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Abstract

Aim: Studies on the antimicrobial effectiveness of saponins against oral pathogens are conflicting. Therefore, this study aimed to
evaluate the antimicrobial activity of saponins from three different extracts of Sapindus mukorossi and Saponaria officinalis plants
against Streptococcus mutans and Enterococcus faecalis.

Materials and Methods: The fruit of Sapindus mukorossi and the root of Saponaria officinalis materials were sliced into small pieces
and macerated with hexane, ethyl acetate (EtOAc) and methanol (MeOH), in this order. The antimicrobial activity of the extracts
against Streptococcus mutans and Enterococcus faecalis was determined by the broth microdilution method based on the minimum
inhibitory concentrations (MIC) of each extract.

Results: Except for the hexane extract of Saponaria Officinalis, all extracts of both plants had an inhibitory activity against the
tested microorganisms. Higher MIC values were obtained against Enterococcus faecalis than Streptococcus Mutans. The lowest
MIC values for both Sapindus mukorossi and Saponaria officinalis were against Streptococcus mutans (4 mg/ml).

Conclusion: Saponins extracted from Sapindus mukorossi and Saponaria officinalis have a potential antibacterial activity against
oral pathogens. They may be used as an ingredient in dental agents.
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INTRODUCTION

Dental caries is described as one of the most common
infectious diseases in humans. The biological nature of
a carious lesion is a microbial infection caused primarily
by Streptococcus mutans (S. mutans) (1,2). Additionally,
Enterococcus faecalis (E. faecalis) has been isolated
frequently from deep dentin caries (3). If dental caries
is not treated, it may result in root canal infection and
inflammation of the periapical tissues, and the strongest
bacteria found in infected root canal is E. faecalis (4).
Moreover, E. faecalis is one of the most commonly isolated
bacteria in failed endodontic cases (3).

on the antimicrobial activity of medicinal plants (6).
Saponin is one of the most effective plant compounds in
terms of antibacterial activities. Saponins are glycoside
compounds and have many biological properties like
haemolytic and antimicrobial effects. It is known that
the antibacterial activities of saponins differ based on
the type of the bacterium, and saponins from different
sources differ in their biological activity because of their
different chemical structure (7). Sapindus mukorossi (S.
mukorossi) and Saponaria officinalis (S. officinalis) are
some examples of plants that are saponin-rich sources
(6,8).

S. mukorossi is a deciduous tree of tropical and

Herbal medicine has better compatibility and safety,
for that reason, it is preferred, especially in developing
countries (5). Since plants are known to cause inhibition
of microbial growth, many studies have been focused

subtropical regions of Asia (9). The major components
of its pericarp are saponins. Sapindus saponins have
great foaming ability, as well as antimicrobial, anti-
inflammatory, antidermatophytic and molluscicidal
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activities. The most important advantages of Sapindus
saponins are easy availability in a wide range of sources
and inexpensiveness (8). S. officinalis is a plant that grows
along roadsides, in meadows and near old home sites.
This plant also contains large amounts of saponins and
has some biological effects such as anti-inflammatory,
haemolytic, anticancer and antifungal activities (6,10).

Although there are studies (11,12) that investigated the
antimicrobial activity of saponins from S. mukorossi
against S. mutans and E. faecalis, to the best of
our knowledge, there is no study that evaluated the
effectiveness of saponins from S. officinalis on S. mutans
and E. faecalis. Moreover, the results of studies about
the antimicrobial effectiveness of saponins against S.
mutans are conflicting. While Aneja et al. (11) reported
no inhibitory activity of S. mukorossi against S. mutans,
Jyothi and Seshagiri (13) found that saponins extracted
from Bauhinia purpurea and Madhuca longifolia have a
potential antibacterial activity against S. mutans.

To clarify the effect of saponins from different sources
on oral pathogens, the aim of this study was to evaluate
the antimicrobial activity of saponins from three different
extracts of S. mukorossi and S. officinalis plants against
S. mutans and E. faecalis. We hypothesized that all
extracts of both plants have antibacterial activity against
the tested oral pathogens.

MATERIALS and METHODS

Ethical Considerations
The present in vitro study does not involve any human or
animal subjects thus, no ethical approval is needed.

Plant Materials

The plant materials were purchased from a local market
in Istanbul and authenticated for their identity in Altinbas
University Department of Pharmaceutical Microbiology.

Test Organisms

S. mutans ATCC 24175 and E. faecalis ATCC 29212 were
procured from Microbial Type Culture Collection (MTCC)
in Altinbas University Department of Pharmaceutical
Microbiology.

The fruit of S. mukorossi and the root of S. officinalis
materials were sliced into small pieces. The plant
material was macerated (3 times with each solvent) with
hexane, ethyl acetate (EtOAc) and methanol (MeOH),
respectively. Each extract was filtered by using filter
paper and concentrated under reduced pressure by using
a rotary evaporator to provide solvent free residue, and
crude hexane, ethyl acetate and methanol extracts were
obtained from the fruit or root parts of the relevant plants.
All extracts were kept at 4°C in a refrigerator until the day
they were used.

