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Abstract

This study aims to investigate the influence of traditional maceration upon the enrichment of olive oil with oleaster leaves.
The phenolic and tocopherolic compositions of control olive oil and enriched olive oils were determined. The influence of
these oil preparation procedures on oil quality indicators was also investigated through spectrophotometric indices and fatty
acid profiles. The total contents of bioactive compounds and pigments improved in oils obtained by maceration of fresh wild
olive leaves, and were in statistically significant correlation with leaves proportions additions. The obtained results revealed
that 15 phenolic compounds belonging to different phenolic types were characterized and quantified by an effective HPLC—
DAD-ESI-MS/MS method. In all expected olive oils, the oleuropein aglycon (3,4-DHPEA-EA), and ligstroside aglycon
(p-HPEAEA) derivatives were the most abundant compounds. Similarly, to phenolic compounds, tocopherols strongly
increased with leaves addition during maceration process.

The data obtained from this study suggested that the addition of olive leaf to oils allowed more functional olive oils with
higher antioxidant contents. Thus, Extra Virgin Olive Oil (EVOO) extracted with 10% of olive leaves presented the highest
amount of phenolic and tocopherol compounds.
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Introduction

Olive oil is the main lipid source in the diet of the Mediter-
ranean countries and is related to diverse healthy benefits
based upon its richness in monounsaturated fatty acids and
its high concentration of minor phenolic compounds has
been linked to a variety of health advantages [37]. Olive
oil's oxidative stability is connected to its endogenous phe-
nolics, which are a key class of secondary metabolites with
high antioxidant activity [38].
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In the food industry, the concept "superfoods” is being
used to describe foods which purport to have health advan-
tages [24]. In the last 2 decades, the food industry has been
seeking for additives to boost the therapeutic benefits of
food items [25]. Several additives and active chemicals from
various sources are being researched as antibacterial, anti-
inflammatory, and possible antiviral agents to keep up with
this tendency [24].

Furthermore, the food sector is contemplating the new
phase following the COVID-19 pandemic, wherein consum-
ers are interested in consuming items that will help them
strengthen their immunity system and eat healthier [25].

Accordingly, the extraction of bioactive compounds for
the development of functional meals becomes a barrier,
necessitating the identification of potent natural component
sources to enhance the availability of healthier food choices.
In this regard, one method to valorizing the enormous spec-
trum of bioresources is for the food industry to investigate
innovations that disrupt the way we eat food [25], [33].

Various studies have recently proved the utility of natural
antioxidants as oxidation inhibitors in edible oils [33, 41].
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Previous research has looked at enriching edible oils, such
as olive oil, using olive leaf extracts to increase its organo-
leptic quality and oxidative stability. Also, Marx et al. [33]
signaled that olive leaves are rich in phenolic compounds
and their extract has an antioxidant potential. Olive leaves
are commonly considered as a byproduct with a lot of oppor-
tunity for value addition [1, 33]. Phytochemicals from olive
leaves can be recovered for valorization in food items, result-
ing in high added-value compounds [33].

In the same regard, olive leaves are a rich source of
phenolic compounds (such as oleuropein, verbascoside,
apigenin-7-glucoside, luteolin-7-glucoside, and others)
[14, 19], which may defend against free radicals assaults
through several mechanisms (antioxidant, signaling, etc.)
[33]. Furthermore, olive leaves are one of the most preva-
lent by-products of the olive oil industry (counting to 10%
of total weight of olives) (Vidal et al. 2019) and may be
exploited as a low-cost source of high-added-value phenolic
compounds. Caponio et al. [19] also pointed out that the
pharmaceutical, cosmetic, and food sectors are becoming
more interested in the therapeutic effects attributed to these
bioactive components in olive leaf extract. The antibacterial
and antioxidant properties of the phenolic compounds found
in olive leaves suggest that they might be used as natural
additives or supplements [2], [33].

On the other front, the extraction procedure is crucial
for obtaining a high phenolic recovery from the samples.
The extraction of the bioactive compounds requires efficient
techniques, but only a few studies show good extraction
yields using clean techniques [17, 33]. Maceration extrac-
tion is a healthy method for the extraction of bioactive com-
pounds [33]. Maceration is a traditional extraction method
that has been used to extract phenolic chemicals from plants
for a long time [26, 33].

Olive leaf extract has become more popular in recent
years for usage in meals, food additives, and functional food
components [2, 33]. Accelerating efforts to establish sustain-
able and contemporary food systems, involving large food
supply chains based on by-products and their re-use in the
food industry, is worthwhile [36]. The chemical composition
of olive leaves is known in details, nevertheless, most of the
research have been concerned with material derived from
cultivated olive trees, while studies dealing with wild types
of Olea europaea are limited. Furthermore, the antioxidant
properties of leaves extract from wild olive trees with greater
bioactive content [6] have not been well explored. Thus,
the aim of our study was to qualitatively and quantitatively
evaluate wild olive leaves addition on olive oil nutraceuti-
cal compounds by focusing on the major groups of phyto-
chemicals such as phenolic, fatty acids, and tocopherol oil
composition [36].

The present research was undertaken to evaluate and com-
pare the phenolic and tocol profiles of control and enriched
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olive oil by wild olive tree leaves using various percentages
maceration.

Materials and methods
Plant material

Olive fruits from Chemlali variety were hand-picked at
maturity index 3.5 during the crop season 2020-2021. Oil
extraction was carried out in similar industrial conditions
using a laboratory instrument: Abencor analyzer (MC2 Ing-
enieriay Sistemas, Sevilla, Spain) consisting of three basic
elements: a mill, a thermobeater and a pulp centrifuge. After
harvesting, fresh olive samples were washed, deleafed and
then crushed with a hammer mill and were slowly mixed
for 30 min at 25 °C. The obtained paste was centrifuged
without addition of warm water. The oil was separated by
decanting. Then, wild olive leaves (0%, 1%, 3%, 5%, and
10% by weight) were placed in 250 ml glass bottles with her-
metic closure and to these the oil was added until immersed
and left for 7 days to infuse. A control sample was obtained
using only olive oil. The fortified oils were stored in the dark
at 4 °C until the extraction and analysis.

Chemicals

Hydroxytyrosol, tyrosol, vanillin, vanillic acid, ferulic acid,
p-coumaric acid, cinnamic acid, luteolin, and apigenin
were used as reference standards for the optimization of the
extraction procedure and purchased from Sigma—Aldrich
(Schnelldorf, Germany). Methanol (HPLC-grade quality)
was used for the extraction (Baker, Avantor Performance
Materials, Arnhem, Netherlands). For HPLC-Qtof-MS
analysis formic acid (Honeywell Fluka, Fisher Scientific,
Schwerte, Germany), methanol (Fisher Scientific, Schwerte,
Germany), isopropanol (99.9%, Honeywell, Riedel-de-Hien,
Fisher Scientific, Schwerte, Germany), 1 M sodium hydrox-
ide solution (Agilent Technologies, Santa Clara, CA, USA),
and water (Merck, Darmstadt, Germany) were used (HPLC-
grade quality).

Petroleum ether (40-60 °C analytical grade>98%),
heptane, tocopherols standards, sodium methylate, sodium
hydrogen sulphate (monohydrate, extra pure), and tert-butyl
methyl ether (HPLC grade) were purchased from Merck
(Darmstadt, Germany). Tocopherol and tocotrienol standard
compounds were purchased from CalBiochem (Darmstadt,
Germany)
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Quality index determination

Free acidity and specific UV spectrophotometric indices
at 232 and 270 nm were carried out following the analyti-
cal methods described in the European Union Commission
Regulations EEC/2568/91 and EEC/1429/92 [22].

UV absorbency is an indicator of oxidation, especially in
oils. It measures the quantity of certain oxidized compounds
that absorb wavelengths of 232 and 270 nm.

