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Abstract
AIM: The assessment of antibacterial effect and fluoride release on glass ionomer cement (GIC) modified by different 
concentrations of gallic acid (GA) and their effect on working and setting time.

METHODS: Four groups were tested, Group I (control non modified group) and Groups II-IV represent GIC modified 
by GA in three different concentrations (125 mg/ml, 62.5 mg/ml, and 31.25 mg/ml GA powder/GIC liquid, respectively). 
Antibacterial effect against Streptococcus Mutans (S. Mutans) was determined after 24 h by broth dilution method. 
Fluoride release was evaluated after 3 time intervals 24, 48, and 96 h using spectrophotometer. Working and setting 
time were measured in all groups by indentation method.

RESULTS: Increasing the concentration of GA significantly increases the antibacterial effect. For all time intervals, 
the highest fluoride release was observed in Group IV and the lowest were in Group I. After 24 h Groups II, III, and 
IV were significant to Group I, while after 48 and 96 h Group IV was significant to Group I. In addition, working and 
setting time significantly increased with increasing the GA concentration.

CONCLUSION: GA improves the antibacterial effect of GIC against S. Mutans and also improves the fluoride 
release. The increase in working and setting time of GA modified groups were still within the limit given by ISO 
9917–1:2007 specifications.
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Introduction

Dental caries is one of the most widespread 
infectious diseases in the world [1]. It is multifactorial 
disease which requires various factors such as the 
presence of fermentable sugar, host factors, and 
the presence of cariogenic microbial flora such as 
Streptococcus Mutans (S. Mutans) and Lactobacillus 
Casei [1]. Atraumatic restorative treatment (ART) 
is a procedure that involves the removal of carious 
tooth tissue using hand instruments and restoring 
the cleaned cavity with an adhesive restorative 
material, such as glass ionomer cement (GIC) [2]. This 
procedure is rapidly gaining acceptance, especially for 
very young children who experience extreme fear or 
anxiety. GIC have certain features that are superior 
to other restorative materials including; chemical 
adhesion to the tooth structure, cariostatic action by 
long term release of fluoride, capability of absorbing, 
and storing fluoride and ability to remineralize dental 
tissues [3]. Moreover, it has coefficient of thermal 
expansion and elastic modulus similar to dentin. But 
also it is subjected to criticism due to its high viscosity, 
lack of sufficient strength and weak antibacterial action 
of fluoride [2], [3].

Procedures employed in the cavity preparation 
for the treatment of dental caries lesion do not eliminate 
all the causative bacteria. The bacteria left in the dentin 
possibly leads to loss of marginal seal, secondary 
caries, and consequently pulp disease [4].

Many modifications were made on glass 
ionomer by incorporating different additives such 
as chlorhexidine, nano-silver, nano-hydroxyapatite, 
casein, and bioactive glass particles to improve its 
antibacterial properties [5], [6], [7], [8]. Recently, natural 
extracts have gained even more attention as active 
agents into oral care products and dental materials. 
Many natural extract such as chitosan and propolis have 
potential antimicrobial activities which could lead to the 
production of safe, economical, and efficient alternative 
materials to be used in caries management [9], [10].

Gallic acid (GA) is a well-known natural 
antioxidant that is basically a secondary polyphenolic 
metabolite with C6H2(OH)3COOH chemical formula. It 
is extracted from various plants such as oak bark, tea 
leaves, apple peels, grapes, strawberries, pineapples, 
bananas, and caesalpinia mimosoides plant [11], [12]. In 
a previous study, GA exhibited an obvious antibacterial 
activity against Salmonella Typhi and Staphylococcus 
aureus [13].
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In another study, it was proved that GA can 
inhibit the growth of cariogenic bacteria such as 
S. Mutans, Streptococcus Sobrinus, Actinomyces 
viscosus, Lactobacillus Casei, Lactobacillus 
acidophilus, and periodontopathic bacteria such 
as Porphyromonas gingivalis and Fusobacterium 
nucleatum. It also can inhibit the in vitro formation of 
S. Mutans biofilms [14].

