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General introduction 

Since ancient times, humans have ingeniously exploited natural resources in their quest 

for sustenance and environmental improvement. Over the centuries, a growing interest in 

healthy products led to the discovery of the treasures within beehives and the expanded use of 

apicultural products. Today, numerous studies explore the health benefits and pharmacological 

properties of these beekeeping products due to their proven effectiveness. These investigations 

are driving the development of nutraceuticals and functional foods derived from beehive 

products (Kebede et al., 2024). 

In addition to honey, numerous research efforts have focused on other beekeeping 

products, notably pollen and propolis. These studies have demonstrated their beneficial effects 

on various pathologies, many of which are induced by oxidative stress. This condition results 

from an imbalance between oxidants and antioxidants, leading to the excessive production of 

reactive oxygen species (ROS), which can cause numerous diseases by damaging various 

molecules in the body (Fontaine, 2007). 

Propolis, a waxy substance collected by bees from plants, is used as a sealant to protect 

their hives and fill cracks. Rich in flavonoids, propolis has the capacity to neutralize free 

radicals and possesses other therapeutic properties (Stojanović et al., 2020). 

Another hive product gaining interest in apitherapy is pollen. It is the primary source 

of protein for bee colonies and is exceptionally rich in proteins, lipids, carbohydrates, and 

water- and fat-soluble vitamins. Pollen is recognized as a substantial source of antioxidants, 

essential substances for the protection of the body (Khalifa et al., 2021). 

This manuscript is structured into two main parts. The first part, subdivided into two 

chapters, provides an overview of the characteristics, composition, and general benefits of 

pollen and propolis. The second chapter delves specifically into the active substances present 

in these products, exploring their chemical and biological components. 

The second part of this work is dedicated to a rigorous experimental approach aimed at 

evaluating various aspects of beekeeping products, including their antioxidant and antibacterial 

activities. This section also includes an analysis of the functional properties of proteins present 

in pollen and propolis. The methodologies used for these evaluations are described in detail, 

providing a clear understanding of the experimental protocols and analytical techniques 
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applied. Finally, this section presents the results obtained and offers an in-depth discussion, 

interpreting the data and comparing it with existing literature to draw relevant conclusions 

about the beneficial properties of beekeeping products.
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I. Bee products 

Hive products created by bees include beeswax, royal jelly, and venom synthesized 

directly, as well as honey, propolis, and pollen collected and transformed. Used for millennia 

for their nutritional and medicinal benefits, these products are essential in food and healthcare 

(Kebede et al., 2024). 

I.1. Propolis 

I.1.1. Definition 
The term "propolis" is of Greek origin, where "pro" means "in front" and "polis" means  

"city," translating to "defensive substance of the hive" (Hossain et al., 2022). Propolis is a 

natural, balsamic, and resinous substance that is highly adhesive and varies in color. It is 

produced by foraging bees (Apis mellifera) from the buds and exudates of plants (Tosi et al., 

2006). This substance forms a powerful defense barrier against the development of 

microorganisms, including, bacteria, viruses, and fungi, inside the hive (Donadieu, 2008). 

 

 
 

Figure 1: Propolis. 

I.1.2. Origin of propolis produced in Algeria 

The origin of Algerian propolis is linked to the diverse variety of plant species present 

in the region. Depending on these species, Algerian propolis may be derived from pine (Pinus 

species), common in semi-arid areas; oak (Quercus species), found in the northeast of the 

country; chestnut (Castanea species); cypress (Cupressus species); casuarina; and poplar 

(Populus species). These diverse plant sources contribute to the unique composition and 

properties of Algerian propolis (Ferhoum, 2010).  

I.1.3. Propolis variety 
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There are several types of propolis, and this diversity is due to three main factors: the 

geographical location of the hive, the plant species available in that region during the season, 

and the breed of the bee (Cardinault, Cayeux et al. 2012). The major types of propolis by 

geographical area are summarized in Table I. 
Table I: The Most Common Types of Propolis (Cardinault et al., 2012). 

 
 

I.1.4. Chemical composition 

The botanical origin of propolis is the primary factor influencing its specific 

composition. Additionally, modifications made by bees' hypopharyngeal secretions contribute 

unique elements and cause certain transformations, such as the hydrolysis of flavonoid 

heterosides into aglycones (Chavda et al., 2023). 

Propolis is generally composed of 50-55% resins and balsams, 30% waxes and fatty 

acids, 10% essential oils, 5% pollen, and 5% organic and mineral substances. Among these 

substances, there is a wide variety of flavonoids and other phenolic derivatives, as well as their 

Type of Propolis Geographical origin Botanical Origin 

Poplar (Amber to Brown) Europe, North America, non-tropical 
regions of Asia, New Zealand 

Populus spp., mainly P. 
nigra L. 

Green from Brazil Tropical region of Brazil Baccharis spp., mainly B.  
dracunculifolia DC 

Birch Northern Russia Betula verrucosa 

Red Propolis Cuba, Brazil, Mexico Dalbergia ecastophyllum 

Red Propolis Cuba, Venezuela Clusia rosea 

Mediterranean Sicily, Greece, Malta, Crete, Turkey Cupressaceae family 

Pacific Pacific region (Taiwan, Okinawa, 
Indonesia) 

Macaranga tanarius 
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esters, volatile aromatic compounds, minerals such as iron, calcium, zinc, copper, and 

manganese, and vitamins, notably C, E, and those of the B group (Stojanović et al., 2020). 

 

Figure 2: Various components of propolis (Przybyłek and Karpiński, 2019). 

I.1.5. Physical properties 

Bee propolis exhibits partial solubility in alcohol, acetone, ether, chloroform, benzene, 

and trichloroethylene. It melts at approximately 70°C and, when gently heated in a water bath, 

separates into two distinct layers: a viscous layer settling at the bottom and a liquid layer 

(propolis wax) that floats on the surface, widely used in various beekeeping applications. 

Propolis has a density of 1.2, which surpasses that of water, indicating its relatively high density 

compared to other liquids (Velikova et al., 2000; Pietta et al., 2002).  

I.1.6. Organoleptic properties 

The organoleptic characteristics such as color, odor, taste, and consistency are listed in 

the Table II. 
Table II: Organoleptic characteristics of propolis (Bankova et al., 1992; Donadieu, 2008). 

Color 

 

Its shade varies depending on its origin, ranging from light yellow to very 

dark brown, almost black, passing through all shades of brown (brown-

green, brown-red, and brown-green). 

Consistency 

The consistency of propolis changes with temperature: 

• At 15°C, it is solid. 
• Around 25 to 45°C, it is soft and malleable. 
• Above 45°C, it becomes sticky or gooey. 
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Taste It often has a pungent flavor and can sometimes be bitter. 

Smell 
Its scent varies according to its origin, often pleasant and sweet, with hints of 

honey and wax. 

 
I.1.7. Uses 

I.1.7.1. By bees 

Bees use propolis to protect their hive from moisture, drafts, and dangers while 

maintaining hygiene. It seals cracks where microorganisms could develop, and its volatile oils 

probably serve as an antiseptic and air purifier. Propolis is also used as a construction material 

to reduce the size of hive entrances and smooth surfaces to facilitate bee traffic. Finally, it is 

used to embalm the bodies of predators too large for the bees to remove, preventing their 

decomposition from endangering the hive (Simone-Finstrom and Spivak, 2010). 

I.1.7.2. By humans 

Propolis finds extensive applications in various fields, including: 

I.1.7.2.1. Cosmetics	

Propolis and its extracts are frequently incorporated into dermatological and cosmetic 

products, benefiting from their documented effects on tissue regeneration and renovation 

(Kebede et al., 2024). 

I.1.7.2.2. Medicine	

Propolis is used in a range of treatments for cardiovascular issues, respiratory 

conditions (especially infections), dental care, ulcers, mucous membrane infections, and 

lesions, as well as in supporting and enhancing the immune system (Choudhari et al., 2012; 

Salami et al., 2024). 

I.1.7.2.3. Food industry technology	

The use of propolis as a functional food ingredient is increasing as consumers prefer 

functional foods. They seek fresh, minimally processed foods enriched with natural superfoods 

or high nutritional value that offer maximum health benefits while retaining organoleptic 

qualities. For this reason, food industries prefer the application of natural preservatives over 
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synthetic ones due to their observed carcinogenic and teratogenic tendencies after prolonged 

consumption (Irigoiti et al., 2021). 

In the last two decades, propolis has been considered a natural product that can serve as 

a functional food ingredient thanks to its rich chemical composition and bio-functionalities 

such as antibacterial, antioxidant, anti-inflammatory, antiseptic, and anti-ulcer properties. 

Many food industries use propolis as a microbial inhibitor and antioxidant agent, particularly 

in bakery products, edible oils, seafood, and animal products. These foods are susceptible to 

lipid auto-oxidation, which degrades their organoleptic properties. Thus, propolis can serve as 

a natural food preservative, replacing artificial preservatives to enhance immunity and well-

being. 

I.1.8. Toxicity 

Propolis has very low toxicity. When consumed in reasonable quantities, it poses no 

danger to humans and animal (Segueni et al., 2011). However, some individuals may develop 

contact allergies (such as dermatitis or eczema) due to a specific allergen, "3,3-dimethylallyl 

caffeate."  There are no major contraindications for the use of propolis, except for individuals 

who are allergic or predisposed to allergies. These individuals should use it with caution, 

avoiding certain routes of administration, particularly inhalation. Those prone to skin allergies 

should completely avoid its local application (Gardana and Simonetti, 2011). 

