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This study explored the bioactive contents (including chlorophyll, carotenoid,
phenolic and flavonoid compounds) of olive leaves (Olea europaea L.) from
three Algerian cultivars (Aberkane, Aharoun, and Akerma) across four distinct
seasonal periods (autumn, winter, spring, and summer). The investigation
involved performing antioxidant potential tests. The findings indicated that all
cultivars are rich in bioactive compounds and the Aberkane olive leaves
exhibited the highest levels of chlorophyll a (2518.79 + 19.32 pg/g), chlorophyll
b (816.22 ng/g), carotenoid (120.22 * 6.72 pg/g) phenolic (596.97 + 29.07 mg
GAE/g DE) and flavonoid (374.05 = 12.54 mg EQ/g DE) compounds. Aberkane
olive leaves presented also the best results of DPPH scavenger activity (IC50:
38.40 + 1.75 pg/ml) and ferric reducing power (A0.5: 22.34 + 1.98 pg/ml). In
general, leaves collected during summer demonstrated the highest contents of
bioactive compounds and the best antioxidant activities, compared to other
seasons. Consequently, it can be deduced that both the cultivar type and the
season of collection exert significant influences on the bioactive content and
antioxidant potential of olive leaves.
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1 Introduction

Significant interest exists in edible plants containing antioxidants and phytochemicals that promote health,
owing to their potential therapeutic properties. One notable example is the olive (Olea europaea L.), a member
of the Oleaceae family which is typically found in Mediterranean basin countries. Beyond its economic
significance, the olive tree possesses medicinal and nutritional value.

In Algeria, the agricultural and processing activities related to crops yield a significant quantity of food by-
products, especially olive leaves which are marketed as olive leaves for tea or food supplements for
pharmaceutical purposes. They serve as a reservoir of bioactive compounds that offer health-promoting
advantages. Pharmacological investigations have unveiled the potential of olive leaf extract to induce
hypoglycemic, antioxidant, hypotensive, and antimicrobial effects (Wainstein et al., 2012; Sarbishegi et al,,
2017). Additionally, olive leaf extracts are among the food items acknowledged for their food preservation
properties (Medina et al., 2008). The primary compounds identified in olive leaves belong to the categories of
simple phenolics and flavonoids (Talhaoui et al., 2015).

In the process of metabolism, cells spontaneously produce reactive oxygen species (ROS), which are
implicated in the development of various diseases (Halliwell, 1992). The phytochemical studies have
demonstrated that bioactive components in olive leaves act as antioxidants to reduce the pro-oxidants or
reactive species of pathologic significance (Somogyi et al., 2007).

Therefore, it is believed that the amount of antioxidants obtained from olive leaves varies for different
olive cultivars and each variety, depending on several factors such as time of collection. Limited research has
been conducted on antioxidant compounds in Algerian olive leaves. Thus, the study, presented in this paper,
explores the impact of both olive variety and season of harvest on the contents of antioxidants in olive leaves
from three Algerian cultivars (Aberkane, Aharoun and Akerma) grown in the north-east part of the country.

2 Materials and Methods
Sample collection

The samples investigated in this study were olive leaves of three olive varieties (Aberkane, Aharoun and
Akerma) collected in 2022 during the concluding phases of autumn (November), winter (February), spring
(April) and summer (August), representing the four seasons of the year. All cultivars were cultivated under
identical agronomic and environmental conditions within the same olive groves situated on private property
in Ain Soltane (Bordj Bou Arreridj -Algeria-) with the GPS coordinates of 36° 12' 99.70" N and 4° 76'19.97" E,
where these varieties are among the most popular. Leaves were harvested from mature trees (= 5 years old).
For each collection period, leaves were collected from 12 trees of each cultivar.

