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Abstract 
      Propolis inhibits the growth of gram-negative and gram-positive bacteria, such as 
Porphyromonas gingivalis and Staphylococcus aureus, which interact antagonistically. Here, we 
investigated the effect of 5% propolis mouthwash on the growth, bacterial interactions, and 
sensitivity of the two bacteria in dual-species P. gingivalis and S. aureus biofilms. 
      Biofilms were formed in 96-well plates by incubating the bacteria for 24 h and assessed using a 
crystal violet test. The biofilms in 5% propolis mouthwash- and distilled water-treated (control) 
groups were observed using an inverted microscope after 0, 3, and 24 h of incubation. The 
proportions of P. gingivalis and S. aureus in the dual-species biofilms were assessed using real-
time polymerase chain reaction.  
     The biofilm mass formed by P. gingivalis was higher than that by S. aureus. Propolis mouthwash 
reduced the formation of dual-species biofilms compared to the control. The proportion of P. 
gingivalis was higher than that of S. aureus accounting for 9.71% and 1.24% of all bacteria, 
respectively. 
     The findings reveal the effects of 5% propolis mouthwash on the growth of P. gingivalis and S. 
aureus and suggest the key roles of the active ingredients in 5% propolis mouthwash and 
differences in the cell structure of the two bacteria.  
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 Introduction 
 

Periodontitis is one of the most common 
periodontal tissue diseases caused by plaque 
accumulation in the oral cavity,1 with a 
prevalence of 74.1% [Basic Health Research 
(RISKESDAS), 2018]—out of 10 Indonesian 
residents, 7 suffer from 
periodontitis.2Porphyromonas gingivalis, 
Tannerella forsythia, and Treponema denticola, 
collectively known as red complex bacteria, are 
the main etiological factors underlying the 
development of periodontal disease.3 Among 

these, P. gingivalis, a gram-negative, obligate 
anaerobe, non-motile, and asaccharolytic,4 is the 
primary triggering bacteria that causes an 
inflammatory response in periodontal disease. In 
the subgingival environment, P. gingivalis 
interacts antagonistically with Staphylococcus 
aureus, which secretes a bacteriocin-like 
substance that inhibits the growth of 
periodontopathogenic bacteria, including P. 
gingivalis.5 

Natural products with antibacterial effects 
in inhibiting oral biofilm-related diseases, such as 
periodontitis, have gained increased research 
interest. Propolis, resinous natural product 
collected from various types of bees, including 
honey bees  (Apis mellifera) and "stingless" bees 
(Trigona sp. and Tetragonula sp.),6–8 comprises 
several active natural ingredients7,9 and exhibits 
antimicrobial, antioxidant, anti-inflammatory, and 
antiproliferative activities.10,11 Propolis eradicates 
periodontopathogenic bacteria and controls 
biofilm growth in the oral cavity by suppressing 
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bacterial development via blocking cell mitosis 
and protein synthesis or by destroying the 
bacterial cytoplasm, cell membrane, and cell 
wall.12 

However, no studies have analyzed the 
effect of 5% propolis mouthwash on dual-species 
P. gingivalis and S. aureus. Therefore, this study 
aimed to examine the effect of a 5% propolis 
mouthwash on the growth and sensitivity of dual-
species P. gingivalis and S. aureus biofilms. 
   

Materials and methods 
 
Bacteria culture and biofilm formation 
P. gingivalis (ATCC 33277) and S. aureus 

(ATCC 25923) were used. The bacteria were 
cultured in Brain Heart Infusion (BHI) medium 
and incubated at 37°C in a microaerophilic 
atmosphere for 24 h. The bacteria that grew on 
the agar were cultured in BHI broth. 5 g Propolis 
was used to prepare a mouthwash using powder 
extracts. The saliva coating procedure was 
performed on a 96-well plate to represent the oral 
cavity conditions. Approximately 80 μL 5% 
propolis mouthwash was added into the wells 
coated with saliva. Afterward, 10 μL S. aureus 
and P. gingivalis were added to each well, and 
the plates were incubated at 37°C in a 
microaerophilic atmosphere for 24 h. After 
incubation, observations were made using an 
inverted microscope (Zeiss Observer Z1, UK) to 
observe biofilm growth qualitatively. 
 Crystal violet test 

Crystal violet dye (1%; 200 μL) was 
added to 96 wells for 2–3 min and washed with 
PBS for 1 min. Afterward, ethanol (96%) was 
added, and the biofilm mass was calculated 
using a Microplate Reader (Metertech, M965, 
Taipei, Taiwan ROC). 

Real-Time Polymerase Chain Reaction 
(RT-PCR) 

DNA concentration was measured using 
a Qubit® 1.0 Fluorometer (Invitrogen life 
technologies). All reactions were performed using 
a Step One Plus Real-Time PCR System 
(Applied Biosystems, USA) and a SensiFAST 
SYBR® Hi-ROX Kit (). The primers for P. 
gingivalis, S. aureus, and 16S rRNA are listed in 
Table 1. Real-time PCR was performed with a 
final volume of 10 µL, comprising 5 µL Sybr 
Green, 0.5 µL forward primer, 0.5 µL reverse 
primer, 1 µL nuclease-free water, and 3 µL DNA 
sample. The thermal profile comprised initial 

denaturation at 95 °C for 2 min, followed by 40 
cycles of denaturation at 95 °C for 5 s, and 
annealing/extension at 60 ºC for 30 s. The cycle 
threshold (CT) values of each sample were 
obtained at the end of the RT-PCR and were 
analyzed using the relative quantification method. 

