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ABSTRACT

Background: Olive (Olea europaea L.) products, including fruit, oil, and leaves, are rich in bioactive phenolic compounds
with diverse biological activities. Olive leaf extract has gained attention as a natural antimicrobial and antioxidant agent, with
reported benefits for cardiovascular and immune health. Key constituents such as oleuropein and hydroxytyrosol exhibit
inhibitory effects against pathogens including Staphylococcus haemolyticus and Klebsiella pneumoniae. These findings
highlight the therapeutic potential of olive-derived phytochemicals in combating antimicrobial resistance. Aim: The present
study aimed to evaluate the antibacterial activity of olive leaf extract against two pathogenic bacteria: Staphylococcus
haemolyticus and Klebsiella pneumoniae.

Materials and Methods: The antibacterial potential of olive leaf extract was assessed using the agar well diffusion method,
whereas ciprofloxacin and co-trimoxazole (effective against —ve gram and +ve gram bacteria respectively) were applied in
the form of antibiotic discs and served as standard reference antibiotics. Zones of inhibition were measured in millimeters
(mm) at different extract concentrations (15, 25, 30, and 60 mg/ml).

Results: For Klebsiella pneumoniae, the olive leaf extract produced inhibition zones of 0, 14 + 0.4, 15.1 £ 0.6, and 17 £ 0.8
mm at concentrations of 15, 25, 30, and 60 mg/ml, respectively. For Staphylococcus haemolyticus, the inhibition zones were
11.6 £ 1.10, 14 £ 0.75, 15 £ 0.8, and 15.5 £ 1.29 mm at the same concentrations. Notably, the 60 mg/ml formulation
demonstrated the highest antibacterial activity against Klebsiella pneumoniae (17 mm), which was comparable to the
standard co-trimoxazole (16 mm).

Conclusion: Olive leaf extract exhibits significant antibacterial activity against both Staphylococcus haemolyticus and
Klebsiella pneumoniae. The strongest effect was observed at 60 mg/ml, suggesting its potential as a natural antimicrobial
agent comparable to conventional antibiotics.
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1. Introduction
Olive (Olea europaea L.) fruit, oil, and leaves have a long history of nutritional, medicinal, and traditional use [1]. The olive tree is one of
the most economically important species worldwide and is native to the Mediterranean region [2]. In recent decades, medicinal plants have
attracted considerable scientific attention for their therapeutic potential in both human and veterinary medicine. This interest stems from
their abundance of bioactive constituents, particularly flavonoids and phenolic derivatives. These molecules, which are categorized as
secondary metabolites, are known to exert a wide spectrum of biological functions, including antioxidant, anti-inflammatory, antimicrobial,
hypoglycemic, antihypertensive, and antiviral activities [3].
Olive leaf extract is considered a promising natural antimicrobial agent, possessing both antimicrobial and antioxidant properties. In
addition, it has been associated with several health benefits, such as enhancing energy levels, lowering blood pressure, and supporting
cardiovascular and immune system function [4]. Many reports describing the antimicrobial properties of phenolic compounds in olive
products highlight hydroxytyrosol and oleuropein, which are primarily derived from olive fruit [5,6]. Olive leaf extracts have also been
tested for their antibacterial efficacy against pathogenic bacteria, including Staphylococcus haemolyticus and Klebsiella pneumoniae [5,6].
Staphylococcus haemolyticus is a facultative anaerobic, spherical, Gram-positive bacterium belonging to the Staphylococcaceae family [7].
It is frequently isolated from hospitalized patients and is notable for its resistance to multiple antimicrobial agents. Klebsiella pneumoniae
is a Gram-negative bacterium [8] that, although part of the normal flora of the mouth, skin, and intestine, can cause severe pulmonary
infections when aspirated into the lungs, particularly affecting the alveoli and leading to bloody sputum. Several studies have demonstrated
that phenolic compounds such as oleuropein, rutin, and hydroxytyrosol exert significant inhibitory effects against Klebsiella pneumoniae
[91.
Aim: This study was conducted to assess the antibacterial efficacy of ethanolic olive leaf extract against two clinically significant

pathogens, Staphylococcus haemolyticus and Klebsiella pneumoniae.
2. Materials and Methods

