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Abstract: Olive (Olea europaea L.) leaves are an abundant byproduct in the olive oil industry char-
acterized by high quantities of phenols. The content of these molecules in olive leaves may vary
according to several factors, including cultivar, olive tree alternate bearing cycle, and seasonal varia-
tions. In the present study, leaves belonging to five Italian cultivars (‘Biancolilla’, ‘Nocellara Etnea’,
‘Nocellara Messinese’, ‘Nocellara Siracusana’, ‘Zaituna’), cultivated in the same area, were collected
from January to August and individually subjected to an appropriate extraction assay. Each extract
was analyzed by means of HPLC/DAD/ESI-MS to determine its phytochemical profile and assess
inter cultivar and seasonal variations. Moreover, total phenolics, ORAC, and DPPH assays were
performed, in order to evaluate the Total Polyphenol Content and antioxidant potential. Seventeen
different metabolites belonging to the subclasses of simple phenols, secoiridoids, hydroxycinnamic
acids, and flavonoids were identified, quantified, and used as markers to monitor profile variations.
The data obtained have shown that secoiridoids, particularly oleuropein, can be regarded as key
molecules to discriminate among different cultivars and to assess variability in olive leaves during the
flower and fruit development stage. All of the samples evidenced a remarkable antioxidant activity
in terms of Radical Scavenging Activity, and as expected, some differences were observed among
cultivars and depending on the harvest period through ORAC assay.

Keywords: Olea europaea L.; leaves extract; secoiridoids; flavonoids; hydroxycinnamic acids; seasonal
variation

1. Introduction

The olive tree (Olea europaea L.) is an evergreen drought and moderately salt-tolerant
species that has been cultivated since ancient times for its oil and fruits in the Mediterranean
area [1], of which is still one of the most iconic species owing to its ecological, economic,
and cultural importance [2]. The olive tree has a high variability in fruit production, with
fruit yields varying from 7–8 tons/ha to only a few hundred kilograms/ha depending on
the local environment conditions [3]. Olive leaves are an abundant byproduct in the olive
oil industry that amounts to roughly 10% of the total weight of the harvested olives and
accumulate in high quantities during tree pruning [4]. Olive leaves contain high quantities
of phenolic substances, thus representing a good source of added-value compounds with
numerous health-promoting properties [5,6]. In fact, it has been demonstrated that olive
leaf extracts possess high antioxidant and scavenging activities and could therefore be
used in various applications [7–9]. Secoiridoids such as oleuropein, dimethyloleuropein,
oleuropein aglycone, ligstroside, ligstroside aglycone, and oleoside, together with simple
phenols such as tyrosol and hydroxytyrosol, are typical of O. europaea leaves, which also
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contain flavonoid glycosides and flavonoids aglycones. Phenolic acids (ferulic, caffeic,
chlorogenic, p-coumaric, homovanillic, and vanillic) were also found to be present in
this matrix [10,11]. The content of these molecules in olive leaves may vary according to
genetic and environmental factors, as often observed when dealing with plant secondary
metabolites [12]. The cultivar seems to play a predominant role in differentiating the
phenolic profiles of olive leaves [13,14], which are also affected by the olive tree’s alternate
bearing cycle [15] and by seasonal variations within the same cycle [14,16–18]. As part of our
research activity, we proposed various applications for the improvement of nutritional value
and shelf life of foods [19–22], also considering the employ of yeasts for biotechnological
applications to obtain olive leaf extracts with enhanced bioactivity, where simple phenols,
such as hydroxytyrosol, are retrieved in situ mainly via the control of oleuropein after
hydrolysis [23,24] The purposes of this study were therefore (1) to screen a group of local
olive cultivars according to the biological cycle of olive trees in search for the best cultivar
in terms of oleuropein content, (2) to evaluate each cultivar for the optimal oleuropein
accumulation period, and (3) to assess the antioxidant activities of each cultivar during
seasonal change.

2. Materials and Methods
2.1. Chemicals and Reagents

All of the solvents and reagents used in this study: Folin–Ciocalteu phenol reagent, sodium
carbonate (Na2CO3), 2,2-Diphenyl-1-picrylhydrazyl (DPPH), Ethanol (≥96%), Trolox [(+/-)-6-
hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid],2,2-Azinobis (2-aminopropane), and
hydrochloride (AAPH), were of analytical grade and purchased from Sigma–Aldrich (Milan,
Italy). HPLC grade water, acetonitrile, and methanol were obtained from VWR (Milan, Italy).
Luteolin, luteolin 7-O-glucoside, and apigenin 7-O-glucoside were provided by Extrasynthese
(Lyon, France). Rutin (quercetin 3-O-rutinoside), apigenin, caffeic acid, chlorogenic acid,
p-coumaric acid, ferulic acid, hydroxytyrosol, oleuropein, 3,4-dihydroxyphenilacetic acid
(DOPAC), and fluorescein were obtained from Fluka (Sigma–Aldrich, Milan, Italy).

