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Abstract: Olive leaves are rich in phenolic compounds, which give them antioxidant properties that
are associated with a lower incidence of disease. Therefore, the aim of this work was to determine
the phenolic content, antioxidant activity, and toxicity of the aqueous extracts of olive leaves of the
main Spanish and Greek cultivated and wild genotypes. For these purposes, ‘Picual” and ‘Arbequina’
leaves from Spain and ‘Koronoeiki” and ‘Kalamon’ leaves from Greece were collected, as were wild
olive leaves from both countries. The aqueous extracts of these genotypes were analyzed by HPLC-
DAD, and the DPPH-, ABTS-* Folin—Ciocalteu, and Microtox® methods were also used. ‘Picual’ had
the highest oleuropein values, followed by wild olive leaves from both countries and “Arbequina’.
The latter was reflected in the antioxidant activity measured by DPPH- and ABTS-*, which positioned
the leaves of ‘Arbequina’, ‘Picual’, and the wild genotypes as having the most antioxidant activity.
As expected, these leaves also had the highest total phenol content, as measured by Folin-Ciocalteu.
Regarding the inhibition of the bioluminescence of Aliivibrio fischeri of the aqueous leaf extracts
measured by Microtox®, the EC50;5 ranged between 11.82 and 82.50 mg/mL, demonstrating similar
behavior to other herbal infusions.

Keywords: Olea europeae; aqueous extracts; oleuropein; HPLC-DAD; Folin-Ciocalteu; ABTS-*;
DPPH; Microtox® assay

1. Introduction

In recent years, the role of diet in human health has been recognized as essential, with
vegetable and infusion intake being associated with reduced incidence of various chronic
diseases, atherosclerosis, inflammation, diabetes, and certain types of cancer [1]. These
beneficial effects have been attributed in part to compounds with antioxidant capacities.

Free radical formation is associated with the normal natural metabolism of aerobic
cells. The oxygen consumption inherent to cell growth leads to the generation of a series
of oxygen free radicals. The interaction of these species with molecules of a lipidic na-
ture produces new radicals, hydroperoxides, and different peroxides, which can interact
with biological systems in a clearly cytotoxic way [2]. Many antioxidant compounds are
known, but the ones that have the greatest antioxidant activity are gallic acid, followed by
hydroxytyrosol [3].

Hydroxytyrosol is found in almost all parts of the olive tree (Olea europaea L.), but
mainly in the leaves. It is usually found after the hydrolysis of oleuropein, which is formed
by a molecule of elenolic acid linked to hydroxytyrosol by an ester bond, and this is
linked to glucose by a glycosidic bond [4]. Oleuropein is characterized as the compound
responsible for the bitter taste of the olive fruit [5].
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Olive leaves are an agricultural by-product that accumulates during pruning and har-
vesting periods, with volumes estimated to be in excess of 18 million tonnes per annum [6].
The main olive-oil-producing countries, with more than 50% of the world’s harvest, are
Spain (1.272.324.000 L) and Greece (251.900.000 L). It is estimated that producing one liter of
olive oil generates 6.23 kg of pruning waste [7]. The leaves have a high antioxidant capacity
because they are rich in secoiridoids (oleuropein, hydroxyoleuropein), alcohol phenols
(hydroxytyrosol, tyrosol), hydroxycinnamic acid derivatives (verbascoside), and flavonoids
(apigenin-7-O-glucoside, diosmetin-7-O-glucoside). Furthermore, flavonoids, secoiridoids,
and verbascoside possess significant antioxidant activity against superoxide, hydroxyl, and
peroxide radicals, which is mainly due to the redox properties of their phenolic hydroxyl
groups [2,8].

Traditionally, olive leaf infusions have been used in folk medicine to treat fever or
hypertension. Infusions are often consumed without any control. However, ‘natural” and
‘safe’ are not synonymous, and some phenolic compounds are known to show toxicity in
plants during extraction or in olive mill wastewater containing catechol, benzoic acids, and
cinnamic acids, among others [9,10]. It is therefore essential to estimate and understand
their potential [9]

Therefore, the aim of this work was to quantify the main phenolic compounds and
to assess the antioxidant activity and toxicity in aqueous extracts of the olive leaves (O.
europaea) from the main genotypes cultivated in Spain and Greece (‘Picual’, ‘Arbequina’,
‘Koroneiki’, and ‘Kalamon’) as well as in the wild olive leaves (Olea europaea spp. oleaster)
from each country.

