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Abstract: The recovery of phenolic compounds from olive leaves (Olea europaea L.) has received
special attention due to their significant potential for applications in food, nutraceuticals, cosmetics,
and pharmaceuticals. In this work, the extraction of the phenolic compounds from olive leaves
was examined by means of conventional extraction and microwave-assisted extraction (MAE) using
nontoxic common solvents such as ethanol and water as well as using promising environmentally
friendly, Deep Eutectic Solvents (DESs) and their mixtures with ethanol or water. The effects of the
various parameters that likely govern the extractability of the bioactive compounds of olive leaves
(OL), such as the solvent type, temperature, and biomass to solvent mass ratio, were studied and
evaluated with regard to the oleuropein and hydroxytyrosol content, antioxidant activity, and total
phenolic content of the extracts. The study also explores the effects of the microwave-assisted extrac-
tion parameters, namely irradiation power and time, on the total phenolic content and antioxidant
activity of the extracts. The findings of this work suggest that among the solvents studied, the solvent
mixture consisting of the DES choline chloride:acetic acid with a molar ratio of 1:2 and ethanol (80:20
w/w) is highly effective in recovering extracts rich in phenolic compounds and with significant
antioxidant activity. Moreover, it is demonstrated that the MAE method allows for the recovery of
bioactive compounds in a very short processing time.

Keywords: olive leaves; conventional extraction; microwave-assisted extraction; green solvents

1. Introduction

Bioactive compounds constitute “extra nutritional” substances that are commonly
present in natural raw material, such as plant material. In plants, bioactive compounds
are produced as secondary metabolites that appear to have beneficial effects on human
health [1]. The bioactive compounds in plants can be categorized into three vast categories:
(a) terpenes and terpenoids, (b) alkaloids, and (c) phenolic compounds [2]. A variety of
extraction techniques, including non-conventional methods, have been developed and
investigated in order to exploit the bioactive compounds present in natural plants and
have led to high-added-value products [3]. In addition, the global growing interest in
environmentally friendly products points to the crucial significance of “green” extraction
techniques for the food, pharmaceutical, and cosmetic industries [4].

Olive tree (Olea europaea L.), mainly found in Mediterranean countries [5], has been
recognized as a source of a wide variety of bioactive compounds that are able to act as
antioxidants [6], prevent certain diseases [7,8], and play an important role in the human
diet [9]. In particular, olive leaves, a part of olive trees and a significant by-product of olive
oil production [10], contain a large number of bioactive compounds, such as oleuropein,
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hydroxytyrosol, tyrosol, caffeic acid, ferulic acid, coumaric acid, vanillic acid [6], ligstroside,
glucosides of rutin, luteolin [11], etc. The significant biological activity of olive leaves
has mainly been attributed to oleuropein [12,13] and its derivatives, hydroxytyrosol and
tyrosol [12]. Oleuropein has been proven to have antioxidative, antimicrobial, antiviral, an-
tiatherogenic, cardioprotective antihypertensive, and anti-inflammatory properties [13,14].
Research studies have shown that through using an appropriate extraction method, an
extract rich in these beneficial bioactive compounds with a high total phenolic content as
well as high antioxidant and antimicrobial activity can be obtained [15-19]. Although pure
oleuropein exhibits strong biological activities, the use of the whole olive leaf extract is
considered to achieve better biological activity due to the synergetic effects of all of the
bioactive compounds that are present in it [20].

