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Abstract: Olive (Olea europaea L.) leaves are the major by-product of the olive oil
industry, containing a variety of bioactive chemicals with significant potential health
benefits. The major components of olives that are responsible for their therapeutic
properties are phenolic compounds. An experiment was designed to determine phenolic
and flavonoid contents, and antioxidant activity of methanolic extracts of olive leaves
obtained using two techniques: maceration and microwave-assisted extraction. The
antioxidant activities of the extracts were determined via ferric-reducing antioxidant
power and phenanthroline-metal chelating capacity assays. The extract obtained via
maceration yielded 37 mg g of total phenolics, 16 mg g total of flavonoids, 50 mg g*
ferric-reducing antioxidant biomolecules, and 140 mg g of phenanthroline metal
chelating phytochemicals. However, microwave-assisted extraction yielded 38 mg g* of
total phenolics, 21 mg g of total flavonoids, 52 mg g* of ferric-reducing antioxidant
biomolecules, and 142 mg g of phenanthroline-metal chelating phytochemicals. In
comparison to maceration, the microwave-assisted extraction method produced slightly
higher quantities of bioactive compounds in a relatively short time, while using less
solvent. This study showed that olive leaves have great potential for bioactive molecules
and antioxidant profiles. This study also reports the importance of taking advantage of
olive leaves, which are byproducts of factories and are generally considered waste.
Therefore, olive leaves are highly recommended in the food industry as natural
antioxidants rather than synthetic antioxidants, which can cause a variety of health
problems.

Keywords: Microwave-assisted extraction, phenolic compounds, Olea europaea,
antioxidant potential, olive.
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1. Introduction

Olive tree (Olea europaea L. Oleaceae) is native to
the Mediterranean basin, and its leaves have been
widely used as a folk remedy in traditional medicine
(Barazani et al., 2023; Medina et al. 2019). Hence,
olive is a key crop in the Mediterranean region and
olive products are the key crops (Besnard et al., 2017;
Simat et al. 2022; Sofo et al. 2008). According to the
Food and Agriculture Organization (FAO) of the
United Nations, globally 23.6 million tons of olives
were produced in 2020. The countries with the highest
olive production are Spain, Italy, Greece, and Turkey
(FAO, 2021). Olive leaves are by-products of the olive
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oil industry, including a variety of bioactive chemicals
with many potential health benefits. Olive leaves
account for 10 % of the weight of harvested olive fruits,
as well as 25 % of the weight of a trimmed tree
(Herrero etal. 2011). Therefore, olive leaves are cheap
and rich source of natural bioactive phytochemicals,
especially phenolics and flavonoids (Khemakhem et
al., 2019). Although the utilization of natural products
in the industry is not well practiced, however, some
industries use natural products like olive leaves for
food additives, dietary supplements, cosmetic and
nutraceutical purposes, mainly due to their rich
bioactive compounds (Medina et al. 2019).
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The incorporation of olive leaves into food systems
has the potential to reduce microbial load, increase the
oxidative stability of edible oils, and modify the
organoleptic and nutritional properties of olive oils.
These uses include the addition of phenolic
compounds from olive leaf extract to a variety of oils,
including olive, sunflower, and soybean (Martin-
Garcia et al. 2020). Commercial olive leaf products
include dietary supplements, tea, nutritional
supplements and cosmetics (Oliveira et al., 2021;
Tsimidou and Papoti, 2010). Thus, olive leaves may be
a viable alternative to synthetic preservatives in the
food sector (Gonzalez-Burgos et al., 2011) Other
potential uses for olive leaves include cosmetics, food
preservatives and pharmaceutical products (Marchev
et al. 2021). Olive leaf extracts may have synergistic
effects with a variety of other health-promoting
qualities. As a result, the development of an efficient
and practical technique for extracting olive leaves is
critical.

Traditional use of olive leaves and olive extracts has
a long history, mostly associated with preservation and
health. Egyptians, for example, are known to employ
the extract of olive leaves in the process of

mummification as a preservative agent (Markovi¢ et al.