2.2. Olive Leaves Collection

The independent samples, reported in Table 1, (1 kg each) of leaves from the olive
cultivars ‘Biancolilla’, ‘Nocellara Etnea’, ‘Nocellara Messinese’, ‘Nocellara Siracusana’,
and ‘Zaituna’, coming from organic cultivations grown in the southeast of Sicily, Italy
(37◦04′09 N, 15◦25′58 E), were collected from the same selected trees during eight months
(January-August), comprising the vegetative phase (I, January–February), flowering (II,
March–April), and fruit set/development (III, May–June and IV, July–August). The period
September–December was not included in the study as the majority of the olive cultivars
are in the fruit growth phase. During this very delicate period, the pruning process is
not usually carried out. A list of the olive leaf samples of this study, together with their
laboratory codes, is shown in Table 1.

2.3. Preparation of Olive Leaves Extracts (OLEs)

The plant material (Table 1) was oven-dried at 40 ◦C until constant weight using a
drying oven (Electro-thermal Blast Drying Oven WLG-45B, Tianjin, China) and then milled
through a grinder (AR1100, Moulinex, Paris, France). The dried leaves of each cultivar
were individually milled using a grinder (AR1100, Moulinex, Paris, France).

The Olive Leaf Extracts (OLE) were prepared using distilled water as the extraction
solvent, following the protocol previously reported [24]. Each OLE was then filtered using
a 0.20 µm pore-size membrane filter (Millipore®, Burlington, MA, USA) and stored at
−20 ◦C until use.
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Table 1. Coding of samples analyzed in this study.

Sample Cultivar Harvesting Period Code

1 Biancolilla January–February B-I
2 Biancolilla March–April B-II
3 Biancolilla May–June B-III
4 Biancolilla July–August B-IV
5 Nocellara Etnea January–February NE-I
6 Nocellara Etnea March–April NE-II
7 Nocellara Etnea May–June NE-III
8 Nocellara Etnea July–August NE-IV
9 Nocellara Messinese January–February NM-I
10 Nocellara Messinese March–April NM-II
11 Nocellara Messinese May–June NM-III
12 Nocellara Messinese July–August NM-IV
13 Nocellara Siracusana January–February NS-I
14 Nocellara Siracusana March–April NS-II
15 Nocellara Siracusana May–June NS-III
16 Nocellara Siracusana July–August NS-IV
17 Zaituna January–February Z-I
18 Zaituna March–April Z-II
19 Zaituna May–June Z-III
20 Zaituna July–August Z-IV

2.4. Qualitative and Quantitative Determination of Olive Leaves Extracts (OLEs) Polyphenols by
HPLC-DAD and HPLC-ESI-MS

High-performance liquid chromatographic analyses were carried out on an Ultimate
3000 instrument equipped with a binary high-pressure pump, a Photodiode Array detector,
a Thermostated Column Compartment, and an Automated Sample Injector. The collected
data were processed through a Chromeleon Chromatography Information Management
System v. 6.80 (Thermo Scientific, Milan, Italy). The OLE polyphenols were eluted, detected,
and quantified according to Palmeri et al. [24]. HPLC-ESI-MS analyses on OLEs were
performed using the same HPLC apparatus as described above, whilst ESI mass spectra
were acquired by a Thermo Scientific Exactive Plu Orbitra MS (Thermo Fisher Scientific, Inc.,
Milan, Italy) using heated electrospray ionization (HESI II) interface. The data acquisition
and analyses were performed using the Excalibur software (Thermo Scientific, Milan, Italy).
The analyses were always carried out in triplicate.

2.5. Spectrophotometric Evaluation of Total Phenolic Content of Olive Leaves Extracts (OLEs)

The total phenolic content (TPC) of the OLEs was evaluated using the Folin–Ciocalteau
(FC) method, as reported by Singleton et al. [25], with minor modifications. Briefly, 250 µL
of each OLE sample was mixed with 1.25 mL of FC reagent and allowed to react for 3 min,
then 2.5 mL of 20% sodium carbonate (Na2CO3) was added. The mixture was brought
to a final volume of 25 mL with water and left to stand in the dark for 1 h at 25 ◦C. After
that incubation period, the absorbance of each sample was recorded using a Perkin Elmer
lambda 25 UV-Vis (PerkinElmer Italia Spa, Milano) setting at 725 nm. A calibration curve
was created using gallic acid as standard, and the results were expressed as mg GAE (Gallic
Acid Equivalent)/g dry leaf.

