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Abstract: Polyphenols and triterpenoids in olive have relevant importance both in the physiology of
the plant and the nutritional and biological value of its products. Olive leaf extracts are of special
interest for their numerous health-promoting properties. The present research is investigating the
occurrence of phytochemicals in supercritical fluid extracts from leaves with regard to collection time
and drying temperature. The phytochemical profiles of the olive leaf extracts were determined by
reversed-phase high-performance liquid chromatography (HPLC) coupled to electrospray ionization
time-of-flight mass spectrometry (ESI-TOF-MS) detection. The main extracted phytochemicals
were phenols and terpenoids. A significant variation in the amounts of the different components
was observed as a function of the different drying temperature and collecting time (p < 0.05).
Among samples, the maximal contents of polyphenols and secoiridoid derivatives were found
in the extracts from olive leaves collected in November and dried at 120 ◦C, whereas triterpenoids
showed the highest content in fresh leaves collected in August.

Keywords: Olea europaea; supercritical fluid extraction; triterpenoids; polyphenols; olive leaves

1. Introduction

The incidence of many chronic disorders, such as cardiovascular diseases and certain types of
cancers, could be attenuated by an improved diet, particularly through increased consumption of diets
rich in fruits and vegetables. Such health-promoting properties of edible plants are related mainly
to the presence of secondary metabolites, known as phytochemicals [1]. In contrast to traditional
pharmaceutical drugs based on single defined substances, herbal preparations have been characterized
by a multi-ingredient nature. However, recently this strategy has been introduced in modern medicine
with the use of multi-ingredient pharmaceutical cocktails, now prevalent in the treatment of some
diseases [2].

The exploitation of olive leaves as a natural resource rich in bioactive compounds would involve
the valorization of this byproduct [3]. In addition, olive leaves have a high potential for exploitation
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in the food industry. Properties of olive leaves are generally attributed to the presence of a range of
triterpenes and phenolic compounds such as secoiridoids, lignans, flavonoids, etc. [4].

Fresh olive leaves generally need drying and milling before any purpose. As a preservation
method, drying is carried out to remove the water from the leaves to protect the leaves against
spoilage and degradation of oleuropein by enzyme action. It also improves extraction efficiency or
extractability [5]. Thus, it is considered as the main process in olive leaf treatment. Olive leaves have
to be dried for use as an ingredient in dry mixes, extracting phenolic compounds having antioxidant
properties, and use in olive leaf tea [6]. In fact, the immediate drying of olive leaves is the most
important operation in post-harvest processing in order to avoid quality losses and prevent possible
degradation during storage [7], since drying might affect the product quality and is an energy-intensive
process [8].

Thus, this work has focused on the determination of phenolic compounds and triterpenoids from
fresh and dried olive leaves from El Hor cultivar, cultivated in the center of Tunisia at four sampling
dates (January, April, August, and November) using an HPLC-ESI-TOF MS platform. The choice of this
olive cultivar was based on our previous findings demonstrating that El Hor olive leaves extracted by
supercritical fluid extraction showed the best anticancer activity among other cultivars and extraction
techniques [9,10]. Thus, for in-depth study, the aim of this work was to study how the drying process
and collecting period of olive leaves affect the phenolic composition of extracts in order to obtain
extracts rich in bioactive compounds.

2. Results and Discussion

2.1. Identification of Phytochemicals in Olive Leaf Extracts

Natural antioxidants are mainly secondary metabolites such as phenolic acids, flavonoids, and
terpenoids, which are produced by plants for sustaining growth under adverse environment [11].
Polyphenols are among the most widespread class of secondary metabolites in nature, which possess
an aromatic ring with one or more hydroxyl substituents.

