Pol. J. Environ. Stud. Vol. XX, No. X (XXXX), 1-13
DOI: 10.15244/pjoes/213372 ONLINE PUBLICATION DATE: 2026-02-03

Original Research
Comparative Analysis of Chemical Profiles
and Antioxidant Activities Obtained from
Irrigated and Rainfed Olive Trees (Olea
europaea L.) in Southeastern Tunisia

Jihed Faghim'’, Amel Gasmi'*°*, Nidhal Marzougui’, Tebra Triki', Sihem Ben Ali',
Mbarka Ben Mohamed', Belgasem Lachiheb', Ferdaous Guasmi'

"Laboratory of Dry Land Farming and Oasis (LR16IRA02), Institute of Arid Regions, University of Gabes, 4119
Medenine, Tunisia
*Research Laboratory of Valorization of Non-Conventional Water (LR16INRGREF02), National Research Institute of
Rural Engineering, Water and Forests, University of Carthage, Ariana 2080, Tunisia

Received: 19 May 2025
Accepted: 19 October 2025

Abstract

Olive tree cultivation is a vital activity in central and southern Tunisia's semi-arid and arid
regions due to their nutritional value and adaptability to water-stressed conditions. In this study, the
phytochemical profile, including the content of a-tocopherol, minerals, polyphenols, flavonoids, and
tannins, was identified from the leaves of two oleaster trees from the “Chemlali” variety in southern
Tunisia. Two olive sites, rainfed and irrigated, were used for comparison. Antioxidant activities were
assessed using the 2,2-diphenylpicrylhydrazyl (DPPH) assay. HPLC/MS analysis of ethyl acetate leaf
extracts identified 15 organic compounds. The main phenolic compounds were quinic acid (569.11+1.49
mg/100 g DW and 560.95+0.80 mg/100 g DW in rainfed and irrigated leaves, respectively) and luteolin-
7-O-glucoside (127.36+4.61 and 141.64+0.45 mg/100 g DW, respectively). The a-tocopherol, sugar,
and mineral contents were also evaluated. DPPH scavenging capacity was slightly higher in rainfed
leaves (90%) than in irrigated ones (88%). A significant decline in total phenolics and sugar content
was observed in leaves from irrigated trees compared to those from the rainfed site. The sugar content
ranged between 8.4 g/kg in the irrigated trees and 7.54 g/kg in the rainfed ones. The minerals K, Mg,
Na, and Ca were detected in notably high quantities in the extracts of both sites. Overall, the effects of
irrigation were very pronounced, mainly in terms of sugar content and total phenolic compounds. Olive
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tree leaves consistently serve as an outstanding source of high-value natural compounds with significant

biological activities, even though irrigation directly influences leaf composition and quality.

Keywords: Olea europaea, phenolic compounds, HPLC/MS, mineral contents, antioxidant activity,

irrigation

Introduction

The olive tree (Olea europaea L.) is one of the most
important native species in the Mediterranean Basin's
semi-arid and arid areas, owing to its nutritional value
in addition to great adaptability to water-deficient
conditions [1]. It is highly long-lived, often planted
in nutrient-poor, rocky hillside soils where extended
drought periods during the summer are common
[2] because it has developed adaptive biochemical,
physiological, and anatomical mechanisms to resist
drought stress [3, 4]. Olive cultivation is one of the
most economically important resources of the local
population, and olive oil constitutes a strategic export
product in Tunisia, a North African and Mediterranean
country, ranked globally third as an olive oil producer
and second as an exporter [4, 5]. The ancient and
intangible heritage of the olive tree positions it not
merely as an economic asset but as the centerpiece of
a vast network of social, cultural, and environmental
practices. These practices are inextricably linked to local
identities as well as to a broader trans-Mediterranean
cultural identity rooted in the culture of the olive tree
[6]. The Mediterranean Basin is home to 97% of the
world's olive orchards. In Tunisia, olive cultivation spans
approximately 1.6 million hectares, which represents
about one-third of the country's arable land [7].

The Tunisian climate is characterized by low and
irregular rainfall, with periods of both drought and
heavy rain. It also experiences high temperatures,
intense evapotranspiration, and significant variability
in meteorological events. These conditions can lead
to severe drought [8, 9]. The water resources of this
country are decreasing alarmingly due to the excessive
exploitation of freshwater resources [10]. To ensure
sustainability, agricultural management must adapt
to these conditions [9]. Enhancing the economic and
environmental sustainability of irrigated agriculture
poses a significant challenge for the Mediterranean crop
production sector [11].

