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Introduction

Due to technological progress in the medicinal and pharmaceutical fields, multiple
research studies have foucsed on the propolis as an alternative and supplemental therapies for
the treatment of numerous acute and chronic illnesses. Over the past decade, beekeeping in
Algeria has expanded, with notable interest in bee products such as honey, bees wax, royal
jelly, bee venom, pollen, and propolis. The propolis has been found to be a promising agent
due to the various biological activities. In a number of in vivo and in vitro studies, it's been

highlighted that propolis may reduce symptoms associated with numerous diseases.

Propolis is a sticky, resinous substance secreted by bees from various plant sources,
such as bud, flower, and leaf secretions (Simon-Fenstrém et al., 2017). The bees mix the sap
of tree with their salivary secretions and beeswax to produce the propolis. It is also known as
bee glue, as bees use it to seal holes in their hives (Martinotti and Ranzato, 2015). Propolis
has been described in numerous ancient texts as a wound-healing agent, either alone or in
combination with other substances (Martinotti and Ranzato, 2015). Researchers have reported
various natural properties of propolis including cytotoxicity and antimicrobial action
(Pasupuleti et al., 2017; Oryan et al., 2018; Elkhenany et al., 2019). Propolis has recently been
widely used as a dietary supplement to promote human health and prevent disease (Ramos
and Miranda, 2007). It has also long been known for its antiviral, anti-inflammatory, and
antibacterial properties, as well as its anesthetic, antioxidant, antitumor, anticancer,
antifungal, antiprotozoal, hepatotoxic, mutagenic, antiseptic, and cytotoxic properties (Toretti
et al., 2013 and Svorsen, 2016). The antibacterial properties of propolis have been
documented in vitro against numerous Gram-positive and Gram-negative bacteria, due to the
synergism of various propolis compounds, particularly the flavonoids galangin and

pinocembrin (Przybylek and Karpinski, 2019).

Although numerous studies have documented the antimicrobial activity and chemical
composition of propolis collected from various parts of the world, data on Algerian propolis
remain limited and insufficient. This study aimed to determine the antibacterial activity of two
samples of Algerian propolis against Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa using two extraction methods. One sample was harvested from
northeastern Algeria (Guelma Mountains), while the other was packaged as a commercial

product by a company based in Setif.
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Chapter | General background on propolis

1. Defenition of propolis

Propolis is a natural resinous substance produced by honeybees, specifically bee’s
worker, from various plant parts, buds, and exudates. The composition of propolis varies
depending on its geographic origin, the bee species, and the surrounding vegetation (Marques
et al., 2023). The term propolis derived from Greek, where "pro" signifies “at the entrance to”

2

and "polis" means “community” or “city,” suggesting this natural product is used in hive
defense (Toretti et al., 2013). Another term for propolis is “bee glue”. Due to its waxy nature
and structural properties, bees utilize propolis in the build and repair of their hives, seal gaps
and cracks, smoothing out interior walls, and protect the hive against the predators (Wagh,

2013).

Figure 1: The bee Apis mellifera collects resin to produce propolis
(Maira Tomazzoli et al., 2020).

2. History of propolis

Propolis has a long history, having been used by humans for centuries. Historical
records indicate its use by ancient civilizations, such as the Egyptians, Persians, and Romans
(Trosheva et al., 2007). It has been used as a folk remedy since 300 BC (Toretti et al., 2013).
The ancient Egyptians depicted bees involved in propolis production on vases and various
decorative objects (Koropatnicki et al., 2013). They were also well aware of propolis's ability
to prevent decomposition and used it in the mummification process and to treat several
ailments (Wag, 2013). The ancient Egyptians and Jews considered "tzori," the Hebrew term

for propolis, a form of medicine (Trosheva et al.,2007). Furthermore, Greek and Roman
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physicians, such as Aristotle, Dioscorides, Pliny, and Galen, were aware of the many
medicinal benefits of propolis (Toretti et al., 2013). The Inca also used propolis to reduce
fever, and the London Pharmacopoeia officially recognized it as a medicinal substance. From
the 17" to the 20" century, the use of propolis spread widely in Europe (Toretti et al., 2013).

The Arabs were familiar with propolis. For example, 1bn Sina described two types of
wax: pure wax and dark wax, the latter of which he probably meant for propolis. He described
the substance as having a pungent odor that caused sneezing and as effective in removing
splinters and foreign bodies (Koropatnicki et al., 2013).

3. Origine of propolis

The components of propolis vary from one species to another depending on its source
and location. However, many similar components have been found in samples from different
locations, while distinct components have been found in samples from specific plant origins
(Wagh, 2013). To produce propolis, bees can also utilize substances secreted by plants from
their wounds (Toreti et al., 2013).

Propolis has two sources:

e Plant source: plant secretions collected by bees; resins secreted by the buds of poplar,
pine, birch, chestnut, and maple trees; and lipophilic compounds secreted from plant
wounds, resins, or gums (Msrghita et al., 2013).

e Animal source: substances secreted by bees (wax and saliva); and incidental
substances added during propolis production (pollen, nectar, or honey) (Msrghita et
al., 2013). Another influential aspect involves the changes caused by the secretions of
the hypopharyngeal gland of bees. These secretions add unique compounds, along
with some transformations (such as the decomposition of flavonoid heterosides into

aglycones) (Cardeno et al., 2012).
3. 1. Plant source of propolis in the world

Classifying propolis according to its plant sources is an effective method for achieving
chemical standardisation, which in turn is essential for guaranteeing the quality and safety
required for its commercialisation (Bankova, 2005 and Salatino et al., 2011). Two distinct

approaches are utilized to determine the botanical origin of propolis: observations of bee
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behavior or the chemical analysis of propolis and plant substances (Bankova et al., 2002).
Tropical propolis presents a wholly dissimilar compositional design: the green propolis kind,
discovered in Brazil, has its primary plant origin on the leaves of Baccharis spp. and chiefly
contains prenylated phenylpropanoids (Bankova et al., 2005). Within Venezuela and Cuba,
the primary plant origins are the blossom exudates of Clusia species, producing a propolis
rich in prenylated benzophenones (Bankova et al., 2005). C-prenylflavonoids (or propolins)
have been reported in propolis from Pacific islands, where the resin sources are the fruit
exudates of the plant Macaranga tanarius (Chen et al., 2003). Plant bud resins from Poplar
species are main sources for propolis from temperate regions (Europe, North America, and
Asia), but also other species contribute to the composition of propolis from these areas
(Betula sp., Acacia sp., Pinus sp., Salix, and Aesculus hippocastanum) (Groot et al., 2014).
Other scientists found that honeybees collect plant material by cutting pieces of vegetative
tissues, thus the anatomical traits of plant tissue in the propolis can be used as evidence of

propolis origin (Huang et al., 2014).
3.2. Botanical origin of Algerian and Mediterranean propolis

