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Abstract: Prickly pear (Opuntia ficus-indica (L). Mill.) is a plant that belongs to the Cactaceae family
and can grow in arid and semi-arid climates. This fruit is considered a good source of nutrients,
antioxidant constituents and health-promoting substances, such as betalains and polyphenols. One of
the ways in which the communities in the cultivation areas can revalorize this fruit is by diversifying
the products that can be made from it. This research proposes the elaboration of prickly pear vinegars
and their sensory characterization. Their aromatic profile has been determined using two different
methodologies, the traditional Quantitative Descriptive Analysis (QDA) and the Free Choice Profiling
(FCP). Similar aromatic profiles have been obtained by both techniques, QDA and FCP, although the
last one has proven to be a less time- and effort-demanding method. The vinegars with the highest
aromatic intensity and the highest fruity and floral notes were those that had been produced through
submerged culture at 30 ◦C and using Acetobacter malorum strains. It was revealed that the Free
Choice Profiling sensory technique is a useful and low-cost tool for innovating in products obtained
from a local sugary raw material.

Keywords: sensory analysis; new products; methodology; vinegar; prickly pear fruit; free choice
profiling; Acetobacter malorum

1. Introduction

The fruit from the prickly pear (Opuntia ficus-indica (L). Mill.) is an important biological
material that can be the subject of industrial processes to produce new products or by-
products (cosmetic products, foods, functional foods or drug-like products). This fruit
is considered a good source of nutrients, antioxidant constituents and health-promoting
substances, such as betalains and polyphenols [1]. In a cross-cultural study published
in 2019 [2], traditional and potential consumers of prickly pears from Mexico and Brazil,
respectively, confirmed the popularity of cookies made with prickly pears because of their
beneficial functional properties. In recent years, a great diversity of vinegars have been
elaborated from different fruits as alternative industrial products that can be produced at
low cost and with simple technologies [3,4]. Prickly pear juice is an alternative to be used for
these processes because of its high content of fermenting sugars. The production of vinegar
opens up a new form of consumption and adds value to these fruits [5]. Some previous
studies on the production of vinegar from prickly pear fruit have been described. Pérez
et al. [6] prepared vinegar from orange prickly pears using different species of Acetobacter
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as starter cultures for acetic fermentation, while Prieto et al. [7] carried out trials on the
production of balsamic-type vinegar, and Es-Sbata et al. [8] studied the influence of different
operational variables on the aromatic and polyphenolic composition of prickly pear vinegar
that had been produced using the surface culture method.

Since these are new food products, in addition to their physicochemical characteriza-
tion, their sensory characterization is essential, even if limitations in the volume of samples
available and/or the required number of trained personnel may often represent a difficulty
to complete this process. From the late twentieth century, several rapid methods have been
developed and demonstrated their great potential and reliability for sensory differentiation
which, in addition to their being relatively easier to apply, they also result in a clear ad-
vantage in product-developing environments where rapid responses are highly valued [9].
Free Choice Profiling (FCP), between these methods, has been applied in numerous studies
with barely trained assessors and even untrained consumers, and has succeeded in provid-
ing really positive results [10–15]. This technique is based on the hypothesis that almost
everybody perceives approximately the same things in qualitative terms, although they
may express them differently, depending on people’s previous experiences and acquired
sensory background. The use of appropriate and specific vocabulary minimizes the training
stage requirements of the sensory evaluation panel, which is of great interest, and this is
possible as long as the appropriate data processing techniques are applied. Generalized
Procrustes Analysis (GPA) is one of these mathematical tools that allows a different number
of descriptors to be used by each assessor, as well as a different use of the scales [16–19]. On
the other hand, the quantitative descriptive analysis (QDA) is one of the most developed
tools within sensory analysis and one of the most accepted and established at international
level. This method is based on the comparison, assessment, discrimination and quantitative
description of a product, carried out by a panel of trained tasters according to previously
defined descriptors, in order to obtain objective data. QDA includes the identification and
development of a lexicon for the product to be studied, and the training of the panel of
tasters with reference material, i.e., samples in which the selected attributes are perceived
with known intensities.

The objective of this work was to characterize the aromatic profile of prickly pear
vinegars from a sensory point of view. It also aims to investigate whether comparable
results are obtained using the traditional Quantitative Descriptive Analysis (QDA) and
the FCP method, with the purpose of selecting the one that provides the best results to be
used in future studies on the same line of research. The comparison was carried out both
at the stage of specific descriptor generation for this type of samples, and at the stage of
evaluation of the final prickly pear vinegars produced.