The O. europaea species includes several varieties
that show a wide diversity in their morphology and
phenology. Tunisian olive orchards are distributed over
all agricultural land from North to South and East to
West, covering nearly 1.89 million hectares, and count
about 105 million trees [12]. “Chemlali” in the South and
Center, together with “Chetoui” in the North, represent
95% of the olive germplasm and more than 90% of
the national olive oil production [13, 14]. The primary
reason for cultivating O. europaea is the production
of olive oil and table olives. However, the utilization
of other byproducts, such as olive leaves, is becoming

increasingly important due to their therapeutic value,
biological properties, and organoleptic characteristics
[15]. These leaves are recovered from olive industries,
as they constitute 10% of the total weight of olives
collected, and they accumulate during the pruning of
olive trees [16]. They are a cheap raw material that can be
used as a valuable source of high-added-value products
such as natural phenolic antioxidants, secoiridoids,
and flavonoids, which have protective effects against
oil oxidation [17] and have a positive effect on human
health by reducing oxidative stress and providing
anti-inflammatory, antimicrobial activity, including
antiviral, antifungal, and antibacterial effects against
various pathogenic microorganisms [18, 19]. Thus,
nowadays, many homeopathic remedies are sold
as capsules containing the powder or the extract of
dried olive leaves [20]. Given the growing interest in
olive leaves, and their chemical composition allowing
them several applications in the pharmaceutical and
food industries, and knowing that irrigation can have
a significant impact on vegetation, production, the
development of fruits, and oil quality [21, 22], it is
important to consider these factors.

This research aims to investigate the effect of
irrigation on the biochemical and mineral composition
of Chemlali olive leaves. It examines how irrigation
influences the phenolic profile, including total
polyphenol and flavonoid content, as well as specific
compounds such as quercetin. The antioxidant activity
of the leaves under different irrigation regimes is
also evaluated, along with variations in mineral
composition, sugar content, and a-tocopherol levels.
By addressing these aspects, the study aims to enhance
our understanding of how water management affects
the quality of olive leaf by-products. This knowledge
could support the development of more sustainable olive
cultivation practices that reduce water consumption,
promote the valorization of agricultural residues,
and contribute to local economic development and
environmental protection in the Euro-Mediterranean
Region.

Materials and Methods

Sampling Site, Irrigation Water Characterization,
and Plant Material Preparation

“Chemlali” olive leaves were collected in February
2017 from two sampling sites in the Tataouine
governorate, southeastern Tunisia, an area characterized
by an arid climate with both mountainous and flat
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Table 1. Chemical characteristics of irrigation water.

Value water Irrigatiog water
Parameters irrigation (Bedbabis et al.,
2016)
pH 8.5 6.5-8.5
EC mS/cm 245 7
K" mg/L 30.92 50
Na’ mg/L 176.22 300
Ca® mg/L 402.60 -
Mg mg/L 41.72 -
Cl' mg/L 497 600
SO, mg/L 992.57 1000
N mg/L 0.7 30
CO,* mg/L 24 -

terrain. The first site, Ksar Ouled Dabbab (10°22'00" E,
32°51'01" N; 314 m a.s.l.), contains irrigated olive trees,
while the second site, Douiret (10°17'36" E, 32°50'05" N;
437 m a.s.l.), includes rainfed trees. Irrigation is carried
out continuously on a daily basis using a well-water
drip irrigation system at a rate of 4 L/h to ensure good
adipogenesis, particularly during flowering, fruiting,
and fall. The olive trees are all of the same age and are
planted densely: 20x20 m for non-irrigated trees and
10x10 m for irrigated ones.

The chemical characteristics of the irrigation water
met the guidelines for fruit tree irrigation (Table I). It
had electrical conductivity, indicating a low level of
salinity, and the concentrations of chloride (CI°), sulfate
(SO+*), and nitrogen (N) were below the threshold
values shown in the guidelines for olive irrigation [23].
The leaves collected were stored at —20°C. Subsequently,
oven-drying (80°C, 72 h) was carried out. The dried
samples were then ground into powder.

Mineral Content

Mineral analysis was conducted using the method
described by Al-Showiman [24]. One g of powdered plant
material was ignited and incinerated in a muffle furnace
at 530°C for 5 h. Then, 5 mL of hydrochloric acid (20%)
was used to dissolve the obtained ash. The solution
was transferred to a 50 mL volumetric flask. The final
volume was adjusted with distilled water. A separate
analysis for each mineral element was performed using
an atomic absorption spectrophotometer (Shimadzu
AA-6800, Kyoto, Japan).

