LEBDA MEDICAL JOURNAL, Vol. 10 No. 2. 2025. Pages 12-18

¢DICAL ,
vﬁ* O,

%
e\
i

&)
§
K]

Lebda Medical Journal; [LMJ]|; {Online ISSN:2520-095X}

Lebda Medical Journal Homepage: https://lebmed;j.elmergib.edu.ly/index.php/LMJ/en

o ) daely - Wyl 3tS

Received September 10.2025; Chemical Composition and Antibacterial Activity of Libyan Propolis
Revised September 19.2025;

. o . " .
Accepted October 13.2025; Ali. M Alhalib® Alauldin. O Alturshani®, Adel. M Mlitan

Published October 30.2025;
* Department of Chemistry, Faculty of Science, University of Alasmarya University, Zliten, Libya

®Department of Chemistry, Faculty of Science, University of Misurata, Misrata, Libya

Corresponding author, email: ali.alhalib@asmarya.edu.ly

ABSTRACT

Propolis, a natural resinous substance collected by honeybees, exhibits diverse biological activities due to its rich phytochemical
composition. This study aimed to characterize the chemical profile of Libyan propolis and evaluate its antibacterial efficacy.
Samples were collected from local bechives, extracted using ethanol and methanol, and analysed via Ultraviolet (UV)
spectrophotometric method. The propolis contained carbohydrates (405.97 mg/g), tannins (17.5 mg/g), flavonoids (112.28
mg/g), phenols (50.25 mg/g), alkaloids (24.20 mg/g), saponins (20.50 mg/g), proteins (202.97 mg/g), crude lipids (23.9%),
crude fiber (11.7%), and ash (9.43%). The ethanolic extract demonstrated significant antibacterial activity against
Staphylococcus aureus, methicillin-resistant Staphylococcus aureus (MRSA), and Pseudomonas aeruginosa, with inhibition

zones comparable to gentamicin. These findings highlight the potential of Libyan propolis as a natural antimicrobial agent.
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1. Introduction

Throughout history, natural goods have been the main sources of food and medicine, and they have long been essential in the prevention and
treatment of human illnesses. Because of their nutritional and medicinal potential, honey and products derived from bees have garnered a
lot of scientific interest [1,2]. In addition to honey, several apiculture products have shown various of biological activities that support human
health, including pollen, royal jelly, bee venom, wax, and propolis. Also known as "bee glue," propolis is a resinous substance that honeybees
gather from plant exudates and then alter with their salivary secretions to give the hive structural and antibacterial protection [1].

Propolis has been used historically by ancient civilizations, such as the Romans for wound healing and the Egyptians for mummification.
Avicenna also documented the medical effects of propolis in The Canon of Medicine [3-5]. Propolis' protective function in protecting bee
colonies is reflected in its etymology, which comes from the Greek terms "pro" (before) and "polis" (city) [6]. Geographical, climatic, and
botanical origins all influence the chemical makeup of propolis, which is a complex matrix of plant-derived resins, waxes, essential oils, and
bee-derived enzymes [7-8]. Flavonoids, phenolic acids, terpenes, and aromatic aldehydes are among the more than 300 chemicals that have
been found and that contribute to its anti-inflammatory, antibacterial, and antioxidant qualities [3, 9, 10]. Its pharmacological potential has
been the subject of much research due to the considerable variance in its phytochemical profile. Propolis has a wide range of biological
activity, including antiviral, antifungal, and antibacterial actions against both Gram-positive and Gram-negative bacteria. Its polyphenolic
components have also been shown to exhibit antioxidant properties [11, 12]. In light of the increasing prevalence of antimicrobial resistance,
a worldwide health issue made worse by the overuse and abuse of traditional antibiotics, these qualities make propolis a promising natural
medicinal agent [13]. Little is known about the chemical makeup and bioactivity of Libyan propolis, despite this widespread interest. By

describing its main phytochemical components—with special focus on flavonoids, phenolics, alkaloids, and tannins—the current study aims
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to close this gap. Additionally, the study intends to determine Libyan propolis's antibacterial activity against specific strains of both Gram-
positive and Gram-negative bacteria as well as its antioxidant potential utilizing standardized in vitro assays. This work aims to give scientific
evidence that may support the medicinal use of Libyan propolis in treating microbial infections and oxidative stress by combining
phytochemical profiling with biological evaluation.

