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Background: Many plants and natural products have strong antimicrobial activity in addition to
their side effects. The present study evaluated the antibacterial effects of plant extracts of licorice,
sage, and grape seeds on the proliferation of Streptococcus mutans and enamel remineralization.
Methods: After preparing the plant extracts, first, the antibacterial effect of each extract on S.
mutans growth and proliferation was evaluated. Then, 128 teeth with intact cusps were selected,
prepared, and placed in a demineralizing solution for 10 weeks. Subsequently, their surface
microhardness was determined. Finally, teeth were subjected to a pH cycling procedure
for 14 days after they were randomly assigned to the plant extract groups, and their surface
microhardness underwent re-evaluation. Statistical analyses were conducted using Stata 14 at a
95% confidence interval.

Results: All the studied plant extracts exhibited antimicrobial effects on S. mutans and increased
the surface microhardness of the teeth. Generally, the differences in microhardness in each group
and between the study groups were significant (P<0.001).

Conclusion: Overall, all the plant extracts had antibacterial effects on S. mutans and assisted in
remineralizing dental caries by inhibiting this bacterial species.

Keywords: Grape seed extract, Glycyrrhiza, Salvia officinalis, Streptococcus mutans, Tooth
remineralization
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Background

Dental caries is a multifactorial disease that results from
the periodic demineralization and remineralization of
tooth hard tissues. It can be prevented in its early stages
and reversed. It has also been mentioned that Streptococcus
mutans plays a major role in both the initiation and
progression of caries through features such as acidogenesis,
the ability to produce glucosyltransferases, the synthesis
of extracellular polysaccharides, and the facilitation of
bacterial adhesion and accumulation (1,2).

In treating incipient enamel caries, it has been attempted
to apply noninvasive treatments with remineralization
strategies, including the use of mouthwashes, fluoride-
containing toothpaste, and the like (3). Considering the
side effects of chemical agents, using herbal medicines
in dentistry has attracted attention for improving oral
hygiene and orodental diseases (4).

Licorice has potential advantages in treating orodental
diseases due to its antimicrobial properties attributed to its
metabolites, including phenols and flavonoids (4). Salvia
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officinalis (sage) is a medicinal plant rich in bioactive
agents, such as flavonoids, which can be used as an
antibiotic and anti-plaque agent in treating periodontal
diseases (5). The grape seed extract contains ingredients,
such as proanthocyanidin, tannin, and polyphenol. This
extract has significant antibacterial and therapeutic effects
and can chelate calcium ions, increase the precipitation
of minerals, and accelerate remineralization due to the
presence of proanthocyanidin in its composition (6,7).

Considering the results of previous studies on the
effects of herbal extracts in different fields, including their
anti-cariogenic effects and the ability to remineralize,
the present study investigated the effect of the pure
extracts of licorice, sage, and grape seeds on Streptococcus
mutans and enamel remineralization. It should be noted
that the present research was conducted since, to the
best of our knowledge, there are insufficient studies
on the antimicrobial effects against S. mutans and the
remineralization effects of the combination of these
extracts. Further, there is a noticeable difference in the
minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) values obtained for
each of the above extracts against S. mutans.

Materials and Methods

The present experimental study was performed in
microbial and remineralization stages in December-
March 2020. To prepare the extracts of licorice, sage,
and grape seed, the grape seeds, roots of licorice, and the
upper parts of sage were procured from a medicinal plant
store in Hamadan and confirmed by a specialist. Then,
the seeds, roots, and upper parts of the plants were dried
and powdered to extract the hydroalcoholic extract. The
extraction procedure was conducted using the maceration
method in a shaker. The solution containing the plant and
solvent was filtered through the Whatman paper filter,
No.1, No.2 and microbial filters. Finally, the extract was
concentrated in a rotary evaporator under vacuum at
45 °C and stored at 4 °C in a dark environment until the
mouth rinse was prepared (8). Then, 10 L of each extract
was prepared and stored until use, containing 28 mg of
sage and licorice extracts, 50 mg of the grape seed in 240
mL of distilled water (9,10), and 2.5 mg of benzalkonium
as a preservative.

