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ABSTRACT 

INTRODUCTION: Streptococcus mutans is considered to be the most cariogenic microorganism. However, candida albicans has also been isolated 
from dental plaque of high caries risk children. Therefore, uses of natural antimicrobial agents such as propolis have been established as an adjunctive 
approach for oral health care. 
OBJECTIVES: the aim of this study was to evaluate the antibacterial and antifungal effects of propolis chewing gum compared to propolis 
mouthwash. 
MATERIALS AND METHODS: Sixty high caries risk children aged 6 to 8 were randomly assigned into two groups. Group I received propolis 
chewing gum and Group II received propolis mouthwash. A baseline and final plaque samples were obtained from each participant before and after 
intervention respectively within 14 days interval. All participants were asked to refrain from eating or brushing on the sampling days. Samples were 
sent immediately to the laboratory for microbial assessment. 
RESULTS: data revealed that both study groups showed significant differences (P≤0.001) in streptococcus mutans and candida albicans counts before 
and after intervention. But there was no significant difference among the comparative groups.  
CONCLUSION: It was demonstrated that propolis chewing gum and propolis mouthwash can be used as antimicrobial agents. 
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INTRODUCTION 
Dental plaque is the main etiological factor causing dental 
caries, gingival and periodontal disease. These conditions 
appear as a result of interaction between the pathogenic dental 
plaque biofilm and the host tissue response (1). 
The most important causative agent of dental caries is well 
known to be streptococcus mutans (S. mutans) (2). However, 
recently candida albicans (C. albicans)  has been linked with its 
synergistic relationship with streptococcus mutans in caries 
process  (3). These oral microorganisms are frequently detected 
in dental plaque (4). Therefore, improvement of oral hygiene is 
essential to eliminate the supragingival plaque and the 
accumulated bacteria (1). Consequently, this prevents and 
arrests the development of caries in high caries risk children (5). 
Regular personnel oral hygiene is required for proper removal 
of supragingival plaque (6). Coelho Leal et al 2002 (7) found 
that tooth brushing is the most effective method  

of actively removing plaque at home. Nevertheless, it is 
generally known that effective brushing may be inefficient 
especially in young age children (8). Van der Weijden et al 2015 
(9) reported in their study that the adjunct use of antimicrobial 
agents offers advantages in terms of prevention of caries and 
gingival inflammation. Chlorhexidine mouth wash is the most 
persistent antimicrobial agent for reducing plaque buildup (10). 
However, when used for long time, it can lead to teeth staining 
(11), hypersensitivity reactions and burning sensation of the oral 
soft tissue (12) .These adverse reports increase the demands to 
explore alternative agents for oral health promotion especially in 
young children. As a result, this led to paying more attention to 
natural and herbal products (13). 
Propolis is one of the most promising natural products to 
prevent oral disease. It has antibacterial, antiviral, antifungal 
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(14), antioxidant (15) and anti-inflammatory effects (16) with 
little or no side effects (13,17). De Camargo et al 2015 (18) in 
their study showed that propolis inhibit the growth of S. 
mutans, streptococcus pyogenes and staphylococcus aureus. 
Moreover, Siqueira et al 2015 (19) explored the fungicidal 
activities of propolis on candida species isolated from saliva of 
chronic periodontitis cases. The antimicrobial properties of 
propolis can thus be an alternative measure to prevent dental 
caries when used as an active agent in mouth washes (20). 
However; in some cases where it is difficult to use mouthwash, 
other vehicles are required for oral care. Chewing gum with 
antiplaque agent has been tested as an additional tool for daily 
oral care. Results showed that it can be an appropriate vehicle 
for the release of antiplaque agent (21,22).  On the other hand, 
Ercan et al 2015 (23) investigated the effect of propolis 
chewing gum compared to propolis containing mouthwash on 
gingival inflammation and plaque accumulation of children. 
Results revealed that propolis mouthwash was highly effective 
than using chewing gum. 
Considering the importance of oral health with the potential 
increase in plaque accumulation and microbial colonization  
among children who are high caries risk, clinicians should 
establish the worth of self-performing antimicrobial plaque 
control measures as an adjunct to the mechanical measures. 
Since little information is available on the best vehicle of 
administration that would promote children's use of propolis, 
this study was designed to evaluate the effect of two different 
methods of propolis administration on S. mutans and candida 
albicans counts. The null hypothesis tested was that there is no 
difference in antibacterial and antifungal effect of propolis 
delivered through mouth wash or chewing gum. 
 