2. Materials and Methods
2.1. Chemicals and Reagents

Methanol (HPLC grade), 2,2-diphenyl-1-picrylhydrazyl (DPPH-), ethylhexadecyldimethy-
lammonium bromide, and magnesium chloride were purchased from Sigma-Aldrich (St Louis,
MO, USA). Oleuropein, hydroxytyrosol, verbascoside, apigenin-7-O-glucoside, and Trolox
(6-hydroxy-2,5,7 8-tetramethylchroman-2-carboxylic acid) were purchased from Sigma-Aldrich
(Steinheim, Germany). Diosmetin-7-O-glucoside was obtained from Extrasynthese (Genay,
France). Potassium persulfate (K>S,0Og), sodium carbonate, and hydrogen peroxide (HyO,)
were supplied by Merck KGaA (Darmstadt, Germany). Water was purified using a Millipore
Direct-Q 3UV apparatus (18.2 m(2 s).

2.2. Raw Material

Olive leaves (O. europaea) were collected around harvest time [11] from typical Spanish
and Greek olive genotypes. In Spain, ‘Picual’ and “Arbequina’ genotypes were selected
in the Castilla-La Mancha region (southwest Spain, 881 m altitude, 38°58'40” N latitude
and 1°5121” W longitude). In Greece, ‘Koroneiki” and ‘Kalamon’ genotypes were chosen
from the Attica region (central Greece, 170 m altitude, 37°58'57" N latitude and 23°42'19"”
E longitude). In addition, wild olive trees (O.e. spp. oleaster) from both countries were
collected from the Murcia region in Spain (WOLS) and from the Peloponnese region in
Greece (WOLG).

2.3. Sample Preparation

Olive leaves were dried in the dark for seven days at room temperature (22 + 2 °C)
and at ambient relative humidity (45 &= 3%) and were then stored under the same conditions
until use according to Martinez-Navarro et al. [3]. Dried leaves were ground in a knife mill,
sieved (35 mesh), and subjected to microwave extraction at 800 W for 30 s using water as
an extractant according to the methodology described by Martinez-Navarro et al. [12]. All
extractions were performed in triplicate.
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2.4. Determination of Oleuropein and Other Phenolic Compounds

Analyses were carried out according to Martinez-Navarro et al.’s method [12]. Aque-
ous extracts were injected into an Agilent 1100 high-performance liquid chromatograph
(Palo Alto, CA, USA) equipped with a diode array detector (Agilent G1315D) coupled
to a ChemStation, version B.03.01 (Agilent), data-processing station. Separation was per-
formed on a reverse-phase C18 column, Brisa LC2 (250 mm X 4.6 mm, 5 um particle
size), purchased from Teknokroma (Barcelona, Spain) at 30 °C. The phenolic compounds
studied were oleuropein, verbascoside, hydroxytyrosol (HT), and hydroxytyrosol hexo-
side and the flavonoids apigenin-7-O-glucoside and diosmetin-7-glucoside. All analyses
were performed in triplicate and were expressed as milligrams of compound per gram of
olive leaves.

2.5. Determination of Antioxidant Activity

The ABTS-* (radical cation azino-bis[3-ethylbenzthiazoline-6-sulfonic acid]) and DPPH.-
(2, 2-diphenyl-1-picrylhydrazyl radical) methods were used to determine the antioxidant
activity of different aqueous extracts. ABTS-* and DPPH- solutions were prepared and
measured according to Kaparakou et al. [13]. A calibration line was obtained using Trolox
standard solution at concentrations in methanol from 0 to 1 mg/mL for ABTS-*. For
DPPH:., the calibration line used was from 0 to 1.2 mg/mL. The results were expressed as
micromole Trolox equivalents per milliliter. In addition, the concentration at which 50% of
the DPPH- (EC50pppy.) radicals in the olive leaf samples were scavenged was calculated.
All determinations were conducted in triplicate.

2.6. Determination of Total Phenolic Content (TPC)

The total phenolic content (TPC) was determined using the Folin—Ciocalteu method
described by Singleton et al. [14]. For quantification, 25 uL samples were added to 1500 pL
of milli-Q water and 125 uL of Folin—Ciocalteu reagents. After 3 min, 375 pL of 20% sodium
carbonate solution and 475 pL of milli-Q water were mixed, and after 120 min of incubation
time at room temperature in dark conditions, the absorbance was recorded at 750 nm.
Standard gallic acid was used to prepare the calibration line from 0 to 1.5 mg/mL, and
the results were reported in milligrams of gallic acid equivalents (GAE) per milliliter. All
samples were analyzed in triplicate.