2. Materials and Methods
2.1. Samples

The prickly pear juice vinegars were elaborated under the different conditions de-
scribed in Table 1.

Table 1. Variables involved in the production of the prickly pear vinegars.

Sample Acetification Methods Bacterium Temperature (◦C)

Sub-Aceto-30 Submerged Acetobacter malorum 30
Sub-Aceto-37 Submerged Acetobacter malorum 37
Sub-Aceto-40 Submerged Acetobacter malorum 40
Sub-Gluco-30 Submerged Gluconobacter oxydans 30
Sub-Gluco-37 Submerged Gluconobacter oxydans 37
Sub-Gluco-40 Submerged Gluconobacter oxydans 40
Sur-Aceto-30 Surface Acetobacter malorum 30
Sur-Aceto-37 Surface Acetobacter malorum 37
Sur-Gluco-30 Surface Gluconobacter oxydans 30
Sur-Gluco-37 Surface Gluconobacter oxydans 37
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Two acetification methods (submerged and surface) and two types of bacteria (Aceto-
bacter malorum and Gluconobacter oxydans) at three different temperatures (30, 37 and 40 ◦C)
were used. Each elaboration assay produced about 2 L of vinegar, and it was sampled at
different times in order to characterize it from a chemical point of view. As a result, the
final volume of each vinegar was even lower than 2 L. For this reason, the vinegar used to
carry out the generation of descriptors and the training of the assessors was that from the
sampling immediately prior to the final vinegar, which would be considered quite similar
to the final one. In addition, a sample composed (CS) of an equal volume of some of these
non-final samples was used to test the repeatability of the evaluators during the descriptor
selection stage by FCP methodology.

2.2. Methodology

The sensory evaluation sessions were carried out in a standardized tasting room [20],
where the influence of external stimuli on the judgments would be minimized. The room
temperature was set at 22 ◦C. The evaluation of the vinegars was exclusively olfactory. In
all cases, 15 mL of vinegar were poured into a blue oil tasting glass [21], which was covered
with a lid until the moment of evaluation to favor the concentration of the aromas. The
serving temperature of the samples was 22 ◦C (room temperature).

According to the methodology described by Ares and Varela [22], who advocate
for the use of small panels for evaluation using a similar flash profile technique, as long
as the assessors were trained ones, the committee was made up of 4 judges who have
frequently performed sensory evaluations on other types of vinegars and are familiar with
the evaluation procedure. The assessors had adequate description skills and an extensive
vocabulary to be able to describe products with a large number of attributes. They were
selected because they had previously worked with vinegars in different projects. For FCP,
there was no specific training beyond a briefing on the test and how to conduct it. For QDA,
the training focused on the recognition of the selected descriptors and their intensity in the
samples that served as standards.

A total of 9 sessions were scheduled. At the first session, the assessors were presented
with 7 prickly pear vinegars from the samplings immediately preceding the final vinegars.
They were asked to brainstorm as many terms as they found appropriate to describe the
samples’ odor, both regarding similarities and differences. The panel leader eliminated from
such lists the hedonic terms (pleasant, unpleasant), quantitative ratings (high, medium,
low), gustatory descriptors (sweet, sour) and those describing the product itself (vinegar).
At the second session, the FCP evaluation method was explained to the assessors, and
they were presented with their lists of individual terms. Then, they were asked to choose
as many as they considered of interest for the characterization and differentiation by
quantitative evaluation with continuous scales of the set of samples used in the previous
session, to which the replica of one of them was added. At Session 3, the 10 final prickly
pear vinegars (Table 1) were evaluated using the FCP methodology. For the selection of
the appropriate descriptors to be used in the traditional QDA, the terms that had been
individually generated in the first session were unified and sieved onto a single list that
was discussed at the 4th session to make sure that the meaning of every term was clearly
understood. The samples from Session 1 were then evaluated using 9-point interval scales
for each of these descriptors (from 0 to 8, being 0 absent, 2 light, 4 medium, 6 intense, and 8
very intense), along with the replicate of one of them. Different criteria were then applied
to these data to reduce the number of terms, as provided by UNE 87027 [23]. The standards
used for the 2 training sessions of 1.5 h each were real vinegar samples, selected from those
produced in the research, presenting each descriptor at an intensity of level 6 in the 9-point
scale. The assessors’ ability to identify each of the descriptors was tested and confirmed
during the 5th and 6th sessions. Subsequently, the final 10 vinegars of the study were
evaluated in duplicate over 3 sessions (7th to 9th).
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2.3. Data Processing