It is worth noting that Mediterranean propolis is the propolis that originated in the
countries surrounding the Mediterranean region, such as the coast of southern Europe, the
coast of the Levant, and the coast of North Africa (Al-Kanduz et al., 2019). Mediterranean
propolis is derived from plants in the cypress family, particularly the tall cypress and the
Phoenician juniper. These trees grow in the Mediterranean region, characterized by a
temperate climate. (Bankova et al., 2006). A unique type known as Mediterranean propolis
has recently been identified. It is characterized by a high content of diterpenes and primarily
derived from coniferous species belonging to the Cupressaceae and Pinaceae families, which
are widespread in the Mediterranean region. This emerging type of propolis has been the
focus of several recent studies, particularly those investigating diterpene-rich samples from
Mediterranean countries in North Africa (Konstantia et al., 2016). This type of propolis was
first discovered less than ten years ago in Sicily. Since then, it has been found on the island of
Crete, southeastern Greece, Malta, and the Adriatic coast of Croatia (Popova et al., 2020).
Based on the identified terpenes, the researchers suggested that the source plant was some
Conifer species, possibly from the Cupressaceae family, which is abundant in the

Mediterranean flora (Popova et al., 2020).
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Figure 2: Cupressus species (Frezza et al., 2022).
4. Types of propolis

There are three main types of propolis recorded: European propolis, commonly known
as poplar propolis, is the most common; then there is green Brazilian propolis, extracted
primarily from the resin of the leaves of the Baccharis draconculifolia plant, and red Cuban

propolis, extracted primarily from the resin of the Clusia rosea plant (Otilia, 2022).

Figure 3: Poplar propolis (Jelena suran et al., 2023).

Figure 4: Red and green propolis Brazilian (Adela ramona et al., 2020).

Applied Microbiology Page | 7



Chapter | General background on propolis

5. Physicochemical characteristic of propolis

The physicochemical properties of propolis are very important for producing a
standardized, high-quality product. The diversity of propolis sources significantly affects its
composition. Propolis is extracted from a wide variety of trees and shrubs. Each region and
each colony seems to have its own preferred source of resin, which explains the great

differences in the color, smell, and composition of propolis.

5.1. Physical properties

Propolis demonstrates considerable variation in its physical characteristics, largely
influenced by the geographic origin of the hive, the surrounding flora, seasonal plant
availability, and the species of bees involved in its production. As a result, its color can range
from amber-yellow to dark brown, with occasional green or red hues observed (Cardinault et
al., 2012). It emits a characteristic and pleasant aroma, often described as distinctive and
agreeable (Wagh, 2013). In terms of consistency, propolis is a lipophilic substance that is
typically hard and brittle at ambient temperature. However, upon heating, it transitions into a
soft, pliable, and notably adhesive material, exhibiting a sticky texture (Wagh, 2013). Propolis
presents a multifaceted composition, thus its direct application is not feasible. For commercial
purposes, it's processed through extraction, employing appropriate solvents. A variety of
solvents are typically utilized: water, methanol, ethanol, chloroform, dichloromethane, ether,
and acetone. Essential antimicrobial agents within propolis tend to dissolve well in water or
alcohols, aiding in the separation of undesired substances while retaining the sought-after
active elements (Wagh, 2013).

5.2.  Chemical compositions of propolis and their bioactive compound

Propolis consists of approximately 50-55% resins and balsams, 30% wax and fatty
acids, 10% essential oils, 5% pollen, and 5% organic and mineral components. These
components include numerous flavonoids and other phenolic compounds, as well as their
esters. It also contains volatile aromatic compounds, minerals such as iron, calcium, zinc,

copper, and manganese, as well as vitamins C and E, and B vitamins (Cardeno et al., 2012).
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Figure 5: Composition of propolis (Przybylek et al., 2019).

The development of separation and purification methods, such as high-performance
liquid chromatography (HPLC), thin-layer chromatography, and gas chromatography (GC),
and identification techniques, such as mass spectrometry (MS), nuclear magnetic resonance
(NMR), and gas chromatography-mass spectrometry (GC-MS), has facilitated the discovery
of novel compounds in propolis for the first time, including flavonoids, terpenes, phenolics

and their esters, sugars, hydrocarbons, and mineral elements (Huang et al., 2014).

PROPOLIS
Balsams Waxes Aromatic and Pollens Some other Moreover,
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sant e\ & 500
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Figure 6: General composition of propolis (Syeda tasmia et al., 2022).

The chemical composition of propolis is directly related to the resins and balsams
found in the plants from which it is derived. Extensive research has led to the identification of
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more than 500 different chemical components have been found in propolis. In addition to
resins, the major chemical groups present in propolis include waxes, polyphenols, and
terpenoids (Przybylek and Karpinski, 2019). Several studies indicate that propolis specifically
contains phenolic acids, flavonoids, ketones, aldehydes, chalcones, dihydrochalcones,
terpenoids, amino acids, aliphatic acids, esters and aromatic acids, carbohydrates, vitamins,
minerals, and beeswax (Hussein et al., 2022). Among flavonoids, quercetin and chrysin are
the most abundant and are found in the propolis of various bee species. These flavonoids are
the active components of the plant resin and have diverse biological effects, such as

anticancer, antimicrobial, and anti-inflammatory effects (Zolkivli et al., 2022).

Table 01: Chemical compositions of propolis and their bioactive compounds (Gérecka et al.,
2022; Abdullah et al., 2020; Ahangari et al., 2018; Maciejewicz et al., 2001)

Chemical Compositions Bioactive Compounds
Aromatic acids Benzoic acids, caffeic acid, cinnamic acid, coumaric acid, ferulic
acid, and gallic acid
Alcohols Glycerol, erythritol, a-cedrol, xylitol Caffeic acid phenethyl ester,
2-propenoic acid methyl
Esters Ester, 4,3-acetyloxycaffeate, 3,4 dimethoxy-trimethylsilyl esters,
and 3-methoxy-4-cinnamate
Fatty and aliphatic Isoferulic acid, glutamic acid, phosphoric acid, malic acid, tartaric
Acids acid, propanoic acid, butanedoic acid, and stearic acid
Polyphenols Flavonoids (e.g., quecentin, islapinin, chrysin ,galangin,alnusin,
pinocembrin
Microelements Aluminium (Al), copper (Cu), magnesium (Mg), zinc (Zn), silicon
(Si), tin (Sn), manganese (Mn), nickel (Ni), and chrome (Cr)
Sugars D-Altrose, d-glucose, maltose, and d-fructos
Vitamins Vitamin A (retinol), vitamin B1 (thiamine), vitamin B2
(riboflavin), vitamin B3 (nicotinamide), vitamin B6 (pyridoxine),
vitamin B9 (folic acid), vitamin C (ascorbic acid), and vitamin E
(tocopherol)
Others Butane, cyclohexane, cyclopentene, and guanidine

