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Natural products have been used in medicine for variety of purposes for centuries. As a natural product, propolis 
is gaining increasing importance today due to its antimicrobial activity against pathogenic microorganisms. 
Hence, the aim of the present study was to investigate the antimicrobial activity of extracts and essential oils of 
propolis collected from various regions of Algeria against food-borne and clinically pathogen microorganisms 
including Salmonella enteritidis RSKK 171, Shigella sonnei MU:57 and Candida glabrata RSKK 04019. The 
antimicrobial activity of the propolis extracts and essential oils were evaluated using disc diffusion method. The 
results showed that all propolis extracts and essential oils exhibited antimicrobial activity against the tested 
microorganisms with inhibition zones varied from 8.31 mm to 14.53 mm. The minimal inhibitory concentration 
(MIC) and minimal bactericidal or fungicidal concentration (MBC or MFC) of the samples were determined by 
microdilution-broth method. The MIC and MBC or MFC values were in the range of 0.25-2 µg/µl and 0.25-4 
µg/µl. Therefore, propolis extracts and essential oils from different regions of Algeria have potential to be used 
as a natural additive for food and pharmaceutical industries. 
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Introduction 

In the last 20 years, due to the existence of side effects 
of synthetic medicines and the resistance of 
microorganisms to these drugs, the tendency towards the 
use of drugs with natural ingredients has increased. [1]. 
Today, many of the microorganisms that cause foodborne 
infections gain resistance over time due to antimicrobial 
drugs and misuse. Therefore, people tend to prefer 
products with natural antimicrobial properties [2]. Natural 
products are increasingly used as they are better tolerated 
in the human body [3]. Propolis is a natural bee product 
that honey bees (Apis mellifera L.) obtain by adding 
salivary enzymes to the resin they collect from sprouts, 
leaves, buds and shell cracks in trees and plants [4-6]. It 
contains plant resin (50%), beeswax (30%), essential oils 
(10%) and other components (5%) [7]. Propolis have wide 
biological properties such as antibacterial [8], antifungal 
[9], anti-inflammatory [10], anticarcinogen [11], anti-
allergic, anti-diabetic [12], cytostatic, hepatoprotective 
and photoprotective effects [13, 14]. 

Candida species are opportunistic species that cause 
certain infections when the host's immune and defense 
system is weakened [15]. Clinically, Candida strains have 
difficulties in their treatment as they become resistant to 
antifungals [16, 17]. Shigellosis, also known as bacillary 
dysentery, is an infectious disease caused by Shigella. S. 
dysenteriae, S. boydii, S. sonnei and S. flexneri are all 
pathogens for humans in the genus Shigella [18]. Infection 

is mainly spread from person to person through fecal-oral 
route or contaminated food and water consumption. [19]. 
Salmonella genus is one of the most important causes of 
foodborne bacterial and diseases in the world [20]. 
Salmonella species can be transmitted to humans in a 
variety of ways, but most infections result from the 
consumption of contaminated food of animal origin [21]. 

To date, the antimicrobial activities of propolis 
extracts and essential oils against various bacterial and 
fungal strains have been studied. However, the 
composition of propolis varies considerably according to 
the climate, season, geographical region, collection time 
and source of plant [22, 23]. As a result, the chemical 
composition and biological properties of propolis vary 
greatly depending on the sources from which it is 
collected. In the current study, it is aimed to investigate 
the antimicrobial activities of propolis extracts and 
essential oils collected from different regions of Algeria 
against two food-borne Gram-negative bacteria and one 
clinical yeast. 

  

Materials and Methods 

Test Microorganisms  
In vitro antimicrobial activity of propolis extracts and 

essential oils were tested against two Gram negative 
bacteria (S. enteritidis RSKK 171 and S. sonnei MU: 57) and 
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one yeast (C. glabrata RSKK 04019). The strains of bacteria 
and yeast were cultured at 37ºC in nutrient broth/agar 
and at 30ºC in YPD (Yeast Peptone Dextrose) broth/agar 
mediums.  

 

Propolis Samples 
The samples of propolis were collected from Apis 

mellifera hives located at different geographical regions of 
Northeast Algeria (Collo, El harrouch, Taref, Konstantin, 
Setif, Mila, Batna, Oum el Bouaghi) (Table 1). 