2022; Soler-Rivas, et al., 2000). The health-promoting
effects of olive leaves include antioxidant, anti-
hypertensive, hypoglycemic, antibacterial, antiviral,
anti-inflammatory, and anti-cancer activities (Ismail et
al., 2021; Losada-Echeberria et al. 2017; Salem et al.,
2015; Vezza et al., 2017). The primary elements of
olives that provide them with their therapeutic benefits
are phenolic compounds. Olive leaf oleuropein and
hydroxytyrosol are abundant in fresh olive leaves.
Additionally, they include flavonoids and polyphenols
such as luteolin, rutin, catechin, apigenin, caffeic acid,
coumaric acid, ferulic acid, gallic acid, vanillic acid are
olive phenolic acids (Ozturk et al. 2021; Palmeri et al.,
2022; Zhang et al., 2022).

In this study, microwave-assisted extraction (MAE)
and maceration were used to compare the antioxidant
profile and phenolic composition of olive leaf extract.
The extracts were evaluated for their ferric-reducing
antioxidant power (FRAP), phenanthroline-metal
chelation capacity (MCC), total flavonoid (TFC) and
phenolic content (TPC). These characteristics were
suggested to be associated with both the food
preservative and its contribution to health benefits. The
extracts were compared regarding their bioactive
contents, antioxidant profiles, extraction time, and the
required solvent amount.

2. Materials and Methods
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In 2020, wild olive samples (as entire aerial parts)
were collected in the Gaziantep region, Tirkiye. Olive
leaves were plucked and air-dried at room temperature
in a shaded area for one week and then ground using a
high-speed blender.

2.1. Plant material

2.2. Maceration

Sampled plant material (10 g) was put in a flask with
75 cc methanol, and constantly stirred with a magnetic
stirrer at room temperature (for 24 h). Subsequently,
the collected samples were filtered using Whatman
filter paper (125 mm, S-H Labware) and filtration was
conducted in triplicate. Finally, obtained extracts were
thoroughly mixed and allowed to evaporate at 40 °C
under a pressure of 150 mbar using a rotary evaporator.
Hexane was used to defat the extract after evaporation.
After air drying, the extract was dried in a vacuum
oven (Nuve 180, Ankara, Turkey). Obtained extract
(0.1 g) was employed in 8 mL methanol as the starting
material for the biochemical assays (Akbaba, 2021).

2.3. Microwave-assisted extraction (MAE)

Microwave-assisted  extraction (MAE) was
performed using a microwave oven with a closed
vessel. Subsequently, dried samples (0.1 g) were putin
a polytetrafluoroethylene tank (70 mL) and extracted
with 8 mL of solvent (70% methanol in water) under
different time durations and temperatures.
Temperature of system was adjusted at 60 °C, 70 °C,
and 85 °C. Moreover, three different microwave
powers were utilized (200, 300, and 400 W). The ramp
duration has been increased to ten minutes. The
duration of the hold varied between eight, fourteen,
and twenty minutes. The vessels were allowed to cool
after extraction and then centrifuged at 3000 rpm (10
min). Biochemical analyses were performed on the
supernatant.

2.4. Determination of Total Phenolic Content

Total phenolic contents (TPC) in olive leaf extracts
were determined through the Folin-Ciocalteu test,
which is based on the Singleton's Folin-Ciocalteu
reagent’s reduction by phenolic compounds in alkaline
conditions (Magalhaes et al. 2008; Singleton, et al.,
1999). Sample or standard solutions (gallic acid) (0.5
g) were placed in test tubes containing water (1.5 ml)
and Folin-Ciocalteu reagent (0.25 m). Later, tubes
were vortexed and allowed to settle for 5 min. Prior to
the one-h incubation at room temperature in the dark,
1.5 ml of 10% Na;COs; was applied. Samples were
processed to record absorbance at 760 nm using a
spectrometer. The findings are presented as gallic acid
equivalents on a dry plant basis (mg GAE g* dw),
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using a calibration curve produced with a genuine
reference chemical (5, 10, 20, 50, 100, and 200 ppm).