6.  Propolis collection and preservation

Propolis is a resinous substance produced by honeybees through the collection of plant
exudates, primarily from species such as poplar, cottonwood, alder, and birch, which serve as
natural defences against pathogens. These resins are transported to the hive via the pollen
baskets on the bees’ hind legs and are mixed with bee saliva, wax, and other hive materials to
form propolis, which is then used for structural and antimicrobial purposes within the colony
(Darvishi et al., 2020). Beekeepers typically harvest propolis either by scraping it from hive

structures or using mesh traps. While scraping is more convenient, it may result in higher
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contamination, particularly with heavy metals like lead, as flavonoids in propolis can chelate
metal ions. Therefore, the mesh collection method is recommended to obtain purer, safer
propolis (Sales et al., 2006). After collection, propolis should be stored in airtight containers
or bags and frozen to preserve its integrity. Freezing also facilitates its separation from debris,

as the material becomes brittle and easier to handle at low temperatures (El-Sakhawy, 2023).
7. Quality criteria for propolis standardization

The chemical complexity and geographical differences of propolis pose significant
challenges for its standardization and use in healthcare. To tackle this issue, researchers
suggest classifying and standardizing propolis based on its plant origin and related chemical
composition. For example, poplar-type propolis, which is the most studied type, has been
chemically characterized. Stan and coworkers in 2011 analyzed 56 Romanian samples and
recommended tests to aid future standardization efforts. Propolis composition is affected by
climate, plant sources, and environmental factors. These quality inconsistencies make it hard
to meet global demand and increase the risk of counterfeit products. To support international
trade and quality control, we need regulatory frameworks and standards. However, propolis
lacks strong evidence for its health claims, and the European Food Safety Authority (EFSA)
does not permit it as a major food ingredient (Liu et al., 2025). The International Honey
Commission (IHC) has set specific requirements for bioactive compounds in two main types:
European poplar propolis (>21% total phenolic acids, >4% flavones, and >4% flavonols) and
Brazilian green propolis (=5% total polyphenols, >0.5% flavones). Furthermore, the
International Organisation for Standardisation (ISO) has issued detailed global standards for
propolis quality, testing methods, packaging, and transportation. This standardisation aims to

promote the growth and regulation of the propolis industry globally (Liu et al., 2025).
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Chapter 11 Antimicrobial activities of propolis

1. Biological activities

Propolis exhibits a wide range of biological activities due to its complex chemical
composition, which includes polyphenols, flavonoids, phenolic acids, essential oils, and other
bioactive constituents (Bhatti et al., 2024). The ethanolic extracts of propolis have been
extensively studied for their antioxidant potential, effects on human red blood cells (RBCs),

and their antifungal, antibacterial, and antiviral properties (WozZniak et al., 2022).
1.1. Antibacterial efficacy of propolis

The antimicrobial potential of propolis and several of its bioactive constituents has
been extensively documented against a broad range of microorganisms, including bacteria,
viruses, fungi, and protozoa (Alotaibi et al., 2019). Numerous studies, including a
comprehensive analysis of its efficacy against 600 bacterial strains, have demonstrated that
propolis exhibits stronger activity against Gram-positive bacteria than Gram-negative strains
(Almuhayawi, 2020). This differential effect is largely attributed to the structural differences
in the bacterial cell wall, with the outer membrane of Gram-negative bacteria providing
greater resistance to the penetration of antimicrobial agents (Kedzia, 2013). Geographical
origin significantly influences the chemical composition and thus the antibacterial potential of
propolis (Almuhayawi, 2020). The biological activity of propolis is often associated with its
high content of phenolic compounds and flavonoids. However, the mere presence of these
compounds does not always correlate directly with antimicrobial efficacy, highlighting the
need for further studies to define bioactivity standards (Bhatti et al., 2024). Flavonoids, in
particular, are thought to act on multiple bacterial targets (Cushnie and Lamb, 2005). For
instance, kaempferide is an active flavonoid component in ethanolic propolis extract, and it
has been employed in the treatment of Staphylococcus aureus skin infections (Almuhayawi,
2020). It has also shown strong activity against Enterococcus faecalis, Listeria

monocytogenes, and Staphylococcus saprophyticus (Almuhayawi, 2020).

Among the most notable antibacterial agents in propolis are prenylated p-coumaric
acids, which have demonstrated both antibacterial and cytotoxic properties. Diterpenic acids
from Brazilian propolis also exhibit dual antimicrobial and cytotoxic effects (Bankova et al.,
2005). Artepillin C, a major phenolic compound, has shown potent activity against
methicillin-resistant Staphylococcus aureus (MRSA) (Wojtyczka et al., 2019) and has

bacteriostatic effects on Porphyromonas gingivalis, evidenced by membrane blebbing (Veiga
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et al., 2017 and Yoshimasu et al., 2018). Other prenyl derivatives such as 3-prenyl-cinnamic
acid allyl ester and 2-dimethyl-8-prenylchromene also contribute to antimicrobial activity
(Viuda-Martos et al., 2008).

An ethanolic extract of propolis rich in kaempferide, artepillin C, drupanin, and p-
coumaric acid displayed both antioxidant and antibacterial activity against S. aureus, S.
saprophyticus, L. monocytogenes, and E. faecalis (Seibert et al., 2009). Further evidence from
Chilean propolis research shows that pinocembrin and apigenin exhibit strong antibacterial
activity against Streptococcus mutans, surpassing even chlorhexidine in efficacy, with
minimum inhibitory concentrations (MICs) of 1.4 pug/mL and 1.3 pg/mL, respectively (Veloz
et al., 2019). Multiple studies have confirmed the antimicrobial action of pinocembrin against
S. mutans, S. sobrinus, S. aureus, E. faecalis, L. monocytogenes, P. aeruginosa, and
Klebsiella pneumoniae (Soromou et al., 2012; Joray et al., 2015; Tasco et al., 2018; Kharsany
et al., 2019).

1.2. The antifungal activity of propolis

Ethanolic propolis extract has demonstrated significant antifungal activity, exhibiting
fungistatic properties in both dose- and time-dependent manners. The peak inhibitory effect
was observed at 12 hours, effectively halting and disrupting the filamentation process of
Candida albicans. Additionally, the extract caused structural damage to the fungal cell
membrane and wall, leading to leakage of intracellular contents. Importantly, no mutagenic
effects were observed in the tested propolis extract (Corréa et al., 2020). The antifungal
efficacy of propolis is influenced by its chemical composition, which varies according to its
botanical and geographical origin. Numerous studies have confirmed the antifungal properties
of propolis samples from different regions, particularly against clinically relevant fungal

pathogens.

