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Abstract
The effect of olive leaves addition (1%, w/w, cvs. Arbequina or Santulhana), during the industrial extraction of Arbequina 
oils, on their physicochemical, color, phenolic profile, and sensory characteristics, was studied. Leaves’ incorporation reduced 
the primary oxidation (peroxide value by 33% and K232 by 17%) and increased the oxidative stability (19%), with the impact 
being more pronounced for Arbequina leaves. For these latter oils, leaves incorporation increased the total phenolic con-
tent (293 ± 9 mg GAE/kg), which became richer in secoiridoid derivatives (143.7 ± 3.0 mg/kg). Also, only Arbequina oils 
extracted with their own leaves supported the health claim regarding the protection of blood lipids against oxidative stress 
(hydroxytyrosol and tyrosol derivatives content greater than 5 mg per 20 g of olive oil). On the other hand, the incorpora-
tion of leaves from cvs. Arbequina and Santulhana during extraction enhanced the bitterness (55–59%) and decreased the 
pungency (25–33%). Santulhana leaves promoted an increase of the green-fruitiness (5.3 ± 0.5), while Arbequina leaves 
enhanced the oils’ sweetness (7.0 ± 0.4). Moreover, a potentiometric laboratory-made electronic tongue was applied, as a 
taste sensor device, being capable of successfully discriminating Arbequina oils extracted without or with addition of leaves, 
allowing the identification of (un)deliberated leaves incorporation during oils’ extraction. Lastly, it was found that the qual-
ity and composition of Arbequina oils industrially extracted were leaf cultivar dependent, with the low level of phenolics of 
control oils promoted by the incorporation of Arbequina leaves.
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Introduction

Olive oil plays a key role in the Mediterranean diet, being 
one of the most valued fats worldwide, with appreciated sen-
sory characteristics and recognized health positive effects 
related to its phenolic composition [1]. This fact has been 
recognized by the European Food Safety Authority [2] 
leading to the health claim stating that olive oil polyphenols 
contribute to the protection of blood lipids from oxidative 
stress. This claim can only be applied to oils containing a 
minimum of 5 mg of hydroxytyrosol and derivatives per 
20 g of olive oil [3]. Generally, oleuropein is the most abun-
dant phenolic compound in olives, which is easily extracted 
as part of the phenolic fraction of olive fruits, leaves, and 
seeds [4] possessing high antioxidant activity and exhib-
iting strong preventive effects against oxidation, besides 
other pharmacological effects [5]. However, the chemical 
and sensory quality of olive oils can decrease during storage 
because of their natural oxidation, due to their high level of 
unsaturated fatty acids [6]. Thus, increasing their natural 
antioxidant contents could contribute to improve chemical 
stability, while enhancing their nutritional and nutraceutical 
properties [7].

Several strategies have been proposed to enhance the phe-
nolics contents of olive oils, namely the optimization of the 
extraction conditions (e.g., malaxation/extraction time–tem-
perature conditions during malaxation [8–10]). Another 
trend focused on the use of natural sources such as olive 
oil by-products, namely olive leaves [11]. Several studies 
have investigated the presence of a high number of phenolic 
compounds in olive leaves such as hydroxytyrosol, rutin, 
verbascoside, luteolin-7-O-glucoside, oleuropein (glycosidic 
form), as well as oleuropein and ligstroside aglycone [12].

The addition of olive leaves during olive pressing can 
promote the oils’ phenolic and chlorophyll content and 
nutraceutical properties as well as appreciated sensory 
attributes [13]. Some studies evaluated the impact of 
adding olive leaves (1–10%, w/w), dried or fresh, during 
laboratory or pilot-scale extraction, on the nutritional and 
sensory properties of olive oils [11, 14–17]. Contrarily, 
and to the authors’ best knowledge, only one work was 
performed at an industrial scale to evaluate the effect on 
the oils’ sensory sensations of mixing leaves and olives 
from the same Italian cultivars (cvs. Castiglionese, Dritta 
and Leccino) [18]. The addition of different leaves dur-
ing the oil extraction process could enhance the olive oil 



European Food Research and Technology	

1 3

chemical and sensory quality. Cv. Arbequina olive oils 
generally present low concentrations of total phenolics 
when compared with other cultivars, such as cvs. Hoji-
blanca, Arbosana and Koroneiki [19, 20]. In this sense, 
olive leaves’ incorporation during oil extraction may pro-
mote the phenolics’ enhancement in cv. Arbequina oils, 
as well as improve their sensory quality. Arbequina is a 
Spanish olive cultivar, worldwide widespread, known by 
its moderate vigor, early bearing, and highly adaptation to 
high-density farming [21]. On the other hand, Santulhana 
is a typical Portuguese olive cultivar mainly cultivated in 
traditional olive groves located in Trás-os-Montes’ region 
(northeast Portugal), which has recently emerged as being 
interesting due to its exceptional chemical and organoleptic 
characteristics [22]. However, it should be kept in mind 
that, independently of the leaves incorporation known ben-
efits, only oils exclusively extracted from healthy olives 
can be commercialized as extra virgin olive oil (EVOO), 
according to the European Union (EU) regulations [23], 
and so, oils extracted after the incorporation of olives 
leaves should not be commercialized as EVOO.

Thus, the present study aimed to assess the effects, at 
physicochemical and sensory levels, of incorporating fresh 
olive leaves (1%, w/w) from two cultivars, one produced in 
a high-density (cv. Arbequina) and the other in a traditional 
system (cv. Santulhana), both in Trás-os-Montes’ region, 
during the industrial extraction of cv. Arbequina olive oils. 
Lastly, the application of a potentiometric electronic tongue 
(E-tongue), together with chemometric tools, was envisioned 
as a single-run taste sensor device for discriminating the 
three types of extracted olive oils and, thus, to detect the 
possible (un)deliberated leaves’ incorporation during the 
oils’ extraction.

Materials and methods

Sampling

Olives from cv. Arbequina, maturity index between two 
and three [24], were collected in mid-November 2019 
from an orchard located in Trás-os-Montes’ region 
(northeast Portugal). Olive leaves from cvs. Arbequina 
and Santulhana were hand-picked in the olive mill, sepa-
rated from branches, carefully washed and the excess of 
water removed and weighed. For each leaf cultivar, 6 kg 
of cleaned leaves were added to 600 kg of cv. Arbequina 
olives (1%, w/w) before the milling process. Then, oils 
were extracted (malaxation conditions: 22 °C, 45 min, 
12 revolutions per minute) in an industrial olive oil mill 
(OLIMONTES, Macedo de Cavaleiros, Portugal) as pre-
viously described [8], totaling three independent batches, 

corresponding to 1800 kg of olives (3 × 600 kg). It is 
important to note that for an industrial-scale study, each 
independent extraction batch requires a huge amount of 
olives, limiting the number of independent extractions 
that can be performed for each type of olive oil, due to 
the related cost. However, although laboratory- or pilot-
scale extractions would allow to increase the number of 
independent batches, it is known that the composition of 
olive oils extracted at laboratory or pilot scales can hardly 
mimic that obtained at industrial level [25].

In total, three different types of cv. Arbequina oils were 
obtained, in three independent industrial extraction batches:

	 (i)	 olive oil extracted from cv. Arbequina olives (600 kg) 
without addition of leaves (control);

	 (ii)	 olive oil extracted from cv. Arbequina olives (600 kg) 
with the addition of cv. Arbequina leaves (1%, w/w; 
6 kg); and,

	 (iii)	 olive oil extracted from cv. Arbequina olives (600 kg) 
with the addition of cv. Santulhana leaves (1%, w/w; 
6 kg).

From each batch, five amber glass bottles were filled and 
closed, within a 10 min time period before the oil entered the 
storage tank and immediately transported to the laboratory 
(Bragança, Portugal). At the laboratory, water traces were 
removed using anhydrous sodium sulfate (1 g for 100 mL 
of olive oil) and filtered through a cellulose filter. The 15 
collected bottles (samples) for the three different extracted 
oils (n = 3 types of cv. Arbequina olive oils × 5 bottles) 
were stored in the dark, at 18–22 °C, in amber glass bottles 
(~ 100 mL) and analyzed after a 6-month storage period to 
enable the full development of the oils’ sensory attributes 
[8].

Olive oil physicochemical analysis and color 
determination

Free acidity (FA, in % oleic acid), peroxide value (PV, in 
mEq O2/kg) and specific coefficients of extinction at 232 nm 
and 268 nm (K232, and K268) were evaluated according to the 
EU Regulation (Annexes II and IX in Commission Regula-
tion (EEC) No. 2568/91 from 11th July and amendments). 
Oxidative stability (OS, in h) was determined under accel-
erated oxidation conditions (120 °C) using the Rancimat 
method (Rancimat 743, Metrohm CH, Switzerland), as pre-
viously described [26].

