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ABSTRACT

Introduction: Periodontal disease is a chronic
inflammatory condition of the supporting structures
of the teeth caused by plaque bacteria, one of which
is Staphylococcus aureus. Plaque formation can be
controlled through natural, mechanical, and
chemical means. Chemical plaque control using
chlorhexidine may lead to side effects, which has
encouraged researchers to explore the development
of herbal-based mouthwashes. Corn silk (Zea mays
saccharata Sturt.) contains active compounds such
as flavonoids, tannins, alkaloids, triterpenoids,
glycosides, and saponins, which exhibit antibacterial
properties. Aims: This study aims to analyze and
evaluate the effectiveness of corn silk (Zea mays
saccharata Sturt.) extract mouthwash in inhibiting
the growth of Staphylococcus aureus. Method: The
research employed a laboratory experimental design
using a post-test only control group design. The test
sample was Staphylococcus aureus ATCC®29213.
The Kirby-Bauer disk diffusion method was applied
on Muller Hinton Agar (MHA) media, conducted in
five replications, followed by observations. Result:
The study results demonstrated that corn silk (Zea
mays saccharata Sturt.) extract mouthwash at 50%
and 25% concentrations produced inhibition zone
diameters of 18.2 mm and 13 mm, respectively,
which are categorized as strong. Chlorhexidine
gluconate 0.2% mouthwash (positive control)
showed the strongest inhibition zone. Conclusion:
Conversely, corn silk extract mouthwash at 12.5%
concentration and the basic mouthwash formula
showed no antibacterial effect, as no clear inhibition
zones were observed. The differences in the results
were statistically significant.

Keywords: Staphylococcus aureus, Corn Silk (Zea
mays saccharata Sturt.), Mouthwash

| INTRODUCTION

Periodontal  disease is a  chronic
inflammatory condition affecting the tooth-
supporting structures and is generally classified into

two categories: gingivitis and periodontitis.
Gingivitis refers to inflammation confined to the
gingival tissues without clinical attachment loss. In
contrast, periodontitis is a more advanced condition
involving inflammation of the periodontal
apparatus, characterized by apical migration of the
junctional epithelium, attachment loss, and alveolar
bone resorption.'According to the 2018 Riset
Kesehatan Dasar (Riskesdas) report, periodontal
disease was identified as the second most prevalent
oral health problem after dental caries, with a
reported prevalence of 74.1%.>

The primary etiology of periodontal disease
is the accumulation of bacterial plaque, which plays
a critical role in increasing the risk of gingival
inflammation and periodontal tissue
destruction.’Dental plaque is defined as a thin,
colorless biofilm composed of a large number of
bacteria that adheres to the surface of the teeth.*The
presence of Gram-positive bacteria such as
Staphylococcus aureus has been identified during
the initial stage of plaque formation, specifically in
the primary colonization phase.’

Plaque associated with periodontal disease
can be prevented through plaque control methods,
which include natural, mechanical, and chemical
approaches. Natural plaque control can be achieved
by chewing fibrous foods. The most effective
method is mechanical plaque removal, particularly
proper toothbrushing, which plays a critical role in
maintaining oral and dental health. However,
toothbrushing alone is often insufficient; therefore,
chemical methods such as the use of mouthwash are
also necessary.®

Chlorhexidine is currently considered the
gold standard among mouthwashes. However, it has
several drawbacks, including an unpleasant taste and
side effects such as tooth discoloration, mucosal
irritation, and xerostomia. These adverse effects
highlight the need for safe and effective herbal-
based mouthwash alternatives, one of which
includes the use of corn silk.

