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ABSTRACT

Purpose: This study investigated the effect of incorporating myrrh (Commiphora molmol)  
to Glass ionomer cement (GIC) on its physical and antibacterial properties.

Materials and Methods: Myrrh powder was incorporated into the powder component of 
Riva GIC (SC; SDI Ltd., Bayswater, Australia) at 1, 2 and 5% (w/w). Unblended powder was 
used as control. Modified GIC powder was characterized using Fourier transform infrared (FTIR). 
Compressive strength and young’s modulus were evaluated using a Universal Testing machine. 
Surface microhardness was measured using Vickers microhardness tester. Solubility was calculated 
by means of weighing the specimens before and after immersion and desiccation.

The antibacterial activity was assessed using agar diffusion method against Bacillus subtilis, 
Escherichia Coli and Staphylococcus aureus. Data were analyzed by ANOVA and Tukey’s tests  
(p <0.05).

Results: Incorporation of 1, 2 and 5% (w/w) myrrh to GIC did not affect its mechanical 
properties significantly (P≥0.05). On the other hand, there was a corresponding significant increase 
in the solubility and antibacterial activity of glass ionomer cement with the highest value against 
staphylococcus aureus in comparison to that of the control group (P<0.05).

Conclusion: Modification of GIC with low concentration of myrrh seems to produce a 
promising restorative material with antibacterial properties without adversely affecting its 
mechanical properties. This novel experimental GIC may be potentially useful for a variety of 
clinical applications.

Keywords: Glass ionomer cement; Myrrh; Compressive strength; Hardness; Young’s 
modulus; Solubility; Antibacterial.
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INTRODUCTION 

New approaches, techniques and materials have 
focused on maximum prevention and minimally 
invasive procedures in dentistry. Accordingly, 
Atraumatic Restorative Treatment (ART) based on 
the removal of carious tissue with hand instruments 
and restoration with an adhesive material.1 Glass 
ionomer cement (GIC) is the material of choice as it 
presents several advantages such as direct adhesion 
to tooth structure and base metals,2,3 anticariogenic 
properties due to release of fluoride,4 minimized 
microleakage at the tooth–enamel interface due to 
low shrinkage, thermal compatibility with tooth 
enamel and dentin due to low coefficient of thermal 
expansion similar to that of tooth structure,5,6 

biological compatibility and low cytotoxicity.7,8 

Today, ART does not seem to be confined to 
places where electricity is absent. It is also accepted 
by patients with dental anxiety and by children in 
modern clinical settings, as the sound and pressure 
caused by rotary instruments is omitted and local 
anesthesia is not needed.9 Although GIC has many 
advantages, its use as a restorative material has 
still been questioned because of secondary caries 
and low mechanical properties.10 The bacteria can 
invade the interface of the restoration and dentine 
through microleakage to create secondary caries, 
which might progress over time and lead to the 
failure of the GIC restoration.11

Accordingly, this indicates that the fluoride re-
leased from GICs is not sufficiently potent to inhibit 
bacterial growth or combat the effects of bacterial 
destruction. Although numerous efforts have been 
made to improve the antibacterial activity of dental 
restoratives, most have been focused on the release 
or the slow release of various incorporated low-mo-
lecular-weight antibacterial agents, such as antibiot-
ics, zinc ions, silver ions, iodine, and chlorhexidine 
(CHX). However, the release or the slow release of 
antibacterial agents can lead to a reduction in the 
mechanical properties of the restoratives over time, 
short-term effectiveness and possible toxicity to 

the surrounding tissues, if the dose or release is not 
properly controlled.12-14

Myrrh is a commercially used resin of different 
Commiphora species, mostly of Commiphora mol-
mol, Engler, Burseraceae, obtained after injuring the 
bark of the small trees, growing wild in Somalia, Je-
men and Arabia. It is mainly used in toothpastes and 
tinctures for the treatment of gingivitis and is com-
posed of three main constituents: (i) the essential 
oil (2-10%); (ii) the EtOH soluble resin (25-40%); 
and (iii) the water soluble gum (30-60%). Despite 
the fact that myrrh is one of the oldest remedies, 
especially in oriental medicine, little is known about 
its exact chemical composition. Mainly for the pres-
ence of essential oil, it has been widely used until 
today for the treatment of inflammatory diseases of 
the mucosa of mouth and throat, as well as for its 
disinfecting and astringent properties.15