2.5. Determination of Total Flavonoid Content

The colorimetric aluminum chloride technique was
used to measure total flavonoid content. In test tubes,
sample or standard solutions (quercetin) (0.5 ml) was
added and then 10% AICI; (0.6 ml), 1M KCH;COO
(0.1 ml), and methanol (2.7 ml) were added, the
mixture was incubated for one h. At 420 nm, the
absorbances were determined. The findings are
presented as quercetin equivalents (mg QE g dw),
using a calibration curve produced with a genuine
reference chemical (5, 10, 20, 50, 100, and 200 ppm).

2.5. Ferric-Reducing Antioxidant Power Assay

Reducing power of methanolic olive extracts, based
on their antioxidant properties, was evaluated by their
ability to make colorful complexes with potassium
ferricyanide. Final product, Prussian blue was
spectrophotometrically measured as a proxy of
antioxidants' reducing potency. Antioxidants may
either reduce the reduction of ferricyanide in the
solution to ferrocyanide, by antioxidants, which then
bind the free Fe** in the solution to formation of
Prussian blue. Moreover, reduction of iron(lll) to
iron(11), which then precipitates the ferricyanide in the
solution to formation of Prussian blue (Berker et al.,
2010). The findings are given in terms of quercetin
equivalents per dry weight of the plant (mg QE g™ dw).
The calibration curve was constructed using quercetin
concentrations ranging from 5-200 ppm. The
absorbances were determined at a wavelength of 700
nm.

2.6. Phenanthroline Metal Chelating Capacity
Reducing capacity of plant extracts was determined
by using the phenanthroline assay (Szydlowska-
Czerniak et al., 2008). Herein, the samples were first
mixed with ferric chloride. The antioxidant molecules
in the plant extracts reduce the Fe** to Fe?*. Then a
1,10-phenanthroline solution was added. The reduced
Fe?* forms a complex that has an orange-red color.
Fe3+ does not form this complex with 1,10-
phenanthroline solution (Brandt et al., 1954). The
absorbance of the orange-red solution was measured at
510 nm against a blank control (Trifa et al. 2020). The
calibration curve was constructed using values ranging
from 50 to 800 ppm. FeSQy, as the standard, forms a
complex with 1,10- phenanthroline and is measured at
the same wavelength. The calibration curve, therefore,
was generated. The findings are presented as FeSO4
equivalents (mg FeSO4 g dw) on a dry plant basis.

2.7. Statistical Analysis
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Each chemical test was performed in triplicate. The
one-way ANOVA and Tukey's post hoc test for
multiple comparisons were used for statistical
comparison of obtained results. The statistical
significance level was set at p<0.05.

3. Results and Discussion

In this study, the total contents of flavonoids and
phenolics were investigated in olive leaf extracts. The
olive leaves were extracted via two methods and under
various conditions because the extraction procedures
could affect the phytochemical profile of the extracts.
Furthermore, sustainable recovery of natural
biomolecules from olive leaves comes with several
challenges, including a time-consuming extraction
process and the stability of biomass and leave extracts
(Markhali et al., 2020).

3.1. Total phenolic content (TPC)

One-way ANOVA revealed overall significant
differences [F (9,20)=44.43, p<0.0001] in the total
phenolic content of olive leaf extract. Tukey’s post hoc
analysis also revealed significant differences between
conventional extraction vs MAE 20 min 85 °C
(p<0.0001), MAE 20 min 70 °C vs MAE 20 min 85 °C
(p<0.0001), and MAE 20 min” 70 °C vs MAE 20 min
85 °C (p<0.0001). In this study, the total content of
phenolic and flavonoid substances as well as the
antioxidant capacity were determined to be similar in
both extracts. However, MAE offers fast and cost-
effective procedures, a short extraction time, the
flexibility to perform several extractions concurrently,
and a reduced solvent need. The primary disadvantage
of MAE is that it produces a small amount of extract
due to the small volume of the tank.

The quantities of phenolic components in olive
extract produced through MAE (38 mg g*) were found
to be somewhat higher than those obtained via the
traditional technique (37 mg g) (Fig 1). On the other
hand, the phenolic compounds produced by MAE were
substantially reduced (25 mg g) when heated to 85 °C
for 20 minutes, indicating that the total phenolic
components are destroyed at high temperatures.