Sugar Content
A sample of 6 g of leaves was refluxed with 100

mL ultrapure water—ethanol (80/20, v/v) for 2 h. Under
reduced pressure, the remaining filtrate was evaporated

to dryness. Then, each sample was diluted and adjusted
with ultrapure water to 50 mL. The obtained solutions
were subjected to centrifugation at 6000 rpm for 20 min
and filtration over a 0.45 pm membrane [25]. HPLC
analysis at room temperature was used to examine
sugar composition. A Eurospher NH2 column was used
(pore size: 100 A, particle size: 7 um, LD.: 250x4.6
mm) (Knauer, Germany). Before use, the solvents were
filtered through a 0.45 um membrane filter and degassed
in an ultrasonic bath (Cleaner Model SM 25E-MT,
Branson Ultrasonics Corporation, USA) for 15 min.
The mobile phase was a mixture of acetonitrile and
ultrapure water (80/20, v/v). The liquid chromatograph
was connected to a refractive index detector (K-2301,
Knauer, Germany). The flow rate and the injection
volume during the experiment were 1.0 and 2.0 mL
min, respectively.

a-Tocopherol Content

Samples were prepared as described by Baccouri et
al. [26]. A quantity of 1 g of each plant material was
weighed, mixed with 10 mL of methanol, and shaken
vigorously. Then, solutions were manually injected into
the HPLC (JASCO, Japan). The separation was carried
out on a LiChrospher Si column (250x4.6 mm, particle
size 5 um) by a mobile phase composed of an isocratic
mixture of hexane/isopropanol (99.5:0.5 v/v) at a flow
rate of 1 mL/min. The fluorescence detector was set to
an excitation wavelength of 290 nm and an emission
wavelength of 330 nm. The chromatographic peak
was identified using an a-tocopherol standard (Sigma-
Aldrich Co., St. Louis, MO, USA) and quantified using a
calibration curve.

Phenolic Compounds Analysis
Sample Preparation

Phenolic compounds were extracted using three
different solvents (90% v/v) at room temperature:
chloroform, ethyl acetate, and methanol. A 2 g quantity
of dry leaves was ground and dissolved in 20 mL of
each solvent. The mixture was stirred and then placed
in a 60°C water bath for 20 min with constant stirring;
the obtained extract was centrifuged at 25°C for 20 min.
The extracts were stored at 4°C and protected from light
for further analysis.

Total Polyphenol Content

The concentration of total phenolic compounds was
determined using Folin—Ciocalteu reagent, as adopted
by Onder et al. [27]. 100 pL of the methanolic extract
was assayed with 750 pL of the Folin—Ciocalteu reagent.
After 5 min, 750 pL of 6% (w/v) sodium carbonate was
added. After incubation for 90 min at room temperature
in the dark, the absorbance was determined at 765 nm
wavelength. Three measurements were performed on
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each sample. The results were expressed as mg gallic
acid equivalents per g dry weight (mg GAE g™' DW).

Total Flavonoid Content

The total flavonoid content was measured by the
colorimetric assay described by Antunes et al. [28]. 1
mL of appropriately diluted samples or standard were
supplemented with 1 mL of a fresh aluminium chloride
solution (AICls, 2%). After 10 min of incubation at
room temperature, the absorbance of the mixture was
determined at 430 nm wavelength and compared to the
control tube. The total flavonoid content of the different
extracts was expressed as mg catechin equivalents per g
dry weight (mg CE g' DW).

Condensed Tannin Content

In the reaction tube, 2 mL of freshly prepared
vanillin solution in methanol (1%, v/v) was added
to 2 mL sulfuric acid solution in methanol (25%,
v/v). A volume of 0.5 mL of suitably diluted samples
(polyphenol extract corresponding to 1 g of dry plant
material) was added to each tube. The mixture was
incubated in the dark, and after exactly 15 min, the
absorbance was measured at 500 nm wavelength in a
spectrophotometer (Single Beam LI-295, IndiaMart)
compared to the control tube [29]. The condensed tannin
content of the different extracts was expressed as mg
catechin equivalents per g dry weight (mg CE g™ DW).

HPLC Analysis of Phenolic Compounds

Phenolic compounds were extracted and analyzed
according to the IOC [30]. An aliquot of oil was
mixed with 5 mL of the methanol-water (80/20, v/v)
extraction solution. The mixture was homogenized
by shaking on an agitator for 1 min and subsequently
extracted in an ultrasonic bath for 15 min at room
temperature. The suspension was centrifuged at a
speed of 5000 rpm for 25 min, and then an aliquot of
the supernatant was filtered through a 0.45 mm PVDF
syringe filter into a vial and injected into the LC—
MS/MS system. The extracts were analyzed using
a Sciex Applied Biosystems API 4000 Q-Trap mass
spectrometric system. The instrument was operated in
negative ion mode using multiple reaction monitoring
(MRM) tandem mass spectrometric acquisitions. The
ion spray voltage was 4500 V, the curtain gas was 20
psi, the temperature was 400°C, and the ion source
gas pressures were 35 and 45 psi. Individual collision
gas thickness medium, entrance potential, declustering
potential, entrance collision energy, and exit collision
energy were optimized for each MRM transition. The
separation was performed using an Eclipse XDB-C8-A
HPLC column (5 mm particle size, 50 mm length, and
4.6 mm i.d.) (Agilent Technologies, Canada) with a
mobile phase flow rate of 350 mL/min and an injection
volume of 10 mL. The mobile phases consisted of 0.1%