For the implementation of the FCP method, the directions of the ISO 13229 stan-
dard [24] were followed. The scales used were continuous lines with the labels “absent”
and “very intense” on the ends. The consensus index, which is defined as the proportion of
the original variance explained by the consensus configuration obtained in the Generalized
Procrustes Analysis (GPA) [25] was used for assessor validation. The GPA can transform
the different multidimensional configurations of each evaluator so that they are as similar
as possible. A comparison of the transformed configurations can then be carried out.

For the traditional QDA, the selection of the descriptors was carried out according
to the guidelines in the UNE 87027 standard [23]. In this case, 9-point interval scales
(0–8) were used. To evaluate the performance of the judges in QDA, a two-way analysis
of variance (assessor x sample) was applied and the p-values of the assessor factor were
calculated for each of the olfactory descriptors in the vinegars produced and analyzed,
according the guidelines in the standard ISO [26]. The processing of the vinegars data was
carried out by applying the one-way analysis of the variance taking into account the factors:
culture system, bacterium, and temperature.

The regression vector coefficient Rv [27] was used to calculate the similarity between
the matrices of quantitative variables recorded from the vinegars using the FCP and QDA
methods.

For the implementation of the GPA and the calculation of Rv, the XLSTAT 2014 trial
version software (Addinsoft, New York, NY, USA) was used. The spider charts were
constructed using Microsoft Excel 2016 (Microsoft Corp., Redmond, Washington, DC, USA),
and the Factor Analysis (FA) was performed using the online version of Statgraphics 18
(Statpoint Technologies, Inc., Warrenton, VA, USA).

3. Results
3.1. Stage 1: Generation of the Odor Descriptors

At the first session, each assessor generated a list of between 15 and 31 descriptors to
describe the samples. which was reduced to between 14 and 27 terms per panel member by
the panel leader.

3.1.1. Free Choice Profiling (FCP) Methodology

Taking the above individual terms as a starting point, the number of terms used by
each assessor to characterize the samples was reduced to between 6 and 11 (Table 2).

Table 2. Olfactory descriptors used by each of the 4 assessors constituting the panel for FCP.

Assessor 1 Assessor 2 Assessor 3 Assessor 4

Fruity Spicy Spicy Ethyl acetate
Complexity Floral Floral Spicy

Off-odor Fruity Ripe fruit Fruity
Spicy/Pepper Ripe fruit Raisin Smoky

Floral Dairy Pepper Raisin
Fresh/Balsamic Raisin Pungent Vegetal

Very dried fruit/Off-odor Wet earth/Infusion Earthy/Straw
Ripe fruit/Raisin

Aromatic intensity
Pungent
Vinous

By applying a GPA to these data, we obtained a 66.8% consensus index (Rc) among the
panelists, which is an intermediate level between those described in the literature [28,29].
Figure 1 shows the projection of the original variables on dimensions F1 (57.81%) and F2
(19.17%). For their interpretation, only those descriptors whose correlation coefficients
corresponding to absolute values that were equal or greater than 0.6 and were used by
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more than one assessor were considered. Factor 1 was explained by to negative notes to
the left (off-odor, straw, wet earth, very dried fruit) and positive notes to the right (fruity,
ripe fruit, floral, and pungent). Moreover, in this half-plane of F1 > 0, the positive values
of F2 were related to the fresh and balsamic notes, while the negative values of F2 were
characterized by the spicy notes. The location of the samples on the F1–F2 plane is shown
in Figure 2. Given that the CS analyzed by duplicate are located quite close to each other,
this would allow to confirm the repeatability of the panel.
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3.1.2. Descriptive Quantitative Analysis (QDA) Methodology

The sensory terms agreed after discussion of the initial list were: aromatic intensity,
floral, ethyl acetate, fresh, balsamic, vinous, fruity, ripe fruit, dried fruit, raisin, very dried
fruit, spicy, peppery, milky, smoky, toasty, vegetal, green vegetal, animal, earthy, wet earth,
straw, brew, off-odor, and complexity, to which the olfactory quality was added. The
samples were evaluated using 9-point interval scales for each of these descriptors, along
with the replicate of one of them. Geometric means %M (