Total phenolic contents (TPC) were assessed following 
the methodology proposed by Capannesi et al. [27] with 
some modifications, as previously described [8].
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Total chlorophyll contents and total carotenoids contents 
(TCC) were determined by UV–Vis spectrophotometry, as 
previously described [28].

Color was determined according to the CIELAB color 
scale, using a colorimeter (model CR-400, Konica Minolta) 
and the monochromatic coordinates L*, a*, and b* were 
calculated after full immersion of the colorimeter lens in the 
oils in five different areas of the glass plate [29].

Phenolic compounds profile

The phenolic profile of the olive oil samples was estab-
lished following the guidelines of the International Olive 
Council (IOC) [30], with minor modifications as previ-
ously described [9]. Methanolic extracts (80% v/v), from 
duplicate extractions of each sample, were injected in a 
HPLC–DAD system (Jasco, Japan) comprising a data 
transmitter (LC–NetII/ADC), two integrated pumps 
(PU–4180), an auto-sampler (AS–4050), a column 
oven (ECOM Eco2000, Czech Republic), and the DAD 
(MD–4010). Separation was accomplished on a pen-
tafluorophenyl column (Kinetex 2,6 µm PFP 100 Å; LC 
length 100 mm; internal diameter: 4.60 mm) from Phe-
nomenex (Spain), at 35 °C, using an eluent gradient with 
water and acetonitrile, both with 0.1% of formic acid, at 
1.0 mL/min. Peaks were identified based on the retention 
times (RT) and UV/Vis spectra (200–600 nm), by com-
parison with pure standards (apigenin, apigenin-7-O-glu-
coside, hydroxytyrosol, luteolin, luteolin-7-O-glucoside 
and verbascoside, from ExtraSynthese; 4-hydroxybenzoic 
acid, caffeic acid, cinnamic acid, gallic acid, oleocanthal, 
oleuropein, p-coumaric acid, pinoresinol, vanillic acid 
and vanillin, from Sigma-Aldrich; tyrosol (2–(4-hydroxy-
phenyl)ethanol), from Fluka and oleacein, from Toronto 
Research Chemicals). Results were expressed as mg of 
tyrosol equivalents per kg of olive oil, using the experi-
mental data recorded at 280 nm, following the IOC guide-
lines [30]. Some peaks were identified based on the lit-
erature [31].

Hydroxytyrosol and tyrosol derivatives contents 
after hydrolysis

The total content of hydroxytyrosol and tyrosol derivatives 
of the olive oils were chromatographically determined after 
acid hydrolysis of secoiridoids according to the method pro-
posed by Romero and Brenes [32] with some modifications 
[9]. After hydrolysis, only the tyrosol and hydroxytyrosol 
moieties were quantified, thus the original bound forms were 
estimated using the correction factors (CF) proposed in the 
literature for hydroxytyrosol derivatives (CF = 2.2) and tyro-
sol derivatives (CF = 2.5) [33, 34].

Olive oil sensory gustatory analysis

The gustatory sensations of the olive oils were assessed by a 
trained sensory panel following the methodologies described 
by the EU standard methods (Annexes II and IX in the Com-
mission Regulation (EEC) Nº 2568/91 from 11th July and 
amendments). The analysis was performed by eight trained 
panelists of the olive oil sensory panel of the School of Agri-
culture of the Polytechnic Institute of Bragança, Portugal 
[35]. The descriptive profile was assessed using a test sheet, 
with some modifications, as recommended by the Interna-
tional Olive Council [36] and as previously reported by [35].

E‑tongue

A laboratory-made potentiometric E-tongue multisensor 
device, comprising 40 lipid polymeric cross-sensitive sen-
sor membranes was used. The construction details, as well as 
the composition of the membranes were previously reported 
[8]. For the olive oil analysis with the E-tongue, the polar 
extract obtained for the TPC assays was used after a 1:5 (v/v) 
dilution in deionized water.

Statistical analysis

The composition of the three different cv. Arbequina olive 
oils (industrially extracted without or with the addition of 
cvs. Arbequina or Santulhana leaves) were analyzed using the 
one-way ANOVA followed by the Tukey’s post hoc multi-
comparison test. Principal component analysis (PCA) was 
applied as an unsupervised multivariate pattern recognition 
technique for inferring about the impact of the leaves’ addi-
tion during the oil extraction on the physicochemical, color, 
phenolic and sensory profiles. Linear discriminant analysis 
(LDA) was applied to discriminate the studied oils based on 
the best subsets of E-tongue sensors selected using the simu-
lated annealing (SA) algorithm. The leave-one-out cross-val-
idation (LOO-CV) variant was used to evaluate the predictive 
performance. The class membership regions were established 
using the posterior probabilities, computed using the Bayes’ 
theorem. All statistical analyses were performed using the 
Sub-select and MASS packages of the open-source statisti-
cal program R (version 3.6.2), at a 5% significance level [8].

Results and discussion

Effect of addition of leaves during oil extraction 
on physicochemical and color parameters

The physicochemical quality data (FA, PV, K232 and K268), 
the OS, TPC, TCC and total chlorophyll content, as well 
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CIELAB color coordinates (L*, a* and b* parameters) of 
the cv. Arbequina olive oils extracted without (control) and 
after the addition of leaves from cvs. Arbequina or Santul-
hana are shown in Table 1. The results pointed out that, 
with the exception of b* values, all parameters were sig-
nificantly influenced by the addition of olive leaves during 
the oil industrial extraction (p-value < 0.0001, for one-way 
ANOVA).

The addition of leaves slightly increased FA in com-
parison to control with statistical differences. On the other 
hand, primary and secondary oxidations were reduced up 
to 33.5%, 16.8% and 14.3% for PV, K232 and K268, respec-
tively, with cv. Arbequina leaves incorporation. A similar 
PV decreasing trend was reported by Tarchoune et al. [11] 
during laboratory-extracted oils from olives and leaves of 
cv. Oueslati. On the contrary, Di Giovacchino et al. [18] and 
Malheiro et al. [14] reported that the addition of leaves of the 
same cultivar as the olives during the industrial oil extrac-
tion induced peroxidation, resulting in oils with higher PV. 
Regarding the extinction coefficients, the reduction trend 
observed in this work with the addition of leaves is in line 
with the behavior described by Di Giovacchino et al. [18] for 
cv. Dritta oils, but opposite to that found by the same authors 
for cvs. Leccino and Castiglionese oils or by Malheiro et al. 
[14] for cv. Cobrançosa oils.

Table 1 shows that OS was significantly increased (up 
to 19%, p-value < 0.0001) after addition of leaves when 

compared to the control. Di Giovacchino et al. [18] found 
that the addition of leaves during industrial extraction of 
cvs. Leccino and Castiglionese oils slightly increased the 
OS (~ 2%), but an opposite trend was observed for cv. Dritta 
oils (a 7% reduction). On the other hand, Malheiro et al. 
[14] found that the addition of leaves enhanced the OS of 
cv. Cobrançosa over mature oils up to 20%. These findings 
may support the hypothesis that the impact of the addition 
of olive leaves during the oils’ extraction may depend on 
the extraction scale and parameters as well as on the leaf 
olive cultivar. OS is an indispensable parameter in assessing 
the quality of oils and fats, and it is significantly influenced 
by their fatty acid composition and minor components such 
as tocopherols, phytosterols, and phenolic compounds [37]. 
This is known as induction time, and it results in a rapid 
increment in the lipid oxidation rate. In this present work 
it was possible to establish correlation with OS and PV 
(R-Pearson =  – 0.830). On the other hand, it was not possi-
ble to establish correlations between OS and TPC, as well as 
total individual phenolic content. These results point out that 
both OS and PV are not only associated with the phenolic 
content of oils, but also with other compounds that generally 
promote antioxidant activity such as tocopherols, squalenes, 
pigments, and sterols [38]. This hypothesis was confirmed 
by Tarchoune et al. [11] who showed that following 3% leaf 
addition, the PV halved, and the antioxidant capacity was 
increased by 87% in cv. Oueslati oils. The authors pointed 

Table 1   Physicochemical 
quality and color-scale 
parameters (mean ± standard 
deviation, for each oil n = 5 
olive oil bottles × 2 analysis) of 
the studied cv. Arbequina olive 
oils

FA free acidity, PV peroxide value, K232 and K268 UV–Vis extinction coefficients at 232 and 268  nm, 
respectively, OS oxidative stability, TPC total phenols content, TCC​ total carotenoids content
a p-values for the one-way ANOVA. Different letters in the same row show statistically significant differ-
ences from the given mean (p-value < 0.05)