In the present study, olive leaf extracts were analyzed by HPLC with TOF/MS detection.
The characterization process was conducted using the elution order, the interpretation of their mass
spectrum provided by the TOF–MS, commercial standards when available, and the data previously
reported in the literature. Table 1 includes the compounds, which were identified in olive leaves’
SFE extracts, and the information generated by the TOF analyzer—retention time, experimental
and calculated m/z, molecular formula, and error and milliSigma value. A total of 20 compounds
were characterized in SFE extracts by the HPLC-ESI-TOF/MS analytical methods described above.
Among them, 17 compounds were from different polar compound classes and polyphenolic families.
We classify them into groups such as secoiridoids and related derivatives, simple phenolic compounds,
flavonoids (flavonols, flavones, and O-methylated flavones), and lignans. In addition, three were
characterized as triterpenoids.
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Table 1. Mass spectral data of the phytochemicals identified in the olive leaf extracts.

Peak m/z R.T. (min) Molecular
Formula

Error
(ppm) mSigma Compound Name Group

1 389.1089 8.25 C16H22O11 3.1 1 Secologanoside * Secoiridoids and
related derivatives

2 153.0557 8.90 C8H10O3 −0.5 2 Hydroxytyrosol # Simple phenols:
Phenyl alcohols

3 389.1447 10.33 C16H22O11 −0.5 4.4 Loganoside * Secoiridoids

4 401.1453 11.10 C 18H26O10 3.8 2.7 benzyl alcohol
pentose *

Other polar
compounds

5 403.1246 11.30 C17H24O11 2.8 6.9 Elenolic acid
glucoside isomer 1 *

Secoiridoids and
related derivatives

6 151.0401 11.70 C8H8O3 −4.8 6.4 vanillin # Simple phenols:
Aldehydes

7 403.1246 12.09 C17H24O11 −0.5 13.8 Elenolic acid
glucoside isomer 2 *

Secoiridoids and
related derivatives

8 193.0506 14.63 C10H10O4 3.3 9.4 Ferulic acid #
Simple phenols:

Hydroxycinnamic
acids

9 539.1770 15.46 C25H32O13 5.2 3.8 Oleuropein isomer 1 # Secoiridoids and
related derivatives

10 539.1770 15.96 C25H32O13 4.7 2.4 Oleuropein isomer 2 # Secoiridoids and
related derivatives

11 523.1821 23.92 C25H31O12 4.0 4.8 Ligstroside * Secoiridoids and
related derivatives

12 417.1555 18.59 C22H26O8 −2.0 35.6 Syringaresinol # Lignans

13 285.0405 19.00 C15H10O6 Luteolin # Flavonoids: Flavones

14 301.0354 19.20 C15H10O7 1.9 11.24 Quercetin # Flavonoids: Flavonols

15 357.1344 19.9 C20H22O6 1.2 14.9 pinoresinol # Lignans

16 415.1398 20.56 C22H24O8 −2.6 9.6 acetoxypinoresinol # Lignans

17 299.0561 22.97 C16H12O6 9.3 14.2 diosmetin #
Flavonoids:

O-methylated
flavones

Peak m/z R.T. (min) Molecular
Formula

Error
(ppm) mSigma Compound Name Class

18 471.3480 14.71 C30H48O4 14.3 5.8 Maslinic acid # triterpenoids

19 455.3531 16.30 C30H48O3 11.3 3.4 Oleanolic acid # triterpenoids

20 455.3531 16.41 C30H48O3 12.1 8.8 Ursolic acid * triterpenoids

* Identified on the basis of mass spectra. Comparison with the literature, # Identified on the basis of external
pure standard.

Figure 1 shows the resulting base peak chromatograms (BPCs) of fresh and dried olive leaf
samples collected in January from A1 to A7 according to drying temperature. The main phytochemicals
identified are included in Table 1, and their corresponding extracted ion chromatograms (EICs) are
shown in Figure 2.
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Figure 1. Base peak chromatograms (BPCs) of fresh and dried olive leaf samples collected in January 
from A1 to A7 according to drying temperature. A1: Fresh leaves, A2: leaves dried at 25 °C, A3: 
leaves dried at 40 °C, A4: leaves dried at 60 °C, A5: leaves dried at 80 °C, A6: leaves dried at 100 °C, 
A7: leaves dried at 120 °C. 

