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Essential oils have emerged as popular natural alternatives to synthetic
ingredients in cosmetic products, drawing attention for their therapeutic
potential in treating skin conditions like acne, psoriasis, and atopic dermatitis.
This systematic review analyzed 70 studies from the past decade across
multiple databases to evaluate their effectiveness and safety in derma cosmetic
applications. The research encompassed clinical trials, in vitro studies, and in vivo
experiments examining various essential oils in different cosmetic formulations,
including lavender (Lavandula angustifolia), tea tree (Melaleuca alternifolia),
chamomile (Matricaria chamomilla), peppermint (Mentha piperita), hemp
(Cannabis sativa), Euphorbia characias, hierba de San Guillermo (Agrimonia
eupatoria) and eucalyptus (Eucalyptus globulus). Key findings demonstrated that
tea tree oil was particularly effective for acne treatment, while lavender and
rosemary oils showed promising anti-inflammatory and anti-aging properties.
Plant extracts from Ocimum gratissimum and Matricaria chamomilla also
yielded positive results for skin health improvement. Various formulations
such as gels, creams, and serums showed different levels of effectiveness
in enhancing skin hydration, elasticity, and overall appearance. While the
clinical evidence suggests significant potential for essential oils in cosmetic
and dermatological applications, researchers emphasize the need for more
comprehensive, longterm clinical trials to establish their efficacy and safety
profiles fully.
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GRAPHICAL ABSTRACT

The Selection process for studies on essential oils in cosmetic applications.

The growing demand for
natural products and research
into the efficacy of essential
oils has driven innovation in
formulation technologies.

¢ Improve the stability
of essential oils

e Optimize skin
penetration

¢ Control the release of
ingredients

Essential oils: promising
natural alternatives for skin
care

e Acne

Atopic dermatitis
Psoriasis

Anti-aging
Anti-inflammatory
Antimicrobial
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1 Introduction

Essential oils (EOs) have gained significant traction in
contemporary cosmetic products, offering natural alternatives
to synthetic components (1). EOs, derived from various plant
parts through distillation (2) or cold pressing (1), have a wide
range of bioactive compounds with potential skin benefits (3);
these concentrated plant extracts are valued for their therapeutic
properties and pleasant fragrances (3). Lavender (4), tea tree (5),
and rosemary (6) oils are among the most popular in skincare
formulations due to their antimicrobial, anti-inflammatory, and
anti-age properties (7-10) for skin conditions. This affects millions
worldwide, with varying prevalence between children and adults
(11). In children, atopic dermatitis (eczema) is widespread,
affecting up to 20% of children in developed countries (12).
Adults commonly experience acne, rosacea, and psoriasis, with
adult acne affecting up to 15% of women (13-15); environmental
factors, genetics, hormonal changes, and lifestyle choices contribute
significantly to these conditions (16). As a result, currently the
cosmetic industry has significantly shifted toward natural and
plant-based ingredients (17-19, 20) and The global essential oils

Abbreviations: CAGR, compound annual growth rate; IFRA, International
Fragrance Association; EOs, essentials oils; FDA, Food and Drug
Administration; TEWL, Transepidermal Water Loss; NCT, Clinical Trial
Registration Number; TLC, Total Lesion Count; ASI, Acne Severity Index;
MCEO Matricaria, Chamomilla Essential Oil; ROS, Reactive Oxygen
Species; UV, Ultraviolet; CVD, Cardiovascular Disease; RCT, Randomized
Controlled Trial; CBD, cannabidiol; NE, nanoemulsions; TTO, tea tree oil;
MaEO, Melaleuca alternifolia Essential Oil; HPTLC, high-performance thin-
layer chromatography.
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market size in 2022 is expected to grow at a Compound Annual
Growth Rate (CAGR) of 7.4% from 2023 to 2030 (21).

The cosmetic industry has significantly shifted toward natural
and plant-based ingredients, with essential oils gaining prominence
(16). This trend is driven by increasing consumer awareness of
potential side effects from synthetic chemicals and a desire for
“natural” beauty products (17, 18). Essential oils, derived from
various plant parts through distillation (19) or cold pressing (1),
offer a wide range of bioactive compounds with potential skin
benefits (22). The global essential oils market size in 2022 is
expected to grow at a Compound Annual Growth Rate (CAGR)
of 7.4% from 2023 to 2030 (21). This growth is partly fueled
by the incorporation of essential oils in cosmetic products (4).
Lavender (5), tea tree (6), and rosemary (7) oils are among the
most popular in skincare formulations due to their antimicrobial,
anti-inflammatory, and anti-age properties (8-10).

The use of essential oils (EOs) in cosmetics presents challenges
despite their general safety at low concentrations. Regulatory
oversight remains minimal, as the Food and Drud Administration
(FDA) does not require pre-approval for their use in fragrances
and cosmetics, assuming compliance with labeling guidelines (23).
Nevertheless, in vitro and in vivo studies support their efficacy,
reinforcing consumer interest in natural skincare (24-27). To
mitigate potential risks, the International Fragrance Association
(IFRA) has established guidelines on allergenic components and
permissible concentrations to enhance product safety (28).

EOs have been the subject of several scientific reviews in recent
years, standing out for their therapeutic potential in the treatment
of skin diseases. A systematic analysis of clinical trials showed that
EOs, such as tea tree oil, have comparable or superior efficacy to
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conventional treatments such as acne and topical fungal infections,
with a lower incidence of adverse side effects (29). In addition, a
scoping review on the use of EOs in inflammatory skin conditions,
such as dermatitis, psoriasis, and rosacea, indicated that these oils
are well tolerated and offer an attractive alternative to traditional
pharmacological treatments (30-32).

However, there are limitations to the available evidence.
Although ECs show promise, the methodological quality of
many studies is variable, with small sample sizes and lack of
standardization in oil preparation. This may affect the consistency
and generalizability of results. In addition, although EOs are
generally well tolerated, adverse effects such as dermatitis have been
reported, especially with oils such as lavender, peppermint, and
tea tree, underscoring the need for caution in their use. Therefore,
more rigorous research is required to establish protocols for safe
and effective use of EOs in dermatology (30).

Essential oils have been widely recognized for their
diverse bioactivities, including antioxidant, anti-inflammatory,
antibacterial, antifungal, antiviral, skin-barrier repairing, and
anticancer properties. These concentrated plant extracts are rich
in bioactive phytochemicals and have been used for centuries
in traditional medicine to address various dermatological issues
such as acne, inflammation, aging, and dryness (29). These
metabolites, secondary principal plant compounds, include
terpenes, phenylpropanoids, and other aromatic compounds
(32, 33). Terpenes, such as limonene in citrus oils and a-pinene
in rosemary oil, exhibit antimicrobial and anti-inflammatory
properties. These metabolites interact with skin cells (34) and the
microbiome in complex ways, influencing cellular processes and
microbial populations (35). These natural compounds, extracted
from various plant sources, have gained significant attention in
dermatological applications due to their multifaceted therapeutic
potential and relatively favorable safety profiles compared to
synthetic alternatives (36, 37).

For instance, EOs such as lavender (Lavandula angustifolia), tea
tree (Melaleuca alternifolia), chamomile (Matricaria chamomilla),
peppermint (Mentha piperita), hemp (Cannabis sativa), Euphorbia
characias, hierba de San Guillermo (Agrimonia eupatoria)
and eucalyptus (Eucalyptus globulus) are widely utilized in
dermocosmetics for their multifaceted therapeutic properties.
Lavender oil is prized for its anti-inflammatory and antimicrobial
effects, making it effective in treating acne and soothing irritated
skin, while also promoting skin barrier repair (38, 39). Tea tree
oil, rich in terpenes like terpinen-4-ol, is a potent antibacterial
and antifungal agent, commonly used in formulations targeting
acne and scalp conditions (40-42). Chamomile oil, with its high
bisabolol content, reduces redness and inflammation, making it
ideal for sensitive or eczema-prone skin (42, 43). Peppermint
and eucalyptus oils provide cooling sensations and antimicrobial
benefits, often incorporated into products for oily or congested
skin due to their ability to regulate sebum production and combat
microbial overgrowth (43-46). Agrimonia eupatoria, Bursera
morelensis, and Jatropha neopauciflora are noted for their wound-
healing capabilities, promoting tissue repair and regeneration (47).
In addressing photoprotection and hyperpigmentation, oils such
as Astragalus gombiformis and Euphorbia characias exhibit strong
UV-protective properties, acting as natural sunscreen agents (48,
49). For skin brightening, oils like Aerva lanata and Schisandra
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chinensis demonstrate potent anti-tyrosinase activity, reducing
melanin synthesis to combat uneven skin tone (50, 51).

Integrating essential oils into cosmetic products has driven
innovation in formulation technologies (52). Microencapsulation
has emerged as a key technology, allowing for the controlled
release of essential oil components and improved stability (52-
55). This technique involves encasing tiny droplets of essential oils
within a protective shell, often made of polymers or lipids (56).
Nanoemulsion technology is another advancement, creating ultra-
small droplets of essential oils dispersed in water, enhancing their
penetration into the skin and improving efficacy (57). Liposomal
delivery systems are also being employed, where essential oil
components are encapsulated within lipid vesicles, mimicking the
structure of cell membranes for better absorption (53). These
technologies enhance the stability and efficacy of essential oils
and allow for precise dosing, reducing the risk of skin irritation.
Furthermore, green extraction methods, such as supercritical CO2
extraction, are increasingly used to obtain essential oils, ensuring
higher purity and reducing environmental impact (58). The
cosmetic industry is also exploring synergistic blends of essential
oils, combining different oils to enhance therapeutic effects while
minimizing potential adverse reactions.

The growing preference for essential oil-based cosmetics over
traditional pharmaceutical formulations stems from several factors.
Firstly, essential oils offer a more holistic approach to skincare,
addressing specific skin conditions and promoting overall skin
health and well-being (59). Unlike many pharmaceutical products
that target single pathways or symptoms, essential oils can provide
multiple benefits due to their complex composition (22, 60).
Secondly, essential oils often have fewer side effects than synthetic
pharmaceutical ingredients, making them suitable for long-term
use in daily skincare routines (61). As research in this field
progresses, the integration of essential oils in evidence-based
skincare will likely increase, bridging the gap between traditional
natural remedies and modern dermatological science.

Recent clinical research has increasingly supported the efficacy
of tea tree oil (TTO) products in the management of acne vulgaris,
with several studies in the past 5 years demonstrating promising
results. A notable randomized clinical trial compared a novel tea
tree oil nanoemulsion containing adapalene gel (TTO NE + ADA
Gel) to a standard 0.1% adapalene marketed gel in 100 patients
over 12 weeks. The study found that the TTO NE + ADA Gel
led to a significantly greater reduction in total, inflammatory, and
non-inflammatory acne lesions at all measured intervals (weeks 4,
8, and 12), as well as a more pronounced decrease in the acne
severity index (p < 0.001 for all comparisons). Importantly, while
dryness was the most common adverse effect in both groups, the
overall safety profile of the TTO NE + ADA Gel was comparable
to the conventional adapalene gel, suggesting that the addition of
tea tree oil may enhance efficacy without increasing significant side
effects (1).