Parameters Industrially extracted cv. Arbequina oils p-valuea

Without addition of 
leaves (control)

With cv. Arbe-
quina leaves

With cv. Santul-
hana leaves

Quality parameters
FA (g oleic acid/100 g) 0.31 ± 0.00C 0.34 ± 0.01A 0.32 ± 0.01B  < 0.0001
PV (mEq O2/kg oil) 2.48 ± 0.01A 1.65 ± 0.01B 1.65 ± 0.02B  < 0.0001
K232 1.84 ± 0.07A 1.53 ± 0.05C 1.60 ± 0.08B  < 0.0001
K268 0.07 ± 0.01A 0.06 ± 0.00B 0.05 ± 0.01C  < 0.0001
Chemical parameters
OS (h) 9.8 ± 0.3C 12.1 ± 0.2A 10.8 ± 0.6B  < 0.0001
TPC (mg GAE/kg oil) 252 ± 7B 293 ± 9A 218 ± 4C  < 0.0001
TCC (mg lutein eq/kg oil) 2.51 ± 0.02C 2.85 ± 0.04A 2.57 ± 0.02B  < 0.0001
Chlorophylls (mg pheophytin 

eq. /kg oil)
3.68 ± 0.08B 3.88 ± 0.14A 3.01 ± 0.05C  < 0.0001

CIELAB color space
L* 71.4 ± 1.6B 75.8 ± 1.4A 75.2 ± 1.8A 0.0021
a* − 11.0 ± 0.9A − 12.5 ± 0.4B − 14.1 ± 0.5C  < 0.0001
b* 76.3 ± 1.1A 73.1 ± 3.5A 75.7 ± 2.0A 0.1287
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out that the wide change was probably due to the increases 
in chlorophyll, carotenoid, and total phenolic and flavonoid 
concentrations.

Regarding TPC, the current literature shows a large vari-
ation of the phenolics content in EVOO, varying from 50 
to 940 mg/kg, depending on the cultivar, olives’ maturity 
index, extractive technology, and environmental variables 
[39]. The present study showed that, compared with the 
control oils, the effect of addition of leaves was clearly leaf 
cultivar dependent as far as TPC and TCC are concerned 
(Table 1). Compared to control oils, lower TPC (reduc-
tion of 13%) and chlorophyll contents (reduction of 18%) 
were found for cv. Santulhana leaves added oils, while 
the addition of cv. Arbequina leaves increased TPC, TCC 
and chlorophyll content (14, 12 and 5%, respectively). Di 
Giovacchino et al. [18] observed a TPC decrease of 4% 
(also assessed following Folin–Ciocalteu method) for cvs. 
Leccino and Castiglionese oils, while Sevim and Tuncay 
[17], in a pilot-scale extraction system, observed a 2–25% 
increase (depending on the cultivar) as well as Sanmartin 
et al. [16] and Tarchoune et al. [11], for laboratory-extracted 
oils (increase of 3%). For chlorophyll contents (evaluated 
by the same methodology), similar increasing trends were 
reported by Di Giovacchino et al. [18] for industrial-scale 
extraction (increase of 38%), by Sevim and Tuncay [17] 
for pilot-scale extraction (rise of 32–45%), by Tarchoune 
et al. [11] (increase of 44–68%) and to a less extent (~ 1%) 
by Sanmartin et al. [16]. Regarding TCC, Tarchoune et al. 
[11] also reported an increase of 43–63%, but Sanmartin 
et al. [16] observed a slight decrease (~ 1%) in oils extracted 
after addition of leaves. Chlorophyll and carotenoids play 
key roles in olive oils’ stability, acting as antioxidants in the 
dark or as pro-oxidants with light exposure [40]. It should be 
remarked that the literature focused on the leaves’ addition 
effect on the composition of olive oils when both leaves and 
olives were from the same cultivar, and so, contrary to the 
present study, no inference could be established regarding 
the possible leaf cultivar effect, which has been found to be 
significant in this study.

Color evaluation (Table 1) showed that significantly 
higher a* values, toward a greener coloration, were found 
after the addition of cvs. Arbequina or Santulhana leaves 
(increase of 12 and 22%, respectively). The addition of olive 
leaves somewhat increased (up to 6%) the oils’ luminosity, 
L*, resulting in brighter oils.

Effect of addition of leaves during oil extraction 
on the phenolic profile

Positive health effects related to olive oil consumption have 
been attributed, to some extent, to their phenolic composi-
tion [39]. Similarly, olive leaves have been traditionally used 
as a folk remedy, due to the recognized anti-inflammatory, 

hypoglycemic, antimicrobial, and hypocholesterolemic 
effects [1], partially attributed to low-molecular-weight poly-
phenols like oleuropein [41]. Talhaoui et al. [42] reported 
that, besides oleuropein, cv. Arbequina leaves have high 
amounts of verbascoside and flavonoids (e.g., luteolin gluco-
side isomers and rutin). On the other hand, Meirinhos et al. 
[43] found that cv. Santulhana leaves contained high concen-
trations of flavonoids, significantly luteolin-7-O-glucoside 
and luteolin-4´-O-glucoside.

Though olive leaves are rich in phenolic compounds, it 
does not mean that they can easily migrate to the oil during 
extraction. In fact, phenolic compounds are better extracted 
from dried leaves using organic solvents [44]. However, in 
this study, the extraction occurred from crushed fresh leaves 
(1%, w/w) mixed with olive paste, simulating in a more real-
istic way a non-intentional incorporation of leaves during 
olive oil industrial extraction. The small amount of added 
leaves and the mixing procedure may result in a low migra-
tion of phenolics from the leaves to the oily fraction (olive 
oil), not promoting an increase of the final content of oils’ 
phenolics, namely with flavonoids that are present in cvs. 
Arbequina or Santulhana leaves. Indeed, in the present study, 
it was not possible to establish a direct relationship between 
the profile reported in the literature for the referred leaves 
[42, 43] and the phenolic compounds detected on the oils 
extracted after leaves’ incorporation.

Herein, the phenolic profile was similar for all studied 
olive oils regardless of whether leaves were added or not 
during their extractions. Six different phenolic compounds 
(i.e., hydroxytyrosol, tyrosol, vanillic acid, oleuropein (gly-
cosidic form), oleacein and oleocanthal) were identified in 
the three types of cv. Arbequina oils, belonging to three 
phenolic groups, mainly secoiridoid derivatives followed 
by alcohols and acids (Table 2). The phenolic profile of 
control oils is in line with those previously reported for cv. 
Arbequina oils, although the individual contents may differ 
[20, 45–47]. In addition, several peaks related to compounds 
derived from oleuropein and ligstroside could be identified 
based on Klen et al. [31].

Although no flavonoids were detected in the studied oils, 
the literature reports that cv. Arbequina oils may contain 
luteolin (0.09–12.6 mg/kg) and apigenin (0.015–3.3 mg/kg) 
[20, 45–48]. Regarding lignans, the literature reported that 
cv. Arbequina oils generally presents significant amounts of 
acetoxypinoresinol (9.77–22.0 mg/kg) and lower amounts 
of pinoresinol (2.94–4.10 mg/kg) [47, 48]. In this study, 
although these phenolic compounds were not identified, it 
should be noticed that the chromatographic profile showed a 
peak with a retention time very close to the that recorded for 
the standard pinoresinol, which could hypothetically corre-
spond to acetoxypinoresinol, although the lack of the related 
standard did not allow confirmation.
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Other phenolic compounds have also been detected in 
cv. Arbequina oils, although in rather small concentrations 
(lower than 0.7 mg/kg) such as vanillin, cinnamic, ferulic 
and p-coumaric acids, but they were not identified in the 
present study. The differences observed may be tentatively 
attributed to different geographical origins, agro-climatic 
conditions, oils’ extraction scale, and enzymatic reactions 
that occur during the mechanical extraction of oils, which 
highly depend on the malaxation conditions [45, 48, 49], 
as well as on the analytical methodology applied for their 
identification.

Table 2 also shows that all the phenolic families were sig-
nificantly affected (p-value < 0.0001) by the addition of olive 
leaves during the cv. Arbequina oil extraction, as already 
pointed out by other studies [11, 16].

In general, the incorporation of cv. Arbequina leaves sig-
nificantly increased the content of the secoiridoid derivatives 
(rise of 13%), as described in the literature [11, 15, 16]. 
Also, these leaves significantly increased the total content 
of the identified phenols (146 ± 3.0 mg/kg oil; increase of 
12%), which is in accordance with the results of Ammar 
et al. [15]. However, the addition of cv. Santulhana leaves 
had an opposite impact, resulting in a significant decrease of 
the total content (107.9 ± 4.9 mg/kg oil; reduction of 16%).

