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Abstract
Literature lacks sufficient data regarding addition of natural antibacterial agents to glass ionomer cement (GICs). Hence, the
aim of the study was to increase the antimicrobial properties of GICs through its modification with mixture of plant extracts
to be evaluated along with an 0.5% chlorohexidine-modified GIC (CHX-GIC) with regard to biological and compressive
strength properties. Conventional GIC (freeze-dried version) and CHX were used. Alcoholic extract of Salvadora persica,
Olea europaea, and Ficus carcia leaves were prepared using a Soxhlet extractor for 12 h. The plant extract mixture (PE) was
added in three different proportions to the water used for preparation of the dental cement (Group 1:1 PE, 2:1 PE, and 1:2
PE). Specimens were then prepared and tested against the unmodified GIC (control) and the 0.5% CHX-GIC. Chemical
analysis of the extract mixture was performed using Gas chromatography–mass spectrometry. Antimicrobial activity was
evaluated using agar diffusion assay against Micrococcus luteus and Streptoccocus mutans. Compressive strength was
evaluated according to ISO 9917-1:2007 using a Zwick testing machine at a crosshead speed of 0.5 mm/min. Antimicrobial
activity against Streptoccocus mutans was significantly increased for all the extract-modified materials compared to the
unmodified cement, and the highest concentration was comparable to the CHX-GIC mixture. The activity against
Micrococcus luteus was also significantly increased, but only for the material with the highest extract concentration, and here
the CHX-GIC group showed statistically the highest antimicrobial activity. Compressive strength results revealed that there
was no statistically significant difference between the different mixtures and the control except for the highest tested
concentration that showed the highest mean values. The plant extracts (PEs) enhanced the antimicrobial activity against
S. mutans and also against M. luteus in the higher concentration while compressive strength was improved by addition of the
PE at higher concentrations.
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1 Introduction

Glass ionomer cements (GICs) belong to a group of mate-
rials known as acid-base cements. The proper name for
them, according to the International Organization for
Standardization (ISO) is “glass polyalkenoate cement”, but
the term “glass ionomer” is recognized as an acceptable
trivial name, and is widely used within the dental commu-
nity [1].

Over the past years, GICs have been the most commonly
used water-based cements for final cementation of dental
crowns, bridges, orthodontic brackets and atraumatic
restorative treatment [2]. There are several properties that
make glass ionomer a material of choice among which are
their ability to bond adhesively to enamel and dentin, their
biocompatibility and their ability to release fluoride ions
over a prolonged period of time. Furthermore, GICs were
shown to be rechargeable with fluoride ions [3, 4].

Literature has shown that microorganisms have been
found to be viable for at least a period of 2 years under the
GIC. Moreover, in spite of the fact that studies have shown
that GICs release ~10 ppm of fluoride during the first 48 h
following insertion into the cavity, this is still regarded low
for achieving the desired antibacterial effects [5].

Therapeutic benefits may be gained by reinforcing GICs
with additional antibacterial agents. Studies have been
focusing on release or slow release of antibacterial agents
such as antibiotics, zinc ions, silver ions, iodine, and most
commonly chlorhexidine that is considered the gold stan-
dard for antibacterial applications. Several in vitro studies
confirmed the enhancement of the biological properties of
GIC when being incorporated with CHX [6–8].

Unfortunately, the incorporation of antibacterial agents
in restorative materials frequently results in changes in the
physical and mechanical properties of the restorative
material over time, and might have short-term effectiveness
and toxicity to surrounding tissues if the dose or release is
not properly controlled. This is probably the reason why the
combination of chlorhexidine and other antimicrobials with
GICs is not yet employed in production [9, 10].

Many years ago, up to the advent of iatrochemistry in the
16th century, plants were used for treatment and prophylaxis
in order to cure or alleviate illnesses. Phytomedicine can be
defined as the herbal medicine that utilize different plant
parts or extracts as a therapeutic or health-promoting agent.
Herbal extracts showed an advantage of having beneficial
effects without the risk of developing bacterial resistance
[11, 12]. According to the World Health Organization, as
many as 80% of the world’s people depend on traditional
medicine (herbal) for their primary healthcare needs [13].

