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Background: In this study, the efficacy of three essential oil extraction techniques steam entrainment, Soxhlet extraction, and
supercritical fluid extraction (SCF) was evaluated.

Aim: Determine the most effective method for obtaining bioactive compounds from Cymbopogon citratus, Origanum vulgare, and
Coriandrum sativum, plant species recognized for their antimicrobial and anti-inflammatory properties with potential applications in
dentistry. The selected plants, identified based on scientific evidence, were certified and lyophilized prior to extraction. The efficiency
of each technique was assessed in terms of essential oil yield, purity, and biological activity.

Methodology: The plant species were selected for their therapeutic properties based on scientific reports, certified, and lyophilized
before proceeding with the different extraction methods. The efficacy of each technique was compared in terms of the purity and yield
of the essential oils obtained. The statistical analysis was performed using SPSS version 25.

Results: It was shown that FSC extraction is the method that allows obtaining essential oils with the highest purity and yield, followed
by steam entrainment, with the Soxhlet method being the least efficient. However, in the microbiological analysis, the essential oil
obtained by steam entrainment showed a greater inhibitory effect against Candida albicans ATCC 90028.

Conclusion: In this study, the FSC and steam entrainment techniques are the most suitable for obtaining essential oils for therapeutic
applications in dentistry, since they allow better preservation of the bioactive components and reduce the environmental impact. These
results position FSC and vapor entrainment extraction as promising options for the development of therapeutic products in dentistry.
Keywords: essential oil, extraction methods, odontology, Cymbopogon citratus, Origanum vulgare, Coriandrum sativum

Introduction
Essential oils (EOs) are liquid extracts with a consistency similar to that of fatty oils, yet they are distinguished by their
volatility, which allows them to evaporate without leaving residues."* They are derived from various parts of plants,
including leaves, seeds, bark, roots, flowers, and fruits.>* The aroma and color characteristics of EOs are determined by the
composition and proportion of their active compounds. These oils are complex mixtures that may contain up to 100 active
components, such as low-molecular-weight aliphatic, terpenoids, monoterpenes, sesquiterpenes, and phenylpropanes.*
EOs have broad applications across various industries, including pharmaceuticals, food, and cosmetics. They are used
in the manufacture of perfumes, flavorings, and acaricidal and insecticidal agents, owing to their anti-inflammatory,
antioxidant, and antimicrobial properties, among others.”* In dentistry, EOs could be formulated into mouthwashes, gels,
or toothpaste to enhance their stability and efficacy.” Compared to conventional antifungals such as azoles and polyenes,
EOs offer multiple mechanisms of action and a lower risk of resistance, although their clinical effectiveness still requires
validation in clinical trials.'”
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EOs have demonstrated antifungal properties through mechanisms such as disrupting fungal cell membranes,
inhibiting ergosterol synthesis, and preventing biofilm formation."'"*'> Compounds such as thymol and eugenol destabilize
the cell membrane of Candida albicans,"> while others induce oxidative stress, leading to cellular apoptosis.'* These
characteristics position them as promising alternatives for the treatment of oral infections. However, their volatility and
potential toxicity necessitate detailed studies to ensure their safety and optimal dosage. For clinical implementation, it is
crucial to evaluate their safety profile, develop controlled-release systems, and conduct comparative studies with existing
treatments. Future research should focus on the standardization of bioactive components and their synergistic potential
with conventional antifungals.'?

To ensure the optimal quality of EOs, several factors influencing their composition must be considered, ranging from
intrinsic plant characteristics to environmental and methodological aspects.>®'®!” The extraction method is a key factor
in EO quality and depends on both the technique employed and the specific conditions of analysis and solvents used.'®
Choosing the appropriate extraction method is essential to preserve the oil’s bioactive properties and meet required
quality standards.'® In the pharmaceutical industry, EO extraction methods are fundamental for drug formulation and
development, as they enable the isolation of bioactive components from plants with therapeutic properties. Among the
most commonly used methods is steam distillation. However, more advanced and sustainable techniques include
Clevenger trap hydrodistillation, ultrasound-assisted extraction, supercritical fluid extraction, and Soxhlet extraction.'®'®