On the other hand, this phenomenon was not seen at
the same temperature for 8 or 14 minutes, indicating
that phenolic degradation is also dependent on the
extraction duration. Therefore, a longer procedure at
high temperatures is not recommended for extraction
via MAE. Also, no significant differences were
obtained between 14 and 8 minutes of extraction at all
studied temperatures. Thus, the optimum conditions to
extract phenolic compounds in olive leaves, seem to be
14-minutes at 60 °C and 70 °C.
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Total Phenolic Content of Olea europaea
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Fig. 1. Total phenolic content of Olea europaea leaf extract. (mg GAE g dry plant samples).

Under various conditions via different extraction
techniques, the total contents of phenolic compounds
within olive leaves have been reported to be between
1.6 and 113 mg g*. The TPC value of olive leaves
extracted using ethanol as a solvent for one hour at
50 °C was reported to be 61 mg g* (Kashaninejad et
al., 2020). On the other hand, 24 h of the same
extraction method at 25 °C, using water as the solvent,
revealed a 57 mg g* TPC value (Altiok et al., 2008).
In this study, 37 mg g* TPC value was obtained from
the methanolic extract of olive leaves, under the
conditions of no heat, for 72 h. Therefore, these data
suggest that moderate heat during extraction via
maceration may increase the content of phenolic
compounds. On the other hand, 3 minutes of MAE at
86 °C, using water as the solvent was shown to reveal
104 mg g TPC (Altiok et al., 2008). In this study, a
38 mg g TPC value was determined in the olive leaf
extract obtained via MAE at 60 °C or 70 °C for 14
minutes of extraction. The relatively low amount of
total phenolics in this study could be attributed to the
14-minute extraction procedure, which most likely
resulted in phenolic constituent degradation. This fact
could also be the result of degradation after the
extraction process. Furthermore, other methods such
as Soxhlet-assisted extraction (4 h) were reported to
reveal a 42.5 mg g TPC value with ethanol as the
solvent (Lama-Mufioz et al. 2020).

Ultrasonic-assisted extraction for 29 minutes at
27 °C using water as the solvent was shown to reveal
an 81 mg g TPC value (Rosa et al. 2021). However,
using methanol as solvent via the same method was
reported to reveal 39 mg g* (Bilgin and Sahin, 2013).
Freeze-drying (50 °C, one h) and pressurized liquid
extraction methods (190 °C, 5 minutes) using ethanol
as the solvent yielded 113 mg g* (Kashaninejad et al.,
2020) and 41.9 mg g** (Lama-Mufioz et al. 2020) TPC
values, respectively, suggesting that moderate
temperature is necessary for the extraction, however,
extremely high temperature degraded the phenolics.
The homogenizer-assisted extraction procedure at
25 °C for 30 minutes was shown to reveal 47 mg g
tand 48 mg gt TPC values using methanol and ethanol
as solvents, respectively (Monteleone et al. 2021).

The same method using methanol as a solvent for
one minute and 1.3 minutes of extraction was reported
to reveal 1.6 mg g (Hayes et al. 2011) and 62 mg g*
(Bilgin and Sahin, 2013) TPC values, respectively.
The same method was shown to reveal 10 mg g TPC
value ethanol as the solvent for 24 h of the extraction
procedure (Altiok et al., 2008). Recently, using natural
deep eutectic solvents (NADES) for plant extraction
has gained great interest. Aqueous olive leaf extract
produced with the help of NADES was reported to
yield 51.8 mg g™* total phenolics.
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Total Flavonoid Content of Olea europaea
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Fig. 2. Total flavonoid content of Olea europaea leaf extract (mg QE g™ dry plant samples).

However, in the same study, methanolic and
ethanolic extracts were shown to yield 26.4 mg g* and
26.9 mg g’ of total phenolic composition, respectively
(Yao et al. 2019). Although other factors such as the
solvent and duration of the process were reported to be
different in the above-mentioned study, these data
suggest utilizing NADES in extraction increases the
yield by almost 2-times.