Another recent investigation evaluated the use of tea tree oil
gel and face wash in patients with mild to moderate acne over
12 weeks. Participants applied the tea tree oil products twice daily,
significantly reducing mean total lesion counts from 23.7 at baseline
to 10.7 at 12 weeks (P < 0.0001). The investigator global assessment
(IGA) scores improved significantly during the study. No serious
adverse events were reported, and minor local effects such as
peeling, dryness, and scaling resolved without intervention. The
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study concluded that tea tree oil products are effective and well
tolerated for mild to moderate acne, supporting their use as a
viable alternative or adjunct to conventional therapies (2). These
findings underscore the growing evidence for tea tree oil as an
effective and safe option for acne management, meriting further
comparative trials against standard patent medicines and another
study comparing TTO to a novel fermented extract found that
while both reduced inflammatory lesions, the new compound acted
faster and had a better safety profile (3).

The integration of essential oils into advanced delivery systems
is further supported by comprehensive reviews that explore their
components and mechanisms of action in cosmetic formulations.
Guzmidn and Lucia analyze the bioactive constituents of EOs, such
as terpenes and phenolic compounds, which contribute to their
multifaceted roles, including antioxidative, antimicrobial, and anti-
aging effects (11). Dontje et al. (62) expand on this by reviewing
the therapeutic potential of EOs in managing inflammatory skin
conditions, highlighting that nanoformulations can significantly
enhance the efficacy of EOs by improving skin targeting and
reducing adverse reactions. This synergy between EO bioactivity
and nanotechnology is crucial for developing the next generation of
dermocosmetics that offer both safety and enhanced performance
(12). Bongunuri et al. provide a comprehensive review of the
antioxidant properties of essential oils (EOs) and the recent
advancements in their incorporation into nanoformulations for
cosmetic applications. The authors emphasize that essential oils
possess potent free radical scavenging abilities due to their rich
content of phenolic and terpenoid compounds, which help protect
skin cells from oxidative stress and premature aging. However,
the volatile and hydrophobic nature of EOs limits their direct use
in skincare products. To overcome these challenges, the review
highlights the development of nanoencapsulation techniques
such as nanoemulsions, liposomes, and solid lipid nanoparticles,
which enhance stability, bioavailability, and controlled release
of EOs. These nano formulations improve skin penetration,
reduce irritation, and increase the shelf-life of cosmetic products,
making them highly promising for modern dermocosmetic
innovations (13).

Similarly, Javed et al. focus on the role of essential oils as
dermocosmetic agents, detailing their mechanisms of action and
the benefits of nanolipidic delivery systems for maximizing skincare
efficacy (14) the article discusses how EOs exert antimicrobial,
anti-inflammatory, and antioxidant effects that contribute to skin
health and the treatment of various dermatological conditions.
The authors underscore that nanolipidic carriers, including
solid lipid nanoparticles and nanostructured lipid carriers,
significantly enhance the solubility, stability, and skin permeability
of EOs. This leads to improved therapeutic outcomes such as
enhanced hydration, reduced inflammation, and protection against
environmental damage. The review also points out that these
advanced delivery systems can mitigate common side effects of
EOs, such as skin irritation, thereby broadening their applicability
in safe and effective cosmetic formulations (63).

Looking toward future perspectives, the prospects of EO-
loaded nanosystems in skincare are promising, with ongoing
research focusing on optimizing formulation strategies to achieve
multifunctional benefits. Kashyap et al. and Achagar et al. provide
insights into designing nano-emulsions, liposomes, and solid lipid
nanoparticles as carriers that improve EO stability and skin
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compatibility (15). Moreover, Yihan et al. discuss recent advances
in planting EO drug delivery systems, emphasizing their potential
in photoprotection, wound healing, and anti-aging therapies.
These developments reflect a growing trend toward integrating
traditional botanical ingredients with cutting-edge nanotechnology
to create innovative, effective, and consumer-friendly skincare
products (16).

2 Materials and methods

This systematic review follows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis) (64)
verification protocol with keywords in the search strategy as
Essential oils, cosmetic products, Bioactive Compounds, Skin
Conditions, previously published Clinical case Trials in human
participants were used along with the use of search operators AND,
OR. The study focuses on using essential oils in cosmetic products,
particularly their anti-inflammatory, antimicrobial, and anti-aging
effects when applied topically. The research examines various
essential oils such as tea tree oil, lavender, and rosemary, and plant
extracts like Ocimum gratissimum and Matricaria chamomilla for
their potential benefits in addressing skin conditions including
acne, psoriasis, and atopic dermatitis, as well as general anti-
aging effects. The search for articles was conducted in humans,
specifically in PubMed and the Clinical Research database.

The study selection process was carried out in two stages. In the
first, the titles and abstracts of the studies were reviewed based on
the inclusion and exclusion criteria. They identified studies that met
the inclusion criteria and excluded those that did not. In the second
stage, they reviewed full articles and excluded studies that did
not meet the inclusion criteria. Customized search strategies were
developed for the PubMed and Clinical Research bibliographic
databases. The search was performed directly and included all
articles published in the last 10 years without language restrictions.

The following data were recorded for the studies included in
the Pubmed database: author(s), article title, year of publication,
type of essential oil, type of cosmetic product, bioactive compound,
functional characteristics, and main results. For the studies
incorporated in the Clinical Research database, the following data
were recorded: NCT Number, Study Title, Study URL, Study
Status, Conditions, Interventions, Primary Outcome Measures,
Secondary Outcome Measures, Other Outcome Measures, Sponsor
Collaborators, Sex, Age, Phases, Enrollment, Study Type, Study
Design, Results First Posted and Study Documents. Finally,
information is provided on the design of the studies, the countries
where they were conducted, the size of the population studied, the
types of essential oils used, the cosmetic formulations employed,
and the bioactive compounds present in each oil. In addition, DOI
identifiers are included.

2.1 Eligibility criteria

2.1.1 Inclusion and exclusion criteria

Studies were considered eligible if they met the following
criteria: (1) clinical studies in human subjects, (2) Studies
investigating the health benefits of essential oils in cosmetic
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applications, (3) studies without any language restrictions, (4)
articles published in the last 10 years and (5) manuscripts in
journals with an impact index.

The following studies were excluded: (1) not meeting the
objectives of investigating essential oils in cosmetics, (2) cell lines,
mouse models, or another experimental, (3) not meeting the search
criteria, (4) book chapters or books, (5) Reviews and Meta-analysis,
(6) articles published more than 10 years ago, and (7) Studies not
found in the specified databases (PubMed and Clinical Research).

2.1.2 Search strategies

To ensure a comprehensive review, a detailed search strategy
was implemented across PubMed and Clinical Research databases.
The search used keywords and phrases connected by Boolean
operators (AND, OR) to capture relevant studies. The primary
search string was constructed as follows: ((“Essential oils” OR
“Volatile oils” OR “Aromatherapy oils” OR “Plant oils” OR “Plant
extracts”) AND (“Cosmetic products” OR “Skincare” OR “Topical
application” OR “Dermal absorption”) AND (“Skin conditions”
OR “Acne” OR “Psoriasis” OR “Atopic dermatitis” OR “Anti-
aging”) AND (“Bioactive compounds” OR “Active ingredients” OR
“Phytochemicals”)) AND (“Clinical trials” OR “In vivo studies”
OR “Human studies”). Specific essential oils were also included
in the search: (“Tea tree oil” OR “Lavender oil” OR “Rosemary
oil” OR “Cinnamon oil” OR “Cumin oil” OR “Coriander oil”
OR “Parsley oil”) were included to capture broader aspects of
essential oil research.

3 Results

3.1 Study selection

All the authors searched using the inclusion and exclusion
criteria previously described in the databases, including the
Cochrane Library. Subsequently, one author counted all the
references and identified 133 citations in the PubMed Clinical
Trials electronic database and Cochrane Library. After thoroughly
reviewing the abstracts in the second phase, another author
excluded 33 articles with 15 duplicates. Finally, we identified five
additional articles through PubMed and reviewed their full text.
Thus, this study included 80 references (Figure 1).

3.2 Study characteristics

The studies analyzed in this research were conducted in various
countries, including Italy, Australia, and Nigeria, and published
between 2016 and 2023 in English and Spanish. All selected studies
focused on the use of essential oils in cosmetic products. The
research primarily investigated the properties of these oils, such as
their anti-inflammatory, antimicrobial, and anti-aging effects when
applied topically. The studies have produced significant findings
on the benefits of using essential oils in cosmetic formulations,
including improvements in skin conditions like acne, psoriasis, and
atopic dermatitis, as well as anti-aging effects.

Table 1
applications, highlighting the types of products, essential oils used,

outlines studies on essential oils in cosmetic
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and main bioactive compounds identified. It covers research from
various countries, focusing on skin conditions like acne, atopic
dermatitis, and psoriasis. The table showcases diverse formulations,
including gels, creams, and lotions, demonstrating the versatility
of essential oils in skincare. Notable findings include the efficacy
of tea tree oil for acne treatment and the anti-inflammatory
properties of various plant extracts. Table 2 outlines clinical trials
investigating essential oils and plant extracts in cosmetic and
dermatological applications between 2016 and 2024. It covers a
range of interventional and randomized studies exploring stress
relief, skin hydration, acne treatment, pain management, and
hair loss prevention. Various essential oils, including lavender,
tea tree, and CBD, were studied in different formulations. The
trials employed diverse outcome measures, from physiological
responses to clinical assessments, highlighting the growing interest
in essential oils for cosmetic and dermatological uses.

The results of this study (10) showed that the serum containing
vitamin C, vitamin E, and raspberry leaf cell culture extract
significantly improved skin color, elasticity, and radiance. There
was also a marked improvement in skin smoothness, scaliness,
and wrinkling. Adverse reactions were mild, including tingling
sensations and tightness. In this 12-week study evaluating the
efficacy of a tea tree oil gel for the treatment of mild to moderate
facial acne, significant results were found: the mean facial lesion
count decreased from 23.7 at baseline to 10.7 at the end of the
study, and the investigator global assessment (IGA) score also
showed significant improvement (8). The results showed anti-
inflammatory activity: the cream containing propolis, tea tree oil,
and Aloe vera was more effective in reducing the acne severity
index (ASI) and total number of lesions (TLC) compared to 3%
erythromycin cream. After 30 days of treatment, ASI was reduced
by 66.7% in the PTAC group, while in the ERC group, the reduction
was 49.7%. Likewise, TLC decreased by 63.7% in the PTAC group
versus 46.5% in the ERC group, indicating a significantly higher
efficacy of the natural ingredient-based treatment (CPAA) (65).
The study showed a significant difference between tea tree oil gel
and placebo in improving total acne lesion count (TLC) and acne
severity index (ASI).

Regarding TLC and ASI, tea tree oil gel was 3.55 times and
5.75 times more effective than placebo, respectively. Side effects
in both groups were relatively similar and tolerable (66). The
results indicate that Matricaria chamomilla essential oil (MCEQ)
significantly reduced the elevation of inflammation in HaCaT
keratinocyte cells stimulated by interleukin-22, tumor necrosis
factor , and lipopolysaccharide, which was related to the decreased
activation of MCEO-mediated PI3K/Akt/mTOR and p38MAPK
pathways. In this regard, MCEO contributed significantly to
treating inflammatory skin diseases, as assessed by the PASI score,
and HE is staining and inflammatory cytokine levels (9).

