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Introduction: Root canal treatment failure is frequently associated with
persistent microbial infection, particularly by Enterococcus faecalis and
Staphylococcus aureus. Sodium hypochlorite remains the gold standard
irrigant; however, its cytotoxicity has encouraged the exploration of
herbal alternatives. Cymbopogon citratus contains bioactive compounds
with potential antibacterial properties.
Material and Methods: This laboratory experimental study evaluated
the antibacterial activity of Cymbopogon citratus extract at
concentrations of 10%, 20%, and 30% against E. faecalis ATCC 29212
and S. aureus ATCC 29213 using the disc diffusion method. Sodium
hypochlorite 2.5% was used as the positive control and 96% ethanol as
the negative control. Data were analyzed using one-way ANOVA
followed by Bonferroni post hoc test.
E ] E Results and Discussion: The highest inhibition zone for E. faecalis was
observed at 20% concentration (1.63 + 0.48 mm), while for S. aureus,
the highest value was found at 10% concentration (2.06 + 1.15 mm). No
statistically ~significant differences were found among extract
concentrations (p>0.05), whereas sodium hypochlorite demonstrated
E significantly higher antibacterial activity (p<0.001).

Antibacterial activity;
Cymbopogon citratus;
Enterococcus faecalis; root
canal treatment;
Staphylococcus aureus.

Conclusion: Cymbopogon citratus extract demonstrated weak
antibacterial activity and was not comparable to sodium hypochlorite.

DOI: 10.46862 /interdental.v22i2.14311 Its potential as an alternative root canal irrigant requires further
optimization and validation
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INTRODUCTION

Dental caries remains one of the most preva-
lent oral health problems worldwide and is a ma-
jor cause of pulp disease and tooth loss. In
Indonesia, national health data have reported a
high prevalence of caries and related complica-
tions. Progressive caries may lead to pulpal inflam-
mation and necrosis, ultimately requiring
endodontic intervention.12

Root canal treatment aims to eliminate infec-
tion within the root canal system and preserve the
natural tooth. However, treatment failure may still
occur, with reported rates ranging from 14% to
16%, primarily due to persistent microbial infec-
tion. Enterococcus faecalis and Staphylococcus au-
reus are commonly associated with secondary
endodontic infections and are known for their re-
sistance and ability to survive in adverse condi-
tions.34

Root canal irrigation plays a crucial role in
eliminating microorganisms, removing debris, and
dissolving organic tissue within the canal system.
According to the American Association of Endo-
dontists, successful root canal treatment depends
on the synergistic effect of mechanical instrumen-
tation and chemical irrigation to effectively elimi-
nate microorganisms and prevent reinfection.
Sodium hypochlorite is the most commonly used
irrigation solution for disinfection due to its anti-
bacterial capacity and its ability to break down ne-
crotic tissue, organic components, and biofilm.
However, its cytotoxicity and potential adverse ef-
fects, including tissue irritation and allergic reac-
tions, have prompted the search for safer
alternatives.®

The growing interest in plant-based endodon-
tic irrigants has led to the investigation of various
herbal extracts as potential antimicrobial agents.

One of Indonesia’s medicinal plants with

promising antibacterial properties is lemongrass
(Cymbopogon citratus).” Cymbopogon citratus is
widely distributed in Indonesia and has been re-
ported to exhibit various pharmacological activi-
ties, including antioxidant, antimicrobial, anti-
inflammatory, and antidiabetic properties.8?
These effects are attributed to its bioactive second-
ary metabolites, such as flavonoids, saponins, ter-
penoids, tannins, and alkaloids. Previous studies
have demonstrated its antibacterial activity
against oral pathogens, including Streptococcus
mutans.”?

To date, evidence regarding the antibacterial
efficacy of C. citratus, particularly at low concen-
trations relevant to clinical application, remains
limited. Therefore, this study aimed to evaluate its
antibacterial potential against E. faecalis and S. au-
reus within a concentration range applicable for

future clinical translation.

MATERIALS AND METHODS

This study was a laboratory experimental study
using a post-test only control group design. The bac-
terial samples used were Enterococcus faecalis
ATCC 29212 and Staphylococcus aureus ATCC
29213. Lemongrass (Cymbopogon citratus) extract
was prepared using a stepwise maceration method
with 96% ethanol as the solvent. The plant material
was obtained from Kulur Village, Majalengka Dis-
trict, Majalengka Regency, West Java, Indonesia.

Prior to the experimental procedures, all equip-
ment was sterilized. The instruments were thor-
oughly washed, dried, and wrapped in aluminum
foil, followed by autoclave sterilization at 121°C for
15 minutes. Additional instruments, such as L-
shaped spreaders and inoculation loops, were ster-
ilized by flaming using a spirit lamp.

