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Abstract 
Propolis is a resinous substance collected by honeybees from trees and 
plants and contains a variety of bioactive compounds with diverse biological 
properties. Consequently, it has diverse applications in both nutritional and 
pharmaceutical fields. The present study aimed to investigate the biological 
properties of Algerian propolis. In this purpose, seven propolis samples 
were collected from different regions of Algeria and extracted using ethanol 
as the solvent. The total phenolic and flavonoid contents of the ethanolic 
extracts were determined using spectrophotometric methods. The 
antioxidant activity was assessed using two assays: the DPPH radical 
scavenging test and the β-carotene bleaching test. The antibacterial activity 
of the extracts was evaluated in vitro against five pathogenic bacterial 
strains and two beneficial bacteria. Additionally, the antidiabetic potential 
of propolis was examined through an α-amylase inhibition assay. The results 
showed that all propolis samples contained high levels of total phenols and 
flavonoids, ranging from 29.10 to 95.35 mg GAE/g and 5.19 to 48.23 mg 
QE/g, respectively. Both the DPPH and β-carotene assays demonstrated 
significant antioxidant activity of the extracts (P<0.05). The propolis samples 
exhibited strong inhibitory effects against Gram-positive bacteria, with 
inhibition zone diameters ranging from 8.33 ± 0.28 to 15.50 ± 1 mm, and 
moderate activity against Gram-negative bacteria. Furthermore, the 
extracts displayed a high capacity to inhibit α-amylase. These findings 
suggest that Algerian propolis possesses considerable biological potential 
and may serve as a valuable source of natural antioxidant, antibacterial, and 
antidiabetic agents. 
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1. Introduction 
The International Diabetes Federation reported that diabetes has been on the rise 

worldwide (1). This chronic disease, which results from defects in insulin secretion, insulin 
action, or both, can affect individuals of all ages and disrupt normal life. Various synthetic 
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antidiabetic drugs are available on the market to treat hyperglycemia. However, their 
associated side effects (2) have encouraged researchers to explore safer antidiabetic 
compounds derived from natural resources. Furthermore, oxidative stress has been 
recognized as a major contributing factor to many chronic disorders. It may be induced by 
exposure to various xenobiotics, such as food additives, heavy metals, and synthetic drugs, 
as well as by unhealthy modern lifestyle habits, including high consumption of processed 
foods and lack of physical activity (3). For this reason, increasing the intake of antioxidants, 
particularly phytoconstituents, is widely recommended. 

On the other hand, the emergence of antimicrobial drugs resistance of pathogenic 
bacteria has become a major global health concern. This phenomenon is largely attributed 
to the indiscriminate and the excessive use of antibiotic compounds, which has accelerated 
the development of resistance mechanisms in a wide range of microorganisms (4). As a 
result, many conventional antimicrobial agents are progressively losing their efficacy in the 
treatment of infectious diseases. The ongoing emergence, selection, and spread of 
multidrug-resistant bacteria highlight the urgent need for novel therapeutic strategies (5, 6). 
Consequently, growing attention has been focused on the discovery of new antimicrobial 
agents and the investigation of natural products as promising alternative treatments (7). 

Propolis is a resinous, natural, non-toxic product collected by honeybees from 
different trees and plant sources (8,9). It ensures a protective effect for the hive against 
intruders and bacterial infection (10). It is composed of 45–55% plant resin, 25–35% wax, 5–
10% essential oil, 5% pollen, and 5% other natural products (11). Propolis contains more 
than 300 bioactive compounds, including phenols and their esters as the main constituents, 
as well as amino acids, steroids, and terpenoids. Its chemical composition varies depending 
on geographical origin, local vegetation, and the season of collection (12). Due to its 
complex composition, propolis exhibits a wide range of biological activities. Collected by 
bees, it serves multiple functions within the hive, including sealing holes, smoothing internal 
walls, protecting the entrance against intruders, and providing antimicrobial defence for the 
colony (13). In addition, Propolis extracts have exhibited several biological activities, 
including but not limited to antioxidant, antibacterial, antifungal, antiviral, anti-
inflammatory, and anticancer activities (14). Given its diverse biological activities, propolis 
has long been used in traditional medicine to help prevent diseases such as diabetes, 
cancer, heart disease, bacterial infections, and inflammation. It has also served as both a 
medicinal remedy and a natural food preservative since ancient times (15). 

Recent studies have highlighted the diverse pharmacological activities of propolis 
extracts from different geographical origins. Despite its wide range of biological properties, 
propolis remains largely undervalued in Algeria, often being discarded during hive cleaning 
or stored without purpose. Therefore, it is essential to characterize this natural product and 
determine its potential applications. Moreover, variations in antimicrobial activity have 
been reported depending on the origin of the propolis. In Algeria, the country’s wide 
geographical diversity and variations in vegetation are major factors influencing propolis 
composition and biological activity, yet many regions remain unstudied. This study aims to 
investigate the effects of propolis from different Algerian regions on oxidative stress, the 
growth of pathogenic and beneficial bacteria, and its antidiabetic potential. 
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2. Materials and Methods 
2.1. Materials  
2.1.1. Propolis samples 

Seven propolis samples were collected over six months (October 2017 to April 2018) 
from various geographical regions of Algeria (Table 1). The crude propolis was separated 
from bees and other unwanted materials, then stored at 4°C in sterile glass flasks until 
extraction. 

Table 1. Collection period and region of propolis samples. 

