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Abstract: The International Olive Council (IOC) established that olives must be free of odors, off-
flavors, and absent of abnormal ongoing alterations or fermentations. The use of electronic devices
could help when classifying defects in a fast, non-destructive, cheap, and environmentally friendly
way. For all of that, table olives were evaluated according to IOC regulation in order to classify the
defect predominant perceiving (DPP) of the table olives and their intensity. Abnormal fermentation
defects of Spanish-style table olives were assessed previously by an IOC-validated tasting panel.
‘Zapateria’, ‘Putrid’, and ‘Butyric’ were the defects found at different concentrations. Different
volatile compounds were identified by gas chromatography in altered table olives. The same samples
were measured with an electronic nose device (E-nose). E-nose data combined with chemometrics
algorithms, such as PCA and PLS-DA, were able to successfully discriminate between healthy and
non-healthy table olives, being this last one also separated between the first and second categories.
Volatile compounds obtained with gas chromatography could be related to the E-nose measuring
and sensory analysis, being capable of matching the different defects with their correspondents’
volatile compounds.

Keywords: E-nose; digital olfaction; volatile compounds; sensory analysis; table olives

1. Introduction

Spain is the leading country in table olive production, being present in almost all
countries such as Argentina, Peru, Portugal, Egypt, Morocco, and Turkey. The table olive
sector is highly important to the agri-food industry due to job generation and production
volume, transformation, commercialization, and exportation activities [1].

The most frequent elaboration style is “Spanish-style”, which consists in treating
Olea europea spp. Fruits with caustic soda in order to eliminate bitterness. After that, table
olives will be fermented for several in a NaCl solution. As the fermentation goes by, there
are some critical points in months which abnormalities could happen, leading to defective
table olives. These unexpected processes are one of the main causes of high economic loss
for table olive producers.

Nowadays, only physical defects are categorized as extra, first, or second category
olives [2]. Although, the absence of strange flavors, odors, or symptoms of abnormal
fermentations or ongoing alterations is a compulsory statement present in the current
regulation. For that reason, the performance of sensory analysis by a well-trained tasting
panel and validated by IOC [3] should be accomplished for classification purposes. Never-
theless, the IOC protocol is not mandatory but only a recommendation. Certain olfactory
defects such as zapateria, musty, butyric, rancid, or vinegary sensations should be classified
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by the sensory panel [4,5]. Zapateria defect is the predominant sensation perceived by
the tasters when present in table olives. A combination of volatile fatty acids generated
during abnormal fermentations is responsible for this particular rotten leather sensation,
according to IOC. Musty or humidity defect generates mold smell. The butyric defect is a
butter or cheese off-flavor. Finally, the putrid defect is responsible for the decaying organic
matter odor. Bad industrial practices are the most usual causes of these defects, facilitating
uncontrolled fermentation process development.

Chromatographic analysis of volatile compounds can also assist in identifying respon-
sible compounds for abnormal fermentation [6-9]. However, sensory analysis based on
an expert panel and volatile fraction characterization of fermented olives based on gas
chromatography are laborious, costly, and time-consuming processes requiring complex
equipment and/or qualified personnel. Therefore, it is relevant to develop a fast and reli-
able technique to differentiate table olives based on their organoleptic properties. Abnormal
fermentations should be identified by this protocol in order to perceive the early defect and
have the opportunity of controlling them.

Nowadays, electronic instrumentation is emerging to propose new ways of non-
destructive, fast, low-cost, and environmentally friendly measurement. In that sense, the
electronic nose (E-nose) is a powerful sensory device that is able to discriminate aroma
profiles of different matrices [10-13]. This device has also been used to classify olives on
olive trees [14]. In this respect, the E-nose may be an effective alternative to identify different
types of abnormal fermentations in table olives on an industrial scale. Non-destructive
E-nose could be complementary to the tasting panel. Early off-flavor identification can be
useful to correct them before the olives become unacceptable and unmarketable.