2.6. Antioxidant Activity of Olive Leaves Extracts (OLEs)

The Radical Scavenging Activity (RSA) was determined by using a 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) assay following the protocol previously reported by Brand–
Williams et al. [26] with minor modification. The assay was conducted by mixing 3 mL of
DPPH solution (100 µM) with 50 µL of each OLE, containing 50 µL of methanol (instead of
OLE), which was used as blank. Each reaction mixture was then incubated in the dark for
1 h at 25 ◦C. The absorbance was read at 515 nm using a Perkin Elmer lambda 25 UV-Vis
spectrophotometer (PerkinElmer Italia Spa, Milano) against the blank.

The final RSA value was calculated as the average of the three replicates and expressed
as a percentage by applying the following Equation (1):

RSA % = [(Absorbance blank − Absorbance sample)/Absorbance blank] × 100 (1)
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The total reducing capacity was determined using the ORAC assay, as described by
Scalzo et al. [27]. The measurements were performed on a Wallac 1420 Victor III 96-well
plate reader (EG and Wallac, Turku, Finland) with fluorescence filters (excitation = 485 nm,
emission = 535 nm). Fluorescein (116 nM) was used as a target for free radical attack by
AAPH (153 mM), used as a peroxy radical generator. The reactions were performed at
37 ◦C, pH 7.0, with Trolox (1 µM) as a control standard and phosphate buffer as a blank.
All of the solutions were freshly prepared prior to analysis. All of the samples were diluted
with phosphate buffer (1:25–100, v/v), and the results were expressed as millimoles of Trolox
Equivalent (mmol TE) on grams of dry leaves.

2.7. Statistical Analysis

The data obtained from the Folin–Chocalteau assay were analyzed separately by using
the Statistical package software MinitabTM version 20 (Commonwealth of Pennsylvania, USA).
The differences between experimental groups were determined on mean values with a one-
way analysis of variance (ANOVA), and the significant (p < 0.05) differences (mean separation)
between the treatments were carried out by Fisher’s least-significant difference test.

3. Results and Discussion
3.1. HPLC-DAD and HPLC-ESI-MS

The HPLC-DAD chromatograms corresponding to the five cultivars of this study
during the first observation period are depicted in Figure S1 (see Supplementary Materials).
Seventeen peaks were tentatively identified by comparing their relative retention times and
spectral data (UV-Vis and MS) with those of corresponding analytical standards when avail-
able; the assignments were further corroborated by the literature (Table S1, Supplementary
Materials). All of the compounds identified belong to the class of polyphenols and can be
further divided into different subgroups according to their chemical structure: the simple
phenols hydroxytyrosol, its glucoside, and DOPAC (dihydroxyphenyl acetic acid) character-
ize the first part of the chromatogram (from 5 to 7 min) in all of the cultivars analyzed; the
portions ranging from 9 to 13 min are instead clearly dominated by hydroxycinnamic acids
(caffeic, p-coumaric and ferulic acid,; see also Table S1) and their derivatives (chlorogenic
acid, and verbascoside). The remaining part of the chromatograms, from 9 to 20 min, is
characterized by the presence of flavonoids (rutin, luteolin 7-O-glucoside, apigenin exoside,
apigenin 7-O-glucoside, luteolin, and apigenin, see Table 1) and secoiridoids (oleuropein,
oleuropein aglycone, and ligstroside). Secondary metabolites bearing a simple phenol, such
as tyrosol and hydroxytyrosol, or more complex structures such as secoiridoids oleuropein
and ligstroside are regarded as peculiar for olives and olive products [4,28]. Once identified
and quantified, all of the 17 compounds were used as markers to highlight the differences
and similarities among the cultivars and monitor profile changes during the time intervals
considered. The quantitative data are reported in Table 2. When focusing purely and
simply on a qualitative point of view, the portion of the chromatograms (Figure S1 in
Supplementary Materials) more variable within cultivars is that from 11 to 16 min, which
includes hydroxycinnamic acids, flavonoids, and secoiridoids (verbascoside, p-coumaric
acid, ferulic acid, rutin, luteolin 7-O-glucoside, apigenin hexoside, oleuropein, apigenin
7-O-glucoside, also see Table S1). Regarding the quantitative data, all of the cultivars
showed elevated phenolic contents during the spring period (II and III), with the highest
values observed in ‘Nocellara Siracusana’ (33.07± 0.55 mg/g) during July-August (Table 2).
These data fall in line with the study of Benincasa et al. [18], which assesses how ten Italian
cultivars present a high content of oleuropein in the same period. This trend was observed
for all of the cultivars considered except ‘Zaituna’, whose metabolite accumulation in-
stead starts in period II and peaks in period III, being staggered with respect to the others
(Table 2). This phenomenon is definitely genetic, and it is probably related to the different
flowering periods of this cultivar. The results here obtained agree with those reported
by Heimler et al. [29] for flavonoids and with the work of Sahin and others [30], who
registered a general drop in the olive leaves’s polyphenols (especially oleuropein) from
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spring to summer within a collection of 20 olive cultivars from Texas. The same fall in
polyphenol content during summer (August) was observed by Talhaoui et al. [31] while
studying the seasonal changes in olive leaves from six cultivars in Andalusia, although the
authors considered a different time interval (fruit set to fruit ripening). More recently, Blasi
and coworkers [14] evaluated the phenolic composition of olive leaves from four different
cultivars collected in four different periods (December-September). Their results match
with those reported here, as the authors observed significant differences in oleuropein
content among the cultivars and found in December and March the highest contents of
bioactive compounds. Oleuropein is the most discriminant metabolite according to our
results (Table 2), as better displayed in Figure 1. From this picture, it is possible to note that
all cultivars evidenced the highest content of oleuropein in the II period, with again the
sole exception being the cultivar “Zaituna”.
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Figure 1. Oleuropein content of samples under study (Table 1) expressed as mg/g dry leaf and
evaluated using high performance liquid chromatographic technique.