Among the effective medicinal plants are Olea europaea,
Ficus carcia, and Salvadora persica. Olea europaea
(O. europaea) is cultivated on a large scale in the Arabian

Peninsula, India, and Asia, but the Mediterranean region is
the main area of agricultural production [14, 15]. Recently,
studies concerned with the medicinal properties of olive
products have been focusing on olive polyphenols that have
shown in animal and in vitro studies an antioxidant and an
antimicrobial property [15].

Ficus Carcia (F. carcia) belongs to the mulberry tree
family (Moraceae) which is one of the oldest harvested
fruits in the world [16, 17]. Phytochemical studies on
F. carica leaves revealed the presence of numerous bioac-
tive compounds such as phenols, flavonoids, tannins,
alkaloids, and saponins. Owing to these compounds F.
carcia was reported to have antioxidant, anti-inflammatory,
antiviral, and antibacterial activities [18, 19].

Salvadora persica (S. persica), of the family Salvador-
aceae, is an evergreen shrub, with a short trunk 4–6 m tall,
smooth green leaves and white bark. S. persica has a wide
geographic distribution ranging from India, Nepal in the
east through Pakistan and Egypt in the west, and from
Central Africa to Southwestern Africa [20]. Miswak, a
chewing stick is prepared from S. persica roots or stems. It
is used as an toothbrush stick for oral hygiene and in
treatment of gum inflammation. It has been shown that an
extract of miswak (S. persica) possesses different anti-
microbial and antifungal properties due to the presence of
trimethylamine, chlorides, fluoride, silica (Si02), sulfur,
saponins, flavonoids, and phenols [20–22].

Literature lacks sufficient data regarding addition of
natural antibacterial agents to GICs, despite that some of
them have shown effective results against cariogenic sali-
vary flora as mouthwashes or toothpaste. Hence, the aim of
the study was to increase the antimicrobial properties of
GICs through its modification by mixture of S. persica,
F. carcia and O. europaea extracts to be evaluated along
with an 0.5% CHX-modified GIC with regard to biological
and compressive strength properties.

2 Materials and methods

2.1 Preparation of the three-plant extract mixture

S. persica, F. carcia, and O. europaea plants were used to
prepare the extracts. Each of these plant parts was separately
washed, dried, ground into powder, and added to the
thimble of a Soxhlet extractor. Each extraction process was
performed using ethyl alcohol (70%) alcohol for several
hours. The extraction products from each plant was then
filtered, proportioned to prepare a mixture of them all. The
plant mixture was then placed at 37 °C in a rotary eva-
porator (Buchi Rotavapor R-300, Essen, Germany) to
remove the ethanol leaving a crude mix that was stored in
the fridge in a closed flask at 4 °C until use [10].
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2.2 Preparation of GIC, extract and CHX
combinations and specimen grouping

Conventional, freeze-dried (powder/water) GIC, hand mix
version (Medicem aqua, Promedica GmbH, Neumunster,
Germany, Lot 1849261) was used.

The tested groups were prepared by either modifying the
water used for preparation of GIC with different con-
centrations of the PE mixture or by adding CHX to the
powder of GIC. These modified groups were then compared
with a non-modified GIC as a control group (Table 1).

For the five groups, all specimens were mixed at a
temperature of 23 ± 1 °C and a relative humidity of 50 ±
10% as per the powder/water ratio prescribed by the man-
ufacturer (1:2). Freshly mixed specimens were prepared for
each testing procedure.

2.3 Chemical analysis of plant extract mixture
(GC/MS)

The analysis was done at the Agriculture Research Cen-
ter, Giza, Egypt using a gas chromatography (GC)
(Agilent Technologies 7890A) interfaced with a mass-
selective detector (MS) (MSD, Agilent 7000). One mil-
liliter of the PE was diluted in diethylether and injected to
analyse its chemical constituents. The GC was equipped
with a polar Agilent HP-5ms (5%-phenyl methyl poly
siloxane) and a capillary column (30 m, 0.25 mm inner
diameter, and 0.25 µm film thickness). The injector and
detector temperatures were set at 200 °C and 250 °C
respectively. The carrier gas was helium and delivered at
a linear velocity of 1 ml/min. Mass spectra were obtained
at 70 eV ionization potential, acquisition mass range of
50–800 m/z in positive mode, and an interface tempera-
ture of 250 °C. The quantification of all identified com-
ponents was investigated using a percent relative peak
area. A tentative identification of the compounds was
performed based on the comparison of their relative
retention time and mass spectra with those of the of the
authentic compounds and by computer matching with
NIST and WILEY library as well as by comparison of the

fragmentation pattern of the mass spectral data with those
reported in literature [23].