Preparation of extracts from olive leaf

By employing a magnetic stirrer and 150 ml of 70% ethanol, 10g of powdered olive leaves were subjected to
extraction for 3 hours at room temperature and in the absence of light. Upon completion of the extraction
process for various cultivars of Olea europaea L. leaves, the resulting extracts underwent filtration through
microfilters to obtain a clear crude extract solution. Subsequently, the separation procedure was repeated,
and the solvent was evaporated under vacuum conditions at 40°C using a rotary evaporator. All extraction
procedures were carried out in triplicate. The resulting extracts were then frozen at -4°C for subsequent
analysis (Carchi et al,, 2021).
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Phytochemical study
Chlorophyll pigments content

The determination of chlorophyll and carotenoid content in leaf samples follows the method outlined by
Nagata & Yamashita (1992), with certain modifications. A total of 100 mg from each extract is combined with
a 10 ml acetone-hexane mixture (4:6) and thoroughly vortexed to achieve uniform homogenization.
Subsequently, the entire mixture is filtered through the Whatman n° 04 paper. The optical density of the
resulting supernatant is then measured at 663 nm, 645 nm, 505 nm, and 453 nm simultaneously using a
Shimadzu™ UV-VIS 1800 Spectrophotometer, USA. The chlorophyll content is calculated in milligrams per
gram of leaf tissues. The quantities of chlorophyll 'a’ (mg/100 mL) and chlorophyll 'b' (mg/100 mL) are
estimated from these values using the following formulas:

Chlorophyll 'a' (mg/100 mL) = 0.991 x A663 - 0.0982 x A645.

Chlorophyll 'b' (mg/100 mL) = -0.462 x A663 + 1.59 x A645.

Total carotenoid content

The total carotenoid content of the samples was assessed following the method described by Sass-Kiss et al.
(2005), with slight modifications. In summary, 10 ml of a mixed extraction solvent (hexane/acetone/ethanol,
2:1:1) was added to 5 g of dried plant material. After stirring for 30 minutes, the solution underwent
centrifugation at 4500 rpm for 30 minutes, and the resulting supernatant liquid was transferred to another
vial, retaining the upper phase. A second extraction was performed by adding 10 ml of hexane. The
combination of the two hexane phases was utilized for the determination of total carotenoids through
spectrophotometry at 420 nm. Concentrations of carotenoids were determined by referencing the calibration
curve using f3-carotene as the standard, and the results are expressed as ug/g of dry weight (ug/g DE).

Total phenolic contents

The determination of the total phenolic content in the ethanol extracts of Olea Europaea L. leaves was
conducted using the Folin Ciocalteu reagent method, as outlined by Singleton & Rossi (1965). In this approach,
200 pl of the appropriately diluted sample or standard was added to 1 ml of Folin's reagent, which had been
diluted 10 times. After a 4-minute interval, 800 ul of a 7.5% sodium carbonate solution was introduced. The
mixture was allowed to react for two hours at room temperature in the absence of light. The obtained data
were analyzed using the linear regression equation derived from the calibration graph endpoint: Y = 0.0060 x
+ 0.036, where Y represents absorption intensity, and X represents total phenolic compounds expressed as
gallic acid equivalent (mg GAE/g DE). The R2 value for this equation is 0.9994. A Shimadzu™ UV-VIS 1800
Spectrophotometer, a double-beam UV-Vis spectrophotometer from the USA, was utilized to measure the
absorbance of both the solution and the blank at 760 nm. To ensure accuracy, three measurements were
taken.

Total flavonoid contents

The quantification of total flavonoids in the leaf extracts was conducted using the methodology devised by Jain
et al. (2011). In this procedure, 1 ml of 2% AICI3 was added to 1 ml of each extract or standard solution at
varying concentrations. After allowing the reaction to proceed for 1 hour at room temperature, the
absorbance at 430 nm was measured using a double-beam UV-vis spectrophotometer, such as the Shimadzu™
UV-VIS 1800 Spectrophotometer from the USA.

