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Abstract: The degradation process of virgin olive o0il (VOO) is related to storage time and the type
of storage container used. The aim of this work is to explore the evolution of the VOO quality
stored in different container types over a defined storage period in order to predict the organoleptic
characteristics using a non-destructive technique such as the electronic-nose (E-nose). The “Picual”
variety VOO was stored in different containers over a period of 21 months and monitored using
sensory analysis, volatile compounds, and an E-nose. The panelists showed that oil stored in
dark glass bottles and in green polyethylene bottles began to show defects after 12 and 15 weeks,
respectively. However, oil stored in tin containers retained its quality throughout the 21 months
studied. A total of 31 volatile compounds were identified, and the evolution of the volatile profile in
the different containers during the storage period was studied. The E-nose data were able to classify
oil quality by container using principal component analysis (PCA). Furthermore, the E-nose data
combined with partial least squares (PLS) regression enabled the building of a predictive model to
quantify sensory defect values (R%, = 0.92; R%,, = 0.86), evidencing that this technique would be an
appropriate screening tool to support a sensory panel.

Keywords: virgin olive oil; packaging; sensory quality; volatile compounds; storage time;
electronic nose

1. Introduction

Virgin olive oil is considered to be of great importance among the agricultural products
that make up the Mediterranean diet. It is characterized by a high nutritional value
and sensory qualities [1]. Currently, the quality of olive oil is regulated by European
legislation (EC), the International Olive Oil Council (I0C), and the Codex Alimentarius.
The Commission Regulation [2] has established different categories of olive oil, with
extra virgin olive oil (EVOO) considered to be of the highest quality based on analytical
parameters and sensory criteria and is, therefore, placed in the highest commercial category.

The quality of olive oil and its shelf life is greatly influenced by different aspects such
as agronomical conditions, raw materials, harvesting, and fruit storage [3]. In addition,
storage time and packaging type are two further critical factors that determine quality [4].
Quality decreases during storage, and one of the principal factors to affect it is oxidation, the
intensity of which depends on the antioxidant activity of the product [5]. Auto-oxidation,
photo-oxygenation, or photo-oxidation are processes that are difficult to control. Auto-
oxidation takes place when oxidation occurs in the absence of light, which follows a free
radical mechanism, where hydroperoxides are formed due to the absorption of oxygen.
Once EVOO is exposed to light, photo-oxidation occurs through natural photosensitizers
that react with triplet oxygen to form singlet oxygen in the excited state [6]. Flavor, aroma,
and quality can be affected as a result of the oxidation of lipids to hydroperoxides. This
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results in ketones, aldehydes, acids, and alcohols. The influence of light transmission and
the effect of temperature on physico-chemical quality parameters, sensory attributes, and
the shelf life of EVOO has been studied [5,7-9]. The deterioration of EVOO is caused
by different variables such as oxygen, light, and temperature that cause oxidative and
hydrolytic reactions. This research has shown that EVOO can have a shelf life of between
12 and 18 months if the different variables are controlled [10]. Thus, to minimize oxidation
processes, different containers have been proposed to protect olive oil from both oxygen
and light. Industrialists use different types of containers made from dark packaging that
can prevent the penetration of light and, in turn, prevent the oxidation process [5-7,9]. As
a result, the Royal Decree 760/2021 of 31 August [11], which approves the quality standard
for olive and olive-pomace oils, advises to protect oils from oxidative processes with regard
to the product within which it is packaged.

The most commonly used techniques to identify and quantify volatile compounds
are a panel test and gas chromatography. These procedures of analysis require specialized
technical personnel and long laboratory analysis times to determine the quality of the
stored oil. Therefore, an alternative to these traditional methods is an artificial olfactory
system such as the electronic nose (E-nose). This non-destructive device represents a
powerful sensory tool that enables the successful qualitative and quantitative evaluation of
the volatile compounds of the product. An E-nose has been used during the elaboration
process or in the final product in several industrial sectors. There are some references
of its use related to olives and table olive products [12,13] in the olive sector. In the
case of olive oil, this tool has previously been used to discriminate VOO with varying
qualities with high accuracy (67-77%) [14] and to differentiate between VOO with different
sensory qualities obtained from healthy and infested olives [15]. With the use of an E-
nose, Martinez et al. [16] predicted the olive oil quality based on the fruit characteristic after
harvest. Moreover, studies have demonstrated the capability of the E-nose in the monitoring
of the evolution of volatile compounds during storage [17]. An E-nose consisting of
12 metal oxide semiconductor (MOS) sensors and 10 metal oxide semiconductor field-effect
transistors (MOS-FET) was able to discriminate olive oil samples based on aging time, and
the E-nose data correlated strongly with peroxide values [18]. Other authors have studied
the use of the E-nose for the evaluation of rancidity in virgin olive oils, to monitor the
shelf life of bottled virgin olive oils [19] or to predict the intensity of the fruity aroma and
off-flavors in VOOs [20]. However, to the best of our knowledge, there are no studies of the
use of such electronic devices to monitor the storage of olive oil in different containers and
to quantify any defect perceived.