Algerian ethanolic propolis extracts have shown potent antifungal activity, especially
against phytopathogenic fungi. In vitro assays demonstrated inhibition rates of up to 73%
against Fusarium oxysporum and 69% against Botrytis cinerea, highlighting the extract's
potential as a natural antifungal agent (Ouahab et al., 2023). In Argentina, (Quiroga et al.,
2006) investigated propolis from the northwest region and reported notable antifungal effects.
Their study emphasized the potential for developing cost-effective agrochemicals containing

propolis extracts or their active constituents, such as pinocembrin and galangin.
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Falcdo and his coworkers (2014) evaluated Portuguese propolis and its presumed
floral sources Populus canadensis and Cistus ladanifer against C. albicans, Trichophyton
rubrum, and Aspergillus fumigatus. While plant extracts showed limited antifungal activity
(except moderate inhibition of T. rubrum), both propolis samples exhibited substantial
antifungal action, with the highest efficacy against T. rubrum and the weakest against A.
fumigatus. Similarly, ethanolic propolis extracts (PEE) from Poland displayed significant
activity against C. albicans, C. glabrata, and C. krusei (Szweda et al., 2015). In another study,
various organic extracts of French propolis ethanolic (PEE), aqueous (PWE), methanolic, and
dichloromethane were assessed for antifungal efficacy. These extracts showed strong activity
against C. albicans and C. glabrata, but relatively weak effects against A. fumigatus (Boisard
et al., 2015). Brazilian propolis extracts have also demonstrated broad-spectrum antifungal
activity. Ethanol extracts were active against multiple Candida species, including C. albicans,
C. tropicalis, C. krusei, and C. guilliermondii. Among these, C. albicans was the most
sensitive, while C. guilliermondii was the most resistant (Ota et al., 2001). Furthermore, both
green and red Brazilian propolis samples showed activity against Trichophyton spp., which
are responsible for dermatophytosis. Red propolis was found to be more effective than the

green variant (Siqueira et al., 2009).

1.3. The Antiviral Activity

The creation of new antiviral medications is vital due to several urgent reasons: the
worldwide health impact of viral diseases, including COVID-19, AIDS, Ebola, influenza,
dengue, and chikungunya, the scarcity of effective antiviral treatments, and the swift
occurrence of viral genetic mutations that lead to drug resistance. Viruses are obligate
intracellular pathogens, making their control and treatment particularly challenging. Propolis
has attracted increasing interest as a natural substance with antiviral potential. Studies have
demonstrated its ability to inhibit viral infections in vitro, with its antiviral activity evaluated
using various concentrations of propolis applied to infected cell cultures. The effectiveness of
propolis in these studies is assessed through a range of techniques, including polymerase
chain reaction (PCR), real-time PCR (RT-PCR), cytotoxicity assays, evaluation of cytopathic

effects, and neuraminidase inhibition, among others.

Research into the antiviral properties of propolis began in the 1960s, and the number of
studies has steadily increased since then, reflecting growing interest in natural antivirals as

complementary or alternative therapeutic options (Salatino, 2022).
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1.4. Antiprotozoan Activity

The antiprotozoal potential of propolis is commonly evaluated through in vitro assays
that measure its growth-inhibitory effects on cultured protozoan parasites exposed to varying
concentrations of propolis. Several studies have documented the efficacy of European
propolis against protozoa responsible for significant human and animal diseases, including
trichomoniasis, toxoplasmosis, giardiasis, Chagas disease, leishmaniasis, and malaria. It has
been reported against Giardia lamblia, Trichomonas vaginalis, Toxoplasma gondii,
Leishmania donovani, and Trypanosoma cruzi. Moreover, ethanolic extracts of propolis
(EEP) have shown inhibitory activity against Giardia duodenalis (Dantas et al., 2006). These
findings underscore the broad-spectrum antiparasitic potential of propolis and support its
further investigation as a natural therapeutic agent against protozoan infections (Dantas et al.,
2006).

Table 2: Chemical constituents of propolis that possess known antimicrobial activities.

Chemical compound Activities References
Artepillin C Antimicrobial (Vica et al., 2023)
Chrysin Antibacterial ; Antifungal ; Antiviral (Renuka Mani 2017)
Moronic acid Anti-HSV (Kurakawa et al., 1999)
Pinocembrin Antibacterial ; Antifungal (Rasul et al., 2013)

p-Coumaric acid

Antibacterial

(Chen et al., 2024)

Quercetin

Antimicrobial

(Yang et al., 2020)

Volatile constituents
(phenols,esters, terpenoids)

Antibacterial

(Bancova et al., 2014)

2,2-Dimethyl-6-carboxyethyl-
2H-1-benzopyran

Antimicrobial

(Toreti et al., 2013)

1.5. Other biological properties

Propolis exhibits a wide range of therapeutic properties, supported by numerous

scientific studies. Its strong antioxidant and anti-inflammatory activities, mainly due to the
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presence of flavonoids and phenolic compounds, contribute significantly to its
immunomodulatory effects by enhancing cytokine production and increasing the expression
of immune receptors such as TLR-2 and TLR-4 (ORS et al., 2006; Custa et al., 2005; Sayed et
al., 2009; Fischer et al., 2007; Orsatti et al., 2010). These bioactivities make propolis a
promising agent in managing neurological disorders like Alzheimer’s and Parkinson’s
diseases, where oxidative stress and inflammation play key roles, thanks to its ability to cross
the blood-brain barrier (Nadzirah Zullkiflee et al., 2022). In the gastrointestinal tract, propolis
has been used to treat conditions such as gastritis, ulcers, mucositis, and colitis due to its
bioactive, therapeutic components (Jones et al., 2009). It also shows potential in addressing
type 2 diabetes mellitus (T2DM) by reducing insulin resistance, blood glucose levels, and
enhancing insulin secretion, particularly through flavonoids like naringin, apigenin,
kaempferol, and quercetin (Nadzirah Zullkiflee et al., 2022). In asthma, propolis demonstrates
anti-allergic, anti-inflammatory, and anti-asthmatic properties by inhibiting the activation of
mast cells and basophils (Nakamura et al., 2010). Additionally, in dentistry, it promotes
wound healing, supports pulp vitality, and stimulates dentin regeneration (Parolia et al.,
2010). In the food industry, propolis is increasingly favored as a natural preservative due to its
antimicrobial and antioxidant activities, offering safer alternatives to synthetic preservatives
(Sarapa et al., 2025). Lastly, in cosmetics, its inhibition of collagenase activity and ability to
protect against UV-induced damage support its use as a natural sunscreen and anti-aging
agent (Silva et al., 2020).

Anti-
inflammatory
e 3 Cardioprotective
Antidiabetic activity
b » Antioxidant
Neuroprotective Anticancer
activity
Anti-allergic
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Figure 7: Biological and therapeutic properties of propolis (Nadzirah
zullkefliee et al., 2022).

2. The mechanism of action of propolis

Despite its broad therapeutic potential, the clinical application of propolis remains
limited due to several factors, including its pungent odor, poor water solubility, instability
under physical and chemical conditions, and notably, its low bioavailability. To overcome
these limitations, particularly the issue of poor bioavailability, researchers have increasingly
employed nanoencapsulation technologies to formulate advanced drug delivery systems. This
approach enables the encapsulation of propolis and its bioactive constituents within
nanocarriers, offering multiple advantages: protection of active compounds from degradation
in the gastrointestinal tract, enhanced stability against light and heat, improved aqueous
solubility and bioavailability, as well as controlled release and targeted delivery of the active
ingredients (M.Y. Liu et al., 2025).