No previous study was conducted to modify 
the GIC by GA. Hence, the present study was a trial 
to modify conventional GIC by different concentrations 
of GA. The null hypothesis was that the modification of 
GIC with GA might not improve its antibacterial effect 
and adversely affect fluoride release, working, and 
setting time.

Methods

Materials

The materials used in the study were, 
water based powder and liquid GIC (Ketac Cem 
radiopaque, 3M ESPE, Germany), and GA powder 
(Sigma-Aldrich, USA).

Methods

Grouping of samples

Four groups were prepared according to a 
previous pilot study; Group I conventional GIC powder 
and liquid, Group II- IV GIC powder mixed with GIC 
liquid modified by GA in three different concentrations 
125 mg/ml, 62.5 mg/ml, and 31.25 mg/ml, respectively, 
for each group.

GA liquid preparation

For each Group II-IV GA powder was 
measured using sensitive balance (Kern ABJ-NM/ABS 
220-4N, UK) according to the previously mentioned 
concentrations and inserted into a tube, then GIC liquid 
was dispensed by using micropipette and mixing done 
by a vortex mixer (VM-300, Taiwan) for 10 s.

Antibacterial test

Sample preparation

A total number of 20 disc shaped samples, 
n = 5 for each group were prepared in a split mold 
10 mm diameter × 2 mm thickness. The molds were 
inserted on a glass slab which was covered by a 
celluloid matrix, for each sample 331 mg of GIC 
powder was mixed with 100 µl of GIC liquid prepared 
previously for each group. The mix was packed into the 

mold, covered with celluloid matrix strip and another 
glass slab. Then, a 50 gm static load was applied on 
the top of the glass slab for 30 s. After 15 min samples 
were removed from its molds, checked for defects and 
stored in an incubator (Bernareggio, Italia), at 36 ± 
1°C in relative humidity for 24 h to ensure complete 
setting. After that, samples were finished with finishing 
discs (Sof-Lex, 3M ESPE, USA) and exposed to 
ultraviolet radiation to prevent contamination during 
the antibacterial test.

Inoculum preparation

The inoculum was prepared by growing 
S. Mutans in Luria Bertani broth (LB broth media) 
which is the common media for growth S. Mutans. A 0.5 
McFarland standard was prepared by mixing 0.05 mL 
of 1.175% barium chloride dihydrate (BaCl2•2H2O), with 
9.95 mL of 1% sulfuric acid (H2SO4). The suspension of 
S. Mutans in LB broth media was adjusted to achieve 
turbidity equivalent to the prepared McFarland standard 
and comparison was done with spectrophotometer 
(Prietest analyzer, Germany). This results in a 
suspension containing approximately 1–2 × 108 colony 
forming units/mL for bacteria.

Broth dilution test procedure

All test procedures were performed in aseptic 
conditions, a total of 20 weatherman tubes were filled 
with 3 ml of LB broth media, sterilized, and mixed with 
20 µl of the prepared inoculum. Each sample was 
placed in a tube, and then tubes were sealed with 
cotton plugs and covered by a parafilm to prevent the 
contamination.

Another 2 tubes were added as a positive and 
negative control, 3 ml broth media were added to each 
tube. For the positive control tube 20 µl of the standard 
inoculum was added, then both tubes were sealed as 
mentioned before (Figure 1).

All tubes were incubated for 24 h at 
36 ± 1°C before evaluating the absorbance with 
spectrophotometer.