2.7. Toxicity Test

The toxicity of the aqueous extracts of the different genotypes was tested at room
temperature using the Microtox Analyzer 500 (Azur Environmental, Carlsbad, CA, USA).
The procedure used was based on Kaparakou et al. [13], which consisted of performing
the protocol known as Basic Test 81.9% [15] using the bio-luminescent bacterium Aliivibrio
fischeri. Prior to this step, a preliminary test was completed to determine the adequate
concentration of the aqueous extract. Once the appropriate dilution of the extracts was
determined, Basic Test 81.9% was performed to estimate the effective concentration at which
bioluminescence inhibition was 50% without data extrapolation after 15 min (EC5015).

2.8. Statistical Analysis

All experimental data obtained were analyzed in three replicated trials, and the
data were expressed in the form of mean £ standard deviation using Excel (Microsoft
Corporation. Redmond, WA, USA). One-way analysis of variance (ANOVA) along with
Tukey’s post hoc HSD test (x < 0.05) were used to determine the significance of the data
obtained using SPSS version 24 for Windows (SPSS INC., Chicago, IL, USA). In addition,
Pearson correlation analysis was completed to assess the correlation between the phenolic
compounds, DPPH., ABTS-*, and TPC with SPSS software.
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3. Results and Discussion

Figure 1 shows the chromatogram of the compounds obtained in the aqueous extracts.
Figure 2 depicts the oleuropein content of all of the analyzed genotypes. The leaves with
the highest oleuropein content were those of the ‘Picual” genotype (136.48 mg/g), followed
by wild olive leaves from Spain (WOLS, 114.04 mg/g) and Greece (WOLG, 98.59 mg/g),
while the genotypes with the lowest amount of oleuropein were ‘Kalamon” and ‘Koroneiki’
(51.83 and 47.02 mg/g, respectively). In contrast, Figure 3 indicates that “‘Kalamon” and
‘Koroneiki” had the highest hydroxytyrosol hexoside contents, with values of 0.78 and
0.68 mg/g, respectively.

N

S

Figure 1. Chromatogram by HPLC-DAD at 280 nm of \ aqueous extracts of ‘Arbequina’ olive
leaf, where 1: oleuropein; 2: verbascoside; 3: hydroxytyrosol; 4: hydroxytyrosol hexoside; and 5:
apigenin-7-O-glucoside.
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Figure 2. Oleuropein concentration (mg/g) contained in dried olive leaves. WOLG: wild olive leaves
(O.e. spp. oleaster) from Greece; WOLS: wild olive leaves (O.e. spp. oleaster) from Spain. Different
lower case letters indicate significant differences among genotypes according to Tukey’s HSD test
(o0 < 0.05).
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Figure 3. Concentrations (mg/g) of other phenolic compounds contained in dried olive leaves.
WOLG: wild olive leaves (O.e. spp. oleaster) from Greece; WOLS: wild olive leaves (O.e. spp. oleaster)
from Spain. For each compound, different lower case letters indicate significant differences among
genotypes according to Tukey’s HSD test (« < 0.05).

The leaves with the lowest hydroxytyrosol hexoside content were ‘Picual” (0.29 mg/g)
and the WOLS (0.24 mg/g). As for hydroxytyrosol, the highest content was found in
‘Arbequina’ (4.44 mg/g) and ‘Koroneiki” (4.19 mg/g), while the lowest content was found
in ‘Picual’ (0.14 mg/g), and in the WOLS, it was not even detected. Verbascoside was found
in concentrations ranging from 1.98 mg/g to 3.97 mg/g in ‘Arbequina’, followed by ‘Picual’
with 3.11 mg/g. Apigenin-7-O-glucoside was only found in the ‘Picual” and ‘Arbequina’
at concentrations of 2.21 and 2.05 mg/g, respectively. Previous studies carried out by
Martinez-Navarro et al. [11,16] on the same plots during the 2019/2020 season showed that,
for the same month, ‘Arbequina’ leaves contained oleuropein values similar to those found
in the present study (63.80 mg/g), while ‘Picual” had a slightly lower value (103.41 mg/g).
In a study carried out by Petridis et al. [17], comparing the phenolic compounds of olive
leaves of different genotypes, including ‘Koroneiki” and ‘Kalamon’, they also observed that
‘Kalamon” had the highest phenolic content. In a study conducted by Talhaoui et al. [18]
in mid-June on the phenolic content and antioxidant activity of ‘Picual’ and ‘Arbequina’
leaves, the oleuropein content was 17.08 mg/g in ‘Arbequina’” and 18.01 mg/g in ‘Picual’,
which were below the values of 73.71 and 136.49 mg/g, respectively, found in the present
work. As for other compounds studied by Talhaoui et al. [18], verbascoside was found to
have values of 4.07 mg/g in “Arbequina’ and 1.12 mg/g in ‘Picual’, similar to the values
obtained in this study (3.10 and 3.90 mg/g, respectively). The hydroxytyrosol hexoside
content was also similar, at around 0.30-0.40 mg/g in both genotypes and in both studies.