Microbial Phase

After culturing S. mutans for 24 hours, a 0.5 McFarland
concentration of its suspension was prepared and cultured
on Mueller-Hinton agar plates (containing sheep blood)
using a Pasteur welling pipette. Then, the three extracts
were added to the wells, and the plates were placed under a
candle jar at 37 °C under 5%-10% CO,. After 48 hours, no
proliferation zone was evaluated for each well. Vancomycin
was used as a positive control. For the MIC and MBC tests,
standard S. mutans bacterial species (ATCC35668) was
cultured, and a 0.5 McFarland suspension was prepared.
Next, the suspension was diluted to 1:200. Subsequently,

100 uL of Mueller-Hinton broth was added to the wells
of a 96-well plate. To evaluate licorice, 100 pL of the
licorice extract was added to the first well, dilution was
performed up to well #11, and well #12 was considered
a positive control. Subsequently, 100 uL of the 1:200
diluted suspension of the bacteria was added to each
well of the 12-well series. Finally, the plate was incubated
and placed under a candle jar at 37 °C under 5%-10%
CO,. After 24-48 hours, the wells were used to prepare
cultures. The minimum concentration of the material at
which no turbidity was observed was considered the MIC.
In addition, the minimum concentration of the extract
that prevented the growth of 99.9% of the bacteria was
considered the MBC (11). The above steps were repeated
for sage and grape seed extracts.

Remineralization

Inclusions criteria: A total of 128 sound human premolar
teeth extracted for orthodontic treatment were selected
for examination. The teeth had sound crowns and had
no caries, restorations, hypoplasia, decalcified areas,
fractures, enamel cracks, and white or discolored spots.
They were stored in the normal saliva solution at room
temperature until all the samples were collected.

Exclusion criteria: Samples with caries, cracks, and
enamel problems were excluded from the investigation.

First, the samples were immersed in a 0.1% thymol
solution for disinfection at room temperature for two
months. Surface contaminations of the samples were
removed with a #15 scalpel blade and a brush in a
handpiece. Next, the teeth were immersed in 0.2%
chlorhexidine (CHX) mouthwash for 60 seconds. The
tooth samples were stored in distilled water at room
temperature during the study period. The distilled water
was replaced weekly to prevent microbial contamination
of the samples.

Then, the teeth were mounted, and a cutting disk was
used to cut the teeth first mesiodistally and then at the
Cemento Enamel Junction. The teeth were also divided
into two buccal and lingual halves in a mesiodistal
direction and embedded in orthodontic resin (12). The
labial and lingual surfaces were smoothened, polished,
and cleaned using distilled water (13). Subsequently, they
were observed under a microscope to rule out cracks and
enamel defects. Afterward, the samples were immersed in
a demineralizing solution (consisting of 2 mM of calcium
chloride, 2 mM of monosodium phosphate, and 50 mM
of acetic acid with a pH rate of 4.8) for 10 weeks (14).
Then, the samples’ microhardness was determined, and
the samples were randomly assigned to four groups of 32
(including the control group). The sample size (32 in each
of the four groups, a total of 128 samples) was determined
based on a similar study (12) using the sample size formula
to compare two means at a=0.05 and 90% power. The
samples in each group were immersed in licorice, sage, or
grape seed extracts and distilled water (the control group)
four times a day, each lasting 20 minutes. This procedure
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was repeated for 14 days. During this period, the samples
were maintained in freshly prepared artificial saliva
(pH=7.2) that was refreshed every 24 hours to preserve
ionic exchange and pH. Finally, surface microhardness
was analyzed in the samples of all groups after 48 hours by
indentation using a diamond indenter (by creating three
indents 50 um apart at the center of the exposed window)
with a 300-g force for 15 seconds. The created cross-
section was measured using the following formula at
three points at 500, 1000, and 1500 pm distances from the
center of the enamel surface, and their mean was reported
at the mean microhardness value of each sample in kgf/
mm?. Two samples from each group underwent scanning
electron microscopy (SEM) analysis.