Indonesia is the largest corn producer in
Southeast Asia. North Sumatra Province ranks as
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the fifth-largest corn-producing region in the
country.’Corn silk has long been underutilized, as it
is often regarded as waste by the general public. In
fact, corn silk extract possesses antimicrobial
properties. A study by Yucharoen et al. reported that
corn silk extract exhibits tyrosinase inhibition,
antioxidant activity, and antibacterial
effects.’Aulyawati et al. reported that the
antibacterial activity of corn silk extract is supported
by the presence of bioactive compounds such as
flavonoids, alkaloids, tannins, and saponins.’In
addition, a study by Jannah et al. on the antibacterial
activity of sweet corn silk (Zea mays saccharata
Sturt) against Staphylococcus aureus at a
concentration of 125 mg/mL demonstrated an
average inhibition zone diameter of 13 mm, which is
classified as strong.!°

To date, there have been no scientific
reports investigating the use of corn silk (Zea mays
saccharata Sturt)) extract as a mouthwash
formulation with antibacterial activity against
Staphylococcus aureus. Therefore, this study aims
to scientifically evaluate the in vitro effectiveness of
corn silk extract mouthwash in inhibiting the growth
of Staphylococcus aureus.

II. METHODS

This study employed a laboratory
experimental research design using a post-test only
control group design. The research was conducted
from September to November 2024. Plant
determination of corn silk (Zea mays saccharata
Sturt.) was carried out at the Plant Systematics
Laboratory, Herbarium Medanese, Universitas
Sumatera Utara (USU). Extraction of corn silk at
concentrations of 12.5%, 25%, and 50% was
conducted at the Research and Development Unit
for  Medicinal Plants, ASPETRI  Medan.
Phytochemical screening of the extract was
performed at the Phytochemistry Laboratory,
Faculty of Pharmacy, USU. Staphylococcus aureus
culture, as well as antibacterial activity and
bactericidal effect testing of the mouthwash
containing corn silk extract, were conducted at the
Microbiology Laboratory, Faculty of Mathematics
and Natural Sciences, USU.

The sample wused in this study was
Staphylococcus aureus ATCC® 29213, which was
i1solated, incubated, and cultured on Mueller-Hinton
Agar (MHA) medium. FEthical clearance was
obtained by submitting an approval form to the
Komisi Etik Peneliti Kesehatan (KEPK) of the
Faculty of Medicine, Universitas Sumatera Utara.

A total of 1 kg of samples was collected
from Berastagi, Karo Regency. The research
procedure began with plant determination, followed

by the preparation of corn silk extract using 70%
ethanol. Extraction was carried out using a rotary
evaporator at 40°C or a water bath.

The mouthwash was formulated by
dissolving CMC-Na powder in aquadest. Sorbitol
was then added, followed by the addition of the
remaining distilled water until the total volume
reached 30 mL. Subsequently, peppermint oil was
added dropwise. The mouthwash was prepared in
concentrations of 50%, 25%, and 12.5%.
Formulation characteristics of the mouthwash were
then evaluated, followed by antibacterial activity
testing.

The antibacterial activity was tested using
the diffusion method (Kirby-Bauer). A total of 0.1
mL of bacterial inoculum was placed into a sterile
Petri dish, followed by the addition of 1520 mL of
Mueller-Hinton Agar (MHA) medium at 45-50°C.
Paper discs impregnated with various concentrations
of the test extract solution were placed onto the
surface of the MHA medium. The diameter of the
inhibition zones around the discs was measured
using a vernier caliper. Data obtained from this
study were analyzed using the non-parametric
Kruskal-Wallis test, followed by the Mann—
Whitney post hoc test to determine the differences
in antibacterial effectiveness between treatment
groups.

1. RESULTS

This study was conducted to evaluate the
antibacterial effectiveness of mouthwash formulated
with corn silk extract (Zea mays saccharata Sturt.)
in inhibiting the growth of Staphylococcus aureus.
The research began with plant determination,
followed by the extraction of corn silk and
phytochemical screening of the extract. The
screening results revealed that the corn silk extract
contains several chemical constituents, including
alkaloids, flavonoids, triterpenoids/steroids,
glycosides, and saponins.