Broth Microdilution Method

Two dental caries and infection-causing bacteria S.
mutans and E. faecalis, were cultured on brain heart
infusion (BHI) agar at 37°C for 24 h aerobically. The
minimum inhibitory concentration (MIC) was determined
by the broth microdilution method. The extracts were

weighed and dissolved in 10% dimethyl sulfoxide (DMSO)
to prepare an extract solution of 8 mg/mL. After preparing
the extracts, all extracts were sterilized by filtration by 0.45
um Millipore filters. Each microorganism was suspended
in the BHI broth, and the suspensions were adjusted to the
0.5 McFarland standard turbidity. The bacterial solutions
were then diluted in the BHI broth by 1:100 fold. 100 pl of
the BHI broth was introduced into the wells of a 96 round
bottom well plate, and 100 pl of each extract was added
into the first well of the plate and mixed. Subsequently,
the extracts were diluted two times in each well through
serial dilution until the last well. 100 pl of the BHI-extract
suspension was discharged from the last well of the
microplate to obtain equal volume in every well. After the
serial dilution step, 10 pl of the bacterial solution was
added into all wells. All plates were incubated aerobically
at 37°C for 24 hours, and according to the turbidity in the
wells, the MIC values of the extracts were determined.
Chloramphenicol was used as a positive control, and each
assay in the experiment was repeated two times.

RESULTS

The MIC values of the extracts of S. mukorossi and S.
officinalis against S. mutans and E. faecalis are listed in
Table 1. The lowest MIC values for both S. mukorossi and
S. officinalis were against S. mutans (4 mg/ml). While
both the methanol and hexane extracts of S. mukorossi
showed the aforementioned 4 mg/ml MIC value, only the
methanol extract of S. officinalis exhibited this low value.

Table 1. MIC values (mg/ml) of the fruit extracts of S. mukorossi and

S. officinalis against S. mutans and E. faecalis

MIC (mg/ml)
S. mukorossi S. officinalis
Hexane Ethyl Methanol Hexane Ethyl Methanol
acetate acetate
S. mutans 4 8 4 - 8 4
E. faecalis 8 8 8 - 8 8
DISCUSSION

Different parts of plants may exhibit different saponin
contents. Budan et al. (14) reported that the saponin
content ranged from 224.0mg/g in the aerial part
extract to 693.8 mg/g in the root extract of S. officinalis.
Additionally, Singh et al. (12) stated that the fruit extracts
of S. mukorossi have more antimicrobial activities than
leaf extracts. Based on these studies, we used the fruit of
S. mukorossi and the root of S. officinalis as sources of
saponin.

MIC is defined as the lowest concentration of an
antimicrobial agent that will inhibit the growth of a
microorganism after overnight incubation. Since MIC
values are accepted as the gold standard for determining
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the susceptibility of organisms to an antimicrobial agent,
we preferred to use MIC to determine the antimicrobial
effectiveness of the tested plant extracts (15).

The hypothesis that all extracts of both plants have
antibacterial activity against the tested oral pathogens
may be partially accepted, because all extracts of the
plants except the hexane extract of S. officinalis had an
inhibitory activity against the tested microorganisms.
Therefore, saponins extracted from S. mukorossi and S.
officinalis may be used to inhibit plaque formation and
dental caries. However, the important point here is that the
root of S. officinalis should not be macerated with hexane
to perform antibacterial activities against oral pathogens.

The methanol extracts of both S. mukorossi and S.
officinalis and also the hexane extract of S. mukorossi
showed good antibacterial activity against S. mutans.
The inhibitory activity of saponins from different sources
against S. mutans was confirmed by previous studies
(13,16,17).

On the contrary to this study, Aneja et al. (11) found no
inhibitory activity of S. mukorossi against S. mutans
despite the fact that they also used methanol extracts
of the plant. This discrepancy may be explained by
substrate differences; the saponin type of S. mukorossi
fruits obtained from varying regions may differ. Mahar et
al. (9) reported that single primer amplification reaction
(SPAR) methods are useful to unravel the diversity among
different populations of soap nut plants. Further studies
should investigate the variation of saponin types between
different S. mukorossi fruits obtained from different
regions.

The higher MIC values for the hexane and methanol
extracts of S. mukorossi and methanol extract of S.
officinalis against E. faecalis may be explained by the fact
that E. faecalis is more resistant to antibacterial agents
in comparison to S. mutans. This finding was supported
by the study conducted by Soekanto et al. (18), who
found that a higher concentration of propolis fluoride was
needed to kill E. faecalis in comparison to S. mutans.

It is important to note that the antimicrobial activity of
saponins from different sources such as S. mukorossi
against oral pathogens has been previously reported
(11,12). However, data on the antibacterial activity of S.
officinalis against S. mutans and E. faecalis, to the best
of our knowledge, are reported here for the first time.
According to the results of this study, it may be concluded
that the ethyl acetate and methanol extracts of S.
officinalis show antimicrobial activity against the tested
oral pathogens.

CONCLUSION

Based on these results, it is possible to conclude that S.
mukorossi and S. officinalis exhibit antibacterial activity
against S. mutans and S. officinalis. Toxicological studies
of these plants should be carried out because these
plants may be used as a source of new dentifrices, cavity
disinfectants or root canal irrigants.
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