Figure 1: Samples of each group with +ve and –ve control
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Fluoride release test

A total of 40 samples, n = 10 for each group 
were prepared in a split mold 8 mm diameter × 2 mm 
thickness. Within the preparation of samples, a 
nylon thread was inserted into each during packing. 
The samples were stored in a relative humidity at 
36 ± 1°C for 24 h to ensure complete setting. After 
that, samples were suspended individually in well-
sealed tubes containing 10 ml deionized water and 
incubated at 36 ± 1°C to be tested after 24 h. The 
immersed deionized water was collected for each 
tube and buffered by 2 ml Spands reagent (Hach 
Company World Headquarters, Loveland, CO, 
USA) then, measured using a previously calibrated 
spectrophotometer (Hach DR 4000, Loveland, CO, 
USA). Fluoride ions detected in the solution were 
expressed in ppm (mg/L).

All the discs were dried gently by a tissue and 
reimmersed in another10 ml deionized water and the 
previous procedures were repeated for each sample at 
48 and 96 h time intervals.

Working and setting time measurement

Working time and setting time tests were 
performed regarding ANSI/ADA specification No. 66. 
For working time a total of 40 samples, n = 10 for each 
group were prepared in a mold 9.5 mm diameter × 
4.8 mm thickness. Test was carried out using a custom 
made device which has a flat end indenter with a 
diameter 2 ± 0.05 mm and mass of 28 ± 0.25 g. The 
indenter tip was fixed at distance approximately 5 mm 
above the surface of the sample (Figure 2). After 2 min 
from starting the mix, the indenter was carefully applied 
perpendicular onto the surface of the sample to make 
an indentation. The procedure was repeated every 10 
s until the indenter failed to make an indentation when 
viewed using a magnifying lens (×10). The indenter was 
cleaned after each application. For each sample, the 
time elapsing between the start of mixing till the failure 
to make an indentation was recorded as the working 
time.

Another 40 samples, n = 10 for each group 
were prepared in the same mold for setting time 
measurement. The same device was used with a flat 
end indenter with a diameter 1.0 ± 0.01 mm and mass 
of 400 ± 5 g. The indenter tip was fixed at distance 
approximately 5 mm above the surface of the sample. 
After 2.5 min from starting the mix, the indenter was 
carefully applied perpendicular onto the surface of the 
sample to make an indentation. The procedure was 
repeated every 30 s equal interval, until the indenter 
failed to make an indention when viewed using a 
magnifying lens (×10). For each sample, the time 
elapsed until failure of indentation or to penetrate was 
recorded as setting time.

Statistical analysis

Collected data were analyzed using GraphPad 
Prism computer software version 8 (California, USA). All 
data were quantitative variables, so illustrated as mean 
and standard deviation. One-way analysis of variance 
test was done for pairwise comparisons followed 
by Tukey’s post hoc analysis to detect significance 
between groups, differences between groups were 
considered significant when p < 0.05.

Results

The antibacterial test results are presented in 
Table 1 and Figure 3. Group I showed a non-significant 
difference regarding bacterial turbidity comparing to 
+Ve control group. Interestingly, Groups II, III, and 
IV significantly lowered levels of bacterial turbidity 
comparing to Group I and +Ve control group.

Figure 2: The custom made device used for working time 
measurement

Figure  3:  Bar  chart  representing  mean  and  significance  for 
antibacterial test.
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Table 1: Mean, SD and decreasing percent of mean between 
different groups comparing to + control for antibacterial test
Groups Mean bacterial turbidity (AU) SD Decreasing percent of mean 

comparing to+Ve Control
+Ve Control 0.47 0.045 0
Group I 0.46 0.047 2.1
Group II 0.06ab 0.036 87.2
Group III 0.10ab 0.035 78.7
Group IV 0.31abcd 0.084 34
AU: Absorbance unit, aSignificantly different from+Ve Control, bSignificantly different from Group I, 
cSignificantly different from Group II, dSignificantly different from Group III, p < 0.05, SD: Standard deviation.

Fluoride release test results are represented in 
Table 2 and Figure 4. Regarding 24 h interval results, 
Groups II, III, and IV showed a significant increase in 
fluoride release as compared to Group I.