Scanning Electron Microscopy Analysis With Energy
Dispersive X-Ray Analysis

Two samples were selected from each group for SEM
preparation and sputter-coated with gold after cleaning
with distilled water and drying. Then, morphological
changes on the enamel surface (including depressions
and evaluations resulting from demineralization and
remineralization on the enamel surface) were evaluated
under an electron microscope (15,16).

Data Analysis

Microbial phase: The results were reported as means
and standard deviations. One-way analysis of variance
(ANOVA) was used to evaluate the means of bacterial
growth inhibition zones at different concentrations of
sage, licorice, and grape seed extracts. The data were
analyzed with Stata 14 at a significance level of P<0.05.

Remineralization phase: The effects of the three extracts
were independently determined in comparison to the
control group (distilled water), and the results were then
compared using indirect statistical methods.

An independent f test and ANOVA were utilized to
compare quantitative variables. In addition, the chi-square
test was employed to compare nominal variables. Finally,
the data underwent analysis with Stata 14 at a confidence
interval of 95%.

Results
First, MIC/MBC tests were performed to evaluate the
effects of the mouthwashes on S. mutans in the laboratory.

The effects of licorice, sage and grape seed extracts on oral health

Table 1 presents the antibacterial (MIC) and bactericidal
(MBC) effects and growth inhibition zone of licorice,
sage, and grape seed extracts and their two-by-two
combinations on S. mutans.

According to the MBC and MIC of the mouthwashes,
lower MIC indicates the higher antibacterial effect of the
material:

Vancomycin > licorice + sage = licorice + grape
seed > sage + grape seed extract =sage > grape seed extract

According to MIC:

Vancomycin >age +licorice > grapeseedextract + licorice >
licorice > sage > grape seed extract+sage>grape seed
extract

According to the results (Table 2), differences in
the surface microhardness of each study group were
significant in a general comparison of the groups.

The two-by-two comparisons of the groups
demonstrated significantly lower surface microhardness
in the sage group than in the grape seed, licorice, and
control groups (P=0.00, Table 3). However, enamel
surface microhardness in the licorice and grape seed tract
groups was not significantly different (P=0.21). However,
it was slightly higher in the grape seed extract group than
in the licorice group.

Considering the large number of samples and the
high cost of determining the concentration of surface
elements (carbon, oxygen, sodium, magnesium, silicon,
phosphorus, and calcium) through SEM analysis for each
sample, only the surface elements of two samples in each
group were determined in the present study. The results
revealed no significant differences in any of the study
groups in the surface element concentrations (Figure 1).
It should be noted that a small number of samples were
evaluated in each group, and some values (e.g., concerning
calcium, phosphorus, and silicon with P values of 0.07,
0.08, and 0.07, respectively) were close to the level of
significance (P=0.05). Thus, if a large sample size had
been used to investigate surface elements in this study, the
differences in some elements between some groups might
have been significant (SEM images in each group for two
samples from low magnification to high magnification are

Table 1. Antibacterial Activity of Mouthwashes on Streptococcus mutans Compared to Vancomycin (Control)”

Variable MIC (mg/mL) MBC (mg/mL) Inhibition Zone Diameter Distributions (mm)
Salvia officinalis (Sage) 4 8 13

Glycyrrhiza glabra (Licorice)’ 1 2 15

Grape seed 64 128 11

Grape seed + Salvia officinalis 4 8 12

Grape seed + Glycyrrhiza glabra 0.5 1 15<

Salvia officinalis + Glycyrrhiza glabra 0.5 1 17

Vancomycin 4 )ug/mL) 8 (pg/mL) 27

Note. MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration. "All mg/mL except for vancomycin (ug/mL).
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The amount of elements separately in study groups by SEM