MATERIALS AND METHODS 
Study design 
       This study was double blinded randomized clinical trial, 
two-group parallel arms. It was setup and reported according to 
the CONSORT Statement.  The PICO question was '' Do high 
caries risk children (P) using propolis chewing gum (I) in 
comparison (C) to propolis mouthwash show same 
streptococcus mutans or candida albicans counts after 14 days 
(O). Ethical approval was obtained by Dental Research Ethics 
Committee Faculty of Dentistry, Alexandria University (#IRB 
NO 00010556- IORG 0008839). Prior to commencement of 
study, parent/ caregivers of all children were asked to provide 
an informed written consent for examination and publication, 
after explanation of the study's aims and procedure. 
Study setting 
         Children were selected from outpatient clinic of the 
Pediatric Dentistry and Dental Public Health Department, 
Faculty of Dentistry, Alexandria University, Egypt. The 
material was prepared in, Faculty of Pharmacy, Alexandria 
University, Egypt. Microbiological assessment was performed 
at the Department of Microbiology and Immunology, Faculty 
of Pharmacy, Alexandria University, Egypt. 
Sample size estimation 
The minimal sample size was calculated based on a previous 
study conducted by Rubido et al 2014 (24). A sample size of 
25 children per group (total sample size = 50) was the required 

sample to detect 0.5280 change in the primary outcome. A 
power of 80% was used to detect a significantly meaning 
difference of bacterial and fungal count reduction in dental 
plaque in high caries risk children receiving chewing gum 
containing propolis compared to those receiving mouthwash 
containing propolis.  The estimated sample size per group was 
increased to 30 children per group to control attrition bias (25). 
The selected children aged 6 to 8years. They were free from 
any medical illness except they were diagnosed as high caries 
risk patients as defined by the guidelines of the American 
Academy of Pediatric Dentistry (AAPD) (26). In addition they 
were classified as cooperative according to Frankl rating (score 
3 & 4) (27). Others who had any oral infection or received any 
antibiotic treatment for two weeks before or during the study 
and those who received any propolis product previously were 
excluded from the study. 
Randomization and allocation concealment 
The selected participants were randomly assigned using a 
computer-generating list of random numbers to one of the two 
arms. They were randomly divided into two groups according 
to the type of treatment. Allocation was performed by a trial 
independent individual and the allocation ratio was intended to 
be equal. Each group received a code, and the main supervisor 
randomly allocated the codes to the groups (I and II). Coding 
was done by computer software (Generate Random Codes 
Tools).  Independent trial personnel unfolded the blinded codes 
at the end of statistical analysis.  
Grouping 
Group I (N=30): children received propolis chewing gum and 
Group II (N=30): children who used propolis mouth rinse.  
Blinding 
The investigator and the participants were not blinded to the 
treatment type as each group has to be given different 
instructions according to their treatment protocol. However, 
the statistician and the microbiologist were blinded to the 
treatment group. 
Material preparation 
a) Propolis Chewing gum preparation: 
2 % pure propolis, 20-35%  gum base, 2.5% flavors, 0.3% 