√
FxI) below 20 ruled out animal,

smoke/smoky, brew, and toasted. Raisin, pepper, vegetal, and wet earth’s correlation
coefficients with dried fruit, spicy, vegetal and earthy, respectively, were above 0.80, which
allowed us to remove the former. The high p-values from the analysis of variance, when
taking the sample as a factor, confirmed that the descriptors dried fruit and dairy had no
discriminatory capacity whatsoever, so they were also discarded. Finally, by implementing
a FA, five factors were extracted that explained 94.5% of the total variability of the data
and allowed the identification of some descriptors highly correlated to others, which were
discarded in order to facilitate the training (vinous, ethyl acetate, earthy, straw, and fresh).
The following twelve terms were finally selected for the evaluation of the prickly pear
vinegars produced: pungency, aromatic intensity, floral, balsamic, fruity, ripe fruit, raisin,
spicy, vegetal, complexity, off-odor (earth, straw, and very dried fruit), and olfactory quality.
The definition of each of these is given in Table 3.

Table 3. Sensory descriptors selected from the traditional QDA and their definitions.

Olfactory Descriptor Definition

Pungency Pungent feeling in the nose when inhaling, mainly due to acetic acid.
Aromatic intensity Intensity of the positive aromatic notes as a whole.

Floral Olfactory reminiscence of flowers.
Balsamic Refreshing sensation reminiscent of pine and camphor.

Fruity Fruity notes, particularly prickly pear or other tropical fruit (mango, pineapple).
Ripe fruit Ripe fruit notes.

Raisin Notes of dried fruit (grape, plumps).
Spicy Spicy notes, particularly pepper.

Vegetal Olfactory reminiscence of cooked vegetables.
Complexity Diversity of positive aromatic notes.

Off-odor Unpleasant sensation with reminiscences of earth, straw, or very dried fruit.
Olfactory quality General orthonasal perception of the aromatic complexity and intensity and lack of flaws.

3.2. Stage 2: Sensory Analysis of the Prickly Pear Vinegars
3.2.1. Free Choice Profiling (FCP)

The 10 final prickly pear vinegars (Table 1) were evaluated using the FCP methodology.
The GPA applied to the sensory data yielded an acceptable 62.6% consensus rate between
the assessors. Figure 3 shows the projection of the descriptors on the plane of the first two
factors in the FA, which explain 79.62% of the total variation in the data. It can be observed
that it presents a very similar distribution to that obtained during the selection of the
descriptors (which was performed using different samples): the positive values of F1 are
related to positively valued attributes such as fruity, flower, or pungent, while the negative
values are related to negative notes (earth, straw, very dried fruit, off-odor). Likewise, F2
presents negative values correlated with the spicy note, while the floral attribute appears
more than once among the positive values.