Figure 1. Base peak chromatograms (BPCs) of fresh and dried olive leaf samples collected in January
from A1 to A7 according to drying temperature. A1: Fresh leaves, A2: leaves dried at 25 ◦C, A3: leaves
dried at 40 ◦C, A4: leaves dried at 60 ◦C, A5: leaves dried at 80 ◦C, A6: leaves dried at 100 ◦C, A7:
leaves dried at 120 ◦C.
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Figure 2. Extracted ion chromatograms (EICs) of identified compounds in olive leaf samples.
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2.1.1. Simple Phenolic Compounds

One phenyl alcohol (peak 2 eluted at 8.9 min), aldehyde (peak 6 eluted at 11.7 min), and
hydroxycinnamic acid (peak 8 eluted at 14.63 min) were identified in our extracts as hydroxytyrosol,
vanillin, and ferulic acid, respectively. The identification of these compounds was confirmed with their
corresponding analytical standards.

2.1.2. Secoiridoids

Secoiridoids are produced from the secondary metabolism of terpenes. These compounds are
characterized by the presence of elenolic acid or its derivates in its glycosidic or aglyconic form in their
molecular structure [12]. As reported in Table 1, secoiridoids that could be identified in the different
extracts included free forms such as secologanoside (peak 1, m/z 389.1089) and loganoside (peak 1, m/z
389.1447), as well as phenol-conjugated secoiridoids in glycosidic form such as oleuropein (peaks 9
and 10, m/z 539.177) and ligstroside (peak 11, m/z 523.1821). Such compounds have been reported in
olive leaves and other organs of the olive tree in previous literature [13–16].

2.1.3. Flavonoids

Flavones, flavonols, and O-methylated flavones were the main flavonoids identified in the olive
leaf extracts according to sampling time and drying. These were luteolin with an ion at m/z 285.0405
(peak 13), quercetin with an ion at m/z 301.0354 (peak 14), and diosmetin with an ion at m/z 299.0561
(peak 17). The identification of these flavonoids was based on their analytical standards together with
their MS spectra. They have also been reported in previous literature [13].

2.1.4. Lignans

Three lignans compounds could be identified in the different olive leaf extracts under study.
Peaks 12, 15, and 16 showed ions at m/z 417.1555, 357.1344, and 415.1398, respectively, that were
determined as syringaresinol, pinoresinol, and acetoxypinoresinol, respectively. These lignans were
also reported in our previous work on fresh leaves [13].

2.1.5. Other Polar Compounds

Peak 4 with an ion at m/z 401.1453 eluted at 11.10 min and was identified as benzyl alcohol pentose.
This polar compound was reported in olive leaves in previous literature [17] as well as in other plant
extracts [18,19].

2.1.6. Triterpenoids

Triterpenic compounds are common constituents of plants, occurring in the form of free acids
or aglycones of triterpenoid saponins [20] offering a wide range of health-promoting activities, both
as pure substances or as blends [21]. Despite their beneficial properties, there is relatively little
information available on their distribution in olive leaves. To our knowledge, this is the first report on
their concentration in olive leaves in response to drying and season. In this work, three triterpenic
acids could be identified in the different olive leaf extracts. As demonstrated in Figure 2, peak 18
showed an ion at m/z 471.3480 eluting at 14.71 min which was identified as maslinic acid. Peaks that
eluted at 16.30 and 16.45 min gave ions at m/z 455.3531 and were identified as oleanolic acid and ursolic
acid, respectively (Figure 2).

2.2. Quantification of Phytochemicals in Olive Leaf Extracts

The phytochemicals were quantified in the different olive leaf extracts using the analytical
standard calibration curves. Figure 3 shows the variation of the determined amounts of the identified
phytochemicals. For phenolic compounds, oleuropein and derivatives were quantified using the
calibration curve of the external standard oleuropein. Hydroxytyrosol, ferulic acid, pinoresinol,
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luteolin, apigenin, diosmetin, and quercetin were quantified using their corresponding standard
calibration curves. Acetoxypinoresinol and syringaresinol were quantified using the calibration curve
of pinoresinol. For triterpenoids, oleanolic acid and ursolic acid were quantified with the calibration
curve of oleanolic acid, whereas maslinic acid was quantified with the calibration curve of maslinic
acid. Finally, benzyl alcohol pentose was quantified using the calibration curve of hydroxytyrosol.

