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Antimicrobial Effect of Propolis Administered through Two Different 
Vehicles in High Caries Risk Children: A Randomized Clinical Trial

Hend S El-Allaky*/ Nadia A Wahba **/ Dalia M Talaat ***/Azza S Zakaria ****

Objective: To investigate the effect of two methods of propolis administration on plaque accumulation and 
microbial count as well as patient acceptance of each vehicle. Study design: A randomized clinical trial with 
two parallel arms was used with a sample of 60 high caries risk children 6-8 years old. Children were divided 
randomly into two groups. Group I: Children who received propolis chewing gum and instructed to chew it 
twice daily for at least twenty minutes, for two weeks. Group II: children who received propolis mouthwash 
and instructed to rinse twice daily for one minute. A plaque index was recorded and a plaque sample was 
collected from all participants at base line and after two weeks of treatment. All participants were asked to 
rate the preparation they received during treatment period on a Visual Analogue Scale chart. Results: Data 
showed that propolis had a significant effect on reducing plaque scores and colony counts in both vehicles. 
There was no significant difference between both vehicles neither on plaque reduction nor on microbial 
count. However children preferred the gum formula. Conclusion: Propolis in both vehicles reduced plaque 
accumulation and microbial count which recommends its use as an antimicrobial agent in different vehicles.
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INTRODUCTION

Bacterial accumulation in dental plaque has been recog-
nized to be the main cause of dental caries, gingival and 
periodontal diseases.1 In order to maintain an ecologically 

favorable biofilm, oral hygiene should be improved through inhibi-
tion of plaque acid production, decrease fermentable carbohydrate 
consumption between meals and stimulation of salivary flow.2

Tooth brushing, is required for proper removal of supragingival 
plaque.3 Grover et al (2012) 4 found that tooth brushing is an effec-
tive method to control dental plaque at home when used properly. 
However, effective brushing may be inefficient especially in young 
aged children.5 In addition, brushing techniques show limitations 
in their access to interproximal plaque which necessitate the use of 
additional means such as dental floss.6

Serrano et al (2015) 7 and Figuero et al (2017) 8 reported that 
home care products containing chemical antimicrobials can reduce 
gingivitis beyond what can be achieved with brushing and flossing. 
Therefore, the adjunct use of antimicrobial agents offers advantages 
in terms of prevention of caries and gingival inflammation. 9 These 
products are available in different vehicles such as mouth rinse, 
chewing gum, oral gels, lozenges and capsules. The selection of the 
most adequate delivery format is of great importance.7

Among the various mouthwashes available, chlorhexidine is the 
most persistent antimicrobial agent. 10 It is considered the gold stan-
dard material for reducing plaque build up. 11 However, when used 
for long time, chlorhexidine mouthwash can lead to teeth staining.12 
Moreover, people with moderate to severe gum disease may not 
benefit from its antiseptic effect.10
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Other chemical substances can be used as antiplaque agents, 
most of which are associated with different side effects, accord-
ingly; there is preference for shifting to herbal preparation which 
are efficient with fewer side effects.13

Propolis is one of the most promising natural products to prevent 
oral disease. It has antibacterial, antiviral, antifungal,14 antioxidant 15 

and anti-inflammatory effects 16 with little or no side effects.17

Propolis extract proved to be effective as an antimicrobial agent 
against S. mutans, Gram positive cocci and facultative anaerobic 
bacteria18 besides its clinical value against gingival and periodontal 
pathogens.19 Thus to prevent dental caries, as well as gingival and 
periodontal disease, it can be used as an active agent in mouthwash, 
however; in some cases where it is difficult to use mouthwash, other 
vehicles are required for oral care.20 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 Ercan et al (2015)20 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 plaque accumulation and microbial 
count. In addition, it was important to ascertain children’s prefer-
ence for the method of delivery. The null hypothesis tested was that 
there is no difference in the clinical and laboratory outcome of two 
delivery vehicles.