The present study aimed to compare three methods of essential oil extraction from Origanum vulgare (Oregano),
Cymbopogon citratus (Lemon Verbena), and Coriandrum sativum (Coriander). These plant species are widely distributed
across Ecuador, where they are traditionally cultivated and used for both medicinal and culinary purposes. Cymbopogon
citratus thrives in tropical and subtropical regions, particularly along the Ecuadorian coast and in the Amazon, where it is
highly valued for its applications in infusions and natural medicine. Origanum vulgare flourishes in the temperate zones
of the Andean highlands, where it plays a prominent role in local gastronomy and is often incorporated into herbal
remedies. Similarly, Coriandrum sativum is commonly found throughout Ecuador, particularly in the Coast and Sierra
regions, where it is a staple in traditional cuisine and is known for its digestive and antimicrobial properties.'*-*

The efficacy of each extraction method was evaluated in terms of purity, yield, and effectiveness, focusing on
bioactive compounds known for their antimicrobial properties, such as carvacrol, thymol, a-citral, and others. This
analysis serves as a preliminary phase for future research in dentistry, aimed at developing pharmaceutical formulations
based on these oils, which have demonstrated potential in inhibiting the growth of Candida albicans and other
pathogenic microorganisms. The results from this study will contribute to understanding the potential of these essential
oils as natural alternatives in dental applications.

Materials and Methods

This was a longitudinal laboratory study and was performed under the permission of the Bioethics Committee of the
Catholic University of Cuenca under the category of exempt, with code 108-2024. The objective of this study was to
identify the most effective extraction method for the three plant species: lemon verbena, coriander and oregano; in order
to test the antifungal effect of these plant species in the field of dentistry.

Selection of Plant Species
The plant species studied are widely distributed in Ecuador, where they are traditionally cultivated and utilized for their
medicinal and culinary properties. Cymbopogon citratus thrives in tropical and subtropical regions, particularly along the
Ecuadorian coast and in the Amazon, where it is highly valued for its use in infusions and natural medicine. Origanum
vulgare flourishes in the temperate zones of the Andean highlands, where it is widely incorporated into gastronomy and
herbal remedies. Coriandrum sativum is commonly found throughout the country, especially in the Coast and Sierra
regions, where it is an essential component of traditional cuisine and is attributed with digestive and antimicrobial
properties.'’

These species were selected for this study due to their well-documented antimicrobial activity, which is attributed to
the presence of chemical compounds such as carvacrol, thymol, a-citral, myrcenol, B-citral, citral, y-myrcene, linalool,

16,21
d,'®

geraniol, borneol, and linoleic aci as well as their traditional use in Ecuadorian folk medicine. Previous studies
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have demonstrated that the essential oils and extracts of these plants contain bioactive compounds with antifungal
properties. Specifically, their efficacy against Candida albicans, an opportunistic fungus responsible for infections in

humans, was investigated to explore natural alternatives for controlling this pathogenic yeast.”'”

Botanical Certification
To ensure the authenticity and accurate identification of the plant species used in this study—Cymbopogon citratus
(lemongrass), Origanum vulgare (oregano), and Coriandrum sativum (coriander) a rigorous botanical certification
process was carried out. This certification was conducted by a specialized expert in plant taxonomy with extensive
experience in species identification. (Professor Veronica Vivar- Ciencias Agropecuarias Universidad Catdlica de Cuenca)
The process involved a detailed morphological examination of the samples, comparing their characteristics with
standard botanical identification keys and reference herbarium specimens. Additionally, the samples were cross-verified
against specialized botanical literature to confirm their classification. This multi-step verification ensured that each
sample matched established botanical descriptions, guaranteeing the accuracy of species identification.

Obtaining and Selecting the Plant Species

Representative samples of the plant species lemon verbena (Cymbopogon citratus), oregano (Origanum vulgare) and
coriander (Coriandrum sativum) were collected from various sources, including specialized nurseries and identified wild
areas. Plants were selected in good health and free of visible diseases.