2.2.1. Variation of Phenolic and Triterpenoid Compounds Depending on Sampling Time and
Drying Temperature

Phenolic and triterpenic compounds were determined, and their amounts expressed as µg/g of
olive leaf are summarized in Figure 3. Significant variation (p < 0.05, Supplementary Materials) was
observed among samples according to the drying temperature and sampling season.

Effect of Sampling Time

The seasonal changes in the composition of the leaves of the El Hor olive cultivar have been
investigated with respect to sampling time: January, April, August, and November. The quantity and
distribution of phenolic and triterpenic compounds in the leaves showed significant differences among
samples of different seasons (p < 0.05).

As shown in Figure 4, contents in secoiridoids varied significantly among sampling time (p < 0.05).
In fresh leaves, the highest amount was observed in leaves collected in summer and did not exceed
1 µg/g. However, for dried leaves, the highest amounts were registered for leaves collected in
November (338.8 µg/g) except for leaves dried at 25 ◦C. In the latter, the January sampling time
presented the highest amounts (24.5 µg/g) which decreased to 0.6 µg/g in August to slightly increase
in November to reach 6.52 µg/g. As reported by other researchers, the contents of oleuropein in olive
leaves were in general barely influenced by the collecting period factor [22].

It was reported that December was the sampling time during which oleuropein presented the
maximum amount for ‘Leccino’ cultivar [4]. In another work, the samples of leaves collected in October
seemed to contain slightly lower amounts of oleuropein than those collected in March, likely due to
a higher degradation rate of this glycoside in autumn and in addition to lower production of green
young leaves (leaf renovation) during this season with respect to the spring period [22].

The variations in lignans amounts observed in olive leaves according to sampling time were
affected by the drying temperature. In fact, fresh leaves did not show the same behavior as observed in
dried leaves. As shown in Figure 4, lignans in fresh leaves decreased from January (12.6 µg/g) to April
(4.0 µg/g) and re-increased in August (9.1 µg/g) and decreased in November, to reach values similar
to those observed in April (4.2 µg/g). However, in leaves dried at 25 and 60 ◦C, a slight increase was
observed from January to April in contrast to leaves dried at 40 ◦C, where lignans amounts, after a
decrease from January to April, increased in August and November to reach 2.41 µg/g. As far as we
know, this is the first time the behavior of lignans has been studied according to drying.

Luteolin and quercetin were detected only in the November sampling time, whereas diosmetin
was detected in samples from each period. Flavonoids amounts showed significant variations (p < 0.05)
among samples, however, they did not exceed 3.1 µg/g according to the sampling time. The highest
values were observed in August and November for fresh leaves and when leaves were dried at 120 ◦C
(Figure 4).
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Total triterpenoids showed a significant variation (p < 0.05) between olive leaf samples according
to sampling time. These metabolites were almost absent in April (Figure 3). The highest value
of total triterpenoids was registered for extracts of the November and August sampling times, in
which it reached 18.8 and 27.4 mg/g, respectively. The amounts in January varied between 0.1 and
11.9 mg/g. Regardless of the season, generally, ursolic and oleanolic acid presented the major fraction
of triterpenoids, whereas maslinic acid presented the lowest amounts.

Effect of Drying

The contents of phenolic compounds in the leaves showed different fluctuations according to the
drying temperature.

Secoiridoids showed a significant variation (p < 0.05) among samples from the same season and
dried at different temperatures. Values varied from 0.6 to 24.5 µg/g, 0.1 to 7.5 µg/g, 0.6 to 4.9 µg/g, and
4.1 to 380.0 µg/g for olive leaf samples collected in January, April, August, and November, respectively.
The highest amounts were registered for leaves dried at 120 ◦C followed by those dried at 80 ◦C
collected in autumn, with values reaching 380 and 53 µg/g, respectively.