MATERIALS AND METHOD

Study design
This study was double blind 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 plaque accumulation, bacterial count, and 
patient acceptance for delivery vehicle after 14 days (O). Ethical 
approval was obtained by Dental Research Ethics Committee (#IRB 
NO 00010556- IORG 0008839). The protocol was registered at the 
National Institutes of Health (#NCT03812315). Prior to commence-
ment of study, parent/ caregivers of all children were asked to 
provide an informed written consent for examination and publica-
tion, after explanation of the study’s aims and procedure.

All children included in the study were with an age range of 6-8 
years. They were high caries risk patients as defined by the guidelines 
of the American Academy of Pediatric Dentistry (AAPD), 22 free 
from any systemic disease and cooperative according to Frankl rating 
(score 3 and 4).23 Children were excluded from the trial if they had any 
oral infection that compromised the mastication process or received 
any antibiotic two weeks before or during the study. Children with 
a history of using propolis containing products were also excluded.

Study setting
Children were selected from outpatient clinic of the Pediatric 

Dentistry and Dental Public Health Department. The material 
preparation and microbiological assessment were performed at the 
Department of Microbiology and Immunology.

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 bacte-
rial 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

Randomization
Subjects complying with the inclusion criteria were randomly 

assigned using a computer-generating list of random numbers to 
one of the two arms. The participants 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.

Allocation concealment
Children were randomly divided into two groups. Each child 

included in the study was given a serial number that was used in 
the allocation. These numbers was written on identical sheets of 
paper with the group to which each child was allocated and placed 
inside opaque envelopes carrying the respective names of children. 
An independent trial personnel was assigned the role of keeping the 
envelopes and unfolding them only at times of giving each child the 
designated regimen.

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.

Group I (N=30): children received propolis chewing gum and 
Group II (N=30): children who used propolis mouthrinse. (Figure 1)

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
Propolis chewing gum preparation

Three parts by weight of gum base was melted by heating until it 
softened then added to one part by weight to the previously prepared 
2% propolis solution. A mixture of one hundred and five ml of 2% 
W/V propolis solution +2.5 g flavor + 0.3 g sorbitol + 0.3 g coloring 
sorbitol is added to 315 g of softened gum base.26,27 The resultant 
mixture was kneaded with roll, formed and packed to the desired 
formula.28 Each chewing gum piece weighted nearly 2g. This 
manner was repeated 4 times to reach the needed quantity.
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Propolis mouthwash preparation
A solution of 2% W/V of propolis was prepared by mixing 40 g 

propolis + 150 ml Propylene glycol + 300 ml H2O + (60 g sorbitol 
+ 200 ml H2O = 40 ml flavor + 0.1 g coloring substance) + 1310 
ml H2O.29

Ten liters of 2% propolis solution were distributed into sterile 
falcon (15 ml) conical tubes. Each tube was filled to 10 ml of 
the prepared solution using electronic pipette pump. Each patient 
received 28 wrapped preloaded tubes, a tube for every single use.

Pre-test study
The propolis extract used in this study was tested by the agar 

disk diffusion method 30 to determine the antibacterial activity of 
propolis extract.

An overnight culture of standard S. mutans (ATCC 25175) strain 
was diluted to reach an approximate concentration of 0.5×106 CFU/
mL using 0.5 McFarland standards. Then, the culture was swabbed 
onto blood agar plates and left to dry for 10 minutes. Next, sterile 
filter paper disks approximately 6 mm in diameter were immersed in 
2% ethanol propolis extract. These disks were plated on the seeded 
blood agar plates and incubated under suitable conditions for two 
days. Furthermore, control disks were examined in the same manner 
using ethanol 70% as negative control. During this period, the test 
material (propolis extract) diffused into the agar and then the diam-
eters of the inhibition zones were measured.

A moderate diameter of inhibition zones ranging from 14-17 
mm were obtained, indicating a reasonable activity of the tested 
extract on S. mutans strain under examination.