The development of a functional E-nose methodology to discriminate between healthy
and non-healthy samples (this last group is divided into first and second categories) of
Spanish-style table olives according to their sensory attributes has been performed. Data
were contrasted with gas chromatography and sensory analysis of the table olives by the
testing panel. The novelty that this work is the portability and adaptation of the E-nose to
the standard olive tasting cups, which allow the reproduction of the evaluation protocol
of sensory attributes recommended by the IOC of which table olives can be classified into
quality categories. Having an objective instrument to classify in categories accessible to the
table olive industry could lead to the consequent improvement in table olives quality. Thus,
the aim of this work was to develop a quality control methodology in the industry capable
of discriminating between healthy and unhealthy samples, as well as classifying them into
different categories according to their sensory attributes with a digital olfaction device.

2. Materials and Methods
2.1. Experimental Design

Olives (Olea europaea L.) of the “Carrasquefia” variety were obtained in a research field
of the CICYTEX research center (Badajoz, Spain). Olives were harvested at the green stage
of maturation during the 2021,/2022 campaign. They were processed in a semi-scale station
according to the Spanish-style protocol [15].

The product was introduced into a fermenter with the capacity of 236 L. Olives
were submitted to lye treatment, and after all, the product was washed with water and
immersed into small fermenters of 10 L of capacity with brine at 5.5% NaCl (Sigma-Aldrich,
St. Louis, MO, USA). Spontaneous microbiological fermentation was carried out for
121 days [15]. Each week, the tasting panel in charge of the assay performed a sensory
analysis to discriminate between olives without abnormal fermentations of the ones that
have them. Samples that did not present a clear defect were discarded by the panelists. Thus,
the number of samples previously selected by the tasting panel with natural microbiological
alteration was 81.

The samples were stored in refrigeration (4 °C) when the target defect was perceived
until the analysis was performed. A sample with controlled fermentation was also stored
(control). A diagram of the overall experimental design is shown in Figure 1.
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Figure 1. Diagram of the overall experiment design.

2.2. Analyses
2.2.1. Sensory Analysis

The variety used for this assay was ‘Carrasquefia’, a typical Spanish table olive. These
samples were analyzed by a well-trained sensory panel from CICYTEX-INTAEX Research
Center (Extremadura, Spain). A standard glass jar was used to place table olives inside in
at the same height, filling them with 10 mL of brine. On a well-defined scale from 1 to 11,
abnormal fermentations perceived by the panelists were evaluated in terms of intensity
and off-odor perception. The results were displayed as mean defect values, considering
them acceptable when the variation coefficient was less than 20. Finally, table olives were
categorized according to the quality classification elaborated by the IOC [3]. A total of
81 samples were studied.

For the statistical analysis, a one-way ANOVA was performed plus Tukey’s multiple
range test to establish statistically significant differences between the different samples. Sig-
nificance was set at p < 0.05. The software used was SPSS 18.0 (SPSS Inc., Chicago, IL, USA).
Data were expressed as mean and standard deviations (SD).

2.2.2. Analysis of Volatile Compounds

A triple quadrupole gas chromatograph (Scion 456-GC, Bruker, Madrid, Spain) fol-
lowed the method described by Lopez-Lopez et al. [7] and was used to analyze volatile
compounds by triplicate. SPME was used to sample from the headspace (40 °C for
15 min) with a polydimethylsiloxane/divinylbenzene (PDMS/DVB) StableFlex fiber
(65 pm, Supelco, Madrid, Spain). Once desorption occurred at the injection port of the gas
chromatograph (250 °C for 15 min), the components were divided using a capillary column
(B0 m x 0.25 mm, ID: 0.25 mm, VF5MS, Agilent, Madrid, Spain). NIST 2.0 MS library was
used to analytes identification through mass fragmentation comparative analysis.