Oleuropein contents varied between 0.5 and 23.2 µg/g, 0.1 and 6.9 µg/g, 0.6 and 2.1 µg/g,
and between 4.1 and 290.0 µg/g for olive leaf samples of January, April, August, and November,
respectively. As can be seen, the highest value was registered at a drying temperature of 120 ◦C for
the samples collected in November. For the two collecting times of January and April, it seems that
25 and 120 ◦C were the appropriate drying temperatures to obtain the highest secoiridoid content,
while 60 and 120 ◦C leaf drying provided the highest amounts of secoiridoids in August. Finally,
when collected in November, leaves dried at 80 and 120 ◦C gave the highest amounts of secoiridoids.
Accordingly, we can consider a temperature of 120 ◦C as convenient to obtain higher secoiridoid
contents in olive leaves.

Oleuropein content of fresh olive leaves was very low as compared to its content in dried leaves,
which might be due to the cell structure destruction of drying that allows any solvent to penetrate more
easily. In a previous study, it was claimed that the low area of the surface facilitates the penetration of
solvents into cells [5]. On the other side, it seems that supercritical fluid extraction does not permit the
extraction of oleuropein when fresh leaves are used. This is in agreement with the results reported
in our previous work [9]. Depending on the collecting season, the appropriate drying temperature
for obtaining the highest amounts of oleuropein was as follows—25 ◦C when collected in January
and April, and 120 ◦C when collected in August and November, reaching 290 µg/g in the latter.
Previous studies reported that the composition of olive leaf extracts is greatly influenced by the drying
technique [3,7]. In other work, oleuropein content of fresh green olive leaves was very low as compared
to its content in dried leaves, explained by the fact that the surface area was too low to facilitate the
penetration of solvents into cells so that oleuropein stayed protected in leaves cell [5].

In the same context, secologanoside contents showed remarkable fluctuations among olive leaf
samples dried at different temperatures, with the leaves dried at 120 ◦C being those that gave the
highest contents in secologanoside among all samples. Its value reached 32.4 µg/g.

Elenolic acid glucoside was not detected in fresh olive leaves regardless of the sampling time.
The most remarkable variation is registered for the sample dried at 120 ◦C and collected in November
in which its amount reached 12.8 µg/g.

The major compound in lignans that was determined in the majority of the analyzed extracts
was acetoxypinoresinol, of which amounts presented a mean value of more than 77% of determined
lignans, followed by pinoresinol and syringaresinol. The highest amounts of lignans were found
in fresh leaves independently of the sampling time and reached 12.6 µg/g. Their levels showed a
remarkable decrease with the increase in drying temperature.

Flavonoids amounts tended to decrease when increasing the drying temperature independently
of the sampling time. For samples collected in November, when increasing drying temperature,
flavonoids decreased gradually but increased then at 120 ◦C. The registered values of total flavonoids
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ranged from 0.2 to 0.8, 0.1 to 0.3, and 0.2 to 5.3 µg/g for samples collected in January, April, and
November, respectively.

Triterpenoids showed a significant variation (p < 0.05) among fresh and dried olive leaf samples
at different temperatures, with the highest values registered in fresh leaves of the August sampling.
The contents of determined triterpenoids varied from 0.2 to 11.9 mg/g in January, between 0.2 and
0.4 mg/g in April, 0.3 and 27.4 mg/g in August, and finally from 0.7 to 18.8 mg/g in November.

2.3. Principal Component Analysis

The principal component analysis permits us to better visualize the classification of the olive
leaf samples under study according to the sampling time. Thus, PCA was applied to the data of the
samples under study on the basis of classes of the identified phytochemicals.