In the past few years, several research works have been performed on the extraction of
natural bioactive compounds from olive leaves [21-28]. Traditional extraction techniques
such as maceration and Soxhlet, which use water or typical organic solvents such as
ethanol, have been widely used [29]. Ultrasound-assisted extraction [30,31], microwave-
assisted extraction [32], and supercritical fluid extraction [33,34] have been implemented
as non-conventional technologies in order to optimize the extraction process, to maintain
the chemical integrity and antioxidant activity of the bioactive compounds recovered
from olive leaf, and, furthermore, to decrease the cost and the environmental footprint
of the process. In addition, the need for non-toxic and biodegradable solvents has led to
recent scientific efforts using Deep Eutectic Solvents (DES) as extraction agents of bioactive
compounds, which generally come from bioresources [35] and, more specifically, from
olive leaves [26,36,37]. DES constitute eutectic mixtures that are formed by combining
one Hydrogen Bond Acceptor (HBA) and one Hydrogen Bond Donor (HBD) united by
hydrogen bonding [38]. They present some remarkable physicochemical properties, such
as a low melting temperature, negligible vapor pressure, non-flammability, low volatility,
and water miscibility, and they are considered to be green and designer solvents [39,40].
The latter is a very important aspect of DES that enables the synthesis of solvents with the
desired physicochemical properties by properly combining various HBAs with different
HBDs. Owing to its low cost, biodegradability, and low toxicity, choline chloride (ChCl) has
been widely used as an HBA to produce eutectic mixtures with inexpensive and sustainable
HBDs such as urea and glycerol or renewably sourced carboxylic acids [26,35]. The main
disadvantage of DES is their high viscosity. This demerit can be overcome in the extraction
process by using a mixture of DES with a classical solvent such as ethanol or water in order
to manipulate the viscosity and, moreover, to influence extraction yield and selectivity [26].

The objective of this work was to investigate the extraction of olive leaves using two
different extraction methods: conventional extraction (maceration) and microwave-assisted
extraction (MAE). To achieve this purpose, nontoxic conventional solvents such as ethanol,
water, and an ethanol-water mixture as well as DES and mixtures of DES with conventional
solvent mixtures, namely ChCl:urea (1:2), ChCl:acetic acid (1:2), a mixture of ChCl:urea
(1:2) with water, a mixture of ChCl:acetic acid (1:2) with water, a mixture of ChCl:urea (1:2)
with ethanol, and a mixture of ChCl:acetic acid (1:2) with ethanol, were assayed due to their
potential for the effective extraction of phenolic compounds with high antioxidant activity.
Parameters affecting the bioactive compound extraction, such as temperature and the ratio
of biomass (olive leaves) to solvent mass for maceration as well as the irradiation power,
the ratio of biomass to solvent mass, and extraction time for MAE were also investigated.
The physical properties of the solvent, such as density and viscosity, can significantly affect
mass transfer during the extraction process. Low solvent densities and viscosities lead to
a higher solute solubility and higher diffusion from the solid to liquid phase, facilitating
the penetration of the solvent to the cells of the biomass and the extraction of the target
compounds. Therefore, the dynamic viscosity of ChCl:acetic acid (1:2) was experimentally
determined in this work. As far as the density and dynamic viscosity of ChCl:urea (1:2) are
concerned, they have already been included in a previous publication by our group [41].
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2. Materials and Methods
2.1. Materials

Hydroxyphenethyl alcohol (tyrosol) (98+%; CAS No. 501-94-0; CgH1¢0O,) was pur-
chased from Carbosynth (Staad, Switzerland). Oleuropein (98+%; CAS No. 32619-42-
4, Cp5H3,043), Folin-Ciocalteu reagent, DPPH (2,2-diphenyl-1-picrylhydrazyl, CAS No.
1898-66-4, C1sH12N50¢), and anhydrous sodium carbonate (99.5%, CAS No. 497-19-8,
NayCO3) were obtained from Sigma Aldrich (St. Louis, MO, USA). Ethanol (99.9%; CAS
No. 64-17-5; Co,HgO), acetic acid (99.5%; CAS No. 64-19-7; C,H405), and urea (99%; CAS
No. 57-13-6; CH4N,O) were obtained from Fisher Scientific (Hampton, NH, USA). Water
(HPLC-gradient) (99.9%; CAS No. 7732-18-5; H,O) and gallic acid (98%, CAS No.149-
91-7) were purchased from Honeywell (Charlotte, NC, USA) and Acros Organics (Geel,
Belgium), respectively.

2.2. Plant Material

Fresh green olive leaves (Olea europaea L.) were collected from trees grown in the
regional unit of Messinia, Greece. The collected leaves were double washed with distilled
water, naturally dried at ambient temperature, and then milled using a laboratory mill.
After that, they were sieved with a 100 and 425 um sieve and were finally stored at 8-10 °C
prior to extraction.