2.2.3. E-Nose Analysis

The E-nose used in this work was designed by the University of Extremadura and
consisted of an array of 11 metal oxide (MOX) sensors. These sensors are distributed on
four chips previously explained in previous research [13]. The microprocessor receives the
signal from the sensors, processes them, and sends the data to a smartphone via Bluetooth.
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A response value of the sensor array is obtained every second. Thus, to characterize the
sensor response curves, the formula of the maximum signal value minus the minimum
signal value multiplied by 100 and subtracted by: (MAX — MIN) x 100 — 1) was used.
As a result, a data vector with 11 rows (sensors) was obtained for each sample. Finally,
they are transferred to the computer for chemometric analysis. The measurements and
data obtaining with the electronic devise are shown in https://susy.mdpi.com/user/
submission/video/5f6c41e532625088e8bf165b38a5cel8.

This device described in more detail by Arroyo et al. [13] has low power consumption
and is the size of a hockey puck, making it easy to transport. This array of sensors has
been used previously by the authors [13,16,17]. The measurements with the E-nose were
performed following the same protocol as the table olive tasting panel that is based on
IOC recommendations [3]. Three olives with about 10 mL of brine were placed in standard
tasting glasses, covered with a watch glass, and placed in a block thermostat at 25 °C.
One tasting cup remained empty. Each data acquisition cycle consisted of two parts, one
adsorption, and one desorption. Alternately, the E-nose was placed in the cups with
samples and air. First, 30 s in the cup with air to achieve desorption of volatiles on the
sensors and return the signal to baseline. Next, the E-nose measured the volatiles in the
headspace of the samples for 60 s, and the signals from the sensors were recorded.

2.2.4. Multivariate Data Analysis

E-nose data were first analyzed using principal component analysis (PCA) to perform
exploratory analysis. This algorithm minimizes the dimensionality of the variables to
a smaller number, denominated principal components. The aim of this unsupervised
method was to detect outliers and recognize patterns or cluster formation. As the variables
were measured in different units, the original variables were autoscaled. Subsequently,
the supervised classification analysis called partial least squares discriminant analysis
(PLS-DA) [18] was applied to build a classification model. This algorithm identifies the
components or latent variables (LV) that most discriminate between the different groups
of samples. These variables were selected by cross-validation with the leave-one-out
procedure. A supervised classification requires prior knowledge of the class of each sample,
and that was obtained with the previous classification of the tasting panel. Specifically,
a model was developed to discriminate between table olive samples belonging to three
different categories. The confusion matrix of the model was constructed to represent the
prediction success. The proportion of the correct predictions was calculated from the sum
of the diagonal elements found in the confusion matrices.

Data analysis was performed using Matlab R2016b version 9.1 (The Mathworks Inc.,
Natick, MA, USA) with PLS_Toolbox 8.2.1 (Eigenvector Research Inc., Wenatchee, WA, USA).

3. Results

First, the organoleptic profile and the volatile compounds of the samples studied
are described. Next, the results of E-nose technology are shown to distinguish between
table olives’ health and those with different defects. Finally, an experimental model was
developed with the data provided with E-nose to classify olives according to their quality.

3.1. Sensory Analysis of Spanish-Style Table Olives

Spanish-style table olives were sensorially classified into different categories according
to the defect predominant perceived (DPP) by the tasting panel (Table 1). Table olives
samples without any sensory alteration were classified as the “Extra” category. However,
other samples showed several defects that are related to abnormal fermentation. The first
batch of samples had a defect concentration range of 3.8-4.1. The main defects described in
different samples by panelists were ‘Zapateria’, ‘Butyric’, and ‘Putrid’. These olives were
classified in the first commercial category (3 < DPP < 4.5). As can be seen, other samples
presented a range of defects between 5.9 and 6.2 being the DPP “Zapateria’ and ‘Putrid’.
These olives were classified into a second category (4.5 < DPP < 7.0).
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Table 1. Defect predominantly perceived (DPP) of Spanish-style table olive. Different lowercase
letters mean a statistically significant difference between altered olives within the same category
(one-way ANOVA followed by Tukey’s test, p < 0.05). Different uppercase letters mean a statistically
significant difference between each altered olive in different categories (one-way ANOVA followed
by Tukey’s test, p < 0.05).