As shown in Figure 5, for fresh leaves, the first two principal components (F1 and F2) explained
97.74%, 96.36%, 96.57%, 92.32%, 97.32%, 89.55% and 88.40% of the variance for fresh leaves, and leaves
dried at 25, 40, 60, 80, 100, and 120 ◦C, respectively. For fresh leaves, a positive correlation was observed
between the axis F1 and secoiridoids, triterpenoids, flavonoids, and simple phenolic compounds
(cos2 > 0.9) whereas lignans showed a positive correlation with the F2 axis. Good separation was
observed between samples collected in August and the rest of the samples according to the F1 axis.
Regarding the leaves dried at 25 ◦C, a positive correlation was registered between the F1 axis and
secoiridoids, flavonoids, and other polar compounds (cos2 > 0.85), whereas a positive correlation
was observed between the F2 axis and lignans and simple phenolic compounds (cos2 > 0.89). A clear
separation was observed between the three main groups of samples (samples collected in January,
samples collected in April, and samples collected in August and November). At a drying temperature
of 40 ◦C, the PCAin Figure 5 showed a clear separation between samples collected in November and
the rest of the samples. A positive correlation was registered between the F1 axis and secoiridoids,
lignans, and flavonoids (cos2 > 0.95). At 60 ◦C, secoiridoids, other polar compounds and lignans which
correlated highly to the F1 (cos2 > 0.81) axis permitted the separation between samples collected in
November and the rest of samples. Three main groups of samples could be classified in the PCA
applied at the data registered at 80 ◦C. Indeed, a clear separation could be visualized between samples
collected in January, samples collected in November, and samples collected in April and August. When
dried at 100 ◦C, lignans and triterpenoids permitted a clear separation between samples collected
in April and samples collected in August, while other polar compounds correlated to the F1 axis
(cos2 = 0.882) and contributed to the separation of samples collected in November from the rest of
samples. At 120 ◦C, secoiridoids were the most contributing variable in the classification of samples
according to the F1 axis (cos2 = 0.947) while simple phenolic compounds were the most contributing
variable in the classification of samples according to the F2 axis (cos2 = 0.851).
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Figure 5. Principal Component Analysis of olive leaf samples according to sampling time: (I): Fresh
leaves, (II): Leaves dried at 25◦C, (III): Leaves dried at 40 ◦C, (IV): Leaves dried at 60 ◦C, (V): Leaves
dried at 80 ◦C, (VI): Leaves dried at 100 ◦C, and (VII): Leaves dried at 120 ◦C. A: January, B: April, C:
August, and D: November, FL: fresh leaves.

In Figure 6, the plotting of olive leaf samples is presented according to drying temperatures.
As can be observed, the most remarkable classification of samples was registered for the August and
November samplings. In August, a clear separation was observed between fresh and dried leaves,
regardless of the drying temperature. A high correlation was registered between the F1 axis and
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lignans and flavonoids (cos2 > 0.98). In November, a good separation was observed between the leaves
dried at 120 ◦C and the rest of the samples. Secoiridoids and other polar compounds correlated highly
to the F1 axis (cos2 > 0.96).

For the majority of cases, flavonoids contents decreased with the increase of drying temperature
except for November sampling time when the highest amount was registered at 120 ◦C.
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Figure 6. Principal Component Analysis of olive leaf samples according to drying temperature.
(I) January, (II) April, (III) August, and (IV) November. 1: fresh leaves, 2: 25 ◦C, 3: 40 ◦C, 4: 60 ◦C, 5:
80 ◦C, 6: 100 ◦C, and 7: 120 ◦C.

3. Materials and Methods

3.1. Chemicals

All chemicals were of analytical reagent grade and used as received. HPLC-grade acetonitrile
and methanol were purchased from Labscan (Dublin, Ireland). Acetic acid of analytical grade
(assay >99.5%) was purchased from Fluka (Buchs, Switzerland). Double-deionized water with a
conductivity of <18.2 MΩ was obtained with a Milli-Q system (Millipore, Bedford, MA). Standard
compounds such as hydroxytyrosol, vanillin, luteolin, apigenin, ferulic acid, oleanolic, and maslinic
acids were purchased from Sigma–Aldrich (St. Louis, MO, USA,) (+)-pinoresinol was acquired from
Arbo Nova (Turku, Finland), and oleuropein from Extrasynthèse (Lyon, France).
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3.2. Sampling and Drying