I.2. Bee pollen 

I.2.1. Definition 

Bee pollen is a natural substance collected by worker bees from flowering plants. It 

consists of flower pollen grains, combined with bee salivary secretions, nectar, and 

occasionally honey. Bees gather pollen during foraging trips to flowers and bring it back to the 

hive, where it serves as a vital nutritional source for both larvae and adult members of the 

colony. Beekeepers also harvest bee pollen for its recognized potential health benefits for 

humans (Komosinska-Vassev et al., 2015; Denisow and Denisow-Pietrzyk, 2016). 
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Figure 3 : bee pollen. 

 
I.2.2. Different types of pollen 

 
According to some studies, pollen exists in various types, each with compositions that 

vary based on factors such as plant species, climate, geographical region, harvest period 

(Thakur and Nanda, 2020), and soil characteristics. Pollen can be broadly categorized into 

two main groups: 

• Entomophilous Pollen: These pollens are collected and transported by insects and are 

considered edible (Lu et al., 2022). 

• Anemophilous Pollen: These pollens are carried by the wind and are more likely to 

cause allergies. Bees typically forage flowers containing entomophilous pollen and tend 

to avoid those with anemophilous pollen. An exception to this pattern is corn, which 

despite being wind-pollinated (anemophilous) and having low nutritional value, is still 

foraged by bees. However, intensive corn cultivation can lead to pesticide 

contamination (Lu et al., 2022). 

I.2.2. Biochemical composition of pollen 

Bee pollen is considered one of the extraordinary superfoods due to its extremely broad 

range of nutritional compounds. The main chemical substances include proteins, amino acids, 

carbohydrates, lipids, fatty acids, phenolic compounds, enzymes, coenzymes, vitamins, and 

bioelements. However, this composition can vary depending on several factors such as the plant 

source, geographical region, weather conditions, and agricultural practices (Campos et al., 

2008). 
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Figure 4: Different components of bee pollen (Khalifa et al., 2021). 

I.2.3. Physical properties 

Bee pollen pellets typically weigh between 7.5 and 8 mg each. Fresh pollen exhibits 

diverse shapes including cylindrical, round, triangular, or bell-shaped, whereas dried pollen 

pellets generally assume a spherical or fusiform shape. The solubility of bee pollen ranges from 

84.91% to 87.56%, primarily determined by the nature and composition of proteins and 

carbohydrates present (Thakur and Nanda, 2020). 

I.2.4. Organoleptic properties 

The organoleptic characteristics of pollen, such as its color, appearance, odor, size, and 

taste, vary according to the botanical origin of the plant it comes from (Siuda et al., 2012). 

Table III presents the specific organoleptic properties of bee pollen in detail. 

Table III: Organoleptic Properties of Pollen (Siuda et al., 2012; Thakur and Nanda, 2020). 

Color 

Pollen can exhibit a wide range of colors, influenced by the flowers visited by 

bees. These shades range from yellow, orange, and even blood red or violet, to 

greens or even very dark tones, almost black. 

Size 
The size of pollen granules varies depending on the bee's collection, but on 

average, the diameter can be estimated at 2.5 mm. 
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Smell 
The smell can be described as "hay-like," varying depending on whether the 

pollen is fresh or frozen. It is typical of this substance. 

Taste 
The taste of pollen can be sweet, tangy, bitter, or spicy, with a generally floury 

texture. 

Appearance Pollen grains show great heterogeneity, with different shapes and sizes. 

 
I.2.5. Benefits of bee pollen 

The benefits of bee pollen are extensive and diverse. Serving as a natural source rich in 

essential nutrients such as proteins, vitamins, minerals, and antioxidants, bee pollen is 

renowned for its valuable nutritional properties. It supports immune system strength, 

cardiovascular health, boosts energy levels, enhances vitality, and promotes digestive well-

being. Moreover, studies suggest that bee pollen may positively impact skin health, cognitive 

function, and respiratory well-being. Its consumption is also linked to benefits in weight 

management, allergy relief, and anti-inflammatory effects (El Ghouizi et al., 2023). 

 

Exploring the composition, properties, and benefits of bee pollen and propolis 

underscores their significant role in nutrition and health. Subsequent chapters will delve deeper 

into the specific active substances found in these products and their biological implications, 

followed by rigorous experimental analyses assessing their antioxidant and antibacterial 

activities. 

I.2.6. Toxicity 

Pollen is known to cause allergies, particularly those from grasses, willow, linden, 

poplar, or birch, as they are anemophilous and suspended in the air. However, bee-collected 

pollen can even be consumed by allergic individuals, as it is transformed by the insect through 

its saliva, which destroys the majority of allergens. Additionally, it can be used in the treatment 

of allergies by inhibiting histamine release through flavonoids and stimulating the immune 

system thanks to the presence of copper, zinc, vitamins A and E, selenium, arginine, and leucine 

(Blanc, 2010). 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Bioactive Substances and 
Bioactivities

Chapter II 
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II.1. Primary Metabolites 

Primary metabolites, including amino acids, lipids, sugars, and nucleic acids, are 

essential for the physiological functions of organisms, such as growth, reproduction, and cell 

division (Silori et al., 2019).  

Numerous studies have extensively detailed the chemical composition of pollen and 

propolis. 

II.1.1. Proteins 

Pollen is rich in high-quality proteins, averaging between 10 and 40 grams of protein 

per 100 grams of pollen, and includes 10.4% essential amino acids such as methionine, lysine, 

threonine, histidine, leucine, isoleucine, valine, phenylalanine, and tryptophan. These essential 

amino acids are vital for life, as our bodies cannot synthesize them and must obtain them 

through our diet. Additionally, pollen contains significant amounts of nucleic acids, 

particularly ribonucleic acid (RNA) (Campos et al., 2008; Franko, 2020). 

In contrast, propolis has a lower content of proteins and amino acids. The amino acids 

present in propolis include aspartic acid, glutamic acid, alanine, arginine, cystine, glycine, 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 

tryptophan, tyrosine, and valine (Donadieu, 2008). 

II.1.2. Carbohydrates 

Carbohydrates are one of the main components of pollen, with a rate ranging from 13% 

to 55%. They mainly consist of polysaccharides and cell wall materials (Thakur and Nanda, 

2020). Propolis contains a very low carbohydrate content, including glucose, fructose, and 

sucrose (Liolios et al., 2018). 

II.1.3. Lipids 

Lipids constitute approximately 5.1% of pollen, including essential fatty acids such as 

linoleic, γ-linolenic, and arachidic acids, which make up 0.4% of the total. Phospholipids 

account for 1.5%, while phytosterols, particularly β-sitosterol, are present at 1.1%. In contrast, 

propolis is primarily composed of lipids, with a significant presence of terpenoids like farnesol 

and lipids derived from wax (Donadieu, 2008). 
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II.2. Minerals and vitamins 

Pollen is rich in various vitamins, mainly B vitamins (B1, B2, B5, B6, B8, B9, and 

B12), as well as vitamin C and carotenoids, which are precursors of vitamin A. It also contains 

vitamins D and E in smaller quantities. Additionally, it has several minerals and trace elements  

such as potassium, magnesium, calcium, copper, iron, silicon, phosphorus, sulfur, chlorine, 

manganese, selenium, and zinc (Mărgăoan et al., 2012; Komosinska-Vassev et al., 2015; 

Franko, 2020).   

Propolis, on the other hand, is rich in health-beneficial minerals and vitamins. It 

contains calcium, magnesium, iron, manganese, zinc, copper, boron, barium, aluminum, nickel, 

and silica in significant amounts. These minerals are essential for various physiological 

processes such as bone formation, muscle contraction, and nerve transmission. In terms of 

vitamins, propolis is a good source of provitamin A (beta-carotene), B vitamins (B1, B2, B6, 

niacin), vitamin C, and vitamin E (Zulhendri et al., 2021). 

II.3. Secondary metabolites 

Secondary metabolites found in beekeeping products such as pollen and propolis are 

bioactive compounds produced by bees or collected from surrounding plants. Unlike primary 

metabolites, these compounds are not essential for survival but play a crucial role in long-term 

health and survival (Soto et al., 2011). Here is an overview of the main secondary metabolites 

found in these apicultural products. 

II.3.1. Phenolic compounds 

II.3.1.1. Phenolic acids and derivatives 

The phenolic composition of bee pollen and propolis varies depending on geographic 

regions and botanical sources, comprising a diverse range of phenolic acids such as chlorogenic 

acid, ferulic acid, caffeic acid, gallic acid, vanillic acid, syringic acid, and p-coumaric acid 

(Stojanović et al., 2020; Thakur and Nanda, 2020). 

II.3.1.2. Flavonoids 

Flavonoids, phenolic compounds renowned for their role in the coloration of flowers 

and fruits, are found in large quantities in propolis and pollen. Scientific literature identifies 

several major types of flavonoids present in these substances, including flavones, flavonols, 

flavanones, flavanonols, chalcones, dihydrochalcones, isoflavones, isodihydroflavones, 

flavans, isoflavans, and neoflavonoids. Among the flavonoids in propolis, the main ones 

include chrysin, pinocembrin, apigenin, rutin, luteolin, galangin, kaempferol, myricetin, 
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catechin, naringenin, quercetin, tectochrysin, pinostrobin, and acacetin. These compounds are 

abundantly represented in pollen and propolis extracts, highlighting their importance in 

therapeutic and nutritional applications (Huang et al., 2014; Sforcin, 2016; Przybyłek and 

Karpiński, 2019; Thakur and Nanda, 2020). 