According to this interpretation of the axes, the projection of the consensus profile
of each prickly pear vinegar on the factorial plane (Figure 4) allows us to describe those
vinegars that had been produced by surface culture as less aromatic and with some clear
defects when compared against those that had been produced by submerged culture, which
had been described as more fruity and floral. With respect to F2, the vinegars that had
been generated using Acetobacter malorum are in higher positions than those obtained under
the same acetification conditions (acetification method and temperature) through the use
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of Gluconobacter oxydans, which is associated with a predominance of the floral note over
the spicy one in the former, and inversely in the latter. Regarding temperature, vinegars
produced under surface culture are negatively affected by the highest temperatures tested
(37 ◦C), while those obtained by submerged culture do not show such a clear influence.
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Sub-Aceto-37 5.4 ± 1.7 5.0 ± 1.9 4.3 ± 2.1 2.7 ± 1.7 4.7 ± 2.1 3.4 ± 1.7 0.8 ± 1 2.5 ± 1.4 0.0 ± 0.0 4.4 ± 2.1 0.0 ± 0.0 6.0 ± 1.6 
Sub-Aceto-40 5.3 ± 0.8 5.5 ± 1.4 3.7 ± 2.1 2.0 ± 1.3 4.0 ± 2.1 4.8 ± 2.0 1.0 ± 1.3 2.1 ± 1.3 0.3 ± 0.8 3.0 ± 1.0 0.3 ± 0.5 6.0 ± 1.7 
Sub-Gluco-30 4.5 ± 0.5 5.4 ± 1.0 3.6 ± 1.6 3.3 ± 1.2 5.4 ± 1.5 4.3 ± 1.4 2.5 ± 1.8 2.3 ± 1.6 0.0 ± 0.0 4.4 ± 0.5 0.0 ± 0.0 6.4 ± 1.1 
Sub-Gluco-37 4.8 ± 1.0 4.5 ± 0.8 3.0 ± 2.0 2.7 ± 0.5 4.5 ± 1.4 3.6 ± 1.6 1.0 ± 1.3 3.7 ± 2.0 0.4 ± 0.8 4.7 ± 1.0 0.2 ± 0.4 6.8 ± 0.8 
Sub-Gluco-40 5.3 ± 1.1 5.0 ± 0.9 3.4 ± 1.1 2.7 ± 1.7 4.4 ± 2.1 3.7 ± 2.0 1.4 ± 1.1 2.6 ± 1.4 0.7 ± 1.3 4.0 ± 1.4 0.0 ± 0.0 5.6 ± 2.1 
Sur-Aceto-30 4.8 ± 0.8 4.3 ± 0.5 2.7 ± 1.3 3.2 ± 1.3 3.0 ± 1.9 3.2 ± 1.2 2.6 ± 2.0 2.7 ± 1.0 1.0 ± 0.8 3.6 ± 1.1 0.2 ± 0.4 5.3 ± 1.5 
Sur-Aceto-37 1.0 ± 1.3 1.7 ± 1.5 0.3 ± 0.5 1.1 ± 1.2 0.4 ± 0.5 1.3 ± 1.7 2.6 ± 0.8 2.0 ± 1.5 4.0 ± 1.1 1.4 ± 1.5 5.6 ± 1.8 2.1 ± 1.3 
Sur-Gluco-30 4.0 ± 1.3 4.0 ± 1.2 1.6 ± 1.3 3.1 ± 1.1 2.4 ± 0.5 2.1 ± 1.8 3.6 ± 1.1 3.4 ± 1.1 2.6 ± 1.9 2.5 ± 1.5 3.0 ± 2.1 4.4 ± 1.7 
Sur-Gluco-37 1.0 ± 1.8 2.0 ± 1.5 0.1 ± 2.1 1.4 ± 1.5 0.6 ± 2.1 0.7 ± 2.1 2.3 ± 1.5 2.5 ± 1.5 5.1 ± 2.0 1.1 ± 1.8 5.6 ± 2.1 1.7 ± 2.1 

psample 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 

Figure 4. Sensory space of the samples after the implementation of the FCP methodology to the
sensory study of the prickly pear vinegars in the research.

3.2.2. Descriptive Quantitative Analysis (QDA)

The final 10 vinegars of the study were evaluated in duplicate over three sessions. Table 4
summarizes the mean scores granted by the panel to each one of these, together with the
results of both analysis of variance corresponding to the samples-by-assessors and culture-by-
bacteria-by-temperature. The p-values of the assessor factor greater than 0.05 confirmed the
homogeneity of the panel with regard to each of the olfactory descriptors to be considered.
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Table 4. QDA. Average ratings (±standard deviation) by the tasting panel of the prickly pear vinegars elaborated in this work, and p-values from the analysis of the
variance applied. p < 0.05 indicates significant variation in the rating as a function of the specified variance factor.

Sample Pungency Aromatic Intensity Floral Balsamic Fruity Ripe Fruit Raisin Spicy Vegetal Complexity Off-Odor Olfactory Quality