 
2.1.2. Bacterial strains 

Five reference strains obtained from the American Type Culture Collection (ATCC) : 
Staphylococcus aureus (ATCC 29213), Bacillus subtilis (ATCC 6633), Listeria monocytogenes 
(ATCC 7644), Pseudomonas aeruginosa (ATCC 27853), and Escherichia coli (ATCC 25922), 
and two beneficial bacterial strains provided by LMBAFS Laboratory: Bifidobacterium 
animalis ssp. lactis Bb12 (CHR Hansen, Hoersholm, Denmark) and Lactobacillus rhamnosus 
LbRE-LSAS, were used to evaluate the antibacterial properties of ethanolic propolis extracts. 

 
2.2. Methods  
2.2.1. Samples extraction 

Propolis was cut into small pieces and extracted using ethanol as solvent. 30 g of 
propolis was incubated for 7 days with 100 mL of ethanol (99%), under continuous shaking. 
After extraction, the mixture was filtered and concentrated under vacuum using a rotary 
evaporator (15). 

 
2.2.2. Determination of total phenolic content 

The total polyphenol content of propolis extracts was determined using the Folin-
Ciocalteu method (16). 200 mL of the propolis extract (1 mg/mL) was mixed with 1.5 mL of 
Folin-Ciocalteu reagent (diluted 10-fold), added with 1.5 mL of sodium bicarbonate solution 
at 60 g/L. The tubes were incubated at room temperature in dark for 90 minutes before 
measuring the absorbance at 725 nm. The polyphenols concentration in the samples was 
derived from a standard curve of gallic acid. 

 
2.2.3. Determination of total flavonoid content 

The total flavonoid content of propolis extracts was determined according to of 
Woisky and Salatino method (17). 1 mL of propolis extract at 1 mg/mL, 4 mL of distilled 
water, 0.3 mL of aluminium chloride (10%, w/v) and 0.3 mL of 5% (w/v) sodium nitrite were 
added. The mixture was allowed to stand at room temperature for 5 minutes before 2 mL of 
1 M sodium hydroxide was added. The mixture was then diluted with 10 mL of distilled 
water. Absorbance of mixture was measured at 510 nm. The concentration of flavonoids in 

Sample  Region  Geographic coordinate Period 

Sample 1 (S1) Chlef 36°9’54.90”N and 1°20’4.27”E October 2017 
Sample 2 (S2) Relizane 35°44’59.99”N and 0°33’59.99”E December 2017 
Sample 3 (S3) Tissemssilet 35° 43′ 60″ N and 0° 33’0”E December 2017 
Sample 4 (S4) Oran 35°41’28”N and 0°38.30.01”E January 2018 
Sample 5 (S5) Mostaganem 35°56’52.14’’N and 0°5’21.05”E March 2018 
Sample 6 (S6) Ain Defla 36°15’50.58”N and 1°58’4.44”E March 2018 
Sample 7 (S7) Ain Defla 36°15’50.58”N and 1°58’4.44”E April 2018 
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the samples was derived from a standard curve of quercetin. The total flavonoid contents in 
propolis extracts were expressed as mg QE/100g. 

 
2.2.4. Antioxidant activity 

• DPPH radical scavenging activity 

The free radical DPPH scavenging activity of propolis extracts was determined using a 
previously published method (18). At a concentration of 0.2 mM, a DPPH methanolic stock 
solution was prepared. Propolis extracts were analysed at different concentrations (2, 4, 6, 8 
and 10 µg/mL). 300 µL of the different extract concentrations and l000µL of DPPH solution 
were mixed. After 30 minutes in the dark, the absorbance of the samples and the blank was 
measured at 517 nm. The DPPH inhibition percentage was calculated using the following 
formula (1): 

I (%) = (1 −
(Ablank −Asample)

Ablank
) × 100           (1) 

 
Where:  
I (%): percentage inhibition of the DPPH radical 
Ablank: absorbance of the control.  
Asample: absorbance of the test.  

 
The concentration of propolis extract that inhibits 50% of DPPH radicals (IC₅₀, µg/mL) 

was determined from the graph plotting the percentage of inhibition against extract 
concentration. 

• β-Carotene-linoleic acid assay 

The β-carotene bleaching assay was carried out according to Kelin and Tepe (19). A 
mixture of 0.5 mg of β-carotene, 1 mL of chloroform, 25 µL of linoleic acid and 200 mg of 
tween 40 was prepared. In addition, chloroform was completely removed by evaporation 
under vacuum. The obtained mixture was diluted in 100 mL oxygen-saturated distilled water 
with vigorous shaking to obtain an emulsion. 2.5 mL of the obtained emulsion were 
dispersed in different test tubes, 350 µL of propolis extract dissolved in methanol (2mg/mL) 
was  added to the mixture and kept for 48 h at room temperature. The absorbance of the 
mixtures was measured at 490 nm. The inhibition of β-carotene bleaching was calculated 
according to the following formula (2): 

 

AAR = (
(Acontrol −Asample)

Acontrol
) × 100      (2) 

Where: 
Acontrol: is the absorbance of the control containing all reagents except the test compound 
Asample: is the absorbance of the test compound 
 
2.2.5. Determination of antibacterial activity and minimum inhibitory concentration (MIC) 

The antibacterial activity of ethanolic propolis extracts was evaluated using the agar 
disc diffusion method against five pathogenic and two beneficial bacterial strains. Bacterial 
inocula were prepared by inoculating a 16-hour pre-culture into Mueller–Hinton broth 
(MHB; Fluka) and incubating at 37 °C. The density of the overnight cultures was adjusted to 
0.5 McFarland Standard (≈10⁶ CFU/mL) using MHB. Sterile filter paper discs were then 
loaded with 20 µL (100 µg/mL) of each ethanolic propolis extract and placed on the 
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inoculated plates. The plates were incubated at 37 °C for 24 hours, after which the 
diameters of the zones of inhibition were measured in millimetres (20). The minimum 
inhibitory concentration (MIC) is defined as the lowest concentration of an antimicrobial 
agent that inhibits bacterial growth after incubation at 37 °C for 24 hours. The MICs of the 
ethanolic propolis extracts were determined as described by Andrews (21). Variable 
volumes of the extracts were added to tubes to create a geometric dilution series with a 
factor of 2, ranging from 0 to 50 mg/mL. Each 1 mL dilution was then mixed with 10 µL of an 
overnight bacterial suspension (10⁸ CFU/mL) and 19 mL of Mueller–Hinton broth (MHB). 
The final concentrations of the extracts were 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.19, 
and 0.01 mg/mL. After incubation at 37 °C for 24 hours, bacterial growth was assessed 
visually, followed by inoculation onto MHB agar to confirm the results. 