Free acidity, given as percent of oleic acid, was deter-
mined by titration of a solution of oil dissolved in ethanol/
ether (1:1, v/v) with 0.1 mol/l (0.1 N) potassium hydroxide
solution. Peroxide value expressed as milliequivalents of
active oxygen per kilogram of oil (meqO,/kg), was deter-
mined as follows: olive oil (2.5 g) was dissolved in a mixture
of chloroform/acetic acid (2:3, v/v) and was left to react
with a solution of potassium iodide in the darkness; the free
iodine was then titrated with a 0.01 mol/l sodium thiosulfate
solution. K,3, and K, extinction coefficients were calcu-
lated from absorption at 232 and 270 nm, respectively, with
a UV spectrophotometer (Model SECOMAM ANTHELIE
Advanced, France), using a 1% solution of oil in cyclohex-
ane and a path length of 1 cm (I00C,2019).

Chlorophyll and carotenoid contents

According to the method of Minguez-Mosquera et al. [34],
carotenoid and chlorophyll compounds were determined
at 470 and 670 nm, respectively, in cyclohexane, using the
specific extinction coefficients. The values of the specific
extinction coefficients used were EO= 613 for pheophytin as
major component in the chlorophyll fraction and E0 =2000
for lutein as major component in the carotenoid fraction.
Thus, pigment contents were calculated as follows:

A
Chiorophylls (mg ke™!) = £="K50=—.

A
Carotenoids(mg kg™') = o
2000 x 100 x d

where A is the absorbance and d is the spectrophotometer
cell thickness (1 cm).

Carotenoids and chlorophylls contents were expressed as
mg of lutein and pheophytin ‘‘a’’ per kg of oil, respectively.
Radical-scavenging activity (RSA)

The DPPH antioxidant test was used to determine the rad-
ical-scavenging activity of the samples. The free radical-
scavenging activity (RSA) was determined using a modified
Goupy et al. technique (2012).

Briefly, the oil extracts were prepared by diluting 0.5 g
of oil in 10 mL of methanol. All solutions were prepared
freshly for each analysis. 1 ml of each solution was mixed
with 2 ml of DPPH solution (2 x 10™* mol/L in methanol)
and kept at room temperature for 30 min in dark place.
At 517 nm, the absorbance was measured. The total RSA
of each extract was expressed as the percentage of DPPH
reduced and was calculated by the following equation:

Ag—A
RSA% = —— x 100,

0

A0, absorbance of DPPH solution without any antioxi-
dant; A, absorbance of DPPH solution after reaction with
the extract. All experiments were performed in triplicate.

Analysis of fatty acid composition

The EVOO sample was vigorously shaken in n-hexane (0.2 g
in 3 ml n-hexane) with 0.4 ml of 2 M methanolic potassium
hydroxide solution to extract fatty acids. Fatty acids (FAs)
were coupled with on a gas chromatograph HP 7890 (1)
and HP 5975 mass spectrometer (Agilent Technologies, Palo
Alto, CA, USA) with an electron impact ionization of 70 eV.

The temperature was set to climb from 40 to 280 °C at a
rate of 5 °C/min using an HP-5MS capillary column (30m
0.25mm, 0.25m film thickness; Agilent Technologies, Hewl-
ett-Packard, CA, USA). At a flow rate of 1.2 ml/min, a split
ratio of 60:1, and scan times and mass ranges of 1 s and
40-300 m/z, respectively, helium was utilized as the carrier
gas. The GC-MS data system's Wiley 09 NIST 2011 mass
spectral library was used to compare the recorded mass spec-
tra with those contained in the Wiley 09 NIST 2011 mass
spectral library to identify FAs.

Phenolic compounds
Extraction of phenolic compounds

Liquid-liquid extraction was used for the extraction of phe-
nolic chemicals [48]. In brief, 2 g of sample material was
precisely weighed into a 10 ml glass tube, then 5 ml MeOH/
H20 (80/20 (v/v) was added, the mixture was shaken for
1 min (Vortex, 1500 Mot/min), then centrifuged for 15 min
at 3000 rpm.

The methanol collected was extracted with a Pasteur
pipette after centrifugation, and the solvent was transferred
to a flask. For a complete extraction of the oil, the extraction
procedure was conducted a second time with the residual
oil. The first and second extracts were blended. Finally, the
combined extract's solvent was evaporated under nitrogen
at 40 °C, and the residue was dissolved in 500 pliters of
MeOH/H,0 (50/50 (v/v)). The dissolved extract was shaken
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for 1 min (Vortex (1500 Mot/min), then filtered using
a syringe filter (PTFE 0.2 m, WICOM Germany GmbH,
Heppenheim, Germany), and then transferred to a vial for
injection into the HPLC-DAD or HPLC-ESI-QToF-MS
system [48].

HPLC-ESI-QToF-MS analysis

A HPLC UltiMate 3000 (Thermo Fisher Scientific, Sunny-
vale, CA, USA) equipped with an autosampler was used to
analyze the polar extract using a high-performance liquid
chromatography—electrospray ionization—quadruple time
of flight mass spectrometer (HPLC-ESI-QToF-MS). The
samples were stored at 5 °C. A 150 mm X 2.1 mm, 1.7 m
Kinetex column EVO C18 was used for separation at 40 °C
(Phenomenex, Torrance, CA, USA).

The mobile phase was A =water with 0.01% HCOOH
and B=MeOH with 0.01% HCOOH. In a total run period
of 18 min, the percentage of organic modifier (B) was
varied as follows: 0 min, 10%; 5 min, 30%; 14 min, 60%;
14.50 min, 70%; 14.51 min, 100 percent; 16.00 min, 100
percent; 16.01 min, 10%. The injection volume was 10 p
liters. Following negative electrospray ionization, the
detection was performed on a Maxis Impact HD (Bruker
Daltonik, Bremen, Germany) in MS/MS (broadband colli-
sion induced dissociation (bbCID) mode with a diode array
detector at wavelengths of 235, 280, and 335 nm. Nitrogen
was employed as a nebulizing and desolvation gas.

MS data were collected in the m/z range of 50-1000. The
other parameters' values were determined as follows: 3000 V
capillary voltage; 200 °C drying gas temperature; 8 L/min
dry gas flow; 2 bar nebulizing gas pressure; 500 V plate
offset. For the first 0.5 min of each run, a calibration solu-
tion of sodium formate (10 mM) was injected into the MS
(flow: 0.18 L/min).

The data were collected using the Compass of Series 1.7
package as software. A blank MeOH/H20 (10/90 (v/v)) was
used after every ten injections to check for contamination in
the system [48].

Data analysis

The data from the HPLC-ESI-QToF were analyzed using
Data Analysis (Bruker). MS spectra were used to determine
the mass to charge ratio (m/z) of the molecular ion peak
[M-H] of the suspect substances. Potential sum formulae
were calculated using the software application "3D smart
formula." A database of phenolic compounds called Phe-
nols Explorer (INRA, Paris, France) was used to identify
phenolic compounds that have the same formula.

The peaks produced by HPLC-DAD analysis were evalu-
ated and integrated using EZ Chrom Elite. The components
were identified by comparing the retention time and UV
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spectra of the analytical standards to those of the analyti-
cal standards, which were chosen based on the assumptions
obtained from the HPLC-ESI-ToF-MS studies.

The samples were examined in triplicate for the quan-
titative analysis, and the findings were presented as
mean =+ standard deviation. External calibration was used to
perform the quantification. The calibration was done using
4-hydroxy benzaldehyde, vanillin, syringaldehyde, p-cou-
maric acid, ferulic acid, and ferulaldehyde at concentrations
of 0.3 mg/L, 1.0 mg/L, 2.5 mg/L, 5.0 mg/L, 10.0 mg/L,
15.0 mg/L, 25.0 mg/L, and 50.0 mg/L. A calibration curve
made of p-coumaric acid was used to quantify the ethyl ester
of p-coumaric acid [48].