Table 2 summarizes clinical trials investigating essential oils
and plant extracts in cosmetic and dermatological applications
conducted between 2016 and 2024. These studies, primarily
interventional and randomized, explore diverse applications,
including stress relief, skin hydration, acne treatment, pain
management, and hair loss prevention. Various essential oils such
as lavender, tea tree oil, cannabidiol (CBD), and hemp oil were
studied and incorporated into different formulations like creams,
gels, and topical applications. The trials employed various outcome
measures, from physiological responses (e.g., heart rate, skin
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FIGURE 1

Study design of the selection process for studies on essential oils in cosmetic applications.

hydration) to clinical assessments (e.g., acne lesion count, hair
density) and subjective evaluations. Participants included males
and females, typically adults and older adults, with study durations
ranging from acute effects to 24 weeks. This overview highlights the
growing interest in essential oils for cosmetic and dermatological
uses, demonstrating their potential benefits across various skin and
hair conditions and their effects on stress and well-being.

The study investigated the effect of an extract of Myrothamnus
flabellifolia on stress reduction during the application of a
cosmetic product as a potential to improve the psychological well-
being of consumers by reducing the stress associated with using
cosmetic products. It was observed that, after application of the
active compound, cortisol levels in saliva decreased significantly.
In contrast, levels of positive affect increased. Negative affect
decreased, and there was a trend toward an increase in alpha wave
activity in the brain, suggesting a state of relaxation (67).

The aim of the study (26) was to evaluate the short- and
long-term moisturizing effect of a topical preparation containing
CBD, rosemary extract, and hemp oil on facial skin to objectively
measure changes in parameters related to skin water content,
sebum production, and appearance, as well as the impact on the
quality of life of participants with acne-prone skin. This includes
instrumental and subjective measurements and standardized
photography for blemish assessment. Similarly, this study (68)
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investigated the short- and long-term moisturizing effect of a
topical preparation containing CBD and hemp oil on volar forearm
skin and its impact on instrumentally measured erythema. It seeks
to determine how the application of this product can improve skin
hydration and reduce redness. On the other hand, the objective of
this trial was to assess the effectiveness of CGB-400 topical gel for
fungal infections and to evaluate the safety of the gel and its side
effects (69).

Considering what has been presented above, these studies
aimed to investigate the effectiveness of a tea tree oil gel. On the one
hand, this trial (70) evaluated whether using the gel for 12 weeks
improves acne severity in participants by counting lesions and
assigning an overall acne severity score at different intervals (4, 8,
and 12 weeks). In addition, we sought to provide evidence of the
efficacy of this commercial product for the treatment of acne; we
changed this trial (71) to the intra-pocket application of tea tree oil
gel in the treatment of stage 2 periodontitis to evaluate the efficacy
and safety of this treatment compared to conventional methods.
We sought to determine whether tea tree oil gel can improve
clinical outcomes, reduce inflammation, and promote periodontal
health in patients with periodontitis.

Finally, these studies focus on topical products with thermal
effects (heating or cooling). These trials evaluate the efficacy and
safety of different gels, such as Axanova hot gel, Axanova activ
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TABLE 1 Clinical efficacy of essential oils and botanical extracts in topical formulations for acne, aging, and inflammatory skin conditions.

Article title Essential oil |Type of

cosmetic
product

Bioactive
compound |characteristic

Functional Main results

1 Anti-aging and brightening effects |raspberry leaf extract | Topical cream

Vitamin C, Anti-aging, Significant improvement |doi:
of a topical treatment containing | (Rubus idaeus) Vitamin E, Brightening in skin radiance, texture |10.1111/jocd.13305
vitamin C, vitamin E, and Polyphenols and fine wrinkles
raspberry leaf cell culture extract:
A split-face, randomized
controlled trial
2 Tea tree oil gel for mild to Tea Tree Oil Gel Terpinen-4-ol | Antibacterial, The use of tea tree oil doi: 10.1111/ajd.12465
moderate acne; a 12 week (Melaleuca Anti-acne products significantly
uncontrolled, open-label phase IT | alternifolia) improved mild to

combination of propolis, tea tree | Aloe vera
oil, and Aloe vera compared to
erythromycin cream: two

double-blind investigations

pilot study moderate acne and the
products were well
tolerated.

3 Essential Oil of Matricaria German Chamomile | Essential oil Unspecified Anti-inflammatory | MCEO acts by inhibiting | doi:
chamomilla Alleviate Essential Oil PI3K/Akt/mTOR and 10.2147/CCID.S445008
Psoriatic-Like Skin Inflammation |(MCEQO) Pp38MAPK signaling
by Inhibiting PI3K/Akt/mTOR and pathways, which are
Pp38MAPK Signaling Pathway involved in the

inflammation and
pathogenesis of psoriasis.

4 The efficacy of 5% topical tea tree | Tea Tree Oil Gel Unspecified Anti-inflammatory, |Was shown to be 3.55 doi: 10.4103/0378-
oil gel in mild to moderate acne (Melaleuca Antibacterial times more effective than |6323.30646
vulgaris: a randomized, alternifolia) Promotes reduction | placebo in reducing total
double-blind placebo-controlled of acne lesions acne lesion count (TLC).
study It was 5.75 times more

effective in improving the
acne severity index (ASI).
Similar and tolerable side
effects in both groups
(treatment and placebo)

5 Treatment of acne with a Tea tree oil, Propolis,| Topical cream | Propolis: Antimicrobial and | Reduction of acne lesions | doi:

flavonoids; Tea
tree oil: terpenes;
Aloe vera:
polysaccharides

between 23.7% and
62.1% after 4-8 weeks of
use. Effective in

anti-inflammatory 10.2147/CPAA.S180474;

combination with other

extracts.

gel, Perskindol Dolo Gel, Perskindol Classic Gel, Perskindol Cool
Kiihl-Gel, Dolor-X Hot Gel, Dolor-X Classic Gel and Dolor-X
Cool Gel (whose bioactive compounds are menthol, wintergreen
oil, needle oil, pine needle oil, lemon oil, orange peel oil, orange
peel oil, lemon bergamot oil, rosemary oil, lavender oil, excipients)
(72), whereas, this trial (73) investigated the impact of a topical
nutritional product (Red Palm Oil) applied daily on women’s hair,
specifically on perceived hair quality and overall well-being. It is
important to note that for all the trials mentioned above, no results
have yet been published on ClinicalTrials.gov for these studies
(Figure 2).

A comparison of four clinical studies investigating essential
oils in cosmetic formulations to treat various skin conditions is
presented. The studies span different countries, including Italy,
Australia, and Nigeria, with sample sizes ranging from 40 to 126
participants. The essential oils studied include argan (Argania
spinosa), myrtle (Myrtus communis), oregano (Origanum vulgare),
tea tree oil (Tea tree o0il), and African basil (Ocimum gratissimum).
These oils were incorporated into cosmetic formulations such as
lotions, creams, and gels. Dermatological conditions treated in
these studies include intertrigo, acne, and other skin conditions.

Frontiers in Medicine

The bioactive compounds present in these essential oils range from
fatty acids and vitamins to specific terpenes such as eucalyptol,
carvacrol, and terpinene-4-ol (Table 3).

4 Discussion

Topical formulations featuring tea tree oil at 200 mg/g
concentration in a gel and a facial cleanser containing 7 mg/g
of tea tree oil have significantly reduced facial acne lesions (8).
This underscores their potential effectiveness in managing mild
to moderate acne. Furthermore, these formulations exhibited a
favorable safety and tolerability profile, with only minor, transient
adverse effects. Topical formulations indicate that tea tree oil-
based treatments may serve as a well-tolerated alternative or
complementary approach to conventional acne therapies (8). In a
Phase II pilot study, 18 participants applied the products twice daily
for 12 weeks. They observed a significant reduction in the total acne
lesions and the investigator’s global assessment (IGA) score over
time. However, no serious adverse events were reported, and minor
side effects, such as flaking and dryness, were resolved without
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TABLE 2 Clinical trials of cosmetic products with natural ingredients: a comparative analysis of efficacy, safety and user perception in various dermatological conditions.
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Study Title |Study URL |Study Conditions |Interventions Primary outcome Secondary outcome Other outcome Sponsor
Status measures measures measures
NCT04127279 Stress Relief https: COMPLETED |Stress BIOLOGICAL: Cream | Acute autonomic stress o Perceived Stress Scale (PSS) Unspecified University of
Properties of a |//clinicaltrials. Physiology responsivity (heart rate via ECG) | questionnaire (0-40 scale) Parma
Cosmetic gov/study/ |Stress, o HPA axis stress responsivity e Profile of Mood States (POMS)
Routine NCT04127279 Psychological (salivary cortisol levels) questionnaire
e High frequency component © Behavioral coping style
power of RR interval spectrum. assessment
Assessment timeline Day 0
(before/after cream application),
Day 29.
NCT04045119 Effect of a Facial |https: COMPLETED |Cosmetic Acne |OTHER: Topical o Skin hydration evaluation (single |e Instrumentally assessed oily skin |NA Avicanna Inc
Cream //clinicaltrials. Moisturizer application) measurements
Containing gov/study/ e Water content measurement via | e Skin biochromophores evaluation
Cannabidiol and |[NCT04045119 capacitance e Subjective oily skin assessment
Hemp Oil on e Hydration effect of periodic (0-10 VAS)
Skin Hydration application. Assessment timeline 1 | e Quality of life (OSSIQ
and Acne-prone hour, 3 hours, 2 weeks, 4 weeks questionnaire)
Skin
NCT04045314 Effect of an https: COMPLETED | Cosmetics; OTHER: Topical o Hydration effect on facial skin and| e Short/long-term erythema NA Avicanna Inc
Emollient //clinicaltrials. Eczema moisturizer volar forearm assessment
Cream gov/study/ o Electrical properties measurement | e Viscoelastic skin properties
Containing 0.5% NCT04045314 as water content indicator. o Trans-epidermal water loss
Cannabidiol and Assessment timeline 1 hour, 3 measurement
1% Hemp Oil in hours, 2 weeks, 4 weeks o Evaluator-assessed irritation
the Hydration scoring
and Erythema of
the Skin
NCT05202366| An Open-label | https: UNKNOWN  |Fungal Infection | DRUG: CGB-400 Topical | e Investigator Global Assessment | e Percent clear area on affected The Subject Global Assessment | CAGE Bio Inc.