Table 2: Mean, SD, and increasing percent of mean between 
different groups comparing to Group I for fluoride release test
Time Groups Mean fluoride release (ppm) SD Increasing percent of 

mean comparing to GP I
24 h Group I 4.55 0.685 0

Group II 5.84a 1.180 22
Group III 5.94a 0.988 23.4
Group IV 6.41a 0.490 29

48 h Group I 3.53 0.780 0
Group II 3.66 1.151 3.6
Group III 4.35 1.184 18.9
Group IV 4.88a 0.606 27.7

96 h Group I 2.36 0.615 0
Group II 2.67 0.983 11.6
Group III 2.91 0.864 18.9
Group IV 3.95a 1.257 40.2

aSignificantly different from group I, p = 0.002 for 24 h results, p = 0.031 for 48 h results and p = 0.033 for 
96 h results, SD: Standard deviation.

Regarding 48 and 96 h interval results, 
Group IV showed a significant increase in fluoride 
release as compared to Group I, while Groups II and 
III did not show any significant difference on fluoride 
release when compared with the Group I. In addition, 
for all time intervals there was no significant difference 
between Groups II, III, and IV.

Figure 4: Bar chart representing mean and significance for fluoride 
release test

Working and setting time test results are 
represented in Tables 3 and 4, Figures 5 and 6, 
respectively. All modified groups showed a significant 
increase in working and setting times as compared to 
Group I. In addition, they were significantly different to 
each other.
Table 3: Mean, SD, and increasing percent of mean between 
different groups comparing to Group I for working time test
Groups Mean working time (Seconds) SD Increasing percent of mean 

comparing to Group I
Group I 262.7 8.028 0
Group II 365.8a 4.104 28.1

Group III 350.6ab 6.059 25.1
Group IV 327.9abc 5.384 19.9
aSignificantly different from Group I, bSignificantly different from Group II, cSignificantly different from 
Group III. p < 0.05, SD: Standard deviation.

Figure 5: Bar chart representing mean and significance for working 
time test

Discussion

GICs have been the most commonly used 
water based cements for final cementation of dental 
crowns, bridges, orthodontic brackets, and ART. Several 
properties make GIC a material of choice among which, 
their ability to bond chemically to enamel and dentin, 
biocompatibility and ability to release fluoride ions over 
a prolonged period of time [2], [3]. 
Table 4: Mean, SD, and increasing percent of mean between 
different groups comparing to Group I for setting time test
Groups Mean setting time (Seconds) SD Increasing percent of mean 

comparing to Group I
Group I 399.8 9.589 0
Group II 519.9a 7.415 23.1
Group III 495.3ab 8.206 19.3
Group IV 469.6abc 7.763 14.9
aSignificantly different from Group I, bSignificantly different from Group II, cSignificantly different from Group 
III. p < 0.05, SD: Standard deviation.

The previous studies have shown that GIC 
release approximetly10 ppm of fluoride during the first 
24 h following insertion into the cavity [15]. However, 
microorganisms have been found to be viable for 
at least a period of 2 years under the GIC. For this 
reason, the accuracy of ART may be questionable [16], 
so modification of GIC with a strong antibacterial agent 
could give a great benefit.

GA is a natural herbal extract, which has a 
history of safety and effectiveness against bacteria 
compared to other chemical agents as proved in a 
previous studies [13], [14], [17], [18], [19]. In the present 
study, GA was used to boost the antibacterial effect of 

Figure 6: Bar  chart  representing mean and significance  for  setting 
time test
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GIC. It was added in to the liquid of the GIC in three 
different concentrations according to the pilot study, 
based on minimal three prospective concentrations, 
which found to be effective against S. Mutans that is 
the main pathogen in dental caries [20].

Broth dilution method was used as it is a direct 
contact method for assessment of the antibacterial 
effect, which has better simulation to the oral cavity 
situation than other testing methods [21].