Olive leaves were collected from the olive cultivar ‘El Hor’ from the Center of Tunisia.
The collection of the leaf samples began from January 2017 and continued until November 2017.
The collected olive leaves were directly transferred to the laboratory, washed with distilled water.
Portions of leaves were immediately stored at −80 ◦C and other portions were dried either at room
temperature (25 ◦C) in a programmable mechanical convection oven (Binder Gmbh) or various
temperatures of 40, 60, 80, 100, and 120 ◦C. Leaves were ground using an Ultra Centrifugal Mill ZM 200
(Retsch Gmbh, Germany). As a means of gaining representative results and eliminating factors which
could affect the monitoring of the phenolic compounds, this fraction was isolated by supercritical CO2

extraction without storage of dried samples.

3.3. Supercritical CO2 Extraction

Supercritical CO2 extraction was carried out with a Waters Prep Supercritical Fluid Extraction
system (SFE-100) equipped with a high-pressure CO2 P-50 pump, a high-pressure co-solvent P-50
pump, an automated back pressure regulator, a low-pressure heating exchange, a high-pressure heating
exchange, a high-pressure extraction, and a high-pressure collection vessel. Prior to the extraction
process, 10 g of ground olive leaves were homogenized with 15 g of sea sand, that was selected as inert
material to hold the sample inside the extraction cell and to improve extraction efficiency. This mixture
was introduced into the extraction cell and packed with glass wool. Extractions were carried out at
150 bar and 40 ◦C, once experimental conditions had been reached, the extraction solvent (consisting
of a mixture of CO2 plus 6.6% of ethanol as a modifier) passed through the extraction cell for one hour
at 23 g/min. The obtained extract was collected, and the solvent was evaporated under vacuum at
38 ◦C [9]. A minimum of three replicate extractions was performed for each plant sample, and each
extract was analyzed at least three times by HPLC analysis.

3.4. RP-HPLC-TOF MS Analysis of Phenolic and Terpenoid Compounds

Analytical methods to characterize the phenolic and terpenoid compounds in olive leaf SFE
extracts were performed in an Agilent 1200 series Rapid Resolution LC (Agilent Technologies, CA,
USA) equipped with a vacuum degasser, autosampler, a binary pump, and a diode array detector
(DAD). The HPLC system was coupled to a micrOTOF (BrukerDaltonics, Bremen, Germany), and
an orthogonal-accelerated TOF mass spectrometer using an electrospray interface (model G1607A
from Agilent Technologies, Palo Alto, CA, USA). The chromatographic separation of these compounds
was carried out on a C18 Zorbax Eclipse Plus analytical column (4.6 × 150 mm, 1.8 µm) from
Agilent Technologies.

Regarding phenolic compounds, the mobile phases used were water with acetic acid (0.5%)
(mobile phase A), and acetonitrile (mobile phase B) and the solvent gradient changed according to the
following conditions (Table 2):

Table 2. Solvent gradient conditions for the analysis of phenolic compounds.

Time Water + 0.5% Acetic Acid Acetonitrile

0–10 min 95%–70% 5%–30%
10–12 min 70%–67% 30%–33%
12–17 min 67%–62% 33%–38%
17–20 min 62%–50% 38%–50%
20–23 min 50%–5% 50%–95%
23–25 min 5%–95% 95%–5%
25–35 min 95% 5%

The injection volume in the HPLC was 10 µL. The flow rate used was set at 0.80 mL/min
throughout the gradient and, consequently, the use of a splitter was required for the coupling with
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the MS detector, as the flow that arrived at the TOF detector had to be 0.2 mL/min in order to obtain
reproducible results and stable spray. Source and transfer parameters for MS analysis were set using
the negative ion mode with spectra acquired over a mass range from m/z 50 to 1000 [9]. External mass
spectrometer calibration was performed with sodium acetate clusters (5 mM sodium hydroxide in
water/2-propanol 1/1 (v/v), with 0.2% of acetic acid) in quadratic high-precision calibration (HPC)
regression mode. The calibration solution was injected at the beginning of the run, and all the spectra
were calibrated prior to polyphenols identification.