Mouthrinses and toothpastes containing 
myrrh were successful in treating gingivitis 16,17 
and in reducing 4-day plaque regrowth.18 Two 
sesquiterpenic compounds isolated from a hexane 
extract of myrrh resin exhibited antimicrobial activity 
towards several microorganisms (Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa 
and Candida albicans). They also had local 
anesthetic activity and were not toxic to human 
fibroblasts (source not specified).19 However, there 
were no identified researches on the influence of 
incorporation of myrrh into GIC. Therefore, this 
study aimed to investigate the addition of myrrh 
on the physical and antibacterial properties of a 
conventional GIC. The null hypothesis is that the 
incorporation of increasing concentrations of myrrh 
into GIC does not affect its physical and antibacterial 
properties.

Material and methods

A conventional glass-ionomer powder (Riva SC; 
SDI Ltd., Bayswater, Australia) was blended with 
different proportions with myrrh. Powders were 
made by mixing  made by mixing 1, 2 and 5% (w/w) 
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myrrhpowder with the glass ionomer powder by 
hand using mortar and pestle for 10 min. Unblended 
powder was used as the control for all tests. The 
recommended powder/liquid (P/L) ratio of 1.8/1 for 
glass ionomer luting cement was used in all of the 
prepared specimens. 

Glass ionomer powder characterization

Fourier transform infrared (FTIR) absorption 
spectra of the powdered samples were measured at 
room temperature (~ 20°C) in the wavelength range 
4000-400 cm-1 using FTIR spectrometer (type Matt-
son 5000, USA) to assay the molecular interaction 
of the cement. The  fine powder of the samples was 
mixed with KBr in the ratio 1:100 for quantitative 
study and the mixture was subjected to a load of  
5 tons/cm2 in an evacuble die to produce clear ho-
mogeneous discs. Then, the infra red (IR) absorption 
spectra were immediately measured after preparing 
the discs to avoid moisture attack. The measure-
ments were taken for the studied samples before and 
after immersion in the phosphate solution.

Compressive strength test

Twenty cylindrical specimens were prepared in 
a stainless steel split mold (4 mm in diameter and 
6 mm in height) according to ISO standard.20 The 
compressive strength (Cs) (MPa) of the specimens 
was measured using the universal testing machine 
at a crosshead speed of 0.5 mm/min and it was cal-
culated using the following equation:

Cs=4Pf /πD2

Where Pf is the load (N) at fracture and D is the 
diameter of specimen (mm). 21

Surface microhardness test

A stainless-steel mold with inner dimensions 
of 6±0.1 mm diameter and 3±0.1 mm thickness 
was used for preparing 20 disk shaped specimens. 
Within 60 seconds after the end of mixing, the GICs 
were packed into the conditioned molds slightly in 
excess and covered with strips. One hour after the 

end of mixing, the specimens were removed from 
their molds and stored at 37±1°C in water prior 
to testing. After the storage time of 24 hours, the 
Vickers hardness numbers (VHN), were obtained 
using a micro-indentation tester (MMT-3 Digital 
Hardness Tester, Buehler Ltd., Lake Bluff, IL) by 
applying a load of 29.42 N on the specimens for 
30 seconds. Five indentation measurements were 
carried out and averaged for each specimen.22

