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Biofilm, Coriander Seed Background: Enterococcus faecalis is frequently associated with persistent
= e root canal infections due to its ability to form resistant biofilms. However,
Fae cali:s ATCC 29212 evidence regarding the antibiofilm activity of specific plant-derived fractions,
’ particularly the ethyl acetate fraction of coriander seeds (Coriandrum sativum),
remains limited. This study aimed to evaluate the effect of different
concentrations of this fraction on E. faecalis ATCC 29212 biofilm formation.
Method: Dried coriander seeds were extracted using ethanol and subsequently
fractionated with ethyl acetate to obtain the active fraction. Biofilm inhibition
was assessed using a 96-well polystyrene microplate assay after exposure to
various concentrations. Calcium hydroxide was used as a control. Biofilm
biomass was quantified by measuring optical density (OD). Each group was
tested in five replicates (n=>5). Statistical analysis was performed using one-
way ANOVA followed by a Bonferroni post-hoc test.
Result: All tested materials exhibited inhibitory activity against E. faecalis
biofilms. Calcium hydroxide showed the highest mean inhibition (69.41%),
while the 16% concentration of coriander seed ethyl acetate fraction
demonstrated the strongest activity among the experimental groups (64.89%).
Statistical analysis revealed significant differences between concentration
groups (p < 0.05).
Conclusion: The ethyl acetate fraction of coriander seeds demonstrated
concentration-dependent antibiofilm activity against E. faecalis ATCC 29212 in
vitro. Higher concentrations showed greater inhibitory effects, however, further
studies are required to confirm its clinical applicability.
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INTRODUCTION

Exposed pulp provides a pathway for microbial invasion, leading to inflammation and ultimately pulp necrosis.
In this condition, the dental pulp undergoes complete degeneration and may be replaced by serous or purulent
exudate or by dry necrotic tissue. Necrotic pulp tissue creates a favorable environment for bacterial colonization
and biofilm formation within the root canal system." Biofilms consist of microbial communities embedded within
a self-produced extracellular polymeric matrix that enables strong bacterial adhesion to biological surfaces. This
structured environment enhances bacterial survival, metabolic activity, and virulence, contributing to persistent
root canal infections and increasing the risk of endodontic treatment failure.??

Among the microorganisms associated with persistent endodontic infections, Enterococcus faecalis is
one of the most frequently isolated species, detected in approximately 67—77% of cases. This bacterium
demonstrates remarkable adaptability, including the ability to penetrate dentinal tubules, survive under nutrient-
limited conditions, and tolerate harsh environmental changes within the root canal system.*® These
characteristics allow E. faecalis to persist even after conventional endodontic treatment and contribute to
treatment failure.

Calcium hydroxide is widely used as an intracanal medicament due to its antibacterial properties.
However, its effectiveness against E. faecalis, particularly when the bacteria are organized in biofilm structures,
remains limited. In addition, prolonged use of certain intracanal medicaments may cause undesirable effects
such as cytotoxicity, unpleasant taste, and potential weakening of the dentin structure.®” Therefore, the
development of alternative antimicrobial agents that are effective against biofilm-forming bacteria is necessary.

Natural products have attracted increasing interest in dentistry because of their diverse therapeutic
properties, including antimicrobial activity.® Coriander (Coriandrum sativum) seeds contain several bioactive
compounds, particularly essential oils rich in linalool, which have demonstrated antimicrobial activity against
both Gram-positive and Gram-negative bacteria. Previous studies have reported that coriander seed extract
exhibits antibacterial activity against E. faecalis in its planktonic form.®'® Extraction using ethanol followed by
fractionation with ethyl acetate, a semi-polar solvent, may concentrate semi-polar bioactive compounds such
as linalool, potentially enhancing antibacterial efficacy.'''2

However, previous studies have primarily evaluated the antibacterial activity of coriander seed extract
against planktonic E. faecalis, whereas root canal infections are predominantly associated with biofilm forming
bacteria. Biofilm associated bacteria exhibit significantly greater resistance than planktonic cells, requiring
higher concentrations of antimicrobial agents for effective inhibition.'3'* Moreover, there is still limited evidence
specifically addressing the antibiofilm activity of the ethyl acetate fraction of coriander seeds, which may contain
concentrated semi polar bioactive compounds such as linalool with potential enhanced efficacy. Therefore, this
study aimed to evaluate the antibiofilm activity of the ethyl acetate fraction of coriander seeds against
Enterococcus faecalis ATCC 29212.