2.4 Agar well diffusion assay

Two gram-positive bacterial strains were used in the current
study, Streptococcus mutans (DSMZ 20523) and Micro-
coccus luteus (DSMZ 4698).

MH agar plates were inoculated with suspensions of the
indicator strains, adjusted to a 0.5 McFarland standard,
equivalent to an E. coli suspension between 1 × 108 and 2 ×
108 CFU/ml. After removing the suspension by pipetting,
plates were dried for 20 min.

2.4.1 Specimens’ preparation for antimicrobial testing

The powder and liquid of GIC for each group were mixed
with sterile spatulas according to the manufacturer instruc-
tions. Nine Petri dishes were used for each bacterial strain.
Four wells (5 mm diameter) were prepared in each plate
using a sterile cork borer so that each plate could receive the
freshly mixed, unset control and modified groups with the
different concentrations. Seven specimens were prepared
for each group. For monitoring the antibacterial effect of the
tested groups, the plates were incubated (Heraeus GmbH &
Co. KG, Hanau, Germany) at 37 ± 1 °C for 48 h to allow the
microorganisms to grow, and then the diameters of the
circular inhibition zones around the samples were measured
by using a digital micrometer [5, 24].

2.5 Compressive strength

Compressive strength was evaluated according to ISO 9917-
1:2007 using cylindrical molds (4.0mm diameter × 6.0mm
height). Ten specimens were prepared for each group, powder
and liquid were mixed according to the manufacturer’s
instructions (1:2). Then materials were packed into the mold
between polyester strips and thick glass plates on both sides to
obtain a smooth surface. One hour later specimens were
removed from the mold, grinded with silicon carbide paper
and stored in deionised water for 24 h. Malformed specimens

Table 1 Specimens’ grouping
Group name Description

1—Control Conventional, unmodified GIC.

Plant extract-modified
groups (PE):
2—2:1 PE
3—1:2 PE
4—2:1 PE

The prepared plant extract (PE) was added to the water used for the
preparation of GIC in three different extract to water mass ratios.

5—CHX-GIC 0.5% CHX diacetate (w/w) (Merck KGaA, Darmstadt, Germany) was added
to the powder of GIC to be mixed with distilled water.
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or those with voids were discarded. The diameter of each
specimen was checked using a digital micrometer gauge
(Digimatic, Mitutoyo Europe GmbH, Neuss, Germany). The
specimens were then placed in vertical position in a Zwick
universal testing machine (Zwick Zmart Pro, ZwickRoell
GmbH & Co. KG, Ulm, Germany). Compressive load was
applied on the long axis of the specimens at a crosshead speed
of 0.5mm/min until fracture. The maximum force applied
when the specimen fractures was recorded to calculate the
compressive strength values in MPa [25].

2.6 Statistical analysis

All variables are numerical data presented as mean and stan-
dard deviation (SD). Normality test Shapiro–Wilk was used to
examine whether or not the variables follow a normal dis-
tribution. All quantitative variables showed parametric dis-
tribution; therefore, One-way analysis of variance (ANOVA)
was used for comparison between the groups. Tukey’s post
hoc test was used for pairwise comparison between the groups
when ANOVA test is significant. The significance level was
set at P ≤ 0.05. Statistical analysis was performed using
Minitab 17.1.0 for Microsoft Windows.

3 Results

3.1 Chemical analysis of plant extract mixture

Gas chromatography–mass spectrometry (GC/MS) revealed
the presence of 38 volatile and semi-volatile compounds as
summarized in (Table 2).

3.2 Agar well diffusion assay for antimicrobial
activity

3.2.1 Antimicrobial activity against S. mutans

The variables showed parametric distribution and thus one-
way ANOVA was used to test the antibacterial effect of the
plants’ extract against S. mutans followed by Tukey’s post
hoc for pairwise comparison between the tested groups (Fig.
1). An ANOVA indicated that there was a statistically
significant antibacterial effect of the extract against S.
mutans, F (4, 30)= 63.23, P value < 0001.