The aim of this work was to discriminate the quality of virgin olive oils kept in different
containers during the storage period by using an E-nose and validating the results using
sensory and gas chromatography analysis.

2. Materials and Methods
2.1. EVOO Samples

Olives (Olea europaea L.) from an experimental field of the “Picual” variety were harvested
in the southwest of Extremadura (Spain) at the end of October at the veraison stages of
maturation. Olives were transported to a mill to be submitted to the industrial elaboration
process by a local oil producer (Pieralisi, Jesi AN, Italy), following the methodology proposed
by Martin-Tornero et al. [21]. The VOO was then bottled into three containers of 250 mL
capacity: (i) opaque crystal bottles (Dark crystal); (ii) opaque green polyethylene bottles (Green
PET); and (iii) tin containers (Tinplate). The samples were stored in the laboratory at 20 °C.
EVOO samples were taken every three months (t0-t6) over a period of 21 months.

2.2. Analyses
2.2.1. Sensory Analysis

The sensory analysis was evaluated by a group of 12 panelists specially trained to
describe the taste and odor properties of VOO. The panel belongs to the Scientific and
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Technological Research Center of Extremadura (CICYTEX). The evaluation was carried out
in a tasting room, where 15 mL of each sample was placed into standard tasting glasses
covered with a watch glass and placed on a heating block at 28 & 2 °C [2]. The descriptive
profile was assessed using a test sheet, with each attribute scored using an unstructured
scale of 10 cm. Olfactory aspects were assessed in this study. The intensity of the fruitiness
and the main perceived defect (rancidity) of VOO were evaluated. The results of the sensory
evaluation were expressed as mean values for each attribute studied. The coefficient of
variation such as the standard deviation of the sample divided by the mean values and
multiplied by 100, was also calculated in each sensory evaluation. When this value was
less than 20%, the results were considered valid.

2.2.2. Volatile Compound Analysis

Volatile compounds were analyzed by gas chromatography previous static headspace
sampling with solid phase microextraction [12,22]. Aliquots of 2.0 g of VOO were placed
in glass vials capped with polytetrafluoroethylene septum. A polydimethylsiloxane/
divinylbenzene (PDMS/DVB) StableFlex fiber (65 pm, Supelco, Madrid, Spain) was man-
ually inserted into the vials at 40 °C for 30 min for headspace removal. After extraction,
desorption was carried out, whereby the fiber was introduced into the injection port of the
GC at 250 °C for 40 min. Analyses were performed using a Bruker Scion 456-GC triple
quadrupole gas chromatograph with a capillary column (DB WAXETR, 60 m x 0.25 mm;
ID: 0.25 mm). The compound identification was carried out in accordance with the NIST
standard reference database through mass spectra.