The incorporation of cv. Arbequina leaves promoted 
an increase of oleacein and oleuropein derivative contents 
(30 and 5%, respectively) compared to the control oils, 
but no significant changes were observed for oleuropein, 

oleocanthal and ligstroside derivatives. On the contrary, the 
addition of cv. Santulhana leaves resulted in a decrease of 
the oleuropein, oleacein and oleocanthal contents (41, 40 
and 32%, respectively), without variation in the oleuropein 
derivatives but with a significant increase in the ligstroside 
derivative contents by 36%. A similar trend was reported by 
Ammar et al. [15] who extracted oils from different culti-
vars, adding 3% of leaves from the same studied cultivars, 
during the extraction process. The authors noticed, for cv. 
Chemlali and cv. Chétoui oils extracted with the addition of 
their leaves, an increase in the concentrations of hydroxyty-
rosol acetate and oleacein. On the other hand, oils extracted 
from cv. Zalmati leaves showed a significant reduction of 
these amounts. These findings demonstrate that the results 
obtained are clearly dependent on the cultivar studied.

Oleuropein and ligstroside derivatives, which are pre-
cursors of smaller molecules (as oleuropein, oleacein and 
oleocanthal), were present in all analyzed oils, but their 
relative proportions were different. The phenolic fraction 
is often affected by the hydrolytic enzymes’ activity (e.g., 
β-glucosidase), which catalyzes the release of aglycone 
secoiridoids from their respective glucoside forms, as well 
as by the oxidative degradation catalyzed by the polyphe-
nol oxidases (PPO) and peroxidases (POD) [49]. Thus, 
differences at an enzymatic level can influence the pheno-
lics’ composition, thus partially explaining the differences 
observed for the studied oils.

Table 2   Phenolic compounds 
content (mean ± standard 
deviation, mg of tyrosol 
equivalents/kg of olive 
oil; for each oil n = 5 olive 
oil bottles × 2 analytical 
extractions × 1 chromatographic 
analysis) of the studied cv. 
Arbequina olive oils

a p-values for the one-way ANOVA. Different letters in the same row show statistically significant differ-
ences from the given mean (p-value < 0.05)
b Oleuropein in glycosidic form
c Sum of Σidentified phenols and Σnon-identified phenols

Phenolic compounds Industrially extracted cv. Arbequina oils p-valuea

Without addition of 
leaves (control)

With cv. Arbe-
quina leaves

With cv. Santul-
hana leaves

Hydroxytyrosol 1.3 ± 0.2A 1.1 ± 0.1B 0.2 ± 0.0C  < 0.0001
Tyrosol 1.0 ± 0.1A 0.6 ± 0.1B 0.4 ± 0.1C  < 0.0001
Vanillic acid 1.1 ± 0.2A 0.6 ± 0.5C 0.9 ± 0.1B  < 0.0001
Oleuropeinb 1.7 ± 0.3A 1.4 ± 0.3A 1.0 ± 0.2B  < 0.0001
Oleacein 38.5 ± 3.5B 54.9 ± 1.5A 15.1 ± 0.8C  < 0.0001
Oleocanthal 12.8 ± 1.0A 12.4 ± 0.9A 8.7 ± 0.5B  < 0.0001
ΣOleuropein derivatives 53.9 ± 2.3B 56.9 ± 1.4A 52.8 ± 2.3B  < 0.0001
ΣLigstroside derivatives 18.4 ± 1.0B 18.0 ± 0.7B 28.8 ± 1.6A  < 0.0001
Σphenolic acids 1.1 ± 0.2A 0.6 ± 0.5C 0.9 ± 0.1B  < 0.0001
Σphenolic alcohols 2.3 ± 0.3A 1.7 ± 0.1B 0.6 ± 0.1C  < 0.0001
Σsecoiridoid derivatives 125.3 ± 5.6B 143.7 ± 3.0A 106.4 ± 4.9C  < 0.0001
Σidentified phenols 128.7 ± 6.0B 145.9 ± 3.0A 107.9 ± 4.9C  < 0.0001
Σnon-identified phenols 36.2 ± 3.1A 35.4 ± 3.7A 34.7 ± 3.8A 0.6605
Σphenolics content

c 164.9 ± 6.2B 181.3 ± 4.7A 142.6 ± 5.8C  < 0.0001
Identified phenols (rel. %) 78.0 ± 1.8B 80.5 ± 1.7A 75.7 ± 2.3C  < 0.0001
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Finally, it could be stated that the addition of cvs. Arbe-
quina or Santulhana leaves resulted in a decrease of the 
phenolic acids and phenolic alcohol contents, though some 
studies did not observe a direct effect on their amounts due 
to the leaves’ incorporation [11, 16].

Effect of addition of leaves during oil extraction 
on the health claim evaluation

The EFSA [2] has recognized the protective effect of poly-
phenols from olive oils against the oxidative stress of blood 
lipids. This has led to a health claim related to olive oil 
consumption, which establishes a minimum content of 5 mg 
of hydroxytyrosol and derivatives per 20 g of olive oil [3]. 
Therefore, the effect of addition of olive leaves on the fulfill-
ment of this health claim was determined.

Table 3 shows the hydrolyzed secoiridoidic fraction of 
the oils that comprises hydroxytyrosol and tyrosol contents 
as their sum (in mg/20 g of oil). For cv. Arbequina oils 
(control), the hydroxytyrosol derivatives contents almost 

double those of tyrosol, which is in accordance with the 
literature data [9, 34]. The addition of cv. Arbequina leaves 
during the extraction process led to a significant increase 
(p-value < 0.0001) of the hydroxytyrosol derivatives, but an 
opposite finding was observed for the addition of cv. Santul-
hana leaves, which led to a significant reduction. This trend 
is in line with the results previously discussed regarding the 
individual phenolic profile of olive oils extracted with or 
without olive leaves (Table 2).

The results pointed out that although the cv. Arbequina 
control oils were unable to attain the health claim, as well 
as those extracted after addition of cv. Santulhana leaves, 
the oils extracted after the addition of cv. Arbequina leaves 
could fulfill the health claim by surpassing the phenolic 
threshold (hydroxytyrosol–tyrosol derivatives greater than 
5 mg/20 g oil). Though these oils should not be commercial-
ized as EVOO, since the extraction was performed in the 
presence of olive leaves, which is not according to the EU 
regulations [23], they possess a commercial health claim 
advantage. Thus, the addition of cv. Arbequina leaves during 

Table 3   Estimated content of hydroxytyrosol and tyrosol derivatives (mean ± standard deviation, mg/20 g of olive oil; for each oil n = 5 olive oil 
bottles × 2 analytical extractions × 1 chromatographic analysis) in the hydrolyzed cv. Arbequina olive oils

a p-values for the one-way ANOVA. Different letters in the same row show statistically significant differences from the given mean 
(p-value < 0.05)

Phenolic derivatives Industrially extracted cv. Arbequina oils p-valuea

Without addition of leaves 
(control)

With cv. Arbequina leaves With cv. Santulhana leaves

Hydroxytyrosol 2.54 ± 0.28B 3.55 ± 0.28A 1.31 ± 0.11C  < 0.0001
Tyrosol 1.82 ± 0.34A 1.72 ± 0.22A 1.59 ± 0.21A 0.1722
Total 4.36 ± 0.23B 5.28 ± 0.18A 2.90 ± 0.25C  < 0.0001

Table 4   Intensities of gustatory 
attributes (mean ± standard 
deviation, n = 5 olive oil 
bottles × 2 samples × 8 panelists) 
of the studied cv. Arbequina 
olive oils

a p-values for the one-way ANOVA. Different letters in the same row show statistically significant differ-
ences from the given mean (p-value < 0.05)

Perceived gustatory 
attributes

Industrially extracted cv. Arbequina oils p-valuea

Without addition of 
leaves (control)

With cv. Arbequina 
leaves

With cv. Santulhana 
leaves

Green fruity 2.4 ± 0.3B 2.6 ± 0.3B 5.3 ± 0.5A  < 0.0001
Sweet 6.1 ± 0.4B 7.0 ± 0.4A 6.2 ± 0.6B  < 0.0001
Bitter 1.3 ± 0.3B 2.9 ± 0.5A 3.2 ± 0.2A  < 0.0001
Pungent 2.4 ± 0.5A 1.6 ± 0.4B 1.8 ± 0.2B 0.0001
Apple 6.0 ± 0.5A 5.2 ± 0.4B 5.7 ± 0.5A 0.0052
Tomato 3.2 ± 0.6A 3.1 ± 0.5A 3.3 ± 0.5A 0.7887
Dry fruits 1.9 ± 0.3A 1.8 ± 0.7A 1.9 ± 0.3A 0.8050
Banana 5.1 ± 0.4A 4.3 ± 0.4B 5.1 ± 0.5A 0.0011
Fresh herbs 2.2 ± 0.7A 2.2 ± 0.3A 2.1 ± 0.1A 0.9670
Cabbage 3.6 ± 0.6B 4.2 ± 0.4A 3.4 ± 0.2B 0.0017
Harmony 8.0 ± 0.5A 7.9 ± 0.2A 8.2 ± 0.3A 0.2086
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the oil extraction could be foreseen as an important strategy 
for increasing the phenolic content of cv. Arbequina oils, 
well known by their usual low-level phenolic content, and 
potentially attaining similar levels of bioactive phenolics to 
those ensuring the health claim.