Study Evaluating | //clinicaltrials. |Onychomycosis | Gel (IGA) of affected toenails Severity | toenails consists of a questionnaire at

scale: Clear (0%) to Severe
(>50-75% involvement).

the Effectiveness | gov/study/ |Tinea Unguium o Visual inspection with baseline describing the severity of

of CGB-400 NCT05202366
Topical Gel for

photography fungal growth, its causes,

Assessment timeline Investigator attempts at management, and
Global Assessment (IGA) of

affected toenails

Fungal Infection earlier treatments used. The
participants may also describe
Severity scale: Clear (0%) to Severe any other information that they
(>50-75% involvement) feel is relevant to their experience
during the 24-week study period.
The Investigator (or designate)
will ask the following questions at
the Baseline visit and subject’s

answers will be recorded:

1. How frequently do you
typically experience fungal
growth each month?

2. How do you rate your fungal
growth today relative to other
times?

(Continued)
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TABLE 2 (Continued)

Study Title

Study URL

Conditions

Interventions

Primary outcome
measures

Secondary outcome
measures

Other outcome
measures

3. Are you aware of specific
triggers that aggravate fungal
growth?

4. How do you deal with or treat
fungal growth?

5. What other products have you
tried in the past for
managing/treating fungal growth?
6. Are there any other aspects of
fungal growth or experience that
we should know about?, 24 weeks

NCT01657110 Pilot Study to | https: COMPLETED | Cosmetic, Acne |Other: Tea tree oil o Lesion count (inflamed and Decreased non-inflammatory lesion | Mean tolerability score Mean The University of
Evaluate Tea //clinicaltrials. non-inflamed facial lesions) count tolerability will be determined as | Western Australia
Tree Oil Gel for |gov/study/ Investigator Global Assessment Decrease in numbers of the average of the following; 12
Facial Acne NCT01657110? (5-point severity scale 0-4) non-inflammatory lesions from weeks Erythema Scaling Peeling

intr=Tea% baseline 12 weeks Burning Induration Dryness
20tree%200il% Decreased inflammatory lesion These six parameters will be
20gel&rank=1 count measured using a 5-point scale (0:
Decrease in inflammatory lesion None, 1: Minimal, 2: Mild, 3:
count from baseline 12 weeks Moderate, 4: Severe). The study
Decrease in perceived facial oiliness |assesses mean tolerability at 12
Decrease in perceived facial oiliness | weeks by averaging the six skin
from baseline 12 weeks reactions scored 0 to 4 and also
records the incidence, nature, and
severity of any local or systemic
adverse events. Mean tolerability
will be the average of these scores.
The frequency of adverse events
Any local or systemic adverse
events will be recorded including
the type of reaction and severity
(on a 5-point severity scale where
0 = none and 4 = severe). 12
weeks

NCT04769271|Intra-pocket https: COMPLETED  |Cosmetic, Procedure: Scaling and | e Probing depth measurement NA NA Alexandria
Application of  |//clinicaltrials. Periodontitis Root Planing Drug: o Clinical attachment loss University
Tea Tree Oil Gel | gov/study/ Scaling and Root Planing |assessment
in the Treatment | NCT04769271? with tea tree oil e Bleeding on probing evaluation
of Stage-2 intr=Tea% e Biochemical assessment (MMP-8
Periodontitis 20tree%200il% levels). Assessment timeline Up to 6

20gel&rank=3 months
(Continued)
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NCT Conditions |Interventions Other outcome

Study Title

Study URL |Study Primary outcome Secondary outcome Sponsor
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number

NCT06060834

Impact of a
Topical
Cosmetic
Product on
Women’s Hair

https:
//clinicaltrials.
gov/study/
NCT06060834?
intr=
%20lemon%20%
200il%
20cosmetic%
20&rank=1

NET

Active, not

recruiting

Cosmetic, Hair
Thinning, Hair
Loss

Dietary Supplement:
Topical Botanical Agent

measures

o Hair density via “MyHairCounts”
application

o 60-second hair count (hairs lost
during combing)

o Self-assessment of well-being
(0-10 scale). Assessment timeline
Baseline, 2 weeks, 1 month

measures

e Vital signs monitoring (BP, HR)

o Product assessment (smell, ease of
use)

o Hair self-assessment (thickness,
fullness, etc.)

measures

Change HistoryNo changes
postedPrimary (Current)
*ICMJE(Submitted: 2023-09-22)
Hair Density [Time Frame:
baseline] Hair density as
determined by “MyHairCounts”
applicationHair Density [Time
Frame: After 2 weeks of
treatment] Hair density as
determined by “MyHairCounts”
application Hair Density [Time
Frame: after 1 month of
treatment] It measures hair
density, 60-second hair shedding,
and self-report scales of
well-being, product quality, and
characteristics of hair at three
time points-baseline, 2 weeks, and
1 month. Objective and subjective
responses to treatment are
measured through applications
and visual analog scales. Hair
density as determined by
“MyHairCounts” application 60
second hair count [Time Frame:
baseline] Number of hairs lost
when hair is combed for 60
seconds 60 second hair count
[Time Frame: After 2 weeks of
treatment] Number of hairs lost
when hair is combed for 60
seconds 60 second hair count
[Time Frame: after 1 month of
treatment] Number of hairs lost
when hair is combed for 60
seconds Self-assessment of
well-being [Time Frame:
baseline] An adaptive visual
analog scale will be used to
self-assess feelings of confidence,
self-consciousness, motivation,
and attractiveness/beautifulness
on a continuous scale from 0 (not
at all) to 10 (extreme).

(Continued)
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TABLE 2 (Continued)

Study Title |Study URL |Study Conditions |Interventions Primary outcome Secondary outcome Other outcome Sponsor
number Status measures  |measures measures

Self-assessment of well-being
[Time Frame: After 2 weeks of
treatment] An adaptive visual
analog scale will be used to
self-assess feelings of confidence,
self-consciousness, motivation,
and attractiveness/ beautifulness
on a continuous scale from 0 (not
at all) to 10 (extreme).
Self-assessment of well-being
[Time Frame: After 1 month
treatment] An adaptive visual
analog scale will be used to
self-assess feelings of confidence,
self-consciousness, motivation,
and attractiveness/ beautifulness
on a continuous scale from 0 (not
at all) to 10 (extreme). Product
assessment [Time Frame: after 1
month of treatment] An adaptive
visual analog scale will be used to
self-assess feelings on the smell,
ease of use, and self-reported
feeling of hair quality using a
continuous scale from 1 (not at
all) to 10 (Very much).
Self-assessment of hair [Time
Frame: baseline] An adaptive
visual analog scale will be used to
self-assess feelings on subject’s
hair (thickness, fullness,
shininess, texture, strength,
appearance,

(Continued)
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TABLE 2 (Continued)

Study Title |Study URL |Study Conditions |Interventions Primary outcome Secondary outcome Other outcome Sponsor
number Status measures  |measures measures

satisfaction usmg a continuous

scale from 1 (extremely poor) to
10 (Excellent) as well as
compliments, split ends on a scale
from 1 (Never) to 10 (Very often),
ease of styling 1 (very difficult) to
10 (very easy), and speed of hair
growth 1 (slow) to 10 (very fast).
Self-assessment of hair [Time
Frame: After 2 weeks of
treatment] An adaptive visual
analog scale will be used to
self-assess feelings on subject’s
hair (thickness, fullness,
shininess, texture, strength,
appearance, satisfaction using a
continuous scale from 1
(extremely poor) to 10 (Excellent)
as well as compliments, split ends
on a scale from 1 (Never) to 10
(Very often), ease of styling 1
(very difficult) to 10 (very easy),
and speed of hair growth 1 (slow)
to 10 (very fast). Self-assessment
of hair [Time Frame: After 1
month of treatment] An adaptive
visual analog scale will be used to
self-assess feelings on subject’s
hair (thickness, fullness,

(Continued)
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TABLE 2 (Continued)

Study Title |Study URL |Study Conditions |Interventions
number Status

Primary outcome
‘measures |

Secondary outcome
measures

Other outcome
‘measures |

shininess, texture, strength,
appearance, satisfaction using a
continuous scale from 1
(extremely poor) to 10 (Excellent)
as well as compliments, split ends
on a scale from 1 (Never) to 10
(Very often), ease of styling 1
(very difficult) to 10 (very easy),
and speed of hair growth 1 (slow)
to 10 (very fast).

Sponsor

NCT03016221|Local Changes | https: COMPLETED  |Cosmetic, Other: Axanova hot e Local skin perfusion (laser speckle | @ Surrounding area measurements |NA University of
of Skin /[clinicaltrials. Healthy, gel gelOther: Axanova activ |instrument) o Adjacent skin response evaluation Applied Sciences
Characteristics | gov/study/ gelOther: Perskindol e Local skin redness (chromameter) and Arts of
After an NCT03016221? Dolo GelShow 5 more Southern
Application of a |intr=rosemary% interventions/treatments | e Skin surface temperature Switzerland
Topical Product |200il%20gel& e Local muscle tissue oxygenation
With a Warming| rank=2 e Subjective temperature sensation.
or Cooling Effect Assessment timeline 1 hour
(SRPT) post-application
(Continued)
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TABLE 2 (Continued)

Collaborators

Results First

Southern Switzerland

Allocation: Randomized
Interventional Model: Parallel
Assignment Masking: Triple
(Participant Investigator Outcomes
Assessor)

Posted
Unspecified FEMALE ADULT PHASE4 INTERVENTIONAL Allocation: RANDOMIZED NA NA
|Intervention Model: PARALLEL
|Masking: SINGLE (PARTICIPANT)
|Primary Purpose: TREATMENT
Unspecified ALL ADULT, NA 54 INTERVENTIONAL Allocation: NA |Intervention Model: |NA NA
OLDER_ADULT SINGLE_GROUP |Masking: NONE
|Primary Purpose: OTHER
Unspecified ALL ADULT, NA 49 INTERVENTIONAL Allocation: NA |Intervention Model: |NA NA
OLDER_ADULT SINGLE_GROUP |Masking: NONE
|Primary Purpose: OTHER
John Peter Smith Hospital ALL ADULT, NA 15 OBSERVATIONAL Observational Model: | Time NA NA
OLDER_ADULT Perspective
Royal Perth Hospital Hollywood Private Hospital |ALL 16-45 years (Child, NA 18 INTERVENTIONAL Primary Purpose: Treatment NA NA
Principal Investigator: Prasad Kumarasinghe, Adult) Allocation: N/Alnterventional Model:
Royal Perth Hospital Single Group Assignment Masking:
None (Open Label)
Alexandria UniversityStudy Chair: Maha R. Taalab, ALL 20-40 years (Adult) Phase 2 30 INTERVENTIONAL Primary Purpose: Treatment https: NA
PhD, Faculty of Dentistry, Alexandria University, Allocation: Randomized //pubmed.ncbi.nlm.
EgyptPrincipal Investigator: Dania M. Abdel Aziz, Interventional Model: Parallel nih.gov/33952216/
BDS, Faculty of Dentistry, Alexandria University, Assignment Masking: Single
EgyptStudy Director: Sabah A Mahmoud, PhD, (Outcomes Assessor)
Medical Biochemistry and Molecular Biology
department. Faculty of Dentistry, Alexandria
University, Alexandria, Egypt.Study Director:
Riham M El Moslemany, PhD, Pharmaceutics
department. Faculty of Pharmacy, Alexandria
University; Alexandria, Egypt.
University of Memphis Principal Investigator: FEMALE 35-70 years (Adult, NA 15 INTERVENTIONAL Primary Purpose: Treatment NA NA
Richard Bloomer, PhD,University of Memphis Older Adult) Allocation: N/A Interventional
Model: Single Group Assignment
Interventional Model Description:
pre-post experimentMasking: None
(Open Label)
University of Applied Sciences and Arts of ALL 18-40 years (Adult) NA 90 INTERVENTIONAL Primary Purpose: Basic Science NA NA
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Study (NCT Number): NCT04045119

Study (NCT Number): and NCT01657110
NCT06060834 Intervention:Topical Moisturizer and
Intervention:Topical Botanical .. ............... m gel
~ Agent R > Condition treated: Acne
Condition treated: Hair Thinning 2 Population: 60 unspecified and 18
Population: 15 females (ages unspecified (ages 16-45)
35-70) Key Outcomes:Skin hydration
Key Outcomes: self-assessment . - measurements and Lesion counts,
_______ ‘_%; . R tolerability
Study (NCT Number):
NCT04127279
Intervention:Cream 7 Ay £\ \\. 7

Condition treated: Stress
Population: 40 females, adults
Key Outcomes: Heart rate changes,
stress response

Study (NCT Number):
NCT05202366
Intervention:CGB-400 Topical Gel
Condition treated: Fungal Infection
Population: 15 unspecified
Key Outcomes:Nail involvement
assessment

FIGURE 2
Recompilation of clinical trials of cosmetics in cosmetic applications.

intervention. Thus, tea tree oil products significantly improve acne
and are well tolerated.