In addition, special attention was paid to the phenological stage of the plants, collecting the leaves of lemon verbena
and oregano during their vegetative phase and the mature seeds of coriander. This procurement process ensured the
availability of high-quality samples, essential for the investigation of essential oils and their antifungal properties.

The selection of lemon verbena and oregano leaves was carefully made during the vegetative growth stage of the
plants, when the essential oils are presumably at their highest concentration. Mature, healthy leaves were chosen,
avoiding those that showed signs of insect damage, disease or environmental stress. In addition, attention was paid to
the uniformity of size and shape of the selected leaves, ensuring the homogeneity of the sample. For coriander, in
addition to leaves, mature seeds were collected, as they contain a significant number of essential oils with antifungal
properties. This rigorous selection process ensured that high quality and homogeneous samples were obtained, which are
essential to obtain reliable results in the study of essential oils.

Extraction Methods

The selection of methods such as steam entrainment, supercritical fluid extraction (SFE), and Soxhlet extraction for
obtaining essential oils is based on their specific advantages in terms of efficiency, selectivity, and the quality of the final
product. The choice among these methods depends on factors such as the nature of the plant, the desired composition of
the essential oil, and economic and environmental considerations. SFE, in particular, stands out for its ability to obtain
high-quality extracts in a sustainable manner.

Supercritical Fluid Extraction (SFE)

The supercritical state is reached by equilibrium between temperature and pressure, where a gas can condense into
a liquid by increasing the pressure to its maximum value, while a liquid can vaporize by increasing the temperature to its
upper limit.

First, it is imperative to perform the process of drying and grinding the sample in order to enlarge its surface area and
thus facilitate the interaction with the supercritical fluid. Subsequently, this prepared sample is introduced into the
extraction column of the device. The configuration of the thermo-pressurized conditions of the system is carried out
according to the particular specifications required for the selected supercritical fluid. Then, the controlled injection of the
supercritical fluid is carried out using a high-pressure pump.

The liquid comes in contact with the sample, performing the function of a solvent by extracting the constituents of
interest from the sample. The soluble compounds will be dissolved in the liquid and transported out of the extraction
column.
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Figure | Supercritical fluid extraction method. Created in BioRender. Benavides, S. (2025) https://BioRender.com/kgtOck9.

Pressure and temperature are regulated by a valve to proceed with depressurization and separation, where the extract
is separated from the remaining supercritical fluid by a process of decompression and evaporation. This approach allows
selective extraction of the desired compounds, since their solubilities are affected by temperature and pressure, and is

advantageous due to the use of a non-harmful solvent, as shown in Figure 1.7

Steam Entrainment
This steam entrainment process is used to achieve complete recovery of the essential oil. It is a distillation process that
avoids the direct use of heat on the selected sample, which helps to preserve both the quality and the integrity of the
sample. As a result, a high purity essential oil is obtained, as the volatile components are efficiently extracted by steam.”’
The distillation flask is filled with water, while the respective samples are placed in the boiling vessel, which is
positioned in the distillation flask. The process is started by heating the distillation flask to generate steam. This steam
carries with it the volatile compounds in the samples. The essential oils then condense and, being less dense than water,
float to the surface, as shown in Figure 2. ****
Extraction by Soxhlet Method
The Soxhlet extraction method is a widely used technique in analytical chemistry and phytochemistry for the efficient
separation of organic compounds from solid matrices. This method employs an apparatus designed to perform
a continuous reflux extraction process, in which a volatilized solvent condenses and recirculates through a cartridge
containing the sample.”> The fundamental principle of this technique lies in the selective solubilization of the target
compounds in a suitable solvent, ensuring thorough extraction by repeated exposure of the sample to the fresh, pure
solvent dripping from the condenser.?®
The heated solvent in the Soxhlet flask evaporates, rises through a side tube and condenses at the top of the system thanks to
the cooling provided by the condenser. The condensed liquid flows into the cartridge, where it extracts the soluble compounds
from the solid matrix. Once the solvent level in the cartridge reaches a critical point, the integrated siphon empties the contents
back into the flask, where the cycle begins again. This cyclic process allows maximizing efficiency by using controlled amount of
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solvent, while maintaining a balance between the cost and performance of the method.?” The Soxhlet method is especially useful
for complex samples where the analytes of interest are present in low concentrations or heterogeneously distributed in the matrix,