Tocopherols

The HPLC was used to analyze tocopherols using a solution
of 250 mg of oil in 25 ml of n-heptane. A Merck-Hitachi
low-pressure gradient system with an L-6000 pump, a
Merck-Hitachi F-1000 fluorescence spectrophotometer
(detector wavelengths for excitation 295 nm, for emission
330 nm), and a D-2500 integration system were used to con-
duct the HPLC study. The samples were injected into a Diol
phase HPLC column 25 cm 4.6 mmID (Merck, Darmstadt,
Germany) with a flow rate of 1.3 ml/min using a Merck 655-
A40 autosampler. n-heptane/tert-butyl methyl ether (99 + 1,
v/v) was utilized as the mobile phase [11].

Statistical analysis

The results are reported as the mean values. Data of ana-
lytical characteristics of oils were analyzed by ANOVA/
MANOVA using the XLSTAT 2014. Duncan’s multiple
range tests were used to determine significant differences
among data.

Results and discussion
Quality parameters

Table 1 shows the physicochemical quality and antioxidant
parameters of the studied oils. All the analyzed oils showed
very low values for the regulated physicochemical param-
eters evaluated (acidity “0.8%; peroxide value <20 meq
0,/kg; K,»70<0.22; K,3,<2.5, and Ak <0.01), with all of
them falling within the ranges established for ‘‘extra virgin
olive oil’’ category, as required by IOOC Regulation 100C
2019). The K3, index correspond to the absorbency of con-
jugated dienes: first oxidation products and the K,;, index
correspond to the absorbency of the secondary oxidation
products: conjugated trienes (Aggarwal et al. 2021).
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Table 1 Quality characteristics of the studied enriched olive oils
Quality characteristics Chemlali oil Chemlali 0il+1% Chemlali oil+3% Chemlali 0il +5% Chemlali oil + 10%
wild olive leaves wild olive leaves wild olive leaves wild olive leaves
Free fatty acid (% oleic) 0.3+0.04* 0.38+0.01* 0.3+0.01* 0.42+0.02% 0.41+0.01*
Peroxide value (meg/kg) 3.5+0.04% 3.95+0.01%° 2.91+0.01° 3.97+0.03% 4.8+0.01%
K3, 1.20+£0.04* 1.3240.04° 1.24+0.02° 1.35+£0.01° 1.42+0.01°
Ky7o 0.12:+£0.04 0.13+0.02° 0.1+0.01° 0.11+0.01° 0.11+0.01°
Ak 0.0039+0.24 0.0039+0.24 0.00215+0.02 0.002250.24 + 0.00245 +0.24
Chlorophylls (mg/kg) 1.68 +0.04° 1.90+0.04° 2.28+0.02° 2.54+0.03° 4.7+0.01*
Carotenoids (mg/kg) 1.02+0.24° 1.03+0.24° 1.12+0.01° 2.20+0.24° 7.17+0.24*
DPPH (%) 45.7+0.12¢ 46.6+0.249 63.8+0.36° 72.2+0.54° 83+0.24%

Data are expressed as mean values of five independent experiments. Duncan’s test has been used to assess significance (Duncan’s test, P <0.05).

Values followed by different letters (*>¢

were performed in triplicate

Note that lower values for these parameters will trans-
late into a higher quality of the oil obtained from fresh and
healthy olives, harvested at the optimal ripening point, fol-
lowed by immediate extraction without proceeding to olive
storage (Aggarwal et al. 2021). It is known that olives at later
ripeness stages give oils with higher levels of free acidity
since they undergo an increase in enzymatic activity, espe-
cially lipolytic enzymes, and are more sensitive to mechani-
cal damage and pathogenic infections [7, 31].

The addition of leaves via maceration process did not
affect the quality parameters of the fortified olive oils. It has
been reported that, the addition of leaves during oil extrac-
tion and processing prevented the oxidation and the forma-
tion of peroxides, reducing the peroxide value to half [27,
30]. Contrary to our results, Malheiro et al. [32] reported
that leaf addition increased the peroxide value. Such dis-
crepancy could be explained with differences in the relative
presence of additional antioxidants of leaf residues. These
compounds may have enhanced the oxygen availability
through gas exchanges that occur during the respiration
process, resulting in peroxidation [42, 43].

Chlorophylls and carotenoids

Olive oils contain a lot of chlorophyll and carotenoids [12].
They work as antioxidants in the dark and as prooxidants
when exposed to light, interfering with oxidative stability
[30]. Furthermore, these chemicals are responsible for the
olive oil's yellow-green color, which increases customer
acceptance. Table 1 shows the levels of chlorophyll and
carotenoids in studied olive oils. In the present study, the
adding of wild olive leaves (1-3-5 and 10%) to Chemlali
oils enhanced chlorophyll and carotenoid concentrations
according to maceration percentage. The Chemlali enriched
oil showed a higher chlorophyll content (Table 1) in com-
parison with Chemlali control. In addition, EVOO from

and ©) in the same line are significantly different. DPPH: radical-scavenging activity. All experiments

Chemlali cultivar extracted with 10% added of wild olive
leaves presented the highest amount of chlorophyll (4.7 mg/
kg) and carotenoid (7.17 mg/kg) (Table 1) contents.

The addition of wild leaves also made the olive oils seem
greener, which was seen in all oils. Because of the antioxi-
dant activity of chlorophyll and its ability to conduct chemo-
preventive activities against carcinogens, the fortified oils
become nutritionally attractive as their chlorophyll concen-
trations rise [30], [42].

Radical-scavenging activity (RSA)

DPPH (2,2-diphenyl-1-picrylhydrazyl) is a colorless hydra-
zine that may absorb labile hydrogen atoms from phenolic
antioxidants (DPPH-H). The free radical-scavenging activ-
ity (RSA) of an extract can be expressed as the percentage
of DPPH reduced by a given amount of extract [30]. Due
to the harmful effects of free radicals in foods and biologi-
cal systems, radical-scavenging activity is critical [42]. This
test is a typical assay in antioxidant activity investigations
and provides a quick method for determining a compound's
radical-scavenging activity [42]. The stable free DPPH radi-
cal is a helpful reagent for studying bioactive compounds'
scavenging activities. The radical-scavenging capacity of the
examined samples differed significantly: olive oil enriched
with 10% of leaves added had the greatest radical-scaveng-
ing activity (83%), while for the rest of the samples, their
percentages were below 80%, ranging between 45.7 and
72.2% (Table 1) highlighting the role that the addition of
wild olive leaves could have had in the olive oil oxidative
stability [32, 46].

Fatty acid profile
The fatty acids composition of the olive oils extracted

with different percentages of olive leaves was analyzed
and the respective profiles are given in Table 2. The fatty
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Table 2 Fatty acid compositions of the studied enriched olive oils

Quality characteristics Chemlali oil Chemlali oil+ 1% wild Chemlali 0il+3% wild Chemlali oil+5% wild Chemlali oil+ 10%
olive leaves olive leaves olive leaves wild olive leaves

Palmitic C16:0% 16.43 +£0.04* 16.87 +0.04* 17.23+0.02* 17.07 +0.02* 16.86+0.03*
Palmitoleic C16:1% 2.4+0.04* 2.22+0.01* 2.32+0.02° 2.21+0.02* 2.11+0.03*
Stearic C18:0% 2.19+0.04* 2.37+0.01* 2.42+0.03* 2.43+0.02° 2.46+0.02*
Oleic C18:1% 62.35+0.4* 61.03+0.24* 61.05+0.54* 60.9 +0.64* 61.53+0.2*
Linoleic C18:2% 15.94+0.04* 15.55+0.04* 15.12+0.04% 15.41+0.8* 15.27+0.1*
Linolenic C18:3% 0.09+0.24* 0.24+0.24* 0.16+0.24* 0.24+0.24° 0.19+0.24*
Arachidic C20:0% 1+0.04% 1.06+0.01* 1.06+0.02* 1.10+0.01* 1.06+0.01*
MUFAs% 64.75+0.2* 63.25+0.24* 63.37+0.24* 63.11+0.24* 63.64+0.24*
PUFAs% 16.03+0.12% 15.79+0.36* 15.28+0.24% 15.65+0.44% 15.46+0.36*
C18.1/C18.2 4.03+0.04* 4+0.03% 4.14+0.02* 4.03+0.01* 4.11+0.05*