Extra 1st Category 2nd Category
DPP < 3 3<DPP<45 45<DPP < 7.0
Sensory ‘No defect’ ‘Zapateria’ ‘Putrid’ ‘Butyric’ ‘Zapateria’ ‘Putrid’
evaluation n.d. 41+09ns A 38+07ns A 39+£08ns 6.2+08nsB 59+09nsB
n=18 n=15 n=15 n=15 n=9 n=9
n.d., not detected; ns: not significant differences.
3.2. Volatile Profile of Spanish-Style Table Olives
Table olives altered with different types and intensities of defects were analyzed to
determine the volatile compounds profile (Table 2). Different volatile compounds were
identified in altered table olives. The main volatiles compounds in healthy table olives
were creosol (48.1%), 2-Ethenyl-1,1-dimethyl-3-methylene-cyclohexane (18.0%), acetic acid
(9.6%), phenylethyl alcohol (9.7%), and benzoic acid (8.6%). Nevertheless, some of these
volatile compounds decreased considerably in altered olives. That is the case of acetic
acid, creosol, or benzoic acid, whose concentration decreases, especially in olives with
a high intensity of defect. Regardless of the intensity of the defect found, other differ-
ent compounds appear. The main constituents of ‘Zapateria’ samples were butanoic
acid (14.6-22.8%), propylene glycol (9.6-15.9%), (E)-3-hexenoic acid (8.2-14.4%), hexanoic
acid (1.8-5.5%), cyclohexanecarboxylic acid (1.8-7.4%) and pentanoic acid (valeric acid)
(3.2-4.5%). The ‘Putrid’ defect also presented a particular volatile profile. The major
constituent present in table olives were propanoic acid (17.2-23.4%), isopropyl alcohol
(17.2-21.3%), 2,4-dimethyl-heptane (15.4-17.9%), and phenylethyl alcohol (12.0-19.6%).
The volatile compounds responsible for the ‘Butyric’ defect were butanoic acid (40.7%),
pentanoic acid (11.8%), propanoic acid (3.6%), and butan-2-ol (4.6%). These compounds
presented a higher content in samples classified in the second category.
Table 2. Relative percentage of volatile compounds obtained from altered Spanish-style table olives
classified into different commercial categories. RT, retention time.
RT . 1st. Category 2nd. Category
. Volatile Compounds Extra
(min) ‘Zapateria’ ‘Putrid’ ‘Butyric’ ‘Zapateria’ “Putrid’
1.8 Isopropyl alcohol 172 +£13* 213 +4.2*
2.4 Butan-2-ol 45+06*
2.7 Acetic acid 9.6 £15 83+12 54407 75+£12 1.9+05
4.8 2-methyl-butan-1-ol 52+08 6.5+22
49 Propanoic acid 09£02 172+ 74 3.6+08 2.6+£0.6 234 £8.7
5.8 Propylene glycol 96 +1.1* 159+58*
6.7 2,4-dimethyl-heptane 1.3 £05 154 +57 179 £ 8.6
8.2 Butanoic acid 14.6 = 4.6 40.7 £ 84 22.8 £9.5
9.7 (Z)-3-Hexen-1-ol 07+£01*
11.2 Styrene
13.5 Pentanoic acid 32£06 118 +£2.7 45+24
17.8 2,4-Hexadienoic acid, methyl ester 324+07* 9.6 £3.7%
18.5 Hexanoic acid 1.8+06* 55+1.1*
20.7 (E)-3-Hexenoic acid 82+12* 144+ 67*
219 2-methoxy-phenol 40+04 2607 0.8£02 41106
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Table 2. Cont.
1st. Category 2nd. Category
RT Volatile Compounds Extra 5 . - . .
(min) ‘Zapateria’ ‘Putrid’ ‘Butyric’ ‘Zapateria’ ‘Putrid”
22.0 2,4-Hexadienoic acid, ethyl ester 31+0.6* 95+21*
3.0 2-Ethenyl-1,1-dimethyl-3-methylene- 18.0 4 2.6 *
cyclohexane
233 Phenylethyl Alcohol 97+15 120+ 44 19.6 £ 8.9
26.5 Cyclohexanecarboxylic acid 1.8£04% 74£21%
27.0 Creosol 481+ 638 352494 275+9.6 2544104 32+05 72408
28.2 Benzoic acid 8.6+13 75+59 6.5+3.6 19+04