 
2.2.6. Determination of antidiabetic activity 

The in vitro antidiabetic activity of propolis extracts was determined using α-amylase 
inhibitory test as described previously by Ononamadu et al. (22) with slight modification. 
250 µl of each extract at different concentrations were placed in tubes and added with 250 
µL of 0.02 M buffered α-amylase solution (0.05 mg/mL) and 250 µL buffered starch solution 
(1%).  The mixture was incubated at 25°C for 10 min and then added with 2 mL DNS reagent 
(dinitrosalicylic acid) to stop the reaction. The mixture reaction was then heated at 100°C 
for 15 min then diluted with 10 mL of distilled water. The absorbance of the mixture was 
then monitored at 450nm using a spectrophotometer. A blank was prepared in the same 
manner using distilled water to replace the extract. Acarbose was used as a positive control. 
The α-amylase inhibitory activity was calculated using the formula (3): 

 

Inhibition (%) = (
(Ac −At)

Ac
) × 100    (3) 

 
Where: Ac and At are the absorbance of the control and tests, respectively.  
The IC50 that corresponds to the necessary extract concentration to inhibit 50% of α-
amylase concentration was calculated. 
 
2.2.7. Statistical analysis 

All experiments were performed in triplicate, and the results are expressed as the 
mean ± standard deviation (SD). Analysis of variance (ANOVA) was performed using PAST 
software version 3.19. Outcomes with a P value < 0.05 were considered statistically 
significant. 

 

3. Results and Discussion  
3.1. Total Polyphenols and Flavonoids Contents 

The assessment of total polyphenols and flavonoids content in propolis extracts 
revealed substantial variations throughout the seven propolis samples analysed (Figure 1). 
Popolis samples collected from Chlef (S1), Relizane (S2) and Ain Defla (S6 and S7) exhibited 
the higher levels of total polyphenol (P<0.05) with 84.23±5.81, 95.35±10.32, 79.23±4.14 and 
63.15±4.14 mg GAE/g respectively, comparing to other samples. However, lower levels were 
obtained from propolis samples collected from Oran (65.09±1.58 mg GAE/g), Tissemsilet 
(48.28±6.35 mg GAE/g) and Mostaganem (29.1±2.61 mg GAE/g). Regarding the total 
flavonoid content of the seven propolis extracts, significantly higher amounts (P<0.05) were 
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detected in samples from Relizane (48.23 ± 2.55 mg QE/g), Oran (38.12 ± 1.62 mg QE/g), 
and Ain Defla (51.9 ± 0.52 mg QE/g), compared to propolis from Tissemsilt (12.43 ± 2.19 mg 
QE/g) and Mostaganem (12.14 ± 2.16 mg QE/g). 

 

 
Figure 1. Total polyphenols (■) and flavonoid (■) contents of Algerian propolis extracts.  
Alphabetic letters indicate significant differences (p<0.05), *: represents mg Gallic acid 
equivalent or mg quercetin equivalent, for total phenolic and flavonoid contents, respectively. 

 
Compared to previous studies on Algerian propolis, our samples contained higher 

levels of phenolic compounds than those reported by Segueni et al. (23) for Jijel propolis 
(0.81 ± 0.16 to 8.97 ± 0.25 mg GAE/g), Rebiai et al. (24) for El-Oued propolis (10.99 mg 
GAE/g), and Benhanfia et al. (25) for propolis from Mascara, Tiaret, and Sidi Belabbes (9.99 
to 46.63 mg GAE/g). However, Nedji and Loucif-Ayadi (26) reported higher phenolic levels in 
Annaba propolis (100.90 to 257.40 mg GAE/g) than those observed in the present study. The 
greater variability in total phenolic and flavonoid content among the propolis samples can 
be attributed to differences in geographical origin, season of collection, and local vegetation, 
as previously reported by Kumazawa et al. (27). Same observations were reported by Huang 
et al. (28) and Miguel et al. (29) who showed that phenolic content in propolis is influenced 
by the sampling area's geography, plant composition, and collection season. AL-Ani et al. 
(30) reported also that the concentration of secondary metabolites in propolis depends on 
geographic origin, season, and the proximity of the hive to specific plant sources. 

 
3.2. Antioxidant Activity 
3.2.1. DPPH radical scavenging activity 

The antioxidant capacity of the propolis extracts was assessed using the DPPH free 
radical method. Samples with higher polyphenol content exhibited stronger free radical 
scavenging activity, indicating that polyphenol levels are closely linked to antioxidant 
potential. As shown in Figure 2, the DPPH radical inhibition followed the order: S1 (IC₅₀ = 
225.24 ± 5.01 µg/mL) ≈ S6 (IC₅₀ = 225.48 ± 8.07 µg/mL) > S7 (IC₅₀ = 234.28 ± 11.18 µg/mL) > 
S2 (IC₅₀ = 239.38 ± 2.25 µg/mL) > S4 (IC₅₀ = 275.72 ± 9.18 µg/mL) > S3 (IC₅₀ = 438.45 ± 7.36 
µg/mL) > S5 (IC₅₀ = 458.95 ± 5.35 µg/mL). Compared to the analyzed propolis samples, BHT 
demonstrated a higher DPPH radical scavenging activity, with an IC₅₀ of 87.65 ± 2.49 µg/mL. 
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These results highlight that S1 and S6 were the most active extracts, while S3 and S5 
showed the lowest antioxidant activity. 