Sub-Aceto-30 6.3 ± 1.4 6.6 ± 1.5 6.0 ± 2.0 2.9 ± 1.3 6.4 ± 1.0 3.7 ± 1.1 1.0 ± 1.4 2.1 ± 1.1 0.3 ± 0.5 4.8 ± 1.5 0.0 ± 0.0 7.4 ± 1.0
Sub-Aceto-37 5.4 ± 1.7 5.0 ± 1.9 4.3 ± 2.1 2.7 ± 1.7 4.7 ± 2.1 3.4 ± 1.7 0.8 ± 1 2.5 ± 1.4 0.0 ± 0.0 4.4 ± 2.1 0.0 ± 0.0 6.0 ± 1.6
Sub-Aceto-40 5.3 ± 0.8 5.5 ± 1.4 3.7 ± 2.1 2.0 ± 1.3 4.0 ± 2.1 4.8 ± 2.0 1.0 ± 1.3 2.1 ± 1.3 0.3 ± 0.8 3.0 ± 1.0 0.3 ± 0.5 6.0 ± 1.7
Sub-Gluco-30 4.5 ± 0.5 5.4 ± 1.0 3.6 ± 1.6 3.3 ± 1.2 5.4 ± 1.5 4.3 ± 1.4 2.5 ± 1.8 2.3 ± 1.6 0.0 ± 0.0 4.4 ± 0.5 0.0 ± 0.0 6.4 ± 1.1
Sub-Gluco-37 4.8 ± 1.0 4.5 ± 0.8 3.0 ± 2.0 2.7 ± 0.5 4.5 ± 1.4 3.6 ± 1.6 1.0 ± 1.3 3.7 ± 2.0 0.4 ± 0.8 4.7 ± 1.0 0.2 ± 0.4 6.8 ± 0.8
Sub-Gluco-40 5.3 ± 1.1 5.0 ± 0.9 3.4 ± 1.1 2.7 ± 1.7 4.4 ± 2.1 3.7 ± 2.0 1.4 ± 1.1 2.6 ± 1.4 0.7 ± 1.3 4.0 ± 1.4 0.0 ± 0.0 5.6 ± 2.1
Sur-Aceto-30 4.8 ± 0.8 4.3 ± 0.5 2.7 ± 1.3 3.2 ± 1.3 3.0 ± 1.9 3.2 ± 1.2 2.6 ± 2.0 2.7 ± 1.0 1.0 ± 0.8 3.6 ± 1.1 0.2 ± 0.4 5.3 ± 1.5
Sur-Aceto-37 1.0 ± 1.3 1.7 ± 1.5 0.3 ± 0.5 1.1 ± 1.2 0.4 ± 0.5 1.3 ± 1.7 2.6 ± 0.8 2.0 ± 1.5 4.0 ± 1.1 1.4 ± 1.5 5.6 ± 1.8 2.1 ± 1.3
Sur-Gluco-30 4.0 ± 1.3 4.0 ± 1.2 1.6 ± 1.3 3.1 ± 1.1 2.4 ± 0.5 2.1 ± 1.8 3.6 ± 1.1 3.4 ± 1.1 2.6 ± 1.9 2.5 ± 1.5 3.0 ± 2.1 4.4 ± 1.7
Sur-Gluco-37 1.0 ± 1.8 2.0 ± 1.5 0.1 ± 2.1 1.4 ± 1.5 0.6 ± 2.1 0.7 ± 2.1 2.3 ± 1.5 2.5 ± 1.5 5.1 ± 2.0 1.1 ± 1.8 5.6 ± 2.1 1.7 ± 2.1

psample 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000
passessor 0.071 0.953 0.449 0.052 0.723 0.467 0.219 0.085 0.886 0.594 0.198 0.060

pculture 0.000 0.000 0.040 0.095 0.000 0.000 0.001 0.976 0.000 0.000 0.000 0.000
pbacteria 0.022 0.237 0.003 0.681 0.275 0.116 0.138 0.053 0.122 0.320 0.068 0.100

ptemperature 0.090 0.000 0.000 0.006 0.000 0.017 0.068 0.953 0.088 0.119 0.165 0.077
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The type of culture used to produce the vinegars had a significant influence on most
of the olfactory notes, as can be seen from their respective p-values in Table 4 and through
the spider charts in Figure 5a.
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Figure 5. QDA. Spider charts of the descriptors with significantly varying intensity according to:
(a) the type of culture; (b) the bacteria used for the production; (c) temperature (in submerged culture
assays); (d) temperature (in surface culture experiments). Intensity scales: 0 Absent, 2 Light, 4
Medium, 6 Intense, 8 Very intense.

The vinegars produced through submerged culture were more complex and aromatic,
with notes of flower, fruit, and ripe fruit, as well as a characteristic pungency, compared to
those obtained by means of surface culture, which presented clear aromatic defects, and
vegetal and raisin notes. Regarding the influence of the acetification process on the sensory
properties of prickly pear vinegar, our results are in accordance with those obtained by
Cejudo-Bastante et al. [30], who used both acetification systems (surface and submerged
cultures) for the production of orange vinegar. As a result of their sensory evaluation,
the authors revealed that the vinegar produced by submerged culture presented higher
intensities of pungency, fruity, floral, and glue, and better values for general impression,
compared to the vinegars produced by surface culture. In another study on Turkish grape
vinegar produced by surface and submerged cultures, the only significant difference with
respect to their sensory characteristics corresponded to ethyl acetate odor and aromatic
intensity, both of which were higher in the vinegars elaborated by surface culture, whereas
the rest of the descriptors were very similar regardless of the acetification methods [31].
Contrarily to our results, another study conducted by Callejón et al. [32] reported that an
increment in the concentration of aroma compounds was observed in red wine vinegars
produced by surface culture acetification, which could be explained by the use of wood
barrels, instead of glass vessels, for the fermentation process.