3.2. Total Flavonoid Content (TFC)

One-way ANOVA revealed overall significant
differences [F (9,20)=29.56, p<0.0001] in the total
flavonoid content of olive leaf extract. Multiple
comparisons of Tukey post hoc test revealed
significant  differences  between  conventional
extraction vs MAE 20" 60 °C (p<0.0001),
conventional extraction vs MAE 20" 70 °C (p<0.0001),
conventional extraction vs MAE 14" 60 °C (p<0.01),
conventional extraction vs MAE 14" 85 °C (p<0.001),
conventional extraction vs MAE 8" 60 °C (p<0.001),
conventional extraction vs MAE 8" 70 °C (p<0.001),
MAE 20" 60 °C vs MAE 20" 85 °C (p<0.0001), MAE
20" 70 °C vs MAE 20" 85 °C (p<0.0001), MAE &
60 °C vs MAE 8" 85 °C (p<0.0001), MAE 8" 70 °C vs
MAE 8 85 °C (p<0.0001).

Flavonoid concentration (21 mg g*) obtained in this
research through MAE (60 °C, 20 min) was found to
be substantially greater than the values (16.0 mg g™?)
obtained via maceration (Fig 2). It was discovered that
many of the values obtained by MAE were either

higher or very similar to those obtained by the
conventional method. In 8-minutes of procedure at 85
°C only, a slightly lower concentration of TFC was
obtained as compared to the value obtained via the
classical method.

Phenolic compounds are powerful antioxidants that
have garnered significant attention lately due to their
potential to benefit human health by combating
degenerative illnesses. There is a strong interaction
between medicinal plant intake and the prevention and
treatment of a variety of health issues (cancer,
cardiovascular, and neurological disorders). Phenolic
substances found in foods and medicinal plants
significantly reduce the harmful effects of chemically
reactive species on the normal physiological processes
of humans (Perron and Brumaghim, 2009).

An aromatic ring containing one or multiple
hydroxyl groups is structurally called a phenolic
compound. These chemicals are found in plants in free
form and also as bounded structure. The phenolic
compounds are ester-attached to cell wall components
such as xylans, pectin, and lignin, or are covalently
connected to sugars in the form of depsides or simple
glycosides (Gupta and De, 2017). Therefore, an
effective method to extract free and bound-form
phenolics is significantly important.

The effects of olive leaf extracts are also attributed
to their flavonoid content. A wide range of total
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flavonoid compounds within olive leaf extracts have
been reported in the literature. The olive leaf extract
produced via maceration (1 h at 50 °C) to yield 6.9 mg
g! TFC has the lowest data in the literature. The
relatively low concentration of total flavonoids is
probably due to the high temperature of extraction
(Kashaninejad et al., 2020). On the other hand,
homogenizer-assisted extraction was reported to reveal
15 mg g* and 17 mg g TFC, using methanol and
ethanol as the solvent, respectively, under the
conditions of 25 °C and 30 minutes of duration
(Monteleone et al. 2021). However, the freeze-drying
method (1 h at 50 °C) was shown to yield 13.3 mg g*
total flavonoids using ethanol as the solvent
(Kashaninejad et al., 2020). The flavonoids were
clearly degraded during the lengthy extraction at high
temperatures. In the meantime, the highest amount of
flavonoids was reported to be 57.3 mg g in the
aqueous olive leaf extract, obtained with the help of
NADES via ultrasound-assisted extraction (Yao et al.
2019). However, the above-mentioned extraction
method was shown to yield 45.0 mg g™ when using
methanol as the solvent at room temperature after 15
minutes of time. Changing the solvent to ethanol and
the conditions to 34 °C for one h, on the other hand,
revealed 41.6 mg g TFC in the same study (Yao et al.
2019). Therefore, to yield a high concentration of total
flavonoids from olive leaf extract, using NADES as
solvent via an ultrasound-assisted extraction procedure
at a low or medium temperature could be suggested.
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Access

3.3. Ferric Reducing Antioxidant Power Assay
(FRAP)

One-way ANOVA revealed overall significant
differences [F (9,20)=245.8 p<0.0001] in FRAP
analysis. Tukey’s multiple comparisons assay revealed
significant  differences  between  conventional
extraction vs MAE 20° 60 °C (p<0.0001),
conventional extraction vs MAE 20" 85 °C (p<0.0001),
conventional extraction vs MAE 14" 60 °C (p<0.0001),
conventional extraction vs MAE 14" 70 °C (p<0.0001),
conventional extraction vs MAE 14" 85 °C (p<0.0001),
conventional extraction vs MAE 8 60 °C (p<0.01),
MAE 20" 60 °C vs MAE 20" 70 °C (p<0.0001), MAE
20" 70 °C vs MAE 20" 85 °C (p<0.0001), MAE 14
60 °C vs MAE 14" 70 °C (p<0.0001).