Data are expressed as mean values of five independent experiments. Duncan’s test has been used to assess significance (Duncan’s test P <0.05).
MUPFAs: monounsaturated fatty acids, PUFAs polyunsaturated fatty acids. Values represent means + standard deviations. Different lower case

letters in the same row indicate significantly different values per p <0.05
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Fig. 1 Chromatograms of phenols and tocopherols detected in enriched olive oils (+10% wild olive leaves) separated by LC/MS/QTOF and

HPLC-FLD. A: 0-40 min; B: 20-40 min

acid profiles obtained in all samples are in accordance with
those regulated for olive oil (IOOC 2019). As expected,
the most abundant fatty acid in all samples was (Fig. 1)
the oleic acid (C18:1), followed by palmitic acid (C16:0)
and linoleic acid (C18:2) independently of the percentage
of olive leaves added. The content of the three main fatty
acids did not follow any tendency with the increasing quan-
tity of olive leaves added. Moreover, monounsaturated fatty
acid (MUFA) showed the same tendency as oleic acid is the
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major responsible for MUFA content. Similarly, the oleic/
linoleic acid ratio varies from 4 to 4.11 for all studied oils
(Table 2).

Tocopherols
Tocols are naturally present in oils and play an important

role in their resistance to oxidation processes. Table 3
describes the changes on the tocopherols, tocotrienols, and
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Table 3 Tocopherol compositions of the olive oil samples (results are expressed as mg kg~ and percentage of total tocopherols)

Total (mg kg-")

8T 5-T3

y-T3

P8

y-T B-T3

BT

o-T3

o-T

Samples

254.13 +15.54*

217.20+5.26°
264.99 +14.922

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00 2.76+0.29°

0.00

4.63+0.30°

1.45+0.11°

00
00

0.

208 .36+ 1.54¢
238.40+1.47°

Chemlali oil

6.86+0.51°

6.07+0.23*

+ 0. 2.79+0.38"

250.84 +18.35%

Chemlali oil + 1% wild olive leaves

250.13 £5.10*

0.00 5.59+0.20°

6.14+0.41°

2.41+0.05*

0.00
0.00

0.

237.42 +1.60°

Chemlali oil + 3% wild olive leaves

243.92 +16.33%

0.00 4.48+0.25¢ 0.00

5.63+0.27°

+ 2.61+0.02°

231.45+1.86"

Chemlali oil + 5% wild olive leaves

0.00 5.24+0.12° 0.00

5.19+0.26°

2.05+0.12°

00

Chemlali oil + 10% wild olive leaves

a-T a-tocopherol; §-T B-tocopherol; y-T y-tocopherol; 6-T &-tocopherol; P8: plastochromanol-8 a-73 a-tocotrienol; f-T3 p-tocotrienol; -3 d-tocotrienol; Total T total tocopherols. Values repre-

sent means + standard deviations. Different lower case letters in the same row indicate significantly different values per p <0.05

plastochromanol-8 contents in olive oils macerated with wild
olive leaves. Three tocopherols (a-, -, and y-tocopherol) and
one plastochromanol-8 were identified and quantified, tocot-
rienols were not detected in all studied oils. a-Tocopherol
being the most abundant in all studied olive oils (Figs. 2
and 3). It can be seen in Table 3 that the highest tocopherol
contents were obtained in fortified oil. This result is related
mainly with the a-tocopherol content. In fact, some authors
(Lucas et al. 2002) considered olive leaves as an alternative
source of a-tocopherol.

The content of a-tocopherol was increased showing sta-
tistically significant differences between the olive oils with-
out leaves and those up to 1% of leaves added (Table 3), rais-
ing the content of a-tocopherol by about 20% in comparison
with the control (Fig. 2).

Alpha tocopherol accounts for about 90% of the total
tocopherols in olive oil (Aggarwal et al. 2021). Tocopherol
content is very important for oxidative stability of olive oil
because of its ability to scavenge peroxyl radicals [4]. Sig-
nificant augmentation in a-tocopherol contents (P <0.05)
were observed in the enriched oils according to the pro-
portions of macerated leaves, ranging between 208.36 and
250.84 mg/kg.

Significant increased in S-tocopherol contents (P < 0.05)
were also observed in the samples, ranging from 1.45 and
2.79 mg/kg. Similarly, an increases was observed ranging
between 12 and 32.6% of plastochromanol-8 (P8) con-
tents than the control one with the addition of leaf material
up to 1% level. Plastochromanol-8 is a natural lipophilic
antioxidant found in vegetable oils [6, 20]. Similarly to
p-tocopherol, the content of plastochromanol-8 was the
highest in olive oil with 1% (Table 3), when it strongly
increased with leaves addition during maceration (Table 3),
Plastochromanol-8 is considered to be a natural homologue
of y-tocotrienol that contains a longer side chain [12], [42].

Baskirovset al. [12] also studied the antioxidative charac-
teristics of plastochromanol-8 and found that it was a better
natural antioxidant than a-tocopherol in the prevention of
autoxidation.

In the present study, leaf addition significantly increased
tocopherol content in all samples, therefore, leaf-added oils
could have more functional properties compared to con-
trol samples. Malheiro et al. [32] revealed approximately
30% increase in a-tocopherol amount with the addition of
10% of fresh wild leaves. This is the first report showing
the presence of an array of tocopherol compounds in olive
oil enhanced with oleasters olive leaves. The increase of
tocopherols and plastochromanol-8 content in the flavored
oils could be related to the tocopherol compounds migration
from oleaster leaves to oil. In fact, wild olive leaves species
were reported to be rich sources of tocopherol compounds
[7]. Additionally, wild olive oil is described as rich in anti-
oxidant compounds [6], [9].
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Fig.2 Tocopherol contents
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Besides being an important aspect due to its natural
antioxidant activity, from a nutritional point of view this
increase allows a greater availability of vitamin E, increas-
ing olive oil health benefits and prevention of deficiency
symptoms [42].

Tocopherols are reported to protect oils against oxidation
through two basic mechanisms: a chain-breaking electron
donor mechanism and a chain-breaking acceptor mechanism
(Azzi et al. 2019; [12]. According to Lorini et al. [30], anti-
oxidant molecules can extend the shelf life of oils by reduc-
ing the lipid peroxidation process, consequently, alternative
natural and safe sources of dietary antioxidants are needed.
The findings demonstrate that this purpose was achieved
by combining leaves with olive oil before extracting the oil
[42].

@ Springer

Chemlali oil +1% Chemlalioil +3% Chemlalioil +5% Chemlali oil + 10%
wild olive leaves  wild olive leaves wild olive leaves wild olive leaves

Studied olive oils

Phenolic compounds

The presence of phenolic compounds is one of the reasons
for the nutritional value and shelf life of virgin olive oil.
The most common phenolic chemicals in studied EVOO are
secoiridoids (Figs. 4 and 5), which are oleuropein deriva-
tives (Garca et al. 2015). The phenolic components in the
enriched EVOOs were studied using LC-ESI-TOF/MS. All
of the olive oils examined had low quantities of flavonoids
and high levels of secoiridoid compounds and derivatives.
The phenolic profile of the enhanced oils was very com-
parable. There were quantitative differences, particularly
in the proportion of the secoiridoids. Based on infusion
percentages, all of these components might be used as a
fingerprint to identify and differentiate distinct olive oils
[19], [48]. The amounts of total phenols show significant
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differences (P <0.05) among the different proportion of wild
olive leaves addition (Table 4). Nevertheless, a significant
increase was observed in the olive oils with 10% of leaves
for phenols (P <0.05).