sorbitol and 0.3% coloring substance. (28) 
b) Propolis mouthwash preparation: 
The formulation includes 2% pure raw propolis, 40 ml flavors, 
150 ml propylene glycol, 60 g sorbitol, 0.1 g coloring 
substance and water. (29) 
Intervention 
All participants received oral prophylaxis and oral hygiene 
instructions before baseline assessment.  They were advised to 
brush their teeth twice daily using a soft brush and pea-sized 
fluoridated toothpaste (30). Each child was instructed to refrain 
from tooth brushing ,eating, or drinking (except water) in the 
morning day of sampling at least two hours before sampling 
procedure (31). 
Participants who received chewing gum were instructed to 
chew a piece of gum for at least twenty minutes once after 
breakfast and another before bed time for two weeks while 
those who used mouthwash were instructed to rinse with 10 ml 
present in the delivered preloaded tube for 60 seconds twice 
daily once after breakfast and another before bedtime for two 
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weeks (32). Every child was given a follow up table to be 
signed by his/her parent/care giver after each use of propolis 
chewing gum in Group I or propolis mouthwash in Group II. 
The table included the child data regarding the name, age, 
group and the serial number given to the child. 
Sampling of dental plaque 
Two plaque samples were collected from each participant, a 
baseline plaque sample was collected after 48 hour from 
prophylaxis and another one was collected after fourteen days 
of the treatment period. Both samples were gathered by 
running a sterile toothpick over the whole teeth surfaces. This 
was immediately kept in 1 ml sterile saline (33,34) and sent for 
the microbiological assessment.  
Microbiological assessment of the plaque (29) 
1. Sample dilution 
All samples were dispersed by vertexing for 30 seconds then 
10-fold serially diluted using sterile saline. 
2. Culture 
Aliquots of 20 ml of each dilution were inoculated into freshly 
prepared blood agar, Mitis Salivarius agar (MSA) and 
Sabouraud agar media, using micro pipette. All media were 
incubated at 37° C for 48-72 hours. 
3.  Isolation and Enumeration 
Following the predetermined incubation period, colonies 
grown on the specified media were counted and represented as 
(CFU/ ml). S. mutans were identified on the basis of its 
characteristic morphology on Mitis Salivarius agar plates. 
Moreover, candida albicans were identified biochemically and 
microscopically on the basis of their morphology.   
4. Colony count  
The number of colonies were determined and expressed as 
colony forming units (CFU) using the following equation: 
CFU/ml = n° of colonies × dilution factor 

  Volume taken in ml (0.02) 
STATISTICAL ANALYSIS 
The data were analyzed by the use of SPSS software (SPSS 
version 25.0). Data were reviewed to check for any errors 
during data entry. Descriptive statistics were performed using 
frequencies and percentages for qualitative data, while mean 
and standard deviation (SD) were used for quantitative data. 
Normality was checked using descriptive statistics, plots 
(histogram and box plot) and Kolmogorov-Smirnov test. The 
level of statistical significance was set at 0.05. 
Per protocol analyses were followed (35). Differences between 
both groups were analyzed using   Student’s t test or Mann 
Whitney U test for normally and not normally distributed data, 
respectively. Percentage change of log values was calculated 
according to the formula [(final assessment-baseline 
assessment)/baseline assessment] x 100. Wilcoxon Sign Rank 
test were used to compare baseline and final assessment for 
intragroup comparisons 

RESULTS 
Three participants dropped out at the final follow up out of the 
60 children but they were not replaced as there were 10 cases 
added to total estimated sample size to control the attrition bias.  
The mean age values of the participants were (6.87±0.81). There 
was no significant difference regarding gender distribution among 
the two study groups (P≤0.84). There was a high significant 
difference between the mean values of the absolute total bacterial 
count before and after intervention in the two study groups (P≤ 

0.001). But by comparing the two groups at baseline and after 
intervention no significant differences in the total microbial count 
was recorded (P≤0.11, P≤54) respectively. (Table 1) 
Each group showed statistically significant differences in absolute 
count of S. mutans after the intervention as compared to the 
baseline (P≤0.001). However, among the comparison groups 
there were no significant differences in the S. mutans count 
before and after treatment (P≤0.61, P≤0.45) respectively (Table 2). 
 
Regarding counts of C. albicans, a complete elimination of 
candida albicans colonies were detected on Sabouraud agar 
plates after propolis using in both groups (Table 3) 
 
Table 1: Shows Mean Absolute bacterial count and log values 
in study groups before and after intervention. 

Total bacterial count 
CFU/mL 

Group I 
(n=30) 

Group II 
(n=27) 

P value 

 
1st assessment: 

Mean±SD 

Absolute 
count 

2.26±2.50x107 3.67±3.64x107  
0.11a 

Log10 6.83±0.88 7.06±0.94 

 
2nd assessment: 

Mean±SD 

Absolute 
count 

2.36±2.38x105   3.38±1.44x105  
0.54a 

Log10 4.83±0.85 4.80±1.16 

P value 
 

<0.001*b <0.001*b  

Percentage change: 
Mean±SD 

-28.95±10.66 -31.65±14.62 0.42c 

Total bacterial count 
CFU/mL 

Group I 
(n=30) 

Group II 
(n=27) 