2.1 Plant Material Identification and Authentication
The leaves of Olea europaea were collected and subjected to botanical identification and authentication under the supervision of Dr. Adel
Ahmed Mauafa, Department of Chemistry of Natural Products, Faculty of Medical Technology, Misurata University, Libya. The plant
material was examined for morphological characteristics, including leaf shape, venation, and surface features, and compared with standard
taxonomic references to confirm species identity. Authentication was performed to ensure purity of the sample and to exclude adulteration
or contamination with other plant species. This process guaranteed that the plant material used in the present study was scientifically

validated and suitable for subsequent experimental procedures.

2.2 Plant Material
Samples of Olea europaea leaves were collected during the winter season in January 2023 from the Zliten region in northern Libya. The
leaves were air-dried at ambient room temperature (20-30 °C) for twenty days. Subsequently, they were ground into a fine powder using an
electric mill (ABENCOR® Hammer Mill (MC2 Ingenieria y Sistemas, Spain, manufactured in 2012) and stored in closed containers at

room temperature in the dark until required for extraction.
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2.3 Bacterial Strains

The bacterial strains used in this study were clinical isolates of Staphylococcus haemolyticus and Klebsiella pneumoniae, obtained from the
Department of Microbiology at Zliten Medical Center-Libya.

2.4 Plant Sample Preparation

Fifty grams of dried leaves powder were macerated in 500 mL of absolute ethanol (96%) and continuously stirred for 48 hours using a
magnetic stirrer equipped with a hot plate. The mixture was subsequently filtered through Whatman No. 1 filter paper, and the resulting
filtrate was collected. The solvent was evaporated to dryness in a hot-air oven maintained at 40 °C for 24 hours to yield the crude extract.
The dried residue was stored at 4 °C in a refrigerator until further use.

2.5 Antibacterial Activity

2.5.1 Preparation of Test Solutions

The dried extract was dissolved in distilled water to prepare test solutions at concentrations of 15, 25, 30, and 60 mg/mL [10].

2.5.2 Preparation of Culture Media

A total of 38 g of Mueller—Hinton agar powder was dissolved in 1 L of distilled water with thorough mixing until complete solubilization
was achieved. The prepared medium was then sterilized by autoclaving at 121 °C for 15 minutes. After sterilization, it was aseptically
dispensed into sterile Petri dishes and left to solidify under aseptic conditions before use.

The disk diffusion test, also known as the agar diffusion test or Kirby—Bauer method, was employed to evaluate the antibacterial activity.
Mueller-Hinton agar plates were inoculated with the test organisms by streaking a sterile swab in a back-and-forth motion across the
surface of the agar. The plate was then rotated by 60° and the streaking procedure repeated. This process was performed once more to

ensure an even distribution of the inoculum, resulting in a confluent lawn of bacterial growth.

@ Inoculated agar plate @ Addition of antibiotic discs ]
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Figure 1: Kirby Bauer disc diffusion method [11]
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Antibacterial-impregnated disks were subsequently placed on the surface of the inoculated agar. Ciprofloxacin (5ug) and co-trimoxazole
(255pg) were used as standard reference antibiotics. The plates were incubated at 37 °C for 18-24hrs, within 15 minutes of applying the
antibiotic disks (the antibiotics were applied in the form of antibiotic discs as standard reference antibiotics, whereas the olive leaf extract
was tested using the agar well diffusion method). [11]

2.5.3 Diffusion Method / Agar Plate Method / Cup Plate Method

The cup plate method was employed to evaluate the antibacterial activity of the samples. In this technique, the test solution placed in a
cavity (cup) diffuses through the agar layer in a Petri dish. The diffusion continues until the growth of the inoculated microorganisms is
inhibited, resulting in a distinct circular zone of growth restriction surrounding the cavity containing the antimicrobial substance.