2.2.3. Electronic Nose

The miniaturized electronic device (with an electronic board measuring
39 mm x 33 mm) was used in this study, and it was designed and developed in-house by
the Department of Electrical, Electronic and Automatic Engineering of the University of
Extremadura (Spain) [23]. The electronic device is shown in Figure 1 and has the desired
features of portable equipment: it has very low power consumption (185 mA), it is powered
by a 3.7 Vpc and 2000 mAh rechargeable LiPo battery, it is lightweight and small in size,
and can transfer data wirelessly to a smartphone. All these features make it manageable
when taking measurements from the tasting glasses. The E-nose board has two different
power supplies (+3.3 VDC and +1.8 VDC) for the different sensors and is governed by a
powerful microcontroller (PIC32MM0256GPM048 from Microchip Technology Inc., Chan-
dler, AZ, USA). Among other features, this microcontroller has been chosen because of its
memory (256 KB of program memory and 32 KB of data memory) and its communications
modules (several I2C and UART). The E-nose also has a Bluetooth module (Microchip’s
RN4871), a UART port serial communication, and a battery charger via micro-USB-B con-
nector. The sensors used (Sanchez et al., 2021a) are grouped into an array of 11 Metal Oxide
Semiconductor (MOS) sensors inserted into four chips with integrated analog-to-digital
converter and I2C bus communications: BME680 from Bosch Sensortec GmbH (Reutlingen,
Germany), SGP30 from Sensirion AG (Stédfa, Switzerland) and CCS811 and iAQ-Core from
ScioSense B.V. (AE Eindhoven, The Netherlands). These sensors send a total of 14 signals,
distributed as follows:

e  BMEG680: ambient temperature (0C), pressure (hPa), relative humidity (% RH), and
gas measurement (€2).

e  SGP30: equivalent CO, concentration (eCO;) (ppm), total volatile organic compounds
concentration (TVOC) (ppb), and the raw measurements of H, and ethanol.
CCS811: eCO; (ppm), TVOC (ppb), and sensor resistance (2).
iAQ-Core: eCO, (ppm), TVOC (ppb), and sensor resistance ((2).

The same procedure described for the sensory analysis was followed to carry out the
E-nose analysis of the VOO samples. The samples selected for each sampling date during
the shelf life were frozen at —80 °C until the time of analysis. Samples were then subjected
to a cold defrost for 48 h and placed into the tasting glass as previously described in the



Chemosensors 2023, 11, 85

40f13

sensory analysis epigraph. The E-nose data consisted of a static headspace adsorption
phase, where the aroma of the samples was put into contact with the E-nose sensors for
60 s. The E-nose was then placed into a tasting glass containing a silica gel cup for 30 s until
the desorption phase took place and to bring the gas sensor signal back to the baseline. The
operational temperature of the sensors (around 400 °C) was optimized for this application
and selected through the user interface. The E-nose recorded data at one second intervals
and the system took a reading of the resistive value supplied by each sensor. The E-nose
measurements were made randomly on the tasting glasses, making ten measurements
for each VOO sample. The values detected by the sensors were read by a microprocessor,
which sent them to a smartphone via Bluetooth using an ASCII-based protocol. All signals
were sent at the same time separated by tabs in a single row, and each measurement was
sent every second, resulting in a table in which each column corresponded to a signal
and each row to a measurement. An Android application with an easy user interface was
developed to fetch and save this data for further processing. The resulting data were then
sent to a computer and organized into columns in a spreadsheet for chemometric analysis.
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Figure 1. E-nose electronic board (view from front and above) and the different components involved

in the measurements.

2.3. Statistical Analysis

A one-way ANOVA was used followed by Tukey’s multiple range test of sensorial
analysis data obtained by panelists to establish statistically significant differences between
the VOO samples stored for 21 months in the different containers studied. For this statistical
analysis, SPSS software Version 18.0 was used (SPSS Inc., Chicago, IL, USA). The level of
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significance was set at p < 0.05. The results were considered as mean values with their
standard deviations.

With reference to the E-nose data, a vector of data with 11 columns (one for each
gas sensor) was generated for each sample using the relative resistance feature extraction
method. The data were processed using an unsupervised exploratory principal component
analysis (PCA) [24]. This analysis was used to detect outliers and to evaluate if the samples
were grouped according to their respective volatile compounds. By performing a PCA, a
reduction in the dimension of the input variables could be carried out, thereby obtaining
principal components that were linear combinations of original response vectors. Since the
studied variables were measured according to different units, the original variables were
auto scaled.

The defects perceived by the tasting panel could be determined and quantified by
using the partial least squares (PLS) method [25]. A total of 18 samples were used to
establish the PLS model. The model performance was set using a calibration set which
included 70% of the samples. The accuracy and robustness of the model were validated
with 30% of the samples.

Data analysis was performed using Matlab R2016 Version 9.1 (The Mathworks Inc.,
Natick, MA, USA) with PLS_Toolbox 8.2.1 (Eigenvector Research Inc., Wenatchee, WA, USA).