 

 
Figure 2. IC50 (µg/mL) values of Algerian propolis extracts and the standard BHT.  

Alphabetic letters indicate significant differences (p<0.05). 

 
Segueni et al. (23) and Sun et al. (31) reported similar findings, noting that the DPPH 

scavenging activity of propolis extracts depends on their phenolic content. These results 
suggest that the DPPH radical interacts with the antioxidant compounds, which act as 
hydrogen donors, and is reduced to the corresponding hydrazine, as described by Bakchiche 
et al. (32). 

 
3.2.2. β-carotene bleaching assay 

As shown in Figure 3, the antioxidant capacity of the propolis extracts is determined 
by β-carotene bleaching method. BHT and propolis from Ain Defla (S7) presented the 
highest capacity on inhibition of β-carotene bleaching (P<0.05), exhibiting a percentage 
inhibition of 92.35 ± 1.51 % and 85.26 ± 1.97 %, respectively. Propolis collected from Ain 
Defla (S6), Relizane (S2), Chlef (S1) and Oran (S4) showed a middle activity of inhibition of β-
carotene bleaching and the percentage inhibition obtained in these samples ranged 
between 62.47 and 70.95 %. Propolis from Tissemssilet and Mostaganem demonstrated less 
effect on inhibition of β-carotene bleaching (p<0.05), with 36.35 ± 3.15 % and 28.25 ± 0.95 
%, respectively. 

 

 
Figure 3. Percentage inhibition of β-carotene bleaching with propolis extracts and BHT. 

Alphabetic letters indicate significant differences (p<0.05). 
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In the present study, it was observed that the antioxidant capacity of the analysed 
propolis extracts tended to increase with higher phenolic content. Similarly, samples with 
greater amounts of phenolic and flavonoid compounds generally exhibited stronger 
antioxidant activity. Comparable observations have been reported for Chinese (33) and 
Mexican (34) propolis. Previous studies have also highlighted that the antioxidant potential 
of propolis depends on its geographical origin (Belfar et al., 35), and compounds such as 
kaempferol and caffeic acid contribute to its antioxidant effects Kumazawa et al. (27). 
Nevertheless, further research using more specific analytical methods is needed to 
accurately identify and quantify the phenolic compounds present in propolis. 

 
3.3. Minimum Inhibitory Concentration (MIC) 

The pathogenic bacterial strains were inhibited differently, the propolis extracts 
appeared to be more active on inhibition of the growth of Gram-positive bacteria than the 
Gram-negative bacteria. The diameters of zone inhibition calculated on Gram-positive 
strains ranged from 8.33 ± 0.28 to 15.50 ± 1 mm, comparatively to 00 ± 0 to 10.00 ± 0 mm 
obtained against Gram-negative strains (Table 2). Benhanifia et al. (25), Nedji and Loucif-
Ayadi (26) and Boufadi et al. (36) who observed previously that Gram-negative bacteria 
showed low sensitivity to Algerian popolis. Thereby, Tegos et al. (37) have explained that 
these results are due to an inhibition of propolis penetration by Gram-negative bacteria’s 
outer membrane. The most sensitive strains to propolis extracts are Gram-positive. S. 
aureus and B. subtilis showing minimal inhibitory concentrations of 0.38 to 3.12 and 0.19 to 
6.25 mg/mL respectively. Gram-negative strains are the most resistant to ethanolic extract 
of propolis with minimal inhibitory concentrations of 0.38 and 25 mg/mL. Morever, the 
lowest values of minimal inhibitory concentrations were obtained with propolis samples 
from Chlef and Relizane. 

 
Table 2. Diameters of the inhibitory zones ± SD (mm) of pathogenic bacterial strain and reaction of 
two beneficial strains with the seven ethanolic extracts of propolis. 

 S1 S2 S3 S4 S5 S6 S7 

S. aureus 8.33±0.28e 13.00±1.15g 5.66±0.57c 8.33±057e 6.00±0.28c 11.00±0.76f 10.33±0.28f 

B. subtilis 15.50±1h 14.66±0.57gh 2.33±0.86b 9.16±0.28ef 3.66±0.57b 13.50±1g 10.33±0.76f 

L. monocytogenes 6.00±0c 08.5±0.86e 0a 3.66±1.15bc 2.33±0.57b 4.66±0.57c 8.50±0.86e 

P. mirabilis 2.33±0.28b 10.00±0f 7.66±1.15e 8.33±0.57e 4.00±0c 2.00±0.5b 5.66±0.57c 

E. coli 5.00±0.28c 4.66±0.28c 2.33±0.57b 4.33±0.28c 0a 08.00±1e 5.66±0.86c 

L. rhamnosus NE NE NE NE NE NE NE 

Bb12 NE NE NE NE NE NE NE 

NE: No Effect, Letters indicate statistical differences between propolis extracts (p<0.05) 
 

In the present study, propolis extracts with higher phenolic content generally 
exhibited stronger antibacterial activity, with samples S1, S2, S6, and S7 showing the most 
pronounced inhibition of pathogenic bacteria. These findings are consistent with previous 
studies (38,39). Furthermore, Gansales et al. (20) found that the antibacterial activity of 
propolis extracts was largely influenced by their phenolic and flavonoids contents. In the 
current investigation, there was a positive association found between the phenolic contents 
of propolis extracts and their antibacterial activity; propolis with high amounts of 
polyphenol had a considerable effect on inhibiting pathogenic microorganisms (S1, S2, S6 
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and S7). The phenolic and flavonoid concentration of propolis extracts impacted their 
antibacterial effectiveness. Thus, the antibacterial effect of extracts is due to the 
concentration of such molecules. The variations in propolis biological potential, according to 
the same authors, may be explained by their chemical composition; this feature is related to 
the botanical origin of propolis. In the present study, none of the extracts showed any 
inhibitory effect on the growth of beneficial bacteria. 