2.3. DES Synthesis

Choline chloride-based DES were prepared by mixing choline chloride with urea or
acetic acid (AA) at a 1:2 molar ratio under continuous and vigorous stirring and heating at
80 °C until a homogeneous liquid was formed. The synthesis procedure was performed
under an inert atmosphere. Due to their hygroscopic nature, the choline chloride and urea
were dried under vacuum prior to synthesis, while the acetic acid was used without any
further purification.

2.4. Density Measurements

Densities of ChCI:AA (1:2) were measured over a temperature range from 293.15 to
368.15 K at atmospheric pressure. A high-precision vibrating tube digital density meter
(DA-640B, KEM, Kyoto, Japan) was used. The cell temperature was controlled automatically
within 0.05 K. Calibration of the densimeter was performed using ultrapure water.

2.5. Viscosity Measurements

Dynamic viscosities of ChCl:AA (1:2) were measured over a temperature range from
293.15 to 363.15 K and following our previously published experimental method [42].
A Brookfield digital viscometer (LV-DVI-E, Toronto, ON, Canada) was used while the
temperature was kept constant within £0.01 °C by means of a Julabo F12 thermostated
bath circulator (Seelbach, Germany). During the measurements, whether the viscosity
demonstrated any time dependency was examined.

2.6. DPPH Free Radical Scavenging Activity

The determination of antioxidant activity (Trolox equivalent antioxidant capacity,
TEAC) was based on the protocol described by Brand-Williams et al. [43]. Aliquots of
extracts (0.1 mL) were reacted with 3.9 mL of DPPH solution. After agitation, the reaction
mixture was incubated in the dark at room temperature for 30 min, and then, its absorbance
at 515 nm was measured using a Shimadzu UV-1900i UV-Vis spectrophotometer (Shimadzu
Corporation, Kyoto, Japan). The DPPH solution served as a control, while a mixture of
ethanol (3.9 mL) and extract sample (0.1 mL) served as a blank. Radical scavenging (SCA)
was calculated using the following equation:

SCA =100 x [1 — (Asample — Aplank)/ Acontrol @
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where Agmple, Aplank, ad Acontrol Sare the absorbance of the sample, blank and control, respectively.
Results were expressed as the TEAC (mg Trolox per L of the extract) according to a
standard curve. All measurements were performed in triplicate.

2.7. Determination of Total Phenolic Content (TPC)

The amount of total phenolic content in the extracts from the olive leaves was deter-
mined according to the Folin—-Ciocalteu method [44]. Briefly, 0.1 mL of dissolved extract
in methanol, 7.9 mL of deionized water, and 0.5 mL of Folin—Ciocalteu reagent were thor-
oughly mixed. After that, 1.5 mL of aqueous sodium carbonate (20% v/v) was added to
the mixture, which was then vortexed and heated in a water bath at 40 °C for 30 min,
and then, the mixture’s absorbance was measured. In the DES extracts, 3 mL of aqueous
NaOH solution was added in order to avoid the precipitation of the DES. A mixture of
water (8 mL), Folin—Ciocalteu reagent (0.5 mL), and sodium carbonate (1.5 mL) served as
the control. All measurements were performed at 765 nm in a Shimadzu UV-1900i UV-Vis
spectrophotometer (Shimadzu Corporation, Kyoto, Japan). Phenolics were expressed as
gallic acid equivalents according to a standard curve, and finally, the total phenolic content
(TPC) was expressed as mg of gallic acid (GA) per L of extract (mg GA/L).