Effect of addition of leaves during oil extraction 
on the gustatory sensations

During the sensory analysis of the olive oils, no defec-
tive sensation was perceived, with ten positive gustatory 
attributes being detected (Table 4). The mean intensities 
varied from 1.3 ± 0.3 (bitter sensation intensity for control) 
to 7.0 ± 0.4 (sweet sensation intensity for oils extracted 
with cv. Arbequina leaves). Table 4 also shows that the 
addition of olive leaves did not influence the intensity 
perception of tomato, dry fruit, and fresh herb sensations 
(p-value ≥ 0.7887). On the contrary, for the other seven 
positive gustatory attributes, the addition of olive leaves 
had a significant effect (p-value ≤ 0.0052) on the perceived 
intensities, depending on the sensory sensation and the leaf 
cultivar added. The addition of cv. Santulhana leaves sig-
nificantly increased the positive attributes, namely green-
fruity (by 55%) and bitter (by 59%) sensations. Instead, the 
addition of cv. Arbequina leaves significantly increased the 
sweet (13%), bitter (55%) and cabbage (14%) sensations, 
but decreased the perceived intensities of apple (15%) and 
banana (19%) sensations. On the other hand, the addition 
of any type of leaves resulted in a significant lower pungent 
sensation (25–33%, for cvs. Santulhana and cv. Arbequina, 
respectively. Di Giovacchino et al. [18] and Malheiro et al. 
[14] also reported that addition of olive leaves during the oil 
extraction could improve some sensory characteristics of the 
extracted oils. The observed changes of oils’ bitterness and 
pungency after the leaves’ incorporation may be partially 
related to the known influence of the phenolic fraction on 
those sensations [49]. Derivatives of oleuropein like olea-
cein and the oleuropein aglycone are mainly responsible for 
the oil’s bitterness, while oleocanthal is mainly responsible 
for the pungent sensation [50]. For all the cv. Arbequina 
oils studied, it was possible to establish a strong correlation 
between the perceived bitter intensities and the contents of 
secoiridoid derivatives of oleuropein (R2 = 0.999), confirm-
ing the literature hypothesis pointed out by Romero et al. 
[51]. Finally, addition of leaves did not have a significant 
effect (p-value = 0.2086) on the harmony note, which takes 
into account the overall sensory perception.

Unsupervised and supervised recognition of cv. 
Arbequina oils

From the oxidative quality evaluation (FA, PV, K232 and 
K268) and the sensory analysis (Tables 1 and 4), all cv. 

Arbequina oils fulfilled the required legal thresholds for 
EVOO classification (FA ≤ 0.8% of oleic acid, PV ≤ 20 mEq 
O2/kg, K232 ≤ 2.50 and K268 ≤ 0.22; green-fruity inten-
sity > 0 and intensity of defects equal to 0) (Commission 
Delegated Regulation (EU) 2015/1830 of 8th July) [52]. 
However, according to the EU Commission Regulation (CE 
1989/2003) [23], not all the studied oils could be commer-
cialized as EVOO, since some of them were extracted in 
the presence of olive leaves. Therefore, the possibility of 
using the chemical–sensory data as biomarkers to detect oils 
extracted without or with the addition of a low amount of 
leaves (1%, w/w) was tested.

In this sense, PCA was applied to infer the unsupervised 
differentiation of the studied oils. The 2D-PCA biplots 
showed that the physicochemical quality data together with 
the TPC, TCC, total chlorophyll content and OS (Fig. 1A) 
allowed a satisfactory recognition of the oil type, with 94% 
of data variability explained by the first two principal com-
ponents (PCs). A similar satisfactory differentiation was 
achieved using the oils’ phenolic profiles (Fig. 1C, explain-
ing the first two PCs approximately 78% of the data variabil-
ity). However, the differentiation requires the use of differ-
ent analytical techniques (e.g., titration, spectrophotometry 
plus Rancimat, or chromatography, respectively) which are 
time-consuming. Besides, the in situ/online implementa-
tion of those analytical techniques is not straightforward. 
The color data (Fig. 1B) did not enable such a satisfactory 
oil recognition, with a partial overlap of control and oils 
extracted with cv. Arbequina leaves observed, even if the 
first two PCs explained more than 95% of the data variabil-
ity. For the gustatory sensations (Fig. 1D), the first two PCs 
only explained 47% of the data variability, pointing out to 
their lower differentiation capability, with an overlap being 
observed for oils extracted after the addition of cvs. Arbe-
quina or Santulhana leaves.

On the other hand, potentiometric E-tongues have been 
reported to be a powerful, fast, accurate and cost-effective 
taste device for olive oil analysis [8, 53]. Thus, the possibil-
ity of using a potentiometric laboratory-made E-tongue, as a 
single-run taste sensor analytical tool, was further evaluated 
to discriminate cv. Arbequina oils extracted without or with 
the addition of olive leaves. An E-tongue-LDA-SA model, 
with two linear discriminant functions (DFs) was established 
(explaining 100% of data variability) based on the poten-
tiometric signals recorded by six non-redundant sensors 
(1st array: S1:10, S1:14; 2nd array: S2:5, S2:10, S2:13 and 
S2:17). The multivariate linear classification model correctly 
classified all samples (100% sensitivity and specificity) for 
both original grouped data (Fig. 2) and LOO-CV variant. The 
successful classification could be tentatively attributed to the 
capability of the lipid sensor membranes to interact, through 
electrostatic and hydrogen bonds, with oils’ polar compounds 
responsible for the observed differences at the sensory and 
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phenolic composition levels [54]. The satisfactory predic-
tive performance demonstrated the potential of using the 
E-tongue as a single-run complementary/alternative tool to 
discriminate cv. Arbequina oils extracted without or with the 
addition of cvs. Arbequina or Santulhana leaves, foreseeing 
its use to detect the (un)deliberated incorporation (of at least 
1%, w/w) of olive leaves during oil extraction.

Conclusions

The effects of incorporating olive leaves during the oil 
extraction, at industrial scale, are leaf cultivar dependent. 
In this study, it was verified that the addition of 1% (w/w) 
of cv. Arbequina leaves during the industrial extraction 
of cv. Arbequina oils had a global positive effect on the 
extracted oil quality. This can lead to lower lipid primary 
oxidation, greater oxidative stability, higher total phe-
nols, and pigments contents as well as a greater content 
of secoiridoid phenolic derivatives. Indeed, the addition 

of cv. Arbequina leaves allowed obtaining greener and 
brighter oils that could support the polyphenols-related 
health claim, which is a clear commercial advantage. Fur-
thermore, it also enhanced the perceived intensity of some 
appreciated gustatory sensations, such as green-fruity and 
bitter sensations. The results also pointed out that the use 
of leaves and olives of the same cultivar (cv. Arbequina) 
had a higher positive synergetic impact on overall oils’ 
chemical–sensory quality compared to the use of cv. San-
tulhana leaves. Notwithstanding, the use of cv. Santulhana 
leaves promoted a significant increase of positive sensory 
attributes (green and bitter sensations). Furthermore, sat-
isfactory correlation between bitter intensities and the oils’ 
content on secoiridoid derivatives of oleuropein was found 
in this research. Finally, it was demonstrated that a labo-
ratory-made potentiometric electronic tongue, with lipid 
polymeric membranes, could be satisfactorily applied, as a 
single-run sensor device, to discriminate the cv. Arbequina 
oils extracted without or with the addition of leaves and 
thus as a genuineness tool.

Fig. 1   PCA analysis (biplot) differentiation of cv. Arbequina olive 
oils extracted without (control, ) or with the addition of olive leaves 
(1%, w/w) from cv. Arbequina ( ) or cv. Santulhana ( ). A Physico-
chemical data. B CIELAB color data. C Phenolic compounds profile. 