It is emphasized that various studies are carried out in cell
lines and in vitro. Such as, this study (74) investigated the
concentration of tea tree oil in follicular castings after topical
application of different formulations on bovine udder skin,
using high-performance thin layer chromatography (HPTLC) to
determine the terpinen-4-ol content, the active component of
the oil, various formulations were also applied, including micro-
emulsions, liposomal dispersions, multiple emulsions, and colloidal
beds, finding that the microemulsion and liposomal dispersion
achieved the highest concentrations in the follicles, with 0.43 and
0.41% respectively. 43 and 0.41%, respectively. These results suggest
that the designed formulations may enhance the delivery of tea tree
oil to the sebaceous glands, which could be beneficial for treating
acne vulgaris. This is the first study (75) to quantify the research on
its therapeutic efficacy. This study also investigated the effects of a
cream containing 2% essential oil of Melaleuca alternifolia (MaEO)
on wounds infected by Taphylococcus aureus. They evaluated its
antimicrobial properties and stability in porcine and murine skin
models. The results showed that the cream significantly reduced
the bacterial load and improved wound healing. In addition, quality
control tests were performed, confirming the formulation’s stability
and safety. This approach suggests that topical application of this
cream could be a promising strategy for treating infected wounds.

In vitro assays such as this study (76) investigated the skin
penetration of tea tree oil (TTO) in its pure form and as a
20% solution in ethanol using human epidermal membranes from
three donors. TTO was applied under normal conditions, and the
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Intervention:Topical Moisturizer
Condition treated: Eczema
Population: 49 unspecified
Key Outcomes:Skin hydration,
erythema

effect of partial occlusion on the penetration of its components
was evaluated. The results showed that only a tiny percentage
of the TTO components penetrated the skin, with terpinen-4-ol
being the primary component that managed to infiltrate. Partial
occlusion increased the penetration of this compound. Similarly,
this study (77) evaluated the efficacy of a topical formulation of
2% Ocimum gratissimum oil compared to a reference product
(10% benzoyl peroxide) and a placebo in 126 patients with
acne vulgaris. The formulation was found to be more effective
and well-tolerated. Different formulations (single and combined
extracts) were evaluated under laboratory conditions, following
World Health Organization protocols. The results showed that
all formulations provided good protection against mosquito bites,
with the mixtures of the extracts demonstrating a synergistic
effect. This article evaluates the efficacy of cosmetic formulations
with essential oils for treating non-inflammatory acne in an
in vivo, randomized, double-blind, placebo-controlled clinical
study. Formulations with a blend of four essential oils (lavender,
eucalyptus, mandarin, and melaleuca), pure Melaleuca alternifolia
essential oil, a melaleuca nano-emulsion, and a placebo group were
tested. The results showed that the nanoemulsion and the blend of
four essential oils significantly reduced the number of comedones
and improved follicular hyperkeratinization. In particular, the
melaleuca nanoemulsion showed the best results, attributed to the
presence of terpinen-4-ol and its ability to penetrate the skin (78).
Thus, the findings suggest that formulations with essential oils may
be a viable alternative in cosmetics for acne-prone skin, although it
is reccommended that further investigation be conducted into their
long-term safety and efficacy.
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Continuing with the previous line, these authors (10) evaluated
the anti-aging and brightening effects of a topical serum containing
20% vitamin C, E, and raspberry leaf cell culture extract on 50
women aged 30-65. After 2 months of application to one side
of the face, a significant improvement in skin color, elasticity,
radiance, and smoothness was observed, as well as a reduction in
scaliness and wrinkles, although some mild adverse effects, such
as tingling and tightness, were reported; the results suggest that
this combination of ingredients may be effective in improving the
appearance of aging skin. Likewise, this study (79) investigated the
extracts of the red berries of this plant as functional ingredients
in cosmetics. Methanolic and aqueous extracts were obtained,
and their biological activities on human fibroblasts were analyzed,
as well as their ability to inhibit collagenase activity and their
immunomodulatory effects on peripheral blood mononuclear cells.
The results indicate that both extracts enhance fibroblast migration
and have photoprotective properties. Unlike the other studies, this
one evaluated (80) the oxidative stability of red raspberry seed
oil (RO) under storage conditions at different temperatures (5,
25, and 40°C) for 1 month, both in pure RO and in low-energy
nanoemulsions (NE). Synthetic (BHT) and natural antioxidants
(ORE and OAK) were used to determine their effectiveness.
The results showed that RO with BHT and ORE was stable
at 5°C and 25°C, but ORE was prooxidant at 40°C. NE with
biodegradable surfactants showed better physicochemical stability
at room temperature and at 40°C compared to those containing

10.3389/fmed.2025.1589691

polysorbate 80. This study was performed in vitro, evaluating the
properties under controlled laboratory conditions.

Regarding sun protection, Calendula officinalis essential oil has
shown potential as a UV filter. A study by Pouresmaeil evidenced
that its inclusion in cosmetic formulations can contribute to
skin protection against UV radiation. However, further studies
are needed to determine its safety and stability in commercial
products (81). This article highlights the importance of essential
oils in the cosmetics and perfumery industry, emphasizing their
dual role as natural sources of fragrances and as ingredients
with beneficial properties for skin and hair. Among the plants
mentioned, lavender is used for its soothing and healing properties,
while tea tree is valued for its antiseptic and sebum-regulating
action. Eucalyptus can combat photoaging caused by UV radiation,
helping to reduce the appearance of wrinkles and skin dehydration
(82, 83), and citrus oils, such as orange, lemon, and bergamot,
are appreciated for their fresh fragrance and antiseptic action
(1, 84). Finally, this article evaluates the efficacy of cosmetic
formulations with essential oils for treating non-inflammatory acne
in an in vivo, randomized, double-blind, placebo-controlled clinical
study. Formulations with a blend of four essential oils (lavender,
eucalyptus, mandarin, and melaleuca), pure Melaleuca alternifolia
essential oil, a melaleuca nanoemulsion, and a placebo group were
tested. The results showed that the nanoemulsion and the blend of
four essential oils significantly reduced the number of comedones
and improved follicular hyperkeratinization. In particular, the

TABLE 3 Clinical studies have been conducted on using essential oils in cosmetic formulations to treat dermatological conditions.

Title article Country | Populatiol Type of Cosmetic Biactive
of study | (N) essential | formulation | compound
oil
1 A randomized controlled unspecified 40 Argania Adsorbent Tapioca Starch and doi:
trial to compare the spinosa lotion Allantoin Not specified; 10.1111/jocd.14125
effectiveness and safety of Spent Grain Wax
adsorbent lotion containing vegetable waxes;
tapioca starch, spent grain Butyrospermum Parkii
wax, Butyrospermum parkii and Argania Spinosa
extract, argania spinosa Fatty acids (oleic,
kernel oil, aloe barbadensis, stearic), vitamin A and E;
rosehip oil, and allantoin Aloe Barbadensis
with a low-potency topical Polysaccharides,
corticosteroid in the vitamins (A, C, E);
treatment of intertrigo Rosehip Oil Essential
fatty acids, antioxidants
(vitamin C), and
carotenoids.
2 Clinical evaluation of a new Italy 60 Myrtus Cream with Myrtus communis doi:
topical cream containing two communis'y essential oils and | eucalyptol, cineol and 10.2147/CCID.S236956
essential oils combined with Origanum tretinoin Origanum vulgare
tretinoin for acne treatment vulgare (Oregano) carvacrol
3 A comparative study of Australia 120 Tea tree oil Gel at 5% Terpinen-4-ol doi: 10.5694/j.1326-
tea-tree oil versus 5377.1990.tb126150.x
benzoylperoxide in the
treatment of acne
4 Original Research Article Nigeria 126 Ocimum 2% oil contentin | eugenol doi:
Preliminary Clinical Tests on gratissimum alcohol 10.2165/00044011-
Topical Preparations of (ethanol). 200222050-00005
Ocimum gratissimum Linn 2% oil content in
Leaf Essential Oil for the a ketomacrogol
Treatment of Acne Vulgaris mixture base
Frontiers in Medicine 16 frontiersin.org


https://doi.org/10.3389/fmed.2025.1589691
https://doi.org/10.1111/jocd.14126
https://doi.org/10.1111/jocd.14126
https://doi.org/10.2147/CCID.S236956
https://doi.org/10.2147/CCID.S236956
https://doi.org/10.5694/j.1326-5377.1990.tb126150.x
https://doi.org/10.5694/j.1326-5377.1990.tb126150.x
https://doi.org/10.2165/00044011-200222050-00005
https://doi.org/10.2165/00044011-200222050-00005
https://doi.org/10.2165/00044011-200222050-00005
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Pezantes-Orellana et al.

melaleuca nanoemulsion showed the best results, attributed to the
presence of terpinen-4-ol and its ability to penetrate the skin.

5 Conclusion

The growing popularity of essential oils in the cosmetic
industry reflects a significant shift toward more natural and
sustainable products. This article highlights the efficacy of
essential oils in treating various skin conditions, such as
acne, atopic dermatitis, and psoriasis, thanks to their anti-
inflammatory, antimicrobial, and antioxidant properties. As
consumers seek alternatives to synthetic ingredients, essential oils
offer multifaceted benefits that address specific skin problems and
improve overall skin health.

However, regulation of their use in cosmetics remains
challenging, given that prior approval is not required for
commercialization. This underscores the need for more rigorous
research to ensure the safety and effectiveness of these products.
Formulation technologies, such as microencapsulation and
nanoemulsions, are revolutionizing how essential oils are used,
improving their stability and efficacy. In addition, further research
into their mechanisms of action and possible interactions is crucial.
Combining natural and pharmaceutical approaches can offer
comprehensive skin care solutions, promoting a balance between
natural beauty and modern dermatological science.

5.1 Limitations

Study limitations include a relatively small sample size, which
may affect generalizability and the treatment duration. Several
authors have stressed the need for long-term studies evaluating
not only the efficacy but also the cumulative safety of daily use of
essential oils, as chronic exposure could induce skin sensitization
or toxicity in specific individuals. The absence of standardized
protocols for evaluating irritation, allergy, and phototoxicity
represents a significant gap in current literature.

Likewise, no post-treatment follow-ups were performed to
observe the durability of the results. It is also essential to consider
that the studies focus on different genders and age ranges,
which may not reflect the effectiveness of the treatment in other
populations. Finally, self-assessment of satisfaction and adverse
reactions may be subject to reporting biases.