3.2. Spectrophotometric Evaluation of Total Polyphenols Content and Antioxidant Activity of Olive
Leaves Extracts (OLEs)

Figure 2 displays the total polyphenol content of the OLEs evaluated in the present
study expressed as mg GAE/g dry leaf. The data obtained from the Folin–Ciocalteau
assay (Figure 2) show that all of the samples present a good amount of TP, although,
for each cultivar, it is possible to observe a different trend strictly correlated with the
harvesting season. In particular, during the I period (January–February), the samples of
NE-I and NM-I evidenced significantly (p < 0.05) higher values, respectively, of 26.4 ± 2.6
and 24.0 ± 1.5 mg GAE/g dry leaf, while the lowest polyphenols content were observed
in the B-I and NS-I samples, which, respectively, registered the values of 16.3 ± 0.5 and
16.5 ± 0.2 mg GAE/g dry leaf (Figure 2a). In the II period (March–April), the samples of
B-II, NE-II, and NM-II evidenced significantly (p < 0.05) higher values of total polyphenols,
ranging from 30.1 ± 1.4 (sample B-II) to 29.1 ± 0.25 mg GAE/g dry leaf, while the lowest
value was observed in the samples of Z-II, which registered a polyphenols content equal to
22.5 ± 1.1 mg GAE/g dry leaf. These results could be attributed to the oleuropein content
that, as already reported in Section 3.1, was very high in the II period (March–April) for
all of the samples with the exception of the cultivar “Zaituna” (Figure 2b). During the III
period, the NE-III, NS-III, and Z-III samples evidenced significantly (p < 0.05) higher TP
contents (Figure 2c), with the values of 29.3 ± 2.2, 28.9 ± 2.9, and 30.5 ± 2.0 mg GAE/g
dry leaf. In the last harvest period (July–August) the only sample that still had an elevated
content of TP was NS-IV (Figure 2d). Despite the significant differences observed among the
cultivars, our TP data are partially in accordance with those reported by Heimler et al. [29]
and Benincasa and coworkers [18], whom both evidenced an increase in TP content during
the period from spring to summer.
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Table 2. Content of individual metabolites in the olive leaves extracts (OLEs) from five cultivars and four observation periods object of this study. See also Figure S1,
Table S1 and text for further details.

Metabolite Content, mg/g Dry Vegetable Material a

OLE b

Peak Compound B-I B-II B-III B-IV NE-I NE-II NE-III NE-IV NM-I NM-II NM-III NM-IV NS-I NS-II NS-III NS-IV Z-I Z-II Z-III Z-IV

1 hydroxytirosol glucoside 0.188 2.88 0.19 0.228 0.40 0.538 0.70 0.22 0.50 1.18 0.12 0.20 0.116 2.219 0.68 0.04 0.176 0.207 0.925 0.243
2 hydroxytirosol 0.263 0.40 0.28 0.14 0.43 0.63 0.23 0.18 0.37 0.13 0.19 0.18 0.142 0.81 0.21 0.13 0.601 0.847 0.349 0.202
3 dihydroxyphenylacetic 0.136 0.30 0.09 0.11 0.12 0.09 0.12 0.16 0.08 0.17 0.22 0.09 0.111 0.16 0.10 0.07 0.127 0.106 0.187 0.127
4 chlorogenic acid 0.167 0.34 0.11 0.09 0.14 0.22 0.04 0.10 0.26 0.17 0.05 0.05 0.112 0.32 0.05 0.05 0.126 0.193 0.144 0.119
5 caffeic acid 0.008 0.02 0.002 0.002 0.038 0.038 0.004 0.006 0.02 0.048 0.004 0.003 0.003 0.03 0.006 n.d. 0.018 0.013 0.004 0.006
6 verbascoside 0.133 0.54 0.04 0.04 1.23 1.79 0.26 0.15 1.41 0.99 0.09 0.04 0.087 1.808 0.33 0.175 0.243 0.268 0.184 0.060
7 p-coumaric acid 0.056 0.07 0.07 0.03 0.09 0.095 n.d. c n.d. c 0.148 0.081 0.026 0.052 0.038 0.078 0.042 0.052 n.d.c n.d c n.d.c n.d. c