Propolis has also been shown to impact bacterial cell membrane permeability,
potentially disrupting essential membrane functions. This includes a reduction in adenosine
triphosphate (ATP) production, which impairs bacterial motility and other energy-dependent
processes (Almuhayawi, 2020). One of its major bioactive components, cinnamic acid, exerts
antimicrobial effects by inhibiting ATPase activity, interfering with bacterial cell division,
and suppressing biofilm formation. These effects result from direct damage to the bacterial
cell membrane, which also leads to intracellular pH imbalance and metabolic stress
(Almuhayawi, 2020). Additionally, cinnamic acid and its derivatives exhibit anti-quorum
sensing activity, further inhibiting bacterial communication and virulence (Przybytek and
Karpinski, 2019). While the exact mechanisms of propolis's biological actions are still not
fully elucidated, it is widely accepted that its flavonoid components play a central role. These
compounds interact with various bacterial targets, disrupting critical cellular functions.
Specifically, the B-ring of flavonoids has been suggested to inhibit the synthesis of nucleic

acids, thereby affecting bacterial replication and viability (Olegério et al., 2019).
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Figure 8: Mechanism action of propolis as anti-bacterial agent.

(A) The active components of propolis attached on the cytoplasmic membrane of bacterial
cell and then the structural integrity has been damaged leading to perforation of the membrane
where the cytoplasmic content expelled outside and leading to cell death (B) flavonoids may
result in the inhibition of topoisomerase IV-dependent deactivation activity and lead to
(associated cellular response and is known as SOS ‘save our ship’ or ‘save our souls’) growth
inhibition of bacterial cells (Almuhayawi, 2020).

3. The toxic effects and allergic reactions caused by propolis

While propolis contains various potentially harmful components, many studies have
found that, at commonly used concentrations, it does not cause significant toxicity in tissues
or organs. The literature reviewed indicates no major toxic effects, suggesting that propolis is
generally well-accepted (Mendonga et al., 2013). However, it is crucial to remember that
propolis is a recognized sensitizer and can trigger allergic reactions in people with
hypersensitivity. Consequently, it is not recommended for individuals with a history of
allergies or predispositions to allergies. Among the constituents that could be toxic in propolis
are benzyl benzoate, which may excessively stimulate the central nervous system, resulting in
symptoms like dizziness and seizures, and benzoic acid, which can react with vitamin C to

produce benzene, a carcinogen linked to DNA damage and chromosomal abnormalities.
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Another component, phenol, has been associated with toxic impacts on the heart, liver,
kidneys, and lungs when exposure occurs at high levels or over long durations. These toxic
compounds are mainly metabolized in the liver, and both acute and chronic exposure can
disrupt key metabolic processes, including the management of carbohydrates, lipids, and
proteins, as well as enzymatic detoxification and hormonal stability. Despite the inclusion of
these compounds, only a few studies have documented toxic effects, implying that the overall
toxicity of propolis is low across various geographic sources and collection periods. For
example, research on the safety of ethanol extract of Brazilian propolis from Minas Gerais,
using Wistar and Catasbyana rat models, showed no significant changes in hematological or
biochemical parameters. Histological assessments did not reveal signs of cellular injury,
inflammation, hemorrhage, or tissue infiltration in vital organs such as the stomach, lungs,
spleen, esophagus, and heart. Moreover, epithelial tissues from the kidneys, liver, and
intestines displayed no statistically significant alterations, and the intestinal lining remained
intact. Clinical investigations have further substantiated the relative safety of propolis in
topical applications. In a study assessing the efficacy and tolerability of a propolis-infused lip
balm at concentrations of 0.1%, 0.5%, and 1.0% for treating herpes labialis lesions, all
formulations proved effective. Nevertheless, the 1.0% concentration resulted in mild local
irritation in some participants, which hindered the healing process of the lesions. Conversely,
the 0.5% formulation was better tolerated and did not lead to any adverse local responses,

indicating that the potential toxicity of propolis is influenced by dosage (Jautova et al., 2018).
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Chapterl Materials and Methods

1. Objectives of the study

The aime of this study is to determine the minimum concentration (MIC) of Algerian
propolis extract on three bacterial strains, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus, evaluate the impact of the extraction method on the efficacy of the
propolis extracts, and compare the effectiveness of raw propolis with that of commercial

propolis.
2. Materials

2.1. Chemical components

e Mueller-Hinton Broth (MHB)

e Mueller-Hinton Agar (MHA)

e Distilled water

e Ethanol

e Antibiotic (Cefoxitin 30 pug, Gentamicine 10 pg, Peniciline 10 pg)

2.2. Equipments

e Spectrophotometer
e pHmeter

e Incubator

e Autoclave

e \ortex mixer

e Electric grinder

e Balance
2.3. Tools

e Bishr

e Micropipette

e Petridish

e Sterile bottle of 100 mL

e Sterile culture tubes
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e Sterile Eppendorf tube

o Sterile flasks

e Sterile loop or swab for inoculation
e Sterile pipettes

e Sterile test tubes

e Whatman paper

2.3 Bacterial strain

The three bacterial strains provided by the laboratory of Microbiology at 1bn Zohr
Hospital in Guelma. The reference strains are Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Staphylococcus aureus ATCC 25923. The overnight cultures
incubated in a growth media (GM) for 24 h at 37 °C.

2.4 Culture medium

Mueller-Hinton Broth (MHB) is commonly used for antimicrobial susceptibility
testing due to its homogeneous composition, supporting the growth of a wide range of non-
fastidious microorganisms. To prepare MHB, add 27 g of dehydrated MHB powder (Biokar)
to one liter of distilled water. A magnetic stirrer was then used to ensure complete dissolution.
The solution was autoclaved at 121 °C for 15 minutes. Allow the medium to cool to room

temperature before use.

3. The samples of propolis and the extraxction method
Two samples of propolis were used. The raw propolis sample was collected from
Guelma’s mountains of Maouna (Figure 8) in January of 2025, and the other sample was

purchased ( Setif, Algeria). They were stored at 4 °C in a dark before use.
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Figure 9: Propolis samples, (a) raw propolis (Guelma), (b) a sample of propolis purchased
from (Setif).

Figure 10: The location of the city of Guelma in Algeria.
3.1.  Hot extraction method
The samples were ground to a fine powder, and then 5 g of propolis were extracted in
100 mL of ethanol 70% (v/v) in a water bath at 70°C for 30 min. The ethanolic extracts were
sterilized through a 0.22 pum pore size filter (Figure 10) to obtain ethanolic extract of
commercial propolis (EEPC1) and ethanolic extract of raw propolis (EEPR1). It was stored at
4°C in dark (Alencar et al., 2007).

Figure 11: Microfilter 0.2, and filtration process.
3.2.  Cold extraction method

The samples were ground to a fine powder, then 5 g of propolis were extracted in 100
mL of 70% (v/v) ethanol. The mixtures were stored in dark at room tempreture for 15 days.
The ethanolic extracts were sterilized through a 0.22 um pore size to obtain EEPC2 and
EEPR2. It was stored at 4 °C in dark (Alencar et al., 2007).
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4. Spectrophotometric analysis of UV-visible spectra

To distinguish the type of propolis according to the total flavonoid content and
scavenging activity (Marghitas et al., 2013). The ethanolic extracts of propolis were diluted
10-time in ethanol, and the mixtures were scanned to obtain the absorption spectra at
wavelengths between 200 and 500 nm by UV-Vis spectrophotometer (Figure 11) , calibrated
for the 70% ethanol solvent.