In addition to the previously mentioned methodological and
regulatory limitations, other studies have highlighted additional
constraints that affect the robustness and applicability of the results
on the use of essential oils in dermo-cosmetic products. One
of the main limitations is the high variability in the chemical
composition of essential oils, even when they come from the
same plant species. Factors such as geographical origin, cultivation
conditions, extraction method, and storage can significantly
alter the concentration and profile of bioactive compounds,
making the reproducibility of the effects observed in different
investigations difficult.

Another significant limitation is the paucity of studies
evaluating the impact of essential oils in diverse populations,
skin types, and

including different age groups, specific
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dermatological conditions. Most clinical trials have been
conducted on young adults and those with mild conditions,
so the same efficacy and safety cannot be assured in children,
older adults, or people with chronic skin diseases. Also, although
nanoencapsulation technologies and lipid systems have been
shown to improve the stability and bioavailability of essential
oils, there are few direct comparative studies between these
advanced formulations and conventional ones. The lack of data on
pharmacokinetics, skin metabolism, and interaction of essential
oils with other cosmetic ingredients limits the comprehensive
understanding of their behavior in the skin.

The results obtained in this research on using essential oils in
cosmetic products have important implications for practice, policy,
and future research. In clinical practice, health professionals could
consider essential oil-based products as adjunctive treatments for
common skin conditions such as acne, atopic dermatitis, and
psoriasis, given their anti-inflammatory and antimicrobial efficacy.
The need for stricter regulations is highlighted in terms of policy,
as the lack of prior approval by agencies such as the FDA puts
consumer safety at risk, warranting a more thorough review
of current standards. For future research, larger-scale and more
extended clinical studies that evaluate the efficacy of these products
and their mechanisms of action and long-term safety are essential.
In addition, integrating new formulation technologies, such as
microencapsulation and nanoemulsions, represents a promising
avenue to optimize the stability and bioavailability of active
compounds in essential oils.

Data availability statement
The original contributions presented in this study are included

in this article/supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

Data
Validation, Writing - original draft. FG: Conceptualization, Data

CP-O: Conceptualization, curation, Investigation,
curation, Formal analysis, Investigation, Methodology, Software,
Writing - original draft. JM: Writing - review & editing, Funding
Validation.
TP: Methodology, Writing - review & editing, Data curation,
AO-M: Conceptualization,

Funding acquisition,

acquisition, Project administration, Supervision,
Formal analysis,
Methodology,
Supervision, Validation, Writing - review & editing.

Investigation.

Project administration,

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. NovaVita S.A. grants for
research supported this study. The funder was not involved in the
study design, collection, analysis, interpretation of data, the writing
of this article, or the decision to submit it for publication.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1589691
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Pezantes-Orellana et al.

Acknowledgments

We
research and support.

thank Mary Young for her interest in the

Conflict of interest

CP-O, JM, and TP were employed by NovaVita.

The remaining authors declare that the research was conducted
without commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Sharmeen ], Mahomoodally F, Zengin G, Maggi F. Essential oils as natural sources
of fragrance compounds for cosmetics and cosmeceuticals. Molecules. (2021) 26:666.
doi: 10.3390/molecules26030666

2. Bolouri P, Salami R, Kouhi S, Kordi M, Asgari Lajayer B, Hadian J, et al.
Applications of essential oils and plant extracts in different industries. Molecules.
(2022) 27:8999. doi: 10.3390/molecules27248999

3. Mengist Dessie A, Fenta Feleke S, Getaye Workie S, Getinet Abebe T, Mossu
Chanie Y, Kassa Yalew A. Prevalence of skin disease and its associated factors among
primary schoolchildren: A cross-sectional study from a Northern Ethiopian Town.
Clin Cosmet Investig Dermatol. (2022) 15:791-801. doi: 10.2147/CCID.S361051

4. Guzman E, Lucia A. Essential oils and their individual components in cosmetic
products. Cosmetics. (2021) 8:114. doi: 10.3390/COSMETICS8040114

5. Sarkic A, Stappen I. Essential oils and their single compounds in cosmetics—A
critical review. Cosmetics. (2018) 5:11. doi: 10.3390/cosmetics5010011

6. Carvalho-Silva |, Teixeira A, Valente M, Shimano M, Dos Reis A. Antimicrobial
activity of essential oils against biofilms formed in dental acrylic resin: A systematic
review of in vitro studies. Biofouling. (2024) 40:114-29. doi: 10.1080/08927014.2024.
2332709

7. Barak T, Béliikbas E, Bardakc: H. Evaluation of marketed rosemary essential oils
(Rosmarinus officinalis L.) in terms of European pharmacopoeia 10.0 criteria. Turk J
Pharm Sci. (2023) 20:253-60. doi: 10.4274/tjps.galenos.2022.78010

8. Malhi H, Tu J, Riley T, Kumarasinghe S, Hammer K. Tea tree oil gel for mild to
moderate acne; a 12 week uncontrolled, open-label phase II pilot study. Australas |
Dermatol. (2017) 58:205-10. doi: 10.1111/ajd.12465

9.Chen G, Lv C, Nie Q, Li X, Lv Y, Liao G, et al. Essential oil of Matricaria
chamomilla alleviate psoriatic-like skin inflammation by inhibiting PI3K/Akt/mTOR
and p38MAPK signaling pathway. Clin Cosmet Investig Dermatol. (2024) 17:59-77.
doi: 10.2147/CCID.S445008

10. Rattanawiwatpong P, Wanitphakdeedecha R, Bumrungpert A, Maiprasert M.
Anti-aging and brightening effects of a topical treatment containing vitamin C, vitamin
E, and raspberry leaf cell culture extract: A split-face, randomized controlled trial. J
Cosmet Dermatol. (2020) 19:671-6. doi: 10.1111/jocd.13305

11. Kobusiewicz A, Tarkowski B, Kaszuba A, Lesiak A, Narbutt ], Zalewska-Janowska
A. The relationship between atopic dermatitis and atopic itch in children and the
psychosocial functioning of their mothers: A cross-sectional study. Front Med. (2023)
10:1066495. doi: 10.3389/fmed.2023.1066495

12. Tanghetti, E, Kawata A, Daniels S, Yeomans K, Burk C, Callender V.
Understanding the burden of adult female acne. J Clin Aesthet Dermatol. (2014)
7:22-30.

13. Holzmann R, Shakery K. Postadolescent acne in females. Skin Pharmacol Physiol.
(2014) 27(Suppl 1):3-8. doi: 10.1159/000354887

14. Abuabara K, Magyari A, McCulloch C, Linos E, Margolis D, Langan S.
Prevalence of atopic eczema among patients seen in primary care: Data from the
health improvement network. Ann Intern Med. (2019) 170:354-6. doi: 10.7326/M18-
2246

15. Yang J, Yang H, Xu A, He LA. Review of advancement on influencing factors of
acne: An emphasis on environment characteristics. Front Public Health. (2020) 8:450.
doi: 10.3389/fpubh.2020.00450

16. Data Bridge Market Research. The Rise of Natural Ingredients in the Cosmetic
Industry. (2024). Available online at: https://www.databridgemarketresearch.com/

Frontiers in Medicine

18

10.3389/fmed.2025.1589691

Generative Al statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

whitepaper/the-rise- of- natural- cosmetic- ingredients- in-response (accessed October
2,2024).

17. Nadeeshani D, Dharmadasa R, Chandana Abeysinghe D, Saman Wijesekara R,
Prathapasinghe G, Someya T. Global perspective of plant-based cosmetic industry and
possible contribution of Sri Lanka to the development of herbal cosmetics. Evid Based
Complement Alternat Med. (2022) 2022:9940548. doi: 10.1155/2022/9940548

18. Liu J. Natural products in cosmetics. Nat Prod Bioprospect. (2022) 12:1-43.
doi: 10.1007/s13659-022-00363-y

19. Rios J. Essential Oils: What they are and how the terms are used and defined. In:
Preedy VR, editor. Essential Oils in Food Preservation, Flavor and Safety. Cambridge:
Academic Press (2016). p. 3-10.

20. Deyno, S, Mtewa A, Abebe A, Hymete A, Makonnen E, Bazira J, et al.
Essential oils as topical anti-infective agents: A systematic review and meta-
analysis. Complement Ther Med. (2019) 47:102224. doi: 10.1016/j.ctim.2019.10
2224

21. Grand View Research. Essential Oils Market Size & Share | Industry Report, 2030.
(2025). Available online at: https://www.grandviewresearch.com/industry-analysis/
essential-oils- market (accessed February 25, 2025).

22. Rybezynska-Tkaczyk K, Grenda A, Jakubczyk A, Kiersnowska K, Bik-
Matodzinska M. Natural compounds with antimicrobial properties in cosmetics.
Pathogens. (2023) 12:320. doi: 10.3390/pathogens12020320

23. FDA. Fragrances in Cosmetics | FDA. (2025). Available online at: https://www.
fda.gov/cosmetics/cosmetic-ingredients/fragrances-cosmetics (accessed February 25,
2025).

24. Thyssen J, Giménez-Arnau E, Lepoittevin J, Menné T, Boman A, Schnuch A.
The critical review of methodologies and approaches to assess the inherent skin
sensitization potential (skin allergies) of chemicals. Part II. Contact Dermatitis. (2012)
66(Suppl 1):25-52. doi: 10.1111/j.1600-0536.2011.02004_3.x

25. Antignac E, Nohynek G, Re T, Clouzeau ], Toutain H. Safety of botanical
ingredients in personal care products/cosmetics. Food Chem Toxicol. (2011) 49:324-41.
doi: 10.1016/j.fct.2010.11.022

26. Avicanna Inc. Effect of a Facial Cream Containing Cannabidiol and Hemp Oil
on Skin Hydration and Acne-prone Skin (Dahlia). (2020). Available online at: https:
/[clinicaltrials.gov/study/NCT04045119 (accessed October 3, 2024).

27. Elena Giovanna Bignami. Stress Relief Properties of a Cosmetic Routine. (2019).
Available online at: https://clinicaltrials.gov/study/NCT04127279 (accessed October 3,
2024)).

28. IFRA Standards. 48th Amendment to the IFRA Code of Practice. (2015).
Available online at: https://ifrafragrance.org/safe- use/standards- documentation
(accessed October 3, 2024).