2. Materials and Methods

2.1. Preparation of propolis: samples were collected from beehives samples located on western coast of Libya, including the cities of Mis
urata, Zliten, Khoms, Meslata, Garabulli, and Tripoli during February—March 2024. Samples were cleaned, fragmented, and stored in glass
containers until analysis.

2.2. Extraction

The extract was prepared by cutting the propolis into small pieces and dissolving it in a sufficient amount of ethyl alcohol (95%). Then 30 g
of propolis was taken and dissolved in a sufficient amount of ethanol, then transferred to a standard flask and the volume was completed to
100 ml using ethanol to achieve a final concentration of 30%. The extract was then stored in an opaque bottle at room temperature. After
ten days of intermittent shaking (daily shaking for a few minutes), and after complete dissolution, the extract was filtered using No. 42 filter
paper and stored in the refrigerator at 4°C until use.

-Methanolic extract: Soxhlet extraction with methanol was used for alkaloid quantification.

2.3. Phytochemical Analysis

Quantitative analyses were performed using UV-Vis spectrophotometry.

2.3.1. Carbohydrates: phenol-sulfuric acid method, total carbohydrate content = (concentration of glucose from the standard curve X
volume of the extract in ml) / (weight of the dry extract in grams). The carbohydrate concentration was expressed as milligram glucose
equivalent per gram of extract [14].

2.3.2. Tannins: vanillin-HCI method, total tannin content was determined according to the following equation: total tannin content
(concentration of tannic acid for the sample from the standard curve x volume of the extract in ml) / (weight of the dry extract in grams).
The tannin concentration was expressed as milligrams tannic acid equivalent per gram of extract [15].

2.3.3 « Flavonoids: aluminium chloride method, the total flavonoid content was determined according to the following equation: total
flavonoid content = (concentration of quercetin for the sample from the standard curve x volume of the extract in ml) / (weight of the dry
extract in grams). The results were expressed as milligrams of quercetin equivalent (QUE) per gram of extract [16-17].

2.3.4 ¢ Phenols: Folin-Ciocalteu method, the total phenolic content was determined according to the following equation: total phenolic
content = (concentration of gallic acid for the sample from the standard curve x volume of the extract in ml) / (weight of the dry extract
in grams). The total phenolic content was expressed as milligrams of gallic acid equivalent (GAE) per gram of extract [17-18].

2.3.5 « Saponins: vanillin-sulfuric acid method, the total saponin content was determined according to the following equation: total ]
aponin content = (concentration of aescin for the sample from the standard curve x volume of the extract in ml) / (weight of the dry extract i
n grams). The total saponin content was expressed as milligrams equivalents per gram of dry weight (mg AE/g) [19].

2.3.6 « Alkaloids: bromocresol green method, the total alkaloid content was determined according to the following equation: total Alkaloid
content = (concentration of atropine for the sample from the standard curve x volume of the extract in ml) / (weight of the dry extract in
grams). The total alkaloid content was expressed as milligrams of atropine equivalent per gram [20].

2.3.7 « Proteins: The Bradford method, total protein content = (concentration of albumin for the sample from the standard curve x volume

of the extract in ml) / (weight of the dry extract in grams). The total protein content was expressed as milligrams of albumin equivalent per
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gram [21].