The antibacterial activity was quantified by measuring the diameter of the inhibition zone in millimeters using a calibrated scale

Experimental procedure:

Sterile borers were employed to prepare wells of 4 mm diameter in the agar medium of each Petri dish. Each well was filled with 200 pL of
the test sample using a micropipette. Three wells were designated for the standard drug in each plate, and the corresponding zones of
inhibition were measured for comparison with those of the test samples. In addition, a separate reference plate was prepared, in which discs
of ciprofloxacin (5 pg), co-trimoxazole (25 pg). All plates were maintained at room temperature to allow effective diffusion of both the test
samples and the standards, and subsequently incubated at 37 + 1 °C for 24 hours. The appearance of distinct inhibition zones around the
wells indicated antibacterial activity, and the diameters of these zones were measured and recorded. The procedure was adapted with minor

modifications from established protocols [12].

3. Results and Discussion
The antibacterial activity of olive leaf ethanolic extracts were determined by measured zone of inhibition and compared with the zone of

inhibition of standard co- trimoxazole and ciprofloxacin.

Figure 2. Antibacterial activity of Olea europaea (olive leaf) extract against Klebsiella pneumoniae using the agar well diffusion
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method Different concentrations of the extract (15, 25, 30, and 60 mg/ml) were tested. The inhibition zones around the wells indicate that

the extract exhibits dose-dependent antibacterial activity, with larger zones observed at higher concentrations (notably at 60 mg/ml).

Staphylococcus
haemolyticus

SRt

Figure 3. Antibacterial activity of Olea europaea (olive leaf) extract against Staphylococcus haemolyticus

Figure 3. displays antibacterial activity of Olea europaea (olive leaf) extract against Staphylococcus haemolyticus using the agar well
diffusion method. Different concentrations of the extract (15, 25, 30, and 60 mg/ml) were tested, showing clear zones of inhibition around
the wells. The diameter of the inhibition zones increased proportionally with extract concentration, with the highest activity observed at
60 mg/ml, indicating a dose-dependent antibacterial effect.

The zones of inhibition produced by the ethanolic extract of olive leaf at concentrations of 15, 25, 30, and 60 mg/mL against Klebsiella
pneumoniae were 0 (no zone of inhibition), 14+0.4, 15.1+0.6, and 17+ 0.8 mm, respectively. For Staphylococcus haemolyticus, the
inhibition zones at the same concentrations were 11.6 £1.10, 14+£0.75, 15+ 0.8, and 15.5 + 1.29 mm, respectively, as presented in Table 2.
The inhibition zones observed for the standard antibiotics co-trimoxazole and ciprofloxacin against Klebsiella pneumoniae were 16+ 0.8
mm and 22+0.8 mm, respectively. Against Staphylococcus haemolyticus, the inhibition zones were 16+0.8 mm and 26+ 0.8 mm,
respectively (Figure 2 and 3).

The antibacterial activity of the negative control (distilled water) was also assessed, and no inhibition zones were observed (figure 4).
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Figure 4. Inhibition zones of standard antibiotics (ciprofloxacin 5 pug and co-trimoxazole 25 ng) compared with distilled water
control against Staphylococcus haemolyticus and Klebsiella pneumoniae
As it can be seen in Figure 4, clear zones of inhibition were observed around ciprofloxacin and co-trimoxazole discs, indicating effective

antibacterial activity, while distilled water showed no inhibitory effect.

