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Abstract

Background: Enterococcus faecalis represents a significant clinical challenge as an etiological agent of endodon-
tic infections, characterized by high resistance to conventional antibacterial agents and the ability to form biofilms
[1-4]. Growing interest in natural alternatives to synthetic antibiotics has led to investigations on essential oils as
potential therapeutic agents [5-9].

Objective: The aim of this study was to determine the antibacterial potential of selected essential oils against E.
faecalis, with particular emphasis on marjoram, eucalyptus, cananga, Ylang-Ylang, caraway, clementine, and Pe-
titgrain oils.

Materials and Methods: The study was conducted using the disk diffusion method according to Janusz Borysiewicz
on an E. faecalis strain [10]. Essential oil samples at a concentration of 20% were prepared by diluting them in a
Tween 80—water mixture. Next, the disks were applied onto Petri dishes containing a prepared medium with a pH of
7 £ 0.2, which consisted of enzymatic casein hydrolysate, yeast extract, dextrose, and agar;, and then inoculated with
E. faecalis. The plates were incubated for 48 hours at 37 °C, and measurements were taken after 24 and 48 hours.

Results: The study demonstrated variable antibacterial activities among the tested essential oils. The 20% Petit-
grain oil solution showed the highest efficacy, achieving an inhibition zone diameter of 7.5 mm after 48 hours. This
was followed by Cananga oil (4.5 mm), Ylang-Ylang oil (2 mm), and eucalyptus oil (1.5 mm). Marjoram and clem-
entine oils exhibited no antibacterial activity. After 24 hours of incubation, the greatest activity was observed for
marjoram oil (22.5 mm) and Petitgrain oil (20.5 mm), suggesting strong effects of phenolic and terpenoid alcohol
compounds such as thymol and linalool [11].

Conclusions: Some of the selected essential oils demonstrate promising potential as alternative antibacterial agents
against E. faecalis. Further research to optimize their composition and elucidate their mechanisms of action may
contribute to development of new therapeutic strategies for infections caused by this pathogen [12]. Additionally,
these oils could serve as alternatives to antibiotic therapy.
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Introduction to the family Enterococcaceae, representing one of the most im-
Enterococcus faecalis is a Gram-positive bacterium belonging portant etiological agents of nosocomial infections worldwide
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[14]. This organism is characterized by an exceptional ability
to survive under adverse environmental conditions, high levels
of antibiotic resistance, and the capacity to form persistent bio-
films on both biotic and abiotic surfaces [15, 16]. These proper-
ties make E. faecalis a particularly problematic pathogen in the
context of endodontic infections, where it can proliferate within
root canals despite intensive treatment with conventional disin-
fectants [17].

The pathogenicity of E. faecalis results from a complex inter-
action of multiple virulence factors, including lipoteichoic acid
(LTA), aggregation substance, gelatinase, hemol, enterococcal
surface protein (ESP), and cytolysin. These factors enable the
bacterium to adhere to host tissues, form biofilms, modulate im-
mune responses, and induce inflammatory processes. Particular-
ly important is its biofilm-forming ability, which provides pro-
tection against antibacterial agents and contributes to the chronic
nature of infections [18,19].

The increasing issue of antibiotic resistance and the toxicity of
conventional disinfectants such as sodium hypochlorite (NaO-
Cl) drive the search for alternative treatment methods [20]. Es-
sential oils-natural plant metabolic products-have gained signif-
icant attention as potential broad-spectrum antibacterial agents.
Their biological activity arises from a diverse array of bioactive
compounds, including monoterpenes, sesquiterpenes, phenolic
compounds, and aromatic aldehydes.

Previous studies have shown that essential oils can act at various
levels of the bacterial cell, including disruptions of the cytoplas-
mic membrane, cell wall, and metabolic processes [21]. These

mechanisms include membrane permeabilization, disruption of
membrane potential, inhibition of ATP synthesis, and induction
of oxidative stress. Additionally, some essential oils exhibit an-
tibiofilm activity, which is particularly relevant for combating
endodontic infections.

The aim of this study was to determine the antibacterial potential
of selected essential oils against E. faecalis, with particular em-
phasis on marjoram, eucalyptus, cananga, ylang-ylang, caraway,
clementine, and petitgrain oils. The study also sought to evaluate
the clinical potential of these natural compounds as alternatives
to conventional antibacterial agents.