Post hoc comparison using Tukey’s test indicated that the
mean values of the groups CHX-GIC and 2:1 PE (20.2, 20.4
respectively) were statistically significantly higher than the
mean values of the remaining groups. Furthermore, there
was statistically insignificant difference between the mean
values of the groups 1:2 PE (17.6) and 1:1 PE (17.7) though
they were statistically significantly higher than the mean of
the control group (14.8).

3.2.2 Antimicrobial activity against M. luteus

The variables showed parametric distribution and thus one-
way ANOVA was used to test the antibacterial effect of the
plants’ extract against M. luteus followed by Tukey’s post
hoc test for pairwise comparison between the tested groups
(Fig. 2). An ANOVA indicated that there was statistically
significant antibacterial effect of the extract against M.
luteus, F (4, 30)= 109.87, P value < 0001.

Post hoc comparisons using Tukey’s test indicated that
the mean value of the group CHX-GIC (27.7) is statistically
significantly the highest among the tested groups, followed
by the mean value of the group 2:1 PE (25.6) which was

Table 2 Results of gas chromatography–mass spectrometry analysis

Retention
time (min)

Compounds % Area

1 3.448 6,7-Dimethyl-4-hydroxycoumarin 4.78

2 3.907 6-Methylchromanone 0.87

3 4.199 3,4,5-Trimethoxycinnamic acid 0.86

4 4.572 o-Cymene 0.63

5 4.633 α-Pinene 11.01

6 5.092 7-Methoxy-3-(4-methoxyphenyl)coumarin 1.99

7 5.724 Limonene 2.53

8 6.232 Terpinolene 1.77

9 6.741 Myrtenol 2.46

10 7.163 p-Mentha-3,8-diene 1.63

11 7.364 α-Thujenal 3.73

12 8.184 Bornyl acetate 1.41

13 8.93 α-Terpineol 3.02

14 9.25 α-Selinene 4.34

15 9.406 δ-Guaiene 0.94

16 9.964 Humulene 1.18

17 10.099 Longifolene 4.2

18 10.23 γ-Gurjunene 1.76

19 10.956 cis-Sesquisabinene hydrate 0.99

20 11.161 Farnesol 1.45

21 11.342 Himbaccol 2.65

22 13.441 β-Santalol 2.28

23 13.667 Lanceol, cis 4.65

24 13.888 α-Terpinyl acetate 2.77

25 13.966 3,6,3′,4′-Tetrahydroxyflavone 2.01

26 14.512 Kaur-16-ene 1.41

27 14.815 Squalene 4.33

28 14.922 Ledol 15.51

29 15.11 7,3′,4′,5′-Tetramethoxyflavanone 2.22

30 15.398 Quercetin 3′-methyl ether 2

31 16.566 p-Cresol, 2,2′-methylenebis(4-methyl-6-
tert-butylphenol)

1.76

32 17.657 Apigenin 8-C-glucoside 0.65

33 18.006 2′-Hydroxy-2,4,4′,5-tetramethoxychalcone 0.9

34 18.309 Juniperol 1.29

35 18.752 Isovitexin 0.17

36 19.814 6,2′,3′-Trimethoxyflavone 1.39

37 22.546 7-Hydroxychromanone 0.94

38 22.878 4-Hydroxy-7-methoxy-3-(4-
methoxyphenyl) coumarin

1.56
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statistically significantly higher than the mean values of the
groups control, 1:2 PE and 1:1 PE (20.9, 21.5, and 21.6
respectively).

3.3 Compressive strength

The variables showed parametric distribution and thus one-
way ANOVA was used to test the compressive strength of
the plants’ extract followed by Tukey’s post hoc test for
pairwise comparison between the tested groups (Fig. 3). An
ANOVA indicated that there was a statistically significant
effect on the compressive strength, F (4, 45)= 13.94,
P value < 0001.

Post hoc comparisons using Tukey’s test indicated that
the mean value of the compressive strength of the group 2:1
PE (86.2) was statistically significantly higher than the
mean values of all tested groups. Moreover, there was sta-
tistically insignificant difference between the mean values
of the groups control, CHX-GIC, 1:2 PE and 1:1 PE (63.8,
63, 60.6, and 64.6 respectively).

4 Discussion

Numerous studies revealed that incorporation of anti-
bacterial agents in restorative materials has many
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therapeutic benefits, but frequently results in impaired
physical and mechanical properties. These limitations pro-
voke the need to develop some innovative strategies that
can act against dental caries without altering the material
properties. One of such strategies is to explore the abun-
dantly available medicinal plants in nature that have proven
a profound antimicrobial activity [8, 26].