*: Compound unique to a concrete defect; empty cells correspond to non-detected measures.

On the other hand, it should be noted that certain volatile compounds identified
are only detected in some of the defects studied. It is the case of (Z)-3-hexen-1-ol and
2-ethenyl-1,1-dimethyl-3-methylene-cyclohexane in healthy olives, propylene glycol, or
(E)-3-hexenoic acid in ‘Zapateria’ table olives, isopropyl alcohol in ‘Putrid” olives or butan-
2-olin ‘Butyric’ table olives.

A principal component analysis (PCA) was performed to observe the interaction of
the variables and grouping of the samples originated from the profile data of table olive
analysis (Figure 2). The total variance of data was explained a 35.73% by PC1 and 30.65%
by PC2.

A clear sample differentiation according to their olfactory characteristics was shown
by the two components-based models. It can be seen that the exploratory analysis was able
to discriminate healthy olives from those with a defect in the fermentation process.

T T T T

A 9 Extra
10 ‘ ]
®  |st. Category
A 2nd. Category
'
B i

1 S

Scores on PC 2 (30.65%)
o
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

5 10
Scores on PC 1 (35.73%)

®
O -y

Figure 2. Score plot of the principal component analysis (PCA) analysis for healthy (extra) and
defective olives (1st and 2nd categories).

3.3. E-Nose Classification of Spanish-Style Table Olives

The E-nose was used to classify the table olives previously analyzed by the tasting
panel. The olives classified into three different categories were placed in the tasting cups.
The E-nose was placed on top of the cups to evaluate the headspace of the samples. The
E-nose consists of 11 sensors that emit an electrical signal in the presence of volatile
compounds in the samples. The response of each sensor to the same sample is different, so
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we can describe an olfactory pattern with the combination of the 11 signals. To represent the
response patterns of the sensors to the extra, first, and second categories, a radial plot was
drawn (Figure 3). For it, the data of E-nose obtained for each category were first normalized
according to the formula (X; — Xmmn)/ (Xmax — Xmin); where X; is the experimental value
measured for sample i; Xy is the minimum experimental value of the data series and
Xmax is the maximum experimental value of the data series. Afterward, the average values
of the data series for each category were obtained, and finally, they were represented in
the radial graph. It can be clearly seen in Figure 3 that the amplitude of the signals from
extra table olives is generally of greater magnitude than the signals from olives classified in
the first and second categories. The curves representing the categories are clearly different
from each other.

Extra  e= == e 1st. Category === 2nd. Category

BMEGB0-Gas
Measurement (1)

; 09
iAQ-Core-Sensor 08

Resistance ()

SGP30-eCO2 (ppm)

iAQ-Core-TVOC

SGP30-TVOC b
(ppb) (ppb)

IAQ-Core-eCO2

o SGP30-H2(2)

CCS811-Sensor 7

: SGP30-Ethanol(2)
Resistance ()

CC5811-eCO2

CCS811-TVOC (ppb) (ppm)

Figure 3. Radial plots of the sensor’s responses to Spanish-style table olives of different categories.

The E-nose data of table olive samples from the three categories were first analyzed by
principal component analysis (PCA). Scores values of the two first principal components
are plotted against each other in Figure 4. It can be observed by grouping the samples into
three categories. The first two principal components are enough to explain 77% of the total
variance of the data. There is clear discrimination between extra olives and the first and
second categories.