The extract was then formulated into
mouthwash preparations at concentrations of 50%,
25%, and 12.5%. A 0.2% chlorhexidine gluconate
mouthwash was used as the positive control, while a
placebo mouthwash served as the negative control.
The effectiveness of the corn silk (Zea mays
saccharata Sturt.) extract mouthwash was tested
using the disc diffusion method (Kirby—Bauer) on
Mueller-Hinton Agar (MHA) medium. The
diameter of the inhibition zone, indicated by the
presence of a clear zone around the disc, was
measured using a vernier caliper. The test was
conducted with five replications (Figure 1 and Table

1.
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Figure 1. Inhibition zone diameters of mouthwash
groups: 50%, 25%, and 12.5% corn silk extract,
0.2% chlorhexidine gluconate, and mouthwash base

Based on the image above, clear inhibition zones
were observed around the discs in the positive
control group, 50% concentration, and 25%
concentration. In contrast, no inhibition zones were
observed at the 12.5% concentration or in the
negative control group.

Table 1. Mean Inhibition Zone Diameters

Group Inhibition Category  of
Zone Antibacterial
Diamete Activity
x + SD (mm)

K 12,5% 0 -

K 25% 13,00+0,530 Strong

K 50% 18,20+0,837 Strong

Klorheksidin  30,20+0,671 Very Strong

Base 0 -

The results of this study were analyzed using the
non-parametric Kruskal-Wallis test. This statistical
test was conducted to determine whether there were
significant differences between the corn silk extract
(Zea mays saccharata Sturt.) mouthwash groups and
the control groups. (Table 2)

Table 2. Kruskal-Wallis Test Results of All Groups on the In Vitro Growth of Staphylococcus aureus

Inhibition Zone Diameter

Group X 25D (mm) p value
K 12,5% 0

K25% 13,00+0,530

K 50% 18,20+0,837 0,000*
Klorheksidin 30,20+0,671

Base 0

Kruskal-Wallis * Significant (p<0,05)

The statistical analysis showed a significant
difference in the inhibition zone diameters among
all groups (p = 0.000; p < 0.05). Subsequently, a
Mann—Whitney post hoc test was performed to
assess the differences in antibacterial effectiveness
between the treatment groups.

Based on the results of the Mann—Whitney test, a
significant difference (p < 0.05) was observed in the
antibacterial effectiveness of corn silk extract (Zea
mays saccharata  Sturt.) mouthwash against
Staphylococcus aureus in vitro between all
concentrations of the extract and chlorhexidine, as
well as between the 25% and 50% extract
concentrations and the positive control (Table 3). In
contrast, no significant difference (p > 0.05) was
found between the 12.5% corn silk extract
mouthwash and the negative control, indicating
limited antibacterial activity at the lowest
concentration.

Table 3. Mann—Whitney Test Results Between Two
Groups on the In Vitro Growth of Staphylococcus
aureus

Grou K K K

+ -
12,5 02/5 s, K K

% 0
K - 0,00 0,005 0,00 1,000

Mann-Whitney *Signifikan (p<0,05)

IV.  DISCUSSION

The results of this study demonstrate that
mouthwash containing corn silk extract (Zea mays
saccharata Sturt.) exhibits antibacterial activity
against Staphylococcus aureus, which is attributed
to the presence of secondary metabolites capable of
inhibiting  bacterial  growth. = Phytochemical
screening revealed the presence of alkaloids,
flavonoids, glycosides, saponins, tannins, and
triterpenes/steroids. These findings are consistent
with the study by Jannah et al., which reported that
corn silk contains alkaloids, flavonoids, glycosides,
saponins, tannins, and triterpenes/steroids.'°Fajrina
et al. also reported similar findings, stating that the
secondary metabolites present in corn silk consist of
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alkaloids, flavonoids, glycosides, saponins, tannins,
and triterpenes/steroids.!!