8 ferulic acid n.d.c n.d. c n.d. c n.d. c n.d. c n.d. c n.d. c n.d. c n.d. c n.d. c n.d. c n.d. c n.d c n.d.c n.d.c n.d.c 0.107 0.144 0.106 0.049
9 rutin 0.116 0.18 0.10 0.06 0.31 0.32 0.22 0.34 0.31 0.37 0.06 0.08 0.102 0.53 0.28 0.20 0.185 0.395 0.407 0.240
10 luteolin 7-O-glucoside 0.795 1.51 0.56 1.22 2.86 3.23 2.77 3.23 2.58 2.23 1.12 1.13 3.014 4.88 2.92 1.63 0.763 1.131 1.554 0.794
11 apigenin hexoside 0.317 0.32 0.33 0.23 0.28 0.31 0.31 0.42 0.41 0.30 0.29 0.36 0.252 0.45 0.33 0.15 0.296 0.280 0.332 0.222
12 oleuropein 4.356 33.345 3.39 4.36 16.285 24.354 19.171 18.172 16.818 32.054 5.626 5.815 6.164 33.150 21.410 13.506 6.311 4.620 16.623 5.550
13 apigenin 7-O-glucoside 0.369 0.59 0.18 0.29 1.19 1.27 0.83 1.46 1.05 0.90 0.43 0.409 1.025 1.99 1.07 0.66 0.309 0.530 0.509 0.308
14 ligstroside 0.537 4.13 0.28 0.49 1.97 3.20 1.14 1.30 2.53 2.88 0.51 0.47 0.210 3.06 1.907 0.908 0.664 0.720 0.898 0.434
15 oleuropein aglicone 0.121 0.378 0.18 0.16 0.54 0.54 0.76 0.46 0.54 0.53 0.25 0.36 0.290 0.73 0.63 0.38 0.137 0.192 0.356 0.172
16 luteolin 0.029 0.02 0.007 0.015 0.069 0.10 0.02 0.07 0.11 0.05 0.03 0.01 0.055 0.12 0.06 0.04 0.052 0.112 0.045 0.020
17 apigenin n.d. c n.d. c n.d. c n.d. c 0.019 0.01 n.d. c 0.01 n.d. c n.d. c n.d. c n.d. c 0.008 n.d. c n.d. c 0.01 n.d c n.d c n.d. c n.d. c

a as mean of three replicates; b see material and methods; c not detected.
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Figure 2. Spectrophotometric evaluation of total polyphenols content (TPC) of samples under study
(Table 1) expressed as mg GAE/g dry leaf. (a) Samples collected in January–February (I period);
(b) Samples collected in March–April (II period); (c) Samples collected in May–June (III period); (d)
Samples collected in July–August (IV period). Vertical bars indicate the standard deviation of the
mean. Different letters over the bars within each harvest period (I, II, III, or IV) are significantly
different according to Fisher’s least significant difference test (p < 0.05).

Regarding antioxidant activity, Figure 3 displays the results obtained for all of the
samples under study (see Table 1 for sample list). The DPPH assay evidenced that a high
RSA% (>80%) characterizes all of the samples (Figure 3a). The ORAC method (Figure 3b)
is widely used to estimate the antioxidant capacity of the most consumed foods and
beverages [32]. Boss et al. [33] reported a collected study to compare the polyphenol
content of OLEs with respect to extra virgin olive oil (EVOO) and its anti-cancer effect and
health benefits. Therefore, of great importance is the knowledge of the evolution of these
compounds in terms of antioxidant activity during the growth of olive trees. The results
evidence that almost all of the cultivars present the highest values during periods II–III,
corresponding to the peak of metabolite accumulation (Table 1).
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Figure 3. Assessment of antioxidant activity through (a) DPPH and (b) ORAC assay.
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The increase in antioxidant activity is probably related to the olive leaves antioxidant
defense mechanism [18], suggesting that the higher antioxidant activity observed is not
directly correlated with oleuropein and TP content.