In the present study, Salvadora persica, Ficus carcia,
and Olea europaea were extracted using alcohol to prepare
extract mixtures of the three plants. This extract mixture
was used to modify a conventional freeze-dried GIC by
adding it to the water used for the final mixture at three
different volume ratios of extract to water (1:1 PE, 1:2 PE,
2:1 PE). The extract-modified materials were evaluated and
compared with a conventional GIC (Control) and 0.5%
CHX-modified GIC (CHX-GIC) with regard to the anti-
microbial and compressive strength properties.

Chlorhexidine is a broadband antimicrobial agent with
a bactericidal and bacteriostatic effect [27]. The anti-
bacterial effect of CHX is concentration dependent,
whereas high concentrations of CHX might negatively
affect the physical and mechanical properties of GIC
[28, 29]. 0.5% of CHX (w/w) was chosen in the current
study to be added to GIC powder, based on studies
reporting that this percentage might be the best option for
incorporation of CHX into GIC, since antibacterial
activity increased and the physical–mechanical properties
were not compromised [30–32].

Antimicrobial activity was assessed using the agar well
diffusion method against S. mutans and M. luteus. These
microorganisms were chosen because S. mutans has been
identified as the major causative agent of dental caries,
playing a main role in carbohydrate fermentation and acid

production [33], whereas M. luteus is a very sensitive
indicator strain for the release of antibacterial compounds.
M. luteus was also the most predominant opportunistic
pathogen among all isolates from the teeth and gums of
children belonging to age group 7–16 years [34].

The agar disc diffusion method, developed in 1940, is
one of the most common methods used in many labora-
tories for routine antimicrobial susceptibility testing.
Although not all fastidious bacteria can be tested accu-
rately by this method, standardization has been made to
test bacteria like M. luteus or Haemophilus influenzae
using specific culture media and incubation parameters.
Nevertheless, disk-diffusion assay offers many advantages
over other methods including simplicity, low cost, the
ability to test enormous numbers of microorganisms and
antimicrobial agents [35].

Results of agar diffusion assays against S. mutans
showed that PEs with the different concentrations had a
significant effect on inhibition of bacterial growth compared
to the control group. Such an effect was more pronounced
with increasing the concentration of the extract as in group
2:1 PE that showed the statistically highest inhibition zones
compared to groups 1:1 PE and 1:2 PE; see Fig. 1.

These results are in accordance with Ribeiro and Erick-
son [36] and Botelho [37], who reported that the anti-
microbial activity was dependent upon the concentration of
the disinfectant added. However, the results contradict
Jedrychowski et al. [28] who indicated a no effects of dose
response. Moreover, the 2:1 PE cement showed comparable
results to CHX-GIC cement with both being significantly
the highest among all other tested mixtures.

For M. luteus, mean inhibition zones of 2:1 PE plant
modified group were significantly higher than the control
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group. However, CHX-GIC group was significantly the
highest followed by 2:1 PE group compared to the other
tested groups, see Fig. 2. This can be explained on the basis
that M. luteus is very sensitive to chlorhexidine which can
be efficiently taken up by the bacteria according to Wendel
et al. [38].

The antimicrobial activity might be attributed to the dif-
ferent phytochemical constituents in each of the three incor-
porated PE. Identification of volatile and semi-volatile
compounds in the PE in the current study was made using a
combination of two analytical techniques; GC and mass
spectrometry. GC can separate compounds with high resolu-
tion, but it cannot identify them. Mass spectrometry can pro-
vide detailed structural information on most compounds to be
accurately identified and quantified after their separation [23].

GC/MS analysis of the extract mixture revealed the
presence of 38 compounds including; monoterpenes
hydrocarbons (α-pinene, limonene, 0-cymene), mono-
terpene alcohols (linalool, α-terpineol), and sesquiterpene
(Himbaccol, α-Selinene, ledol, Juniperol). All of these ter-
penoids are thought to cause membrane disruption that is
triggered by the lipophilic compounds [39].