There were significant differences (p < 0.05) between the
various enriched oils. Our findings are in line with previous
research, which indicates that the total phenolic content of
olive oils varies from 50 to 1000 mg kg_1 [8], [41]. Fifteen
compounds from different families were identified. Quanti-
tative data for the phenolic are reported in Table 4. Seven
main phenolic groups were detected: phenolic alcohols
(hydroxytyrosol and tyrosol), secoiridoids (mainly deriva-
tives of oleuropein and ligstroside), lignans (Pinoresinol,
1-Acetoxypin), flavonoids (luteolin and apigenin), and phe-
nolic acids (Vanillic acid, p-Coumaric acid, Ferulic acid),
aldehyde (vanillin), ester (tyrosyl acetate).

Chemlali oil + 1%
wild olive leaves

Chemlali oil +3%
wild olive leaves

Chemlali oil +5% Chemlali oil + 10%
wild olive leaves  wild olive leaves

Studied olive oils

Foods colors and sensory attributes, as well as its
health-related antioxidant effects acids have all been linked
to phenolics [35]. All the studied EVOOs showed low con-
centration of this class of compounds and did not make
important variations between maceration percentages, as
the content ranged from 0.82 to 1.1 mg kg™'. Vanillic acid
was found in all samples analyzed with a content that var-
ied between 0.35 and 0.56 mg kg~! for control and 10%
leaf-added oils, respectively. Although, P-coumaric acid
concentration on the contrary was decreased according to
leaf additions. The third acid compound detected is ferulic.
The last was found at low concentrations and did not make
important variations between maceration percentages.

Hydroxytyrosol and tyrosol, both generated from the
hydrolysis of oleuropein aglycon and ligstroside aglycon,
respectively, were the main phenolic alcohols in the stud-
ied olive oils [30], [35]. Similarly, we observed increases
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Table 4 Phenolic compounds compositions of the studied enriched olive oils

Phenolic compounds Chemlali oil Chemlali oil+1% wild ~ Chemlali+ 3% wild Chemlali+ 5% wild Chemlali+10%
olive leaves olive leaves olive leaves wild olive leaves
Hydroxy tyrosol 52+0,24° 6.39+0,18* 5.38+0.12* 6.93+0.08* 12.93+0.77*
Tyrosol 5.64+0.2° 4.01+0.2% 3.86+0.24% 4.15+0.24* 4.33+0.24*
Vanillic acid 035+* 0.43+0.2° 0.45+0.2° 0.47+0.24% 0.56+0.24*
Vanillin 0.09+0.2* 0.07+0.2? 0.09+0.2° 0.1+0.24* 0.1+0.24*
p-Coumaric acid 0.63+0.2° 0.22+0.2° 0.17+0.2 0.25+0.24* 0.19+0.24*
DDOA 9.67+0.2° 35.03+0.2° 117.31+0.22? 152.39+0.24* 366.8+0.24%
Tyrosyl acetate 8.36+0.2° 17.36+0.2° 52.36+0.2% 86.13+0.24° 186.82+0.24%
DDLA 19.33+0.2° 26.02+0.2° 35.55+0.2° 42.41+0.24* 60.04 +0.24*
Pinoresinol 3.06+0.2° 2.83+0.2° 3.81+0.2° 4.07+0.24* 5.3+0.24*
1-Acetoxypin 11.84+0.2% 13.57+0.2° 13.48+0.2° 14.12+0.24* 13.8+0.24*
AOA 37.79+0.2° 48.34+0.2% 47.56 +0.2* 51.61+0.24* 53.44+0.24*
AOL 17,63+0.2° 14+0.2% 12.55+0.2° 11.47+0.24* 14,04 +0.24*
Ferulic acid 0.12+0.2* 0.17+0.2° 0.25+0.2° 0.33+0.24° 0.34+0.24°
Luteolin 2.9+0.2° 3.18+0.2° 5.67+0.2° 7.26+0.24* 11.84+0.24°
Apigenin 1.7+0.2% 2.37+0.2% 2.29+0.2% 2.32+0.24* 276 +0.24*
Total phenol (mg/kg) 124.33+0.2% 174.02+0.2% 300.78 £0.2% 384.01+0.24° 733.28+0.5%

DDOA dialdehydic form of decarboxymethyl oleuropein aglycone; DDLA dialdehydic form of decarboxymethyl ligstroside aglycone; AOA
aldehydic form of oleuropein aglycone; AOL aldehydic form of ligstroside aglycone; 1-Acetoxypin: l-acetoxypinoresinol. Values represent
means + standard deviations. Different lower case letters in the same row indicate significantly different values per p <0.05

of, hydroxytyrosol. With regard to their levels, hydroxy-
tyrosol, the most active antioxidant phenolic compound
found at high concentration in olive oils with the addition
of leaf material at the 10% level exceeding 12.9 mg kg™!
as compared to control oil.

The content of tyrosol through the four maceration
levels is different from that for the control oil. Thus, the
tyrosol concentration decreases in enriched oils through
the maceration process. This increment agrees with the
results of previous studies [30], [35].

The concentration of tyrosol in control oil was higher
than that of hydroxytyrosol. These results are similar to
those reported by several authors [31, 44]. In contrast,
tyrosol contents were relatively higher than those of
hydroxytyrosol for the other enriched olive oils, which
is in accordance with results revealed by some authors
[37], [41].

Numerous studies have evaluated the antioxidant capabil-
ity of hydroxytyrosol for its prevention role against tumoral
and cardiovascular diseases [38] (Marrone et al., 2020). On
the other hand, Warleta et al. [47] signaled that the simple
phenol hydroxytyrosol could contribute to the preventive
cancer activity attributed to VOOs, due to the reduction of
oxidative stress and oxidative DNA protection in normal
breast cells at physiological concentrations. Moreover, the
European Food Safety Authority [23] has recently claimed
that ‘the consumption of olive oil rich in polyphenols
(hydroxytyrosol, 5 mg/day) contributes to the protection of
blood lipids from oxidative damage.

@ Springer

A marker useful for the varietal characterization of the
studied olive oils is the presence of the tyrosyl acetate com-
pound. In comparison with the control sample, significant
increase in tyrosyl acetate compound (P <0.05) was also
observed in the samples enriched by wild olive leaves. The
addition of increasing amounts of wild olive leaves material
to oils significantly increased tyrosyl acetate compound from
8.36 mg kg~! (0% addition) to 17.36 mg kg™! (1% addition),
52.36 mg kg~! (3% addition), 86.13 mg kg~! (5% addition),
and 186.13 mg kg™! (10% addition).

On another front, lipophilic derivatives of tyrosol and, in
particular, esters bearing acyl chains, exhibit an enhanced
affinity with lipophilic membrane constituents [15, 18]. For
this reason and others, these compounds could be important
for further application in pharmaceutical and cosmetic fields
[15, 18]. Some tyrosyl derivatives have been found in diverse
natural sources, e.g., the presence of its acetate was reported
in virgin olive oil [16]. Furthermore, in recent years, the uti-
lization of several natural tyrosyl esters for antiaging and/or
pharmacological uses has piqued attention [37], [41].

On the other hand, aldehyde class was represented exclu-
sively by vanillin. This compound was also found in all sam-
ples and did not vary significantly according to the addition
of leaves, ranging from 0.09 to 0.1 mg kg~".

Regarding secoiridoids, oleuropein, and ligstroside agly-
cones together with their derivatives were detected as shown
in Table 4. In all analyzed olive oil samples, secoiridoids
were by far the most abundant group of phenolic compounds.
This dominance of secoiridoids in the phenolic fraction of
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the control oil is also reported in literature [18], [45]. On
the one hand, the addition of increasing amounts of leaf
material to oils significantly increased secoiridoids amounts
from 84.42 mg kg~! (0% addition) to 494.32 mg kg~! (10%
addition).

It can be seen in Table 4 that, the effect of leaf addition
on the quantitative content of secoiridoids can be clearly
observed with the variation of the concentration of the
predominant compounds in this group. AOA (C,oH,,O5—
Secoiridoid), the aldehydic form of oleuropein aglycone
was the most abundant complex phenol in control Chemlali
oil (37.79 mg kg™'). Adding leaves (w/w) to oil increased
drastically the AOA secoiridoid content by 25-40% (Fig. 4).