 
Table 3. Minimal inhibitory concentrations (MIC, mg/mL) of ethanolic propolis extracts against 

pathogenic strains. 

 
Studies have reported that the antibacterial activity of propolis extracts can be 

explained by multiple mechanisms, including inhibition of cell division, reduction of ATP 
production, increased cell membrane permeability, and disruption of membrane potential. 
Phenolic compounds can cause collapse of the microbial cytoplasm, compromise cell 
membranes and cell walls, inhibit bacterial motility, inactivate enzymes, interfere with 
protein synthesis, and induce bacteriolysis (33–35). Some authors reported that HPLC 
analysis revealed the major phenolic compounds in propolis to include caffeic, syringic, 
ellagic, hydroxybenzoic, vanillic, ferulic, and o-coumaric acids (17,37,38). The inhibitory 
effects of propolis extracts on pathogenic bacterial strains can be attributed to their richness 
in bioactive molecules such as polyphenols and flavonoids. These compound likely act by 
altering cell membrane permeability and cell wall rigidity, leading to leakage of essential 
cellular constituents. Phenolic and flavonoid compounds may also bind to soluble proteins 
and enzymes, forming complexes that cause irreversible damage and inhibit cellular 
functions (39,40). The continued growth of beneficial bacterial strains in the presence of 
propolis extracts suggests that probiotic strains are resistant to propolis phenolics, 
supporting the potential use of propolis as a natural preservative in foods containing 
probiotics. 

 
3.4. Antidiabetic Activity 

α-Amylase is a key enzyme involved in the hydrolysis of complex carbohydrates, such 
as starch, into simpler sugars including dextrin, maltose, and glucose. Inhibition of this 
enzyme by natural bioactive compounds may help regulate blood glucose levels and thus 
contribute to diabetes prevention. In the present study, the inhibitory effect of phenolic 
extracts of propolis on α-amylase activity was evaluated. As shown in Table 4, all propolis 
extracts exhibited α-amylase inhibitory activity. Among them, extracts from samples S7 (Ain 
Defla : IC₅₀ = 298.71 ± 12.54 µg/mL), S4 (Oran : IC₅₀ = 309.46 ± 24.51 µg/mL), and S1 (Chlef  
IC₅₀ = 311.08 ± 17.26 µg/mL) were the most effective (P < 0.05) compared to the other 
samples, followed by sample S3 from Tissemsilt (IC₅₀ = 378.22 ± 20.18 µg/mL). 

On the other hand, the results of the present study indicate that α-amylase inhibition 
by ethanolic propolis extracts does not appear to be directly related to their total phenolic 
content. For instance, samples S2 and S6, which contained the highest levels of phenolic 

 S1 S2 S3 S4 S5 S6 S7 

S. aureus 0.78 0.38 3.12 1.56 3.12 0.38 0.38 

B. subtilis 0.19 0.19 12.5 0.78 6.25 0.38 0.78 

L. monocytogenes 6.25 0.38 25 6.25 6.25 3.12 0.38 

P. mirabilis 12.5 0.38 0.78 0.78 3.12 12.5 3.12 

E. coli 1.56 1.56 3.12 1.56 25 0.78 1.56 
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compounds (95.35 ± 10.32 and 79.23 ± 4.14 mg GAE/g) respectively, showed relatively low 
α-amylase inhibitory activity (IC₅₀ = 504.15 ± 14.17 and 721.84 ± 14.04 µg/mL) respectively, 
compared to the other samples. In contrast, sample S1 from Chlef, with a relatively high 
phenolic content (84.23 ± 5.81 mg GAE/g), exhibited strong α-amylase inhibition (IC₅₀ = 
311.08 ± 17.26 µg/mL), comparable to that of sample S4 from Oran (IC₅₀ = 309.46 ± 24.51 
µg/mL), despite its lower phenolic content (65.09 ± 1.58 mg GAE/g). Similarly, sample S5 
from Mostaganem, which had a low phenolic content (29.10 ± 2.61 mg GAE/g), showed 
moderate inhibitory activity (IC₅₀ = 493.21 ± 9.30 µg/mL). A comparable trend was observed 
for sample S2 from Relizane, which, despite its high phenolic content, and exhibited 
relatively weak inhibition. 

 
Table 4. IC₅₀ values (mg/mL) for α-amylase inhibition by propolis 
extracts and the standard acarbose. 

 
 
 
 
 
 
 
 
 
 

Letters indicate statistical differences between propolis extracts (p<0.05) 
 

These findings suggest that α-amylase inhibition by propolis extracts depends more on 
the qualitative composition of phenolic compounds rather than their total quantity. Indeed, 
certain phenolic compounds may be more effective enzyme inhibitors than others, 
depending on their ability to interact with the active site of the enzyme. Therefore, detailed 
qualitative analyses are necessary to better characterize the bioactive compounds 
responsible for this activity. Our results are consistent with previous studies on Indonesian 
(1), Australian (41), Turkish (42), Nigerian (43), and Moroccan (44) propolis, which have 
highlighted the potential of propolis extracts to contribute to diabetes management. This 
effect is mainly attributed to phenolic compounds, particularly the flavonoids, that inhibit 
carbohydrate-hydrolyzing enzymes such as α-amylase and β-glucosidase, thereby helping to 
reduce blood glucose levels. Furthermore, Hernández-Martínez et al. (45) reported an 
approximately 50% reduction in α-amylase and β-glucosidase activities after the intestinal 
phase and suggested that propolis extracts could serve as a natural alternative for diabetes 
management. 
 