II‘I II“

| Salvia officinalis 1013.55 1049.45 31.2

M Grape seed 1017.85 1041.15 28
Glycyrrhiza glabra 1171 1065.9 22.45

M control 1145.75 958.7 34.5

M Salvia officinalis ™ Grape seed

1400
1200
1000
800
600
400
= 200
e limn ... o
mg na o c
10.05 14.7 131.9 36.25
14.05 18.15 131.05 37.35
15 13.45 178.3 35.65
6.3 22.15 191.65 44.1
Glycyrrhiza glabra  ® control

Figure 1. The Mean Values of the Surface Elements Evaluated in Each Study Group Based on Scanning Electron Microscopy

Table 2. Enamel Microhardness in Each Study Group

Hardness
Group P Value
Mean Standard Deviation

Salvia officinalis 345.59 28.65
Grape seed 411.96 18.52

<0.001
Control 300.81 18.92
Glycyrrhiza glabra 401.43 18.17

Note. Kruskal-Wallis equality-of-populations rank test.

attached in Figures S1-54)

Discussion

Incipient enamel carious lesions can be treated using
noninvasive treatments and mineralization strategies
(3). In recent years, interest in natural products to
prevent diseases has significantly increased in dentistry
due to their safety, fewer side effects, and better
availability (17). However, a few studies have evaluated
the effects of plant extracts on cariogenic bacteria and
remineralization (17-19).

As mentioned earlier, the present study evaluated the
impacts of the pure extracts of licorice, sage, and grape
seeds on S. mutans and enamel remineralization. The
well diffusion and broth dilution techniques were used to
investigate the antimicrobial effects of the study materials
because the confounding factors affecting the well
diffusion technique (e.g., solubility and the diffusion of
the antimicrobial agent through agar) are more extensive
than those influencing the broth dilution technique (20).
In our study, antimicrobial effects were observed against
S. mutans in all the study groups. The highest (second
to vancomycin) and lowest growth inhibition zones
were observed in the licorice +sage (17 mm) and grape
seed extract (11 mm) groups, respectively. The highest
antimicrobial effect according to MIC/MBC was observed
in the licorice+sage and licorice+grape seed groups
(MIC=0.5), while the lowest antimicrobial effect was

Table 3. A Pair-Wise Comparison of the Study Groups in Terms of Enamel
Microhardness

Groups Salvia officinalis ~ Grape Seed  Control
Difference -4.11
Grape seed
P value 0.00
Difference 2.54 6.66
Control
P value 0.00 0.00
Glycyrrhiza Difference -3.33 0.77 -5.88
glabra P-value 0.00 0.21 0.00

found in the grape seed extract group (MIC =64).

Krishnakumar et al reported that the licorice extract
effectively decreased S. mutans counts but had no
remineralizing effect on the enamel surface (21). The
antimicrobial findings of the above study are consistent
with those of the present study. However, the difference
in the effect of remineralization by licorice between
these two studies might be attributed to the frequency
and duration of its candy use or the concentration of the
active ingredients in the extract prepared from this plant.
It has been found that the mean time of remineralization
after exposure to the acid is at least 14 days; however, in
the above study, the candy was used for 10 days (22). In
addition, due to the specific taste of licorice, some children
avoided using it for 10 days, which might have affected
the results. Further, Yosef et al concluded that the use of
licorice root aqueous extract as a mouthwash, in addition
to increasing the salivary pH, was effective in reducing
the number of oral S. mutans and was even more effective
than CHX (23).

On the other hand, unlike the present study, Almaz et
al observed no significant decrease in S. mutans counts.
However, the extent of the decrease in S. mutans counts
in the high-risk group was higher than in the caries-free
group (24). Differences in the duration of the study, the
sample size, and the study procedures might account for
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contradictions in the results.

The bioactive flavonoid compounds (one of the
important ingredients of all three plants) can cause
remineralization by increasing access to calcium and
phosphorus ions in the saliva (18). In addition, these
compounds exert their anticariogenic effects by inhibiting
bacterial growth (25). Further, some ingredients of
licorice (e.g., glycyrrhizin) can increase salivation and
remineralization rates due to their specific taste (19).
Similarly, Pooja et al pointed out the remineralizing effect
of the licorice extract on primary caries lesions of enamel
by observing confocal images (26).