According to the results of antibacterial 
testing, addition of GA with different concentrations 
significantly decrease the antibacterial turbidity for 
group II-IV respectively as compared to +ve control 
group, also all groups were significant to each other. 
The results supported previous studies which confirm 
the antibacterial effect of GA against gram +ve 
and –ve bacteria that increase with increasing its 
concentration [13], [14], [17], [18], [19].

The antibacterial mechanism was explained 
by the ability of GA to make irreversible changes in 
the bacterial cell membrane properties. It might lead 
to change in the surface charge, occurrence of local 
rupture or pore formation that lead to consequent 
leakage of essential intracellular constituents [17].

GICs are the most widely used fluoride 
releasing restorative materials in dentistry. Fluoride 
release can be affected by many factors such as 
cement solubility, acidity, presence of surface coatings, 
fluoride concentration in glass particle, and modification 
of GIC [22]. Increasing the acidity, increases the 
dissolution of the GIC leading to greater elution of ions 
including the fluoride (F-), hydrogen (H+), and aluminum 
ions(Al+3). Hence, the release of fluoride in high acidic 
conditions occurs with complexation [22], [23]. The Al+3 

may result in species such asAlF-
4 and H+ may cause the 

formation of either the complex HF-
2 or undissociated 

HF. None of these possible fluoride species yields free 
fluoride ions, so they are not detectable with fluoride 
ion selective electrodes [24], [25]. This explained the 
increase in fluoride release for all modified groups and 
its decrease by increasing GA concentration.

At different time interval, the highest fluoride 
release was after 24 h and significantly decreased 
gradually after 48 and 96 h. It could be explained by 
the greater ionic movement after 24 h interval. This 
phenomena is called burst effect which is attributed to 
the rapid dissolution of fluoride from the outer surface 
into the solution by reaction of the polyacrylic acid with 
the fluoride containing glass particles during the setting 
reaction [26], [27]. However, the drop of the fluoride 
levels that occurred in the subsequent days might be 
caused by the slower particles dissolution and release 
through the material pores [26], [27].

Setting reaction of GICs is an acid base 
reaction, the reaction involves the dissolution of the 
glass particle’s surface by the polyacrylic acid, followed 
by the release of metal ions such as Ca2+ and Al3+ions. 

Then Ca2+react with the carboxylate groups of the 
polyacrylic acid, resulting in the formation of calcium 
polyacrylate matrix at the end of initial setting [25], [27].

A small amount of complexing agent has been 
found to alter the setting behavior of GIC. Tartaric 
acid (TA) has been shown to be the most effective 
of these additives, since it tend to prolongs working 
time [25], [28]. In the presence of TA, metal ions are still 
extracted from the aluminosilicate glass, but on release, 
they apparently react preferentially with the TA to form 
the tartrate and this delays the formation of the polysalt 
and prolong the working time [28], [29], [30].

In this study, working and setting time 
increase with increasing the GA concentration, it can 
be explained by the simulation of behavior of GA and 
TA due to similarity in composition C6H2(OH)3COOH 
and COOH(CHOH)2COOH, respectively. GA may lead 
to hindrance in the crosslinking of the calcium with 
the polyacid chain, which may have delayed the initial 
matrix formation [30]. However, the delay in working 
and setting time still within the limit given by ISO 9917–
1:2007 specifications, according to which the net setting 
time should be within 90 to 480 s. A slight increase in 
initial setting time is beneficial for the dentist as it offers 
more time for manipulation of cement.

The reaction of TA with the metal ions forms the 
tartrate. The reaction may also occur with fluoride ions 
which yield a bounded ion and in the presence of high 
concentrations of GA; it may react with the released 
ions like the TA and affect the fluoride release [31].

Conclusion

It was concluded that, the addition of GA to 
GIC improve the antibacterial effect against S. Mutans 
and also improve the fluoride release. The increase 
in working and setting time of GA modified groups 
were still within the limit given by ISO 9917–1:2007 
specifications.
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