Solubility test

Twenty disc-shaped specimens were prepared 
in a stainless steel mold (10 mm in diameter and  
1 mm in thickness).23 All specimens were conditioned 
by placing them in a desiccator containing calcium 
sulfate at 37° C until a constant weight had been 
achieved (m0) using an electronic balance (Sartorius 
MCI Research RC Z10 D, Sartorius AG, Gottingen, 
Germany). Then, the disks were placed in a glass 
vial containing 100 mL of artificial saliva. The vials 
were placed in an incubator at 37° C at intervals  
(24 h and subsequently at 2-day intervals). Finally, 
the discs were removed from the artificial saliva and 
redesiccated and reweighed until a constant weight 
had been achieved for the last time (m1). These steps 
were carried out to evaluate solubility (S) according 
to Oysaed and Ruyter formula:    

S = m0-m1/V 

Where m0 is the sample weight before immer-
sion and m1 is the sample weight after immersion 
and desiccation and V is the sample volume. 24  

Antibacterial test

The antibacterial effects of the tested specimens 
against Bacillus subtilis, Escherichia Coli and 
Staphylococcus aureus were assessed using agar 
diffusion test. Briefly, 100 mL of the respective 
bacteria were grown in 10 mL of fresh media 
until they reached account of approximately  
108 cells/mL. A 100 mL of microbial suspension was 
spread onto agar plates corresponding to the broth 
in which they were maintained. Isolated colonies of 
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each organism that might be playing a pathogenic 
role should be selected from primary agar plates and 
tested for susceptibility by disk diffusion method. 
Plates inoculated with the different microorganisms 
were incubated at 35–37° C for 24–48 hours, then the 
diameters of the inhibition zones were measured in 
millimeters. Standard disks of unmodified GIC and 
myrrh served as controls for anti-microbial activity.

All data were analyzed using two-way ANOVA 
and Tukey post-hoc analysis with a significance 
factor of α = 0.05.

Results

Powder characteriazation

FTIR spectra of unmodified glass ionomer 
powder and modified ones with 1, 2 and 5 % (w/w) 
of myrrh are shown in Fig. 1. No obvious peak shift 
was observed with increasing myrrh content. 

Mechanical properties evaluation

The mean and standard deviation values for 
compressive strength, surface microhardness 
and Young’s modulus are presented in  
Table 1. One-way analysis of variance identified 
non significant differences between mean values 
of compressive strength, surface microhardness 
and Young’s modulus of the tested groups  
(P≥0.05).

Compressive strength 

The values of 1, 2 and 5% (w/w) myrrh addition 
to glass ionomer cement were relatively lower than 
those of the control group. However, the differences 
were not statistically significant (P≥0.05).       

Surface microhardness

All of the tested groups had microhardness 
values comparable to the control group.    

Young’s modulus

The values of 1% and 2% (w/w) myrrh added 
groups tended to be comparable to that of the control 
group. On the other hand, 5 % (w/w) myrrh added 

Table (1) Mean (standard deviation) of mechanical properties of glass ionomer with myrrh incorporation 
and Tukey’s analysis.

Group Compressive strength
( MPa)

Surface microhardness
(VHN)

Young’s modulus
(GPa)

GI-control 91.96(2.46)a 444(1.41)b 669.64(8.02)c

GI-1% (w/w) myrrh 83.64(4.77)a 41.83(2.14)b 673.72(20.69)c

GI-2% (w/w) myrrh 82.04(5.24)a 44(2.76)b 667.89(7.15)c

84.93(6.92)a 41.17(2.32)b 716.09(41.31)c

Mean values for each property represented with the same superscript letter (column) are not significantly different (P≥0.05), 
whilst the mean values with different letters are significantly different (P<0.05).

Fig. (1) IR absorption spectra of unmodified and modified GIC 
powder with 1, 2 and 5 % ( w/w) myrrh..
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group tended to have relatively greater value than 
that of the control group. However, this increase 
was not statistically significant (P≥0.05).      

Solubility test

The solubility values of GIC groups are presented 
in Table 2. The values of 1, 2 and 5 % (w/w) 
myrrh added groups showed significant increase in 
comparison to that of the control group (P<0.05).      