II.4. Biological activities 

II.4.1. Antioxidant activity 

Antioxidants are molecules capable of inhibiting the excessive production of free 

radicals and neutralizing their harmful effects. Free radicals, when overproduced, can cause 

oxidative stress, leading to damage to biological molecules and contributing to various diseases 

including cancer, cardiovascular diseases, renal failure, and neurodegenerative conditions such 

as Alzheimer's disease. Therefore, antioxidants play a crucial role in protecting cells from these 

detrimental effects (Chaudhary et al., 2023). 

Pollen is recognized for its richness in natural antioxidants, predominantly polyphenolic 

compounds and flavonoids, which contribute significantly to its antioxidant activity. These 

compounds function by scavenging free radicals and chelating metal ions involved in oxidation 

reactions, owing to their unique chemical structures (Tosi et al., 2006) . 

It is important to note that the antioxidant activity of pollen and propolis can vary based 

on several factors, including the plant species, harvest time, and post-harvest treatments. 

Consequently, study outcomes may differ depending on these variables (Cardinault et al., 

2012; Aylanc et al., 2021; Kinghorn et al., 2021). 

Propolis stands out among beekeeping products due to its robust antioxidant properties, 

which often surpass those of other products. Propolis extracts, enriched with vitamins E, C, and 

phenolic substances, exhibit notable antioxidant activity, largely attributed to their(Siheri et al., 

2017) high polyphenol content, as documented in numerous studies. Research by  Kumazawa 

et al. (2007) and  Siheri et al. (2017) highlights specific antioxidant compounds in propolis, 

such as kaempferol and phenethyl caffeate, identified through assessments like the DPPH test. 

II.4.2. Anti-inflammatory activity 

Inflammation is a necessary response for tissue repair but can become problematic 

when chronic, associated with various diseases. Anti-inflammatory mechanisms are essential 

for controlling this response, involving various substances such as enzymes, cytokines, and 

eicosanoids (Soliman and Barreda, 2022).  

Caffeic acid phenethyl ester (CAPE) and galangin, both present in propolis, have been 

observed for their anti-inflammatory properties, showing the ability to inhibit carrageenan-
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induced pleurisy, carrageenan-induced edema, and arthritic inflammations in rats. On the other 

hand, pollen possesses anti-inflammatory properties due to its richness in phenolic compounds 

and fatty acids (phytosterols), which act by inhibiting the activity of cyclooxygenase and 

lipoxygenase enzymes. These enzymes are responsible for the conversion of arachidonic acid 

into compounds that amplify inflammation, such as prostaglandins and leukotrienes (Rossi et 

al., 2002). 

II.4.3. Antimicrobial activity  

II.4.3.1. Antibacterial activity 

Faced with the increase in antibiotic-resistant bacteria, pollen is gaining attention for 

its remarkable antibacterial properties (Sayari et al., 2016). Its in vitro efficacy against Gram-

positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli and 

Pseudomonas aeruginosa) has motivated numerous studies. 

The antibacterial efficacy of pollen lies in its richness in phenolic compounds such as 

quercetin and kaempferol. These compounds act by disrupting the bacterial cell wall, altering 

its integrity and function. The mechanism of action involves forming complexes with adhesins 

and polypeptides exposed on the bacterial cell surface, as well as with cell membrane enzymes. 

This interaction disrupts ion channels, impeding the vital processes of the bacteria (Didaras et 

al., 2020).  

Propolis, with its components like galangin and pinocembrin, as well as benzoic and 

caffeic acids, demonstrates powerful antibacterial activity. It acts bacteriostatically and 

bactericidally against a variety of bacteria, including Gram-positive strains, with particular 

effectiveness. Studies suggest that its mechanism of action may disrupt cell division, 

disorganize the cytoplasm, inhibit protein synthesis, or hinder bacterial adherence (Cardinault 

et al., 2012). 

II.4.3.2. Antifungal activity 

The antifungal properties of bee pollen have been extensively studied against various 

pathogenic fungi, including Candida species (C. albicans, C. glabrata, and C. krusei), 

Aspergillus species, and others. This antifungal activity is primarily attributed to the phenolic 

compounds and flavonoids present in bee pollen, which possess strong antioxidant properties 

that disrupt fungal cellular processes. Phenolamides, also present in bee pollen, enhance its 

antifungal efficacy by targeting different aspects of fungal physiology (Rodríguez-Pólit et al., 

2023).  
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Propolis also exhibits significant antifungal properties due to its complex mixture of 

bioactive substances, including flavonoids and phenolic acids. It has demonstrated antimycosic 

effects against various yeasts, such as C. pelliculosa, C. parapsilosis, Pichia ohmeri, and C. 

famata, by disrupting fungal cell membranes and inhibiting key metabolic pathways. These 

findings highlight the potential of bee products as natural antifungal agents, offering a 

promising alternative to synthetic drugs with fewer side effects and a reduced risk of resistance 

(Zulhendri et al., 2021).
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III. Materials and Methods 

III.1. Materials 

Details regarding the chemicals, reagents, glassware, equipment, and other non-

biological materials employed in the experiment are listed in Appendix 1. 

III.1.1. Plant material 

This study focuses on the biological properties of two hive products: bee pollen and 

propolis. These products were sourced from a beekeeper in the commune of Ouacif, located 

in the wilaya of Tizi Ouzou at an altitude of 800 meters. The samples are shown in Figure 5. 

 
Figure 5: Plant material (propolis and pollen) used in this study. 

III.1.2. Preparation of plant matrix 

After collection, the hive products were cleaned to remove impurities such as bee wings 

and dust. They were then dried in an oven at 40°C. Once dried, the pollen and propolis were 

each ground using a coffee grinder to obtain a uniform powder. This powder was then passed 

through a 200 μm sieve to ensure consistency. The fine and homogeneous powder was stored 

in airtight glass containers, protected from light, until use. 

 
Figure 6 : Clean, dried and sieved pollen and propolis powders. 
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III.2. Methods 

III.2.1. Extraction of phenolic compounds from hive products 

The extraction techniques used in this study include ultrasonic extraction and 

maceration. These solid-liquid extraction processes involve contacting the pollen and propolis 

powders with a solvent to isolate the active compounds they contain. 

III.2.1.1. Ultrasonic-assisted extraction 

Ultrasonic-assisted extraction was performed following the optimal extraction 

conditions described by Oroian et al. (2020). For the extraction of phenolic compounds from 

propolis and pollen, 10 g of each powdered sample were combined with 100 mL of 70% 

ethanol. The extraction process was conducted in an ultrasonic bath for 30 minutes at 65°C. 

The resulting ethanolic extracts were filtered using Wattman paper (No. 02). After filtration, 

the propolis and pollen extracts were evaporated using a rotary evaporator, then lyophilized, 

and stored at -20°C for further analysis. 

III.2.1.2. Maceration extraction 

Propolis and pollen samples, each weighing 10 g, were individually combined with 100 

mL of 70% ethanol at a ratio of 1:10 (w/v). After 24 hours of maceration at room temperature 

with gentle and constant agitation, the mixtures were filtered using filter paper to separate the 

solid residues from the liquid extract. After filtration, the extracts were evaporated using a 

rotary evaporator, then lyophilized, and stored at -20°C for further analysis (Falleh et al., 

2008). 

III.2.2. Quantification of phenolic compounds 

III.2.2.1. Total polyphenol quantification 

Total polyphenols were determined using the Folin-Ciocalteu method, which is based 

on a redox reaction where phenolic compounds reduce the Folin-Ciocalteu reagent, a mixture 

of phosphotungstic acid (H3PW12O40) and phosphomolybdic acid (H3PMO12O40). This 

reduction leads to the formation of a blue complex composed of tungsten and molybdenum 

oxides. The intensity of this coloration is correlated with the concentration of oxidized phenolic 

compounds in the sample (Boizot and Charpentier, 2006). 

The protocol described by Singleton and Rossi (1965) was followed to determine the 

total polyphenol content. Briefly, 1000 μL of Folin-Ciocalteu reagent (diluted 1:10) was 

combined with 200 μL of extracts prepared at an appropriate concentration. After a 4-minute 

incubation in the dark, 800 μL of sodium carbonate (7.5% w/v) was added and the absorbance 
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was measured at 765 nm using a UV-VIS spectrophotometer after a 30-minute incubation in 

the dark.  

Results were expressed in μg of gallic acid equivalents per mg of sample (μg GAE/mg 

extract) using the gallic acid calibration curve (Appendix 2). 

III.2.2.2. Flavonoid quantification 

The method used to quantify flavonoids is based on the chelation reaction between 

aluminum chloride (AlCl3) and oxygen atoms in flavonoids, resulting in a distinct complex 

formation. This approach establishes a relationship between the flavonoid concentration in the 

extract and the intensity of the resulting yellow coloration. Thus, the observed color intensity 

is directly correlated with the flavonoid concentration in the extract (Bahorun et al., 1996; 

Ali-Rachedi et al., 2018). 

The determination of flavonoid content followed the procedure described by 

Haddouchi et al. (2016) . Specifically, 500 μL of a 2% (w/v) ethanolic solution of AlCl3 was 

added to 500 μL of extracts prepared at an appropriate concentration. After a 1-hour incubation 

at room temperature in the dark, the absorbance was measured at 450 nm. 