aqueous formic acid and methanol, with a gradient
increasing from 10% to 100% in 20 min. Compounds
were identified by comparing their retention time with
those of the standards and by monitoring (MRM)
transitions. Reference standards were bought from
Extrasynthese (Genay, France) and Sigma-Aldrich/
Riedel-de Haén (Sofia, Bulgaria). Methanol and formic
acid were LC/MS grade (VWR International, USA). All
aqueous solutions were prepared using ultrapure water,
with a resistivity of 18.2 MQ cm, and produced from a
Milli-Q Plus system (Millipore, USA).

DPPH Radical Scavenging Activity

The leaf antioxidant activities of olive trees were
measured in terms of hydrogen-donating or radical
scavenging ability using the DPPH method [31].
The samples were diluted in methanol at different
concentrations (5, 10, 20, and 50 pg/mL). 1 mL of
each diluted extract was added to 250 pL of a DPPH
methanolic solution (0.2 nmol). After stirring the
mixture, the solution was placed in the dark for 30
min at room temperature. Then, the absorbance of the
mixture was determined at 517 nm wavelength and
compared to the control (DPPH methanolic solution).
The DPPH scavenging effect of the samples was
calculated according to the following Equation:

DPPH radical scavenged (%) = [(A0—A1)/A0] x 100
M

Where A is the absorbance of the control reaction
and A is the absorbance of the tested extract sample.

Statistical Analyses

Statistical analyses were performed using ANOVA
with SPSS 26 (IBM Corp., 2019). All experimental
assays were carried out in triplicate. Duncan’s test
was used to compare significant differences with the
significance level at p<0.05. The mean values and
standard deviations were calculated for all analyzed
compounds and antioxidant activities, and the data were
expressed as mean+SD.

Results and Discussion

The quality and quantity of leaves produced by the
olive tree are influenced by several factors, such as water
stress. In this section, we aimed to evaluate the effect of
irrigation on the quality of olive leaves. We identified the
phytochemical profile, including a-tocopherol content,
minerals, polyphenols, flavonoids, and tannins, from
the leaves of two olive trees of the “Chemlali” variety
in southern Tunisia. We compared leaves from two sites:
rainfed and irrigated.
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Table 2. Mineral composition of olive leaves (mg/g of dry weight).

Site Na Fe Mg Mn K Zn Ca Cu
Rainfed | 0.856+0.01* | 0.371+1.01* | 1.974+0.01° | 0.025+0.01° | 3.679+1.01° | 0.008+0.01* | 18.021+0.02* | 0.0026+0.01*
Irrigated | 0.27+0.02° | 0.20£0.98" | 2.393+0.00° | 0.037+0.01° | 5.904£1.01* | 0.007+0.02® | 16.08+0.02° | 0.0028+0.03*

Note: The data are presented as mean values + standard deviation (n=3); a, b, ¢, superscript letters indicate homogenous sub-classes.

Mineral Content

Eight mineral elements were determined in the leaves
of rainfed and irrigated olive trees; calcium (Ca) was
the predominant mineral, followed by potassium (K),
magnesium (Mg), sodium (Na), iron (Fe), manganese
(Mn), zinc (Zn), and copper (Cu) (Table 2). Oliveira [32]
confirmed that the major mineral components present
in the leaves of different olive cultivars are Ca and K,
in addition to phosphorus, Mg, and silicon. Ca, Na,
and Fe were detected in significantly higher amounts
in the leaves from the rainfed site than in those from
the irrigated one. For Mg and K, the concentrations in
the leaves of the rainfed site were lower than those of
the irrigated trees. The mineral amounts found in this
study show that the leaves of olive trees constitute a
good source of mineral elements. They are comparable
with those presented by Hannachi [33] for K (5.85 mg/g)
in “Chemlali” olive leaves. Similarly, for the other
minerals, the concentrations detected are consistent with
those found by Magdich [34] for Ca (18.31 mg/g) and Mg
(1.54 mg/g) and Mechri [35] for Fe (0.101 mg/g) and Mn
(0.033 mg/g) in leaves of irrigated olive trees. The use of
irrigation influences mineral concentrations. Generally,
as mentioned in several studies, irrigation decreases
most of the mineral elements in olive leaves [36]. This
difference is mainly due to the salinity of the irrigation
water and the nature of the chemical composition of the
considerable mineral concentrations, such as Na, K, Ca,

N
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and Mg. Therefore, olive leaves have great potential to
provide variable secondary metabolites and minerals
that can enhance the healing process of diseases [37].
These findings provide a quantitative evaluation of
the phytochemicals and mineral elements, providing
essential insights into their pharmacological and
toxicological actions.