Figure 12: The spectrophotometer for measuring the UV-vis absorption
spectra of the ethanolic extract of propolis (EEP).

5. Antibacterial activity

5.1.  The agar diffusion method

To assess the antimicrobial activity of the propolis extract against S. aureus, E. coli,
and P. aeruginosa, the disk diffusion method was condected on Mueller Hinton agar (MHA)
according to Clinical and Laboratory Standards Institute (CLSI, 2016). Firstfull, a small
quantity of the bacterial strains was inoculated into Mueller-Hinton broth and incubated at
37°C for 16 to 18 h. Then, the Mueller-Hinton Agar plates (Figurel2) were inoculated with
the bacterial suspension, previously diluted and adjusted to a 0.5 McFarland standard
(approximately 1x10® CFU/mL), using a sterile swab. A sterile paper discs were deeped in the
propolis extract for 5 to 10 seconds, and any excess liquid was removed. The discs were then
placed on the inoculated agar plates using sterile forceps, ensuring proper spacing.
Additionaly, the antibiotic discs were included as positive controls, and ethanol-only discs
were used as negative controls. The plates were incubated at 37°C for 24 h. Finaly, the

diameters of the inhibition zones surrounding each disc were measured to assess antimicrobial
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activity. The results were categorized as sensitive (>18 mm), intermediate (15-18 mm), or

resistant (<15 mm).

Figure 13: Mueller-Hinton Agar plate.

5.2. Macrodilution method

The bacterial strains (S. aureus, E. coli, and P. aeruginosa) were tested for their
susceptibility to EEP according to CLSI guidelines (2016). Briefly, bacterial suspensions
were adjusted to a final concentration of 10° colony-forming units (CFU)/mL in Mueller-
Hinton Broth (MHB). The suspensions were then mixed in a 1:1 ratio with two-fold serial
dilutions of EEP in a final volume of 8 mL, resulting in final EEP concentrations ranging
from 3.125 to 25 mg/mL (Figurel3). A treatment of the cell suspension with 70% (v/v)
ethanol served as the negative control (growth control). Cultures were incubated at 37°C for
24 h, and bacterial growth was assessed by measuring absorbance at 600 nm using a
spectrophotometer. The minimum inhibitory concentration (MIC) was defined as the lowest

concentration of EEP that resulted in at least 80% inhibition of bacterial growth.

Figure 14: The serial dilution of EEP in MHB.
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6. Data analysis

The antibacterial activity assays (Agar diffusion and macrodilution) were conducted in

triplicate. The corresponding curves and graphs were plotted using Microsoft Excel 2016.
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Chapter 11 Results and Discussion

1. Results

1.1. Description of propolis extracts
1.1.1. The propolis extracts color

It is known that the color of propolis varies from one sample to another. The propolis
sample from the Guelma Mountains (EEPR) is lighter in color than the propolis sample sold
in Setif (EEPC). We also recorded the effect of the extraction method on the color degree.
The two samples extracted using the first method, using heat (EEPR1 and EEPC1), were
slightly lighter in color than the two samples extracted at room temperature (EEPR2 and
EEPC2). We conclude that the extraction method affects the solubility of propolis in the

solvent and, consequently, the color of the ethanolic propolis extract.

EEPR1 EEPR2 EEPC1 EEPC2

Figure 25: Different colors of two propolis samples.

(EEP: ethanolic extract of propolis, R: raw, C: commercial) extracted by the two methods, 1:
hot extraction method, 2: cold extraction method.

1.1.2. Determine the pH of propolis extracts

The pH values of the four ethanolic propolis extracts were determined using pH meter.
The EEPC1 and EEPC2 showed a pH value of 6.0+£0.2. However, EEPR1 and EEPR2 showed
a pH of 5.0£0.2. Regarding acidity, the ethanolic extracts of the commercial propolis samples
(EEPC1 and EEPC2) exhibited lower acidity compared to the ethanolic extracts from raw
propolis (EEPR1 and EEPR2). Furthermore, the extraction method used did not significantly

influence the acidity of the final extracts, as both samples prepared by different methods (1
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and 2) within the same propolis type (commercial or raw) displayed only minor variations in
pH.

1.1.3. Determine the solubility of each extract

After filtering the ethanolic extracts and drying the ground propolis, the weight of the
recovered precipitate was recorded as follows: EEPR1 = 2.9 g, EEPR2 = 3.7 g, EEPC1 = 2.6
g, and EEPC2 = 3.6 g. These values are based on an initial amount of 5 g of propolis
dissolved in 100 mL of ethanol. The results suggest that the extraction method influenced the
solubility of propolis. In particular, the samples incubated at room temperature for 15 days
showed better solubility, with less undissolved material, compared to those extracted at high

temperature for 30 min.
1.2. Spectrophotometric analysis of UV-visible spectra

The UV-Vis absorption spectra of Algerian propolis samples showed slight variations
between both commercial and raw samples, as well as differences stemming from extraction
methods. Raw propolis extracted at 70 °C for 30 minutes (EEPR1) exhibited the highest
absorbance, particularly within the 225-250 nm and 300-350 nm ranges, indicating a richer
presence of phenolic compounds and flavonoids compared to commercial samples. On the
other hand, extraction at room temperature (EEPC2, EEPR2) yielded lower absorbance across
most wavelengths. Interestingly, commercial extracts (EEPC1 and EEPC?2) displayed slightly
higher absorbance at 500 nm. The peaks observed in EEPR1 at 300 and 350 nm, associated

with flavonoids, were more pronounced than in the other extracts.
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Figure 36 : UV-Vis absorption spectra of the ethanolic extract of Algerian propolis
(EEP) .

1.3. Antimicrobial activity

1.3.1. Agar diffusion

Agar diffusion test results showed that EEP bacteria exhibited varying antibacterial
activity depending on the bacterial strain and extraction method. Crude propolis extracts
(EEPR1 and EEPR2) showed significant activity against S. aureus (inhibition zones of 14 mm
and 12 mm, respectively), while commercial extracts (EEPC1 and EEPC2) showed weaker
activity (8 mm and 10 mm, respectively). EEPR1 and EEPR2 showed only slight inhibition
against E. coli (10 mm and 9 mm), while no inhibition zones were observed for commercial.
P. aeruginosa was the most resistant strain, with only a weak inhibition zone (8 mm)
observed for EEPR1. In comparison, standard antibiotics showed selective activity: penicillin
showed activity only against E. coli (14 mm), gentamicin was effective against P. aeruginosa
(18 mm), and cefoxitin showed significant inhibition against S. aureus (20 mm). These results
indicate that crude propolis, especially when extracted by the cold method, retains greater
antibacterial activity than commercial propolis, with S. aureus being the most susceptible

strain among the tested.

