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Abstract

Objective: In this in vitro study, we aimed to analyse the

enamel-remineralisation potential of propolis.

Materials and methods: Twenty enamel blocks (N ¼ 20)

were randomly divided into two groups (n ¼ 10). In

group 1 (control), enamel blocks were brushed with

artificial saliva (AS). In group 2, they were brushed with

propolis oil. All the blocks were demineralised by

exposing them to 6 wt% citric acid (pH: 2.2) for 5 min.

Brushing was performed inside a tooth brushing simula-

tion machine with manual toothbrushes. Each sample

received 5,000 linear strokes. Surface microhardness

analysis was performed for each sample at three time

intervals (pre-demineralisation or baseline, post-

demineralisation, and post-remineralisation) to obtain

the Vickers hardness numbers (VHNs).

Results: An enhancement in the microhardness of the

enamel samples was observed after brushing with prop-

olis oil when compared with brushing using AS alone. In
y. This is an open access article under the CC BY-NC-ND license
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group 1 (control group), the mean baseline VHN was

583.66. It decreased to 116.23 after demineralisation and

increased to 184.02 after remineralisation. The mean

baseline VHN of group 2 was 506.91. It decreased to

317.60 after demineralisation and increased to 435.19

after remineralisation. The VHN values of both the

groups revealed statistically significant differences

(p < 0.05) in inter-group and intra-group comparisons.

Conclusion: Brushing of enamel blocks with propolis led

to a greater enhancement in their microhardness levels

when compared with the control group. Future studies

are essential to validate the exact mechanism of the

beneficial effects of propolis on enamel.

Keywords: Demineralisation; Enamel; Microhardness; Prop-

olis; Remineralisation

� 2020 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Dental enamel constitutes the outer protective coating of
teeth.1 Odontoblasts (cells responsible for producing

dentine) are available throughout the life of a person.
However, the ultimate fate of ameloblasts (cells that
synthesise enamel) is apoptosis and regression.2 Thus,
enamel cannot be biologically repaired or replaced after its

formation.3 Human teeth are continuously subjected to
dynamic cycles of demineralisation and remineralisation.4

A balance between these two coupled processes is crucial

for maintaining the tooth structure.5 When this equilibrium
shifts in favour of demineralisation, the risk of tooth
surface loss is increased.4 Interaction among multiple

factors such as cumulative salivary flow, dietary habits of a
person, and the oral microflora can significantly shift the
balance towards demineralisation.6 Moreover, constant

consumption of acidic foods or drinks and low salivary
flow rate over time generate an acidic environment with
low pH, resulting in demineralisation that can eventually
lead to dental caries or erosion.7 Certain systemic diseases

such as gastro-oesophageal reflux disease are also associ-
ated with demineralisation of teeth, ultimately resulting in
dental erosion.8

Interestingly, demineralisation can be reserved in its early
stages if the intensity and the frequency of acidic attack is
reduced together with the creation of an oral environment

that favours remineralisation.4 The potential of tooth surface
remineralisation could be increased naturally through
salivary ions or it could be induced by therapeutic

materials.9 The currently available remineralisation
therapies act either by increasing the minerals around the
demineralised lesions or by affecting the volume and the
composition of the dental biofilm around the lesions.9

Among the currently available therapies, fluoride
application is the standard management for
remineralisation of demineralised lesions, as it has the
ability to replace hydroxyl ions in the apatite structure,

changing it from hydroxyapatite (HAP) to fluorapatite
(FAP). Chemically, FAP is more stable and resistant to
acidic exposures.10

Recently, products have been developed to enhance the
remineralisation ability by utilising potential elements for
remineralisation such as calcium, phosphate, sodium trime-

taphosphate, triclosan, and xylitol.9 Propolis is an important
natural product that has already shown its efficacy as an anti-
inflammatory agent, anti-infective agent, and antioxidant.11

It is a natural resinous substance that has shown potential

for bio-dental applications due to its beneficial properties.12

It has also been reported as an anticaries agent,13 root
canal irrigant,14 pulpotomy agent,15 intracanal

medicament,16 and pulp-capping agent.17

It is evident from the previous studies that propolis is a
promising agent that can be used in the dental field. How-

ever, there is a scarcity of studies in the available literature
regarding its ability as a potential remineralising agent for
the enamel. Therefore, the aim of the present study was to
evaluate the remineralisation potential of propolis on artifi-

cially demineralised human enamel.

Materials and Methods

The present study was planned in agreement with the
protocols of the Declaration of Helsinki. Propolis oil was

used in the brushing experiments.