P value 

1st assessment: 
Mean±SD 

Absolute 
count 

2.26±2.50x107 3.67±3.64x107  
0.11a 

Log10 6.83±0.88 7.06±0.94 

2nd assessment: 
Mean±SD 

Absolute 
count 

2.36±2.38x105 3.38±1.44x105  
0.54a 

 
Log10 

4.83±0.85 4.80±1.16 

P value 
 

<0.001*b <0.001*b  

Percentage change: 
Mean±SD 

-28.95±10.66 -31.65±14.62 0.42c 

a. Mann Whitney U test 
b. Wilcoxon Signed Rank test 
c. Student’s t test 
*: Significant difference p<0.05 
 
Table 2: Shows Mean absolute count and log values of S. 
mutans count in plaque samples before and after intervention 

MS count Group I 
(n=30) 

Group II 
(n=27) 

P value 

1st assessment: 
Mean±SD 

Absolute 
count 

4.04±7.95x106 2.54±3.00x106  
0.61a 

Log10 5.39±2.01 5.87±0.95 
 

2nd assessment: 
Mean±SD 

Absolute 
count 

0.57±1.19x104 0.30±1.25x106  
0.45a 

Log10 1.53±1.94 2.05±2.36 
P value <0.001*b <0.001*b  

Percentage change: 
Mean±SD 

 
-64.85±38.30 

 
-66.47±37.84 

 
0.89a 

a. Mann Whitney U test 
 b. Wilcoxon Signed Rank test 
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Table 3: Shows mean absolute C. albicans count and log 
values in study groups before and after intervention 

Candida count Group I 
(n=30) 

Group II 
(n=27) 

P value 

1st assessment: 
Mean±SD 

Absolute 
count 

0.55±2.32x104 2.21±9.60x104  
0.01*a 

Log10 0.86±1.62 2.10±1.87 

2nd assessment: 
Mean±SD 

Absolute 
count 

0 0  
- 

Log10 0 0 
P value - -  

Percentage change: 
Mean±SD 

-100 -100 - 

a. Mann Whitney U test 
*: Significant difference p<0.05 

DISCUSSION 
The main aim of this study was to evaluate the antibacterial 
and antifungal effect of propolis using two vehicles, chewing 
gum and mouthwash, on high caries risk children. The results 
showed a significant percent reduction in absolute colony 
count of S. mutans within group comparison. This result was 
supported by previous studies enhanced  the antibacterial effect 
of propolis extracts (36–38). Conversely , Duailibe et al (39)  
found that half of the collected samples showed an increase or 
no changes in S. mutans after using mouthwash containing 
propolis. This variation between studies could be due to 
difference in study design, study period or age of the 
participants. 
In this study no candidal colonies were seen on Sabouraud agar 
plates after using propolis either as chewing gum or 
mouthwash, this highlight the antifungal effect of propolis in 
both vehicles despite the low absolute mean count of C. 
albicans in both groups at baseline as not all cultured plaque 
sample revealed presence of candida initially but once they 
were detected at baseline they were eliminated at the final 
cultured sample after intervention. This goes in line with 
Herrera et al (40), who tested the antifungal properties of six 
commercial products containing propolis against candidal 
species. Their results showed that all propolis extract inhibited 
the growth of candida. However, there was a significant 
difference between different products which conflict with this 
study as there was no significant difference of the antifungal 
effect between both propolis vehicles. This may be explained 
as the innative properties of propolis may differ according to 
different origin while in this study the same type of propolis 
was incorporated in both vehicles.  Therefore, there was no 
significant difference among group comparison, chewing gum 
and mouthwash containing propolis, neither in streptococcus 
nor in candidal count. Results may be affected by the short trial 
period. Also participant compliance is considered a factor of 
limitation that could introduce bias and affect the trial results.  
Within the limitation of this study, propolis established to have 
a significant effect as antibacterial and antifungal agent either 
when used as chewing gum or mouthwash. The results suggest 
accepting the null hypothesis and support the use of propolis as 
antimicrobial agent in different vehicles. 

CONCLUSION 
Propolis proved to reduce S. mutans and C. albicans count 
either when incorporated in chewing gum or mouthwash 
vehicle. Therefore, it is suggested to be used as antimicrobial 
agent in high caries risk children. 
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