4. Conclusions

OLEs from five Italian cultivars ‘Biancolilla’, ‘Nocellara Etnea’, ‘Nocellara Messinese’,
‘Nocellara Siracusana’, and ‘Zaituna’ were analyzed for their polyphenol profiles and
content in the search for inter-cultivar differences/similarities and in order to monitor
metabolite accumulation across eight months, from the vegetative phase to the fruit devel-
opment. The antioxidant activities (DPPH and ORAC tests) were also measured for the
same extracts. The ORAC assay allows for the discrimination of the antioxidant activity
between the different cultivars and harvesting periods. The data obtained show that there
are substantial inter-cultivar differences during the first period, which is the period of
dormancy of the olive trees. During the vegetative growth corresponding to periods II–IV, a
different concentration in bioactive compounds was observed. The trend is similar in all of
the cultivars examined. These data confirm that the study of metabolic profiles is a useful
tool to discriminate among cultivars and support genetic control over the environment in
the OLE metabolic accumulation process. The results obtained allow for the selection of
the best cultivar and the best collection period to obtain extracts that are rich in oleuropein.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agronomy12092007/s1, Figure S1: HPLC-DAD profile, visualized
at 280 nm of the olive leaves extracts (OLEs) object of this study during the first observation period
(January–February). Numbers refer to Table S1 and text. B = ‘Biancolilla’; NE = ‘Nocellara Etnea’;
NM = ‘Nocellara Messinese’; NS = ‘Nocellara Siracusana’; Z = ‘Zaituna’. See text for further details;
Table S1: Phenols identified in OLEs from five Sicilian cultivars object of this study using HPLC/DAD
and HPLC/ESI-MS. See Figure S1 for numbering and text for details.

Author Contributions: Conceptualization, R.P., L.S. and B.F.; Methodology, M.C., I.P. and F.P.; Formal
Analysis, L.S., M.C. and L.P.; Writing—Review and Editing, L.S., R.P., L.P. and B.F. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors thank Alberto Continella (Di3A—UniCT) for critically reviewing
the manuscript; thanks are due also to Sandro Dattilo (CNR-IPCB, Catania) for the facilities in using
the LC-ESI-MS apparatus and to Antonio Greco (CNR-ICB, Catania) for his skilfull assistance in the
graphics of this paper.

Conflicts of Interest: The authors declare they have no conflicts of interest.

References
1. Fernández-Escobar, R.; Moreno, R.; García-Creus, M. Seasonal changes of mineral nutrients in olive leaves during the alternate-

bearing cycle. Sci. Hortic. 1999, 82, 25–45. [CrossRef]
2. Besnard, G.; Khadari, B.; Navascués, M.; Fernández-Mazuecos, M.; El Bakkali, A.; Arrigo, N.; Baali-Cherif, D.; De Caraffa, V.B.-B.;

Santoni, S.; Vargas, P.; et al. The complex history of the olive tree: From Late Quaternary diversification of Mediterranean lineages
to primary domestication in the northern Levant. Proc. R. Soc. B Boil. Sci. 2013, 280, 20122833. [CrossRef]

3. Lavee, S. Biennial Bearing in Olive (Olea Europaea); Olea FAO Olive Network: Cornwall, UK, 2006.
4. Rahmanian, N.; Jafari, S.M.; Wani, T.A. Bioactive profile, dehydration, extraction and application of the bioactive components of

olive leaves. Trends Food Sci. Technol. 2015, 42, 150–172. [CrossRef]
5. Barbagallo, I.; Volti, G.L.; Raffaele, M.; Distefano, A.; Palmeri, R.; Parafati, L.; Licari, M.; Zingales, V.; Avola, R.; Vanella, L. The

effects of olive leaf extract from a Sicilian cultivar in an experimental model of hepatic steatosis. Rendiconti Lincei 2017, 28, 643–650.
[CrossRef]

6. Özcan, M.M.; Matthäus, B. A review: Benefit and bioactive properties of olive (Olea europaea L.) leaves. Eur. Food Res. Technol.
2016, 243, 89–99. [CrossRef]

7. Esposto, S.; Taticchi, A.; Di Maio, I.; Urbani, S.; Veneziani, G.; Selvaggini, R.; Sordini, B.; Servili, M. Effect of an olive phenolic
extract on the quality of vegetable oils during frying. Food Chem. 2015, 176, 184–192. [CrossRef]

https://www.mdpi.com/article/10.3390/agronomy12092007/s1
https://www.mdpi.com/article/10.3390/agronomy12092007/s1
http://doi.org/10.1016/S0304-4238(99)00045-X
http://doi.org/10.1098/rspb.2012.2833
http://doi.org/10.1016/j.tifs.2014.12.009
http://doi.org/10.1007/s12210-017-0649-4
http://doi.org/10.1007/s00217-016-2726-9
http://doi.org/10.1016/j.foodchem.2014.12.036


Agronomy 2022, 12, 2007 9 of 9

8. Bouaziz, M.; Fki, I.; Jemai, H.; Ayadi, M.; Sayadi, S. Effect of storage on refined and husk olive oils composition: Stabilization by
addition of natural antioxidants from Chemlali olive leaves. Food Chem. 2008, 108, 253–262. [CrossRef]