Artificial saliva (AS) formulation

AS was formulated by mixing 0.400 g NaCl and KCl,
0.69 g NaH2PO4. H2O, 0.79 g CaCl2. H2O, and 0.005 g Na2S.
9H2O in 1000 mL of deionised water, as proposed by
Fusayama et al.18 The pH of the newly synthesised AS was

5.4, which was adjusted to a neutral pH of 7.0 by adding
1 M of NaOH, as suggested by Farooq et al.19

Preparation and grouping of enamel blocks

Twenty extracted human third molars (N ¼ 20) were ac-
quired from the dental hospital of the institute. Teeth that

were devoid of white spot lesions, cavitation, and restora-
tions were carefully selected. The teeth were cut mesiodistally
just above the cementoenamel junction using a high-speed

handpiece (EXPERTmatic� LUX E15L, KaVo Dental
GmbH & Co. KG, Germany) fitted with diamond bur hav-
ing a head length of 1.2 mm, a diameter of 0.3 mm, and an
overall length of 19 mm (WR-13, Prima�, Prima Dental

Group, Gloucester, United Kingdom). After the teeth were
cut into two sections, the roots were discarded and the
anatomic crown of each tooth was entrenched in an acrylic

block ensuring that only the buccal surface of the enamel was
exposed. With the help of a nail varnish, a window of
approximately 4 mm � 4 mm was created on this surface to

ensure that all experiments and analyses were performed
only in this area. As the natural contour of the enamel sur-
face is not flat, the marked surface was ground and polished
with the help of a grinding and polishing machine (MetaServ

250 Grinder-Polisher with Vector Power Head,

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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BUEHLER�, Lake Bluff, IL, USA). Twenty enamel blocks
were randomly and equally divided into two groups. Group 1

(control) included ten enamel blocks brushed with AS and
group 2 included ten enamel blocks brushed with propolis
oil.

Artificial demineralisation

All enamel blocks were subjected to demineralisation by

exposing them to 6 wt% citric acid (pH: 2.2) for 5 min. To
mimic dynamic in vivo conditions, glass beakers containing
500 mL of citric acid with enamel blocks completely
immersed in them were placed over a rotating orbital shaker

(CO-Z� Orbital Shaker, USA). After the acidic challenge,
enamel blocks were washed with distilled water for 1 min and
were allowed to air-dry overnight.

Simulated brushing protocol

Manual toothbrushes from a single brand (Trisa�, Tri-

engen, Switzerland) were used in this study. Tooth brushing
was performed inside a brushing simulator (ZM-3.8, SD
Mechatronik, Feldkirchen-Westerham, Germany). Each

sample was brushed with 5,000 linear strokes, which is
comparable to in vivo brushing for 6 months.20 The load
applied to the enamel samples was 250 g and the linear

distance covered by the toothbrushes was set to 30 mm.
After every 1,000 strokes, AS or propolis oil was added on
the surface of the samples from the respective groups.
After brushing, samples were washed with distilled water

for 1 min and air-dried before the microhardness
measurements.

Surface microhardness analysis

Surface microhardness investigation was conducted on
each sample at three time intervals: pre-demineralisation

(baseline values), post-demineralisation, and post-
remineralisation. Vickers surface hardness was calculated
using a digital microhardness tester (FM-ARS 9000; Future-
Figure 1: Indentations on the enamel surface
Tech Corp, Kawasaki, Japan). Each enamel block received
three indentations using a Vickers diamond indenter under a

load of 250 g with a dwell time of 10 s. The average value of
the three indentations was used for the analysis.

Statistical analysis

Data analysis was performed using IBM SPSS Statis-
tics version 20.0 (IBM Corp., Armonk, NY, USA). Nu-

merical data were presented as mean and standard
deviation. Normality of data distribution was checked
using the KolmogoroveSmirnov test. Since the data
showed non-Gaussian distribution, non-parametric Wil-

coxon ManneWhitney U test was used for the compari-
son of microhardness between the groups. Wilcoxon
signed-rank test was applied to assess the significance of

the differences within each group (comparison of baseline
values with post-demineralisation and post-
remineralisation values). P-values � 0.05 were considered

statistically significant.

Results

The microhardness of the enamel blocks was assessed

with the help of Vickers indentation. Each sample received
three indentations (Figure 1) on the marked unexposed
buccal surface. An enhancement in the microhardness

levels was observed in both group 1 and group 2 after
brushing. Although brushing with AS in group 1 resulted
in remineralisation of the enamel surface after artificially
induced demineralisation, the improvement in the

microhardness levels after remineralisation was lower than
that in group 2 (Table 1).

The mean Vickers hardness number (VHN) in group 1

(AS group) was 583.66 at baseline, 116.23 after deminerali-
sation, and 184.02 after brushing. The mean VHN in group 2
(propolis group) was 506.91 at baseline, 317.60 after

demineralisation, and 435.19 after brushing. Significant dif-
ferences were observed in the inter-group and the intra-group
comparisons (Table 1).
to obtain the Vickers hardness numbers.