D Gustatory sensations. Free acidity, FA; peroxide value, PV; extinc-
tion coefficient, K232 and K268; oxidative stability, OS; total phenolic 
content, TPC; total carotenoids content, TCC; and chlorophyll con-
tents



European Food Research and Technology	

1 3

Author contributions  Conceptualization: SC, JAP, AMP. Methodol-
ogy: SC, NR. Formal analysis and investigation: ÍMGM, RC, NR, 
ACAV, AMP. Writing—original draft preparation: ÍMGM, AMP. 
Writing—review and editing. ÍMGM, RC, NR, ACAV, SC, JAP, AMP. 
Funding acquisition: SC, JAP, AMP. Resources: SC, JAP, AMP. Super-
vision: SC, JAP, AMP.

Funding  The authors are grateful to the Foundation for Science and 
Technology (FCT, Portugal) for financial support by national funds 
FCT/MCTES to CIMO (UIDB/00690/2020), CEB (UIDB/04469/2020) 
and REQUIMTE-LAQV (UIDB/50006/2020) units and to the Asso-
ciate Laboratories for Green Chemistry-LAQV (UIDB/50006/2020) 
and SusTEC (LA/P/0007/2020), as well as to BioTecNorte operation 
(NORTE‐01‐0145‐FEDER‐000004) and to Project “GreenHealth—
Digital strategies in biological assets to improve well-being and pro-
mote green health” (Norte-01–0145-FEDER-000042) funded by the 
European Regional Development Fund under the scope of Norte2020 
‐ Programa Operacional Regional do Norte. Ítala M.G. Marx acknowl-
edges the Ph.D. grant (SFRH/BD/137283/2018) provided by FCT. 
Nuno Rodrigues thanks to National funding by FCT-Foundation 
for Science and Technology, P.I., through the institutional scientific 
employment program-contract.

Availability of data and material  Data will be available upon request.

Declarations 

Conflict of interest  The authors declare that they have no financial or 
non-financial conflict/competing interests.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

References

	 1.	 Sacchi R, Della Medaglia D, Paduano A, Caporaso N, Genovese 
A (2017) Characterisation of lemon-flavoured olive oils. LWT - 
Food Sci Technol 79:326–332. https://​doi.​org/​10.​1016/j.​lwt.​2017.​
01.​025

	 2.	 European Commission Regulation EC No 61/2011 (2011) Amend-
ing regulation No 2568/91/EEC on the characteristics of olive oil 
and olive pomace oil and on the relevant methods of analysis. Off 
J Eur Union L23:1–13

	 3.	 EC Regulation No 432/2012 (2012) Establishing a list of permit-
ted health claims made on foods, other than those referring to the 
reduction of disease risk and to children’s development and health. 
Eur J Eur Union L130:1–40

	 4.	 Benavente-García O, Castillo J, Lorente J, Ortunõ A, Del Rio 
JA (2000) Antioxidant activity of phenolics extracted from Olea 
europaea L. leaves. Food Chem 68:457–462. https://​doi.​org/​10.​
1016/​S0308-​8146(99)​00221-6

	 5.	 Caponio F, Difonzo G, Calasso M, Cosmai L, De Angelis M 
(2019) Effects of olive leaf extract addition on fermentative and 
oxidative processes of table olives and their nutritional properties. 
Food Res Int 116:1306–1317. https://​doi.​org/​10.​1016/j.​foodr​es.​
2018.​10.​020

	 6.	 Sanmartin C, Venturi F, Sgherri C, Nari A, Macaluso M, Flamini 
G, Quartacci M, Taglieri I, Andrich G, Zinnai A (2018) The 
effects of packaging and storage temperature on the shelf-life of 
extra virgin olive oil. Heliyon 4:e00888. https://​doi.​org/​10.​1016/j.​
heliy​on.​2018.​e00888

	 7.	 Taghvaei M, Jafari SM (2015) Application and stability of natural 
antioxidants in edible oils in order to substitute synthetic addi-
tives. J Food Sci Technol 52:1272–1282. https://​doi.​org/​10.​1007/​
s13197-​013-​1080-1

	 8.	 Marx ÍMG, Rodrigues N, Veloso ACA, Casal S, Pereira JA, Peres 
AM (2021) Effect of malaxation temperature on the physicochem-
ical and sensory quality of cv. Cobrançosa olive oil and its evalua-
tion using an electronic tongue. LWT - Food Sci Technol. https://​
doi.​org/​10.​1016/j.​lwt.​2020.​110426

	 9.	 Marx ÍMG, Casal S, Rodrigues N, Pinho T, Veloso ACA, Pereira 
JA, Peres AM (2021) Impact of the malaxation temperature on 
the phenolic profile of cv. Cobrançosa olive oils and assessment 
of the related health claim. Food Chem 337:127726. https://​doi.​
org/​10.​1016/j.​foodc​hem.​2020.​127726

	10.	 Vidal AM, Alcalá S, Ocaña MT, De Torres A, Espínola F, Moya 
M (2020) Elaboration of extra-virgin olive oils rich in oleocan-
thal and oleacein: pilot plant’s proposal. Eur Food Res Technol 
246:1459–1468. https://​doi.​org/​10.​1007/​s00217-​020-​03503-1

	11.	 Tarchoune I, Sgherri C, Eddouzi J, Zinnai A, Quartacci MF, 
Zarrouk M (2019) Olive leaf addition increases olive oil 

Fig. 2   LDA-SA model performance regarding the supervising classi-
fication of cv. Arbequina olive oils extracted without (control, ) or 
with the addition of olive leaves (1%, w/w) from cv. Arbequina ( ) 
or cv. Santulhana ( ) based on the potentiometric signals gathered 
by six E-tongue lipid sensor membranes (1st array: S1:10, S1:14; 2nd 
array: S2:5, S2:10, S2:13 and S2:17), selected using the SA algorithm 
from a set of 40 sensors. The ellipses represent the boundary lines 
based on the posterior probabilities computed using the Bayes’ theo-
rem for each class

https://doi.org/10.1016/j.lwt.2017.01.025
https://doi.org/10.1016/j.lwt.2017.01.025
https://doi.org/10.1016/S0308-8146(99)00221-6
https://doi.org/10.1016/S0308-8146(99)00221-6
https://doi.org/10.1016/j.foodres.2018.10.020
https://doi.org/10.1016/j.foodres.2018.10.020
https://doi.org/10.1016/j.heliyon.2018.e00888
https://doi.org/10.1016/j.heliyon.2018.e00888
https://doi.org/10.1007/s13197-013-1080-1
https://doi.org/10.1007/s13197-013-1080-1
https://doi.org/10.1016/j.lwt.2020.110426
https://doi.org/10.1016/j.lwt.2020.110426
https://doi.org/10.1016/j.foodchem.2020.127726
https://doi.org/10.1016/j.foodchem.2020.127726
https://doi.org/10.1007/s00217-020-03503-1


	 European Food Research and Technology

1 3

nutraceutical properties. Molecules 24:545. https://​doi.​org/​10.​
3390/​molec​ules2​40305​45

	12.	 Ryan D, Antolovich M, Prenzler P, Robards K, Lavee S (2002) 
Biotransformations of phenolic compounds in Olea europaea L. 
Sci Hortic 92:147–176. https://​doi.​org/​10.​1016/​S0304-​4238(01)​
00287-4

	13.	 Nenadis N, Wang LF, Tsimidou MZ, Zhang HY (2005) Radical 
scavenging potential of phenolic compounds encountered in O. 
europaea products as indicated by calculation of bond dissocia-
tion enthalpy and ionization potential values. J Agric Food Chem 
53:295–299. https://​doi.​org/​10.​1021/​jf048​776x

	14.	 Malheiro R, Casal S, Teixeira H, Bento A, Pereira JA (2013) 
Effect of olive leaves addition during the extraction process of 
overmature fruits on olive oil quality. Food Bioprocess Technol 
6:509–521. https://​doi.​org/​10.​1007/​s11947-​011-​0719-z

	15.	 Ammar S, Kelebek H, Zribi A, Abichou M, Selli S, Bouaziz M 
(2017) LC-DAD/ESI-MS/MS characterization of phenolic con-
stituents in Tunisian extra-virgin olive oils: effect of olive leaves 
addition on chemical composition. Food Res Int 100:477–485. 
https://​doi.​org/​10.​1016/j.​foodr​es.​2016.​11.​001

	16.	 Sanmartin C, Taglieri I, Macaluso M, Sgherri C, Ascrizzi R, 
Flamini G, Venturi F, Quartacci MF, Luro F, Curk F, Pistelli L, 
Zinnai A (2019) Cold-pressing olive oil in the presence of cry-
omacerated leaves of olea or citrus: nutraceutical and sensorial 
features. Molecules 24:2625. https://​doi.​org/​10.​3390/​molec​ules2​
41426​25