A quercetin calibration curve (Appendix 3) was used to determine the flavonoid 

content of the pollen and propolis extracts. Results were presented in μg of quercetin 

equivalents per mg of sample (μg QE/mg extract). 

III.2.3. In Vitro antioxidant activity evaluation 

To evaluate the antioxidant potential of the hive products, several tests were conducted, 

including DPPH and ABTS•+ radical scavenging assays, as well as the ferric reducing power 

assay. 

III.2.3.1. DPPH radical scavenging activity 

The chemical compound 2,2-diphenyl-1-picrylhydrazyl, commonly known as DPPH, 

is a stable free radical with a violet color. In the presence of antioxidants, this radical undergoes 

a reduction via hydrogen transfer, resulting in a yellowish color change (Alara et al., 2018). 

The DPPH radical scavenging capacity of pollen and propolis extracts was evaluated 

using the protocol described by Alara, Abdurahman et al. (2018). Briefly, 1 mL of a freshly 

prepared 0.1 mM DPPH solution was mixed with 100 µL of samples prepared at various 

concentrations. The mixtures were incubated in the dark for 30 minutes, after which the 

absorbance was measured at 517 nm using a UV-vis spectrophotometer. Ascorbic acid, a 

standard antioxidant, served as a positive control and was measured under the same conditions 

(Appendix 04). 
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The percentage of DPPH radical inhibition (PI%) was determined using the following 

equation:  

𝐼(%) =
Ab𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒	control − Ab𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒	𝑠𝑎𝑚𝑝𝑙𝑒

Abso𝑟𝑏𝑎𝑛𝑐𝑒	contro𝑙 	× 100 

 

III.2.3.2. ABTS•+ radical scavenging activity 

The ABTS assay evaluates the relative effectiveness of antioxidants to neutralize the 

ABTS•+ radical, formed by a reaction between ABTS salt and potassium persulfate. The 

reduction of the blue-green ABTS•+ radical by hydrogen-donating antioxidants is indicated by 

a color change in the solution (Djeridane et al., 2006). 

To evaluate the capacity of pollen and propolis extracts to scavenge the ABTS•+ radical, 

a method described by Re et al. (1999) was used with slight adjustments. The ABTS•+ stock 

solution was prepared by mixing a 7 mM ABTS solution with a 2.45 mM potassium persulfate 

solution in distilled water. This mixture was allowed to react for 16 hours in the dark at room 

temperature. 

A freshly prepared diluted ABTS•+ solution with an absorbance of 0.700 at 734 nm was 

used for the experiment. Then, 50 µL of propolis and pollen extracts, prepared at various 

concentrations, were added to 1000 µL of the ABTS•+ solution. After a 10 min incubation in 

the dark, the absorbance of the mixture was measured at 734 nm. 

The inhibition percentage was calculated using the previously described method, and 

the IC50 value of each extract was established. Ascorbic acid was used as a positive control 

(Appendix 05). 

III.2.3.3. Ferric reducing power 

The ferric reducing power assay is designed to evaluate the ability of extracts to convert 

ferric ion (Fe³⁺) in the K3Fe(CN)6 complex to ferrous ion (Fe²⁺). Initially yellow, ferric ion 

becomes blue or green when reduced by an electron donor. The color change to blue or green 

is directly linked to the antioxidant activity (Dudonne et al., 2009). 

The reducing power of the extracts was evaluated according to the method described 

by Le et al. (2007). A volume of 250 μL of propolis and pollen samples prepared at various 

concentrations was mixed with 250 μL of phosphate buffer (0.2 M, pH 6.6) and 250 μL of 

1% (w/v) potassium ferricyanide. After a 20-minute incubation at 50°C, 250 μL of 10% 

trichloroacetic acid (TCA) was added to stop the reaction. The tubes were then centrifuged at 
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7000 × g for 10 min. Then, 500 μL of each supernatant was combined with 100 μL of 0.1% 

(w/v) FeCl3 solution and kept in the dark for 10 minutes before measuring the absorbance at 

700 nm. 

III.2.4. Protein extraction 

Initially, the lipid fraction was extracted from the pollen and propolis powders through 

delipidation using a Soxhlet extractor with n-hexane as the solvent, maintaining a 

solvent/sample ratio of 1:10 (w/v). This procedure was conducted for 6 hours at 40°C (Cheikh-

Rouhou et al., 2006). 

Following delipidation, the powders were left under a fume hood to ensure complete 

solvent evaporation, then sieved through a 200 μm sieve and stored in airtight containers at         

- 20°C. 

Proteins from propolis and pollen were extracted using a modified version of Joshi et 

al. (2011). A quantity of 10 g of delipidated pollen and propolis powders was combined with 

100 mL of Tris-HCl buffer (pH 8). This mixture was agitated for one hour at a constant speed 

of 300 rpm. Subsequently, the mixture was centrifuged at 8000 × g for 15 minutes to collect 

the supernatant, which contains the proteins. The supernatant was then mixed with two volumes 

of cold acetone to precipitate the proteins and stored at 4°C for 24 hours. Finally, the 

precipitated proteins were recovered by centrifugation at 8000 × g for 15 min and lyophilized. 

III.2.5. Total protein quantification 

The protein content was measured using the Bradford (1976) method This colorimetric 

technique is based on the absorbance shift caused by the interaction between Coomassie blue 

dye and proteins. The dye binds to basic and hydrophobic amino acid residues, resulting in a 

color change. 

A volume of 20 μL of each sample (propolis and pollen protein isolates) was mixed 

with 1 mL of prepared Coomassie brilliant blue G-250 reagent and kept in the dark for 5 min. 

The absorbance was then recorded at 595 nm using a UV-vis spectrophotometer.  

The protein concentration was determined using a bovine serum albumin (BSA) 

standard curve (Appendix 6), and the results are expressed as a percentage. 

III.2.6. Functional properties of proteins 

III.2.6.1. Solubility 

The solubility of protein isolates from pollen and propolis was assessed using the 

method described by Stone et al. (2015) . Briefly, 100 mg of the protein isolate was mixed 

with 10 mL of a 1M NaCl solution (pH 7). This mixture was stirred for 1 hour at room 
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temperature and then centrifuged at 8000 × g for 10 min. The protein content in the supernatant 

was determined using the Bradford (1976) assay, with BSA as the standard. Solubility was 

quantified by dividing the protein content in the supernatant by the total protein content of the 

isolate, and the results were expressed as a percentage. 

III.2.6.2. Water and oil holding capacity 

The water and oil holding capacities of the protein isolates from pollen and propolis 

were evaluated following the procedure described by Stone et al. (2015). In this method, 100 

mg of the protein isolates were placed in pre-weighed centrifuge tubes, to which 1 mL of water 

or sunflower oil was added. The mixtures were vortexed for one minute and then allowed to 

stand at room temperature for 30 min. After incubation, the samples were centrifuged at 8000 

× g for 10 min. The holding capacities were then determined and expressed as grams of water 

or oil retained per gram of protein sample. 

III.2.6.3. Emulsifying properties 

The emulsifying activity of protein isolates from pollen and propolis was evaluated 

using the method detailed by Wang et al. (2018). In this approach, 3 mL of a 0.2% (w/v) 

protein isolate solution was mixed with 1 mL of sunflower oil. The mixture was vigorously 

vortexed for 5 min to thoroughly blend the two phases, then centrifuged at 8000 × g for 10 min. 

The emulsion stability was measured at 10, 30, 60, and 90 min after homogenization. The 

emulsifying capacity and stability were calculated using the following formulas: 

 

E𝑚𝑢𝑙𝑠𝑖𝑓𝑦𝑖𝑛𝑔	𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦	(%) =
E𝑚𝑢𝑙𝑠𝑖𝑜𝑛	𝑣𝑜𝑙𝑢𝑚𝑒
	Total	𝑣𝑜𝑙𝑢𝑚𝑒 × 100 

 

𝐸𝑚𝑢𝑙𝑠𝑖𝑜𝑛	𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦	(%) =
F𝑖𝑛𝑎𝑙	𝑒𝑚𝑢𝑙𝑠𝑖𝑜𝑛	𝑣𝑜𝑙𝑢𝑚𝑒

T𝑜𝑡𝑎𝑙	𝑣𝑜𝑙𝑢𝑚𝑒 × 100 

 

III.2.6.4. Foaming properties 

The foaming capacity and stability of protein isolates from pollen and propolis were 

assessed following the method of  Wang et al. (2018), with slight modifications. A 1% (w/v) 

protein suspension was homogenized using an electric mixer for 5 minutes. The foam volume 

was measured immediately (0 min) to determine the foaming capacity, and then at 30, 60, and 

90 min to evaluate foam stability at room temperature. Foaming capacity and stability were 

calculated using the following formulas: 
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Foaming	capacity	(%) =
Initial	foam	volume

Total	suspension	volume × 100 

 

III.2.7. Evaluation of antimicrobial activity 

The method used to evaluate the antibacterial activity of various concentrations of 

propolis and pollen extracts obtained through maceration and ultrasound is the paper disc 

diffusion method. This technique is based on the appearance of an inhibition zone in the culture 

medium around the disc containing the tested extract. 

III.2.7.1. Bacterial strains  

To evaluate the antimicrobial activity, four bacterial strains were used as microbial 

supports (Table IV). These strains were provided by Dr. Djenadi K., a teacher in the 

Department of Biology at the Faculty of SNV-ST, University of Bouira.  