RESEARCH METHOD

This study employed a controlled laboratory-based in vitro experimental design to evaluate the antibiofilm
activity of coriander (Coriandrum sativum) seed extract (ethyl acetate fraction) against Enterococcus faecalis.
The study was conducted at the Integrated Research Laboratory, Faculty of Dentistry, Universitas Gadjah Mada,

Indonesia, while extract preparation and fractionation were performed at the Pharmaceutical Extract
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Standardization Laboratory, Faculty of Pharmacy, Universitas Muhammadiyah Surakarta. Coriander seeds
used in this study were obtained from Boyolali Regency, Central Java, Indonesia. Ethical approval for this study
was granted by the Ethics Committee of the Faculty of Dentistry, Universitas Gadjah Mada (No.
91/UN1/KEP/FKG-RSGM/EC/2023).

The selection of extract concentrations (4%, 8%, 12%, and 16%) was based on previous studies reporting
the antimicrobial activity of coriander (Coriandrum sativum) extracts against Enterococcus faecalis, although
the reported minimum inhibitory concentration (MIC) values vary depending on extraction methods and
experimental conditions. A previous study reported MIC values in the range of 200—-400 mg/mL for extracts
against resistant microorganisms.' In general, antimicrobial activity of plant derived extracts against E. faecalis
has been observed at relatively high concentrations, which may correspond to low percentage ranges
depending on formulation. Furthermore, biofilm associated bacteria are known to exhibit significantly greater
resistance than planktonic cells due to the presence of a protective extracellular matrix and altered metabolic
activity, often requiring higher concentrations of antimicrobial agents for effective inhibition. Therefore, a range
of concentrations above the reported antibacterial levels was selected to evaluate the antibiofilm activity in this
study.

The preparation of coriander seed extract began with drying the seeds in a drying oven at 45°C, followed
by grinding them into powder using a laboratory blender. A total of 1000 g of coriander seed powder was
extracted using the maceration method with 70% ethanol as the solvent. The powder was mixed with 1000 mL
of ethanol and homogenized for 30 minutes, then incubated for 24 hours. The mixture was filtered to remove
solid residues, and the filtrate was concentrated using a vacuum evaporator to obtain the ethanolic extract. The
extract was subsequently fractionated using ethyl acetate as a semi-polar solvent to isolate semi-polar bioactive
compounds. The ethyl acetate fraction was collected and evaporated at room temperature for 48 hours to obtain
the concentrated fraction. The resulting fraction served as the stock extract (100%). The extract was then diluted
with sterile distilled water to obtain working concentrations of 4%, 8%, 12%, and 16% (v/v).

The bacterial strain used in this study was Enterococcus faecalis ATCC 29212 obtained from the bacterial
culture collection of the Integrated Research Laboratory, Faculty of Dentistry, Universitas Gadjah Mada. The
bacteria were cultured in 5 mL Brain Heart Infusion (BHI) broth and incubated at 37°C for 24 hours. The turbidity
of the bacterial suspension was adjusted to the 0.5 McFarland standard, corresponding to approximately 1.5 x
108 CFU/mL."

Biofilm inhibition was assessed using a 96-well flat-bottom polystyrene microtiter plate. Each well was
inoculated with 20 pL of bacterial suspension and 148 uL of BHI broth. The treatment groups received 32 uL of
coriander seed ethyl acetate fraction to obtain final concentrations of 4% (8 pL extract + 24 L distilled water),
8% (16 uL extract + 16 L distilled water), 12% (24 uL extract + 8 pL distilled water), and 16% (32 pL extract).
The positive control group received 32 pL of a calcium hydroxide-glycerin mixture prepared in a 1:1 ratio (w/v)
to simulate an intracanal medicament, while the negative control group received 32 uL of distilled water. The
microplates were incubated at 37°C for 24 hours to allow biofilm formation.'® Each experimental condition was
performed in five independent replicates (n = 5).