9. Moudache, M.; Colon, M.; Nerín, C.; Zaidi, F. Phenolic content and antioxidant activity of olive by-products and antioxidant film
containing olive leaf extract. Food Chem. 2016, 212, 521–527. [CrossRef] [PubMed]

10. Ryan, D.; Prenzler, P.D.; Lavee, S.; Antolovich, A.M.; Robards, K. Quantitative Changes in Phenolic Content during Physiological
Development of the Olive (Olea europaea) Cultivar Hardy’s Mammoth. J. Agric. Food Chem. 2003, 51, 2532–2538. [CrossRef]

11. Siracusa, L.; Ruberto, G. Not only what is food is good—polyphenols from edible and nonedible vegetable waste. In Polyphenols
in Plants, 2nd ed.; Watson, R., Ed.; Academic Press: San Diego, CA, USA, 2019; pp. 3–21.

12. Siracusa, L.; Ruberto, G. Plant polyphenol profiles as a tool for traceability and valuable support to biodiversity. In Polyphenols in
Plants: Isolation, Purification and Extract Preparation; Elsevier: Amsterdam, The Netherlands, 2014; Chapter 2; pp. 15–33. ISBN
9780123979346.

13. Di Donna, L.; Mazzotti, F.; Naccarato, A.; Salerno, R.; Tagarelli, A.; Taverna, D.; Sindona, G. Secondary metabolites of Olea
europaea leaves as markers for the discrimination of cultivars and cultivation zones by multivariate analysis. Food Chem. 2010,
121, 492–496. [CrossRef]

14. Blasi, F.; Urbani, E.; Simonetti, M.S.; Chiesi, C.; Cossignani, L. Seasonal variations in antioxidant compounds of Olea europaea
leaves collected from different Italian cultivars. J. Appl. Bot. Food Qual. 2016, 89, 202–207. [CrossRef]

15. Mitsopoulos, G.; Papageorgiou, V.; Komaitis, M.; Hagidimitriou, M. Phenolic Profile of Leaves and Drupes of Ten Olive Varieties.
Not. Bot. Horti Agrobot. Cluj-Napoca 2016, 44, 162–166. [CrossRef]

16. Brahmi, F.; Mechri, B.; Dabbou, S.; Dhibi, M.; Hammami, M. The efficacy of phenolics compounds with different polarities as
antioxidants from olive leaves depending on seasonal variations. Ind. Crop. Prod. 2012, 38, 146–152. [CrossRef]

17. Brahmi, F.; Mechri, B.; Dhibi, M.; Hammami, M. Variations in phenolic compounds and antiradical scavenging activity of Olea
europaea leaves and fruits extracts collected in two different seasons. Ind. Crop. Prod. 2013, 49, 256–264. [CrossRef]

18. Benincasa, C.; Romano, E.; Pellegrino, M.; Perri, E. Characterization of Phenolic Profiles of Italian Single Cultivar Olive Leaves
(Olea europaea L.) by Mass Spectrometry. Mass Spectrom. Purif. Tech. 2018, 4, 1–8. [CrossRef]

19. Abbate, E.; Palmeri, R.; Todaro, A.; Blanco, R.M.; Spagna, G. Production of a α-L-Rhamnosidase from Aspergillus Terreus Using
Citrus Solid Waste as Inducer for Application in Juice Industry. Chem. Eng. Trans. 2012, 27. Available online: www.asdic.it/cet
(accessed on 11 July 2022).

20. Palmeri, R.; Parafati, L.; Restuccia, C.; Fallico, B. Application of prickly pear fruit extract to improve domestic shelf life, quality
and microbial safety of sliced beef. Food Chem. Toxicol. 2018, 118, 355–360. [CrossRef]

21. Palmeri, R.; Parafati, L.; Trippa, D.; Siracusa, L.; Arena, E.; Restuccia, C.; Fallico, B. Addition of Olive Leaf Extract (OLE) for
Producing Fortified Fresh Pasteurized Milk with an Extended Shelf Life. Antioxidants 2019, 8, 255. [CrossRef] [PubMed]

22. Parafati, L.; Restuccia, C.; Palmeri, R.; Fallico, B.; Arena, E. Impact of prickly pear extract on the quality parameters of beef burger
patties after cooking. Food Biosci. 2021, 42, 101146. [CrossRef]

23. Restuccia, C.; Muccilli, S.; Palmeri, R.; Randazzo, C.L.; Caggia, C.; Spagna, G. An alkaline β-glucosidase isolated from an olive
brine strain of Wickerhamomyces anomalus. FEMS Yeast Res. 2011, 11, 487–493. [CrossRef]

24. Palmeri, R.; Restuccia, C.; Monteleone, J.I.; Sperlinga, E.; Siracusa, L.; Serafini, M.; Finamore, A.; Spagna, G. Bioactivity
Improvement of Olea europaea Leaf Extract Biotransformed by Wickerhamomyces anomalus Enzymes. Mater. Veg. 2017, 72,
211–218. [CrossRef]

25. Singleton, V.L.; Orthofer, R.; Lamuela-Raventós, R.M.; Lester, P. Analysis of total phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu reagent. In Methods in Enzymology; Elsevier: Amsterdam, The Netherlands, 1999;
Volume 299, pp. 152–178.

26. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a free radical method to evaluate antioxidant activity. LWT Food Sci. Technol.
1995, 28, 25–30. [CrossRef]

27. Lo Scalzo, R.; Todaro, A.; Rapisarda, P. Methods used to evaluate the peroxyl (ROO) radical scavenging capacities of four common
antioxidants. Eur. Food Res. Technol. 2012, 235, 1141–1148. [CrossRef]

28. Bensehaila, S.; Ilias, F.; Saadi, F.; Zaouadi, N. Phenolic Compounds and Antimicrobial Activity of Olive (Olea europaea L.) Leaves.
Asian J. Dairy Food Res. 2022, 41, 237–241. [CrossRef]

29. Heimler, D.; Pieroni, A.; Cimato, A.; Sani, G.; Tattini, M. Seasonal trend of flavonoids, flavonoid glycosides and biflavonoids in
ten olive cultivars. Acta Hortic. 1994, 356, 372–374. [CrossRef]

30. Sahin, S.; Saeed, N.; Malik, A.; Perez, J.L.; Brockington, J.E. Seasonal Changes of Individual Phenolic Compounds in Leaves of
Twenty Olive Cultivars Grown in Texas. J. Agric. Sci. Technol. B 2012, 2, 242–247.

31. Talhaoui, N.; Gómez-Caravaca, A.M.; Roldán, C.; León, L.; De La Rosa, R.; Fernández-Gutiérrez, A.; Segura-Carretero, A.
Chemometric Analysis for the Evaluation of Phenolic Patterns in Olive Leaves from Six Cultivars at Different Growth Stages. J.
Agric. Food Chem. 2015, 63, 1722–1729. [CrossRef]

32. López-Alarcón, C.; DeNicola, A. Evaluating the antioxidant capacity of natural products: A review on chemical and cellular-based
assays. Anal. Chim. Acta 2013, 763, 1–10. [CrossRef]

33. Boss, A.; Bishop, K.S.; Marlow, G.; Barnett, M.P.G.; Ferguson, L.R. Evidence to Support the Anti-Cancer Effect of Olive Leaf
Extract and Future Directions. Nutrients 2016, 8, 513. [CrossRef]

http://doi.org/10.1016/j.foodchem.2007.10.074
http://doi.org/10.1016/j.foodchem.2016.06.001
http://www.ncbi.nlm.nih.gov/pubmed/27374563
http://doi.org/10.1021/jf0261351
http://doi.org/10.1016/j.foodchem.2009.12.070
http://doi.org/10.5073/jabfq.2016.089.025
http://doi.org/10.15835/nbha44110382
http://doi.org/10.1016/j.indcrop.2012.01.023
http://doi.org/10.1016/j.indcrop.2013.04.042
http://doi.org/10.4172/2469-9861.1000124
www.asdic.it/cet
http://doi.org/10.1016/j.fct.2018.05.044
http://doi.org/10.3390/antiox8080255
http://www.ncbi.nlm.nih.gov/pubmed/31366135
http://doi.org/10.1016/j.fbio.2021.101146
http://doi.org/10.1111/j.1567-1364.2011.00738.x
http://doi.org/10.1007/s11130-017-0612-7
http://doi.org/10.1016/S0023-6438(95)80008-5
http://doi.org/10.1007/s00217-012-1847-z
http://doi.org/10.18805/ajdfr.DR-240
http://doi.org/10.17660/ActaHortic.1994.356.79
http://doi.org/10.1021/jf5058205
http://doi.org/10.1016/j.aca.2012.11.051
http://doi.org/10.3390/nu8080513

	Introduction 
	Materials and Methods 
	Chemicals and Reagents 
	Olive Leaves Collection 
	Preparation of Olive Leaves Extracts (OLEs) 
	Qualitative and Quantitative Determination of Olive Leaves Extracts (OLEs) Polyphenols by HPLC-DAD and HPLC-ESI-MS 
	Spectrophotometric Evaluation of Total Phenolic Content of Olive Leaves Extracts (OLEs) 
	Antioxidant Activity of Olive Leaves Extracts (OLEs) 
	Statistical Analysis 

	Results and Discussion 
	HPLC-DAD and HPLC-ESI-MS 
	Spectrophotometric Evaluation of Total Polyphenols Content and Antioxidant Activity of Olive Leaves Extracts (OLEs) 

	Conclusions 
	References