Coumarins (6,7-Dimethyl-4-hydroxycoumarin, 7-
Methoxy-3-(4-methoxyphenyl) coumarin, 2′-Hydroxy-
2,4,4′,5-tetramethoxychalcone coumarin,), Trimethox-
ycinnamic acid and Phenols (7-Hydroxychromanone and
p-Cresol) were also identified. Studies have reported that
coumarins as well as phenols exhibited strong antibacterial
activity against both Gram-positive and Gram-negative
strains by damaging the bacterial cell membrane causing
denaturation of protein and affecting cell membrane per-
meability [40, 41].

Moreover, flavonoids and saponin have been detected at
various percentages in the PE. Flavonoids (Isovitexin, 2′-
Hydroxy-2,4,4′,5-tetramethoxychalcone, Quercetin 3′-methyl
ether and 7,3′,4′,5′-Tetramethoxyflavanone, Apigenin 8-C-
glucoside) antimicrobial efficacy is due to inhibition of
nucleic acid synthesis and alteration of cytoplasmic mem-
brane function [42]. Whereas, saponin (Squalene, Kaur-16-
ene) causes leakage of proteins and certain enzymes from the
bacterial cells [43].

Chlorohexidine’s mechanism of action was explained by
the release of positively charged cationic molecules through
the dissociation of CHX salt. These cationic molecules bind
to the negatively charged bacterial cell walls where, at low
concentrations, the result is bacteriostatic while at high
concentrations, membrane disruption occurs resulting in cell
death [44].

The clinical success of a material is defined by its
ability to withstand the stresses and strains induced during
mastication and function. The most commonly used
strength value to characterize dental cements is the com-
pressive strength. The minimum compressive strength

required according to ISO 9917 (2007) is 50 MPa for base/
lining and 100 MPa for restorations. Therefore, it was
important to evaluate the compressive strength when
modifying the GIC [25].

Compressive strength test was performed after 24 h
storage as it is recommended to compare the mechanical
properties of GIC between periods of 1 and 24 h or more
because their final setting is achieved after 24 h, and they
usually present lower strength values during the first
hours [45].

Results of compressive strength tests showed insignif-
icant difference between all of the control, 1:1 PE, 1:2 PE,
and CHX-GIC groups; see Fig. 3. Such findings are in
accordance with Farret et al. [46], Marti et al. [47], and
Jaidka et al. [32], who stated that incorporation of anti-
microbial agents at certain concentrations did not affect the
compressive strength properties of GIC.

However, the current study based on its conditions and
findings contradicts with Cefaly et al. [48], Ewoldsen et al.
[49], and Sanders et al. [50]. The reduction in compressive
strength with antimicrobials in the former studies was
attributed to the alteration of the powder/liquid ratio of the
mixture and/or interference of antimicrobials with the cross-
linking of GIC that occurs by the coordination of Al3+ and
Ca2+with the COOH groups on the acidic polymers, thus
decreasing the mechanical properties. Moreover, the
majority of antimicrobial agents are added in the form of
powders that easily absorb water, decreasing the compres-
sive strength of the GIC. This explanation does not comply
with the present study as the PE was added in the form of
liquid and CHX powder was added in a very small per-
centage that did not seem to cause such a problem [49, 50].

Surprisingly, the 2:1 PE group showed a significant
improvement in the compressive strength values from the
control and the other modified groups; see Fig. 3. This
could be explained on the basis of the phytochemical ana-
lysis of PEs that revealed the presence of silica in Salvadora
persica [51]. Lihua et al. [52] and Tjandrawinata et al. [53]
proved that addition of silica fillers improves the com-
pressive strength of conventional GIC through the ability of
silica to adhere to the matrix by chemical bonding and
hence reinforcing the GIC.

Moreover, Cinnamic and bornyl acetic carboxylic acids
were identified by GC/MS in the extract. It was assumed
that by adding these acids, to glass ionomer liquids, the
degree of cross-linking increases together with polysalt
bridge formation and subsequently the mechanical proper-
ties of the set cement. This was in accordance with Prentice
et al. [54], who showed that increasing the concentration of
polyacrylic acid with another carboxylic acid considerably
reduced the pH, which improves the release of ions from the
surface of the glass ionomer powder and increases the rate
of cross-linking.
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Further studies with respect to other bacterial strains,
shear bond strength, and applicability in dental practice are
in progress.

5 Conclusion

● PEs enhanced the antimicrobial activity of GIC against
Streptococcus mutans, while their effect against Micro-
coccus luteus was only pronounced at high extract
concentrations.

● The compressive strength of GIC was improved by the
addition of high concentration of PEs.
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