4. Conclusion 
This study aimed to investigate the antioxidant, antibacterial, and antidiabetic 

properties of several Algerian propolis samples. The results showed that these samples are 
rich in polyphenols and flavonoids, which likely contribute to their biological activities. Both 
the DPPH and β-carotene assays confirmed that all samples exhibited notable antioxidant 
activity. Concerning the antibacterial activity of propolis extracts, it varied depending on the 
bacterial strain and the geographical origin of the samples, with Gram-positive bacteria 
being generally more susceptible. Notably, propolis samples from Chlef and Relizane 
demonstrated strong inhibitory effects on bacterial growth. Regarding the antidiabetic 

Sample IC50 value (µg/mL) 

Acarbose 175.82±11.74a 
S1 311.08±17.26b 
S2 504.15±14.17d 
S3 378.22±20.18c 
S4 309.46±24.51b 
S5 493.21±09.30d 
S6 721.84±14.04e 
S7 298.71±12.54b 
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activity, the results indicated that samples collected from Chlef (S1) and Ain Defla (S7) 
showed the most effective α-amylase inhibition compared to the other samples. These 
variations in biological activity may be attributed to differences in climatic conditions and 
vegetation across the regions of Algeria.  

Overall, these findings highlight the potential of Algerian propolis as a natural source 
of bioactive compounds. However, further studies are needed to better characterize its 
chemical composition and to better understand the mechanisms underlying its biological 
activities. 

 

Acknowledgements 
We sincerely thank the Algerian Ministry of Higher Education and Scientific Research 

for their financial support. 
 

Author Contributions 
S.M. and M.M. conceived and designed the experiments; N.F. and M.B. performed the 

experiments; M.S. and Z.A. analysed the data; L.A. and N.F. provided reagents, materials, 
and analysis tools; S.M. wrote the manuscript; Z.A. revised the manuscript. All authors read 
and approved the final manuscript. 

 

Funding 
This work was financially supported by the Algerian Ministry of Higher Education and 

Scientific Research under the project No. DOOL01UN270120190003. 
 

Institutional Review Board Statement 
Not applicable 

 

Data Availability Statement 
The data supporting the findings of this study are available within the article. 

 

Conflicts of Interest 
All authors declare there is no conflict of interest, financial or otherwise in this 

research. 
  

References 
1.  Siti F, Pratami DK, Sahlan M. 2023. In vitro study on antidiabetic and antihypertensive 

activities of ethanolic extract of propolis of Indonesian stingless bee Tetragonula 
sapiens. Journal of King Saud University – Science 35 [Internet]. 2023; 102738, 1-8. 
Available from: https://doi.org/10.1016/j.jksus.2023.102738  

2. Alam S, Sarker MMR, Sultana TN, Chowdhury MNR, Rashid MA, Chaity NI, Zhao C, Xiao 
J, Hafez EE, Khan SA and Mohamed IN. Antidiabetic Phytochemicals from Medicinal 
Plants: Prospective Candidates for New Drug Discovery and Development. Frontiers in 
Endocrinology[Internet] . 2022; 13:800714. Available from: 
https://doi.org/10.3389/fendo.2022.800714     

3. Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L, Panzarini E, Rajkovic J, Tsouh 
Fokou PV, Azzini E, Peluso I, Prakash Mishra A, Nigam M, El Rayess Y, Beyrouthy ME, 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9(1): 195–209 

 

206 

Polito L, Iriti M, Martins N, Martorell M, Docea AO, Setzer WN, Calina D, Cho WC and 
Sharifi-Rad J. Lifestyle, Oxidative Stress, and Antioxidants: Back and Forth in the 
Pathophysiology of Chronic Diseases. Frontiers in Physiology[Internet]. 2020; 11:694. 
Available from: https://doi.org/10.3389/fphys.2020.00694 

4. Yakoubi SH, Mkhize S, Pooe OJ. Screening of Antimicrobial Properties and Bioactive 
Compounds of Pleurotus Ostreatus Extracts against Staphylococcus Aureus, 
Escherichia coli, and Neisseria Gonorrhoeae. Biochemistry Research International 
[Internet]. 2023;(8):1-9. Available from: https://doi.org/10.1155/2023/1777039  

5. Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a global multifaceted 
phenomenon. Pathogens and Global Health[Internet] . 2015; 109 (7): 309-315. 
Available from: https://doi.org/10.1179/2047773215Y.0000000030 . 

6. Terreni M, Taccani M, Pregnolato M. New antibiotics for multidrug-resistant bacterial 
strains: latest research developments and future perspectives. Molecules[Internet]. 
2021;  26 (9). Available from: https://doi.org/10.3390/molecules26092671  

7. Arsene MMJ, Jorelle ABJ, Sarra S. Short review on the potential alternatives to 
antibiotics in the era of antibiotic resistance.  Journal of Applied Pharmaceutical 
Science. 2021; 12(1): 29-40. Available from: 
https://doi.org/10.7324/JAPS.2021.120102  

8. Saeed A, Donkor ES, Arhin RE. In vitro antimicrobial activity of crude propolis extracts 
and fractions. FEMS Immunology and Medical Microbiology [Internet]. 2023: 4, 1-8. 
Available from: https://doi.org/10.1093/femsmc/xtad010. eCollection 2023.  