	17.	 Sevim D, Tuncay O (2013) Effect of olive leaves addition before 
extraction of turkish olive cultivars on olive oil minor components 
and antioxidant activity. Open Access Sci Rep 2:1–8. https://​doi.​
org/​10.​4172/​scien​tific​repor​ts

	18.	 Di Giovacchino L, Angerosa F, Di Giacinto L (1996) Effect of 
mixing leaves with olives on organoleptic quality of oil obtained 
by centrifugation. J Am Oil Chem Soc 73:371–374. https://​doi.​
org/​10.​1007/​BF025​23433

	19.	 Borges TH, Serna A, López LC, Lara L, Nieto R, Seiquer I (2019) 
Composition and antioxidant properties of Spanish extra virgin 
olive oil regarding cultivar, harvest year and crop stage. Antioxi-
dants 8:217. https://​doi.​org/​10.​3390/​antio​x8070​217

	20.	 Mansouri F, Benmoumen A, Richard G, Fauconnier ML, Sin-
dic M, Serghini-Caid H, Elamrani A (2016) Characterization of 
monovarietal virgin olive oils from introduced cultivars in eastern 
Morocco. Riv Ital delle Sostanze Grasse 93:21–30

	21.	 Tous J (2018) High planting density trial with olive cultivar 
“Arbequina.” Acta Hortic 1199:285–290. https://​doi.​org/​10.​
17660/​ActaH​ortic.​2018.​1199.​44

	22.	 Rodrigues N, Baptista P, Casal S, Pereira J (2018) Cv. Santulhana 
– Uma cultivar de oliveira a redescobrir. Azeites de Portugal. Guia 
2018:58

	23.	 European Union Commission RC 1989/2003 (2003) Amending 
regulation EEC 2568/91 on the characteristics of olive oil and 
olive-pomace oil and on the relevant methods of analysis. Off J 
Eur Communities L 295:57

	24.	 Hermoso M, Uceda M, García A, Morales B, Frias ML, Fernandez 
A (1991) Elaboración de Aceite de Calidad. Cons Agric y Pesca, 
Ser Apunt 5:173

	25.	 Di Giovacchino L, Costantini N, Ferrante ML, Serraiocco A 
(2002) Influence of malaxation time of olive paste on oil extrac-
tion yields and chemical and organoleptic characteristics of virgin 
olive oil obtained by a centrifugal decanter at water saving. Grasas 
Aceites 53:179–186. https://​doi.​org/​10.​3989/​gya.​2002.​v53.​i2.​302

	26.	 Rodrigues N, Marx ÍMG, Casal S, Dias LG, Veloso ACA, Pereira 
JA, Peres AM (2019) Application of an electronic tongue as a sin-
gle-run tool for olive oils’ physicochemical and sensory simulta-
neous assessment. Talanta 197:363–373. https://​doi.​org/​10.​1016/j.​
talan​ta.​2019.​01.​055

	27.	 Capannesi C, Palchetti I, Mascini M, Parenti A (2000) Electro-
chemical sensor and biosensor for polyphenols detection in olive 
oils. Food Chem 71:553–562. https://​doi.​org/​10.​1016/​S0308-​
8146(00)​00211-9

	28.	 Minguez-Mosquera IM, Rejano-Navarro L, Gandul-Rojas B, 
SanchezGomez AH, Garrido-Fernandez J (1991) Color-pigment 
correlation in virgin olive oil. J Am Oil Chem Soc 68:332–336. 
https://​doi.​org/​10.​1007/​BF026​57688

	29.	 Zamora R, Olmo C, Navarro JL, Hidalgo FJ (2004) Contribution 
of phospholipid pyrrolization to the color reversion produced dur-
ing deodorization of poorly degummed vegetable oils. J Agric 
Food Chem 52:4166–4171. https://​doi.​org/​10.​1021/​jf049​864k

	30.	 International Olive Council (2017) Determination of biophenols 
in olive oils by HPLC, COI/T.20/Doc No 29/Rev.1. 29, pp 1–8. 
https://​www.​inter​natio​nalol​iveoil.​org/​wp-​conte​nt/​uploa​ds/​2019/​
11/​COI-T.​20-​Doc.-​No-​29-​Rev-1-​2017.​pdf

	31.	 Klen TJ, Golc Wondra A, Vrhovšek U, Mozetič Vodopivec B 
(2015) Phenolic profiling of olives and olive oil process-derived 
matrices using UPLC-DAD-ESI-QTOF-HRMS analysis. J Agric 
Food Chem 63:3859–3872. https://​doi.​org/​10.​1021/​jf506​345q

	32.	 Romero C, Brenes M (2012) Analysis of total contents of hydroxy-
tyrosol and tyrosol in olive oils. J Agric Food Chem 60:9017–
9022. https://​doi.​org/​10.​1021/​jf302​6666

	33.	 Mastralexi A, Nenadis N, Tsimidou MZ (2014) Addressing ana-
lytical requirements to support health claims on “olive oil poly-
phenols” (EC regulation 432/2012). J Agric Food Chem 62:2459–
2461. https://​doi.​org/​10.​1021/​jf500​5918

	34.	 Tsimidou MZ, Nenadis N, Mastralexi A, Servili M, Butinar B, 
Vichi S, Winkelmann O, García-González D, Toschi TG (2019) 
Toward a harmonized and standardized protocol for the determi-
nation of total hydroxytyrosol and tyrosol content in virgin olive 
oil (VOO). The pros of a fit for the purpose ultra high performance 
liquid chromatography (UHPLC) procedure. Molecules 24:2429. 
https://​doi.​org/​10.​3390/​molec​ules2​41324​29

	35.	 Rodrigues N, Casal S, Peres AM, Baptista P, Pereira JA 
(2020) Seeking for sensory differentiated olive oils? The urge 
to preserve old autochthonous olive cultivars. Food Res Int 
128:108759. https://​doi.​org/​10.​1016/j.​foodr​es.​2019.​108759

	36.	 International Olive Council (2005) Method for the organoleptic 
assessment of virgin olive oil applying to use a designation of 
origin, COI/T.20/Doc. No. 22, pp 1–29. https://​www.​inter​natio​
nalol​iveoil.​org/​wp-​conte​nt/​uploa​ds/​2019/​11/​COI-T.​20-​Doc.-​
No-​22-​2005-​Eng-1.​pdf

	37.	 Santos KA, Filho OPA, Aguiar CM, Milinsk MC, Sampaio SC, 
Palú F, da Silva EA (2017) Chemical composition, antioxi-
dant activity and thermal analysis of oil extracted from favela 
(Cnidoscolus quercifolius) seeds. Ind Crops Prod 97:368–373. 
https://​doi.​org/​10.​1016/j.​indcr​op.​2016.​12.​045

	38.	 Guclu G, Kelebek H, Selli S (2021) Chapter 26 - Antioxidant 
activity in olive oils. In: Preedy VR, Watson RR (eds) Olives 
and olive oil in health and disease prevention, 2nd edn. Aca-
demic Press, pp 313–325. https://​doi.​org/​10.​1016/​B978-0-​12-​
819528-​4.​00031-6

	39.	 Servili M, Sordini B, Esposto S, Urbani S, Veneziani G, Di 
Maio I, Selvaggini R, Taticchi A (2014) Biological activities 
of phenolic compounds of extra virgin olive oil. Antioxidants 
3:1–23. https://​doi.​org/​10.​3390/​antio​x3010​001

	40.	 Gómez-Alonso S, Mancebo-Campos V, Salvador MD, Fregap-
ane G (2007) Evolution of major and minor components and 
oxidation indices of virgin olive oil during 21 months storage 
at room temperature. Food Chem 100:36–42. https://​doi.​org/​10.​
1016/j.​foodc​hem.​2005.​09.​006