Figure 1: A CONSORT diagram showing the study protocol.
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Intervention
Before baseline assessment, all participants received oral 

prophylaxis and oral hygiene instructions including tooth brushing 
using the roll technique. Children were advised to brush their teeth 
twice daily using a soft brush and pea-sized fluoridated toothpaste.31 
On the day of sampling each child was instructed to refrain from 
tooth brushing in the morning, eating or drinking (except water) at 
least two hours before sampling procedure.1

Children who used 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 children who used mouth-
wash were instructed to rinse with the whole amount present in a 
preloaded tube for 60 seconds twice daily once after breakfast and 
another before bedtime for two weeks.32, 33 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.

Clinical assessment of dental plaque
Assessment of dental plaque accumulation was performed quan-

titatively after 48 hours from oral prophylaxis and after 14 days of 
starting using the propolis. Plaque was estimated clinically using 
O’Leary, Drake & Naylor 34 Plaque Control Record. Participants 
were asked to swish with the disclosing solution for five seconds 
then spit it out. Each tooth was divided into 4 surfaces; only 
plaque accumulations which appeared as reddish painted surfaces 
were scored. The number of positively scored units was counted 
then divided by the total number of the evaluated teeth surfaces, 
and the final result was multiplied by 100 to express the index as a 
percentage.

Microbiological assessment of dental plaque
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 collected 
by running a sterile toothpick over the whole teeth surfaces. This 
was immediately kept in 1 ml sterile saline 35, 36 and sent for the 
microbiological assessment.

All samples were dispersed by vortexing for 30 seconds then 
10 fold serially diluted using sterile saline. Fresh blood agar media 
and Mitis Salivarius agar were prepared according to the manufac-
turer’s instructions. Then bacterial cultivation of the serially diluted 
samples was performed on both agar media. Finally, the plates of 
the media were incubated anaerobically for 48 hours before colony 
counting was done manually and the count was calculated as the 
average of two independent counts. 37

Following the predetermined incubation period, colonies grown 
on the specified media were counted and represented as Colony 
Forming Unites (CFU/ ml) by the following equation:

Number of colonies/ml (CFU/mL) = 

Number of colonies counted ×the dilution factor

volume taken in ml (0.02)

Assessment of participant’s acceptance for the delivered 
treatment

On the day of the 2nd plaque sample; after completion of treat-
ment regimen; the participants, with the aid of their parents/care 
givers, were asked to rate the type of treatment they received by 
using Visual Analogue Scale chart (VAS).38 Each patient received 
the scale form and was instructed to place a vertical mark according 
his/ her personal rating of the preparation received during the treat-
ment period on a horizontal line scaled from 0 to 10 where 0 repre-
sented unacceptable and 10 acceptable.

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 (Gender and distribution of 
study participants regarding changes in different microbial plaque) 
while mean and standard deviation (SD) were used for quantitative 
data (Age, plaque index and log10 values of different microbial 
plaque). 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.39 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 assess-
ment] x 100. Paired t test or Wilcoxon Sign Rank test were used to 
compare baseline and final assessment for intragroup comparisons.

RESULTS
A total of 60 children fulfilled the inclusion criteria and were 

recruited into the study. They were randomly assigned into two 
groups according to the received treatment type. Three participants 
dropped out at the final follow up. But they were not replaced as 
there were 10 cases added to the 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).

Both groups showed a significant decrease in the mean plaque 
indices at the final assessment (P≤0.001). Before intervention and 
after treatment there was no significant differences between the two 
study groups regarding the mean plaque index (P≤0.08, P≤0.86), 
respectively (Table 1).