The selected strains cover a wide spectrum of bacteria, including both Gram-positive 

and Gram-negative species, to ensure a comprehensive evaluation of the antimicrobial activity 

of the tested extracts. 

Table IV : General Characteristics of the Tested Bacterial Strains. 

Strain Name Reference Gram 

Escherichia coli 
 

ATCC25922 Negative 

Staphylococcus aureus 
 

ATCC23235 Positive 

Pseudomonas aeruginosa 
 

ATCC 6633 
 

Negative 

Klebsiella pneumoniae  Negative 

 
III.2.7.2. Preparation of bacterial strains (subculturing) 

Antibacterial tests must be conducted using young cultures aged 18 to 24 hours in the 

exponential growth phase. The subculturing of strains (Staphylococcus aureus, Escherichia 

coli, Klebsiella pneumoniae, Pseudomonas aeruginosa) was performed by inoculating each 

bacterial species into its specific medium (Chapman for Staphylococcus aureus, EMB for E. 

coli and Klebsiella pneumoniae, and King's medium for Pseudomonas aeruginosa), followed 

by incubation at 37°C for 18 to 24 hours (Moroh et al., 2008). 
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Figure 7: Bacterial strains replated on isolation media (original photograph). 

III.2.7.3. Preparation of the inoculum 

After 24 hours of incubation, 1 to 2 well-isolated and identical colonies in the 

exponential growth phase were taken from each tested strain using a platinum loop. These 

colonies were then placed in a tube containing sterile physiological water with 0.9% NaCl. The 

tubes were homogenized using a vortex to achieve an optical density between 0.08 and 0.1 at 

a wavelength of 620 nm, corresponding approximately to 108  CFU/ml. 

III.2.7.4. Preparation of extract dilutions 

The various pollen and propolis extracts obtained through maceration and ultrasound 

were dissolved in dimethyl sulfoxide (DMSO) at an initial concentration of 100 mg of each 

extract per 1 ml of DMSO solution. Subsequently, the stock solution was diluted to 1/2 and 1/4 

to achieve concentrations of 50 mg/ml and 25 mg/ml, respectively. 

III.2.7.5. Aromatogram 

A bacterial suspension was swabbed from top to bottom with closely spaced streaks on 

the surface of Muller-Hinton agar. Discs impregnated with 20 µl of each extract, at 

concentrations of 100 and 50 mg/ml prepared in advance, were placed on the surface of the 

inoculated agar using sterile forceps. The Petri dishes were then left for 2 hours at room 

temperature to allow proper diffusion of the tested extracts before being incubated at 37°C for 

24 hours. Antimicrobial activity was determined by measuring the inhibition zones that 

appeared around the discs (Mothana and Lindequist, 2005; Bolou et al., 2011). 

III.2.7.5.1. Reading of aromatogram 

The reading of the aromatograms was done by measuring the diameters of the inhibition 

zones around the discs. 

The results are expressed by the diameter of the inhibition zone: Inhibition zones ≥ 15 

mm were classified as strong, 8 to 15 mm as moderate, and ≤ 8 mm as resistant (Bansemir et 

al., 2006). 
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II.2.7. Statistical analysis 

Experiments were conducted in triplicate, with data presented as mean ± standard 

deviation. One-way ANOVA was used to analyze differences between groups, while Two- way 

ANOVA evaluated the impact of two variables. Significance was determined at p < 0.05. 
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IV. Results and Discussion  

This study focuses on propolis and pollen extracts obtained by two extraction methods: 

maceration and ultrasound. For each method, the extraction yield was calculated. The 

polyphenol and flavonoid contents were also determined. The antioxidant activity of the 

extracts was analyzed using various tests, including DPPH, ABTS and FRAP. In addition, the 

antimicrobial activity of the extracts was assessed. 

IV.1. Extraction yields of polyphenolic extracts from propolis and pollen  

Extraction yield results for both extraction techniques are presented in Table V. They 

show that ultrasound extraction rates are higher than those obtained by maceration, for both 

pollen and propolis, although the extraction conditions applied to both methods are identical in 

terms of quantity of plant material and type of extraction solvent (10 g powder and 100 ml 70% 

ethanol).  

Table V : yields of polyphenolic extracts from pollen and propolis using different methods 

Extract Propolis Pollen 

Method used Maceration Ultrasound Maceration Ultrasound 

Yield (%) 32 ± 0.254b  49 ± 0.7a 23 ± 0.12c 35 ± 0.97b 

 
Letters indicate significant differences between samples (p < 0.05). Samples with the same letters are 
not significantly different. 
 

It should also be noted that propolis showed the highest extraction rates, reaching 49% 

with ultrasonic extraction and 32% with maceration extraction. In comparison, pollen 

extraction rates were 35% with ultrasonic extraction and 23% with maceration extraction. 

Ethanol was chosen as the extraction solvent in this study due to its low toxicity and frequent 

use in the composition of many therapeutic preparations (Brehon et al., 2000). It evaporates 

easily and solubilizes the active components of pollen and propolis (Krell, 1996) . 

A study by Ouahab et al. (2023) on propolis extracts of  prepared by maceration with 

70% ethanol gave an extraction rate of 31.2%, in line with those obtained in our study. 

Several comparative studies have demonstrated the superiority of ultrasound extraction 

for propolis and pollen over maceration. Ultrasound, by producing cavitation bubbles and 

intense shear, facilitates more complete and rapid extraction. They improve contact between 

matrix and solvent, fragment the matrix, increase cell pore size and accelerate mass exchange, 

resulting in higher extraction yields (Oroian et al., 2020). 
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According to the literature, variations in the extraction rates of phenolic compounds can 

be influenced by several factors such as the solubility of phenolic compounds in extraction 

solvents, the types of solvents used and their purity levels, the extraction method, extraction 

time, particle size, and temperature (Hayat et al., 2009). 

IV.2. Total polyphenol content  

The polyphenol content in pollen and propolis was measured using the Folin-Ciocalteu 

method. The results of the total polyphenol content in the ethanolic extracts of pollen and 

propolis are presented in Figure 8. 

 
 

Figure 8 : Polyphenolic compound content of various extracts. 

The findings reveal that all hydroethanolic extracts of the bee products studied are rich 

in polyphenols, though their quantities vary. As shown in Figure 8, the hydroethanolic extract 

of propolis consistently exhibits the highest phenolic compound content, regardless of the 

extraction method used, with a concentration of 641.616 ± 7.95 µg GAE/mg for the ultrasound 

extract and 471.515 ± 19.841 µg GAE/mg for the maceration extract. Conversely, pollen shows 

the lowest content, with 66.936 ± 2.386 µg GAE/mg and 91.043 ± 5.41 µg GAE/mg for the 

maceration and ultrasound extracts, respectively. 

Statistical analysis indicates no significant difference between the two extraction 

methods for pollen. However, significant differences are observed between the two methods 

for propolis, suggesting that ultrasound is significantly more effective than maceration. 
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The results obtained in our study surpass those reported by Mouhoubi-Tafinine et al. 

(2016), who found a polyphenol content in propolis of 53.512 µg GAE/mg. Similarly, Blanc 

(2010) reported a polyphenol content in pollen of 29.38 g GAE/100g, which are lower than 

those we obtained. Furthermore, the results obtained in our study are quite higher compared to 

the result of  Pascoal et al. (2014) (32.15 ± 2.12 mg GAE/g pollen). 

These variations in content can be attributed to the botanical and geographical origin of 

the bee products, as well as the diversity of pollen profiles (Ouchemoukh et al., 2007). These 

findings highlight the importance of bee products as a promising source of polyphenols, paving 

the way for future research into their applications in various fields. 

IV.3. Total flavonoid content 

The aluminum chloride method was used to quantify flavonoids in the ethanolic 

extracts of pollen and propolis. The total flavonoid concentrations are presented in Figure 9. 

 
Figure 9: Flavonoid content of various extracts. 

Similar to the polyphenol content, this test reveals a significant variation in the total 

flavonoid content among the different extracts. Extracts obtained by ultrasonication show a 

significantly higher flavonoid concentration than those obtained by maceration. Notably, the 

hydroethanolic extract of propolis shows higher flavonoid content for both extraction methods, 

with 57.598 ± 0.352 µg QE/mg for ultrasonication and 33.158 ± 2.437 µg QE/mg for 

maceration. Conversely, pollen displays the lowest content, with 7.179 ± 0.716 µg QE/mg and 

14.188 ± 0.154 µg QE/mg for maceration and ultrasound extraction, respectively. 
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The amount of flavonoids present in propolis is also higher than that reported by Lanez 

et al. (2014) for Khenchla propolis, which was 3.46 mg QE/g. 

The flavonoid content of the pollen obtained in this study is higher than the results 

obtained by Mărghitaş et al. (2009) for Romanian pollen (8.8 ± 0.1 to 12.7 ± 0.1 mg QE/g). 

This difference could be explained by the floral origin (each plant has its own flavonoids) and 

climatic conditions. 

IV.4. Antioxidant activity 

IV.4.1. Ferric reducing antioxidant power (FRAP) 

The FRAP test involves an electron transfer reaction, using a ferric salt as the oxidizing 

agent. During this test, the yellow color of the solution changes to various shades of green and 

blue, depending on the reducing potential of the antioxidant samples (Gülçin et al., 2010). An 

increase in absorbance indicates an increase in reducing power. The following figure presents 

the results of the reducing power assessment. 