3. Results and Discussion

Figure 2 shows a diagram of the general study workflow. The process commenced
with the organoleptic evaluation by a tasting panel, followed by the gas chromatographic
analysis. An electronic device was then used to obtain data which were chemometrically
treated to discriminate between storage times and to quantify the organoleptic defects in
the olive samples.

Opaque cristal

/ 00) / Sensory analysis

Olives _> Extra Virgin % i
B Packaging —) MEIE(!]CEE" — 21 months store —) Volatile compounds |

(cu. Picual) Olive Ol "
(shelf life)
\ Opaque plastic

(EVOO)
(ap)

Chemometric
analysis

E-nose

Figure 2. Study workflow.
3.1. Sensory Aroma of Olive Oils

A tasting panel evaluated the sensory attributes of VOO in accordance with the official
method, and positive and/or negative sensory attributes were rated. Positive sensory
attributes related to fruity odor, while negative sensory attributes related to the principal
defect, namely rancidity (Table 1).

At t0, all samples were classified into the highest commercial category, EVOO, as a
result of the positive attributes and the lack of defects identified. Olive oil stored in Tinplate
containers presented the highest proportion of positive attributes during the conservation
period. The intensity of fruitiness decreased for all packaging types during storage time.
This decrease was slightly higher in oil packaged in dark crystal bottles and green PET
containers. Polyethylene can adsorb considerable amounts of aroma compounds, resulting
in the loss of aroma intensity with an unbalanced flavor [26].

The negative attributes shown in Table 1 also demonstrate that defects were detected
during storage time in two of the three assessed packaging types. EVOO stored in Tinplate
containers showed no defects during the 21 months of storage. In contrast, the dark crystal
and green PET containers showed defects related to rancidity at t5 and t6, respectively.
These defects resulted in the olive oil changing its commercial category from EVOO to VOO.
Furthermore, at the end of the storage time (t6), the quality of the olive oil stored in dark
crystal bottles decreased to the lowest commercial category: lampante olive oil (LOO). The
Tinplate containers avoided these defects as they provided total protection against light,
oxygen, and water vapor, thereby allowing the olive oil to maintain the highest commercial
category: EVOO. Transparent or translucent containers could not protect the olive oil from
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photo-oxidation, hence the presence of the rancid aroma. According to Flori et al. [27] a
longer shelf life is obtained during storage at a lower temperature. They also suggested
that the best packaging types to maintain the storage stability of olive oil are containers of
tin, stainless-steel, and dark glass.

Table 1. Most common sensory attributes identified through panel testing (mean =+ standard de-
viation), split by commercial category of EVOO and packaging in different container types over
21 months of storage. The small letters refer to significant statistical differences (Tukey’s Test, p < 0.05)
according to the storage time (t0-t6) for each container type. The capital letters represent significant
statistical differences (Tukey’s Test, p < 0.05) according to the different container types (dark crystal,
green PET and Tinplate) relative to storage time (t0-t6).

Container Attributes to t1 2 t3 t4 t5 t6
Fruity 56 £05aNS 5.6 +£04aNS 52+0.5aNS 52 +0.3aNS 4.1+ 0.3bNS 2.7 £ 0.3cB 1.3 £0.4dC
Dark crystal ~ Defect n.d. n.d. n.d. n.d. 2.0+ 0.3c 3.0 £ 0.3bA 4.5+ 0.3aA
Category EVOO EVOO EVOO EVOO VOO VOO LOO
Fruity 47+£0.6aNS 52+03aNS 54406aNS 4.6+ 05bNS 4.3+ 0.6bNS 4.3+ 0.6bA 3.1 4 0.5cB
Green PET Defect n.d. n.d. n.d. n.d. n.d. 1.0 + 0.3bB 2.5+ 0.3aB
Category EVOO EVOO EVOO EVOO EVOO VOO VOO
Fruity 52+04aNS 53+03aNS 51+04aNS 54 +05aNS 42+02bNS 42+ 04bA 4.3 £ 0.3bA
Tinplate Defect n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Category EVOO EVOO EVOO EVOO EVOO EVOO EVOO
EVOO: extra virgin olive oil; VOO: virgin olive oil; LOO: lampante olive oil. t0: 3 months, t1: 6 months, t2:
9 months, t3: 12 months, t4: 15 months, t5: 18 months and t6: 21 months of storage time. NS: no significant
differences. n.d.: not detected.
3.2. Gas Chromatographic Analysis of Volatile Compounds