Regarding the total microbial plaque count, 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) (Fig.2 a, b). 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 2)

Both groups showed statistically significant differences in abso-
lute count of S. mutans after the intervention as compared to the 
baseline (P≤0.001) (Fig. 3a, b). However, among the comparison 
groups there were no significant differences in the total microbial 
count before and after treatment (P≤0.61, P≤0.45) respectively 
(Table 3).
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Table 1:Comparison between group I and II regarding plaque index expressed as percentage of mean

Plaque index Group I
(n=30)

Group II
(n=27) P value

1st assessment: Mean±SD 42.16±12.86 47.37±16.52 0.08a

2nd assessment: Mean±SD 12.36±3.90 16.20±11.26 0.86b

P value <0.001*c <0.001*d

Percentage change: Mean±SD -68.33±11.84 -65.26±18.46 0.45a

a. Student’s t test

b. Mann Whitney U test

c. Paired t test

d. Wilcoxon Signed Rank test

*: Significant difference p<0.05

Table 2: Comparison between group I and II regarding total bacterial count

Total bacterial count Group I
(n=30)

Group II
(n=27) P value

Baseline assessment:
Mean±SD

Absolute count 2.26±2.50x107 3.67±3.64x107

0.11a

Log10 6.83±0.88 7.06±0.94

final 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 3: Comparison between group I and II regarding S. mutans

MS count Group I
(n=30)

Group II
(n=27) P value

Baseline assessment:
Mean±SD

Absolute count 4.04±7.95x106 2.54±3.00x106

0.61a

Log10 5.39±2.01 5.87±0.95

Final 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

Using Mann Whitney U test, mean scores of (VAS) revealed 
a significant difference in the mean value of propolis chewing 
gum group as compared to that in propolis mouthwash group 
(9.50±0.86,5.78±2.17) respectively (P≤0.001).

DISCUSSION
The main objective of this study was to investigate the anti-

plaque and antimicrobial effect of propolis incorporated in chewing 
gum and mouthwash formulation of high caries risk children. In 
addition children’s preference of the delivery vehicle was evaluated.

Results from the present study revealed a significant reduction 
in plaque scores after using propolis in both vehicles in all examined 
participants with no significant difference between the two study 
groups. This reduction endorses the fact that propolis can be consid-
ered an antiplaque agent. This was supported by a study conducted 
by Savita et al 19 who showed evidence of the efficacy of mouthwash 
containing propolis on plaque accumulation. In addition, Ercan et 
al 20 reported significant decrease in plaque index scores in children 
after using propolis chewing gum. However, the reduction was 
less significant compared to that in children who used propolis 
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mouthwash. This conflict with our study could be attributed to the 
small sample size and short intervention period in their study. An 
additional variable to consider is the time of administration of each 
vehicle, where the time of release of propolis from chewing gum 
may require more than the twenty minutes set in the study.

Within group comparison, plaque samples showed significant 
percent reduction in absolute colony count of S. mutans. These 
results highlight the antimicrobial effect of propolis extracts. 
Conversely , Duailibe et al 40 found that half of the collected 
samples showed an increase or no changes in S. mutans after using 
mouthwash containing propolis. This variation between the studies 
could be due to difference in study design, study period or age of 
the participants.

A visual analogue Scale form was used to evaluate the accep-
tance of patients to the received treatment vehicle. Its simple design 
makes it easily to be understood and used by the targeted age group 

Figure 2: Microbial cultivation of plaque samples on blood agar media, (a): before intervention, (b) after intervention

Figure 3: Streptococcus mutans colonies on mitis salivarius agar media, (a): before intervention, (b): after intervention

of the study. Results showed that participants were more compliant 
and highly preferred using propolis chewing gum more than the 
mouthwash, which reflects that they may use the chewing gum for 
longer period to achieve maximum benefits.

However, there was no significant difference among group 
comparison, chewing gum and mouthwash containing propolis, 
neither in plaque scores nor in microbial 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 on plaque accumulation and its microbial count 
either when used as chewing gum or mouthwash, despite children 
prefer using gum. The results suggest accepting the null hypoth-
esis and support the use of propolis as antiplaque and antimicrobial 
agent in different vehicles.
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CONCLUSION
Propolis proved to reduce plaque accumulation and its micro-

bial count either when incorporated in chewing gum or mouthwash 
vehicle. Therefore, it is suggested to be used as antiplaque and anti-
microbial agent.
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