as shown in Figure 3.2
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Figure 3 Soxhlet method. Created in BioRender. Benavides, S. (2025) https://BioRender.com/c34rvzx.

459

Journal of Experimental Pharmacology 2025:17


https://BioRender.com/31eat5j
https://BioRender.com/c34rvzx

Cuenca-Leon et al

R
\( f P =N
/ e ( | —
N N
Candida albicans Supercritical fluid extraction or
ATCC 90028 Soxhlet method or

Steam distillation Inhibitory effect

Figure 4 Inhibitory effect of essential oil by each type of extraction using strains of C. albicans. Created in BioRender. Pacheco, E. (2025) https://BioRender.com/nte40ym.

Analysis of Essential Oils

The purity of the essential oils was assessed using gas chromatography coupled with mass spectrometry (GC-MS),
enabling the identification and quantification of key bioactive compounds such as carvacrol, thymol, citral, and linalool.
Purity was determined based on the relative percentage of these compounds in relation to the total components detected.
Supercritical fluid extraction (SFE) achieved the highest purity (>90%), followed by the Soxhlet method (88%) and
steam distillation (85%).

Microbiological Analysis of Essential Oils

The antifungal activity of the essential oils was tested against synthetic strains ATCC 90028 of C. albicans, without any
dilution, obtaining a maximum inhibitory halo in the 3 species, as shown in Figure 4. Further studies against bacterial
strains are planned for the future.

Statistical Analysis
A comparative analysis was conducted to evaluate the concentrations of essential oils obtained through three extraction
methods: steam entrainment, supercritical fluid extraction (SFE), and the Soxhlet method. To determine statistically
significant differences between these techniques, an analysis of variance (ANOVA) was performed using Welch’s test,
given the heterogeneity of variances.

Due to the limited sample size, the Shapiro—Wilk test was exclusively employed to assess data normality, yielding
a statistic of 0.858 and a p-value of 0.091. These results indicate no significant deviations from normality, thereby
justifying the application of ANOVA for mean comparisons.

The ANOVA results (F = 7.52, p = 0.045) revealed statistically significant differences in essential oil concentrations
across the plant species analyzed. These findings suggest that the intrinsic chemical composition of each species plays

a critical role in determining essential oil yield.

Results
Analysis of the Concentration of Essential Oils in Lemon Verbena, Cilantro, and

Oregano: Comparison of Extraction Methods
The analysis of essential oil concentrations extracted from Lemon Verbena, Cilantro, and Oregano demonstrated that the
Supercritical Fluid Extraction (SFE) method is the most efficient in terms of yield. Compared to Soxhlet and steam
entrainment methods, SFE consistently yielded higher concentrations across all evaluated plant species. The specific data
for each method and plant are presented in Table 1.

These findings suggest that the choice of extraction method should be made according to specific priorities—whether
to maximize yield or to balance costs and process complexity. The SFE method, though more complex and costly,
provides the highest yield, while vapor entrainment offers a more affordable solution at the cost of lower concentrations.
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Table | Analysis of the Concentration of Essential Oils in Lemon Verbena, Cilantro, and
Oregano: Comparison of Extraction Methods

Extraction Method Lemon Verbena (%) | Cilantro (%) | Oregano (%)
Supercritical fluid extraction (SFE) 2 1.2 1.6
Soxhlet Extraction 1.8 | 1.4
Steam entrainment 1.5 0.8 1.2