Feride et al, studying the effect of adding the glycyrrhizic
acid of licorice to amorphous calcium phosphate (CPP-
ACP) on its antibacterial and remineralization activity
in 10 days, observed that it increased the antibacterial
and remineralization activity, which was not statistically
significant. On the other hand, both the aqueous and
alcoholic extracts of licorice had antibacterial effects;
however, they found that a higher effect of the alcoholic
extract of licorice root on bacterial inhibition than its
aqueous extract might be attributed to the higher solubility
of the licorice component in alcohol or the presence
of alcohol (27).

It has been reported that carbohydroxy terpenes
(derivatives of all three studied plants) also have
antibacterial activity against S. mutans (28).

The MIC of glycyrrhizic acid in an in vitro study by Liu
et al was 1.57 mg/mL, which is close to the MIC value
(the MIC of licorice=1) in the present study. According
to the results of the present study, an increase in the
glycyrrhizic acid concentration was associated with an
increase in its antibacterial effects (29). In addition, it
has been shown that phenolic compounds (the important
ingredients of glycyrrhizic acid of the three studied plants)
have inhibitory effects on S. mutans growth through a
direct antibacterial effect and prevention of bacterial cell
adhesion to the tooth surface and a preventive impact on
demineralization by inhibiting enzymes, such as amylase
(30). Haider et al highlighted that the extract of Salvia
officinalis, especially its methanolic extract, is even more
effective than CHX in reducing S. mutans (31).

Jawale et al concluded that the grape seed extract had
remineralizing effects (32). However, there is a limited
body of research on the effect of the sage extract on
remineralization.

Mirkarimi et al, investigating the effect of the grape
seed extract (by determining MIC/MBC), found that S.
mutans had no inhibitor effect (33). However, Swadas et
al reported that the MIC of the grape seed extract was 125
mg/mL (7), almost similar to the present study results.
Castellanos et al concluded that proanthocyanidins, as
active components in grape seed extract, can prevent
the adhesion, cohesion, and accumulation of proteins
in S. mutans by preventing the formation of insoluble
polysaccharides in the extracellular matrix (34).

The differences in the MIC/MBC concentrations of the

The effects of licorice, sage and grape seed extracts on oral health

plant extracts in different studies might be attributed to
various reasons, including the type of the prepared extract
(ethanolic or hydroalcoholic), differences in the part of
the plant used to prepare the extract (flower, stem, and
leaf), the geographic conditions of the plant’s growth,
the accuracy of the test, and prevention of confounding
factors. Based on the findings of the present study, the
antibacterial effect of sage+licorice was higher than
that of each extract alone. In addition, the antibacterial
impact of the licorice+grape seed extract was higher
than that of each extract alone. However, the influence of
a combination of sage and grape seed extract was higher
than that of the grape seed extract but equal to that of the
sage extract alone. At the microscopic level (using SEM),
the surface roughness can be evaluated by quantitative
measurement of minerals such as calcium (35). In the
present study, although there were significant differences
in the concentration of mineral agents in the study
group samples compared to the control group (P<0.05),
in general, the maximum calcium concentration was
recorded in the licorice group.

Limitations and Suggestions

One of the limitations of the present study was the
evaluation of surface elements in only two samples from
each study group due to the high cost of determining
the concentrations of surface elements through SEM.
Therefore, it is suggested that future studies evaluate more
samples using SEM.

Conclusion

According to the results, the extracts of sage, licorice,
and grape seeds exhibited antibacterial effects on S.
mutans and could help regenerate dental caries by
inhibiting bacteria and demineralization. Considering
their characteristics, such as being natural and having
lower complications compared to chemical agents,
these extracts can be incorporated into chewing gums,
toothpaste, mouthwashes, and medications used to treat
orodental diseases.
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