Biofilm biomass was quantified using the crystal violet staining method. After incubation, non-adherent
cells were removed by gently washing the wells twice with phosphate-buffered saline (PBS). The remaining

biofilm was stained with 0.1% crystal violet solution and incubated at room temperature for 15 minutes. Excess
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stain was removed by washing the wells twice with PBS. Subsequently, 200 yL of ethanol was added to each
well to solubilize the bound crystal violet dye. The optical density (OD) was then measured at a wavelength of
540 nm using a microplate reader.'”'® The percentage of biofilm inhibition was calculated using the following
formula:
o (OD control (=) — OD Blank) — (OD sample — OD Blank)
%biofil inhibition = x100%
0D control (—) — OD Blank

Statistical analysis was performed using IBM SPSS Statistics version 25. Data normality was assessed

using the Shapiro—Wilk test, while homogeneity of variance was evaluated using Levene’s test. Since the data
were normally distributed and homogeneous, differences among groups were analyzed using one-way analysis
of variance (ANOVA) with a significance level of p < 0.05. When significant differences were detected, pairwise

comparisons were conducted using the Bonferroni post hoc test.

RESULTS

This study evaluated the inhibitory effect of different concentrations of coriander seed (Coriandrum
sativum) ethyl acetate fraction on Enterococcus faecalis ATCC 29212 biofilm formation. Biofilm inhibition was
quantified using the crystal violet microtiter plate assay, and optical density (OD) values were measured at a
wavelength of 540 nm using a microplate reader. Each experimental group was tested in five replicates (n = 5).
The obtained OD values were converted into percentages of biofilm inhibition relative to the negative control.

The mean percentage of biofilm inhibition for each experimental group is presented in Table 1. The
positive control group (calcium hydroxide) demonstrated the highest inhibitory activity, with a mean inhibition
value of 69.41 + 5.40%. Among the treatment groups, the inhibitory effect increased progressively with
increasing extract concentration. The 4% concentration showed minimal inhibition (6.33 £ 3.98%), while the 8%
concentration demonstrated moderate inhibition (21.10 + 7.63%). A substantial increase in antibiofilm activity
was observed at the 12% concentration (51.63 + 8.44%), and the 16% concentration exhibited strong inhibitory
activity (64.89 £ 6.84%), approaching the effect observed in the calcium hydroxide group.

These findings indicate a concentration-dependent inhibitory effect of the ethyl acetate fraction of
coriander seed extract against E. faecalis biofilm formation. A marked increase in inhibition was observed
between the 8% and 12% concentrations, suggesting that higher extract concentrations substantially enhance
antibiofilm activity. The comparative inhibition levels among the experimental groups are illustrated in Figure 1.

Table 1. Mean Percentage of Biofilm Inhibition of
E. faecalis ATCC 29212

No Sample Mean % * SD
1 CaOH 69.413 £ 5.395
2 CE 4% 6.328 + 3.984
3 CE 8% 21.099 £ 7.631
4 CE 12% 51.631 £ 8.438
5 CE 16% 64.891 £ 6.843

CE = Coriander Extract
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Figure 1. Inhibitory effect of coriander seed (Coriandrum sativum) ethyl
acetate fraction on Enterococcus faecalis ATCC 29212 biofilm formation.

Prior to inferential statistical analysis, the assumptions of normality and homogeneity were assessed.
The Shapiro-Wilk test confirmed that the data were normally distributed across all groups (p > 0.05), while
Levene’s test indicated homogeneity of variance among groups (p > 0.05). Based on these results, parametric
analysis using one-way analysis of variance (ANOVA) was performed.

The one-way ANOVA revealed a statistically significant difference among the experimental groups (p <
0.001), indicating that extract concentration significantly influenced biofilm inhibition. To further identify
differences between specific groups, Bonferroni post hoc analysis was conducted.

The post hoc results demonstrated no statistically significant difference between the 16% extract
concentration and the calcium hydroxide group (p = 0.817), suggesting comparable inhibitory efficacy. However,
significant differences were observed between the 16% concentration and the lower concentrations, including
12% (p = 0.036), 8% (p < 0.001), and 4% (p < 0.001). Additionally, the 12% concentration exhibited significantly
greater inhibition than the 8% (p < 0.001) and 4% (p < 0.001) groups.