In addition, notable variations have been observed in
the content of other determined secoiridoids derivatives;
three main compounds were identified at relatively high
concentrations. The first one was the dialdehydic form of
decarboxymethyl ligstroside aglycone (DDLA, C,;H,,O5—
Secoiridoid), the second most abundant complex phenol in
control Chemlali oil (19.33 mg kg™"), increases to reach
60.04 mg kg~! (10% leaf-added oils).

The second one was AOL, the aldehydic form of ligstro-
side aglycone (C,oH,,0,_Secoiridoid), with contents rang-
ing from 11.84 to 14.12 mg kg™' for control and 5% leaf
addition oils, respectively. The content of AOs reduced with
leaf addition as compared to control oil.

The last one, the dialdehydic form of decarboxymethyl
oleuropein aglycone (DDOA, C,;H,,0s—Secoiridoid),
was drastically augmented in enriched olive oils, the con-
tent increases from 9.67 mg kg™! to 366.8 mg kg~! with the
addition of 10% of wild fresh leaves.

In terms of lignans, Loubiri et al. [31] identified pinores-
inol and acetoxypinoresinol as the most common lignans
in VOO. Two lignans, pinoresinol and acetoxypinores-
inol, were identified in this study. Lignans contents varied
between 14.9 mg kg™! and 19.1 mg kg™ for control and 10%
added leaf oils, respectively.

Pinoresinol was present at concentrations ranging from
3.06 mg kg~" in control oil to 5.3 mg kg™! in 10% added leaf
oils. Acetoxypinoresinol content in studied oils varied from
11.84 to 14.2 mg kg™, being more abundant than pinores-
inol. These findings are consistent with those published by
Becerra et al. (2018) [13] and Bajoub et al. [10], but differ
from those obtained by Krichene et al. [28] for Arbequina
oils, where acetoxypinoresinol content was found to be very
low in contrast to pinoresinol.

The low amount of acetoxypinoresinol has recently been
presented as a methodology for oil authenticity [31]. How-
ever, none of these lignans were discovered in olive oils
from Neb Jmal and Picholine cultivars introduced in Tunisia,
contradicting prior research [49] , [5].

These chemicals compounds, on the other hand, are not
indicative of the cultivar variety, but rather of the olive oil

extraction technique [31]. As Aranda et al. (2004) pointed
out, these chemicals are the principal components of the
phenolic fraction of the olive seed, and they are practically
absent from the pulp, leaves, and limbs, therefore, their pres-
ence in the oil must be due to the pits shattering when the
olives are crushed. These might be used as a measure of the
crushing conditions and the ratio of fruit pulp to seed during
olive processing.

As far as flavonoids are concerned, luteolin and apigenin
were the two most common chemicals detected in all of
the samples examined. This flavonoids has previously been
found in olive cultivars grown in Tunisia, Spain, and Italy
[31], [39], [71, [45]. The most prevalent flavonoid detected in
the examined EVOOs was luteolin, which decrease accord-
ing to leaf addition percentages. The content increases pro-
gressively from 2.9 to 11.84 mg/kg with the addition of leaf
material. In addition, Apigenin was found in lesser concen-
trations, ranging from 1.7 to 2.76 mg kg~! in control (0%
addition) and enriched oils (10%), respectively.

Loubiri et al. (2019) reported that the degradation of oils
was related to the antioxidant activity, fresh oils were 3-5
times more efficient than aged oils. When the interaction
between storage period and the percentage of leaf addition
is considered, the antioxidant activity decreased significantly
in studied oils. However, at the end of 18 months of stor-
age, the highest antioxidant activity was found in olive oils
with 3% added leaf material. Moreover, Tarchoune et al. [42]
reported that olive leaves can be considered as a potential
natural antioxidant to prolong the shelf life of food prod-
ucts. The addition of olive leaves considerably increased
total phenolic content in accordance with the results of Max
et al. (2020). Ammar et al. [2] suggested that oils rich in
phenols can be produced by adding olive leaf extract. Instead
of olive leaf extract, olive leaves can also be added to fruits
directly during crushing to increase the total phenolic con-
tent of oils [42].

In this context, total phenolic and tocopherol contents
of olive oils are very important for the oxidative stabil-
ity, and as reported in literature, a significant correlation
is found between these parameters. It is reported that, the
contribution of phenolic contents to Rancimat stability is
nearly 51%, that of the fatty acid composition 24% and that
of a-tocopherol 11% [3]. The use of olive leaf extract to
increase the oxidative stability and antioxidant activity of
olive oils has been a prominent theme in the literature [21],
[29].

The inclusion of useful compounds recovered from olive
by-products into nutritious meals is among the major ben-
efits [42]. The usage of olive by-products in human nutrition
has been shown to have a direct influence on health claims.
Due to their antioxidant characteristics, several food com-
panies have employed the phenolic portion of olive by-prod-
ucts, which mostly contains Hydroytyrosol and Oleuropein,
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as food additives and preservatives [2]. Phenols and toco-
pherols found in olive oil, olive fruit, and leaf are considered
to be responsible for these actions. Furthermore, using olive
by-products to create new food and nutraceutical items is a
novel strategy that fits present and future customer expec-
tations for environmental impact, ethical concerns, human
health, and safety (Max et al. 2020).

In addition, the amount of total phenols varies according
to numerous parameters such as cultivar, climate, location,

degree of ripeness, type of crushing machine, and oil process
extraction, according to multiple authors [30], [40], [41].

Statistical analysis

All collected data were submitted to hierarchical cluster
analysis to distinguish the five studied oils. This technique
produces a hierarchy of partitions of objects such that any
cluster of a partition is fully included in one of the clusters
of the later partitions. Such partitions are best represented by
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Fig.7 PCA plot of the studied olive oils using the whole data set
obtained. Chem: Chemlali; wol: wild olive oil; Lig: lignans; Ald:
aldehydes; Al: alcohols; Total phe: total phenols; Es: esters; Flav: fla-
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a dendrogram. The results as a dendrogram in Fig. 6, which
indicates that the samples are distributed in four major clus-
ters: the first group is constituted exclusively by control oil
which is distinguished from the others for its low mean val-
ues of phenols and tocopherols contents. Control oil showed
the lowest similarity to all studied varieties and was set apart
from the two clusters.

The second group is formed by enriched oils with 3%
added leaves. Cluster 3 is composed by oil with 5% added
leaves, and finally Cluster 4 is constituted by oil enriched
with 10% leaves addition.

To study how the studied parameters are useful in che-
mometric analysis to discriminate between oils, a principal
component analysis (PCA) was performed. The first and
the second principal components were sufficient to display
the data structure, since they explained 91.82% of the total
variance. By examining the scores-plot (Fig. 7) in the area
defined by the first and the second principal components, the
samples were separated into three groups based on bioactive
compounds.

Group [ is situated on the bottom left of the scores-plot
and correlates negatively to both PC1 and PC2 and it is
formed by Chemlali oil without leaves addition (control).
Group 11, is situated in the upper right side of the scores-plot
and correlated positively to PC1 and PC2 include the oils
enriched with 1 and 3% of wild olive leaves. Such a group
is characterized by high content of tocopherol compounds.
Group III, which is located on the left side of the scores-
plot, is composed of oils enriched with 5% and 10% leaves.
This group is distinguished especially by the high phenolic
compounds contents.

These statistical analyses (PCA and HCA) can explain the
variability of the oil composition according to the proportion
of leaves addition. We note a good discrimination between
different maceration concentrations according to phenol and
tocopherol data. These components seem to be an effective
tool to discriminate between the studied oils. It is evident the
effect of maceration process.

Conclusions

This is the first report showing the presence of an array of
bioactive compounds in olive oil enriched with wild olive
leaves. The increases of phenolic and tocol contents in the
enriched oil could be related to the antioxidant compounds
migration from oleaster leaf to oil. In fact, Olea europaea
L. subsp. sylvestris leaves were reported to be rich sources
of phenolic compounds.