The correlations between the different compounds contained in the olive leaves are
included in Table 1. As expected, oleuropein was negatively correlated with the hydroxy-
tyrosol (p < 0.01, r = —0.851) and hydroxytyrosol hexoside contents (p < 0.01, r = —0.683)
and positively correlated with verbascoside (p < 0.01, r = 0.685). All of these correlations
were observed by the authors of previous works [11,16]. The hydroxytyrosol content was
negatively correlated with hydroxytyrosol hexoside (p < 0.01, r = —0.605) and was positively
correlated with the verbascoside content (p < 0.01, r = —0.741), with the former suggesting
that the hydroxytyrosol in the plant could be derived from glucosides or vice versa. Finally,
apigenin-7-O-glucoside only demonstrated a positive correlation with the verbascoside
content (p < 0.01, r = 0.662).
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Table 1. Correlation between concentration of phenolic compounds studied in olive leaves.

Oleuropein HT Hexoside M eoside
HT —0.851 **
HT hexoside —0.683 ** —0.605 **
Apinegin-7-O-glucoside 0.428 —0.274 —0.447
Verbascoside 0.685 ** —0.741 ** —0.429 0.662 **

HT: Hydroxytyrosol; significant correlation values are typed in bold according to ** p value < 0.01.

Figure 4 shows the antioxidant activity and total phenols of the studied leaf genotypes.
Regarding the antioxidant activity measured by DPPH, the genotypes with the highest
activity were "Kalamon’ (0.831 uM), WOLG (0.794 uM), and WOLS (0.796 uM), while
‘Koroneiki’ (0.490 uM) had the lowest values.
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Figure 4. Antioxidant activity determined by DPPH- and ABTS-* methods (uM Trolox) and total
phenol content (TPC) determined by Folin-Ciocalteu (mg/mL GAE) in olive leaves. WOLG: wild
olive leaves (O.e. spp. oleaster) from Greece; WOLS: wild olive leaves (O.e. spp. Oleaster) from Spain.
Different capital, Greek, and lower case letters indicate significant differences among genotypes
analyzed by the same method according to the Tukey’s HSD (« < 0.05).

The measurements obtained by the ABTS-* method had a similar order in the geno-
types with the highest antioxidant activity measured by DPPH-, but although genotype
is one of the most influential factors, other factors can influence the content of phenolic
compounds, such as location, climatic factors, soil, cultivation practices, and pests and
diseases, among others [19]. Regarding TPC, the highest amount was found in WOLS,
followed by in ‘Arbequina’, WOLG, and ‘Picual’. This coincided with the varieties that
showed the highest antioxidant activity potentials.

Similarly, the calculated EC50pppy (Table 2) indicated that ‘Kalamon’, wild olive leaves
(WOLS and WOLG), and ‘Arbequina’ had higher scavenging activity. An investigation
carried out by Talhaoui et al. [18] studied the olive leaves of ‘Picual’ and “Arbequina’, which
showed the highest scavenging activity via the EC50pppy of ‘Arbequina’ compared to
‘Picual’, as is the case in this work.
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Table 2. Half maximal effective concentration as EC50pppy in olive leaves.

Linear Regression Equation for C.V. CV 2 EC50pppH

Genotype DPPH: Radical Scavenging (m) (n) R (mg/mL)
‘Picual’ y =0.192x + 1.027 0.004 0.521 0.995 10.21 £+ 0.03
‘Arbequina’ y =7.250x + 0.299 1.719 9.199 0.999 6.86 + 0.08
“Koroneiki’ y =4.268x + 3.060 1.101 5.889 0.997 11.00 £ 0.09
‘Kalamon’ y = 6.715x + 8.489 1.851 9.906 0.996 5.10 £ 0.13
WOLG y =7.901x + 2.346 1.803 9.645 0.999 6.62 + 0.00
WOLS y =7.484x + 5.815 1.949 10.327 0.994 5.90 & 0.02

C.V.: Coefficient of variation. WOLG: wild olive leaves (O.e. spp. oleaster) from Greece; WOLS: wild olive leaves
(O.e. spp. oleaster) from Spain.

