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ABSTRACT 

 

The antimicrobial activity of propolis extracts is well documented. Nevertheless, the properties of the Algerian 
propolis are poorly investigated. This fact could be due to the diversity of the climate and the geographic areas from 
which propolis is usually harvested. The present work is a contribution to evaluate the antimicrobial susceptibility 
testing of propolis varieties with high total polyphenols and flavonoids contents, chosen beforehand from an 
analysis made of 10 propolis samples. The disk diffusion method was employed to determine the antistaphylococcal 
activity of three EEAP (ethanolic extract of Algerian propolis) samples, at different concentrations (5%, 10, 20 and 
30%), against a reference bacterium strain of Staphylococcus aureus, the most redoubtable agent in osteomyelitis. 
Inhibitory zone diameters for the tested bacterium were 14.99 mm for EEAP at 5% concentration, 16.41 mm at 
10%, 18.08 mm at 20% and 19.16 mm at 30%, respectively. Our in vitro study revealed that EEAP with high 
polyphenols and flavonoids contents exhibit a strong antibacterial activity, and it may be indicated as an alternative 
solution for the treatment of staphylococcal osteomyelitis. 
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INTRODUCTION 
 

Staphylococcus aureus is the most 
important bacterial pathogen isolated                 
from osteomyelitis cases [1]. Treatment                  
of the osteomyelitis infections is problematic 
due to various factors, including the                
low bioavailability of antibiotics in                     
bone tissue, increasing resistance to 
antibiotics in bacterial pathogens, and 
biofilm properties. In many cases, 
physicians are left with surgical  
debridement is the only option to               
eliminate invasive bacteria to obtain a sterile 
site [2]. 

In the light of the aforementioned 
problems and concerns, it is necessary to 
develop alternative noninvasive treatment to 
limit the occurrence of staphylococcal 
osteomyelitis. 

 
Bee natural antibacterial products 

including propolis represent a rich source of 
antimicrobial agents and are less toxic 
compared to most conventional therapies. In 
this context, Rezende [3] has previously 
reported the antimicrobial activity of propolis 
against Gram-positive bacteria and yeasts.  
Nevertheless, the chemical composition of 
the propolis depends on its floral origin, 
climate and geographical conditions [4]. 
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Generally, propolis is composed of 50% 
vegetable resin and balm, 30% wax, 10% 
essential and aromatic oils, 5% pollen and 
5% of several substances including organic 
debris [5]. Different pharmacological 
properties of propolis were reported, as a 
local anesthetic effect, stimulation of 
cartilage formation and osteointegration 
enhancement in autoclaved allograft [6-10]. 

 
In this context, the present study aimed 

to evaluate the in vitro antibacterial activity 
of several propolis samples collected from 
different Algerian ecosystems. 
 
MATERIALS AND METHODS 
 

Propolis Samples 
 

Ten propolis samples harvested from 
different floral and geographical origins were 
analyzed and classified based on the 
concentration of polyphenols and flavonoids. 
As described previously [11], the 
polyphenols concentrations were 
determined using Folin coicalteu method, 
however flavonoids concentrations were 
determined by the Woisky and Salatino 
method. All analyses were made at a 
specialized laboratory (CARI ASPL

®
, 

Belgium). Total polyphenols and flavonoids 

contents of the ten analyzed samples are 
presented in Table 1. 

 
Preparation of Inoculum 
 

The antimicrobial activity of the selected 
propolis samples was evaluated using a 
Staphylococcus aureus reference strain 
(ATTC 25923). 

 
Before the experiment, the bacterial 

strain was inoculated onto the surface of 
Mueller-Hinton agar media, the inoculum 
suspension was obtained by taking isolated 
colonies from 24 h cultures. The colonies 
were suspended in 5 ml of sterile saline 
(0.85% NaCl), and shaken for 15 seconds. 
The density was adjusted to the turbidity of a 
0.5 McFarland Standard. 

 

Disk Diffusion Method 
 

Sterile paper discs were soaked in a 
solution of propolis extracts (EEAP6, 
EEAP8, EEAP10) at different concentrations 
(5, 10, 20 and 30%), kept at room 
temperature for 2 hours to allow diffusion of 
the solution and then placed on the surface 
of Mueller-Hinton agar plates for aerobic 
incubation at 37°C for 24 h [12]. 

 

Table 1. Mean±SD values for polyphenols and flavonoids contents in the collected 
propolis [11] 

 
Samples Polyphenols (mg/g of propolis) Flavonoids (mg/g of propolis) 
EEAP 1 19.00±0.71

a
 6.50±0.71

a
 

EEAP 2 49.70±2.12
b
 23.25±1.06

b
 

EEAP 3 14.20±4.81
ac

 5.60±0.42
ac

 
EEAP 4 35.25±5.59

d
 15.95±0.07

d
 

EEAP 5 39.55±4.03
d
 15.90±0.85

d
 

EEAP 6 76.10±0.71
e
 42.85±0.49

e
 

EEAP 7 7.30±1.41
c
 2.00±0.14

f
 

EEAP 8 71.55±1.48
e
 38.70±0.28

g
 

EEAP 9 20.25±4.45
ac

 5.80±0.14
ac

 
EEAP 10 99.80±8.06

f
 54.50±1.41

h
 

Means followed by the same letter in the column are not significantly different (p > 0.05) 
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The zones of inhibition were measured 
in millimeters. Positive growth controls with 
an antibiotic disk (amoxicillin) was included. 