9. Hamasaka T, Kumazawa S, Fujimoto T. Antioxidant Activity and Constituents of 
Propolis Collected in Various Areas of Japan. Food Science and Technology Research 
[Internet]. 2004; 10(1), 86–92. Available from: 
https://doi.org/10.1016/j.foodchem.2006.03.045  

10. Fernández-Calderón MC, Navarro-Pérez ML, Blanco-Roca. Chemical Profile and 
Antibacterial Activity of a Novel Spanish Propolis with New Polyphenols also Found in 
Olive Oil and High Amounts of Flavonoids. Molecules [Internet]. 2020; 25 (3318), 1-17. 
Available from: https://doi.org/10.3390/molecules25153318  

11. Galeotti F, Maccari F, Fachini A, Volpi N. Chemical composition and antioxidant activity 
of propolis prepared in different forms and in different solvents useful for finished 
products. Foods [Internet. 2018; 7 (41), 1-10. Available from: 
https://doi.org/10.3390/foods7030041 

12. Santos-Buelga C, González-Paramás A.M. Phenolic composition of propolis. In. bee 
products-chemical and biological properties Springer: Gewerbestrasse, Switzerland. 
2017; 99–111. 

13. Castaldo S, Capasso F.  Propolis, an old remedy used in modern medicine. Fitoterapia 
[Internet]. 2002;  73: 1-6. Available from: https://doi.org/10.1016/S0367-
326X(02)00185-5 

14.   Sforcin JM. Biological properties and therapeutic applications Propolis. Phytotherapy 
Research. 2016; 30(6): 894–905 

15. Miorin PL, Levy Junior NC, Custodio AR, Bretz WA, Marcucci MC. Antibacterial activity 
of honey and propolis from Apis mellifera and Tetragonisca angustula against 
Staphylococcus aureus. Journal of Applied Microbiology. 2003;  95, 913-920 

16. Singleton VL, Orthofer R, Lamuela-Raventos R.M. Analysis of total phenols and other 
oxidation substrates and antioxidants by means of Folin-Ciocalteu reagent. Methods in 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9(1): 195–209 

 

207 

Enzymology [Internet]. 1999; 299: 152–178. Available from: 
https://doi.org/10.1016/S0076-6879(99)99017-1 

17. Woisky RG, Salatino A. Analysis of propolis: some parameters and procedures for 
chemical quality control. Journal of Apical Resarch [Internet].1998; 37: 99-105. 
Available from: https://doi.org/10.1080/00218839.1998.11100961 

18. Tepe B, Daferera D, Sokmen A, Sokmen M, Polissiou M. Antimicrobial and antioxidant 
activites of essential oil and various extracts of Salvia tomentosa Miller.  Food 
Chemestry [Internet]. 2005; 90: 333-340. Available from: 
https://doi.org/10.1016/j.foodchem.2003.09.013 

19. Kelin K, Tepe B. Chemical composition, antioxidant and antimicrobial properties of 
essential oils of three Salvia species from Turkish flora. Bioressource technology 
[Internet]. 2008; (99): 4096-4104. Available from: Available from: 
https://doi.org/10.1016/j.biortech.2007.09.002 

20. Gonsales GZ. Orsi RO, Fernandes Júnior, A., Rodrigues P., & Funari, S.R.C. Antibacterial 
activity of propolis collected in different regions of Brazil. Journal of Venomous 
Animals and Toxins including Tropical Diseases [Internet]. 2006;    12: 276–284. 
Available from: https://doi.org/10.1590/S1678-91992006000200009 

21. Andrews JM. Determination of minimum inhibitory concentrations. Journal of 
Antimicrobial Chemotherapy. 2001;  48: 5–16. Available from: 
https://doi.org/10.1093/jac/48.suppl_1.5  

22. Ononamadu CJ, Alhassan AJ, Imam AA, et al. In vitro and in vivo evaluation of the 
antidiabetic and antioxidant activity of methanol extract/ solvent fractions of ocimum 
canum leaves. Caspian Journal of Internal Medicine [Internet]. 2019; 10(2): 162-175. 
Available from: https://doi.org/10.22088/cjim.10.2.162 

23. Segueni N, Demircan E, Salah A, Özçelik B, Rhouati S. Correlation between antioxidant 
activity and phenolic acids profile and content of Algerian propolis: Influence of 
solvent. Pakistan Journal of Pharmaceutical Sciences [Internet]. 2017; 30: 1417-1423 

24. Rebiai A, Lanez T, Belfar ML. In-vitro evaluation of antioxidant capacity of Algerian 
propolis by spectrophotometrical and electrochemical assays. International Journal of 
Pharmacology [Internet]. 2011;; 7: 113–118. Available from: 
https://doi.org/10.3923/ijp.2011.113.118 

25. Benhanifia M, Shimomura K, Suchiyai T, Inuic S, Kumazawa S, Mohamed WM, Boukraa 
L, Sakharkar MK, Benbareka H. Chemical composition and antimicrobial activity of 
propolis collected from some localities of Western Algeria. Acta Aliment. 2014; 43(3): 
482-488. Available from: https://doi.org/10.1556/aalim.43.2014.3.16 

26. Nedji N, Loucif-Ayadi W. Antimicrobialactivity of Algerian propolis in foodborne 
pathogens and its quantitative chemical composition. Asian Pacific Journal of Tropical 
Disease [Internet]. 2014; 4 (6): 433-437. Available from: 
https://doi.org/10.1016/S2222-1808(14)60601-0 

27. Kumazawa S, Hamasaka T, Nakayama T. Antioxidant activity of propolis of various 
geographic origins. Food Chemestry [Internet]. 2014; 84: 329–339. Available from: 
https://doi.org/10.1016/S0308-8146(03)00216-4  

28. Huang S, Zhang CP, Wang K, Li G, Hu FL. Recent advances in the chemical composition 
of propolis. Molecules [Internet]. 2014; 19 (12): 19610-19632. Available from: 
https://doi.org/10.3390/molecules191219610 