	41.	 Özcan MM, Matthäus B (2017) A review: benefit and bioactive 
properties of olive (Olea europaea L.) leaves. Eur Food Res 
Technol 243:89–99. https://​doi.​org/​10.​1007/​s00217-​016-​2726-9

https://doi.org/10.3390/molecules24030545
https://doi.org/10.3390/molecules24030545
https://doi.org/10.1016/S0304-4238(01)00287-4
https://doi.org/10.1016/S0304-4238(01)00287-4
https://doi.org/10.1021/jf048776x
https://doi.org/10.1007/s11947-011-0719-z
https://doi.org/10.1016/j.foodres.2016.11.001
https://doi.org/10.3390/molecules24142625
https://doi.org/10.3390/molecules24142625
https://doi.org/10.4172/scientificreports
https://doi.org/10.4172/scientificreports
https://doi.org/10.1007/BF02523433
https://doi.org/10.1007/BF02523433
https://doi.org/10.3390/antiox8070217
https://doi.org/10.17660/ActaHortic.2018.1199.44
https://doi.org/10.17660/ActaHortic.2018.1199.44
https://doi.org/10.3989/gya.2002.v53.i2.302
https://doi.org/10.1016/j.talanta.2019.01.055
https://doi.org/10.1016/j.talanta.2019.01.055
https://doi.org/10.1016/S0308-8146(00)00211-9
https://doi.org/10.1016/S0308-8146(00)00211-9
https://doi.org/10.1007/BF02657688
https://doi.org/10.1021/jf049864k
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T.20-Doc.-No-29-Rev-1-2017.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T.20-Doc.-No-29-Rev-1-2017.pdf
https://doi.org/10.1021/jf506345q
https://doi.org/10.1021/jf3026666
https://doi.org/10.1021/jf5005918
https://doi.org/10.3390/molecules24132429
https://doi.org/10.1016/j.foodres.2019.108759
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T.20-Doc.-No-22-2005-Eng-1.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T.20-Doc.-No-22-2005-Eng-1.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T.20-Doc.-No-22-2005-Eng-1.pdf
https://doi.org/10.1016/j.indcrop.2016.12.045
https://doi.org/10.1016/B978-0-12-819528-4.00031-6
https://doi.org/10.1016/B978-0-12-819528-4.00031-6
https://doi.org/10.3390/antiox3010001
https://doi.org/10.1016/j.foodchem.2005.09.006
https://doi.org/10.1016/j.foodchem.2005.09.006
https://doi.org/10.1007/s00217-016-2726-9


European Food Research and Technology	

1 3

	42.	 Talhaoui N, Gómez-Caravaca AM, León L, De la Rosa R, 
Segura-Carretero A, Fernández-Gutiérrez A (2016) From olive 
fruits to olive oil: phenolic compound transfer in six different 
olive cultivars grown under the same agronomical conditions. 
Int J Mol Sci 17:337. https://​doi.​org/​10.​3390/​ijms1​70303​37

	43.	 Meirinhos J, Silva BM, Valentão P, Seabra RM, Pereira JA, Dias 
A, Andrade PB, Ferreres F (2005) Analysis and quantification 
of flavonoidic compounds from Portuguese olive (olea europaea 
L.) leaf cultivars. Nat Prod Res 19:189–195. https://​doi.​org/​10.​
1080/​14786​41041​00017​04886

	44.	 Ghomari O, Sounni F, Massaoudi Y, Ghanam J, Kaitouni LBD, 
Merzouki M, Benlemlih M (2019) Phenolic profile (HPLC-UV) 
of olive leaves according to extraction procedure and assessment 
of antibacterial activity. Biotechnol Rep 23:e00347. https://​doi.​
org/​10.​1016/j.​btre.​2019.​e00347

	45.	 Borges TH, Pereira JA, Cabrera-Vique C, Seiquer I (2017) Study 
of the antioxidant potential of Arbequina extra virgin olive oils 
from Brazil and Spain applying combined models of simulated 
digestion and cell culture markers. J Funct Foods 37:209–218. 
https://​doi.​org/​10.​1016/j.​jff.​2017.​07.​059

	46.	 Bajoub A, Medina-Rodríguez S, Gómez-Romero M, Ajal 
EA, Bagur-González MG, Fernández-Gutiérrez A, Carrasco-
Pancorbo A (2017) Assessing the varietal origin of extra-vir-
gin olive oil using liquid chromatography fingerprints of phe-
nolic compound, data fusion and chemometrics. Food Chem 
215:245–255. https://​doi.​org/​10.​1016/j.​foodc​hem.​2016.​07.​140

	47.	 Loubiri A, Taamalli A, Talhaoui N, Mohamed S, Carretero A, 
Zarrouk M (2017) Usefulness of phenolic profile in the classi-
fication of extra virgin olive oils from autochthonous and intro-
duced cultivars in Tunisia. Eur Food Res Technol 243:467–479. 
https://​doi.​org/​10.​1007/​s00217-​016-​2760-7

	48.	 Bakhouche A, Lozano-Sánchez J, Beltrán-Debón R, Joven J, 
Segura-Carretero A, Fernández-Gutiérrez A (2013) Phenolic 
characterization and geographical classification of commercial 
Arbequina extra-virgin olive oils produced in southern Catalo-
nia. Food Res Int 50:401–408. https://​doi.​org/​10.​1016/j.​foodr​
es.​2012.​11.​001

	49.	 Servili M, Selvaggini R, Esposto S, Taticchi A, Montedoro GF, 
Morozzi G (2004) Health and sensory properties of virgin olive 
oil hydrophilic phenols: agronomic and technological aspects of 
production that affect their occurrence in the oil. J Chromatogr 
A 1054:113–127. https://​doi.​org/​10.​1016/j.​chroma.​2004.​08.​070

	50.	 Andrewes P, Busch JLHC, De Joode T, Groenewegen A, Alexan-
dre H (2003) Sensory properties of virgin olive oil polyphenols: 
Identification of deacetoxy-ligstroside aglycon as a key contribu-
tor to pungency. J Agric Food Chem 51:1415–1420. https://​doi.​
org/​10.​1021/​jf026​042j

	51.	 Romero MP, Tovar MJ, Girona J, Motilva MJ (2002) Changes in 
the HPLC phenolic profile of virgin olive oil from young trees 
(Olea europaea L. Cv. Arbequina) grown under different deficit 
irrigation strategies. J Agric Food Chem 50:5349–5354. https://​
doi.​org/​10.​1021/​jf020​357h

	52.	 Commission Implementing Regulation EU No 299/2013 (2013) 
Amending regulation (EEC) No 2568/91 on the characteristics 
of olive oil and olive-residue oil and on the relevant methods of 
analysis. Off J Eur Union L266:9–13

	53.	 Dias LG, Rodrigues N, Veloso ACA, Pereira JA, Peres AM 
(2016) Monovarietal extra-virgin olive oil classification: a 
fusion of human sensory attributes and an electronic tongue. 
Eur Food Res Technol 242:259–270. https://​doi.​org/​10.​1007/​
s00217-​015-​2537-4

	54.	 Wu X, Miyake K, Tahara Y, Fujimoto H, Iwai K, Narita Y, Han-
zawa T, Kobayashi T, Kakiuchi M, Ariki S, Fukunaga T, Ikezaki 
H, Toko K (2020) Quantification of bitterness of coffee in the 
presence of high-potency sweeteners using taste sensors. Sens 
Actuators B Chem 309:127784. https://​doi.​org/​10.​1016/j.​snb.​
2020.​127784

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/ijms17030337
https://doi.org/10.1080/14786410410001704886
https://doi.org/10.1080/14786410410001704886
https://doi.org/10.1016/j.btre.2019.e00347
https://doi.org/10.1016/j.btre.2019.e00347
https://doi.org/10.1016/j.jff.2017.07.059
https://doi.org/10.1016/j.foodchem.2016.07.140
https://doi.org/10.1007/s00217-016-2760-7
https://doi.org/10.1016/j.foodres.2012.11.001
https://doi.org/10.1016/j.foodres.2012.11.001
https://doi.org/10.1016/j.chroma.2004.08.070
https://doi.org/10.1021/jf026042j
https://doi.org/10.1021/jf026042j
https://doi.org/10.1021/jf020357h
https://doi.org/10.1021/jf020357h
https://doi.org/10.1007/s00217-015-2537-4
https://doi.org/10.1007/s00217-015-2537-4
https://doi.org/10.1016/j.snb.2020.127784
https://doi.org/10.1016/j.snb.2020.127784

	Impact of incorporating olive leaves during the industrial extraction of cv. Arbequina oils on the physicochemical–sensory quality and health claim fulfillment
	Abstract
	Graphic abstract

	Introduction
	Materials and methods
	Sampling
	Olive oil physicochemical analysis and color determination
	Phenolic compounds profile
	Hydroxytyrosol and tyrosol derivatives contents after hydrolysis
	Olive oil sensory gustatory analysis
	E-tongue
	Statistical analysis

	Results and discussion
	Effect of addition of leaves during oil extraction on physicochemical and color parameters
	Effect of addition of leaves during oil extraction on the phenolic profile
	Effect of addition of leaves during oil extraction on the health claim evaluation
	Effect of addition of leaves during oil extraction on the gustatory sensations
	Unsupervised and supervised recognition of cv. Arbequina oils

	Conclusions
	References