2.3.8 + Lipids: standard gravimetric methods, the amount of lipid was calculated and expressed as a percentage of the crude lipid content  a
ccording to the equation: crude Lipid % = (weight of the flask after solvent evaporation - weight of the empty flask) / (weight of the s
ample) x 100 [22]. The crucible crude fiber was placed in an oven at 550°C for two hours. It was then taken out of the oven, cooled, and re-
weighed to obtain the weight of the ash. Crude fiber content = (weight of the crucible with fibers — weight of the crucible with ash) / (weigh
t of the sample) x 100.

2.4. Crude Fiber and Ash: fiber content was determined by boiling propolis with sulfuric acid and then with sodium hydroxide, after which
the fibers were collected in a crucible, dried, and weighed.

2.5. Evaluation of Antibacterial Activity: antibacterial activity was evaluated according to the method described by the agar well diffusion
method using Mueller-Hinton agar plates. the diameters of the inhibition zones were measured using a ruler and expressed in millimetres
[23-25]. The antibiotic Gentamicin was used according to the recommendation of the Clinical and Laboratory Standards Institute.

3. Results & Discussion:

3.1. Phytochemical analysis

As it shown in Table (1) the average carbohydrate estimation was 405.97 mg per gram of extract. This is double the amount of the results of
a study for Iraqi propolis, where the carbohydrates content was 200 mg/g, while tannins are similar to our study [26].

Flavonoids were estimated at about 112.28 mg/g which is in the range of the results of Bouchelaghem and his co-workers for Hungarian
propolis samples, which ranged between 33.8 and 273.2 mg/g [27], in addition to the results of Touzani and his team for Moroccan propolis,

which had a flavonoid content of 98.33 mg/g [28].

Table (1): Phytochemical analysis, calculated crud fat, crude fiber and ash of propolis.

Component The average value
Carbohydrates 405.97 mg/g
Tannins 17.8 mg/g
Flavonoids 112.28 mg/g
Phenols 50.25 mg/g
Saponins 20.50 mg/g
Alkaloids 24.20 mg/g
Proteins 202.97 mg/g
Lipids 23.9%
Fibers 11.7%
Ash 9.43%,

The phenolic content of the ethanolic extract of propolis was found at 50.52 mg/g, which is consistent with the study of Hungarian propolis
samples which ranged between 10.4 and 71.1 mg/g [27], and the study of Brazilian propolis, which ranged between 40.1 and 303.1 mg/g.

However, this study's results are higher than those carried out by Al-oklah and his team, who estimated a large group of propolis samples
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collected from several different countries, where the phenolic content results for those samples ranged between 2.81 and 30.64 mg/g [30].
This difference is attributed to the geographical location, as all samples were collected from Asian countries. Also, our study's results are
lower than those for Moroccan propolis, where the phenolic content reached 141.46 mg/g, which is attributed to the propolis being collected
from an area rich in trees with high phenolic content, such as olive and juniper trees.

Saponins as shown in the table were found at 20.50 mg/g which quantitatively agrees with studied of Cameroonian, Iraqi, and Indonesian
propolis. [26, 31, 32].

The total alkaloid content in the methanolic extract was found at 24.20 mg/g, which quantitatively agrees with the quantitative detection
performed by the Kustiawan group [32] and the Agbor group [33]. However, our study's result differs from what Ramnath’s team found in
their quantitative estimation of Indian propolis samples, where the alkaloid content ranged between 62-98 mg/g [34].

The average protein content was 202.97 mg/g, as shown in Table (1), which differs from what Devequi-Nunes and co-work study of Brazilian
propolis samples, where the protein percentage ranged between 2.12-2.49% [35]. Our study's result is also higher than the results of Shehata
and his team for samples from different countries, where the protein percentage ranged between 0.10-2.89% [36]. At the same time, our
study's result is close to the results of Indian propolis samples, where the protein percentage ranged between 7.28-9.41% according to Pant’s
team study [37].