Antibacterial test

Mean values and standard deviations of inhibition 
zones (mm) against different strains of bacteria of 
the different groups are shown in Table 3.  The 
results indicated that group of myrrh powder had 
the highest mean value against all types of bacteria 
with the highest value against Bacillus subtilis (22) 
while the unmodified GI powder group had the 
lowest (0). Two-way ANOVA test showed that there 
was a significant difference between inhibition zone 
values of the studied groups (P<0.05). LSD test 

showed that incorporating myrrh powder into glass 
ionomer powder by ratio 1, 2 and 5 % (w/w) showed 
significant increase in the antibacterial activity of 
glass ionomer cement with the highest value against 
staphylococcus aureus as shown in Table 3.

Table (2) Mean (standard deviation) of solubility 
(μg/mm3) of glass ionomer with myrrh 
incorporation and Tukey’s analysis. 

Group Solubility (μg/mm3)

GI-control 0.0138 (0.00019) d

GI-1% (w/w) myrrh 0.0142 (0.00021) c

GI-2% (w/w) myrrh 0.0146 (0.000156) b

GI-5% (w/w) myrrh 0.0195 (0.00025) a

Different letters indicate statistically significant 

differences among materials (P<0.05).

Table (3) Mean (standard deviations) and LSD of inhibition zones (mm) against different bacteria.

Group Bacillus subtilis    E.Coli Staphylococcus aureus

Unmodified GI powder 0 (0) d 0(0) d 0(0) e

Myrrh powder 22(1.84) a 20(1.88) a 21(1.45)a

GI-1% (w/w) myrrh  2(0.25) c 3(0.39) c 2(0.26) d

GI-2% (w/w) myrrh          3(0.34) c 4(0.37) c 5(0.25) c

GI-5% (w/w) myrrh          5(0.46) b 6(0.25) b 8 (0.29)b

LSD       1.15    1.66       0.90

Means with the same superscripted letter are not significantly different at P ≥0.05.
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Discussion

One of the most important criteria for success 
of dental materials is to inhibit recurrent caries 
formation. GICs are characterized by their ability 
to prevent caries25 because of fluoride release26and 
their clinical adhesion to dental hard tissues. 
Vermeersch and colleagues27 proposed that GICs 
have antimicrobial property because of fluoride 
release and/or acidity. The results of previous 
investigations about the antibacterial effects of both 
fluoride and low pH are controversial.25 Moreover, 
the decrease in the bacterial counts as a result of 
placement of conventional GICs in cavities is not 
reliable14; thus, antibacterial GICs would provide an 
alternative approach.

Takahashi and colleagues14 concluded that 1% 
chlorohexidine diacetate addition was optimal 
to give appropriate physical and antibacterial 
properties to glass ionomer cement. Regarding the 
previous results, myrrh was selected, which has 
been widely used until today for the treatment of 
inflammatory diseases of the mucosa of the mouth 
and throat as well as disinfecting and astringent 
properties,15 to be used as an antimicrobial agent, 
in the form of a powder to be incorporated into the 
conventional GIC powder.

For FTIR analysis, the peak at 1706 cm−1 

was related to the C=O stretching vibrations 
in the carboxylic group, whereas the peak at 
1635 cm−1 was attributed to –OH bending vibrations 
of carboxylic group.  In addition, the peaks at 
1060 cm−1 and 810 cm−1 due to aluminum silicates 
were recognized.  There was a shift in the peak at 
1630 cm−1 with increasing the incorporated ratio of 
myrrh to higher wave length than that of unmodified 
GIC.  The formation of both calcium and aluminum 
polysalts caused the appearance of the band at 1410 
to 1460 cm−1. The silica gel formation by acidic 
degradation of the glass powder was indicated by 
the asymmetric stretching vibrations in Si–O that 
appear between 940 and 1200 cm−1. 28-30

Regarding the mechanical properties evaluation, 
there was an insignificant decrease in compressive 

strength of 1, 2  and 5% (w/w) myrrh added GIC 
powders in comparison to the control group. This 
denotes an interference of the myrrh particles with 
the normal GIC reaction. It may be due to lack of 
cross linking of these particles, which are likely to 
weaken the GIC.31