This study utilized Staphylococcus aureus
ATCC®29213 as the test organism, which was
cultured on Mueller-Hinton Agar (MHA) medium.
Antibacterial testing was conducted using the disc
diffusion method with five replications. The
presence of a clear inhibition zone around the paper
disc indicated antibacterial activity, and the diameter
of the zone was measured using a vernier caliper.
According to the classification by David and Stout,
the diameter of the inhibition zone is categorized as
follows: weak (<5 mm), moderate (5—-10 mm),
strong (11-20 mm), and very strong (>20 mm).'?

This study demonstrated the inhibition
zone diameters of corn silk extract (Zea mays
saccharata Sturt) mouthwash at concentrations of
50%, 25%, and 12.5%, along with positive control
(0.2% chlorhexidine gluconate mouthwash) and
negative control (mouthwash base) against
Staphylococcus aureus ATCC®29213. Based on the
results, the 50% and 25% concentrations of corn silk
extract mouthwash exhibited strong antibacterial
activity, while the 12.5% concentration showed no
inhibition against S. aureus ATCC®29213. The
absence of an inhibition zone at the 12.5%
concentration may be attributed to prolonged
storage, which can reduce extract activity. Longer
storage duration of the mouthwash correlates with
smaller or even absent inhibition zones. In this
study, the mouthwash was stored for 14 days prior
to the antibacterial assay. Furthermore, flavonoids at
low concentrations may not effectively inhibit
bacterial growth due to insufficient interaction with
bacterial targets.

An increase in the concentration of corn
silk extract (Zea mays saccharata Sturt.) mouthwash
corresponded with an increase in the diameter of the
inhibition zone. The 50% concentration produced
the largest inhibition zone, whereas the 25%
concentration resulted in the smallest. This indicates
that higher extract concentrations contain greater
amounts of active antibacterial compounds, thereby
enhancing antibacterial efficacy.!’This finding is
consistent with the study by Sagala et al., which
reported that a greater amount of active compounds
in the mouthwash formulation contributes to the
formation of a larger inhibition zone. In contrast,
lower concentrations of mouthwash contain fewer
active compounds, resulting in smaller inhibition
zones. The size of the inhibition zone is also
influenced by several other factors, including the
microbial growth rate, medium thickness, storage
duration of the mouthwash, and the diffusion rate of
the active compounds. '*

The results of this study showed that the
inhibition zone diameter of the positive control
group (0.2% chlorhexidine gluconate mouthwash)
was larger than that of the other mouthwash groups.
Corn silk extract (Zea mays saccharata Sturt.)
mouthwash at 50% and 25% concentrations
demonstrated strong antibacterial activity against
Staphylococcus aureus ATCC®29213, with the
50% concentration producing a larger inhibition
zone than the 25% concentration. The 12.5%
concentration of corn silk extract mouthwash did not
exhibit any inhibitory effect against S. aureus
ATCC®29213. Although the 50% and 25%
concentrations fall under the strong inhibition
category, their antibacterial effectiveness is still
lower than that of 0.2% chlorhexidine gluconate.
Chlorhexidine gluconate 0.2% is considered the
gold standard of mouthwash due to its excellent
antimicrobial properties. However, its disadvantages
include an unpleasant taste and side effects such as
tooth  discoloration, mucosal irritation, and
xerostomia.!>Statistical analysis revealed that the
corn silk extract (Zea mays saccharata Sturt.)
mouthwash at 50% and 25% concentrations
exhibited significant antibacterial effects against
Staphylococcus aureus ATCC®29213, categorized
as strong inhibition. Considering the potential long-
term side effects associated with 0.2% chlorhexidine
gluconate, corn silk extract mouthwash at these
concentrations may serve as a safe alternative.

V. CONCLUSION

Corn silk extract (Zea mays saccharata
Sturt.) mouthwash at concentrations of 50% and
25% exhibited strong antibacterial effects against
Staphylococcus aureus, although it was less
effective than 0.2% chlorhexidine gluconate.
Meanwhile, the 12.5% concentration of corn silk
extract mouthwash showed no antibacterial effect
against S. aureus.
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