Materials and Methods

Test Organism

The study used an Enterococcus faecalis strain, a standard test
organism for antibacterial activity research. The strain was prop-
agated in 2% distilled water solution and incubated for 24 hours
at 37 °C. After incubation, cultures were stored in the laboratory
refrigerator. Prior to experiments, bacteria were equilibrated to
room temperature for 4 hours.

Essential Oils

The study used marjoram, eucalyptus, cananga, ylang-ylang,
caraway, clementine, and petitgrain essential oils (Fig. 2). Car-
away oil was obtained via 3-hour steam distillation of Carum
carvi fruits ,,Rafex” brand using a Deryng apparatus, while the
remaining oils were sourced from “Mystic Moments” (Fig. 1).
All oils were stored at room temperature in a dark room prior
to use.

Figure 1: Steam distillation of caraway oil using a Deryng apparatus
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Figure 2: Caraway oil after distillation

Antibacterial Activity Assay — Disk Diffusion Method

The antibacterial activity of the essential oils was evaluated us-
ing the disk diffusion method described. Petri dishes were filled
with sterile agar medium, and after the agar had solidified, each
plate was uniformly inoculated with a bacterial suspension. Ster-
ile paper disks were impregnated with a 20% solution of the test
essential oil and placed on the agar surface. The plates were then
incubated at 37 °C for 48 hours, and inhibition zone diameters
were measured after 24 and 48 hours of incubation [22].

Statistical Analysis

All inoculations were performed in triplicate. Results are ex-
pressed as the mean of the three measured inhibition zone di-
ameters.

Results

The study revealed significant differences in the antibacterial
activities of the individual essential oils against E. faecalis. In
the disk diffusion assay, after 24 hours, marjoram oil produced
zones measuring 22.5 mm (Fig. 3). Petitgrain oil showed similar
efficacy, with an inhibition zone of 20.5 mm (Fig. 4).

Figure 3: The inhibition zone of the 20% marjoram oil sample after 24 hours.
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Figure 4: The inhibition zone of the 20% Petitgrain oil sample after 24 hours.

Cananga oil also demonstrated similar antibacteri- (Fig. 6). Eucalyptus oil likewise showed low activity
al activity with an inhibition zone of 18 mm, while with an 8 mm inhibition zone (Fig. 7). Clementine
ylang-ylang oil showed a zone of 4.8 mm (Fig. 5). oil had the weakest activity, with a 1.5 mm inhibition
Caraway oil exhibited activity with a zone of 2.3 mm zone (Fig. 8).

Figure 6: The inhibition zone of the 20% caraway oil sample after 24 hours.
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Figure 8: The inhibition zone of the 20% clementine oil sample after 24 hours.

After 48 hours of incubation, the most pronounced antibacteri-
al effect was observed for Petitgrain oil, whose inhibition zone
reached 7.5 mm (Fig. 9). Next in size was Cananga oil with a
zone 4.5 mm. Ylang Ylang oil produced an inhibition zone mea-
suring 2 mm (Fig. 10), while eucalyptus (Fig. 11) and cumin oils

showed comparable effects (Fig. 12), forming zones with diam-
eters of 1.5 mm and 1 mm, respectively. The weakest results
were seen for marjoram (Fig. 13) and clementine oils (Fig. 14),
which exhibited no antibacterial activity against E. faecalis, as
no inhibition zones were formed.

Figure 9: The inhibition zone of the 20% Petitgrain oil sample after 48 hours.
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Figure 11: The inhibition zone of the 20% eucalyptus oil sample after 48 hours.

Figure 12: The inhibition zone of the 20% caraway oil sample after 48 hours.
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Figure 13: The inhibition zone of the 20% marjoram oil sample after 48 hours.

Figure 14: The inhibition zone of the 20% clementine oil sample after 48 hours.

Discussion

The conducted studies clearly indicate that the selected essen-
tial oils exhibit markedly diverse antibacterial activity against E.
faecalis in an in vitro model, which is confirmed by the rigorous
methodology and classification in the literature regarding mea-
surement of bacterial growth inhibition zones using the disk dif-
fusion method. A standardized approach to zone measurements
and categorization of results according to established suscep-
tibility categories (resistant, poorly susceptible, intermediately
susceptible, susceptible) allows for reliable interpretation of the
obtained data and enables comparison with findings from other
authors (Table 1). The bacterial susceptibility levels to the speci-
fied essential oils were determined based on the data from the ta-
ble by Janusz Borysiewicz. The observed differences in activity
among individual oils can be attributed to their varied chemical
compositions, particularly the content of bioactive compounds
with documented antibacterial properties.