29. Miguel MG, Nunes S, Dandlen SA, Cavaco AM, Antunes M.D. Phenols, flavonoids and 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9(1): 195–209 

 

208 

antioxidant activity of aqueous and methanolic extracts of propolis (Apis mellifera L.) 
from Algarve, south Portugal. Food Science and Technology [Internet]. 2004; 34 (1), 
16-23. Available from: https://doi.org/10.1590/S0101-20612014000100002  

30. Al-Ani I, Zimmermann S, Reichling J, Wink M. Antimicrobial activities of European 
propolis collected from various geographic origins alone and in combination with 
antibiotics. Medicine. 2018; 5: 2-17. https://doi.org/doi: 10.3390/medicines5010002 

31. Sun C, Wu Z, Wang Z. . Effect of ethanol/water solvents on phenolic profiles and 
antioxidant properties of Beijing propolis extracts. Evidence-based Complementary 
and Alternative  Medicine [Internet]. 2015; 8: 595-393. Available from: 
https://doi.org/10.1155/2015/595393 

32. Bakchiche B, Habati M, Benmebarek A, Gherib A. Total Phenolic, Flavonoid Contents 
and Antioxidant Activities of Honey and Propolis Collected from the Region of 
Laghouat (South of Algeria). World News Nat Sciences.  2017; 11: 91-97 

33. Ahn M, Kumazawa S, Usui Y, Nakamura J, Matsuka M, Zhu F, Nakayama T. Antioxidant 
activity and constituents of propolis collected in various areas of China. Food 
Chemestry [Internet]. 2007; 101(4): 1383-1392. Available from: 
https://doi.org/10.1016/j.foodchem.2006.03.045 

34. Hernández Zarate MS, María del Rosario A, Juárez M, Cerón García A, Dzuna López C,  
Gutoérrez Chávez A J, Segdvoand Garfoas N, Avola Ramds F. Flavonoids, phenolic 
content, and antioxidant activity of propolis from various areas of Guanajuato, Mexico. 
Food Science and Technology  [Internet]. 2018; 38(2): 210-215. Available from: 
https://doi.org/10.1590/fst.29916 

35. Belfar M L, Lanez A, Ghiaba Z. Evaluation of antioxidant capacity of propolis collected 
in various areas of Algeria using electrochemical Techniques. International journal of 
electrochemican sciences [Internet]. 2015; 10: 9641-9651. Available from: 
https://doi.org/10.1016/S1452-3981(23)11207-7 

36. Boufadi Y M, Jalal Soubhye J, Néve J, Néve J, Van Antwerpen P, Riazi A. Antimicrobial 
effects of six Algerian propolis extracts. International Journal of Food Sciences and 
Technology [Internet]. 2016; 51: 2613–2620. Available from: 
https://doi.org/10.1111/ijfs.13247 

37. Tegos G, Stermitz F R, Lomovskaya O, Lewis K. Multidrug pump inhibitors uncover 
remarkable activity of plant antimicrobials. Antimicrobial Agents in Chemotherapy 
[Internet]. 2002; 46: 3133–3141. Available 
from:https://doi.org/10.1128/AAC.46.10.3133-3141.2002 

38. Takaisi-Kikuni N B, Schilcher H. Electron microscopic and microcalorimetric 
investigations of the possible mechanism of the antibacterial action of a defined 
propolis provenance. Planta Medica [Internet]. 1994; 60: 222–227. 
Availablefrom:https://doi.org/10.1055/s-2006-959463 

39. Fernandes Júnior A, Balestrin E C, Betoni J E C, Orsi R D O, Cunha M, Montelli A C. 
Propolis: Anti-Staphylococcus aureus activity and synergism with antimicrobial drugs. 
Memórias do Instituto Oswaldo Cruz. 2005 ; 100 (27), 563–566 

40. Przybyłek I, Karpinski T M. Antibacterial Properties of Propolis. Molecules. 2019; 24, 
2047: 2-17. https://doi.org/10.3390/molecules24112047 

41. Uddin S, Brooks PR, Tran T D. Chemical characterization,-Glucosidase,-amylase and 
lipase inhibitory properties of the Australian honey bee propolis. Foods. 2022; 11, 
1964. https://doi.org/10.3390/foods11131964 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2026; 9(1): 195–209 

 

209 

42. Keskin M. Chemical characterization of arabic gum-chitosan-propolis beads and 
determination of-amylase inhibition effect. Progress in Nutrition [Internet]. 2020; 22: 
562–567. Available from: https://doi.org/10.23751/pn.v22i2.9136 

43. Ugwor E I,  James A S, Amuzat A, Ezenandu E O, Ugbaja VC, Ugbaja R N. Network 
pharmacology-based elucidation of bioactive compounds in propolis and putative 
underlying mechanisms against type-2 diabetes mellitus. Pharmacological Research - 
Modern Chinese Medicine [Internet]. 2022; 5: 100183. Available from: 
https://doi.org/10.1016/j.prmcm.2022.100183 

44. El-Guendouz S, Aazza S, Lyoussi B, Antunes M D, Faleiro M L., Miguel M G. Anti-
acetylcholinesterase, antidiabetic, anti-inflammatory, antityrosinase and antixanthine 
oxidase activities of Moroccan propolis. International Journal of Food Science and 
Technology [Internet]. 2016; 51: 1762–1773. Available from: 
https://doi.org/10.1111/ijfs.13133 

45. Hernández-Martínez JA,  Zepeda-Bastida A, Morales Rodríguez I, Fernández-Luqueño 
F, Campos-Montiel R, Hereira Pacheco S E, Medina-Pérez G. Potential Antidiabetic 
Activity of Apis mellifera Propolis Extraction Obtained with Ultrasound. Foods 
[Internet]. 2024; 13, 348. Available from: https://doi.org/10.3390/foods13020348  

 