The slight insignificant enhancement in 
compressive strength of 5% (w/w) myrrh added 
group in comparison to the other 1% and 2% 
(w/w) myrrh added groups can be attributed to the 
increased amount of small sizes of myrrh particles 
incorporated along with the glass powder into the 
GIC material. The presence of these small particles 
can consequently occupy the empty spaces between 
the GIC glass particles and act as additional bonding 
sites for the polyacrylic polymer thereby reinforcing 
the GIC material.32,33

The slight decrease in hardness of glass ionomer 
at concentrations of 1% and 5% myrrh, while not 
statistically significant, may be due to the weakening 
of the bulk of the cement that led to decreased ability 
to resist indentation, and hence reduced hardness.34

The insignificant improvement of the stiffness 
of GIC may indicate increased homogeneity, which 
leads to polysalt bridge formation and cross linking 
in the final set material when myrrh is added to the 
GIC.32

Solubility is the ability of a substance to dissolve 
in another, expressed as the concentration of 
saturated solution of the former in the latter. When 
solubility is tested, there is no particle in suspension 
(the solvent remains limpid).35

Factors which govern the dissolution of the 
material are the particle size, powder/ liquid ratio, 
mixing technique, contamination, medium pH, 
exposure time to pH medium and status of oral 
hygiene.36

The results of this study exhibited significant 
increase in solubility of glass ionomer cement 
with the corresponding increase in the percentage 
of incorporated myrrh in comparison to that of the 
control group. 
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Accordingly, myrrh should be kept as low as 
possible, as the added myrrh does not contribute 
to the formation of the glass ionomer network, and 
therefore, high amounts of myrrh would weaken 
the scaffold and increase the liability for leaching 
of components and the corresponding dissolution 
and solubility of the antibacterial glass ionomer. 
According to these facts and results, it would be 
more appropriate to use the lowest concentration 
of incorporated myrrh for further development in 
antibacterial glass ionomer cement.

As for the antibacterial test, agar plate diffusion 
was the method of choice for this study because it 
allowed both set and unset materials to be assayed.37 
Moreover; the process is relatively inexpensive and 
can be performed rapidly and easily with a large 
number of specimens. However, there are also some 
limitations with this test method. One of the main 
concerns is the inability of the method to distinguish 
between bacteriostatic and bactericidal effects, so 
the test does not provide any information about 
the viability of the test microorganisms within the 
inhibition zone. Moreover, the test does not simulate 
the clinical condition where multiple species of 
bacteria will be growing in complex biofilms.38

It was found that the antimicrobial activity was 
dependent upon the concentration of the disinfectant 
added to GICs.39 In agar-diffusion tests, it was found 
for all the tested groups that the increase in sizes of 
inhibition zones produced against Staphylococcus 
aureus, Escherichia coli and Bacillus subtilis was 
clearly dependent upon the corresponding increase 
in concentration of the myrrh incorporated to  
the GIC. 

The antibacterial activity of myrrh against 
different types of bacteria may be related to the 
presence of essential oils in its composition which 
could be inhibitory to the growth of bacteria.  This 
could be explained as the essential oils are highly 
volatile at the room temperature and this gaseous 
contact with bacteria may express its antibacterial 
activity. It has been also reported that the cell growth 

and reproduction could be affected by increasing the 
concentration of   myrrh.40,41 This is in agreement 
with another study which confirmed the activity 
of myrrh essential oils against candida albicans.42  
In another study, it has been reported that the 
antibacterial effects of the essential oil are facilitated 
through inducing significant morphological changes 
in bacterial cells along with generating reactive 
oxygen species within the bacterial cultures. The 
essential oils caused serious morphological damage 
to the drug resistant Staphylococcus aureus. These 
essential oils could be used as a safe and natural 
alternative to antibiotics with less incidence of 
showing multidrug resistance.43

Conclusion

The null hypothesis was rejected because both 
the solubility and antibacterial activity of myrrh 
modified glass ionomer cement increased with the 
corresponding increase in myrrh concentration. 
However, there was not any significant negative 
insult on its mechanical properties
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