Separation of triterpenic compounds from olive leaf extracts was performed on the same
1200 series Rapid Resolution LC (Agilent Technologies, CA, USA) described above. The mobile
phases used were acidified water with 0.1% formic acid as mobile phase A and methanol with 0.1%
formic acid as mobile phase B (Table 3). The gradient was as follows:

Table 3. Solvent gradient conditions for the analysis of triterpenoids.

Time Water + 0.1% Formic Acid Methanol + 0.1% Formic Acid

5 min 25% 75%
10 min 0% 100%
20 min 0% 100%
28 min 95% 5%
35 min 95% 5%

The injection volume in the HPLC was 10 µL. The flow rate was at 0.8 mL/min. The same
MS conditions as described above were used, using sodium formate clusters for external mass
spectrometer calibration.

Quantitation was carried out by HPLC-ESI-TOF-MS. Nine standard calibration curves of the main
compounds found in samples were prepared using nine commercial standards. The stock solutions
containing these analytes were prepared in methanol/water (50/50, v/v). All calibration curves showed
good linearity over the range of study with a minimum value of R2 = 0.992. Results are given in
mg of analyte per g of olive leaf for triterpenoids and in µg of analyte per g of olive leaf for the rest
of compounds.

3.5. Statistical Analysis

An analysis of variance (ANOVA) and a Tukey posthoc test were carried out using IBM SPSS
statistics 2017 version 25. Principal component analysis (PCA) was carried out using XLSTAT version
2018. 5.03. Values are expressed as mean value ± SD of three replicates for each sample.

4. Conclusions

In conclusion, for fresh leaves, November was the best time to obtain extracts richer in simple
phenolic compounds, secoiridoids, flavonoids, and triterpenoids as compared to the other sampling
times. However, after drying, the behavior of the phenolic compounds and triterpenoids varied
according to the drying temperature. In fact, at 25 ◦C, January sampling demonstrated the highest
contents of secoiridoids and flavonoids, whereas April showed the highest simple phenolic compounds
amounts. On the other hand, when dried at 40 ◦C, leaves collected in November showed the highest
amounts in secoiridoids, flavonoids, lignans, and triterpenoids, whereas leaves collected in January
and August showed the highest amounts in simple phenolic compounds. The same was observed
for secoiridoids and triterpenoids for leaves collected in November at drying temperatures of 60 ◦C
and higher. Accordingly, April seemed to be the best sampling time for better recovery of lignans,
and August seemed to be the best time for recovering higher simple phenolic compounds at elevated
drying temperature.

Among analyzed samples, fresh leaves were generally characterized by higher amounts of
flavonoids, lignans, and triterpenoids, whereas secoiridoids were generally found at higher amounts



Energies 2019, 12, 947 18 of 19

in samples dried at 120 ◦C. It is noteworthy that samples dried at 120 ◦C and collected in November
presented among analyzed samples with the highest amounts in secoiridoids, flavonoids, triterpenoids,
and other polar compounds. Since knowing the qualitative and quantitative composition as well as
the occurrence of the phytochemicals in a given plant species is a crucial step for investigating the
bioavailability and biochemical effect of any dietary phytochemical, and such results would be very
useful in the study of the implication of olive leaf phytochemicals in biological activities. In addition,
such findings would be helpful in terms of industrial valorization of El Hor olive leaves since it is
important to know the best sampling time and drying temperature to obtain the highest yield of
compounds of interest. Olive leaf bioactive compounds can be used as an important source to produce
nutraceuticals or to be included in functional food thanks to their potential health benefits.

Supplementary Materials: The following are available online at http://www.mdpi.com/1996-1073/12/5/947/s1.
Statistical data on phenolic and triterpenoid compounds determined according to the drying temperature and
sampling season.
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