The results indicate that all extracts exhibit varying degrees of reducing power, with 

statistically significant differences (p < 0.05). Among them, the extracts obtained by 

maceration show the highest reducing power, with A700nm = 3 ± 0.00 for propolis extract and 

A700nm = 0.819 ± 0.007 for pollen extract tested at a concentration of 1500 µg/mL. Similarly, 

the extracts obtained by ultrasonication show that propolis retains the highest reducing power 

(A700nm = 2.975 ± 1.03), followed by pollen (A700nm = 0.64 ± 0.01) at the same concentration. 

Thus, the propolis extract exhibits the highest reducing power regardless of the extraction 

method used: maceration or ultrasonication. 

 

Figure 10: Reducing power of propolis and pollen extracts. 
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IV.4.2. DPPH radical scavenging activity 

The results concerning the antiradical activity of hydro-ethanol extracts of pollen and 

propolis are presented in the figure. The results obtained show that pollen and propolis extracts 

obtained by maceration and ultrasound have a DPPH˙ radical scavenging capacity, with 

percentages ranging from 61.31 ± 0.181% to 100 ± 0.00% for a concentration of 1500 µg /mL 

extract. 

To assess the antioxidant activity towards the DPPH• radical of pollen and propolis 

extracts, IC50 values were calculated and are presented in Figure 11.a. IC50 is a widely used 

parameter for measuring the antioxidant activity of samples, defined as the concentration 

required to reduce the initial DPPH- concentration by 50%. The lower the IC50 value, the higher 

the antioxidant activity. It should be noted that IC50 is inversely related to the antioxidant 

capacity of the compound, with a lower IC50 value indicating better antioxidant activity. 

  

Figure 11: DPPH radical scavenging activity of various extracts, expressed as inhibition percentage 

(%) (a) and IC50 (b). 
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µg/mL for ultrasonication, followed by pollen with IC50 values of 1189.36 ± 108.95 µg/mL and 

332.417 ± 12.77 µg/mL for the ultrasound and maceration extracts, respectively. This capacity 

can be attributed to the chemical structure of phenolic acids and flavonoids present in the pollen 

0 500 1000 1500
0

20

40

60

80

100

120

Concentration µg/mL

P
I 

(%
)

Pollen (US)
Pollen (M)
Propolis (US)
Propolis (M)

Pollen Propolis
0

500

1000

1500

Matrix

IC
5

0
 (

µ
g

/m
l)

US
Maceration

****
a

b

c cd

ns

(a) (b)



 
Chapter IV                                                                                              Results and discussion  
 

30  

and propolis extracts, which have hydrogen-donating ability and form a stable phenoxyl 

radical. However, when compared to the IC50 value of 39 ± 0.024 µg/mL for ascorbic acid, a 

synthetic antioxidant, its antioxidant activity is notably stronger. 

Statistical analysis reveals no significant difference between the two extraction methods 

for propolis, whereas for pollen, a significant difference is observed, showing that maceration 

is significantly more effective than ultrasonication. 

According to Ferreira et al. (2024), the propolis extract exhibits DPPH• radical 

scavenging activity with an IC50 of 18.9 ± 0.01 µg/mL, a better activity than that obtained in 

this study. 

IV.4.3. ABTS•+ radical scavenging activity 

The ABTS•+ radical scavenging activity of pollen and propolis extracts obtained by two 

distinct extraction methods was evaluated, and their inhibition percentages as well as IC50 

values are presented in Figure 12. Both extracts show a dose-dependent relationship, with a 

notable increase in ABTS•+ radical inhibition percentage as extract concentrations increase. 

 

Figure 12: ABTS•+ radical scavenging activity of various extracts, expressed as inhibition percentage 

(%) (a) and IC50 (b). 
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0.003 µg/mL). In contrast, the propolis extract obtained by ultrasound extraction did not show 

a significant difference (p > 0.05), recording an IC50 value of 83.14 ± 0.401 µg/mL. These 

results are significantly better than those of the pollen extracts, which exhibit IC50 values of 

850.30 ± 29.91 µg/mL and 945.45 µg/mL for the maceration and ultrasound extraction 

methods, respectively. 

According to Miguel et al. (2014). Immouzzer propolis has an ABTS•+ radical 

scavenging capacity with an IC50 of 9 µg/mL, an activity superior to that found in this study. 

This variation could be explained by differences in geographical origin. 

IV.5. Protein extraction yield 
 

The protein extraction yield from propolis is 2.8%, reflecting its relatively low protein 

content, consistent with its known chemical composition. Propolis is predominantly composed 

of resins, balms, essential oils, and flavonoids, with a scarcity of proteins. The intricate and 

resinous nature of propolis poses challenges for protein extraction, as noted in several studies. 

 
Table VI: Extraction yield of protein from pollen and propolis. 

Extract Pollen Propolis 

Yield (%) 11 ± 1.2 2.8 ± 0.6 

 

Kujumgiev et al. (1999) demonstrated that propolis contains various bioactive 

compounds but has a low protein content, which accounts for the low extraction yield. 

Similarly, Bankova et al. (2000) confirmed that phenolics and flavonoids are the primary 

constituents of propolis rather than proteins. 

In contrast, the protein extraction yield from pollen is notably higher at 11%, 

underscoring its richness in proteins. Pollen serves as a crucial nutritional source for bees, 

containing substantial amounts of proteins and essential amino acids. 

 Evans et al. (1991) reported a protein extraction yields of 26%, surpassing the yield 

of our study, which was only 11%. 

This revised version maintains clarity while incorporating the findings from cited 

studies and providing a cohesive flow between the information on propolis and pollen. 
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IV.6. Functional properties of pollen and propolis protein extracts 
 

IV.6.1. Solubility  

Protein solubility is a critical indicator affecting their functional properties. The 

solubility of each protein extract was determined, with the results shown in Table VII. 

Significant differences (p < 0.0001) were observed between the two protein samples. The 

propolis protein extract exhibited higher solubility (10.627 ± 0.2388%) compared to pollen 

(2.176 ± 0.082%), even though pollen had a higher protein content (81.927 ± 2.81%). 

Studies have shown that higher protein concentrations can lead to protein-protein 

interactions, aggregation, and precipitation, thus reducing solubility. Conversely, lower protein 

concentrations minimize these interactions, resulting in better solubility. Additionally, the 

lower protein concentration in the propolis extract suggests the presence of other highly soluble 

components in aqueous solutions (Chandran et al., 2023). 

Table VII: Solubility and protein content of pollen and propolis protein extracts. 

Protein Extract Protein Content (%) Solubility (%) 

Pollen 81.927 ± 2.812 a 2.176 ± 0.082 b 

Propolis 5.123 ± 0.158 b 10.627 ± 0.2388 a 

Letters indicate significant differences between samples (p < 0.05) in the same column. Samples with 
the same letters are not significantly different. 

Kostić et al. (2015) reported solubility for 25 Serbian pollen extracts ranging from 

2.79% to 25.9%. In the food industry, common plant protein sources include legumes, cereals, 

and oilseeds. Comparing our results with commercial protein sources, the solubility of propolis 

and pollen is lower than that of soy (14.9%) (Stone et al., 2015) and peanut (19.18%) (Wu et 

al., 2009), but higher than wheat protein isolate (0.7%) (Stone et al., 2015). Pollen solubility 

is lower, while propolis solubility is higher than pea protein isolate (5%) (Stone et al., 2015). 

IV.6.2. Emulsifying activity and emulsion stability 

The emulsifying activity and emulsion stability of pollen and propolis protein extracts 

over time are detailed in Table VIII. Pollen protein extract exhibited an emulsifying activity 

of 24 ± 1.05%, which was not significantly higher (p > 0.05) than the 20 ± 1.11% shown by 

propolis protein extract. Emulsifying activity refers to the ability of proteins to interact with 
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both oil and water to form stable emulsions, depending on factors like ionic charge and surface 

hydrophobicity (Zhang et al., 2020). Key factors influencing emulsifying activity are protein 

solubility and surface hydrophobicity (Liu et al., 2011). Therefore, the low emulsifying 

activity of both pollen and propolis protein extracts can be attributed to their low solubility. 

Table VIII: Emulsifying activity and emulsion stability of protein extracts. 

Protein Extract Emulsifying 
Activity (%) 

Emulsion Stability (%) 
30 min 60 min 90 min 

Pollen 24 ± 1.05a 20 ± 0.00a 20 ± 0.00a 20 ± 0.00a 

propolis 20 ± 1.11a 18 ± 0.1a 14 ± 0.00b 14 ± 0.00b 

Letters indicate significant differences between samples (p < 0.05) in the same column. Samples with 
the same letters are not significantly different. 

Emulsion stability refers to the ability of proteins to prevent destabilization phenomena 

such as creaming, flocculation, and coalescence over time (Afizah and Rizvi, 2014; Gong et 

al., 2016). Results revealed that emulsion stability decreased after 30 min at room temperature, 

reaching 20 ± 0.00% for pollen protein extract and 18 ± 0.1% for propolis protein extract. After 

60 and 90 minu, pollen protein extract maintained its stability, indicating its capacity to sustain 

emulsions over a longer period. In contrast, propolis protein extract's stability decreased to 14 

± 0.00% after 30 min and remained unchanged after 90 min. 

Emulsion stability is maintained by electrostatic repulsions between proteins adsorbed 

at the interfacial film, influenced by the protein's surface charge. However, the observed 

stability decrease over time suggests a weakening of the interfacial film due to reduced protein-

protein interactions (Mundi and Aluko, 2012; Wani et al., 2015). 