29. Bunse M, Daniels R, Grilndemann C, Heilmann J, Kammerer D, Keusgen
M, et al. Essential oils as multicomponent mixtures and their potential for human
health and well-being. Front Pharmacol. (2022) 13:956541. doi: 10.3389/fphar.2022.
956541

30. Sadgrove N, Padilla-Gonzilez G, Phumthum M. Fundamental chemistry of
essential oils and volatile organic compounds, methods of analysis and authentication.
Plants. (2022) 11:789. doi: 10.3390/plants11060789

31. Bakkali F Averbeck S, Averbeck D, Idaomar M. Biological effects of essential
oils-a review. Food Chem Toxicol. (2008) 46:446-75. doi: 10.1016/j.fct.2007.
09.106

frontiersin.org


https://doi.org/10.3389/fmed.2025.1589691
https://doi.org/10.3390/molecules26030666
https://doi.org/10.3390/molecules27248999
https://doi.org/10.2147/CCID.S361051
https://doi.org/10.3390/COSMETICS8040114
https://doi.org/10.3390/cosmetics5010011
https://doi.org/10.1080/08927014.2024.2332709
https://doi.org/10.1080/08927014.2024.2332709
https://doi.org/10.4274/tjps.galenos.2022.78010
https://doi.org/10.1111/ajd.12465
https://doi.org/10.2147/CCID.S445008
https://doi.org/10.1111/jocd.13305
https://doi.org/10.3389/fmed.2023.1066495
https://doi.org/10.1159/000354887
https://doi.org/10.7326/M18-2246
https://doi.org/10.7326/M18-2246
https://doi.org/10.3389/fpubh.2020.00450
https://www.databridgemarketresearch.com/whitepaper/the-rise-of-natural-cosmetic-ingredients-in-response
https://www.databridgemarketresearch.com/whitepaper/the-rise-of-natural-cosmetic-ingredients-in-response
https://doi.org/10.1155/2022/9940548
https://doi.org/10.1007/s13659-022-00363-y
https://doi.org/10.1016/j.ctim.2019.102224
https://doi.org/10.1016/j.ctim.2019.102224
https://www.grandviewresearch.com/industry-analysis/essential-oils-market
https://www.grandviewresearch.com/industry-analysis/essential-oils-market
https://doi.org/10.3390/pathogens12020320
https://www.fda.gov/cosmetics/cosmetic-ingredients/fragrances-cosmetics
https://www.fda.gov/cosmetics/cosmetic-ingredients/fragrances-cosmetics
https://doi.org/10.1111/j.1600-0536.2011.02004_3.x
https://doi.org/10.1016/j.fct.2010.11.022
https://clinicaltrials.gov/study/NCT04045119
https://clinicaltrials.gov/study/NCT04045119
https://clinicaltrials.gov/study/NCT04127279
https://ifrafragrance.org/safe-use/standards-documentation
https://doi.org/10.3389/fphar.2022.956541
https://doi.org/10.3389/fphar.2022.956541
https://doi.org/10.3390/plants11060789
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.1016/j.fct.2007.09.106
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Pezantes-Orellana et al.

32. Dzialo M, Mierziak J, Korzun U, Preisner M, Szopa J, Kulma A. The potential
of plant phenolics in prevention and therapy of skin disorders. Int J Mol Sci. (2016)
17:160. doi: 10.3390/ijms17020160

33. Swamy M, Akhtar M, Sinniah U. Antimicrobial properties of plant essential oils
against human pathogens and their mode of action: An updated review. Evid Based
Complement Alternat Med. (2016) 2016:3012462. doi: 10.1155/2016/3012462

34. Pokajewicz K, Biatonn M, Svydenko L, Fedin R, Hudz N. Chemical composition
of the essential oil of the new cultivars of Lavandula angustifolia mill. Bred in Ukraine.
Molecules. (2021) 26:5681. doi: 10.3390/molecules26185681

35. Carbone C, Caddeo C, Grimaudo M, Manno D, Serra A, Musumeci T. Ferulic
Acid-NLC with lavandula essential oil: A possible strategy for wound-healing?
Nanomaterials. (2020) 10:898. doi: 10.3390/nano10050898

36. Mori H, Kawanami H, Kawahata H, Aoki M. Wound healing potential of
lavender oil by acceleration of granulation and wound contraction through induction
of TGF-B in a rat model. BMC Complement Altern Med. (2016) 16:144. doi: 10.1186/
$12906-016-1128-7

37. Mondello F, Fontana S, Scaturro M, Girolamo A, Colone M, Stringaro A,
et al. Terpinen-4-ol, the main bioactive component of tea tree oil, as an innovative
antimicrobial agent against Legionella pneumophila. Pathogens. (2022) 11:682. doi:
10.3390/pathogens11060682

38. Radice M, Manfredini S, Ziosi P, Dissette V, Buso P, Fallacara A, et al. Herbal
extracts, lichens and biomolecules as natural photo-protection alternatives to synthetic
UV filters. A systematic review. Fitoterapia. (2016) 114:144-62. doi: 10.1016/j.fitote.
2016.09.003

39. Flores F, de Lima J, Ribeiro R, Alves S, Rolim C, Beck R, et al. Antifungal activity
of nanocapsule suspensions containing tea tree oil on the growth of Trichophyton
rubrum. Mycopathologia. (2013) 175:281-6. doi: 10.1007/s11046-013-9622-7

40. Niknam S, Tofighi Z, Faramarzi M, Abdollahifar M, Sajadi E, Dinarvand R,
et al. Polyherbal combination for wound healing: Matricaria chamomilla L. and Punica
granatum L. Daru. (2021) 29:133-45. doi: 10.1007/s40199-021-00392-x

41. Sah A, Naseef P, Kuruniyan M, Jain G, Zakir F, Aggarwal GA. Comprehensive
study of therapeutic applications of chamomile. Pharmaceuticals. (2022) 15:1284. doi:
10.3390/ph15101284

42. Mumtaz R, Zubair M, Khan M, Muzammil S, Siddique M. Extracts of eucalyptus
alba promote diabetic wound healing by inhibiting a-glucosidase and stimulating
cell proliferation. Evid Based Complement Alternat Med. (2022) 2022:4953105. doi:
10.1155/2022/4953105

43. Almas I, Innocent E, Machumi E, Kisinza W. Chemical composition of essential
oils from Eucalyptus globulus and Eucalyptus maculata grown in Tanzania. Sci Afr.
(2021) 12:¢00758

44. Taherpour A, Khaef S, Yari A, Nikeafshar S, Fathi M, Ghambari S. Chemical
composition analysis of the essential oil of Mentha piperita L. from Kermanshah, Iran
by hydrodistillation and HS/SPME methods. J Anal Sci Technol. (2017) 8:1-6.

45. Pesimo A. Harnessing the solar energy in extracting essential oil for community
based perfumery and aromatherapy. OAlib. (2017) 4:1-11.

46. Vasilenko T, Kovaé I, Slezdk M, Durka¢ J, Perzel'ova V, Coma M, et al. Agrimonia
eupatoria L. Aqueous extract improves skin wound healing: An in vitro study in
fibroblasts and keratinocytes and In Vivo study in rats. In Vivo. (2022) 36:1236-44.
doi: 10.21873/invivo.12822

47. Pintus F Floris S, Fais A, Era B, Porcedda C, Tuberoso C, et al. Euphorbia
characias extract: Inhibition of skin aging-related enzymes and nanoformulation.
Plants. (2022) 11:1849. doi: 10.3390/plants11141849

48. Lekmine S, Boussekine S, Akkal S, Martin-Garcia A, Boumegoura A, Kadi K,
et al. Investigation of photoprotective, anti-inflammatory, antioxidant capacities and
LC-ESI-MS phenolic profile of Astragalus gombiformis pomel. Foods. (2021) 10:1937.
doi: 10.3390/foods10081937

49. Zagoérska-Dziok M, Wojciak M, Ziemlewska A, Niziol-Lukaszewska Z, Hoian
U, Klimczak K, et al. Evaluation of the antioxidant, cytoprotective and antityrosinase
effects of Schisandra chinensis extracts and their applicability in skin care product.
Molecules. (2022) 27:8877. doi: 10.3390/molecules27248877

50. Pieczykolan A, Pietrzak W, Dos Santos Szewczyk K, Gawlik-Dziki U, Nowak
R. LC-ESI-MS/MS polyphenolic profile and in vitro study of cosmetic potential
of Aerva lanata (L.) Juss. herb extracts. Molecules. (2022) 27:1259. doi: 10.3390/
molecules27041259

51. Carvalho I, Estevinho B, Santos L. Application of microencapsulated essential
oils in cosmetic and personal healthcare products - a review. Int ] Cosmet Sci. (2016)
38:109-19. doi: 10.1111/ics.12232

52. Trotta V, Goios F, Monteiro H, Almeida I, Scalia S. Influence of lipid
microparticle encapsulation on in vitro efficacy, photostability and water resistance of
the sunscreen agents, octyl methoxycinnamate and butyl methoxydibenzoylmethane.
Drug Dev Ind Pharm. (2014) 40:1233-9. doi: 10.3109/03639045.2013.814062

53.Lu W, Huang D, Wang C, Yeh C, Tsai J, Huang Y, et al. Preparation,
characterization, and antimicrobial activity of nanoemulsions incorporating citral
essential oil. ] Food Drug Anal. (2018) 26:82-9. doi: 10.1016/j.jfda.2016.12.018

54. Liu Y, Liu M, Zhao J, Wang D, Zhang L, Wang H, et al. Microencapsulation
of Osmanthus essential oil by interfacial polymerization: Optimization,

Frontiers in Medicine

19

10.3389/fmed.2025.1589691

characterization, release kinetics, and storage stability of essential oil from
microcapsules. ] Food Sci. (2021) 86:5397-408. doi: 10.1111/1750-3841.
15943

55. Casanova F, Santos L. Encapsulation of cosmetic active ingredients for topical
application-a review. J Microencapsul. (2016) 33:1-17. doi: 10.3109/02652048.2015.
1115900

56. Sousa V, Parente ], Marques J, Forte M, Tavares C. Microencapsulation of
essential oils: A review. Polymers. (2022) 14:1730. doi: 10.3390/polym14091730

57. Sakulku U, Nuchuchua O, Uawongyart N, Puttipipatkhachorn S, Soottitantawat
A, Ruktanonchai U. Characterization and mosquito repellent activity of citronella oil
nanoemulsion. Int ] Pharm. (2009) 372:105-11. doi: 10.1016/j.ijpharm.2008.12.029

58. Norodin N, Salleh L, Hartati, Mustafa N. Supercritical carbon dioxide (SC-CO2)
extraction of essential oil from Swietenia mahagoni seeds. IOP Conf Ser Mater Sci Eng.
(2016) 162:012030

59. Filipiuc S, Neagu A, Uritu C, Tamba B, Filipiuc L, Tudorancea I, et al. The
skin and natural cannabinoids-topical and transdermal applications. Pharmaceuticals.
(2023) 16:1049. doi: 10.3390/ph16071049

60. Nguyen L, Oh T, Nguyen U, Choi M, Yang I, Shin H. A natural compound
mixture containing arctigenin, hederagenin, and baicalein alleviates atopic dermatitis
in mice by regulating HPA axis and immune activity. Evid Based Complement Alternat
Med. (2020) 2020:1970349. doi: 10.1155/2020/1970349

61. Lee ], Jeon Y, Lee Y, Kim D. The suppressive effect of puerarin on atopic
dermatitis-like skin lesions through regulation of inflammatory mediators in vitro and
in vivo. Biochem Biophys Res Commun. (2018) 498:707-14. doi: 10.1016/j.bbrc.2018.
03.018

62. Dontje A, Schuiling-Veninga C, van Hunsel F, Ekhart C, Demirci E
Woerdenbag H. The therapeutic potential of essential oils in managing inflammatory
skin conditions: A scoping review. Pharmaceuticals. (2024) 17:571. doi: 10.3390/
ph17050571

63. Yihan W, Jinjin D, Yingqi W, Guanai M, Xiwu Z. Advances in plant essential
oils and drug delivery systems for skincare. Front Pharmacol. (2025) 16:1578280.
doi: 10.3389/fphar.2025.1578280

64. Moher D, Liberati A, Tetzlaff J, Altman D. Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. BMJ. (2009) 339:332-6.