The antioxidant capacity of olive extract produced
by MW-assisted extraction (52 mg g*) was found to be
somewhat greater than that of the traditional approach
(50 mg g!) in this research (Fig 3). On the other hand,
the lowest FRAP value was achieved using the MW-
assisted extraction method after 14 minutes at 60 °C.
Additionally, throughout the 20-minute process at 60
°C, lower FRAP values were found which are likely
due to inadequate temperature. This indicates that the
chemicals responsible for FRAP in olive leaves are
very temperature sensitive. The highest concentration
was achieved after eight minutes of extractionat 70 °C.
These findings indicate that the antioxidant molecules
used in the FRAP test are very sensitive to changes in
extraction time and temperature.

FRAP analysis of Olea europaea
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Fig. 3. FRAP analysis of Olea europaea extract. (mg QE g* dry plant samples).
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The FRAP technique quantifies an antioxidant's
capacity to act as a reducing agent. In this study, the
concentrations of FRAP values within the olive leaf
extract obtained via maceration and MAE were found
to be close to each other. However, in the literature, a
wide range of FRAP values have been reported. For
example, ultrasound-assisted extraction of olive leaves
was reported to yield 58 mg g* FRAP value with 50%
acetone at 60 °C for 10 min of extraction (Irakli et al.,
2018). On the other hand, high FRAP values were
reported in the ethanolic olive leaf extracts obtained
via maceration and freeze-drying methods (134 mg g*
and 435 mg g, respectively) at 50 °C for one h
(Kashaninejad et al., 2020). Furthermore,
homogenizer-assisted extraction was shown to yield a
300 mg/g FRAP value using ethanol at 50 °C for one
h (Hayes et al., 2011). In addition, the FRAP values of
olive leaf extract obtained via conventional and
ultrasound-assisted extraction at 60 °C for one h with
ethanol were reported to be 552 pM and 619 uM TE g
! respectively (Giacometti et al., 2021). Interestingly,
in the above-mentioned studies, high temperature
during extraction did not cause degradation of the
molecules contributing to FRAP.

3.4. Phenanthroline metal chelating capacity (MCC)
Significant overall differences were observed via
one-way ANOVA [F (9,20)=1464 p<0.0001]. Further
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multiple comparison test revealed significant
differences between conventional extraction vs MAE
20" 60 °C (p<0.0001), conventional extraction vs
MAE 20 70 °C (p=0.0013), conventional extraction
vs MAE 20" 85 °C (p<0.0001), conventional
extraction vs MAE 14~ 60 °C (p<0.0001),
conventional extraction vs MAE 14" 70 °C (p<0.0001),
conventional extraction vs MAE 8" 60 °C (p<0.0001),
conventional extraction vs MAE 8" 70 °C (p<0.0001),
conventional extraction vs MAE 8" 85 °C (p<0.0001),
MAE 20" 60 °C vs MAE 20" 70 °C (p<0.0001), MAE
20" 60 °C vs MAE 20" 85 °C (p<0.0001), MAE 20’
70 °C vs MAE 20" 85 °C (p<0.0001), MAE 14" 60 °C
vs MAE 14" 70 °C (p<0.0001), MAE 14" 60 °C vs
MAE 14 85 °C (p<0.0001), MAE 14" 70 °C vs MAE
14 85 °C (p<0.0001), MAE 8" 60 °C vs MAE 8" 70 °C
(p<0.0001), MAE 8 60 °C vs MAE 8 85 °C
(p<0.0001).

The highest MCC value obtained via MAE was 142
mg g, which was slightly higher than the value
obtained via the classical method (140 mg g). On the
other hand, the lowest MCC values determined via
MAE were obtained at 8-minutes of procedures,
suggesting that reduced time was not sufficient to
extract the molecules contributing MCC assay (Fig 4).

