00 a 0.38 a
Pungent il 3.77 a 1.88Db 2.83 ab 222b
Defects NS 0.00 a 0.00 a 0.00 a 0.00 a
Global
Aftertaste *Ex 644 a 3.88b 4.16b 4.83b
Qualification
Liking ¥ 14 23 21 32
Ranking ¥ wEE b a b a

* NS: not significant at p < 0.05; *, **, ***, significant at p < 0.05, p < 0.01, and p < 0.001, respectively. Values (mean
of 9 trained panelists) followed by the same letter, within the same row, were not significantly different (p > 0.05)
according to Tukey’s least significant difference test. ¥ Satisfaction degree of 9 panelists is denoted by liking, and
the statistical results of Friedman'’s test are denoted by ranking.

Following odor identification, the flavor attributes exhibited a statistically significant
change, particularly noted between the Apto and Gran Reserva samples. The highest winy
character, scoring 5.06 points, was detected in the Gran Reserva sample. Additionally,
woody attributes were tasted in the Gran Reserva sample, scoring 1.43 points. The woody
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character of the sample may stem from the (Z)-oaklactone compounds derived from the
wood casks [49,50]. Through the aging process, a decrease in fruity taste (from 5.16 to 4.0),
sourness (from 8.11 to 5.38), and pungent (from 3.77 to 2.22) profiles was observed between
Apto and Gran Reserva samples. The decrease in the sourness profile may be attributed to
the mostly acidic contributors, mainly acetic acid substances, in vinegar [51-53]. The fruity
profile in the Apto sample is attributed to the presence of fresh fruit notes from grapes in
the volatile substances of ethyl esters and acetates [54]. As can be reviewed in volatile
compounds, a significant decrease in many ester components, namely, 2-methylbutyl
acetate, isobutyl acetate, and ethyl acetate, affects the change in the concentration of fruity
notes in the aged samples. By the point of 0.38, Gran Reserva was identified as the most
astringent sample akin to its winy character. An increase in the sweetness attribute was
observed in both non-aged and Gran Reserva samples, with points ranging from 1.11 to
2.33. Moreover, the rise in alcohol notes in the Gran Reserva samples (1.81) correlates with
the increase in alcohol content of volatile compounds like ethanol. In a separate study,
certain attributes of the sensorial profile—such as aroma intensity, woody flavor, ethyl
acetate, wine character, and pungent sensation—were examined in V] samples aged up to
six months. Consistent results were obtained with heightened winy character, woody notes,
and aroma intensity in the Reserva sample aged up to 24 months [34]. To the best of my
knowledge, the sensory profile of Gran Reserva, along with many new lexicons developed
specifically for odor and flavor profiles, has been identified and examined in the analysis of
Jerez vinegar in this study.

4. Conclusions

Jerez vinegars of varying maturation durations, including both aged (V], Reserva,
and Gran Reserva) and non-aged varieties, have been subjected to a thorough analysis
encompassing physicochemical properties, composition, and sensorial attributes. A unique
facet of this investigation involves the discernment of chromatic features in the Jerez vinegar
samples, with a focus on the proportional representation of color components, specifically
CI and D. Comparative analysis revealed a notable shift in the hue profile, characterized
by a diminishing yellow hue and an amplifying red hue across the aging continuum,
attributed to the progressive accumulation of Maillard reaction byproducts. Over 40 volatile
components present in Apto, V], and Reserva vinegar samples have been meticulously
identified and quantified. Noteworthy trends emerged within the volatile compounds,
with primary compounds such as esters (including ethyl acetate, 2-methylbutyl acetate,
and isobutyl acetate), acids (i.e., acetic acid and isovaleric acid), and aldehydes (such as
benzaldehyde) exhibiting a decrease in concentration over the aging process. Conversely,
alcohols (specifically ethanol), ketones (including acetone and 2-acetylpropane), and lactone
compounds displayed an augmentation in levels with prolonged aging, particularly evident
in samples subjected to extended maturation periods.

However, the analysis of anthocyanin composition has presented challenges in quan-
tification due to potential reactions occurring during acetification and oxidation processes
that result in the loss of anthocyanin. Notably, phenolics have emerged as prominent
components, particularly in the chemical family of flavonol substances within the samples.
Furthermore, a comprehensive sensorial evaluation has been conducted across all samples,
revealing a substantial impact of aging on various sensory descriptors, evidenced by nu-
merous changes in lexicon terms. Noteworthy intensities were observed in woody, nutty,
and wine-like characteristics, whereas fruity and vinegar notes displayed a notable decline.
In summary, this investigation underscores the noteworthy influence of chemical reactions
throughout fermentation and aging stages, shaping the physical and chemical attributes of
aged vinegars and contributing significantly to defining the distinctive characteristics of
the final product.
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