Following the revealing results obtained in the PCA, a supervised classification analy-
sis was performed using PLS-DA and leave-one-out cross-validation. The results are shown
in Table 3 as a confusion matrix, where the diagonal represents the number of samples that
have been correctly assigned. As we can see, all the samples were correctly classified in
their category, being the success rate of the classification model of 100%. The 100% correct
classification result is consistent with the clear difference in aroma of the sensory analysis
samples of each category. The extra category has a DPP value of 0, and the first one has a
minimum difference with the extra of 3.8 points and 1.8 with the second category. Therefore,
the E-nose can be a useful tool to develop a classification and quality control methodology
accessible for routine use in any industry, capable of discriminating between healthy and
unhealthy samples, as well as classifying them into different categories according to their
sensory attributes.
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Figure 4. Score plot of the principal component analysis (PCA) analysis for table olives classified in
different categories.

Table 3. Confusion matrix obtained through PLS-DA for discrimination between control (healthy
olives) and isolated defects. Values are expressed in number of samples.

Predicted Class
Real Class Extra 1st Category 2nd Category
Extra 18 0 0
1st Category 0 45 0
2nd Category 0 0 18

4. Discussion

When the chemical conditions are not appropriate during the elaboration process
of Spanish-style table olives, undesirable alterations occur. This was the case in this
study when olives were fermented with low concentrations of salt after lye and washing
treatments. Thus, different kinds and intensities of defects in Spanish-style table olives were
found. Table olives were sensory analyzed by a tasting panel following the methodology
established by the International Olive Council [3]. When industrialists realize that certain
batches of olives show alterations, the intensity of the defect is usually too high. This
causes olives to have defects that, depending on their intensity, make the product belong to
one commercial category or another, which could negatively affect the business economy.
Normally, samples are taken from fermenters with possible abnormal fermentation and
should be analyzed by a professional tasting panel to assess their quality. Industrial
should control the chemical composition of the fermenters to avoid alterations. The lack
of monitoring of the product during olives fermentation causes a pH modification, which
can contribute to abnormal fermentation. In contrast, some fermenters studied presented
any kind of alterations that make olives present a characteristic aromatic pattern. Some
of these samples were classified into the extra category (DPP < 3), although they did not
present sensory defects. Note that these are olives of the highest commercial category. On
the other hand, tasters detected some negative attributes in olives that were analyzed by
the defect predominant perceived (DPP). Some groups of samples were classified into the
first category because the DPP was higher than 3 and less than or equal to 4.5. ‘Zapateria’,
‘Butyric’, and ‘Putrid” were the main defects found in these samples. Furthermore, tasters
indicated some defects such as ‘Zapateria’ and ‘Putrid” in high intensity. Thus, these olives
were classified in the second category because the DPP was higher than 4.5 and less than or
equal to 7.0 (Table 1). We have to highlight that the olives studied could be legally marketed
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despite the significant sensory alterations [3,19]. Therefore, these olives that were not
controlled during fermentation presented anomalous fermentations that caused a marked
sensory profile with defects with different intensities. In this sense, researchers [20] assessed
table olives from different companies by a tasting panel detecting different intensity defects
such as butyric, putrid, zapateria, musty, or winey-vinegary.