 
Table 1. Collection regions of propolis samples 

 

Preparation of Propolis Extracts and Essential Oils 
The collected propolis samples were pulverized after 

separation of impurities. The powdered propolis samples 
(20 g) were extracted with 200 ml of hydroalcoholic 
solution (80% MeOH, 20% distilled water) in three times 
for 72 h. After the extraction, the obtained extracts were 
filtered, evaporated and then kept at 4°C under dry 
conditions until use [24]. However, propolis essential oils 
were obtained by hydrodistillation of crude powdered 
propolis (100 g) using a Clevenger type apparatus for 3 h. 
The obtained oils were dried over anhydrous sodium 
sulphate and then stored at 4°C. Prior to determine the 
antimicrobial activity, propolis extracts and essential oils 
(10 mg) were dissolved in 1 ml of Dimethyl sulphoxide 
(DMSO) to obtain a final concentration of 10 µg/µl. Then, 
the obtained solutions were sterilized by 0.45 μm 
Millipore filters. 

 

Determination of antimicrobial activity 
Disc diffusion assay 
 The disc diffusion method was used to determine the 

antimicrobial activity of propolis extracts and essential oils 
[25]. The culture suspensions were adjusted by comparing 
with 0.5 McFarland. Then, a volume of 100 μl of 
suspension was spread on agar plates. Thereafter, sterile 
6 mm diameter filter discs (Whatman paper no 3) were 
placed on the inoculated plates and impregnated with 15 
μl (150 µg/disc) of propolis extracts and essential oils. The 
plates were kept at 4°C for 1 h to enable prediffusion of 
propolis samples into the agar. The inoculated plates were 
then incubated at 37°C for 24 h for bacterial strains and 
30°C for 48 h for yeast. The results were obtained by 
measuring the diameter of growth inhibition zone 
diameter around the discs and expressed in mm.  

Microdilution assay 
The two-fold microdilution method was used to 

determine the minimum inhibitory (MIC), minimum 
bactericidal (MBC) and minimum fungicidal (MFC) 
concentrations of propolis extracts and essential oils. The 
propolis extracts and essential oils were added to each 
growth medium to obtain a final concentration of 4 µg/µl 
and 8 μg/μl, respectively and diluted to 4, 2, 1, 0.5 and 
0.25 μg/μl in tubes. Then, the content of the tubes was 
mixed and they were incubated at appropriate 
temperatures for 24 h for bacterial strains and for 48 h for 
yeast. The MIC value was defined as the lowest 
concentration of propolis extracts and essential oils, 
which inhibited bacterial or fungal growth. MBC and MFC 
were determined by spot dropping from each clear tube 
on solid growth medium and incubating for 24 h and 48 h 
at appropriate temperature. The lowest concentration 
that did not show bacterial or fungal growth was defined 
as the MBC or MFC value. The results are expressed as 
µg/µl. 

 

Results and Discussion 

One of the most researched activities of propolis is its 
antimicrobial activity. Many scientific studies have proved 
the effect of propolis extracts and essential oils on various 
bacteria, fungi, viruses and other microorganisms [22, 23, 
26]. Thus, in this study we investigated the antibacterial 
and antifungal activities of propolis extracts and essential 
oils, against some pathogenic microorganisms, by two 
methods: disc diffusion and microdilution assays. The 
results of disc diffusion revealed the ability of propolis 
extracts and essential oils to inhibit the growth of all 
tested microorganisms with inhibition zone diameters 

Samples 
name 

Samples Collection Region City 

1 Methanolic extract Menia Constantine 
2 Methanolic extract Grarem Mila 
3 Methanolic extract Collo Skikda 
4 Methanolic extract Mestaoua & Chelala mountains Batna 
5 Methanolic extract El Harrouch Skikda 
6 Methanolic extract Bouteldja Taref 
7 Aqueous fraction of methanolic extract Babor Sétif 
8 Methanolic extract Babor Sétif 
9 Methanolic extract Oum el Bouaghi Oum el Bouaghi 
M Essential oil Menia Constantine 
H Essential oil El Harrouch Skikda 
C Essential oil Collo Skikda 
B Essential oil Mestaoua & Chelala mountains Batna 
X Essential oil Oum el Bouaghi Oum el Bouaghi 
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ranged from 8.71±0.19 mm to 14.53±0.27 mm (Table 2, 
Figure 1).  