On the other hand, the vinegars that had been produced using Acetobacter malorum
strains were somewhat better valued (higher olfactory quality), probably due to their more
intense floral and ripe fruit notes, while those elaborated with Gluconobacter oxydans were
characterized by spicy and raisin notes (Figure 5b).

The quality of the final vinegars depends on the selection of the appropriate starter
cultures to lead the process, the quality of the starting material itself, and the rest of variables
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in the production method. The G. oxydans used as a starter culture for the production of
prickly pear vinegar has the ability to convert glycerol, produced by yeast and molds,
into dihydroxyacetone under aerobic conditions, and to form gluconic acid, its lactone
derivatives, and ketogluconic acids, as well as 5-oxofructose. These products can alter
the chemical composition of the must and provide the sensory quality of the vinegar
with a sweet/etherish note that can also react with proline and produce a “crust-like”
aroma [33,34]. In another study on the acetic fermentation of pineapple using Acetobacter
species, it was found that A. aceti BCRC 14156 was the best strain for the production of
pineapple vinegar. This bacteria provided not only a higher fermentation efficiency, but
also a larger amount of volatile compounds with floral and fruity aroma [35]. The sensorial
characteristics associated with ripe fruit or floral aroma registered by the ester- and alcohol-
rich vinegars obtained in that study were similar to ours (fruity and floral) when using
A. malorum.

Regarding the effect of the temperature at which the fermentation process was carried
out, most of the descriptors with a p-value < 0,05 also showed a significant effect in the
interaction with type of culture. As it can be seen in Figure 5c (effect of temperature
in submerged culture assays) and Figure 5d (effect of temperature in surface culture
assays), temperature was a highly significant factor when vinegar is produced by surface
culture. In the vinegars obtained by submerged culture, only the fruity note showed a
significant variation depending on the temperature. However, the lowest temperature
(30 ◦C) was related to a better aromatic profiles in both types of cultures. This is in
agreement with previously published results [8], which confirmed that concentrations of
volatile compounds in vinegars elaborated at 30 ◦C were higher than those in vinegars
produced at higher temperatures.

3.2.3. FCP vs. QDA

When comparing the distribution of the vinegars on the plane corresponding to the
first two factors obtained from a FA of the data from QDA (Figure 6) against the pattern
resulting from the FCP (see Figure 4), we could confirm that the results obtained by the
two methodologies coincide. The calculated RV was 0.78 (p = 0.002), which confirmed
a significant correlation between both distributions. This suggests that either of the two
methodologies used in this study (QDA and FCP) could be useful to study the aromatic
characteristics of prickly pear vinegars.
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4. Conclusions

The implementation of QDA, as well as FCP, to the sensory characterization of the
prickly pear vinegars produced in this work allowed the successful definition of similar
aromatic profiles. Nevertheless, the panel working time spent on the QDA (seven sessions)
was much longer than that dedicated to the FCP (three sessions). QDA also presented
greater sample volume and data processing time demands. For these reasons, FCP has
been confirmed as a quite interesting methodology for the sensory evaluation of edible
vinegars with respect to further development phases of this product. The main limitation
of the work is related to the size of the panel, which had to be reduced due to the limited
availability of sample volumes.

It has also been observed that the type of both culture configuration and acetic acid
bacteria used had a relevant influence on the final vinegars’ aroma. A clear influence from
the process temperature on the olfactory profiles of the prickly pear vinegars obtained
by surface culture could be also confirmed. But, contrary to expectations, the effect of
temperature on submerged culture vinegars was not as evident. This indicates that further
studies to delve into this aspect should be conducted.

Finally, those vinegars that had been produced through submerged culture at 30 ◦C
and using Acetobacter malorum were rated higher for aromatic intensity and the highest
fruity and floral notes. As for the continuation of the research, in order to verify these best
results obtained, it would be of great interest to evaluate the vinegars that showed the
highest aromaticities by applying the fast FCP methodology with a larger tasting panel.
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