Statistical analyses 
All statistical analyzes were performed 

using SPSS ver. 25 (SPSS Inc., Chicago, Ill.) 
with a p value <0.05 which was considered 
significant. Absorbance values and 2-△△Ct values 
for P. gingivalis and S. aureus were analyzed 
using the Mann Whitney test. 
 

 
Table 1. Primers used in Real-Time PCR. 
 

Results 
 
The average mass of the dual-species 

biofilms formed after 24 h of incubation is shown 
in Figure 1. The biofilm mass in samples treated 
with the propolis mouthwash was lower than that 
in the control. S. aureus showed the lowest 
biofilm mass after 24 h, whereas P. gingivalis 
showed the highest, indicating the highest 
inhibition of biofilm growth by S. aureus as shown 
in Figure 2. These results were directly 
proportional to the results of the RT-PCR. As 
shown in Figure 3, the proportion of P. gingivalis 
(9.71% of the total bacteria) was higher than that 
of S. aureus (1.24% of the total bacteria) (). The 
results showed P. gingivalis DNA was more 
detectable than S. aureus DNA in dual-species 
biofilms. Based on microscopic images, the 
density of biofilms in the control group was higher 
than that in the treatment group (Figure 4). 
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Figure 1. Dual-species and single-species 
biofilm mass test results for Porphyromonas 
gingivalis (PG) and Staphylococcus aureus (SA) 
using the crystal violet test observed at an optical 
density of 600 nm. PG-SA, dual culture with P. 
gingivalis and S. aureus. 
 

 
Figure 2. Percentage of biofilm mass and growth 
inhibition.  
 

Discussion 
 

The present study demonstrated the 
efficacy of 5% propolis mouthwash in inhibiting 
the growth of the biofilms formed by P. gingivalis 
and S. aureus. Between the mono-species and 
dual-species biofilms, the highest biofilm mass 
was observed in the mono-species P. gingivalis, 
followed by the dual-species, and the lowest in 
the mono-species S. aureus. Furthermore, P. 
gingivalis DNA in the dual-species biofilm was 
more detectable than S. aureus DNA. These 
results indicated the higher sensitivity of S. 
aureus to 5% propolis mouthwash than P. 
gingivalis. 

 
Figure 3. Differences in proportions of 
Porphyromonas gingivalis and Staphylococcus 
aureus. 
 

 
Figure 4. Microscopic observation of dual-
species biofilm in propolis-treated and control 
groups using an inverted microscope. Biofilm 
formation (A, B) at 0 h of treatment with (A) 5% 
propolis mouthwash and (B) control; (C, D) at 3 h 
of treatment with (C) 5% propolis mouthwash and 
(D) control; (E, F) at 24 h of treatment with (E) 
5% propolis mouthwash (F) control. 
 

The differences in biofilm mass and 
proportion between P. gingivalis and S. aureus in 
this study could be due to differences in the cell 
wall structures of the two bacteria. S. aureus, a 
Gram-positive bacterium, has a thick 
peptidoglycan but no outer membrane. In 
contrast, P. gingivalis, a Gram-negative 
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bacterium, has a thin peptidoglycan and an outer 
membrane comprising lipopolysaccharide and 
proteins. The more complex cell wall structure in 
P. gingivalis could have inhibited the 5% propolis 
mouthwash from entering the cells.13 

The findings revealed the antibacterial 
properties of propolis to inhibit bacterial growth in 
biofilms effectively. Previous studies have 
demonstrated that flavonoids inhibit biofilm 
growth by increasing the permeability of cell 
membranes, causing changes in the integrity of 
cell structures and cytoplasmic leakage, leading 
to cell death. In addition, flavonoids also inhibit 
energy metabolism in bacteria, inhibiting biofilm 
growth.13,14 Based on these results, we speculate 
that the antibacterial properties of 5% propolis 
mouthwash could be attributed to flavonoids. 
Furthermore, the mass of dual-species biofilms 
treated with 5% propolis was lower than that of P. 
gingivalis mono-species biofilms. This result 
indicated an antagonistic interaction between P. 
gingivalis and S. aureus, which inhibited the 
growth of P. gingivalis in dual-species biofilms. 

Qualitative observation using an inverted 
microscope showed increased biofilm density 
with increased incubation time. The higher biofilm 
density after 24 h of incubation than that after 3 h 
of incubation could be attributed to the formation 
of biofilms that had reached the maturation stage 
and an increasing number of Extracellular 
Polymeric Substances (EPS)  matrices, thereby 
increasing the biofilm tolerance to external 
factors such as antimicrobial agents.15 The matrix 
can biologically and actively retain water, 
nutrients, and enzymes within biofilms. The 
chemical mechanism of the matrix can also 
prevent the entry of other molecules, such as 
antimicrobial agents.16  
 
 Conclusions 
 

The findings demonstrated that S. aureus 
was more sensitive to 5% propolis mouthwash than 
P. gingivalis. The 5% propolis mouthwash inhibited 
the growth of dual-species P. gingivalis and S. 
aureus biofilms and did not affect the antagonistic 
interactions between the two bacteria. The 
implication of this study was that the 5% propolis 
mouthwash eradicates periodontopathogenic 
bacteria and controls biofilm growth in the oral 
cavity. 
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