Lipids content in propolis was found with an average of 23.9%, this percentage is higher than what was determined in Brazilian propolis
samples, which ranged between 8.19-15.61% [35]. At the same time, our study's result is lower than the results of Indian propolis samples,
which ranged between 53.62-68.89% [37], and also lower than what was found in Brunei propolis samples according to Abdullah’s team
study, which ranged between 45.60-47.86% [38]. This variation in results is attributed to the different sources from which the propolis
components were collected due to the different surrounding vegetation.

The fiber content in raw propolis was 11.7%, as shown in Table (1)). This percentage is higher than what was found in Brunei Darussalam
propolis samples, where the average fiber percentage was 0.30% [38]. Our study's result also differs from the results of Indian propolis
samples, where the fiber percentage ranged between 1.94-3.15% [37]. As for the ash content, the average percentage of ash in our study was
9.43%, as shown in Table (1). This percentage is higher than what was found in Brazilian propolis samples, where the percentage ranged
between 1.35-1.44% [35]. It also differs from the ash percentage in Moroccan propolis, which was 4.87% [28]. These differences are
attributed to the sources from which the bees collected the propolis components.

3.2. Evaluation of Antibacterial Activity:

Antibacterial activity was evaluated using the agar well diffusion method, where three types of bacteria were used: Staphylococcus aureus
(Gram-positive), Pseudomonas aeruginosa (Gram-negative), and the methicillin-resistant MRSA strain. Each type was spread on a Mueller-
Hinton plate, and the inhibition of the extract on each type was measured and compared with the inhibition of the antibiotic Gentamicin. The
results shown in table (2) indicated that the extract's inhibition on S. aureus bacteria was 26 mm, which was close to the inhibition of the
antibiotic used, which was around 28 mm. Also, the inhibitory effect of the extract on the MRSA strain was around 24 mm, which was also
close to the antibiotic's inhibition, which gave an inhibition of 26 mm, a difference of 2 mm. At the same time, the extract's inhibition was
close to the antibiotic's inhibition when used on Gram-negative bacteria P. aeruginosa, where the inhibition rate was 23 mm for the extract

and 24 mm for the antibiotic Gentamicin.
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Table (2): The extract's inhibition on S. aureus bacteria

Bacterial Type Propolis Extract Inhibition Diameter (mm) | Gentamicin Antibiotic Inhibition Diameter (mm)
Staphylococcus aureus S 26 28
Strain MRSA 24 26
P.aeruginosa 23 24

Figure (1): Inhibition of the extract and the antibiotic on the MRSA strain and P. aeruginosa.

Figure (2): Inhibition of the extract and the antibiotic on Staphylococcus aureus.

4. Conclusion

In this research, we studied the basic components of Libyan propolis collected from beehives in the study area, with the aim of estimating
these components in its alcoholic extract and assessing its antioxidant and antibacterial activity. The results revealed that the average
carbohydrate content of the ethanolic extract was 405.97 mg/g of dry extract, which represented the highest value among the components
assessed. The quantitative estimation of phenols and flavonoids revealed that Libyan propolis contained a high amount of these components,
with average values of 50.25 and 112.28 mg/g, respectively, which is attributed to the extract's antibacterial activity. The quantitative

estimation of tannins is one of the most important additions provided by our study, with a value of 17.5 mg/g, as it is rarely mentioned as a
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component of propolis. Estimates indicated that the amount of saponins was 20.50 mg/g in the ethanolic extract, while the amount of alkaloids
was 24.20 mg/g in the methanolic extract of propolis. Proteins constituted the second highest value, reaching 202.97 mg/g when raw propolis
was treated with the alkali salt extraction method. A study of the lipid content of raw propolis extracted with a mixture of methanol and
chloroform revealed that the average lipid content was 23.9% in the propolis from the study area. The study of the antibacterial activity of
the extract showed high inhibition against the three bacterial species used, and it was close to the inhibition results of the antibiotic Gentamicin
used for comparison.
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