For the construction of the standard quercetin calibration curve, 1 ml of quercetin at different
concentrations was employed. Triplicate samples were utilized for each analysis. The total flavonoid levels
were quantified in milligrams of quercetin equivalent per gram of dry extract (mg QE/g DE) using the
following equation derived from the calibration curve: y = 0.238 + 0.088, where y represents the absorbance,
and x represents the quercetin content (p.ml-1). The coefficient of determination (R2) for the calibration
curve is 0.9901.
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Antioxidant activity

DPPH free radical scavenging activity

Following the protocol detailed by Burits & Bucar (2000), the 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
scavenging assay was utilized to assess the free radical scavenging activity of the extracts. In brief, a DPPH
stock solution was prepared by dissolving it in 100 ml of methanol and subsequently diluting it to achieve an
absorbance of 0.91 + 0.03 at 517 nm. The control, lacking the test sample, was supplemented with an
equivalent volume (2 ml) of ethanol. To 2.5 ml of DPPH, 100 pl of each extract at various standards or
concentrations (ascorbic acid) was added. The reduction in absorbance of the test mixture was monitored at
517 nm after 30 minutes. The assays were repeated three times. The antioxidant activity percentage (1%) for
each sample is computed using the following equation:

%= [(Absorbance of control - Absorbance of the sample) / Absorbance of control] x 100.

Ferric reducing antioxidant power

Ferric Reducing Antioxidant Power analysis was conducted following the procedure delineated by Oyaizu
(1986). In this method, extracts (200 uL) were combined with phosphate buffer (500 uL, 2.0 M, pH 6.6) and
potassium ferricyanide (2.5 mL, 1.0%), and the mixture was incubated at 50°C for 20 minutes. Subsequently,
trichloroacetic acid (10%) in a volume of 2.5 mL was added to the mixture, followed by centrifugation at 650
rpm for 10 minutes. The upper layer of the solution (500 pL) was then blended with distilled water (2.5 mL)
and ferric chloride (0.5 mL, 0.1%), and the absorbance was measured at 700 nm. An increase in absorbance of
the reaction mixture indicated an elevation in reducing power.

Statistical analysis

Each experiment was replicated three times, and the results were expressed as means * standard deviation.
Statistical distinctions were evaluated utilizing either one-way ANOVA or Student's t-test. A simple correlation
analysis between variables was also performed (p < 0.05) using the Tukey test. A p-value of 0.05 or lower was
considered as evidence of a statistically significant difference.

3 Results and Discussions

Bioactive compounds are influenced by various intrinsic and extrinsic factors within the leaves. Each region
and cultivar exhibit distinct characteristics, underscoring the necessity for this study. Plant pigments play a
pivotal role in determining color, and influencing photosynthesis reactions (Sudhakar et al, 2016).
Chlorophylls and carotenoids, the predominant pigments in plants, are recognized for their color properties
and functional attributes (Schoefs, 2003).

They enable the absorption and conversion of light into chemical energy (Casida, 2009). Indeed, they act as
antioxidants, particularly in combating the lipid peroxidation mechanism (Lanfer-Marquez et al.,, 2005). These
pigments are also utilized in the food industry as additives and colorants. Foods with high chlorophyll content
provide numerous health benefits (Indrasti et al., 2018).

There are two primary forms of chlorophyll pigments, namely chlorophyll a and chlorophyll b,
distinguished by their chemical structure (Aramrueang et al.,, 2019) and biological functions. Chlorophyll a
serves as the primary pigment in the photosynthetic system, while chlorophyll b acts as a secondary
component that enhances light absorption and energy conversion (Trees et al., 2000). Olive leaf extracts
showed highly significant differences in chlorophyll pigment content between varieties (p<0.001) and seasons
(p<0.001).

The leaves of all studied cultivars presented the highest concentrations of both chlorophyll “a” and “b” in
summer and the lowest values in winter except Aharoun cultivar. The leaves of the cultivar Aberkane showed
the highest levels of chlorophyll “a” (2518.79 + 19.32 ug/g) and “b” (816.22 pg/g), while the leaves of Akerma
cultivar showed the lowest concentrations of chlorophyll “a” (650.15 * 9.33 pg/g) and “b” (167.11+ 8.18 pg/g

ug/g) (Table 1).
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The contents of chlorophyll in leaves may vary widely among different cultivars (Bahloul et al., 2014). Our
results were higher than those described by Tarchoune et al. (2019), in Tunisian olive leaves. Furthermore,
the retention of chlorophyll potentially increases with the leaves' prolonged lifespan (Brahmi et al., 2012).

