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Abstract: The present study investigated the effect of malaxation times (Mt) (0, 15, 30, 45 and 60 min),
during the industrial extraction of cv. Arbequina oils at 25 ◦C on total phenolic content of olive pastes.
Additionally, the possibility of applying a lab-made potentiometric electronic tongue (E-tongue),
comprising 40 lipid/polymer sensor membranes with cross sensitivity, to discriminate the olive
pastes according to the Mt, was evaluated. The results pointed out that the olive pastes’ total phenolic
contents significantly decreased (p-value < 0.001, one-way ANOVA) with the increase of the Mt (from
2.21 ± 0.02 to 1.99 ± 0.03 g gallic acid equivalents/kg olive paste), there being observed a linear
decreasing trend (R-Pearson = −0.910). These findings may be tentatively attributed to the migration
of the phenolic compounds from the olive pastes to the extracted oil and water phases, during the
malaxation process. Finally, the E-tongue signals, acquired during the analysis of the olive pastes’
methanolic extracts (methanol:water, 80:20 v/v), together with a linear discriminant analysis (LDA),
coupled with a simulated annealing (SA) algorithm, allowed us to establish a successful classification
model. The E-tongue-LDA-SA model, based on 11 selected non-redundant sensors, allowed us
to correctly discriminate all the studied olive pastes according to the Mt (sensitivities of 100% for
training and leave-one-out cross-validation). The satisfactory performance of the E-tongue could be
tentatively explained by the known capability of lipid/polymeric sensor membranes to interact with
phenolic compounds, through electrostatic interactions and/or hydrogen bonds, which total content
depended on the Mt.

Keywords: electronic tongue; lipid sensor membranes; chemometrics; olive pastes; total pheno-
lic content

1. Introduction

The worldwide consumption of virgin olive oil (VOO) is associated with its appreci-
ated sensory attributes as well as with the recognized health benefits, namely, the reduced
risk of chronic diseases and increased longevity, mainly related to the unsaturated fatty
acids and minor components like polyphenols [1]. One strategy to ensure the natural en-
richment of olive oils in phenolic compounds is based on the optimization of the extraction
conditions, namely, using different malaxation times and/or temperatures [2–4].

Several destructive and nondestructive analytical techniques (e.g., chromatography,
electrochemical sensor devices and spectroscopy) have been applied to evaluate the olive
oil physicochemical and quality characteristics, including the assessment of total and
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individual compositions in phenolics [5,6]. Nevertheless, most of the studies are focused
on the olive oil evaluation after being extracted or during the storage period. In those
studies, the proposed methodologies were not used as prognostic tools of olive oil quality,
i.e., to predict the quality of the olive oil to be processed from measurements on the olive
pastes collected during the olive oil extraction process. Actually, a small number of works
have been published on the potential prediction of olive oil composition and quality before
or during olive oil production [4,7,8]. In this context, this study aimed to evaluate the
effect of malaxation time (Mt), during the industrial extraction of oils, on the total phenolic
content (TPC) of cv. Arbequina pastes. Additionally, the use of a potentiometric lab-made
electronic tongue (E-tongue) to estimate the TPC in olive pastes collected at different Mt,
was also evaluated. This capability could allow establishing indirect correlations between
the composition of olive pastes and the TPC of the cv. Arbequina oils industrially extracted.
It is important to emphasize that E-tongues comprising lipid sensor membranes have been
extensively used to determine the phenolic profile and the sensory sensations of olive
oils [3,7], which versatility has been related to the low selectivity and cross-sensitivity of
the sensors that mimic the behavior of the human biological gustatory receptors [9].

2. Materials and Methods

2.1. Olives and Olive Pastes Samples

Olives from the cv. Arbequina were harvested in mid-November 2017 from an orchard
located in Trás-os-Montes region (northeast Portugal). Olive pastes were collected at
5 time-periods (0, 15, 30, 45 and 60 min) during the oil extraction at 25 ◦C, in an industrial
olive mill (OLIMONTES, Macedo de Cavaleiros, Portugal. Five samples of olive pastes
(~100 g) were collected from the malaxers during the extraction, totalizing 25 olive paste
sub-samples (5 replicas × 5 time-periods). The TPC and the potentiometric profiles of the
olive pastes were determined.

2.2. Olive Pastes
2.2.1. Analytical Extraction for TPC and Potentiometric Analysis

The methodology applied was previously described by Marx et al. [6]. The polar
extract containing the phenolic compounds was collected to assess the TPC and to establish
the potentiometric profiles.

2.2.2. TPC of Olive Paste Extracts

The TPC was determined following the methodology proposed by Singleton and
Rossi [10] and previous described by Marx et al. [7]. Gallic acid was used as the external
standard compound to establish the calibration curve (R2 > 0.999), being the results ex-
pressed as g of Gallic acid equivalents (GAE) per kg of olive paste (g GAE/kg olive paste).

2.2.3. E-Tongue Apparatus and Potentiometric Analysis of Olive Paste Extracts

A lab-made potentiometric E-tongue, comprising two cylindrical arrays, was used.
Each array contained 20 lipid polymeric cross-sensitive sensor membranes (1st array: S1:1
to S1:20; 2nd array: S2:1 to 2:20). The construction details, as well as the composition of
the membranes were previously reported by Marx et al. [3]. The device was connected
to an Agilent Data Acquisition unit (model 34970A), which was controlled by an Agilent
BenchLink Data Logger software. For the olive pastes analysis, the TPC polar extract was
used after a 1:5 (v/v) dilution in deionized water [7]. The diluted solution was analyzed
with the E-tongue during 5 min to allow reaching a pseudo-equilibrium between the
non-specific lipid polymeric membranes and the dissolved chemical compounds [7].

2.3. Statistical Analysis

The TPC of olive pastes were analyzed using the one-way ANOVA followed by the
Tukey’s post-hoc multi-comparison test. Linear discriminant analysis (LDA) was applied
to evaluate the correct discrimination of the studied pastes based on the best subsets of
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