Soluble Sugar Composition

Soluble sugars are essential for the normal
functioning of plant organs. The main soluble sugars
that accumulate are glucose, fructose, and sucrose. They
protect the process of enzymatic synthesis, leading
to better plant drought tolerance. Changes in sugar
content can also help identify the resistance mechanisms
of different plant types. This trait can be a potential
selection criterion for drought-tolerant cultivars [38].
Analysis of soluble sugars in the investigated cultivars
revealed that only fructose and glucose were present
(Fig. 1). Glucose is more abundant than fructose in the
analyzed samples. Glucose values ranged from 7.616 g/
kg in irrigated sites and 6.224 g/kg in rainfed sites, while
fructose levels ranged from 0.784 g/kg to 1.32 g/kg.
These results exceed those reported by Boussadia et al.
[39], where the glucose content varied between 1.36 g/
kg and 2.42 g/kg for the Meski and Koroneiki varieties,
respectively, and a fructose content of 0.03 g/kg for both
varieties. However, they are significantly lower than

Glucose

Rainfed m Irrigated

Fig. 1. Sugar composition of “Chemlali” olive leaves (g/kg). (a, b) Superscript letters indicate homogeneous subclasses among organs

according to ANOVA (p<0.05) and Duncan’s new multiple range test.
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Table 3. a-tocopherol content of olive leaves on a dry weight basis expressed as pg/g dry weight.

Extract Rainfed Irrigated
Chloroform 33.60 +£0.006¢* 31.62+0.002¢"
a- tocopherol Ethyl acetate 132.24+0.0054° 148.85+0.0014
Methanol 106.72+0.0018° 147.30+0.00152

Note: The data are presented as mean values+ standard deviation (n=3); superscript lowercase (a, b, ¢, d) and capital letters (A, B, C)
indicate homogeneous sub-classes as a result of ANOVA (p<0.05). Duncan’s new multiple range test) among irrigation regimes and

extract solvents, respectively.

those noted by Bustan et al. [40], who reported glucose
levels of 20.8 g/kg and fructose levels of 7.3 g/kg for the
Barnea variety fertilized with NPK. On the one hand,
Oueslati et al. [29] also recorded glucose and fructose
contents of approximately 46.73 g/kg dry matter (DM)
and 32.65 g/kg DM, respectively, while working on the
“Chemlali” olive tree irrigated with poultry wastewater
(PWW) in Mahdia. On the other hand, our results were
comparable to those obtained by Mechri et al. [35] for
a local variety in Ouled Jaballah (olive mill wastewater
(OMW)) in Northern Tunisia, where glucose values
ranged from 2.55 g/kg to 3.9 g/kg, and fructose values
ranged from 0.7 g/kg to 1 g/kg.

a-Tocopherol Content

Tocopherols are fat-soluble monophenolic
antioxidants, which catalyze vitamin E activity in the
diet [41]. This activity is associated with the production
of prostaglandins and the inhibition of platelet
aggregation [42]. Table 3 shows the a-tocopherol content
of various olive leaf extracts.

Results indicated that leaf a-tocopherol content
was significantly influenced by both the extraction
solvent and the type of irrigation (p<0.05). Ethyl acetate
extracts showed the highest a-tocopherol content: 132.24

and 148.85 pg/g from the rainfed and irrigated sites,
respectively. Chloroform extracts showed the lowest
a-tocopherol content (33.60 and 31.62 pg/g). In a previous
study on the same olive trees, oil samples presented
a-tocopherol content of 415.237 pg/g and 335.513 pg/g in
rainfed and irrigated olive trees, respectively [43]. These
values are closer to the value announced by Botsoglou
et al. [44] (284.6 ng/g) regarding o-tocopherol leaf
content than those found in the present study. Previous
research has confirmed that the extracted amounts of
a-tocopherols from olive leaves depend on the solvent
used for extraction. Indeed, Tarchoune et al. [45] showed
that hexane extraction yielded a high concentration of
a-tocopherol: 82.37 pg/g from the Neb Jmel cultivar and
10.12 pg/g from the Oueslati cultivar. Olive leaves are
considered an alternative source of a-tocopherol [46,
47]. The obtained olive oils with the addition of less
than 10% leaves were classified as Extra Virgin Olive
Oil (EVOO). Polyphenols and bitterness index were the
highest for treatments with the addition of less than 10%
leaves [48].