Table 2. Bonferroni Post Hoc Comparison of Biofilm Inhibition

Group CE4% CE8% CE12% CE16% CaOH

CE4% - 0.017 <0.001 <0.001 <0.001
CE 8% - <0.001 <0.001 <0.001
CE 12% - 0.036 0.003
CE 16% - 0.817
CaOH -

Significance level: p < 0.05
Overall, the results demonstrate that the ethyl acetate fraction of coriander seed extract exhibits
significant antibiofilm activity against E. faecalis ATCC 29212, with inhibitory efficacy increasing proportionally
with extract concentration. At the highest tested concentration (16%), the antibiofilm activity was statistically

comparable to calcium hydroxide, indicating a strong inhibitory potential.
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DISCUSSION

The present study demonstrated that the ethyl acetate fraction of coriander seed extract exhibited
concentration-dependent inhibitory activity against Enterococcus faecalis ATCC 29212 biofilm formation. All
tested concentrations (4%, 8%, 12%, and 16%) were able to reduce biofilm biomass, with the highest inhibition
observed at the 16% concentration. This finding indicates that higher extract concentrations contain greater
amounts of active phytochemical compounds capable of interfering with bacterial adhesion and early biofilm
development. The progressive increase in inhibition across concentrations supports previous reports showing
that increasing concentrations of coriander extract enhance antibacterial and antibiofilm activity against oral
microorganisms.

Coriander (Coriandrum sativum) seeds are known to contain several bioactive phytochemicals,
particularly monoterpenes such as linalool, geraniol, and camphor. Previous studies have reported that linalool
is the dominant compound in coriander essential oil, typically representing approximately 60-80% of the total
composition.’®.? These phytochemical compounds have been widely associated with antimicrobial and
antibiofilm activities.?® The antibiofilm activity observed in this study may be primarily attributed to linalool, a
monoterpene alcohol that has been reported to disrupt bacterial cell membrane integrity and alter membrane
permeability, thereby impairing nutrient transport and metabolic activity.??.2® In addition, linalool has been shown
to interfere with bacterial motility, reduce cell surface hydrophobicity, and affect quorum sensing pathways
involved in bacterial communication, which are critical in the early stages of biofilm formation.?* Recent studies
have further demonstrated that linalool exerts antibiofilm effects through multiple mechanisms, including
modulation of gene expression related to metabolic pathways and stress responses.? A previous study reported
that linalool was able to inhibit biofilm formation by approximately 77.15%—-83.21%, primarily through reduction
of extracellular polymeric substance (EPS) production, decreased cell surface hydrophobicity, and inhibition of
bacterial motility.>* These findings are consistent with the present study, in which a concentration-dependent
reduction in biofilm biomass was observed, with the highest inhibition at 16% (64.89%). The slightly lower
inhibition observed in this study may be attributed to differences in bacterial species, extract composition, and
experimental conditions. Overall, these results support the role of linalool as a key contributor to the antibiofilm
activity of the ethyl acetate fraction of coriander seed extract against Enterococcus faecalis.

Other constituents such as geraniol and camphor may also contribute to the overall antibacterial activity
of coriander extract.?®> Geraniol has been reported to disrupt bacterial membranes, reduce extracellular
polysaccharide (EPS) production, and decrease cell surface hydrophobicity, which are important factors in
biofilm maturation and structural stability. Although camphor also exhibits antimicrobial activity, its antibacterial
effect is generally considered weaker compared with other monoterpenes.?® The combined activity of these
phytochemical compounds may produce a synergistic effect that enhances the overall antibiofilm potential of
coriander seed extract.?’-?