The volatile organic compounds (VOCs) that contribute to taste and flavor belong
to several chemical classes, namely aldehydes, alcohols, hydrocarbons, ethers, esters,
carboxylic acids, and ketones [28]. Those most responsible for the off-flavors in olive oils
are aldehydes, ketones, and alcohols. In this research, the olive oil samples analyzed by gas
chromatographic and the evolution of the contents of the different VOCs during storage
time in the three containers assayed are summarized in Table S1.

In total, 31 compounds were identified, which were grouped according to different
chemical classes (Table 2). At t0, the families most prominent in appearance were aldehydes,
alcohols, and esters. During storage, and independently of the container, their prominence
decreased, while the appearance of hydrocarbons and carboxylic acids increased.

Table 2. Chemical distribution of VOCs of oils stored in different containers.
al 7 i3 ! & i
Groups " |pc PET T |DC PET T | DC PET T |[DC PET T | DC PET T | DC PET T
Aldehydes 332 | 208 303 326 | 209 302 25| 167 222 280 | B4 167 209 | B4 24 217 | 51 225 197
Alcohols 315 | 400 349 336 | 374 321 345 | 396 363 342 | 406 391 370 | 350 301 332 | 326 294 323
Hydrocarbons | 56 | 64 62 58 | 59 60 58 | 66 61 61 | 67 88 61 | 80 92 66 | 182 180 115
Ether 31 | 27 26 25|35 25 27| 36 34 29 |25 30 26 | 26 40 38 | 24 31 34
Esters 217 | 250 222 216 | 272 255 233 | 300 290 259 | 228 297 300 | 213 271 313 | 138 199 292
gjigjsoxyhc nd. n.d n.d. nd. | nd. n.d. nd. | nd. n.d. nd. | nd. n.d. nd. | 56 42 n.d. 7.0 53 0.4
Ketones 49 | 51 38 38 | 50 37 42 | 36 28 28 | 20 27 34 | 21 31 35| 09 18 34

t0: 3 months, t1: 6 months, t2: 9 months, t3: 12 months, t4: 15 months, t5: 18 months and t6: 21 months of storage;
DC: Dark crystal; PET: Green PET; T: Tinplate.

Figure 3 summarizes the evolution of the most prominent VOCs. In relation to alde-
hydes, (E)-2-hexenal associated with fruity attributes [29,30], is the most common, and
its concentration decreased throughout storage in all containers. At t6, the lowest con-
centrations were found in the dark crystal and green PET containers and the highest in
the Tinplate containers (Figure 3A). Hexanal and nonanal were identified as compounds
associated with the increase of defects during storage. At t0, the presence of these com-
pounds was not detected in any of the containers, but the hexanal concentration increased
in Dark glass bottles from t4 and in Green PET from t5. However, they were not detected
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in the Tinplate containers over the storage time. These aldehydes are produced by the
oxidation of unsaturated fatty acids; this leads to a loss of quality and develops a rancid
taste and smell [31]. The second family most prominently represented in fresh olive oil
was alcohols (Table 2), with a similar percentage to the aldehydes group. (Z)-2-penten-1-
ol, (E)-2-hexen-1-0l, and (E)-3-hexen-1-ol are related to fruit and the green odor in fresh
oils. The concentration of the first two practically did not vary, but the concentration of
(E)-3-hexen-1-ol decreased in all containers (Figure 3B).

(A)

—e—dark cristal Green PET Tinplate

30
25 A
20 A

% (E)-2-Hexenal
=
(9]
1

o un

t0 tl t2 t3 t4 t5 t6
Storage time

(B)

—e—Green crystal Green PET Tinplate

w w
o u»
1 )

__‘”V/\

AN

(92}
1

- = N N
v O
1 1

o
1

% €-3-Hexen-1-ol

o n

t0 t1 12 tiudFiee t4 t5 t6

Figure 3. Evolution of the most prominent VOCs during the storage time. (A) (E)-2-Hexenal;
(B) (E)-3-Hexen-1-ol.