The cost analysis in this case was carried out by evaluating the operational and infrastructure costs associated with
each extraction method, comparing them with the yield in terms of essential oil concentration obtained. The supercritical
fluid extraction (SFE) method was the most expensive due to the investment in specialized high-pressure equipment and
the consumption of CO,, which entails high costs both in installation and operation. The Soxhlet method, while more
economical, also incurs operational costs due to the use of solvents, but these are lower compared to SFE, making it more
accessible. Lastly, steam distillation proved to be the most cost-effective due to its simplicity and low operational costs;
however, its lower yield required more raw material to obtain a similar amount of oil, affecting overall efficiency. The
cost analysis focused on the relationship between initial investment, operational costs, and the volume of essential oil
produced.

Figure 5 illustrate the mean concentrations of essential oils for each plant species and extraction method, along with
their respective 95% confidence intervals. As shown in the graph, there were no significant differences in the concentra-
tion of oils obtained by each extraction method, which aligns with the results of the ANOVA analysis.

For the Lemon Verbena plant, the average concentration was 1.77%, with a standard deviation (SD) of 0.252 and
a standard error (SE) of 0.145, based on a sample of three extractions. Cilantro yielded an average concentration of
1.00%, with a SD of 0.200 and an SE of 0.115, also from three extractions. Oregano’s mean concentration was 1.40%,
with a SD of 0.200 and an SE of 0.115, derived from three samples.

Coriand/Soxh f0.10}
Cymbo/Superecriti
Coriand/Steam
Coriand/Supercriti
Origa/Steam
Origal/Soxh
Cymbo/Steam
OrigalSupercriti

Cymbo/Soxh

0,00 0,50 1,00 1,50 2,00

Concentration

Figure 5 Analysis of the extraction method - concentration.
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The graph presents the average concentrations for each plant along with their confidence intervals, which provide
insights into the variability of the samples and the precision of the estimated means. Notably, the variability in
concentrations was higher for Lemon Verbena compared to the other two plants, indicating a greater variation in its
essential oil yield.

The ANOVA analysis yielded an F-value of 7.52 and a p-value of 0.045, indicating that there are significant
differences in the concentrations of the essential oils among the plant species. This suggests that the type of plant
plays a significant role in determining the concentration of essential oils, and the observed differences are not due to
random chance.

It is important to note that while the graph shows the average concentrations of each plant, the differences in these
concentrations may be influenced by both the intrinsic properties of the plants and the analysis methods employed.
Variations in the sensitivity and precision of the extraction techniques could contribute to these differences.

These results suggest that while different extraction methods were used, there were no significant differences in the
final concentrations of essential oils across methods, providing a useful foundation for future studies in this area.

Extraction Method Parameters Analysis

As summarized in Table 2, the supercritical fluid extraction method emerged as the most efficient in terms of both purity
and yield. However, the Soxhlet method showed some drawbacks, particularly its longer extraction time, which could be
a limiting factor in large-scale applications.

Antifungal Effects of Essential Oils from Different Extraction Methods
The antifungal effects of essential oils extracted using three methods are summarized in Table 3. The Soxhlet extraction
showed minimal activity, with inhibition zones smaller than 6 mm. The SFE method exhibited moderate activity, while

the steam entrainment method demonstrated the highest efficacy, with inhibition zones greater than 6 mm.

Table 2 Performance of Extraction Methods: Oil Quantity, Purity and Cost

Extraction Method Plant Advantages Disadvantages
Steam Distillation Cymbopogon - Low operating cost - Long extraction time
citratus - Simple process - May degrade sensitive compounds

- Good yield with high purity

Coriandrum - Efficient for volatile compounds - Produces less oil compared to other
sativum - Widely accepted commercially methods
Origanum vulgare - Low toxicity and process safety - Requires large amounts of raw material

- Good yield in terms of purity

Supercritical Fluids Cymbopogon - High purity and yield - High operating cost
citratus - Preserves sensitive compounds - Requires expensive specialized equipment
Coriandrum - Excellent for thermolabile compounds -Complex process
sativum - High extraction efficiency - Longer extraction time
Origanum vulgare - Produces oils with a complete aroma profile - Requires advanced technical knowledge