 
Statistical Analysis 

 
To clearly define the difference between 

the three zones of inhibition of the three 
varieties of propolis extract with different 
concentrations (5, 10, 20 and 30%), we 
compared each concentration of the three 
varieties by adopting ANOVA as an analysis 
method. 

 
RESULTS 

 
The antimicrobial activity of the three 

varieties of propolis rich in polyphenols and 
flavonoids EEAP 6,8 and 10 showed that the 
widest inhibition zone was 16 mm for 
EEAP10 at a concentration of 5%, at 10% 
17.5 mm for EEAP8 at 20% of 18.5 mm for 
EEAP8 and 10 (Fig.  1). 

 

 
 

Fig. 1. Inhibitory zone diameters (mm) of 
three varieties of extracted propolis at 

different concentrations against 
Staphylococcus aureus 

 
At 30% of 20 mm for EEAP 10 and that 

of amoxicillin disc was 22 mm. However, the 
results of the antimicrobial activity of the 
three propolis samples remain fairly close, 
and the difference was not significant at the 

5% significance level; at 5% concentration 
(p˂ 0.37), 10% (p˂ 0.24), 20% (p˂0.354) 
and 30% (p˂ 0.534). 

 
DISCUSSION AND CONCLUSION 
 

The treatment of osteomyelitis is  
difficult because of various factors,    
including the low bioavailability of antibiotics 
in bone tissue, increased antibiotic 
resistance, and the biofilm properties of 
bacteria [13]. The antimicrobial activity of 
propolis against Staphylococcus aureus has 
already been mentioned [5], the causative 
agent of osteomyelitis [13]. Our study             
aimed to assess and measure the 
antistaphylococcal activity using an Algerian 
product. 

 
The antimicrobial activity of different 

propolis concentrations (5, 10, 20 and 30%) 
against Staphylococcus aureus by the disk 
diffusion method showed sensitivity towards 
the three varieties of the EEAP. The 
inhibitory zone diameters were measured 
and the obtained results were of the order of 
14.99 ± 1.62 mm for the concentration of 5% 
(p ˂ 0.37), and of 16.41 ± 1.01 mm for the 
concentration of 10% (p ˂ 0.24), at 20% 
concentration an area of 18.08 ± 0.72mm (p 
˂0.354) and 19.16 ± 0.76 mm at 30% 
concentration was recorded (p ˂0.534). The 
zone of inhibition for the antibiotic disk being 
22 mm. 

 
At 5% propolis concentration, 

Staphylococcus aureus were sensitive by 
the presence of the inhibition halos 
estimated at 16 mm for EEAP 10, 14.25 mm 
for EEAP 8 and 12.5 mm for EEAP 6. At 
10%, the bacterium was sensitive. Hence, 
the appearance of an inhibition zone of 15.5 
mm for EEAP 6, 17.5 mm for EEAP 8 and 
16.25 for EEAP 10, for the same 
concentration Niken et al. [6] recorded a 
zone of inhibition of 12 mm. 
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At a concentration of 20%, the inhibitory 
halos were higher than that recorded by 
Niken et al. [6], which was 14 mm at the 
same concentration; and significantly higher 
compared to the results reported by Nedji et 
al. [14], which was 12.25 mm at a 
concentration of 100%. Nevertheless, the 
propolis used by Nedji et al. [14] contained a 
higher content of polyphenols and flavonoids 
than that found in our study. 

 

Our results were slightly elevated at 
30% concentration compared to those found 
by Niken et al. [6], which was 17 mm. Our 
values were of the order of 18.5 mm, 20 mm 
for EEAP 6, EEAP 8 and EEAP 10, 
respectively. 

 

These results were in agreement with 
Taylor et al. [15], and Hernández-Pérez et 
al. [16], who found that the effectiveness of 
propolis extract is proportionally increased 
with respect to concentration. The 
antimicrobial propolis effectiveness could be 
due to the phenolic acids and flavonoid 
components of propolis, which detach the 
cytoplasmic membrane from energy 
transduction, which alters the bacterial 
viability. The antimicrobial action of propolis 
could be attributed to these effects on the 
bioenergetics status of the membrane [17]. 
The presence of polyphenols is associated 
with the pharmacological and biological 
properties of propolis [18]. 

 

Our in vitro study has confirmed that the 
Algerian propolis (Laghouat, Tiaret) has a 
very important anti-staphylococcal infectious 
activity action even at a concentration of 5% 
against the Staphylococcus aureus 
causative agent of osteomyelitis. 

 

In conclusion, our in vitro study has 
confirmed that the Algerian propolis 
(Laghouat, Tiaret) has a very important anti-
staphylococcal infectious activity action even 
at a concentration of 5% against the 

Staphylococcus aureus causative agent                
of osteomyelitis. The satisfactory 
antistaphylococcal activity of the three 
different samples of Algerian propolis 
suggests that the propolis may be used as 
an alternative treatment of osteomyelitis, 
limiting consequently the use of invasive 
methods and the application of antibiotics 
that could increase the risk of antibacterial 
resistance. However, before any in vivo 
application of the propolis or its derived 
antimicrobials components, it will be 
necessary to conduct toxicity tests on bone 
cell cultures. 
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