Although hydrocarbons have a negligible impact on the odor of olive oils, compounds
such as octane and «-farnesene, which contribute to a positive odor with a strawberry
aroma [32], appeared in very low proportion in the fresh oil and decreased at the end
of the storage time (Table S1). Other hydrocarbons such as 4-methylheptane and 2,4-
dimethylhexane, which are related to negative attributes with an unpleasant odor [33],
increased slightly during storage, except in the Tinplate containers. In the case of ethers,
which contribute to a positive aroma [33], their values did not vary significantly in any of the
containers. Similar behavior was observed with esters. As with the previous compounds,
they contributed to positive aromas, a green grassy and mild sweet smell [34], and their
values did not vary significantly in any of the containers either. Acetic acid, belonging to the
group of carboxylic acids and contributing with vinegary and sour sensory attributes [35],
significantly increased its concentration in the Dark crystal bottles and the PET containers
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and slightly in the Tinplate containers. In the case of the ketones group, both 6-methyl-5-
hepten-2-one and geranylacetone, which are positive compounds with a green odor [35,36],
showed a similar concentration throughout the study (Table S1).

In line with what has been commented on in the study on the evolution of volatiles,
the container that best preserved the aroma of the olive oil was Tinplate. (E)-2-hexenal, (E)-
3-hexen-1-ol, and 1-hexanol in t6 had a higher percentage representation in this container
type and all had a positive aroma. However, hexanal, 2-methyl-2-propanol, 4-methyl-1-(1-
methylethyl) cyclohexanol, 4-methylheptane, 3-decyne, 3,5-dimethyloctane, 3-ethyloctane
and acetic acid had a negative odor. These VOCs represented the highest percentages in
Dark crystal and Green PET containers.

3.3. E-Nose Discrimination of VOO Stored in Different Containers

VOO stored in different containers was analyzed using an E-nose. Through sensor
measurements versus time, a response curve measuring responses over one second intervals
was generated to characterize the sensor response curves. An algorithm function was then
used to extract the data of each sensor in the samples studied: the maximum value of the
signal minus the minimum, plus 100, minus one in our case was used to obtain a data
vector with 11 rows for each sample as a result of a feature extraction algorithm. Once
all measurements were obtained, a baseline manipulation pre-processing was performed
following Equation (1).

Characteristic value = (Reference/Sample) - 100, (1)

where Characteristic value is the pre-processed value, Reference is the steady value (average
of the last five values) reached during the clean air measurement phase, and Sample is the
steady value during the sample measurement phase.

E-nose data of each container type were then individually processed using principal
component analysis (PCA) with the objective of exploring whether there were any natural
groupings throughout the storage time (Figure 4).

The PCA results showed that more than 70.0% of the total variance of data was ex-
plained by only PC1 in all the containers studied. When comparing the two first principal
components, a clear progression of the scores over storage time could be observed, regard-
less of the containers used. This was most notable with the Dark crystal bottles, where four
groups of samples correlated with the storage time (Figure 3). The first group, with negative
scores for both components, included samples of t0, t1, and t2; the second (positive values
for PC1 and negative values for PC2) with t3 samples; the third (positive and negative
scores for PC1 and PC2) with samples of t4 and t5; and the fourth (negative scores for PC1
and positive scores for PC2) with samples of t6. Groups three and four clearly differed
from the other two. These results support the sensory analysis carried out by the tasting
panel, which showed that in the last three samplings (t4-t6), the oils lost fruity aromatic
intensity, defects increased, and the Extra category was lost.

In the case of the Green PET bottles, only three different groups can be observed in
the PCA scores biplot (Figure 3): the first group (positive scores values for PC1 and PC2)
with samples from t0 to t3, the second group (negative scores for both PC1 and PC2) with
t4 and t5 samples, and the third group (negative scores for PC1 and positive scores for
PC2) with samples of t6. In this container, and in line with the results of the sensorial
analysis, samples from t0 to t3 continued to maintain the extra category (EVOO). However,
the E-nose classified samples from t4 as VOO, while the tasting panel still classified t4 as
EVOO. This contradiction could be considered as supportive of the fact that many authors
have questioned the accuracy of human panels and indicate that they should be aided by
instrumental tools [37].