Metal-chelating capacity of Olea europaea
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Fig. 4 Metal-chelating activity of Olea europaea extract. (mg Fe(l1)/g dry plant samples).
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The distribution of the values
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Fig. 5. Distribution of values obtained in each assay.
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Distribution of all values obtained in each assay is
presented in Fig. 5. Interestingly, TFC was found to be
the least distributed assay, followed by TPC and FRAP
assays. One of the values in the TPC assay was
observed to be significantly lower than the other values
which were clustered together. However, in the MCC
assay, the values were highly distributed as compared
to the other assays. Therefore, these results suggest
that the total flavonoid content of olive leaves is not
significantly affected due to extraction conditions.
However, the molecules contributing to the
phenanthroline-metal chelating assay seem more
sensitive to the extraction conditions. Supposedly, not
all phenolic compounds contribute to the FRAP and
MCC assays. Furthermore, although phenolics and
flavonoids are known to be temperature-sensitive, this
study shows the opposite.

The leaves of olives are generally considered waste
products in the industry, although they are rich in
phenolic compounds. Olive leaves with tremendous
health-promoting activities as antioxidants are highly
recommended to take advantage of in the food industry.
Lately, many studies have suggested the advantages of
using olive leaf extracts on foods and food packages.
Indeed, there is a great need to increase the antioxidant
properties of cooking oil, particularly when using deep
frying or high temperatures (Sanchez de Medina et al.
2011). In this regard, several studies revealing the
consequences of olive leaf extracts in edible oils have
been reported. The addition of olive leaf extract to
vegetable oils has been shown to boost the phenolic
content and shelf life of the oil (Chiou et al., 2007).
Furthermore, the addition of olive leaf extracts to palm
and olive oil has been reported to increase the
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antioxidant potential of the oils owing to their
increased polyphenolic composition (Paiva-Martins et
al. 2007). Recently, the addition of olive leaves and
oleuropein to yogurt was reported to improve firmness,
but not affect the taste. Therefore, olive leaf extracts
have been suggested to be incorporated into foods to
produce novel functional foods (Zoidou et al. 2017).
Olive leaf extracts have also been reported to be a good
way to produce environmentally safe food packages
with antimicrobial and antioxidant properties to
increase shelf-life (Khwaldia et al., 2022).

Hydroxytyrosol, the other main component of olive
leaves, has the potential to be used as an ingredient in
functional foods (Liamin et al., 2023). The European
Food Safety Authority (EFSA) and the Food and Drug
Administration (FDA) both classify hydroxytyrosol as
Generally Recognized as Safe (GRAS) (Monteleone et
al., 2021). According to the 2011 EFSA decision and
EC regulation 432/2012, hydroxytyrosol is the only
"food" that is legally recognized as having an evident
health benefit when ingested regularly (Silva et al.,
2020). Numerous patented hydroxytyrosol-rich
extracts have been marketed as dietary supplements or
as additives in healthy foods. These extracts have been
suggested as functional components in a variety of
food matrices, including edible oils, drinks, and baked
goods (Caponio et al. 2019; Cedola et al. 2020;
Guglielmotti et al., 2020; Kranz et al. 2010).

4. Conclusion

In this research, traditional and microwave-assisted
techniques were compared for the extraction of olive
leaves. Microwave-assisted extraction was found to be
an efficient, rapid and economical method as
compared to maceration. High temperature during
extraction supposedly degrades the phenolic
compounds in olive leaves. Therefore, the extraction
of olive leaves is suggested to be somewhat higher than
room temperature, but not above 50 °C. It could be also
possible to apply high temperatures during extraction,
only if the duration is relatively short. Furthermore,
olive is recommended for use in the food sector as a
natural antioxidant rather than synthetic ones in order
to avoid health-damaging consequences.

List of Abbreviations: EFSA, European Food Safety
Authority; FAO, Food and Agriculture Organization;
FDA, Food and Drug Administration; FRAP, ferric
reducing antioxidant power assay; MAE, microwave-
assisted extraction; MCC, metal chelating capacity;
TFC, total flavonoid content; TPC, total phenolic
content.
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