65. Mazzarello V, Donadu M, Ferrari M, Piga G, Usai D, Zanetti S, et al. Treatment
of acne with a combination of propolis, tea tree oil, and Aloe vera compared to
erythromycin cream: Two double-blind investigations. Clin Pharmacol. (2018) 10:175-
81. doi: 10.2147/CPAA.S180474

66. Enshaieh S, Jooya A, Siadat A, Iraji F. The efficacy of 5% topical tea tree oil gel in
mild to moderate acne vulgaris: A randomized, double-blind placebo-controlled study.
Indian ] Dermatol Venereol Leprol. (2007) 73:22-5. doi: 10.4103/0378-6323.30646

67. Springer A, Hockmeier L, Schicker D, Hettwer S, Freiherr J. Measurement of
stress relief during scented cosmetic product application using a mood questionnaire,
stress hormone levels and brain activation. Cosmetics. (2022) 9:97. doi: 10.3390/
cosmetics9050097

68. Avicanna Inc. Effect of an Emollient Cream Containing 0.5% Cannabidiol and 1%
Hemp Oil in the Hydration and Erythema of the Skin (Celosia). (2020). Available online
at: https://clinicaltrials.gov/study/NCT04045314 (accessed October 3, 2024).

69. Travis Motley. An Open-label Study Evaluating the Effectiveness of CGB-400
Topical Gel for Fungal Infection. (2022). Available online at: https://clinicaltrials.gov/
study/NCT05202366 (accessed October 3, 2024).

70. Katherine Hammer. Pilot Study to Evaluate Tea Tree Oil Gel for Facial
Acne | ClinicalTrials.gov [Internet]. (2015). Available online at: https://clinicaltrials.
gov/study/NCT01657110%intr=Tea%20tree%200il%20gel&rank=1 (accessed October
3,2024).

71. Maha Talaab. Intra-pocket Application of Tea Tree Oil Gel in the Treatment of
Stage-2 Periodontitis | ClinicalTrials.gov [Internet]. (2021). Available online at: https:
/[clinicaltrials.gov/study/NCT04769271%intr=Tea%20tree%200il%20gel&rank=3
(accessed October 3, 2024).

72. University of Applied Sciences and Arts of Southern Switzerland. Local Changes
of Skin Characteristics After an Application of a Topical Product With a Warming or
Cooling Effect | ‘calTrials.gov [Internet]. (2019). Available online at: https://clinicaltrials.
gov/study/NCT03016221?intr=rosemary%200il%20gel&rank=2 (accessed October 3,
2024).

73. Richard Bloomer. Impact of a Topical Cosmetic Product on Women’s Hair |
ClinicalTrials.gov [Internet]. (2023). Available online at: https:/clinicaltrials.gov/
study/NCT06060834?intr=%20lemon%20%200il%20cosmetic%20&rank=1#study-
overview (accessed October 3, 2024).

74. Biju S, Ahuja A, Khar R. Tea tree oil concentration in follicular casts after
topical delivery: Determination by high-performance thin layer chromatography using
a perfused bovine udder model. ] Pharm Sci. (2005) 94:240-5. doi: 10.1002/jps.20250

75. Alves L, Vila Nova B, Assungio R, da Silva L, S& G, Silva L, et al.
Melaleuca alternifolia essential oil in a natural product-based formulation:
antimicrobial and healing effects in Staphylococcus aureus-infected wounds.
Eur ] Pharm Biopharm. (2024) 202:114416. doi: 10.1016/j.ejpb.2024.1
14416

frontiersin.org


https://doi.org/10.3389/fmed.2025.1589691
https://doi.org/10.3390/ijms17020160
https://doi.org/10.1155/2016/3012462
https://doi.org/10.3390/molecules26185681
https://doi.org/10.3390/nano10050898
https://doi.org/10.1186/s12906-016-1128-7
https://doi.org/10.1186/s12906-016-1128-7
https://doi.org/10.3390/pathogens11060682
https://doi.org/10.3390/pathogens11060682
https://doi.org/10.1016/j.fitote.2016.09.003
https://doi.org/10.1016/j.fitote.2016.09.003
https://doi.org/10.1007/s11046-013-9622-7
https://doi.org/10.1007/s40199-021-00392-x
https://doi.org/10.3390/ph15101284
https://doi.org/10.3390/ph15101284
https://doi.org/10.1155/2022/4953105
https://doi.org/10.1155/2022/4953105
https://doi.org/10.21873/invivo.12822
https://doi.org/10.3390/plants11141849
https://doi.org/10.3390/foods10081937
https://doi.org/10.3390/molecules27248877
https://doi.org/10.3390/molecules27041259
https://doi.org/10.3390/molecules27041259
https://doi.org/10.1111/ics.12232
https://doi.org/10.3109/03639045.2013.814062
https://doi.org/10.1016/j.jfda.2016.12.018
https://doi.org/10.1111/1750-3841.15943
https://doi.org/10.1111/1750-3841.15943
https://doi.org/10.3109/02652048.2015.1115900
https://doi.org/10.3109/02652048.2015.1115900
https://doi.org/10.3390/polym14091730
https://doi.org/10.1016/j.ijpharm.2008.12.029
https://doi.org/10.3390/ph16071049
https://doi.org/10.1155/2020/1970349
https://doi.org/10.1016/j.bbrc.2018.03.018
https://doi.org/10.1016/j.bbrc.2018.03.018
https://doi.org/10.3390/ph17050571
https://doi.org/10.3390/ph17050571
https://doi.org/10.3389/fphar.2025.1578280
https://doi.org/10.2147/CPAA.S180474
https://doi.org/10.4103/0378-6323.30646
https://doi.org/10.3390/cosmetics9050097
https://doi.org/10.3390/cosmetics9050097
https://clinicaltrials.gov/study/NCT04045314
https://clinicaltrials.gov/study/NCT05202366
https://clinicaltrials.gov/study/NCT05202366
https://clinicaltrials.gov
https://clinicaltrials.gov/study/NCT01657110?intr=Tea%20tree%20oil%20gel&rank=1
https://clinicaltrials.gov/study/NCT01657110?intr=Tea%20tree%20oil%20gel&rank=1
https://clinicaltrials.gov
https://clinicaltrials.gov/study/NCT04769271?intr=Tea%20tree%20oil%20gel&rank=3
https://clinicaltrials.gov/study/NCT04769271?intr=Tea%20tree%20oil%20gel&rank=3
https://clinicaltrials.gov/study/NCT03016221?intr=rosemary%20oil%20gel&rank=2
https://clinicaltrials.gov/study/NCT03016221?intr=rosemary%20oil%20gel&rank=2
https://clinicaltrials.gov
https://clinicaltrials.gov/study/NCT06060834?intr=%20lemon%20%20oil%20cosmetic%20&rank=1#study-overview
https://clinicaltrials.gov/study/NCT06060834?intr=%20lemon%20%20oil%20cosmetic%20&rank=1#study-overview
https://clinicaltrials.gov/study/NCT06060834?intr=%20lemon%20%20oil%20cosmetic%20&rank=1#study-overview
https://doi.org/10.1002/jps.20250
https://doi.org/10.1016/j.ejpb.2024.114416
https://doi.org/10.1016/j.ejpb.2024.114416
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://calTrials.gov

Pezantes-Orellana et al.

76. Cross S, Russell M, Southwell I, Roberts M. Human skin penetration of the major
components of Australian tea tree oil applied in its pure form and as a 20% solution
in vitro. Eur ] Pharm Biopharm. (2008) 69:214-22. doi: 10.1016/j.ejpb.2007.10.002

77. Orafidiya L, Agbani E, Oyedele A, Babalola O, Onayemi O. Preliminary clinical
tests on topical preparations of Ocimum gratissimum linn leaf essential oil for the
treatment of acne vulgaris. Clin Drug Investig. (2002) 22:313-9. doi: 10.2165/00044011-
200222050-00005

78. Darvin M, Campos M, Hugo V, Infante P, Darvin M, Campos Pmbgm.
Characterization and efficacy of essential oil-based cosmetic formulations for acne-
prone skin. Cosmetics. (2023) 10:158. doi: 10.3390/cosmetics10060158

79. Antognoni F, Lianza M, Poli E, Buccioni M, Santinelli C, Caprioli G, et al. Polar
extracts from the berry-like fruits of Hypericum androsaemum L. As a promising
ingredient in skin care formulations. J Ethnopharmacol. (2017) 195:255-65. doi: 10.
1016/j.jep.2016.11.029

80. Gledovic A, Janosevic-Lezaic A, Tamburic S, Savic S. Red raspberry seed oil
low energy nanoemulsions: Influence of surfactants, antioxidants, and temperature on
oxidative stability. Antioxidants. (2022) 11:1898. doi: 10.3390/antiox11101898

Frontiers in Medicine

20

10.3389/fmed.2025.1589691

81. Pouresmaeil M, Nojadeh M, Movafeghi A, Maggi F. Exploring the
bio-control efficacy of Artemisia fragrans essential oil on the perennial
weed  Convolvulus  arvensis: Inhibitory effects on the photosynthetic
machinery and induction of oxidative stress. Ind Crops Prod. (2020) 155:
112785.

82. Park B, Hwang E, Seo S, Cho ], Yang J, Yi T. Eucalyptus globulus extract protects
against UVB-induced photoaging by enhancing collagen synthesis via regulation of
TGF-f/Smad signals and attenuation of AP-1. Arch Biochem Biophys. (2018) 637:31-9.
doi: 10.1016/j.abb.2017.11.007

83. Moreira P, Sousa F, Matos P, Brites G, Gongalves M, Cavaleiro C, et al. Chemical
composition and effect against skin alterations of bioactive extracts obtained by the
hydrodistillation of Eucalyptus globulus leaves. Pharmaceutics. (2022) 14:561. doi: 10.
3390/pharmaceutics14030561

84. Burnett C, Fiume M, Bergfeld W, Belsito D, Hill R, Klaassen C,
et al. Safety assessment of citrus-derived peel oils as used in cosmetics.
Int ] Toxicol. (2019) 38(2_suppl):33S-59S. doi: 10.1177/109158181986
2504

frontiersin.org


https://doi.org/10.3389/fmed.2025.1589691
https://doi.org/10.1016/j.ejpb.2007.10.002
https://doi.org/10.2165/00044011-200222050-00005
https://doi.org/10.2165/00044011-200222050-00005
https://doi.org/10.3390/cosmetics10060158
https://doi.org/10.1016/j.jep.2016.11.029
https://doi.org/10.1016/j.jep.2016.11.029
https://doi.org/10.3390/antiox11101898
https://doi.org/10.1016/j.abb.2017.11.007
https://doi.org/10.3390/pharmaceutics14030561
https://doi.org/10.3390/pharmaceutics14030561
https://doi.org/10.1177/1091581819862504
https://doi.org/10.1177/1091581819862504
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Evaluating efficacy, safety, and innovation in skin care applications of essential oils: a systematic review
	1 Introduction
	2 Materials and methods
	2.1 Eligibility criteria
	2.1.1 Inclusion and exclusion criteria
	2.1.2 Search strategies


	3 Results
	3.1 Study selection
	3.2 Study characteristics

	4 Discussion
	5 Conclusion
	5.1 Limitations

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References