Carotenoids play a crucial role in the plant photosynthesis process contributing to the yellow/orange
coloration of cell membranes (Garcia-Vaquero et al., 2018). They exhibited physiological activities, notably
functioning as antioxidants by scavenging free radicals (Domonkos et al., 2013). This chemical class functions
as an antioxidant, providing protection to membranes against damage from free radicals and slowing down
ageing processes (Bulda et al., 2008).

Table 1 displays the spectrophotometric measurement of total carotenoids based on the sample
absorbance at 470 nm. The results indicated that extracts exhibited very similar quantities of total
carotenoids.

Our studied olive leaf extracts showed no difference in carotenoid content between seasons, but a
significant difference between cultivars (p<0.05). This indicates that variations in climatic conditions mainly
temperature factors did not impact these compounds in the leaves throughout the year.

The ethanolic olive leaf extract of Aberkane cultivar represented the highest content of carotenoids
throughout the year (120.22 + 6.72 pg/g), while Akerma’s extract recorded the lowest concentration (42. 60 *
4.53 pg/g). These values are lower than those described by Benjeddou et al. (2019), who reported a total
carotenoid concentration of 3000 pg/g.

Table 1
Pigment quantification of Algerian olive leaf extracts (Olea europaea L.) from three cultivars in different
seasons. The results are reported as meanz SD (n=3)

Chlorophyll a (ug/g)
Autumn Winter Spring Summer
Aberkane 222411 +£10.05b 1918.12£13.22a 2491.20+12.12ab 2518.79+£16.21b
Aharaoun 1947.75+21.76 b 1601.50 £+ 9.88a 1924.35+16.84b 1980.85 + 20.42 b
Akerma 893.63+£6.76 b 657.15+8.21a 797.52+9.46b 800.77 £6.39 ab
Chlorophyll b (ug/g)
Autumn Winter Spring Summer
Aberkane 789.19+11.87b 619.65+9.52a 806.73 +9.22 ab 817.22+9.03b
Aharaoun 329.33+6.53ab 26890+841a 344.62 +10.05b 31346 +5.98b
Akerma 22047 +8.42b 167.11+4.04a 190.68 £8.85a 196.15+7.44a
Carotenoids (ug/g)
Aberkane 108.78 £5.85a 98.55+691a 120.22£6.72a 113.52+7.42a
Aharaoun 69.76 £ 6.12a 62.55+3.82a 6594 +731a 60.86 £ 6.31a
Akerma 4474 +3.73 a 42.60+4.53a 47.62+6.11a 48.18+542a

The antioxidant capacity of olive leaves is primarily ascribed to the presence of phenolic compounds (Goulas
et al, 2010), operating through various mechanisms such as scavenging reactive oxygen species (ROS),
inhibiting lipid peroxidation, and chelating metal ions (Shahidi, 1997). The antioxidant effects of several
phenolic compounds in olive leaves have been examined, and their efficacy has been linked to the
characteristics of functional groups (Rahmanian et al.,, 2015). Moreover, some studies propose that phenolic
compounds exhibit a synergistic effect on antioxidant capacity when combined, as observed in olive leaf
extracts (Rietjens et al.,, 2007; Lee etal, 2010).

Phenolic compounds, whether assessed individually or in synergy, play a significant role in the
antioxidant activity of olive leaves, as indicated by Wang et al. (2011), and the synergistic effect mentioned by
Lee et al. (2010). Despite numerous scientific studies on the phenolic compounds and health benefits of olive
oils, research on phenolic and flavonoid compounds contents of olive leaves remains limited, particularly in
the context of Algerian olive cultivars. The total phenolics and total flavonoid contents of ethanolic extract
leaves from three Algerian olive cultivars are presented in Figure (1). The total phenolic contents are
expressed as gallic acid equivalent, while flavonoid contents as quercetin equivalent. Indeed, the analysis of
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phenolic contents showed a statistical difference between different cultivars (p<0.05) and different harvesting
dates (p<0.05).