IV.6.3. Water and oil holding capacity 

Water holding capacity (WHC) and oil holding capacity (OHC) are essential protein 

properties determining their ability to absorb water and oil, respectively. These characteristics 

make proteins valuable as additives in food products, enhancing quality, including shelf life, 

texture, and flavor (Mohan and Mellem, 2020; Zhang et al., 2020). 

The WHC and OHC of pollen and propolis protein extracts are presented in Table IX. 

Pollen protein extract demonstrated a WHC of 1.06 ± 0.12 g/g, comparable to Serbian pollen 
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extracts with values ranging from 0.92 to 2.25 g/g. Protein WHC largely depends on their 

amino acid composition (Aryee et al., 2018). The relatively low WHC of pollen protein extract 

suggests a deficiency in hydrophilic amino acids essential for water binding (Sathe et al., 1982; 

Afizah and Rizvi, 2014) 

Table IX: Water and oil holding capacity of pollen and propolis protein extracts. 

Protein Extract WHC (g/g) OHC (g/g) 

Pollen 1.06 ± 0.12b 5.868 ± 0.384a 

Propolis 4.938 ± 0.26a 4.88 ± 0.345a 

Letters indicate significant differences between samples (p < 0.05) in the same column. Samples with 
the same letters are not significantly different. 

Conversely, the propolis protein extract showed significantly higher WHC (p < 0.001) 

than pollen protein extract, with a value of 4.93 ± 0.26 g/g, indicating a rich presence of 

hydrophilic amino acids capable of binding water molecules. 

Regarding OHC, pollen protein extract exhibited a substantial capacity of 5.86 ± 0.384 

g/g, surpassing reported values for Serbian bee pollen extracts, ranging from 1.00 to 3.53 g/g. 

High OHC is likely due to numerous non-polar side chains retaining oil through associative 

binding (Aryee et al., 2018). This suggests that pollen protein extract has a higher content of 

hydrophobic amino acids. 

Propolis protein extract had an OHC of 4.88 ± 0.345 g/g, not significantly different         

(p > 0.05) from that of pollen protein extract. The similar OHC and WHC values in propolis 

protein extract may indicate a balanced ratio of hydrophilic and hydrophobic amino acids. 

IV.6.4. Foaming property 

The foaming capacity of proteins is determined by their ability to unfold under certain 

conditions and form a cohesive layer around air bubbles, creating foam (Jiang et al., 2021). 

The foaming capacities of pollen and propolis protein extracts are shown in Table X. Pollen 

protein extract exhibited a foaming capacity of 3.8% ± 0.16%, higher than the 0.2% ± 0.00% 

displayed by propolis protein extract. The low foaming capacity observed in both samples can 

be attributed to their low solubility. Good solubility is crucial for proteins to form foam 

effectively, as it allows them to rapidly migrate to the air-water interface, reduce interfacial 
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tension, and undergo conformational changes such as unfolding and interaction to form a 

protective film trapping air particles (Wani et al., 2015; Li et al., 2018). 

Table X: Foaming capacity and stability of protein extracts. 

Letters indicate significant differences between samples (p < 0.05) in the same column. Samples with 
the same letters are not significantly different. 

Examining foam stability over time, it was found that foam stability decreased to 0.8% 

± 0.00% for pollen protein extract and to 0.2% ± 0.00% for propolis protein extract after 10 

minutes at room temperature, with these values remaining constant for the rest of the testing 

period. This reduction in foam stability suggests that the interfacial film was not cohesive and 

viscous enough to maintain stable air bubbles over an extended period (Fidantsi and 

Doxastakis, 2001). For good foam stability, forming a strong interfacial film of adsorbed 

proteins is crucial, resulting from significant protein-protein interactions at the interface. This 

interaction increases viscosity by enhancing interactions between water and protein molecules, 

facilitating the formation of a cohesive multilayer film (Zhang et al., 2020). 

IV.7. Antimicrobial activity 

IV.7.1. Aromatogram 

The results concerning the antibacterial activity of ethanolic extracts of pollen and 

propolis at different concentrations on bacterial strains are presented in Table XI. 

The results of the inhibition zone diameters show a proportional correlation with the 

concentrations of the extracts used. The propolis extract obtained by ultrasound exhibited the 

largest diameters for both S. aureus and E. coli.  

According to the table, the most significant inhibition zones were observed for S. aureus 

ATCC 29213, with a notable zone of 18.0 ± 1.41 mm, and for E. coli, with a zone of 10 mm, at 

a concentration of 100 mg/ml. These findings are consistent with those of Bonvehí and 

Extract Foaming capacity 
(%) 

Foaming stability (%) 

30 min 60 min 90 min 

Pollen 3.8 ± 0,16a 0.8 ± 0,00a 0.8 ± 0,00a 0.8 ± 0,00a 

propolis 0.2 ± 0,00a 0.2 ± 0,00a 0.2 ± 0,00b 0.2 ± 0,00b 
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Gutiérrez (2012), who reported inhibition zones ranging from 10 to 16 mm for S. aureus, 

confirming strong antibacterial activity of their propolis. 

Table XI : Aromatogram results of ethanolic extracts of pollen and propolis. 

 

Our observations regarding E. coli are supported by the studies of  Segueni et al. (2011) 

and Boufadi et al. (2016), which explored the antibacterial activity of Algerian propolis from 

Tizi Ouzou, Mostaganem, Mila, and Jijel, demonstrating inhibition zones of 11 mm, 11.5 mm, 

10 mm, and 14 mm respectively. 

Regarding pollen, the ethanolic extract obtained by ultrasound showed the strongest 

inhibitory effect against S. aureus ATCC 29213 at a concentration of 100 mg/ml, producing an 

inhibition zone of 15.0 ± 0 mm. However, no inhibition was observed for E. coli, Klebsiella 

pneumoniae and Pseudomonas aeruginosa. 

Our results confirmed that the propolis polyphenolic extract has good activity against 

both Gram-positive and Gram-negative bacteria. However, Gram-positive bacteria were more 

sensitive than Gram-negative bacteria. Silici and Kutluca (2005) studied the antimicrobial 

activity of three types of propolis collected by three different bee races against S. aureus, E. 

coli, Pseudomonas aeruginosa, and Candida albicans, and found that ethanolic extracts of 

propolis (EEP) showed strong activity against S. aureus but weak activity against Gram-

negative bacteria (E. coli, P. aeruginosa, and C. albicans). 

Concentration 
mg/mL 

E.coli S. aureus ATCC 
29213 

P. aeruginosa  Klebsiella 
pneumonie 

Extract Pollen Propolis Pollen Propolis Pollen Propolis Pollen Propolis 

Extraction 
technique 

M US M US M US M US M US M US M US M US 

100 - - 9±0.16 10±0.54 13± 0 
 

15± 
0 .0 

16±1.12 18 ± 
1.41 

- -  7 ± 
0.2 

- - - - 

50 - - 8±0.0 8±0.0 11 ± 
1.3 

14±
1.23 

15±0.03 15± 1.1 - - - - - - - - 

25 - - 7±0.0 7±0.0 10 ± 
0.9  

12±
1.00 

12±0.15 13±0.45 - - -  - - - - 
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The antibacterial activity of propolis may due to polyphenols, aromatic acids and esters. 

The mechanism of this activity is attributed to a synergy between phenolic compounds and 

other compounds in the resin (Boufadi et al., 2016). 

The low susceptibility identified in Gram-negative bacteria is consistent with numerous 

previous studies, suggesting these bacteria have very limited sensitivity to the bactericidal 

action of propolis and pollen (Kujumgiev et al., 1999; Moreno et al., 1999). The most 

plausible explanation for the low sensitivity demonstrated by Gram-negative bacteria could be 

their outer membrane, which inhibits and/or delays the penetration of propolis and pollen. 

Literature indicates that the susceptibility of microorganisms and the differences in 

active components of propolis with antibacterial and antifungal activities are strongly 

influenced by geographical variations in propolis sources (Bankova et al., 2000). Ultrasound-

assisted extraction proves more effective due to the use of high-frequency sound waves creating 

cavitations in the solvent, thereby enhancing the extraction of bioactive compounds from 

propolis, particularly phenolic compounds and flavonoids known for their antimicrobial 

properties. 

 

Figure 13 : Antimicrobial activity of propolis and pollen extracts after 24 hours of incubation. 
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General conclusion and perspectives  

Natural substances play a crucial role in our daily lives, particularly by offering a wide 

range of therapeutic and nutritional options. In particular, propolis and bee pollen represent a 

rich source of chemical compounds beneficial to our well-being. 

This study aims to quantitatively evaluate the phenolic compounds and total proteins in 

two bee products, propolis and pollen, collected from the Wilaya of Tizi Ouzou. Additionally, 

we investigated their antioxidant and antimicrobial activities, as well as their functional 

properties. To achieve these objectives, we utilized maceration extraction and ultrasound-

assisted extraction methods with ethanol as the solvent for polyphenol extraction, and the 

acetone precipitation method for protein extraction. Our findings indicate that propolis extract 

exhibited the highest extraction efficiency, regardless of the extraction method employed. 

The phenolic compound and flavonoid contents vary between the two samples. The 

propolis extract demonstrates notably high levels of total phenolic compounds and flavonoids, 

measuring 641.616 ± 7.95 µg GAE/mg and 57.598 ± 0.352 µg QE/mg, respectively. 