2.8. High-Performance Liquid Chromatography (HPLC) Analysis

The identification and quantification of oleuropein and hydroxytyrosol were per-
formed by high-performance liquid chromatography (HPLC) (Shimadzu, Tokyo, Japan)
using a uBondapack C18 column, particle size 10 pm, length 300 mm, diameter 3.9 mm,
and a diode array UV detector. The method used was the same as the method previously
described by Benavente-Garcia et al. [45] The mobile phases for the chromatographic anal-
ysis were as follows: (A) acetonitrile and (B) acetic acid/water (2.5:97.5 v/v). A linear
gradient was run from 95% (A) and 5% (B) to 75% (A) and 25% (B) over 20 min; it changed
to 50% (A) and (B) after 20 min (total time, 40 min); after 10 min, it changed to 20% (A) and
80% (B) (total time, 50 min); and after re-equilibration over 10 min (total time, 60 min), it
returned to the initial composition. The elution was performed at 30 °C with a flow rate
of 1 mL/min, and the absorbance changes were monitored at 280 nm. The oleuropein
and hydroxytyrosol contents in the olive leaf extracts were identified according to their
retention time and peak UV spectra in the extract chromatograms in comparison to the
peaks of the external standards for oleuropein and hydroxytyrosol. The quantification
was based on standard samples and calibration curves under the same conditions. Typical
chromatograms of the standards and extracts can be found in the supplementary material.

2.9. Conventional Extraction (Maceration)

A conventional extraction procedure with heating was carried out by mixing and
stirring a specific amount of dried and powdered OL with the following solvents: ethanol,
water, ethanol-water mixture, ChCl:urea (1:2), ChCL:AA (1:2), ChCl:urea (1:2)-water mix-
ture, ChCL:AA (1:2)-water mixture, ChCl:urea (1:2)—-ethanol mixture, and ChCL:AA (1:2)-
ethanol mixture. Extractions were performed at 55 and 70 °C for 24 h in a jacketed double
glass vessel that was temperature controlled by means of a Julabo F12 thermostatic bath.
The biomass to solvent mass ratios of 1:20 w/w and 1:30 w/w were tested. Following
extraction, samples were centrifuged at 365-5835x g and were filtered under vacuum
through a 0.45 um cellulose membrane filter. Extracts were evaluated in terms of their
total phenolic content (TPC), antioxidant radical scavenging (TEAC), and oleuropein and
hydroxytyrosol content.

2.10. Microwave-Assisted Extraction (MAE)

MAE experiments were carried out using an MAS-II microwave extraction appara-
tus (Sineo Microwave Equipment Co., Ltd., Shanghai, China). Powdered and dried OL
were extracted using ethanol as a solvent. The extraction parameters evaluated were the
extraction temperature (40 and 70 °C), extraction time (5 and 30 min), irradiation power
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(500 and 750 Watt), and biomass to solvent mass ratios (1:10 w/w and 1:30 w/w). Following
extraction, samples were centrifuged at 365x g for 10 min and were filtered under vacuum
through a 0.45 um cellulose membrane filter. Extracts were evaluated in terms of their total
phenolic content (TPC) and antioxidant radical scavenging (TEAC).

3. Results and Discussion
3.1. Density and Viscosity Measurements

The experimental densities and viscosities of ChCl:AA (1:2) in the temperature range
from 293.15 to 368.15 K and from 293.15 to 363.15 K, respectively, are reported in Table 1.

Table 1. Experimental densities (o) as well as dynamic viscosities () of ChCl:AA (1:2) at atmo-

spheric pressure.

T (K)? p (g/cm?3) 7 (mPa-s)
293.15 1.1144 + 0.0004 100.50 + 2.01
298.15 1.1113 +£ 0.0004 77.17 £ 1.54
303.15 1.1080 + 0.0004 59.78 £1.19
308.15 1.1048 +£ 0.0004 47.40 £0.95
313.15 1.1016 +£ 0.0004 38.27 £ 0.77
318.15 1.0986 + 0.0004 31.35 £ 0.63
323.15 1.0957 +£ 0.0004 26.10 £ 0.52
328.15 1.0919 +£ 0.0004 22.04 £0.44
333.15 1.0888 + 0.0004 18.92 £ 0.38
338.15 1.0856 + 0.0004 16.50 £ 0.33
343.15 1.0825 + 0.0004 14.58 + 0.29
348.15 1.0794 + 0.0004 12.98 + 0.26
353.15 1.0763 +£ 0.0004 11.80 + 0.24
358.15 1.0733 +£ 0.0004 10.88 + 0.22
363.15 1.0702 +£ 0.0004 10.34 +0.21
368.15 1.0672 +£ 0.0004 -

2 The standard uncertainty for temperature is +0.1 K.

For density, a linear equation was used to express its correlation with temperature:
p=a+0bT 2)