Table 4. Phytochemical composition of olive leaves on a dry weight basis expressed as mg/g dry weight.

Extract Rainfed Irrigated
Chloroform 23.24+1.02% 14.85+1.95%°
Flavonoids Ethylacetate 157.65+2.05* 144.95+0.05*
Methanol 155.23+1.01 *4 135.01+1.014
Chloroform 78.01+4.8 a4 50.001+2.8055
Tannins Ethyl acetate 77.20+10.32%4 60+8.46
Methanol 4520+ 5.6%8 25.46+4.388°
Chloroform 180.494+2,0128 153.28+0.984°
Polyphenols Ethylacetate 241.34+0,012* 233.69+0.01*
Methanol 155.64+0,02: 135.62+0.014°

Note: The data are presented as mean values+ standard deviation (n=3); superscript lowercase (a, b, ¢, d) and capital letters (A, B, C)
indicate homogeneous sub-classes as a result of ANOVA (p<0.05). Duncan’s new multiple range test) among irrigation regimes and

extract solvents, respectively.
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DPPH (%)

95

70

Irrigated

Rainfed

Fig. 2. DPPH% free radical scavenging activity of two sites using methanol extraction. (a, b) indicate homogeneous subclasses among

the sites according to ANOVA (p<0.05) and Student’s new multiple range test.

Total Polyphenols, Flavonoids,
and Condensed Tannins

Total polyphenol, flavonoid, and condensed tannin
contents of olive leaf extracts from irrigated and rainfed
sites were tested, and results were presented in Table 4.

Results

showed

that the

extraction

significantly affects the total polyphenols (p<0.05). Ethyl
acetate extracts showed the highest polyphenol content

Table 5. Phenolic acids and flavonoids from olive leaf extract identified by HPLC (mg/100g).

(241.34 and 233.69 mg GAE/100 g of olive leaves from
rainfed and irrigated sites, respectively). Methanol
extracts showed the lowest polyphenol content (155.64

Rainfed Irrigated
RT (min) C (mg/100g) RT (min) C (mg/100g)
Flavonoids
Epicatechin 16.143 0.454+0.02¢ 16.129 0.375+0.021°
Rutin 24.109 86.933+4.81¢ 24.107 76.362+0.80°
Luteolin-7-O-glucoside 24.798 127.3634+4.61° 24.802 141.643+0.45%
Quercetrin (quercetin-O- 27.163 119.676+4.08¢ 27.125 134.5310.76"
rhamnoside)
Apigenin-7-O-glucoside 27.093 6.990+0.16* 27.085 7.570+0.342
Naringin 26.191 9.669+0.41° 26.197 7.63140.33°
Kaempferol 32.140 18.883+0.13° 32.125 22.636+0.17*
Quercetin 31.158 1.978+ 0.02° 32.154 2.776+0.34*
Naringenin 34.039 0.404+0.11¢ 34.045 0.494+0.005°
Apigenin 34.709 1.080+0.078° 34.702 1.282+0.03¢
Phenolic Acids
Quinic acid 2.152 569.107+1.49° 2.148 560.945+0.80°
p-Coumaric acid 21.033 14.212+.0520° 21.032 22.450+3.75°
Caffeic acid 14.530 1.985+0.061° 14.564 4.831+0.09*
4-O-caffeoylquinic acid 11.775 0.472+0.011° 11.759 1.317+0.04¢
Trans-ferulic acid 23.289 0.872+0.002° 23.267 3.472+0.32¢

Note: The data are presented as mean values (n=3). Superscript lowercase letters (a, b, ¢) indicate homogeneous subclasses according
to ANOVA (p<0.05) and Duncan’s new multiple range test among irrigation schemes and extract solvents, respectively. CC:

concentration; RT: retention time.

solvent
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and 135.62 mg GAE/100 g of olive leaves from rainfed
and irrigated sites, respectively). These findings were in
perfect agreement with the literature. Thus, the studies
by Jayaprakasha et al. [49] showed that the highest total
polyphenol content was obtained using ethyl acetate as
the extraction solvent, while the minimum content was
found using methanol. Several authors reported that the
content of total polyphenols in the olive tree depends
on the extraction solvent used [50, 51]. The total
polyphenol content of the leaves varies between 135
and 241 mg/g DM. These concentrations are higher than
those obtained by Ben Salah et al. [52] in the leaves of
eight Tunisian olive varieties (between 99.7 and 144.19
mg/g DM). However, these concentrations seem close
to those obtained in the leaves of an Egyptian variety
(222.1 mg EAG/g) [53].