- Requires fewer solvents
Soxhlet Cymbopogon - Good extraction efficiency - High solvent consumption
citratus - Equipment is readily available in standard - Long process duration

laboratories

Coriandrum Continuous process with good oil recovery - Risk of thermal degradation
sativum - Well established method - Requires prior degreasing
Origanum vulgare - High reproducibility - High energy consumption
- Allows the use of different solvents - Solvents may leave residues
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Table 3 Antifungal Effects of Essential Oils from Different Extraction Methods

Extraction Method Inhibition Zone (mm) | Antifungal Activity Conclusion

Soxhlet Extraction < 6 mm Minimal activity Limited antifungal effect
Supercritical Fluid Extraction (SFE) | Below expected threshold Moderate activity Antifungal effect, but below expected levels
Steam Entrainment > 6 mm High activity Most effective method for antifungal applications

Table 4 Comparison of Extraction Methods Based on Essential Oil
Yield and Characteristics

Plant Species | Supercritical Fluid Soxhlet Steam
Extraction (SFE) | Extraction | entrainment

Lemon Verbena 2.00% 1.80% 1.50%
Cilantro 1.20% 1.00% 0.80%
Oregano 1.60% 1.40% 1.20%

Comparison of Extraction Methods Based on Essential Oil Yield and Characteristics
In Table 4, a detailed comparison of the steam entrainment, supercritical fluid, and Soxhlet methods is presented. This
comparison outlines the advantages and limitations of each technique in relation to the particular characteristics of the
plants studied. This analysis serves as a basis for selecting the most appropriate extraction method, depending on the
specific quality requirements for essential oils, particularly in applications such as dental treatments.

These comprehensive results underscore the importance of selecting the right extraction method to achieve optimal
yield and quality of essential oils for various applications, including therapeutic uses.

Discussion

Although essential oils can be obtained using different methods, such as solvent extraction, steam entrainment, and
supercritical fluid extraction, the most widely used method—both on a small and large scale—is steam entrainment. This
method is preferred because it yields a higher proportion of various essential oils.'*?° This is supported by the data in
Table 2, which shows that steam entrainment resulted in 2.5 g of oil with 85% purity in 4 hours, at a low operational cost.
In contrast, supercritical fluid extraction yielded 3.2 g in 6 hours with 90% purity but at a higher economic cost. The
Soxhlet method, meanwhile, produced 2.8 g with 88% purity in 8 hours, at a medium operational cost.

The antifungal activity of the extracted essential oils was evaluated by measuring their growth-inhibitory capacity
against Candida albicans ATCC® 90028. The best results were obtained with the essential oil extracted via steam
entrainment. It is important to note that this study specifically examined the efficacy against C. albicans ATCC® 90028,
which is a crucial aspect to clarify, as this research is considered preliminary for the development of therapeutic
applications. Previous studies have indicated that oregano essential oil can inhibit the growth of other strains, such as
Staphylococcus aureus and Pseudomonas aeruginosa, by altering the permeability of the cell membrane.>® However,
conflicting research suggests that this essential oil may not be effective against these microorganisms. These discrepan-
cies may be attributed to variations in the composition of the essential oils used, which can significantly affect their
antifungal activity. It is generally accepted that phenolic compounds, such as thymol and carvacrol, have hydroxyl groups
that cause considerable structural and functional damage at the plasma membrane level.'**'*

By comparing and evaluating extraction methods, their advantages and disadvantages, the following points of
discussion can be derived from certain authors. Several studies highlight that essential oils (EOs) have diverse applica-
tions in the pharmaceutical industry, as preservatives in the food industry, and as promoters and regulators of intestinal
health in animal feed, due to their antimicrobial and antioxidant properties.'>*' Steam entrainment extraction has been
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identified as the most common method for obtaining essential oils used in multiple sectors. However, solvent extraction
has been shown to generate residues and cause losses of essential oils.?'** Several authors have concluded that steam
distillation is preferable because it operates outside the system, maintaining a lower internal temperature and thus
reducing the rate of deterioration compared to water distillation. However, a major challenge of this method is the precise
regulation of steam flow and pressure.®?'->*2°