The antibiofilm activity observed in this study is consistent with previous research demonstrating the
antimicrobial potential of herbal essential oils containing linalool against endodontic pathogens. Several
investigations have reported that plant-derived essential oils exhibit inhibitory effects against E. faecalis, a
bacterium frequently associated with persistent root canal infections. However, when compared with
conventional endodontic antimicrobial agents such as chlorhexidine and sodium hypochlorite, herbal extracts

often demonstrate variable levels of antibacterial efficacy depending on the experimental conditions.?® For
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example, some essential oils rich in linalool have shown antibacterial activity comparable to sodium hypochlorite
in certain microbial models but remain less effective than chlorhexidine in others.3° Despite these differences,
plant-derived compounds may offer potential advantages, including lower toxicity, reduced adverse effects, and
natural bioactive properties that may support their development as adjunctive intracanal medicaments.3'32

In the present study, calcium hydroxide was used as a positive control and showed the highest
percentage of biofilm inhibition. The antibacterial activity of calcium hydroxide is primarily attributed to its strong
alkaline pH (approximately 12.5-12.8), which results in the release of hydroxyl ions capable of damaging
bacterial cell membranes, denaturing proteins, and disrupting bacterial DNA.3 Statistical analysis indicated that
the 16% concentration of coriander extract showed no significant difference compared with calcium hydroxide,
suggesting that higher concentrations of the extract may achieve antibiofilm effects approaching those of
commonly used intracanal medicaments. However, despite its strong antibacterial properties, E. faecalis has
been reported to exhibit resistance to calcium hydroxide. This resistance is attributed to its ability to survive in
highly alkaline environments by maintaining intracellular pH homeostasis through proton pump activity and
adaptive stress response mechanisms.3* Additionally, the presence of biofilm structures further enhances
bacterial tolerance by limiting the penetration of hydroxyl ions. These factors may explain why alternative or
adjunctive antimicrobial agents are required to effectively eliminate persistent endodontic infections.

Biofilm biomass in this study was quantified using the crystal violet assay, a widely used method for
measuring total biofilm mass. Crystal violet is a positively charged dye that binds to negatively charged
components within the biofilm matrix, including bacterial cell walls and extracellular polymeric substances. The
optical density values obtained are therefore proportional to the total biofilm biomass attached to the surface.
However, it is important to note that the crystal violet assay measures total biofilm biomass rather than
distinguishing between viable and non-viable bacterial cells. Consequently, reductions in optical density reflect
decreases in biofilm mass but do not directly indicate bacterial killing. Additional techniques, such as viable cell
counting or metabolic activity assays, may provide more comprehensive information regarding bacterial viability
within the biofilm.3®

Several limitations should be considered when interpreting the results of this study. First, the experiment
was conducted in vitro using a single-species biofilm model, whereas root canal infections are typically
polymicrobial and involve complex microbial interactions. Second, the study focused on biofilm biomass
inhibition and did not evaluate bacterial viability, gene expression, or cytotoxic effects on host tissues. Third, the
crystal violet assay does not differentiate between live and dead cells within the biofilm matrix. Therefore, further
investigations are necessary to evaluate the antimicrobial mechanisms, cytotoxicity, and biocompatibility of
coriander seed extract before its potential application as an intracanal medicament can be considered.

Overall, the findings of this study demonstrate that the ethyl acetate fraction of coriander seed extract
exhibits significant concentration dependent antibiofilm activity against E. faecalis ATCC 29212. At higher
concentrations, its inhibitory effect approaches that of calcium hydroxide, suggesting its potential as a natural
adjunctive agent in endodontic therapy. However, considering the limitations of this in vitro study, further
investigations involving multispecies biofilm models, cytotoxicity evaluation, and in vivo studies are necessary

to validate its clinical applicability and safety.
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CONCLUSION

The results of this investigation indicate that the ethyl acetate fraction of coriander seed extract
effectively suppresses the development of Enterococcus faecalis ATCC 29212 biofilms at all evaluated
concentrations (4%, 8%, 12%, and 16%). Furthermore, the inhibitory response followed a concentration-
dependent trend, where higher concentrations yielded more substantial reductions in biofilm biomass.

Among the tested groups, the 16% concentration demonstrated the highest antibiofilm activity and
showed no statistically significant difference compared with calcium hydroxide. These findings suggest that
coriander seed extract may represent a promising natural source of antibiofilm compounds against E. faecalis.

Further research is recommended to evaluate its effectiveness in multispecies biofilm models, assess

cytotoxicity, and investigate its clinical applicability.
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