Moreover, Table 4 shows that the flavonoid content
depended, as well, on the solvent used. The highest
content was obtained in ethyl acetate and methanol
leaf extracts. Thus, the values of the flavonoid found
for these two solvents oscillate between 135 and 157
mg CE/g DM. The flavonoid amounts found in this
study are superior to those found in several studies.
The concentration of flavonoid content in olive leaves
is between 56.75 and 125.64 mg/g DM, as mentioned
by Ben Salah et al. [52] 1.8 mg/g DW and 0.39 mg/g
DW, respectively, for the methanol and chloroform
solvents of the cultivar Neb Jmel [54], and 21.47 and
15.83 mg/g DM using extraction with methanol-water
and ethanol-water, respectively, for the “Chetoui”
cultivar [55]. The variation in phenolic compounds
among extracts is mainly due to their different chemical
properties, which widely affect their solubilities in
solvents with different polarities [56].

Similarly, the highest quantity of tannins was
obtained in leaf ethyl acetate extracts (60 mg/g and 77.2
mg/g). These levels are higher than those reported by
Afify et al. (2017), whose tannin content in the water
extract of olive leaves was 21.57 mg TAE/g DW, and
those mentioned by Guebebia et al. [57] in the leaves
of the “Chemlali” variety (19 mg CE/100 g DM).
These observations indicate that the total polyphenol,
flavonoid, and tannin contents in olive leaves are higher
under rainfed conditions compared to irrigated ones.

DPPH Radical Scavenging Activity

The existence of phenolic compounds (flavonoids,
tannins, phenolic acids) in olive leaves means that
this plant may be able to act as an antioxidant agent.
Herein, the free radical scavenging activity of the DPPH
radical in the methanolic extract of olive leaves (at a
concentration of 50 pg/mL) was evaluated. Results are
presented in Fig. 2. Similar to total phenolic compounds,
the rainfed leaf extract showed the highest inhibition
activity of the DPPH radical, with 90%, followed by
irrigated extracts with 88%. Leaf extracts showed
lower activity than those described in the “Chetoui”
olive leaves using the methanol/water extract, in

which the DPPH scavenging activity reached 93.7%,
and higher than those found using ethanol/water as an
extract (59.74%) [55]. The study by Saidana et al. [58]
found that the DPPH of “Chemlali” olive leaves ranged
from 59.83% to 89.33% under semi-arid conditions. In
comparison, the “Chetoui” variety showed DPPH values
ranging from 54% to 91.40% under similar conditions.
This variation underscores the differing antioxidant
capacities of these olive varieties when exposed to the
same semi-arid environment. The antioxidant activity is
enhanced when using methanol as an extraction solvent
[59]. Therefore, methanolic extracts of olive leaves
possess interesting free radical scavenging properties to
varying degrees, and this tree can be used as an essential
source of antioxidant molecules.

HPLC Analysis of Phenolic Compounds

Fifteen phenolic compounds from olive leaves were
characterized and quantified by HPLC. The major
compounds identified in the ethyl acetate extracts
are given in Table 5. The phenolic profile included 10
flavonoids and 5 phenolic acids.

The analysis also showed that the identified flavonoids
and their quantities depend on the irrigation system.
Quercetrin (quercetin-O-rhamnose) and luteolin-7-O-
glucoside were the most abundant flavonoids in olive
leaves. A significant difference (p<0.05) in quercetrin
content was observed between olive leaves from rainfed
trees, which had 119.676 mg/100 g, and those from
irrigated trees, which had 134.531 mg/100 g. Quercetin
derivatives, commonly found in plants, have diverse
biological activities against many diseases, such as
cancer, cardiovascular diseases, and neurodegenerative
diseases [60]. Luteolin-7-O-glucoside is well represented
in leaves, with 127 and 141 mg/100 g of dried extract
(Table 5). In the same context, Pereira et al. [61]
detected and quantified luteolin-7-O-glucoside as highly
represented (420.8 mg/g). Kaempferol is often acylated
with caffeic acid, producing potent antioxidant activity
[62]. The kaempferol amount varies between 18.88 and
22.63 mg/g in the rainfed and irrigated sites, respectively.
Therefore, the results are consistent with those of Cittan
et al. [62]. In this Turkish sample, the content is about
9.48 mg/100 g. The phenylpropanoid biosynthetic
pathway and the levels of functional components, such
as quercetin and kaempferol, were actively involved in
olive plant defense against salinity stress [63]. Other
flavonoids, such as flavonols (epicatechin), flavanones
(naringenin), and flavone glycosides (apigenin-7-O-
glucoside), were also identified. Previously, we identified
similar compounds in whole olive leaves [64, 65].