The correlations of the antioxidant activity and Folin—-Ciocalteu methods used with the
phenolic compounds studied are shown in Table 3. As expected, the oleuropein content is
positively correlated with ABTS-* (p < 0.01, r = 0.669) and TPC (p < 0.01, r = 0.649), although
the correlation with DPPH- is not statistically significant. Likewise, the verbascoside content
was positively correlated with DPPH- (p < 0.01, r = 0.653) and ABTS-* (p < 0.01, r = 0.702).
On the contrary, hydroxytyrosol and its hexoside content were negatively correlated with
ABTS-* (p < 0.05, r = —0.600) and TPC (p < 0.01, r = —0.805), respectively. According to the
study by Ozcan et al. [20], hydroxytyrosol has a higher antioxidant activity than oleuropein
and verbascoside. However, the results obtained in this work suggest that in olive leaf
aqueous extracts, both the hydroxytyrosol and the hydroxytyrosol hexoside are more labile
compounds and are therefore less stable than oleuropein and verbascoside. Furthermore,
these last two compounds are precursors of hydroxytyrosol.

Table 3. Correlation between the concentration of phenolic compounds studied, antioxidant activity
(DPPH- and ABTS-*), and total phenolic compounds (TPC) in olive leaves.

Oleuropein HT He)I:):i de g_pgiﬁlecr:)i:;g; Verbascoside
DPPH- 0.418 —0345 —0.244 0.25 0.653 **
ABTS-* 0.669 ** —0.600 * —0.399 —0.089 0.702 **
TPC 0.649 ** —0.453 —0.805 ** 0.294 0.101

HT: hydroxytyrosol; significant correlation values are in bold according to * p value < 0.05; ** p value < 0.01.

Concerning toxicity, the appropriate concentration in aqueous extracts to be used was
eight milligrams of olive leaves per milliliter of water. Table 4 presents the results of the
Microtox® assay in terms of EC5015.

Table 4. Toxicity results from Microtox® assay of aqueous olive leaf extracts as EC501s.

Genotypes EC5045 (mg/mL)
‘Picual’ 209 +45¢c
‘Arbequina’ 139+34c
“Koroneiki’ 11.8+11c
‘Kalamon’ 69.1+79a
WOLG 452 +125b
WOLS 825+ 1.0a

WOLG: wild olive leaves (O.e. spp. oleaster) from Greece; WOLS: wild olive leaves (O.e. spp. oleaster) from Spain.
Lower case letters indicate significant differences among all different extracts from the genotypes according to
Tukey’s test (x < 0.05).
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Generally, EC50¢5 represents the effective lethal concentration that corresponds to
the proportion of extract that causes the mortality or inhibition of 50% of the exposed
bacteria, A. fischeri, in 15 min. The aqueous olive leaf extracts yielded significant differences.
The ‘Picual’, ‘Arbequina’, and ‘Koroneiki’ genotypes stood out for their lower EC50;5
values, while the highest values were found in ‘Kalamon” and WOLS. Thus, the first three
genotypes were the most active against A. fischeri, while WOLS and ‘Kalamon’ were the
least active against this microorganism.

To our knowledge, no studies in the literature have focused on performing compar-
isons on the acute toxicity of aqueous olive leaf extracts. However, since the extractant
used was water, some comparisons have been made with the results obtained for aqueous
infusions of aromatic plants. Research by Skotti et al. [21] studied the toxicity of several
aqueous extracts from different Greek medicinal and aromatic plants. Infusions of oregano
(Origanum vulgare L.) and dittany (Origanum dictamnus L.) at a concentration of 10 mg/mL
and water at 85 °C were found to have lower EC50;5 values of 8.6 and 10.6, respectively,
which are lower than those obtained for aqueous olive leaf extracts. For chamomile (Matri-
caria chamomilla L.) and sage (Salvia officinalis L.) infusions at 10 mg/mL and 25, 80, and
100 °C, Sotiropoulou et al. [9] reported EC50;5 values between 0.032 and 1.264 mg/mL.
Aqueous extracts of chamomile had a higher bacterial inhibition capacity compared to
those of sage, and the effect increased with increasing temperatures.

In 2017, the Committee for Herbal Medicinal Products of the European Union com-
pleted an evaluation of the different products available on the European market and con-
cluded that olive leaf products can be accepted as safe, and no toxicity was observed [22].
Therefore, olive leaf extracts behave in a similar way to other herbal infusions and, when
consumed in moderation, should not cause toxicity.

4. Conclusions

The results of this study show that the contents of oleuropein and verbascoside in olive
leaves are related to the antioxidant capacity of their aqueous infusions, with ‘Arbequina’
and wild olive leaves from Spain and Greece being the most active of the genotypes studied.
In terms of toxicity, aqueous olive leaf extracts behave similarly to other herbal infusions
against A. fischeri, so their consumption as an bitter antioxidant infusion should not be a
problem with moderate consumption.
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