In the above equation, p (g-cm~2) is the density, T is the temperature in K, and a and b
are adjustable parameters. The values of these parameters were determined by minimizing
the following objective function (OF):

1 NP ’Pexp - Pcal|
OF1 = — —_—
NP Pexp

®G)
where pexy and pg, denote the experimental and calculated values of density, and NP is the
number of experimental data points. The values of the adjustable parameters a and b are
1.297 g-em 3 and —6.3-10~* g-cm =3 K1, respectively. A very low average absolute relative
deviation (% AARD) equal to 0.07% was obtained, which indicates the linear correlation of
density with temperature in the specific temperature range.

As far as viscosity is concerned, in order to investigate if ChCl:AA (1:2) is a Newtonian
fluid or not, each measurement was repeated several times by applying different shear
rates (y). Viscosity remained constant regardless of the shear rates, indicating Newtonian
behavior. As shown in Table 1, in the temperature range studied, the viscosity drastically
decreases as the temperature increases. The Vogel-Tammann-Fulcher (VFT) equation was
applied to describe the variation in viscosity in mPa-s with respect to temperature in K

as follows: 5
17=A-eXP(T_TO> )
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where A, B, and T are adjustable parameters determined by minimizing the following
objective function (OF;):

Or2 — i NP ‘ﬂexp - 7’]cal’

5
NP &1 Hexp ©®)

where 77¢xp and 77, denote the experimental and calculated values of dynamic viscosity,
and NP is the number of experimental data points. The values of the adjustable parameters
A, B, and Ty are 0.5318 (mPa-s), 447.05 K, and 208.3 K, respectively. A considerably small %
AARD value is obtained (1.48%), indicating that the Vogel-Tammann-Fulcher equation
provides an excellent description of the temperature dependence of viscosity.

3.2. Conventional Extraction (Maceration)

The OL extracts obtained via maceration extraction were evaluated with regard to
the oleuropein and hydroxytyrosol content since oleuropein is one of the most abundant
phenolic compound present in OL, and hydroxytyrosol is its main derivative. Their
concentrations in the extracts are presented in Table 2. The total phenolic content and
antioxidant activity were also measured, and the results are shown in Table 3.

Table 2. Oleuropein and hydroxytyrosol concentrations of the extracts obtained by conventional extraction.

Solvent Temperature (°C) Mass Ratio (w/w) Oleuropein (mg/L) Hydroxytyrosol (mg/L)
Water 70 1:20 563 + 11 ND?
Ethanol 55 1:20 6373 + 127 20+ 04
Ethanol 70 1:20 7043 £+ 141 ND
Ethanol 70 1:30 29,580 + 592 ND
ChCl:urea (1:2) 55 1:20 1862 £ 37 31+0.6
ChCl:urea (1:2) 55 1:30 4867 + 97 ND
ChCl:urea (1:2) 70 1:20 6728 + 135 246 £5
ChCl:urea (1:2)-water .
(70:30 w0/ 0) 70 1:20 5926 + 119 351+7
ChCl:urea (1:2)—ethanol )

(80:20 w/w) 55 1:20 7298 + 146 ND
ChCL:AA (1:2) 55 1:20 5102 + 102 54 +1
ChCL:AA (1:2) 70 1:20 2131 +43 ND
ChCL:AA (1:2) 55 1:30 3881 + 78 ND