In addition, flavonoid compounds have been detected
in the ethyl acetate extract. Their substantial interest has
been demonstrated because of their industrial potential
and pharmacological value, such as antioxidant,
antidiabetic, antiulcer, anticancer, antibacterial, and
antifungal activities. Several studies have reported the
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extensive use of these flavonoids in the pharmaceutical
industry for their beneficial health effects.

The order of phenolic acids based on the most
abundant component in this study is as follows: quinic
acid > p-coumaric acid > trans-ferulic acid > caffeic
acid > 4-O-caffeoyl acid (Table 5). Thus, quinic acid
was characterized as the main phenolic compound
in olive leaves at 560 mg/100 g dried extract. These
concentrations are nearly 4-fold higher than those
reported by Sabella et al. [66], who found a 136 mg/100
g quinic acid concentration in olive leaves from a
resistant Italian cultivar. As for p-coumaric acid detected
in this study, the concentration was more noticeable
in the irrigated trees (22.45 mg/100 g) compared with
the rainfed trees (14.21 mg/100 g). Abdel-Aziz et al.
[67] also confirmed this component's presence in olive
leaf extract. However, for caffeic acid, they showed
that its amount in the olive leaves was lower than that
detected in the present study. Accumulation of phenolic
compounds has been suggested to be a known adaptation
mechanism in olive trees to water scarcity [36, 68]. Olive
leaves, rich in phenolic compounds, are recognized for
their health benefits, including antioxidant, antibacterial,
and antifungal properties, making them valuable for
both human health and the food industry [69]. However,
the olive oil production process generates significant
biowastes, such as olive mill wastewater (OMW) and
solid olive husk (SOH) [70]. These effluents can pose
environmental risks due to their high phytotoxicity [71],
raising concerns about the sustainability of intensive
olive cultivation, especially as climate change increases
irrigation demands. Many factors can qualitatively and
quantitatively modify the composition of the olive leaves
in terms of phenolic compounds [72-74]. Climate change
is expected to increase the demand for irrigation, leading
to greater degradation of land and water resources in
affected areas. This degradation includes over-extraction
of groundwater, soil salinization, and erosion, primarily
driven by the development of intensive orchards that
use poor-quality water [9]. Additionally, field trials have
shown a reduction in phenol content with higher amounts
of applied water [9]. The amount and composition of
polyphenols in olive leaves can vary due to several
factors, including sampling time, water deficiency,
salinity, geographical zone, and light exposure [75].
These are well-documented abiotic factors that affect
phenolic composition. However, there are limited data
on the impact of mineral fertilization on the phenolic
composition of olive leaves [76]. Phytochemicals in
olive leaf extracts offer various health benefits, making
them wvaluable for nutritional and pharmaceutical
applications [31]. Phenolic acids, in particular, are
utilized as adjuvants in food and cosmetic technologies
and therapeutic treatments. According to Oteros et al.
[77], these acids are gaining prominence in research due
to their anti-inflammatory, antimicrobial, antioxidant,
and hypoglycemic properties. Notwithstanding these
significant findings, the present study has some
limitations that may affect the generalizability of

its conclusions. It focused on a single olive cultivar
(“Chemlali”), grown in a specific arid region of southern
Tunisia, which may limit the applicability of the results
to other cultivars. Previous research has demonstrated
considerable variability in antioxidant capacities and
phenolic compound accumulation among olive cultivars
and geographical origin [78, 79]. Moreover, the sampling
was conducted at a single time point (February), although
it is well established that the phytochemical composition
of olive leaves fluctuates throughout the growing season
in response to developmental stages and environmental
conditions [80, 81]. In addition, the analysis of irrigation
effects was limited to two contrasting water regimes
and did not account for intermediate irrigation levels,
variations in water quality, or the seasonal dynamics of
water use efficiency, factors that are known to influence
plant physiology and secondary metabolism [82, 83].

Conclusions

The medicinal properties of the olive tree are
attributed to its leaves, which are now the subject
of many scientific studies. This study assessed olive
leaves grown in rainfed and irrigated sites as a potential
source of natural antioxidants. Total phenolic, flavonoid,
condensed tannin, DPPH antioxidant capacity, sugar,
mineral, and o-tocopherol contents were deeply
investigated. The olive leaves exhibited high polyphenol
and flavonoid contents correlated with antioxidant
capacity. The phenolic profile differed between the
two sites and revealed an abundance of flavonoids,
mainly luteolin-7-O-glucoside. These findings provide
scientific evidence of the benefits of traditional medicine
and indicate promising potential for isolating natural
antioxidant agents from olive leaves. Future studies
should include multiple cultivars, varied irrigation
strategies, and temporal monitoring to better capture the
complexity of olive tree responses to water availability
under changing climatic conditions.
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