Table 1: Mean VHN values for both the groups measured at baseline, after demineralisation, and after brushing.

Microhardness Vickers hardness number mean (standard deviation) P-value

Group-1 Group-2

Baseline 583.66 (15.80)a 506.91 (87.41)a 0.012

Post-demineralisation 116.23 (6.84)a,b 317.60 (82.06)a,b 0.001

Post-brushing 184.02 (32.94)a,b 435.19 (105.44)a 0.001
^P-value 0.012 0.012 e
^^ P-value 0.012 0.208 e

^P-value: Within-group significance (baseline versus post-demineralisation).
^^P-value: Within-group significance (baseline versus post-brushing).
a Denotes the significance of means in the horizontal direction (inter-group) by employing theWilcoxonMannWhitney U test at 5% level

of significance.
b Denotes the significance of means in the vertical direction (intra-group) by employing the Wilcoxon signed-rank test at 5% level of

significance.
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Discussion

In the present study, propolis displayed promising results
in terms of remineralisation after artificially induced

demineralisation of human enamel according to the surface
microhardness analysis. In the current era of novel dental
materials, researchers are looking to explore and utilise

biocompatible natural products that possess beneficial
properties for desired functions.16 Propolis is a natural
material synthesised by bees for the assembly and defence

of their hives.12 It is used by bees to disinfect the hive and
to preserve its optimal internal temperature.11 The
composition of propolis includes plant deposits, wax, and
pollen. Other important constituents of propolis include

minerals, vitamins, and amino acids.21 It has been
researched extensively in the field of medicine and dentistry
and has many clinical applications.22

Dental caries initiate with the formation of a white spot
lesion that can be reversed if the equilibrium shifts in favour
of remineralisation.3 The metabolic products of bacterial

species residing in the oral cavity play an important role in
the demineralisation process.4 The acquired enamel pellicle
is the first line of protection against caries. If it is modified
with natural products containing polyphenolic compounds,

it can prevent bacterial colonisation.23 Propolis is rich in
phenolic compounds and flavonoids.24 Its antimicrobial
role has been studied extensively in the past. Reportedly, it

could interfere with cell division and enzyme activity of
microbes and could also retard the adhesion of bacteria.25

Therefore, it has been suggested that propolis has the

potential to modify the pellicle positively and could have a
defensive influence against cariogenic bacteria.

In the present study, enamel samples brushed with

propolis exhibited enhanced surface microhardness when
compared with samples brushed with AS alone. This finding
could be attributed to the fact that propolis enhances the
availability and application of calcium and phosphate min-

erals.26 Dental enamel is composed of HAP crystals, which
are primarily made up of calcium and phosphate
minerals.20 In the present study, the application of propolis

might have enhanced the absorption of these minerals back
into the enamel surface after brushing, resulting in
enhanced remineralisation. In a previous study, Wassel and

Khattab reported that varnishes containing propolis
slowed down the demineralisation of enamel.27 Our results
are consistent with the results of their study. Another study
reported that surface microhardness of enamel samples
increased upon immersion in propolis solution.28 Our

findings demonstrated strengthening and improved
integrity of enamel upon exposure to propolis and are
consistent with the results of the aforementioned study,

although we used another form of exposure (simulated
tooth brushing with propolis), which is closer to the actual
in vivo conditions.

One of the limitations of our study was its in vitro
nature. Propolis needs to be tested with actual human
saliva, as the interaction of the ingredients and the pro-
teins of saliva with propolis could show different results.

Another limitation was the difficulty in obtaining the
microhardness readings from exactly the same point at
different intervals. To minimise variation and to ensure

standardisation, enamel surfaces were marked before the
start of the experiment. Thus, brushing was performed on
the same area and measurements were obtained only from

the marked enamel surface.
To the best of our knowledge, this is the first study uti-

lising propolis for simulated tooth brushing of enamel sam-
ples to study their microhardness levels. Propolis can be

acquired easily and is cost effective. Moreover, it can also be
extracted by simple real-life methods. With the rising costs of
dental products, the clinical potential and cost-effectiveness

of propolis should be considered while synthesising novel
dental products with antimicrobial and remineralising
properties.

Conclusion

The results of the present study suggested that propolis
has good remineralisation potential to improve the micro-
hardness of enamel surface after artificial demineralisation.

Future studies and clinical trials are anticipated to test the
potential of propolis under more dynamic in vivo conditions.

Recommendations

Based on the results of this study, the potential use of
propolis in toothpastes should be investigated in future
studies. Laboratory investigations and clinical trials are

warranted in the future to understand its beneficial proper-
ties related to dentistry.
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