A total of 6 kg of fresh lemongrass was thor-

oughly washed and cut into small pieces to facilitate
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drying. The plant material was air-dried under sun-
light for 7 days, yielding 540 g of dried lemongrass.
The dried lemongrass was then ground into a coarse
powder using an electric grinder before maceration.
The powdered material was macerated in 2 L of
96% ethanol for 72 hours with periodic stirring. The
macerate was filtered, and the filtrate was concen-
trated using a rotary evaporator at 50°C, followed
by further filtration to obtain a thick extract.

The lemongrass extract was prepared at con-
centrations of 10%, 20%, and 30% (v/v) by diluting
the crude extract with 96% ethanol using appropri-
ate volumetric ratios. Antibacterial activity was
evaluated using the Kirby-Bauer disc diffusion
method by measuring the diameter of inhibition
zones formed around the discs.

The experimental design consisted of five
groups: 10%, 20%, and 30% Cymbopogon citratus
extract, 2.5% sodium hypochlorite as a positive con-
trol, and 96% ethanol as a negative control. Each
group was tested in five repetitions based on
Federer’s formula.

Bacterial suspensions of E. faecalis ATCC
29212 and S. aureus ATCC 29213 were prepared
by inoculating a loopful of culture into 5 mL of
Tryptone Soya Broth, followed by incubation at
37°C for 24 hours. The turbidity was adjusted to
a 0.5 McFarland standard.

The standardized suspension was evenly

spread onto Tryptone Soya Agar using a sterile L-
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shaped spreader and allowed to stand for 5
minutes. Subsequently, each sterile paper disc (6
mm in diameter) was impregnated with 20 pL of
the respective test solution and placed on the in-
oculated agar surface. The plates were incubated
in an anaerobic jar at 37°C for 24 hours. All pro-
cedures were performed under aseptic condi-
tions.

The data were analyzed using IBM SPSS soft-
ware. Normality was assessed using the Shapiro-
Wilk test. Since the negative control showed iden-
tical values (0 mm) in all replicates with no vari-
ance, it was presented descriptively and was not
included in the one-way ANOVA analysis. As the
remaining data were normally distributed (p >
0.05), comparisons among groups were per-
formed using one-way ANOVA, followed by the
Bonferroni post hoc test to determine pairwise

differences between groups.

RESULTS AND DISCUSSIONS

The antibacterial activity of Cymbopogon
citratus extract against E. faecalis ATCC 29212
and S. aureus ATCC 29213 was evaluated using
the disc diffusion method. Antibacterial activity
was indicated by the formation of inhibition
zones around the discs, which were measured in
millimeters using a digital caliper. The results of
the antibacterial activity test are presented in Ta-

bles 1 and 2.

Table 1. Mean inhibition zone (mm) and one-way ANOVA results of Enterococcus faecalis across treatment

groups
Treatment group 1 2 3 4 5 Mean + SD p-value
Lemongrass extract 10% 1.70 110 1.00 1.00 1.50 1.26 £ 0.32 <0.001
Lemongrass extract 20% 1.70 240 110 1.00 1.55 1.63+0.48
Lemongrass extract 30% 2.10 110 110 1.40 1.00 1.34£0.45
NaOCl 2.5% 7.30 8.40 5.50 6.80 8.90 7.38+1.34

Note: p < 0.05 indicates statistical significance. The negative control was presented descriptively and excluded from one-way

ANOVA because it showed no variance.
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Table 2. Mean inhibition zone (mm) and one-way ANOVA results of Staphylococcus aureus across treatment

groups
Treatment group 1 2 3 4 5 Mean + SD p-value
Lemongrass extract 10% 2.10 110 4.00 1.30 1.80 2.06+£1.15 <0.001
Lemongrass extract 20% 2.00 110 3.30 0.60 0.60 1.52+1.15
Lemongrass extract 30% 2.10 2.00 2.60 0.90 1.10 1.74£0.72
NaOCl 2.5% 22.00 20.40 21.40 16.90 21.00 20.34+2.01

Note: p < 0.05 indicates statistical significance. The negative control was presented descriptively and excluded from one-way

ANOVA because it showed no variance.

The negative control group using 96% etha-
nol showed no inhibition zone in all replicates
(0.00 £ 0.00 mm), indicating that the solvent did
not contribute to antibacterial activity. Since all
values were identical and showed no variability,
the negative control was presented descriptively
and was not included in the one-way ANOVA anal-
ysis.

Based on Table 1, the highest mean inhibition
zone against E. faecalis was observed at 20% con-
centration (1.63 * 0.48 mm), followed by 30%
(1.34 £ 0.45 mm) and 10% (1.26 = 0.32 mm). In
contrast, the positive control, 2.5% sodium hypo-
chlorite, demonstrated a substantially larger inhi-

bition zone (7.38 + 1.34 mm).

As shown in Table 2, the highest mean inhibi-
tion zone against S. aureus was observed at 10%
concentration (2.06 + 1.15 mm), followed by 30%
(1.74 £ 0.72 mm) and 20% (1.52 = 1.15 mm). The
positive control, 2.5% sodium hypochlorite, showed
markedly higher antibacterial activity, with a mean
inhibition zone of 20.34 + 2.01 mm.