 
Table 2. Antimicrobial activity of propolis extracts and 

essential oils 

 
Samples 

Inhibition zone diameter (mm) 

C. glabrata  
RSKK 04019 

S. enteritidis  
RSKK 171 

S. sonnei  
MU:57 

1 12.07±0.23 10.15±0.21 9.23±0.07 

2 10.49±0.25 9.60±0.54 9.08±0.08 

3 11.45±0.51 8.96±0.33 9.81±0.30 

4 9.89±0.28 9.53±0.20 9.20±0.01 

5 10.64±0.16 9.21±0.23 8.31±0.44 

6 12.02±0.27 9.93±0.16 9.03±0.34 

7 14.53±0.27 8.95±0.44 9.84±0.18 

8 8.87±0.89 8.78±0.90 8.46±0.64 

9 12.95±0.51 9.67±0.40 9.24±0.31 

B 10.24±0.34 9.12±0.21 9.39±0.08 

C 9.41±0.28 9.51±0.37 9.34±0.41 

H 11.47±0.30 8.71±0.19 8.76±0.33 

M 10.78±0.64 8.97±0.20 8.87±0.73 

X 11.29±0.53 9.14±0.19 9.44±0.50 

 
Regarding antibacterial activity, the highest inhibition 

effect was exhibited by Sample 1 against S. enteritidis 
RSKK 171 (10.15±0.21 mm) and Sample 7 against S. sonnei 
MU:57 (9.84±0.18 mm). Sample 8, however, was the less 
active against S. enteritidis RSKK 171 and S. sonnei MU:57 
with inhibition zone diameter values of 8.78±0.90 mm and 
8.46±0.64 mm, respectively. Among propolis essential 
oils, Sample C and X were more active against S. enteritidis 
RSKK 171 (9.51±0.37 mm) and S. sonnei MU:57 
(9.44±0.50), respectively, while Sample H and M exerted 
the lowest activity.  

The results of antifungal activity of propolis extracts 
and essential oils against C. glabrata RSKK 04019 revealed 
that the highest inhibition zone diameter against C. 
glabrata RSKK 04019 was exerted by Sample 7 
(14.53±0.27 mm) and Sample 9 (12.95±0.51 mm). Sample 
8, however, recorded the lowest inhibition effect with 
inhibition zone diameter of (8.87±0.89 mm). The MFC 
values varied from 0.25 to 2 µg/µl for propolis extracts and 
from 1 to 4 µg/µl for propolis essential oil. Sample 7 
recorded the lowest MFC (0.25 µg/µl).  

The determination of MIC values by microdilution 
method showed that among all propolis extracts and fatty 
acids, sample 7 was the most effective extract with MIC 
value of 1 µg/µl against the two Gram-negative bacteria 

(Table 3). The MBC values varied between 1 µg/µl and 4 
µg/µl. The lowest MBC value was recorded by Sample 7 (1 
µg/µl) against S. enteritidis RSKK 171 and S. sonnei MU:57 
(Table 3). All of the fatty acid samples (B, C, H, M, X) 
showed the same MBC value (4 µg/µl). 

Antimicrobials are usually regarded as bactericidal or 
fungicidal if the MBC/MIC or MFC/MIC ratio is ≤4 and 
bacteriostatic or fungistatic if the MBC/MIC or MFC/MIC 
ratio is >4 [27, 28]. The ratios obtained for all the test 
microorganisms were below 4 which indicated that all 
propolis extracts and essential oils were bactericidal in 
action against S. enteritidis RSKK 171 and S. sonnei MU: 57 
and fungicidal against C. glabrata RSKK 04019 (Table 4). 
 