The phenolic contents ranged between (500.74 + 10.87 mg GAE/g DE) (winter) and 680.05 + 18.11 mg
GAE/g DE (summer) in Aberkane leaves, 364.90 + 21.90 mg GAE/g DE (winter) and 596.97 + 29.07 mg GAE/g
DE (summer) in Aharoun leaves, 355.43 = 23.77 mg GAE/g DE (winter) and 590.23 + 20.87 mg GAE/g DE
(summer) in Akerma leaves (Figure 1a). Regarding the cultivar factor, the Aberkane variety had the highest
phenolic contents while Akerma had the lowest. Our results are higher than those of Sevim & Tuncay (2012),
in Ayvalik and Memecik olive leaf extracts at different harvest times.

Regarding the impact of harvest time on quantities of phenolic compounds, it was observed that the
highest polyphenol contents are observed in leaves harvested during summer in all ethanolic leaf extracts.
These results are different from those of Romero et al. (2017), who observed the highest phenolic content
during the cold season. Previously studies have demonstrated that flavonoids are the dominant phenolic sub-
group and exhibit anti-inflammatory, antiallergic, antiviral, and anticarcinogenic properties (Middleton Jr,
1998).

The total flavonoid contents of our olive leaf extracts collected at the different harvest periods are
presented in Figure 1b. The total flavonoids content of Aberkane, Aharoun and Akerma olive leaves changed
between 200.74 + 10.65 mg EQ/ g DE (winter) and 374.05 * 12.54 mg EQ/ g DE (summer), 124.13 * 6.90 mg
EQ/ g DE (winter) and 283.96 + 9.07 mg EQ/ g DE (summer), 155.43 + 6.32 mg EQ/ g DE (winter) and 317.83
*+ 487 mg EQ/ g DE (summer), respectively. The highest total flavonoid contents were determined in the
Aberkane leaves harvested in summer. The flavonoid contents of studied olive leaves vary within cultivar (p
<0.05) and are influenced by the timing of sampling/harvest (p <0.05).

The most significant transformations in plants took place during the summer season. These alterations,
particularly the increase in levels of bioactive compounds such as phenols and flavonoids, can be linked to
greater exposure to light/UV-B, rising temperatures (Brahmi et al., 2012), and decreased levels of rainfall
(Arslan et al., 2013).
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Figure 1. Total phenols (a), total flavonoids (b), of Algerian olive leaf extracts (Olea europaea L.) from three cultivars in
different seasons. The results are reported per 1 g of extract and are presented as mean+ SD (n=3). Columns marked with
different letters are statistically different (p < 0.05). DE: dry extract, GAE: Gallic acid equivalents, CE: Catechin equivalent.

The antioxidant properties of olive leaf extracts were examined through DPPH and FRAP methods. To assess
the ability of various samples to scavenge free radicals, the DPPH assay is widely recognized as a reliable
method. This assay relies on the capability of sample antioxidants to neutralize stable free DPPH radicals
(Chinnici et al., 2004). In the FRAP assay, the antioxidant compounds present in a sample donate electrons to
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the ferric ions, converting them to ferrous ions. This electron transfer reflects the sample's ability to
neutralize free radicals and oxidative species, which are associated with various diseases and aging processes.
Both cultivar and harvest season significantly (p<0.05) affect the scavenging activity and ferric-reducing
antioxidant power (FRAP).

According to our results, both DPPH scavenging activity (Figure 2 a) and FRAP (Figure 2 b) values followed
this order: Akerma > Aharoun > Aberkane. The values of IC50 (scavenging activity assay) are ranging between
38.40 + 1.75 and 82.98 + 2.81 pg/ml, while those of A0.5 (FRAP test) are ranging between 22.34 + 1.98 pg/ml
and 53.22 * 2.07. In general, winter was characterized by the highest both A0.5 and IC50 values, while
summer was characterized by the lowest values. Olive leaf extracts in the study of Khaliq et al. (2015),
showed values of scavenging activity (IC50) higher than those presented in the present work indicating fewer
antioxidant activities. These results follow those published in literature by different researchers, indicating
that the rich profile of phenolic compounds is the main responsible for the free radical scavenging properties
of Olea europaea L. (Moudache et al., 2016). The high DPPH radical scavenging activity of these cultivars
suggests their use in diseases arising from free radical attack. Similarly, the values of A0.5 in this work are
higher than those of Hayes et al. (2011).