The investigation of antioxidant activity using various methods has revealed that 

propolis extract exhibits the highest antioxidant potential. This is evidenced by its superior 

performance in the FRAP test (A700 nm = 3 ± 0.00), its potent DPPH radical scavenging activity 

(IC50 = 83.341 ± 1.095 µg/mL), and its effective ABTS•+ radical scavenging activity (IC50 = 

42.044 ± 0.73 µg/mL). 

Evaluation of the protein content in the extracts obtained from pollen and propolis 

revealed that the pollen protein extract has the highest protein content (81.92 ± 2.81%). Further 

investigation into functional properties demonstrated that the pollen protein extract exhibited 

superior emulsifying and foaming properties, as well as a higher oil-holding capacity, 

compared to the propolis protein extract. Conversely, the propolis extract displayed greater 

solubility and water-holding capacity.  

The antibacterial activity of the ethanolic extracts was assessed using the disk diffusion 

method on both wild and resistant bacterial strains. Propolis and pollen extracts exhibited the 

highest activity against S. aureus strains.  
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Based on the results obtained, we can conclude that propolis and bee pollen are 

invaluable natural products with a remarkable diversity of applications and benefits. Their 

unique properties underline their importance in a variety of fields. 

In future research, there are several key areas worth exploring to better understand and 

utilize the potential of bee products: 

Ø Increase sample diversity and compare propolis and bee pollen with other bee products, 

such as royal jelly and venom. 

Ø Conduct further research into the optimization of extraction, fractionation and 

identification methods. 

Ø Evaluate other biological activities, such as antifungal, antidiabetic and wound-healing 

properties. 

Ø Enhance the value of hive products in the fields of nutrition, pharmacology and 

cosmetology. 
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Appendix 1: Chemicals, reagents, glassware, equipment, and other non-biological materials 
employed in this study. 
 

Table XII : Non-biological materials used during the experiment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reagents and Chemicals Equipment Glassware and Small Equipment 
 

Hydrochloric acid (HCl) 
 

Magnetic stirrer (LMS-1003) Test Tubes/Conical tubes 

Gallic acid (C7H6O5) Ultarosonic bath (SELECTA) Graduated cylinders  

Sulfuric acid (H2SO4) Analytical balance (OHAUS) Beakers 

Ammonia (NH4OH) Centrifuge (SIGMA 3-16L) Erlenneyer flasks  

Sodium carbonate (Na2CO3) Oven (MEMMERT) Flasks  

Ferric chloride (FeCl3) Soxhlet extractor Micropipettes (10-100µL, 100-
1000µL) 

DPPH (C18H12N5O6) 
Fume hood (Sarl MBPL 

mobilier) 
Filter paper Wattman 

Anthron reagent Water bath (MEMMERT) Petri dishes 

Ethanol Spectrophotometer UV-VIS Platinum loop 

Sodium hydroxide (NaOH) (OPTIZEN POP) Eppendrof tubes 

Folin-Ciocalteu reagent Aluminium chloride (AlCI3) / 
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Appendix 02: Gallic acid calibration curve. 
 

 
                    

Figure 14: Gallic acid calibration curve used to determine polyphenols. 
 
Appendix 03: Quercetin calibration curve. 
 

 
 

Figure 15 : Quercetin calibration curve used to determine total flavonoid content. 
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Appendix 04: DPPH radical scavenging activity of ascorbic acid. 

 

 
Figure 16: DPPH radical scavenging activity of ascorbic acid. 

 

Appendix 05: ABTS•+ radical scavenging activity of ascorbic acid. 

 
 

Figure 17 : ABTS•+ radical scavenging activity of ascorbic acid.   
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Appendix 06: BSA calibration curve. 
 

 
 

Figure 18 : BSA calibration curve used to determine total protein content. 
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Abstract  
Natural substances significantly contribute to our daily lives by providing numerous therapeutic 

and nutritional benefits. Propolis and bee pollen, in particular, are rich in beneficial chemical 
compounds. This study aims to address the need for a quantitative evaluation of phenolic compounds 
and total proteins in these bee products, sourced from the Wilaya of Tizi Ouzou. It also examines their 
antioxidant and antimicrobial activities, as well as their functional properties. The findings reveal that 
propolis contains high levels of phenolic compounds and flavonoids (641.616 ± 7.95 µg GAE/mg and 
57.598 ± 0.352 µg QE/mg), demonstrating superior antioxidant potential in FRAP, DPPH, and ABTS 
assays (IC50 values of 83.341 ± 1.095 µg/mL and 42.044 ± 0.73 µg/mL, respectively). Bee pollen 
shows the highest protein content (81.92 ± 2.81%) and excels in emulsification and foaming properties, 
while propolis has better solubility and water-holding capacity. Furthermore, propolis  and bee pollen 
exhibits significant antibacterial activity against S. aureus strains, These results highlight the diverse 
therapeutic and nutritional applications of propolis and bee pollen. 
 
Keywords: Propolis, bee pollen, phenolic compounds, proteins, antioxidant activity, antimicrobial 
activity, functional properties. 
 
Résumé 

Les substances naturelles contribuent de manière significative à notre vie quotidienne en 
apportant de nombreux avantages thérapeutiques et nutritionnels. La propolis et le pollen d'abeille, en 
particulier, sont riches en composés chimiques bénéfiques. Cette étude vise à répondre au besoin d'une 
évaluation quantitative des composés phénoliques et des protéines totales dans ces produits apicoles, 
provenant de la Wilaya de Tizi Ouzou. Elle examine également leurs activités antioxydantes et 
antimicrobiennes, ainsi que leurs propriétés fonctionnelles. Les résultats révèlent que la propolis 
contient des niveaux élevés de composés phénoliques et de flavonoïdes (641,616 ± 7,95 µg EAG/mg et 
57,598 ± 0,352 µg EQ/mg), démontrant un potentiel antioxydant supérieur dans les essais FRAP, DPPH 
et ABTS (valeurs IC50 de 83,341 ± 1,095 µg/mL et 42,044 ± 0,73 µg/mL, respectivement). Le pollen 
d'abeille présente la teneur en protéines la plus élevée (81,92 ± 2,81 %) et excelle dans les propriétés 
d'émulsification et de moussage, tandis que la propolis présente une meilleure solubilité et une meilleure 
capacité de rétention de l'eau. En outre, la propolis et le pollen présentent une activité antibactérienne 
significative contre les souches de S. aureus. Ces résultats mettent en évidence les diverses applications 
thérapeutiques et nutritionnelles de la propolis et du pollen d'abeille. 
 
Mots-clés : Propolis, pollen d'abeille, composés phénoliques, protéines, activité antioxydante, activité 
antimicrobienne, propriétés fonctionnelles. 
 

  صخلم
 بوبحو ربكعلاو .ةیئاذغلاو ةیجلاعلا دئاوفلا نم دیدعلا ریفوت للاخ نم ةیمویلا انتایح يف ریبك لكشب ةیعیبطلا داوملا مھاست

 تابكرملل يمك مییقت ءارجإ ىلإ ةجاحلا ةیبلت ىلإ ةساردلا هذھ فدھت .ةدیفملا ةیئایمیكلا تابكرملاب ةینغ ،صوصخلا ھجو ىلع ،لحنلا حاقل
 اھتطشنأً اضیأ ةساردلا صحفت امك .وزو يزیت ةیلاو نم اھیلع لوصحلا متی يتلا ،هذھ لحنلا تاجتنم يف ةیلكلا تانیتوربلاو ةیلونیفلا
 ةیلاع تایوتسم ىلع يوتحی سیلوبوربلا نأ جئاتنلا فشكتو .ةیفیظولا اھصئاصخ نعً لاضف ،تابوركیملل ةداضملاو ةدسكلأل ةداضملا
 مارغوركیم 0.352 ± 57.598و غم/كیلاغلا ضمح ئفاكم نم مارغوركیم 7.95 ± 641.616( تادیونوفلافلاو ةیلونیفلا تابكرملا نم
 میق غلبت ثیحABTS و  DPPH و FRAP تاصوحف يف ةدسكلأا ةمواقم ىلع ةقئاف ةردق ىلع لدی امم ،)غم/نیتسركلا ئفاكم نم

IC50 83.341 ± 1.095 ىوتحم ىلعأ لحنلا حاقل بوبح رھظُت .يلاوتلا ىلع لم/مارغوركیم 0.73 ± 42.044و لم/مارغوركیم 
 ظافتحلااو نابوذلا ىلع لضفأ ةردقب ربكعلا زیمتی امنیب ،ةوغرلاو بلاحتسلاا صئاصخ يف قوفتتو )%2.81 ± 81.92( ينیتورب
 هذھ طلست .  S. aureus ایریتكب تلالاس دض ایریتكبلل اًداضم ارًیبك اطًاشن  لحنلا حاقل بوبح وربكعلا رھظُی ،كلذ ىلع ةولاعو .ءاملاب
 . لحنلا حاقلو ربكعلل ةعونتملا ةیئاذغلاو ةیجلاعلا تاقیبطتلا ىلع ءوضلا جئاتنلا
 
 داضملا طاشنلاو ،ةدسكلأل داضملا طاشنلاو ،تانیتوربلاو ،ةیلونیفلا تابكرملاو ،لحنلا حاقل بوبحو ،ربكعلا :ةیحاتفملا تاملكلا
 .ةیفیظولا صئاصخلاو ،تابوركیملل
 
 
 
 