 

Figure 1a. Sample 7 against C. glabrata RSKK 04019 

 
Figure 1b. Sample 4 against S. enteritidis RSKK 171 

 
Figure 1. Antimicrobial activity of the propolis samples 
 

Some studies stated that propolis is active only against 
Gram-positive bacteria and some fungi [29, 30], while in 
others it showed weak activity against Gram-negative [31, 
32]. It has been also reported that Gram-positive bacteria 
are generally more sensitive to propolis than Gram-
negative bacteria [33].
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Table 3. MIC, MBC and MFC values of propolis methanolic extracts and essential oils 

 
Samples 

MIC (µg/µl) MFC (µg/µl) MBC (µg/µl) 

C. glabrata 
RSKK 04019 

S. enteritidis 
RSKK 171 

S. sonnei 
MU:57 

C. glabrata 
RSKK 04019 

S. enteritidis 
RSKK 171 

S. sonnei 
MU:57 

1 2 2 2 2 2 4 
2 2 2 2 2 4 4 
3 2 2 2 2 4 4 
4 2 2 2 1 4 4 
5 1 2 2 2 4 4 
6 1 2 2 2 2 2 
7 0.25 1 1 0.25 1 1 
8 1 2 2 2 4 4 
9 1 2 2 2 2 2 
B 2 2 2 2 4 4 
C 2 2 2 4 4 4 
H 2 2 2 4 4 4 
M 2 2 2 4 4 4 
X 1 2 2 1 4 4 

 
Table 4. MBC/MIC and MFC/MIC ratios values of propolis 

methanolic extracts and essential oils 

 
 

Samples  

MBC/MIC or MFC/MIC 

C. glabrata  
RSKK 04019 

S. enteritidis  
RSKK 171 

S. sonnei  
MU:57 

1 1 1 2 
2 1 2 2 
3 1 2 2 
4 0.5 2 2 

5 2 2 2 
6 2 1 1 
7 1 1 1 

8 2 2 2 
9 2 1 1 
B 1 2 2 

C 2 2 2 
H 2 2 2 
M 2 2 2 

X 1 2 2 
 

Overall, in the current study, the test of antimicrobial 
activity of Algerian propolis has shown that propolis 
extracts and essential oils are more effective against yeast 
than Gram-negative bacteria. This could be due to the 
difference of membrane structure of bacteria and yeast. 
The antimicrobial effect mechanisms of propolis can be 
considered as its action on the permeability of the 
microbial cell membrane, the deterioration of the 
membrane potential, the reduction of ATP production and 
the decrease of the bacterial motility [34]. In a study 
conducted by Al-Ani et al, ethanolic extracts of propolis 
from Germany, Ireland, and Czech Republic showed 
moderate activity with MIC values ranging from 0.6 mg/ml 
to 5 mg/ml against Gram-negative bacteria and 0.6 mg/ml 
to 2.5 mg/ml against Candida species [35]. These results 
are quite higher than our findings. Gür et al. found that 
propolis from Turkey exhibited antibacterial effect on 
both Gram-positive and Gram-negative bacteria [36]. 
Mohdaly et al. [37] reported that methanolic extract of 

propolis from Egypt had a nearly MIC value (1.35 mg/ml) 
and generally lower MBC value (MBC 1.45 mg/ml) against 
Salmonella enterica when compared to the MIC and MBC 
values of propolis extracts against S. enteritidis RSKK 171 
in our study. Additionally, ethanolic extract of propolis 
from other regions in Algeria (El Mechrouha and Ouled 
Driss regions) presented no antibacterial activity against 
the tested Gram-negative bacteria [38]. Seidel et al. [39] 
reported that propolis ethanolic extract from various 
countries showed bacteriostatic activity against Gram-
negative bacteria, which is different from our results that 
revealed the bactericidal effect of both propolis extracts 
and essential oils on Gram-negative bacteria tested. This 
difference, however, may be due to the difference in the 
chemical composition of propolis, which is linked to the 
difference of geographical origins of propolis. It is 
noteworthy that the composition of propolis varies 
considerably according to the climate, season, 
geographical region, and collection time and source plant 
[22, 23]. 

 
Conclusion 

The antimicrobial activity of propolis extracts and 
essential oils collected from different regions of Algeria 
against two food-borne Gram-negative bacteria and one 
clinical yeast were studied to reveal their potentials 
properties as natural antimicrobial additive. The results of 
the study indicated that the propolis samples showed a 
good antimicrobial activity on the test microorganisms. In 
addition, it has been determined that the propolis 
samples have bactericidal and fungicidal effects on the 
test microorganisms. Therefore, the propolis extracts and 
essential oils from various regions of Algeria can be used 
as a potential bioactive additive for pharmaceutical and 
food industries. 
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