The information collected in this work shows that the by-
products derived from the wild olive trees are secondary but
valuable products, from which different biologically active

molecules can be recovered by green extraction technologies
and can be reused for food, pharmaceutical and cosmetic
purposes following the circular economy policies.

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Compliance with ethics requirements This study does not contain any
studies with human participants or animals performed by any of the
authors.

References

1. Aggarwal V, Kashyap D, Sak K, Singh H, Aklank T, Ashun J,
Vivek C, Garg K, Sethi G, Yerer MB (2019) Molecular mech-
anisms of action of tocotrienols in cancer: recent trends and
advancements. Int J Mol Sci 20(3):656. https://doi.org/10.3390/
ijms20030656

2. 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.foodres.2016.11.001

3. Aparicio R, Roda L, Albi MA, Gutierrez F (1999) Effect of vari-
ous compounds on virgin olive oil stability measured by Ranci-
mat. J Agric Food Chem 47:4150-4155

4. Azzi A (2019) Tocopherols, tocotrienols and tocomonoenols:
Many similar molecules but only one vitamin E Author links open
overlay panel. Redox Biol 26:101259. https://doi.org/10.1016/j.
redox.2019.101259

5. Baccouri B, Rajhi I, (2021) Terpene compounds of new tunisian
extra-virgin olive oil: effect of ripening stage. In: Perveen S, Al-
Taweel AM (eds) Terpenes and Terpenoids-recent advances.
Intechopen, pp 27-33. https://doi.org/10.5772/intechopen.96254

6. Baccouri B, Guerfel M, Zarrouk W, Daoud D, Zarrouk M (2011)
Wild olive (Olea europaea L) selection for quality oil production.
J Food Biochem 35(1):161-176

7. Baccouri B, Manai H, Casas JS, Osorio E, Zarrouk M (2018)
Tunisian wild olive (Olea europaea L. subsp. oleaster) oils:
Sterolic and triterpenic dialcohol compounds. Ind Crops Prod
120:11-15

8. Baccouri B, Rajhi I (2020) Investigation of sterol compounds of
virgin olive oil from new cultivars obtained through uncontrolled
crossings. Sterols: types, classification and structure, Nova Sci-
ence publishers, pp 73-84

9. Baccouri B, Temime SB, Campeol E, Daoud D, Zarrouk M (2007)
Application of solid-phase microextraction to the analysis of vola-
tile compounds in virgin olive oils from five new cultivars. Food
Chem 102(3):850-856

10. Bajoub A, Medina-Rodriguez S, Gomez-Romero M, Ajal EA,
Bagur-Gonzalez MG, Fernandez-Gutierrez A, Carrasco-Pancorbo
A (2017) Assessing the varietal origin of extra-virgin olive oil
using liquid chromatography fingerprints of phenolic compound,

@ Springer


https://doi.org/10.3390/ijms20030656
https://doi.org/10.3390/ijms20030656
https://doi.org/10.1016/j.foodres.2016.11.001
https://doi.org/10.1016/j.redox.2019.101259
https://doi.org/10.1016/j.redox.2019.101259
https://doi.org/10.5772/intechopen.96254

2822

European Food Research and Technology (2022) 248:2809-2823

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

data fusion and chemometrics. Food Chem 215:245-255. https://
doi.org/10.1016/j.foodchem.2016.07.140

. Balz M, Schulte E, Their HP (1992) Trennung von tocopherolen

und tocotrienolen durch HPLC. Fat Sci Tehnol 94:209-213
Baskirovs G, Soliven A, Gérnas P (2022) Analytical scale
supercritical fluid chromatography for the analysis of nine toc-
ochromanols in 24 different cold-pressed plant oils: Method
development, validation, and isolation of tocotrienols and plas-
tochromanol-8. J Food Compos Anal. https://doi.org/10.1016/j.
jfca.2022.104586

Becerra-Herrera M, Velez-Martin A, Ramos-Merchante A, Rich-
ter P, Beltran R, Sayago A (2018) Characterization and evaluation
of phenolic profiles and color as potential discriminating features
among Spanish extra virgin olive oils with protected designation
of origin. Food Chem 241:328-337. https://doi.org/10.1016/j.
foodchem.2017.08.106

Ben Mansour A, Gargouri B, Flamini G, Bouaziz M (2015) Effect
of agricultural sites on differentiation between chemlali and neb
jmel olive oils. J Oleo Sci 64:381-392

Bianco A, Melchioni C, Ramunno A, Romeo G, Uccella N (2004)
Phenolic components of Olea europaea-isolation of tyrosol deriva-
tives. Nat Prod Res 18:29-32. https://doi.org/10.1080/14786
41031000111570

Bongiorno D, Di Stefano V, Indelicato S, Avellone G, Ceraulo
L (2021) Bio-phenols determination in olive oils: recent mass
spectrometry approaches. Mass Spectrom Rev. https://doi.org/10.
1002/mas.21744

Borges TH, Serna A, Lopez 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(7):217

Bouymajane A, Oulad El Majdoub Y, Cacciola F, Russo M, Sala-
fia F, Trozzi A, Rhazi Filali F, Dugo P, Mondello L (2020) Char-
acterization of phenolic compounds, Vitamin E and fatty acids
from monovarietal virgin olive oils of ‘‘Picholine marocaine”
cultivar. Molecules. https://doi.org/10.3390/molecules25225428
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

Dagdelen A, Tiimen G, Ozcan MM, Diindar E (2012) Determina-
tion of tocopherol contents of some olive varieties harvested at
different ripening periods. Nat Prod Res 26:1454-1457. https://
doi.org/10.1080/14786419.2011.605364

Deflaoui L, Setyaningsih W, Palma M, Mekhoukhe A, Tamendjari
A (2021) Phenolic compounds in olive oil by solid phase extrac-
tion — ultra performance liquid chromatography — photodiode
array detection for varietal characterization a. Arabian J Chemis.
14(4):103102. https://doi.org/10.1016/j.arabjc.2021.103102
EEC (1991) Characteristics of olive and olive pomace oils and
their analytical methods EEC regulation 2568/91. Off J Eur Com-
munit 248:1-82

EFSA Panel on Dietetic Products Nutrition and Allergies (NDA)
(2016) Scientific opinion on dietary reference values for vitamin E
as - tocopherol. EFSA J 13:1-72. https://doi.org/10.2903/j.efsa.
2015.4149

Galanakis CM, Aldawoud TMS, Rizou M, Rowan NJ, Ibrahim SA
(2020) Food ingredients and active compounds against the coro-
navirus disease (COVID-19) pandemic: a comprehensive review.
Foods 9(11):1701. https://doi.org/10.3390/foods9111701
Galanakis CM, Rizou M, Aldawoud TMS, Ucak I, Rowan NJ
(2021) Innovations and technology disruptions in the food sector
within the COVID-19 pandemic and post-lockdown era. Trends
Food Sci Technol 110:193-200. https://doi.org/10.1016/j.tifs.
2021.02.002

@ Springer

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Goupy PC, Dufour L, Dangles M, O. (2003) Quantitative kinetic
analysis of hydrogen transfer reactions from dietary polyphenols
to the DPPH radical. J Agric Food Chem 51:615-622
International Olive Council (IOC), 2019. International Trade
Standard Applying To Olive Oils and Olive-Pomace Oils.
from: https://www.internationaloliveoil.org/wpcontent/
uploads/2019/12/trade-standard-REV-14-Eng.pdf

Krichene D, Allalout A, Mancebo-Campos V, Salvador MD,
Zarrouk M, Fregapane G (2010) Stability of virgin olive oil and
behaviour of its natural antioxidants under medium temperature
accelerated storage conditions. Food Chem 121:171-177
Laincer F, Iaccarino N, Amato J, Novellino E, Randazzo A (2016)
Characterization of monovarietal extra virgin olive oils from the
province of Béjaia (Algeria). Food Res Int 89:1123-1133