Lastly, in the case of olive oil samples conserved in Tinplate, although the same three
groups could be observed as with the Green PET bottles, the differences between them
were not significant, except for the samples t6. In this case, samples did not show any
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variation over storage time, in line with the sensorial analysis and, as a result, all samples
were categorized as EVOO.
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Figure 4. Score plot of the PCA analysis for oils stored in different containers. Dot: extra virgin olive
oil; triangle: virgin olive oil; square: lampante olive oil.

It is notable that the behavior of the t6 samples was very similar in all containers, with
identical score values (negative scores for PC1 and positive scores for PC2), corresponding
to a loss of quality in all cases. Samples from the Tinplate containers, as concluded by the
tasting panel, were still considered to be of EVOO category, although the intensity of the
fruitiness had decreased (Table 1). However, the results obtained from the E-nose indicated
that the quality of EVOO had significantly decreased. Thus, these results suggest once again
that the electronic device provided better results than those provided by sensory analysis.

Partial least squares (PLS) regression was selected to establish a quantitative model
consisting of the E-nose data obtained from VOO stored in different containers and the
known defects identified by the tasting panel (Figure 5). A calibration set (18 samples)
was used to build the model and to perform the cross validation. Through Haaland and
Thomas’s criterion [38], the optimal number of components was taken. This occurred when
the value of PRESS did not statistically differ from the minimum value of PRESS. The
optimum number of latent variables was 3. The coefficient of determination in the cross
validation was 0.92, while low RMSECYV values of 0.65 were also obtained. The model was
validated across the validation set (12 samples). The validation parameters were acceptable,
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obtaining a value of 0.86 for perceived negative aroma, while a value of 0.54 was obtained
for RMSEP.

Defect perceived
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‘ RZ 0.88
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0 - T T T 1
0 1 2 3 4 5

Experimental Value

Figure 5. Experimental values against PLS cross-validation predictions (e) and validation set predic-
tions (x) for VOO defects identified by panelists.

These initial results indicate that this model enables the intensity of VOO defects
to be quantified, which could be used by the oleic sector to evaluate the quality of its
product during storage. Similar models have been established in other matrices to detect
fermentation defects [12,13] in the olive growing sector, to classify oils according to their
quality [14,21] or to detect the presence of unpleasant cooking odors in Californian-style
black olives [39,40]. This information will allow producers to recognize changes in the
quality of the product and to classify it accordingly. This model could predict incipient
alterations to the oil that may occur during its conservation through continuous analysis
using electronic equipment. These results also demonstrate the accuracy and high capacity
of the E-nose to determine the quality of the VOO. The outcomes show that the E-nose is
able to differentiate oils according to their aroma. These findings are consistent with those
obtained from the sensorial analysis (Table 1) and volatile organic compounds (Figure 2
and Table 2), differentiating between VOO quality and confirming the suitability of the
E-nose to be used in this sector. This is an interesting result given that this tool could be
useful at industrial level in detecting positive and negative attributes after the elaboration
process. Therefore, oils could be marketed with a higher quality.

4. Conclusions

When preserving EVOO at room temperature, the extent of its quality during storage
is dependent on the type of container used. EVOO loses its quality after 21 months of
storage but remains in a better condition in a tinplate container (EVOO) than in dark glass
bottles (VOO or LOO). The oil stored in green PET bottle containers was classified as VOO
and in dark glass bottle containers as LOO. However, positive aromas started to be lost in
all of them and, therefore, defects related to rancidity appeared. The volatile compounds
related to the positive aroma of the oil were: (E)-2-hexenal, (E)-3-hexen-1-0l and (Z)-3-
hexen-1-ol, acetate. Those related to negative aromas were hexanal, 2-methyl-2-propanol,
and acetic acid. The E-nose differentiated the aroma perceived of the VOO in different
groups, demonstrating it to be a powerful tool with analytical capabilities. The results
provided by the tasting panel and the volatile compounds profile matched the classification
provided by this device. This proves that, combined with chemometric tools, and as an
auxiliary tool for a tasting panel, the E-nose represents a fast, simple, reliable, and low-cost
method suitable for use at industrial level to control the quality of this product.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /chemosensors11020085/s1, Table S1:Content of volatile compounds
(mean %, n = 3) obtained of VOO packed in different containers during 21 months of storage. R.T.:
retention time.
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