In the same way, Spanish-style table olives, after finishing the fermentation process,
present particular volatile compounds and non-volatile aromatic compounds that con-
tribute to the sensory aroma [21]. These olives were classified as ‘Extra’ category presented
volatile organic compounds (VOCs) responsible for positive aromas. Creosol, acetic acid, or
2-ethenyl-1,1-dimethyl-3-methylene-cyclohexane are the main VOCs presented in healthy
olives. Other alcohols compound such as (Z)-3-hexen-1-ol or phenylethyl alcohol are
products formed in alcoholic fermentations [22], presenting a fruity fragrance to apples
or bananas [23]. These aromatic compounds also appear in altered olives but in lower
concentrations. Defected olives are characterized by an increase in certain volatile com-
pounds characteristic of the defect. That is the case of propylene glycol, 2,4-hexadienoic
acid, methyl ester, or (E)-3-hexenoic acid in ‘Zapateria” alteration, or isopropyl alcohol in
‘Putrid’ defect, and butan-2-ol in ‘Butyric’. These outcomes are in agreement with previous
studies [8,24,25]. Cyclohexanecarboxylic acid also appears in the ‘Zapateria” defect at low
concentrations, but it has been identified as a key compound of this alteration in some
studies [25]. Other researchers [26] indicated that this compound, in combination with other
VOCs, is responsible for the characteristic unpleasant odor in the ‘Zapateria’ defect. Bu-
tanoic acid, pentanoic acid, propanoic acid, and butan-2-ol are VOCs presented in ‘Butyric’
and ‘Zapateria’ defect and propanoic acid even in ‘Putrid” defect. These carboxylic acids
are associated with cheesy odor (propanoic acid) and buttery and cheesy odor (butanoic
acid) [27]. This result is in agreement with previous studies [25]. Furthermore, certain
molds generate undesirable products during Spanish-style elaboration processes [28], pro-
ducing musty aromas. In general, the VOCs of the samples studied allowed to classify the
samples according to their commercial category. Clearly, the PCA of the VOCs classified
olives according to the intensity and the type of defect, which play an important role in
their commercial classification.

On the other hand, the radial profile of the response of each sensor of the E-nose to the
aromatic profile of the olives shows that each sensor reacts in a certain way to the VOCs
of the headspace of the samples. The radial figure was different from one commercial
category to another. Next, the PCA model was performed to discriminate table olives
categories with the E-nose. This electronic device was able to discriminate olives based on
their commercial category. This discrimination could be due to the particular aroma profiles
of the VOCs present in the different samples. E-nose was even able to discriminate samples
with different defects in each category. Few references exist on the discrimination of olives
submitted to abnormal fermentation using an E-nose. Researchers have discriminated by
E-nose Spanish-style table olives inoculated with different altering [29] and those with
abnormal fermentation with sensory defects to zapateria, butyric and putrid [28]. Other
researchers presented an E-nose system able to discriminate different fungal species [30,31].
Other researchers have also established a PLS-DA model in order to produce a predictive
classification model capable of separating the table olives varieties [32] and table olives
stuffed with flavored hydrocolloids [33,34] that can be used as a rapid and inexpensive
screening method for discrimination of standard characteristic aroma in Spanish-style and
Californian-style table olives. All in all, the outcomes presented in our research prove that
this electronic device is a powerful tool to discriminate VOCs produced by Spanish-style
table olives. This equipment could be easily implemented in the table olive processing
industry due to its installation simplicity, small size, fast measurement, precision, and low
cost of analysis.
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5. Conclusions

Spanish-style table olives fermented under uncontrolled chemical conditions showed
characteristic alterations in aroma and intensity. ‘“Zapateria’, ‘Butyric’, and ‘Putrid” sensory
alterations were the main defect perceived by tasters being classified in different commer-
cial categories according to the criteria set by the IOC. These olives presented a volatile
compounds profile characteristic that made the E-nose successfully used for discriminating
olives from different commercial categories. Thus, this device could be useful for detecting
olfactory sensations provoked by abnormal fermentation. The commercial classification
made for E-nose matched the results obtained by the panelists. Therefore, this electronic
device is complementary to the panel test and, combined with chemometric analysis, can
be used to perform rapid, inexpensive, non-destructive, and environmentally friendly
qualitative analysis for the table olives industry. Installing this device in the industry would
be an effective strategy to detect incipient alterations during the fermentation process.
Therefore, table olives quality could be improved thanks to these emergent electronic
olfactive technologies. With this study;, it has been put into account that a simple design
can incorporate electronic devices as an alternative to conventional methods to assure food
quality during its industrial processing, avoiding important economic losses.
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