Lorini A, Aranha BC, Antunes BDF, Otero DM, Jacques AC,
Zambiazi RC (2021) Metabolic profile of olive leaves of different
cultivars and collection times. Food Chem 345:128758. https://
doi.org/10.1016/j.foodchem.2020.128758

Loubiri A, Taamalli A, Talhaoui N, Nait MS, Carretero AS,
Zarrouk M (2017) Usefulness of phenolic profile in the classifica-
tion of extra virgin olive oils from autochthonous and introduced
cultivars in Tunisia. Eur Food Res Technol 243:467-479. https://
doi.org/10.1007/s00217-016-2760-7

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

Marx iMG, Casal S, Rodrigues N, Cruz R, Veloso ACA, Pereira
JA, Peres AM (2022) Impact of incorporating olive leaves dur-
ing the industrial extraction of cv. Arbequina oils on the phys-
icochemical-sensory quality and health claim fulfillment.
Eur Food Res Technol 248:171-183. https://doi.org/10.1007/
$00217-021-03870-3

Minguez-Mosquera MI, Rejano-Navarro L, Gandul-Rojas B,
SanchezGomez AH, Garrido-Fernandez J (1991) Color-pigment
correlation in virgin olive oil. ] Am Oil 68(5):332-336

Nenadis N, Mastralexi A, Tsimidou MZ (2019) Physicochemical
characteristics and antioxidant potential of the Greek PDO and
PGI Virgin Olive Oils (VOOs). Eur J Lipid Sci Technol. https://
doi.org/10.1002/¢j1t.201800172

Ozcan MM, Matthaus B (2017) A review: benefit and bioactive
properties of olive (Olea europaea L) leaves. Eur Food Res Tech-
nol 243:89-99

Ricciutelli M, Marconi S, Boarelli MC, Caprioli G, Sagratini G,
Ballini R, Fiorini D (2017) Olive oil polyphenols: a quantitative
method by high-performance liquid-chromatographydiode-array
detection for their determination and the assessment of the related
health claim. J Chromatogr A 1481:53-63. https://doi.org/10.
1016/j.chroma.2016.12.020

Roleira FMF, Tavares-Da-Silva EJ, Varela CL, Costa SC, Silva
T, Garrido J, Borges F (2015) Plant derived and dietary phenolic
antioxidants: anticancer properties. Food Chem 183:235-258.
https://doi.org/10.1016/j.foodchem.2015.03.039

Salah MB, Hafedh A, Manef A (2017) Anti-diabetic activity and
oxidative stress improvement of Tunisian Gerboui olive leaves
extract on alloxan induced diabetic rats. J Mater 8:1359-1364
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

Serrano A, De la Rosa R, Sanchez-Ortiz A, Cano J, Pérez AG,
Sanz C (2021) Chemical components influencing oxidative stabil-
ity and sensorial properties of extra virgin olive oil and effect of


https://doi.org/10.1016/j.foodchem.2016.07.140
https://doi.org/10.1016/j.foodchem.2016.07.140
https://doi.org/10.1016/j.jfca.2022.104586
https://doi.org/10.1016/j.jfca.2022.104586
https://doi.org/10.1016/j.foodchem.2017.08.106
https://doi.org/10.1016/j.foodchem.2017.08.106
https://doi.org/10.1080/1478641031000111570
https://doi.org/10.1080/1478641031000111570
https://doi.org/10.1002/mas.21744
https://doi.org/10.1002/mas.21744
https://doi.org/10.3390/molecules25225428
https://doi.org/10.1080/14786419.2011.605364
https://doi.org/10.1080/14786419.2011.605364
https://doi.org/10.1016/j.arabjc.2021.103102
https://doi.org/10.2903/j.efsa.2015.4149
https://doi.org/10.2903/j.efsa.2015.4149
https://doi.org/10.3390/foods9111701
https://doi.org/10.1016/j.tifs.2021.02.002
https://doi.org/10.1016/j.tifs.2021.02.002
https://www.internationaloliveoil.org/wpcontent/
https://doi.org/10.1016/j.foodchem.2020.128758
https://doi.org/10.1016/j.foodchem.2020.128758
https://doi.org/10.1007/s00217-016-2760-7
https://doi.org/10.1007/s00217-016-2760-7
https://doi.org/10.1007/s00217-021-03870-3
https://doi.org/10.1007/s00217-021-03870-3
https://doi.org/10.1002/ejlt.201800172
https://doi.org/10.1002/ejlt.201800172
https://doi.org/10.1016/j.chroma.2016.12.020
https://doi.org/10.1016/j.chroma.2016.12.020
https://doi.org/10.1016/j.foodchem.2015.03.039

European Food Research and Technology (2022) 248:2809-2823

2823

42.

43.

44,

45.

46.

genotype and location on their expression. LWT Food Sci Technol
136:110257

Tarchoune I, Sgherri C, Eddouzi J, Zinnai A, Quartacci MF,
Zarrouk M (2019) Olive leaf addition increases olive oil nutra-
ceutical properties. Molecules 24:545. https://doi.org/10.3390/
molecules24030545

Uceda, M., Hermoso, M., 1998. La calidad del aceite de oliva. In:
Barranco, D., Ferna'ndez-Escobar, R., Rallo, L (Eds) El cultivo
del olivo Junta de Andalucia Ediciones Mundi-Prensa, spain. pp
547-572.

Valente S, Machado B, Pinto DCGA, Santos C, Silva AMS, Dias
MC (2020) Modulation of phenolic and lipophilic compounds
of olive fruits in response to combined drought and heat. Food
Chem. https://doi.org/10.1016/j.foodchem.2020.127191
Veneziani G, Esposto S, Taticchi A, Urbani S, Selvaggini R, Sor-
dini B, Servili M (2018) Characterization of phenolic and volatile
composition of extra virgin olive oil extracted from six Italian
cultivars using a cooling treatment of olive paste. LWT - Food Sci
Technol 87:523-528. https://doi.org/10.1016/j.1wt.2017.09.034
Vidal AM, Alcala S, Ocana MT, De Torres A, Espinola F, Moya
M (2020) Elaboration of extra-virgin olive oils rich in oleocanthal

47.

48.

49.

and oleacein: pilot plant’s proposal. Eur Food Res Technol
246:1459-1468

Warleta F, Quesada CS, Campos M (2011) Hydroxytyrosol pro-
tects against oxidative DNA damage in human breast cells. Nutri-
ents 3:839-857

Willenberg I, Parma A, Bonte A, Matthéus B (2021) Development
of chemometric models based on a lc-qtof-ms approach to verify
the geographic origin of virgin olive oil. Foods 10(2):1-14479
Yahia LB, Baccouri B, Ouni Y, Hamdi S (2012) Quality, stability
and radical scavenging activity of olive oils after Chétoui olives
(Olea europaea L) storage under modified atmospheres. Food Sci
Techn Inter 18(4):353-365

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

@ Springer


https://doi.org/10.3390/molecules24030545
https://doi.org/10.3390/molecules24030545
https://doi.org/10.1016/j.foodchem.2020.127191
https://doi.org/10.1016/j.lwt.2017.09.034

	The potential of wild olive leaves (Olea europaea L. subsp. oleaster) addition as a functional additive in olive oil production: the effects on bioactive and nutraceutical compounds using LC–ESI–QTOFMS
	Abstract
	Introduction
	Materials and methods
	Plant material
	Chemicals
	Quality index determination
	Chlorophyll and carotenoid contents
	Radical-scavenging activity (RSA)
	Analysis of fatty acid composition
	Phenolic compounds
	Extraction of phenolic compounds
	HPLC–ESI–QToF–MS analysis
	Data analysis

	Tocopherols
	Statistical analysis

	Results and discussion
	Quality parameters
	Chlorophylls and carotenoids
	Radical-scavenging activity (RSA)
	Fatty acid profile
	Tocopherols
	Phenolic compounds
	Statistical analysis

	Conclusions
	References