Table 1- Antibacterial activity of olive leaf ethanolic extracts at different concentration

Tests Strain: Staphylococcus haemolyticus Strain: Klebsilla pneumonia
repetitions of tests repetitions of tests

Repl Rep2 Rep3 Rep4  Repl Rep2 Rep3 Rep4
Control- distilled water 0 0 0 0 0 0 0 0
Ciprofloxacin-Standard 26 27 26 25 22 21 23 22
Co-trimoxazol-Standard 16 16 15 17 16 17 16 15
Olive leaf extract (15mg\ml) 12 11 10.5 13 0 0 0 0
Olive leaf extract (25mg\ml) 14 15.5 14 15 14 13.5 14 14.5
Olive leaf extract (30mg\ml) 15 14 16 15 15 16 14.5 15
Olive leaf extract (60mg\ml) 16 14 17 15 17 16 18 17
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Table 2: Means and SD of Standard Drugs and Olive leaf Extract

Drug Staphylococcus haemolyticus Klebsilla pneumonia
(controlled disk and extracts Mean STD Mean STD
concentrations)

Control — distilled water 0 0 0 0
Ciprofloxacin- Standard 26 0.81650 22 0.81650
Co-trimoxazole- Standard 16 0.81650 16 0.81650
Olive leaf extract (15mg/ml) 11.625 1.10868 0 0

Olive leaf extract (25mg/ml) 14 0.7500 14 0.40825
Olive leaf extract (30mg/ml) 15 0.81650 15.1250 0.62915
Olive leaf extract (60mg/ml) 15.5 1.29099 17 0.81650

Note: The mean and SD were calculated from tablel)

=0:007) B Staphylococcus haemolyticus
[ Klebsiella pneumonia
20.007
g
=
10.00
0.00 :
Ciprofloxacin-  Co-trimoxazole- Olive leaf extract Olive leaf extract Olive leaf extract Olive leaf extract
standard standard (150 ml/m) (250 ml/ml) (300 mi/ml) (60 mt//ml)
Antibiotics

Figure 5. Comparison of antibacterial activity of olive leaf ethanolic extract with standard and control drugs
The ethanolic extract of olive leaf examined in this study demonstrated notable antibacterial activity against the tested microorganisms,

specifically Staphylococcus haemolyticus and Klebsiella pneumoniae. As shown in Table 1, the extract at a concentration of 60 mg/mL
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exhibited the highest inhibitory effect, producing zones of inhibition of 17 mm against K. pneumoniae and 15.5 mm against S.
haemolyticus.

Comparable findings have been reported in previous studies Keskin et al., 2012.[11] observed that the aqueous extract of olive leaves
inhibited K. pneumoniae with a zone of inhibition measuring 11 mm. Similarly, Malik, 2015 [13] reported that olive leaf extracts were
effective against Gram-positive strains (Staphylococcus aureus and Bacillus cereus), while lower activity was noted against Gram-negative
strains. The highest inhibition was detected against S. aureus, a common Gram-positive bacterium associated with food poisoning.
However, the activity of olive leaves and arugula seed extracts was lower than that of gallic acid. In the case of B. cereus, gallic acid
produced a zone of inhibition of 8.76 mm, compared to 4.86 mm and 5.33 mm for olive leaf and arugula seed extracts, respectively.

Further confirmation was reported by Aicha Debib et al. [10], who examined leaf extracts of Olea europaea (Chemlali cultivar). Their
findings indicated antimicrobial properties against a broad range of microorganisms. The petroleum ether fraction displayed pronounced
inhibitory activity against Escherichia coli (13 mm) and Salmonella enterica (13 mm), whereas only moderate inhibition was noted for
other bacterial species. Conversely, the methanolic fraction exhibited limited activity against most of the tested organisms, except for S.
enterica, which showed a marked inhibition zone (15 £ 1.1 mm). Importantly, Klebsiella pneumoniae was identified as the most resistant
strain in that investigation [14].

The formulation containing 60 mg/mL of olive leaf ethanolic extract exhibited the highest antibacterial activity against Klebsiella
pneumoniae, producing a zone of inhibition of 17 mm. This effect was comparable to that of the standard antibiotic co-trimoxazole, which

demonstrated a zone of inhibition of 16 mm.

4. Conclusion
Olive leaf extract showed notable antibacterial activity against both Staphylococcus haemolyticus and Klebsiella pneumoniae, with the
most pronounced inhibition observed at 60 mg/ml. These findings suggest its potential as a natural antimicrobial agent with efficacy
comparable to conventional antibiotics.
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