Table 3: Antibacterial activity of ethanolic propolis extracts and standard antibiotics against

selected bacterial strains (Agar diffusion method).
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Bacterial EEP | EEP | EEP | EEP | Ethano | Penicilin | Gentamicin | Cefoxiti
strains R2 R1 C2 Cl | 70% 10ug 10 ug n 30 ug
_ . 10 *
Escherichia coli 9 mm - - - 14 mm -
mm
Pseudomonas | o i i i i * 18 mm i
aeruginosa
Staphylococcus 14 12 10 8 mm i i 20 mm i
aureus mm mm mm

(-) Absence of inhibition zone, EEP : Ethanolic extraction of propolis, R : Raw propolis, C:

commercial propolis,1 : Hot extraction method, 2 : Cold extraction method , *:Not tried.
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Figure 17 : Zones of inhibtion (Agar diffusion method) provided by : a/ (EEPR2, Ethanol,
Cefoxin) against Escherichia coli ATCC 25922 ; b/ (EEPR2, Gentamicine , Ethanol ) against
Staphylococcus aureus ATCC 25923; ¢ / (EEPR1 of different concentration) against
Escherichia coli ATCC 25922, d/ (EEPR2, cefoxin , Ethanol) against Pseudomonas
aeruginosa ATCC 27853, e / (EEPR1, EEPC1, penicilin , Ethanol) aganist Staphylococcus
aureus ATCC 25923, f /(EEPC1, EEPC2, cefoxin ,Ethanol) against Staphylococcus aureus
ATCC 25923, h/ (EEPR1, Gentamicin) against Pseudomonas aeruginosa ATCC 27853, g/
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(EEPC1, EEPC2,penicilin) against Escherichia coli ATCC 25922 . Escherichia coli ATCC
25922, d/ (EEPR2, cefoxin , Ethanol) against Pseudomonas aeruginosa ATCC 27853, e /
(EEPR1, EEPC1, penicilin , Ethanol) aganist Staphylococcus aureus ATCC 25923, f
/(EEPC1, EEPC2, cefoxin ,Ethanol) against Staphylococcus aureus ATCC 25923, h/
(EEPR1, Gentamicin) against Pseudomonas aeruginosa ATCC 27853, g/ (EEPCL,
EEPC2,penicilin) against Escherichia coli ATCC 25922 .

1.3.2. Broth macrodilution susceptibility

Each of the four propolis extracts showed a minimum inhibitory concentration
(MICg,) of 80% effective against bacterial growth, at 25 mg/mL against S. aureus (Table 4).
In contrast, E. coli and P. aeruginosa showed significantly lower susceptibility to the same
extracts, indicating a higher level of resistance. Notably, all propolis extracts appeared to
promote rather than inhibit bacterial growth at lower concentrations, specifically between
1.562 and 12.5 mg/mL. In contrast, EEPR propolis extracts were more effective than EEPC
propolis extracts, indicating a clear concentration-dependent inhibitory effect against S.

aureus.

Table 4: The survival rate of S. aureus at 25 mg/mL of EEP.

EEP EEPC1 EEPC2 EEPR1 EEPR2
(25 mg/mL) (25 mg/mL) (25 mg/mL) (25 mg/mL)
Survival rate
0 19,2 16,3 15,0 10,3
(%)
EEPC1
1 { - EEPC2
0,9 0,9
< 0.8 ~08
=07 =07
Sos Sos
g os os
204 Zo04
203 203
- =
<02 <02
0,1 0,1 4
0 - 0 -
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Figure 18: The effect of propolis extract (EEPC1 and EEPC2) at different concentrations
against S. aureus, E. coli, and P. aeruginosa.
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Figure 19: The effect of propolis extract (EEPR1 and EEPR2) at different concentrations
against S. aureus, E. coli, and P. aeruginosa.

2. Discussion

2.1. UV-visible spectra

Flavonoids can be considered pigments that strongly absorb ultraviolet light, and
therefore, UV-Vis spectroscopy represents the primary method for structural investigation of
flavonoids. Flavones and flavonols mostly have two main absorption bands (peaks) in the
UV-Vis region. Highly oxygenated flavones and flavonols tend to absorb toward longer
wavelengths, shifting the spectrum toward the infrared. Glycosylation or methylation of
hydroxyl groups in flavonoids typically results in a chromium-deficient shift in the first band
(Zaghad, 2009). Comparing our flavonoid analysis results using UV-Vis spectroscopy with
those of Zaghad (2009), our propolis contains the following components: flavones, flavanols,
and isovanes. Seguine (2011) analyzed four samples of eastern Algerian propolis using
ethanol spectroscopy and found two absorption peaks, one in the second band between A
max= 200 and A max= 250 nm and the other in the first band between A max=300 and A

max=350 nm, which correspond to the flavonoid family.
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Our results are consistent with this work, showing that the two propolis samples tested using
ethanol spectroscopy were rich in flavonoids. The results of the UV-visible spectral analysis
of the two propolis EEPRR2 and EEPR1 show a single absorption peak, which corresponds to

band I (between A max = 225nm and A max =250nm).
2.3. Antimicrobial activity

The zones of inhibition of any good antimicrobial agent vary from one author to
another. According to (Pereira et al., 2006), the zone of inhibition should be equal to or
greater than 10 mm, according to (Vieira et al., 2001), it is 13 mm, and according to (Kim et
al., 2006), it is greater than 6 mm. In all cases, components of propolis extracts can be good
antimicrobial agents. The use of EPE in different proportions of ethanol by the disc method
shows that the diameter of the zone of inhibition of propolis depends on its solubility in the
solvent and, consequently, on its diffusion in the medium. This phenomenon was reported in
the work of (Tabera et al., 2000). The results obtained are consistent with those of (Bonvehi

and Gutiérrez 2012), who observed inhibition zones of 10 to 16 mm for S. aureus.

For Algerian propolis, using ethanolic extracts of it, they showed high antibacterial activity
against Gram-positive bacteria, Staphylococcus aureus (13.5 mm, inhibition zones), but no
effect against Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa)
(Bouzahouane et al., 2021).

A diffusion assay on agar plates showed that ethanolic extracts of natural and
commercial Algerian propolis had varying antibacterial activity depending on the extraction
method and bacterial strain. Natural propolis extracted at room temperature (EEPR2) showed
the strongest effect, exhibiting a 14 mm inhibition zone against S. aureus, indicating moderate
antimicrobial activity according to CLSI standards. All extracts showed weak activity against
E. coli and Pseudomonas aeruginosa (8-10), reflecting their known resistance mechanisms.
The high activity of EEPR2 may be attributed to the preservation of heat-sensitive bioactive
compounds, such as flavonoids and phenolics, which are likely to be degraded at the high
temperatures used in other preparations. This is consistent with the UV-vis results, where
thermally extracted EEPR1 showed higher absorption but lacked antimicrobial activity
against S. aureus, indicating that total phenolic content does not always predict bioactivity.

These results highlight the importance of extraction conditions and propolis source on
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antimicrobial efficacy, consistent with previous studies (Popova et al., 2007; Bankova et al.,
2016; CLSI, 2023).