ChCLAA (1:2)-water .
(70:30 w/ w) 55 1:20 4575 + 92 ND

ChCl:AA (1:2)-ethanol )
(80:20 w0 /20) 55 1:20 9014 + 180 ND

2 Not Detectable.

Table 2 shows that ethanol is a good solvent for oleuropein, especially at higher
temperatures and solvent to biomass mass ratios. The maximum value of oleuropein
(29,580 mg/L) was obtained at a temperature of 70 °C and a biomass to solvent mass ratio
of 1:30. On the other hand, water is not a good candidate for the extraction of oleuropein
from OL, which is due to oleuropein being more soluble in solvents with medium polarity,
such as ethanol, than in strongly polar ones, such as water. These findings are in line with
other literature data [46]. As for non-conventional solvents, although pure DES provide
extracts with a relatively lower oleuropein content compared to ethanol, their mixtures
with ethanol show a very high oleuropein extraction capacity. If the extracts obtained at
55 °C and at the biomass to solvent mass ratio equal to 1:20 are compared, then it can be
observed that the solvent mixture ChCI:AA (1:2)—ethanol (80:20 w/w) is the best candidate
for oleuropein. This implies that the addition of ethanol leads to reinforced interactions
with oleuropein and improved mass transfer due to the decrease in the viscosity. The
addition of water as a co-solvent either to ethanol or to DES negatively affects oleuropein
recovery compared to that extracted with pure solvents. The increase in the temperature
and solvent to biomass mass ratio resulted in a positive impact on the extraction efficiency
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of ethanol and ChCl:urea (1:2). The opposite case is true for ChCl:AA (1:2), whose best
performance was obtained at lower temperatures and solvent to biomass mass ratios.

Table 3. Antioxidant activity and total phenolic content of the extracts obtained by conventional extraction.

o Mass Ratio TEAC TPC

Solvent Temperature (°C) (wlw) (mg Trolox/L) (mg GA/L)

Water 70 1:20 3011 + 60 3653 £73

Ethanol 55 1:20 3007 £ 60 3507 £70

Ethanol 70 1:20 3590 + 72 4909 + 98

Ethanol 70 1:30 3752 £ 75 5554 + 111

ChClurea (1:2) 55 1:20 3038 £ 60 2081 + 42

ChCl:urea (1:2) 55 1:30 3204 + 64 2487 + 50

ChCl:urea (1:2) 70 1:20 4447 £+ 89 5744 £ 115
ChCl:urea (1:2)-water )

(70:30 w/0) 70 1:20 4339 + 87 4709 + 95
ChCl:urea (1:2)—ethanol )

(80:20 w0,/ 20) 55 1:20 4271 £+ 85 4355 + 87
ChCLAA (1:2) 55 1:20 3078 + 62 3896 + 78
ChCLAA (1:2) 70 1:20 4513 £ 90 4676 £ 94
ChCL:AA (1:2) 55 1:30 3029 £ 61 3558 £ 72

ChCl:AA (1:2)-water )
(70:30 w/0) 55 1:20 4453 £ 71 4344 4+ 87

ChCLAA (1:2)-ethanol )
(80:20 w/70) 55 1:20 4989 + 87 6868 + 138

As far as hydroxytyrosol is concerned, most of the extracts contained no detectable
traces. The highest hydroxytyrosol concentration (351 mg/L) was achieved using a
ChCl:urea (1:2)-water (70:30 w/w) mixture at 70 °C and at a biomass to solvent mass
ratio of 1:20.

Regarding the antioxidant activity of the OL extracts (Table 3), it is shown that among
all of the extracts, those obtained by the solvent ChCl:AA (1:2)—ethanol (80:20 w/w) have
the strongest antioxidant activity and the highest amount of phenolics. It is shown that
higher temperatures promote an increase in both antioxidant activity and phenolic content
(Figure 1a,b), which is due to the higher molecular motion, which increases solubility. The
increasing temperature may also cause increases in intra-cellular pressure that may lead
to cell rupture and thus increased extraction rates. One the other hand, no considerable
impact of the biomass to solvent mass ratio on the antioxidant activity and phenolic content
of the extracts was observed.

A

Ethanol

W55°C @70°C W55°C @70°C

b,b;b:] DfD{b 51 A
ASQQ 567 6
2%

o 1®

908

ChCl:urea (1:2) ChCL:AA (1:2)

ChCl:urea (1:2) ChCLAA (1:2) Ethanol

@) (b)

Figure 1. Effect of temperature on (a) antioxidant activity (mg Trolox/L) and (b) total phenolic
content (mgGA /L) in extracts obtained by conventional extraction at the biomass to solvent mass
ratio of 1:20 w/w.
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3.3. Microwave-Assisted Extraction

The total phenolic content and antioxidant activity of the extracts obtained with MAE
using ethanol as a solvent are provided in Table 4.