Bonferroni post hoc analysis demonstrated sig-
nificant differences between all Cymbopogon citra-
tus extract groups and the positive control (p <
0.001). However, no statistically significant differ-
ences were found among the extract concentrations
(p > 0.05), indicating the absence of a dose-depend-
ent effect within the tested concentration range (Ta-

bles 3 and 4).

Table 3. Bonferroni post hoc analysis of inhibition zones against Enterococcus faecalis

No. Group Group Sig.

1. Lemongrass extract 10% Lemongrass extract 20% 1,000
NaOCl 2.5% <0.001

2. Lemongrass extract 20% Lemongrass extract 30% 1,000
NaOCl 2.5% <0.001

3. Lemongrass extract 30% Lemongrass extract 10% 1,000
NaOCl 2.5% <0.001

Table 4. Bonferroni post hoc analysis of inhibition zones against Staphylococcus aureus

No. Group Group Sig.

1. Lemongrass extract 10% Lemongrass extract 20% 1.000
NaOCl 2.5% <0.001

2. Lemongrass extract 20% Lemongrass extract 30% 1,000
NaOCl 2.5% <0.001

3. Lemongrass extract 30% Lemongrass extract 10% 1,000
NaOCl 2.5% <0.001

Cymbopogon citratus is a medicinal plant
widely used in Indonesia and has been reported to

exhibit antibacterial properties. These effects are
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attributed to bioactive compounds such as flavo-
noids, saponins, terpenoids, tannins, and alkaloids.

These compounds act through multiple
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antibacterial mechanisms, including disruption of
bacterial cell membranes, inhibition of cell wall
synthesis, and interference with metabolic pro-
cesses.10

The present study demonstrated that
Cymbopogon citratus extract exhibited limited an-
tibacterial activity against E. faecalis and S. aureus.
The magnitude of inhibition was low, suggesting
weak antibacterial potency. This may be influ-
enced by several factors, including the use of crude
extract, limited diffusion capacity in agar media,
and variability in the concentration of active com-
pounds.!!

Previous studies have reported stronger anti-
bacterial activity of Cymbopogon citratus extract at
higher concentrations. Andayani et al. demon-
strated increased inhibition zones against S. mu-
tans with increasing extract concentration, while
Tutik et al. showed antibacterial effects of
lemongrass extract against S. aureus and E. coli at
higher concentrations.?12 These findings suggest
that the antibacterial efficacy of lemongrass ex-
tract may not be optimal at the lower concentra-
tions used in the present study.

The type of bacterial species may also influ-
ence the antibacterial response. E. faecalis is
known for its resistance and ability to survive in
harsh environmental conditions, contributing to
persistent endodontic infections. S. aureus is a re-
silient gram-positive bacterium associated with
various infections. These characteristics may ex-
plain the limited inhibitory effect observed in this
study.13

The weak inhibitory effect observed in this
study may also be attributed to the use of crude ex-
tract, which can limit the availability and concen-
tration of active antibacterial compounds.# In
addition, factors such as solvent type, extraction

method, and diffusion capacity in agar media may
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influence the antibacterial efficacy of plant ex-
tracts. Extraction conditions have been shown to
significantly affect the yield and activity of bioac-
tive compounds.15

Although Cymbopogon citratus contains vari-
ous antibacterial constituents, including flavo-
noids, terpenoids, and essential oils, the
concentration and bioavailability of these com-
pounds in crude extracts may be insufficient to
produce strong antibacterial effects. In contrast,
the significantly greater antibacterial activity of
sodium hypochlorite observed in this study aligns
with the American Association of Endodontists
guidelines, which recognize sodium hypochlorite
as the gold standard irrigant due to its tissue-dis-
solving capacity and ability to disrupt microbial
biofilms.5

Clinically, these findings indicate that
Cymbopogon citratus extract, in its current formu-
lation, cannot replace sodium hypochlorite as an
endodontic irrigant. However, it may still have po-
tential as an adjunctive agent following further op-
timization, such as increasing concentration,
fractionation, or formulation enhancement. Future
studies should investigate minimum inhibitory
concentration, minimum bactericidal concentra-
tion, and biofilm-based models to better reflect

clinical conditions.

CONCLUSION

Cymbopogon citratus extract demonstrated
weak antibacterial activity against E. faecalis and S.
aureus, with no significant differences among the
tested concentrations. The antibacterial effect was
substantially lower than that of 2.5% sodium hy-
pochlorite. Therefore, within the limitations of this
study, Cymbopogon citratus extract cannot be con-
sidered a substitute for conventional endodontic

irrigants. Although promising, its potential as an
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alternative root canal irrigant requires further de-

velopment. Future studies should investigate

higher concentrations, advanced formulations,

and alternative testing models to better evaluate

its clinical applicability.
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