The highest antibacterial activity after 24 hours of incubation
was exhibited by marjoram oil (22.5 mm inhibition zone) and
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Petitgrain oil (20.5 mm), suggesting that these are highly effec-
tive during the initial phase of bacterial exposure. These results
are consistent with the literature highlighting the role of phenols
and terpenoid alcohols (e.g., thymol, linalool) as key constitu-
ents responsible for strong interactions with bacterial cell walls
and cytoplasmic membranes [23-25]. The large inhibition zones
also indicate the potential use of these oils as disinfectants in
endodontic practice, particularly during the preliminary elimi-
nation of pathogens.

Cananga and Ylang-Ylang oils exhibited moderate (18 mm) and
low (4.8 mm) efficacy, respectively. Their activity may be related
to lower levels of compounds such as eugenol or linalool, which
at higher concentrations are known for their antibacterial effects
[26]. Eucalyptus, caraway, and clementine oils demonstrated
weak or very weak activity (Fig. 15). This outcome corrobo-
rates reports that eucalyptol—the main constituent of eucalyptus
oil-shows limited efficacy against Gram-positive pathogens, and
that citrus oils high in limonene are generally less active against
E. Faecalis.
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Table 1: Degrees of Sensitivity and the Sizes of Microbial Growth Inhibition Zones

Degrees of Sensitivity and the Sizes of Microbial Growth Inhibition Zones

(disk diffusion method) (according to WWSS-4 standards)

Susceptibility category

Mean inhibition zone diameter (mm)

0-19

20-24

25-29

230

Diam. (mm)

Marjoram

Eucalyptus Cananga

Mean Inhib. Diameter by Sample

Ylang-Ylang

Sample

Caraway Clementine Petitgrain

Figure 15: Mean Inhibition Zone Diameter by Sample after 24 hours

After 48 hours, most of the tested essential oils showed a gen-
eral decline in antibacterial activity. Petitgrain oil demonstrated
the greatest resistance to loss of efficacy, although its inhibition
zone still decreased significantly to 7.5 mm. This may indicate
that its constituents are more stable under prolonged incubation
or that it interacts more strongly and durably with E. faecalis
compared to the other extracts. Cananga oil maintained limited
activity (4.5 mm), while the remaining oils—marjoram includ-
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ed—exhibited no activity after extended exposure (Fig. 16). The
absence of marjoram oil’s effect at 48 hours is particularly note-
worthy, given its initially highest potency; this could suggest in-
stability of its active components or a possible reactive regrowth
of the pathogen once the oil’s action wanes. Such observations
highlight the importance of evaluating not only the initial anti-
bacterial effect but also the sustained efficacy of essential oils in
clinical applications.
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Diameter (mm)

Mean Inhibition Zone Diameter by Sample

Magjoram Eucalyptus Cananga Yiang-Yiang

Carwary Clemanting Petitgrain

Figure 16: Mean Inhibition Zone Diameter by Sample after 48 hours

The results indicate that selected essential oils may be effective
as short-term antiseptic agents; however, their long-term stabil-
ity and practical applicability require further investigation, in-
cluding in models simulating the biological conditions the root
canal. The data obtained confirm literature reports of the high
efficacy of certain essential oils against E. faecalis over a short
exposure time, but also underscore the challenges related to their
stability and the maintenance of activity over extended periods.

Overall, based on the results obtained, petitgrain oil appears to
possess the greatest therapeutic potential, having demonstrat-
ed relatively sustained activity. The findings for marjoram oil
suggest that its use may require repeated dosing or combina-
tion with other agents to prolong its effect. The weak activity of
clementine and caraway oils, on the other hand, highlights the
need to assess each oil individually and to explore the synergis-
tic potential of their mixtures.

A limitation of this study is its in vitro model, which does not
fully replicate clinical conditions. Although the disk diffusion
method is widely accepted, the efficacy of the oils may be influ-
enced by the presence of matter, pH variations, or interactions
with biological substrates. In subsequent phases, it would be
desirable to extend the research to tissue-based models and to
assess cytotoxicity in human cell lines.

In summary, according to current findings and the scientific liter-
ature, marjoram and Petitgrain oils exhibit the greatest potential
for short-term elimination of Enterococcus faecalis, whereas the
durability of and efficacy of the other oils require further detailed
evaluation.
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