Moreover, a study comparing the extraction efficiency of essential oils from grapefruit peels found that steam
distillation was the most successful method, with yields up to 60 times higher than hydrodistillation. The authors of
this study noted that these results were consistent with those reported in the literature, and attributed this success to the
hydrophilic and non-volatile nature of the essential oils extracted from citrus fruits.?*

It can be mentioned that other authors reached similar conclusions, with steam entrainment yielding more accurate
results compared to what has been documented in the literature. In this context, steam entrainment was demonstrated to
be the most efficient method for obtaining essential oils, compared to the Soxhlet method using organic solvents, due to
its ability to produce a product with fewer impurities.”*>’

Additionally, the importance of this study in the field of phytotherapy cannot be overstated, as it represents the first
stage of research for the formulation of therapeutic applications. Phytotherapy, an alternative to conventional pharma-
cological treatments, requires precise and efficient methods for extracting bioactive components from plants. This study
focuses on comparing different extraction techniques to determine the most suitable one in terms of purity, yield, and
efficacy. The ultimate goal is to develop formulations that can be applied in the dental field, particularly for combating
Candida albicans infections, a common fungus in the oral cavity. Furthermore, this research aims to lay a solid
foundation for future studies that will optimize the formulation of phytotherapeutic products.”

Comparing the efficacy of essential oils (EOs) with conventional antifungal agents used in dentistry, such as azoles
and polyenes, is crucial for determining their viability as alternatives or adjuvants in the treatment of oral infections.
Recent studies have shown that compounds like thymol and eugenol exhibit significant antifungal activity against
Candida albicans, comparable to drugs like fluconazole, although with distinct mechanisms of action that could help
reduce the risk of resistance. Additionally, some essential oils have shown synergistic effects when combined with
conventional antifungals, enhancing their efficacy and reducing the toxicity associated with these treatments. However,
the variability in EO composition and the lack of standardization in their clinical use call for further trials to assess their
effectiveness in vivo and their long-term safety. Well-designed comparative studies would help define the role of EOs in
dentistry, optimize their formulation, and determine appropriate dosages for clinical use.*'*?

It is crucial that future research investigates the effectiveness of these oils on a wider range of oral pathogens, as well
as their potential toxicity and long-term stability in dental preparations. This analysis lays the foundation for future
research to confirm the use of essential oils obtained through FSC and vapor entrainment in the creation of new
phytotherapeutic treatments in dentistry, drawing attention to sustainable and effective options for antimicrobial resis-
tance. In consequence, the choice of extraction method should be based on a thorough evaluation that takes into account
purity, yield, operating costs, preservation of bioactive components and microbiological analysis.

Conclusions

This study compared three methods of essential oil extraction steam distillation, supercritical fluid extraction (SFE), and
Soxhlet extraction using Cymbopogon citratus, Origanum vulgare, and Coriandrum sativum. SFE proved to be the most
efficient in terms of both yield and purity, reaching over 90% bioactive compound content. Although steam distillation
showed slightly lower purity levels, it demonstrated the highest antifungal efficacy against Candida albicans, making it
a strong candidate for dental applications where antimicrobial effectiveness is essential.

Economically, SFE requires greater investment and operational costs due to the need for high-pressure equipment and
CO,, but its elevated yield makes it suitable for clinical applications that demand high standards. In contrast, steam
distillation, with its lower complexity and reduced costs, presents a sustainable and accessible alternative, especially for
broader therapeutic use. Soxhlet extraction, while effective, is less favorable due to longer processing times and solvent-

related limitations.
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In conclusion, selecting an appropriate extraction method must involve a comprehensive evaluation of yield, purity,
efficacy, cost, and sustainability. Based on these criteria, both SFE and steam distillation emerge as the most suitable
options for producing high-quality essential oils with potential therapeutic applications in dentistry.
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