Table 4. Antioxidant activity and total phenolic content of the extracts obtained from OL using MAE.

Temperature Mass Ratio Time Irradiation Power TEAC TPC
Q) (w/w) (min) (Watt) (mg Trolox/L) (mg GA/L)
40 1:10 5 500 3848 + 77 4166 + 84
40 1:10 5 750 3609 + 83 3428 £ 69
40 1:10 30 500 3574 £ 72 3318 + 67
70 1:10 30 500 4379 + 66 4438 £ 89
40 1:30 5 500 1856 + 38 1373 + 28
40 1:30 30 750 1960 & 39 1445 £ 29
40 1:30 5 750 1588 4= 32 1083 & 22
As shown in Figure 2a, under MAE, stronger antioxidant activity and higher amounts
of phenolics were obtained at high temperatures. Additionally, Figure 2b demonstrates
a decrease in the amount of phenolics recovered and in the antioxidant activity as the
biomass to solvent mass ratio decreased. In addition to this, the lower irradiation power
was proven to be most effective in obtaining extracts with stronger antioxidant activity and
a higher phenolic content, as seen in Figure 2c. As for the extraction time, the results do not
allow for any evident conclusions.
5000
4000
3000
2000
1000
0
TEAC (mg Trolox/ L) TPC (mg GA/L)
W40°C @70°C
@)
4000 5000
3000 4000
3000
2000
2000
1000 1000
0 0

TEAC (mg Trolox/L) TPC (mg GA/L)

H1:10 w/w @1:30 w/w

TEAC (mg Trolox/L) TPC (mg GA/L)

W 500 Watt @750 Watt

(b)

(©)

Figure 2. Effect of (a) temperature (1:10 w/w, 30 min, 500 Watt), (b) biomass to solvent mass ratio
(40 °C, 5 min, 750 Watt), and (c) irradiation power (1:10 w/w, 40 °C, 5 min) on antioxidant activity

(TEAC) and total phenolic content (TPC).
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3.4. Comparison between Conventional and Microwave-Assisted Extraction

The comparison of the results obtained for the antioxidant activity and total phenolic
content of the extracts obtained by conventional extraction (maceration) with ethanol as
the solvent (Table 3) to those obtained by microwave-assisted extraction also using ethanol
as a solvent (Table 4) suggests that both methods produce comparable values. Temperature
affects both maceration and MAE in the same way, i.e., as the temperature increases, both
the antioxidant activity and phenolic content increase. On the other hand, although no
significant impact of the biomass to solvent mass ratio on the antioxidant activity and
phenolic content of the maceration extracts was observed, for the MAE extracts, an increase
in the amount of phenolics recovered and in the antioxidant activity was observed as the
solvent to biomass mass ratio decreased. In conclusion, it is worth mentioning that MAE
can provide extracts with a comparable phenolic and antioxidant profile to those obtained
via conventional extraction and has the advantage of a much shorter extraction time and
lower solvent consumption.

4. Conclusions

In the present study, the extraction of olive leaves using conventional and microwave-
assisted extraction was investigated using classical (ethanol, water) and alternative (DES)
solvents. The extracts recovered using both methods revealed that olive leaves are a good
source of phenolic compounds and have high antioxidant activity. The results of con-
ventional extraction showed that ethanol is the most effective solvent for the recovery of
oleuropein. The DES investigated in this work, although not the best solvents when used
alone, were demonstrated to be highly efficient during oleuropein extraction, especially
when mixed with ethanol. The ChCl:AA (1:2)-ethanol (80:20 w/w) solvent mixture pos-
sessed the strongest phenolic content and antioxidant activity of the extracts obtained by
conventional extraction. Regarding the operational parameters for conventional extraction,
it was shown that the higher the temperature, the higher the oleuropein and phenolic con-
tent and antioxidant activity, while, generally, lower biomass to solvent mass ratios favored
the recovery of oleuropein. As far as the MAE of olive leaves is concerned, it was found
that high temperatures, high biomass to solvent mass ratios, and low irradiation power
lead to extracts with a high phenolic content and high antioxidant activity. Compared to
the conventional method, it can be stated that MAE can be used as an alternative effective
time-saving extraction method.
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