100+
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80 - - Aharoun

=-a= Akerma

60

40
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0 T T T T (@)
Autumn Winter Spring Summer

60

—e— Aberkan
- = - Aharoun

a= Akerma

RP, A5 (ug/mL)

0 T T T T (b)

Autumn Winter Spring Summer
Figure 2. Free radical scavenging activity by the DPPH assay(a), Reducing power (b), of ethanolic extracts (Olea europaea
L.) from three Algerian olive leaves cultivars in comparison with gallic acid. Values are expressed as mean# SD (n=3).
Columns marked with different letters are statistically different (p < 0.05).

Generally, multiple researchers have proposed a positive correlation between elevated concentrations of
bioactive compounds such as phenols and flavonoids in extracts and their antioxidant activity, suggesting that
higher levels of these compounds are associated with increased antioxidant potential (Mokrani & Madani,
2016). In our current study, we employed Tukey test correlation to assess the relationship between secondary
metabolites and antioxidant properties. As shown in Table 2, the total phenol contents demonstrated a robust
and significant correlation with the IC50 of DPPH scavenging assay values, exhibiting a correlation coefficient
of r = 0.9790. Conversely, a moderate correlation was observed with the FRAP value, with a correlation
coefficient of r = 0.7665. The association between phenolic contents and reducing activity, as identified
through the FRAP assay, has been previously documented by Papoti et al. (2018).

Furthermore, a strong correlation was identified between flavonoids and the IC50 of DPPH and FRAP
values, with correlation coefficients of r = 0.7089 and r = 0.7111, respectively. In contrast, chlorophyll a,
chlorophyll b and total carotenoids values exhibited low correlations with the DPPH scavenging assay, with
correlation coefficients of r = 0.3559 and r = 0.3442 and r = 0.3442, r = 0.2008, respectively. These results
suggest that the synergism between phenolic compounds and flavonoids primarily accounts for the
antioxidant activity found in the extracts. Numerous authors have substantiated a significant correlation
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between phenolic and flavonoid contents and the antioxidant activity of various extracts (Gullon et al., 2018;
Talhaoui et al., 2015).

Table 2
Correlation between different studied variables

Chlorophyll Chlorophyll Total Phenolics  Flavonoids = DPPH FRAP
A B Carotenoids

Chlorophyll a - 0.9660 0.6558 * * 0.3559 0.4400
Chlorophyll b * - 0.8791 NS * 0.3442 0.1334
Phenolics 0.3446 0.3500 0.2784 - 0.6553 0.9790 0.7665
Flavonoids 0.5222 0.3562 0.3998 * - 0.7089 0.7111
Total Carotenoids * * - NS * 0.2008 0.3175
DPPH * 0.1332 NS * * - 0.9973
FRAP 0.1223 0.1543 NS * * * -

*Significant correlation by the Tukey test considering 5% significance. NS - Not significant

4 Conclusion

The timing of harvest and the type of olive plant exerts a significant influence on secondary metabolite
contents and antioxidant activities in olive leaves. Depending on the harvest time, the highest concentrations
of phenols, flavonoids and pigments were identified in Aberkane olive leaves collected in summer. Generally,
the contents of bioactive compounds and antioxidant activity values were relatively low in winter and higher
in leaves collected in summer. The study demonstrates the strong correlation between phenols and flavonoids
with DPPH scavenging and FRAP assays. Additionally, studies will be undertaken to identify specific
compounds, aiming to clarify these antioxidant mechanisms. Moreover, conducting further in vivo studies will
be crucial to assess the antioxidant capacity of olive leaf extract.
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