The effectiveness of propolis extracts (EEP) was best compared based on the
geographical origin of S. aureus as a representative of Gram-positive bacteria and E. coli as a
representative of Gram-negative strains. For S. aureus, the highest EEP activity was observed
in Turkey, Taiwan, and Oman, with MIC values of 8, 10 and 81 pg/mL, respectively. The
lowest activity was observed in propolis samples from Chile, Australia, and Germany. The
MIC values for EEP were 1445, 1200, and 750 pg/mL, respectively. Against E. coli, ethanol
extracts of propolis from Turkey, Oman, and Slovakia were the most active, with minimum
inhibitory concentration (MIC) values of 116, 302, and 510 pg/ml, respectively. Finally,
propolis samples from Germany, Korea, and Ireland were the least active, with MIC values
ranging from 1,200 to 5,000 ug/ml, While the Italian propolis extract had no effect on E. coli.

Despite having the most propolis research, Brazil is midway between Gram-positive and
Gram-negative bacteria. Propolis samples from Turkey and Oman were the most active in
both cases (Przybytek et al., 2019).

While the results of the ethanolic extract of Algerian propolis showed the following
results: The most sensitive strain in the EAP was S. aureus, with the minimum inhibitory
concentration (MIC) ranging from 2.5 to 4.30 mg/mL, while the most resistant pathogenic
bacteria in all EAP was E. coli, with the minimum inhibitory concentration (MIC) ranging
from 5.20 to 7.95 mg/mL, according to the propolis extract, and these are results close to our
results (Boufadli et al., 2016).

As we observed, each of the four propolis extracts in our experiment showed a
minimum inhibitory concentration (MICso) of 80% against bacterial growth, at a
concentration of 25 mg/ml against S. aureus. In contrast, Escherichia coli and Pseudomonas
aeruginosa showed significantly lower susceptibility to the same extracts, indicating a higher
level of resistance. Notably, all propolis extracts appeared to promote rather than inhibit
bacterial growth at lower concentrations, specifically between 3.125 and 12.5 mg/mL. In
contrast, EEPR propolis extracts were more effective than EEPC propolis extracts, indicating

a clear concentration-dependent inhibitory effect against Staphylococcus aureus.
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These results are consistent with the prevailing notion that propolis extracts are
generally more effective against Gram-positive bacteria than Gram-negative bacteria
(Bankova and Sorcin, 2011). The outer membrane of Gram-negative bacteria likely acts as a
permeability barrier, reducing the effectiveness of the bioactive compounds present in
propolis (Gorniak et al., 2019). Furthermore, some phenolic components in propolis may act
as signaling molecules or metabolic substrates, influencing bacterial growth and biofilm

formation (Kakaniova et al., 2020).

However, studies on Algerian propolis must be increased, especially to determine the

optimal concentration for the human body, as studies on propolis are limited in Algeria.
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Conclusion

Propolis is a natural substance known for its diverse biological properties, including
antimicrobial effects and potential medicinal uses. The bioactive compounds present in
propolis can vary significantly due to different factors, such as the geographic location, bee
species, and the seasons of collection. In the present study, the ethanolic extract of propolis
collected from Guelma showed the lowest activity against both Gram-negative bacteria.
Moreover, it was found that raw extracts of propolis were more effective than the commercial
sample, particularly those that were macerated at room temperature for fifteen days. The
antimicrobial activity of the propolis may be attributed to individual compounds or the
synergistic effects of multiple ingredients. Hence, the method of extraction can affect the
composition and biological activity of the bioactive components present in propolis. Choosing
a suitable extraction method is important to replicate the efficacy. In addition, low
concentrations of propolis extracts did not inhibit the growth of bacteria, but might even
stimulate it. Further research should be conducted on the possible mechanisms of propolis

activity on different microorganisms.
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Abstract

Propolis is a resinous substance collected by honeybees from plant buds. It is used in

the hive to strengthen the structure, seal entrances, and serve as an antiseptic agent.

Due to its therapeutic properties, this study highlighted the antibacterial activity of two
samples of Algerian propolis: one harvested from the mountains of Guelma (Maouna) in

northeastern Algeria and the other purchased from a pharmacy (produced in Setif city).

Two extraction methods were conducted; one using maceration at 70°C and the other at room
temperature, to determine the optimal extraction method that preserves the antibacterial active
substances in the ethanolic extract of propolis. Therefore, the propolis was dissolved in 70%
ethanol at a ratio of 1:20 (m/v) to find the lowest concentration of ethanolic propolis extract
with potential antibacterial activity. The samples were tested to determine their antimicrobial
properties against three bacterial strains Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Staphylococcus aureus ATCC 25923, using the agar diffusion

method and the macrodilution method.

As a result, the ethanolic extract of raw propolis extracted at room temperature (EEPR2) was
more effective, especially against Staphylococcus aureus, where an inhibition zone of 14 mm

was recorded and a MIC value of 25 mg/mL was measured.

Further evaluation is required to confirm the efficacy of Algerian propolis as an antimicrobial

agent for the development of new phytopharmaceutical products that can replace antibiotics.

Keywords: Propolis, Antimicrobial Activity, Bee product, Staphylococcus aureus,

Escherichia coli, Pseudomonas aeruginosa, Minimum inhibitory concentration (MIC).
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Résumé

Résumé

La propolis est une substance résineuse récoltée par les abeilles sur les bourgeons des
plantes. Elle est utilisée dans la ruche pour renforcer la structure, sceller les entrées et servir

d'agent antiseptique.

Gréace a ses propriétés thérapeutiques, cette étude a mis en évidence l'activité antibactérienne
de deux échantillons de propolis algérienne : l'un récolté dans les montagnes de Guelma

(Maouna), dans le nord-est de I'Algérie, et l'autre acheté en pharmacie (produit a Sétif).

Deux méthodes d'extraction ont été utilisées, l'une par macération a 70 °C et l'autre a
température ambiante, afin de déterminer la méthode d'extraction optimale préservant les
principes actifs antibactériens de I'extrait ethanolique de propolis. La propolis a donc été
dissoute dans de I'éthanol a 70 % selon un rapport de 1:20 (m/v) afin de trouver la
concentration la plus faible d'extrait éthanolique de propolis présentant une activité
antibactérienne potentielle. Les échantillons ont éte testés afin de déterminer leurs propriéetes
antimicrobiennes contre trois souches bactériennes : Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 et Staphylococcus aureus ATCC 25923, par la

méthode de diffusion en gélose et la méthode de macrodilution.

En conséquence, I’extrait éthanolique de propolis brute extraite a température ambiante
(EEPR2) s’est avéré plus efficace, notamment contre Staphylococcus aureus, ou une zone

d’inhibition de 14 mm a été enregistrée et une CMI de 25 mg/mL a été mesurée.

Des évaluations complémentaires sont nécessaires pour confirmer 1’efficacité de la propolis
algérienne comme agent antimicrobien pour le développement de nouveaux produits

phytopharmaceutiques pouvant remplacer les antibiotiques.

Mots-clés : Propolis, Activité antimicrobienne, Produit apicole, Staphylococcus aureus,

Escherichia coli, Pseudomonas aeruginosa, Concentration minimale inhibitrice (CMI).
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