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ABSTRACT

Essential oils are highly concentrated, volatile plant-derived extracts characterised by distinctive
aromatic profiles and a wide range of therapeutic properties. They are obtained from various plant
parts, including flowers, leaves, bark, roots, and seeds, and contain bioactive constituents such as
monoterpenes, sesquiterpenes, phenylpropanoids, and oxygenated compounds. Traditionally used in
herbal medicine and cultural practices, essential oils have gained renewed scientific and commercial
importance, particularly in perfumery and aromatherapy. In perfumery, they contribute to complex
fragrance compositions comprising top, middle, and base notes, while in aromatherapy, they are
widely applied to influence psychological and physiological responses, offering supportive benefits in
stress, anxiety, inflammation, pain, respiratory ailments, and skin disorders.

The quality, stability, and therapeutic efficacy of essential oils are strongly influenced by extraction
techniques. Conventional methods such as steam distillation and cold pressing are widely employed
due to their simplicity and cost-effectiveness, especially for citrus oils.

However, advanced techniques including solvent extraction, supercritical carbon dioxide extraction,
and microwave-assisted extraction demonstrate improved efficiency, selectivity, and preservation of
thermolabile compounds. This review critically examines the chemistry, classification, and functional
properties of essential oil constituents, along with traditional and modern extraction approaches and
their advantages and limitations. Despite increasing research interest, gaps remain in
standardization, quality control, mechanistic understanding, clinical validation, long-term safety, and
formulation stability. Future research should focus on standardized analytical protocols, mechanistic
investigations, clinical studies, Nano formulation strategies, and sustainable sourcing to enhance
efficacy, safety, and applicability of essential oils in pharmaceuticals and integrative healthcare
systems globally.

Introduction

Essential oils (EOs) are highly concentrated, volatile plant-
derived extracts composed of complex aromatic compounds
that reflect the characteristic fragrance and biological activity
of their botanical sources [1]. Obtained from various plant parts
such as flowers, leaves, bark, roots, seeds, and peels, essential
oils have been valued for centuries in traditional systems of
medicine, perfumery, cosmetics, and religious practices.
Ancient civilizations, including those of Egypt, China, and India,
documented the use of aromatic plant extracts for healing,
preservation, and spiritual well-being [2].

In recent decades, there has been a renewed global interest
in essential oils, driven by a growing preference for natural,
plant-based, and sustainable alternatives to synthetic
chemicals [3]. According to recent market analyses, the global
essential oils market was valued at over USD 18 billion and is
projected to grow at a compound annual growth rate (CAGR) of
approximately 8-10%, fuelled by increasing demand in
aromatherapy, personal care, pharmaceuticals, and food
industries [4]. The expanding awareness of holistic health,
stress-related disorders, and antimicrobial resistance has
further accelerated the scientific exploration of essential oils
and their bioactive constituents [5].

Beyond their pleasant aroma, essential oils exhibit a wide
spectrum of biological activities, including antimicrobial, anti-
inflammatory, antioxidant, anxiolytic, and analgesic effects.

These properties are primarily attributed to their chemical
composition, which includes monoterpenes, sesquiterpenes,
phenylpropanoids, and various oxygenated compounds [6].
However, despite their widespread use, variability in chemical
composition, extraction methods, dosage, and safety profiles
poses challenges for standardisation and clinical application [3].

Chemical Composition of Essential Oils

Essential oils (EOs) are highly concentrated plant-derived
extracts composed of complex mixtures of volatile organic
compounds, primarily terpenes, terpenoids, phenylpropanoids,
and other oxygenated constituents. These compounds are
responsible for the characteristic aroma, therapeutic efficacy,
and industrial value of essential oils in aromatherapy, perfumery,
cosmetics, and pharmaceutical formulations. Based on their
chemical structure and functional properties, the constituents
of essential oils can be broadly classified into monoterpenes,
sesquiterpenes, phenylpropanoids, and oxygenated compounds.

Monoterpenes represent the simplest class of terpenes and
consist of ten carbon atoms with the molecular formula CyoHe.
Owing to their low molecular weight and high volatility,
monoterpenes readily evaporate and are primarily responsible
for the fresh, bright top notes in perfumery. From a therapeutic
perspective, monoterpenes  exhibit  antiseptic, anti-
inflammatory, and stimulating effects, making them valuable in
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aromatherapy for enhancing mood and mental clarity.
Limonene, abundantly present in citrus oils such as orange,
lemon, and grapefruit, is well known for its uplifting and stress-
relieving properties and contributes a fresh, zesty aroma in
fragrance formulations. Similarly, o-pinene and [-pinene,
commonly found in pine, rosemary, and other coniferous oils,
support respiratory health and alertness while imparting crisp,
green, and woody notes to perfumes [7].

Sesquiterpenes are composed of fifteen carbon atoms (CisHza)
and are comparatively less volatile than monoterpenes. Their
lower volatility allows them to persist longer, contributing to the
deep, warm, and earthy base notes of perfumes. In aromatherapy,
sesquiterpenes are associated with anti-inflammatory, grounding,
and calming effects, making them beneficial for emotional balance
and stress reduction. Caryophyllene, present in clove, black
pepper, and ylang-ylang oils, is recognized for its natural
analgesic and relaxing properties and adds a spicy, balsamic
depth to woody and oriental fragrances. Farnesene, found in
vetiver, chamomile, and ginger oils, is valued for its soothing and
anxiolytic effects, while it's soft, powdery, and earthy aroma
enhances the complexity of fragrance blends [8].

Phenylpropanoids are aromatic compounds derived from the
phenylpropane skeleton and are known for their strong, warm,
and spicy fragrance characteristics. These compounds possess
potent antimicrobial, stimulating, and energizing properties,
contributing significantly to the therapeutic activity of several
essential oils. Eugenol, a major constituent of clove, bay, and
cinnamon oils, exhibits analgesic, antifungal, and cognitive-
enhancing effects and imparts a spicy, smoky, and slightly
medicinal warmth in perfumery. Cinnamaldehyde, predominantly
found in cinnamon bark oil, is recognized for its ability to enhance
circulation and combat infections, while providing a rich, spicy,
and oriental character to fragrance compositions [9].

Oxygenated compounds constitute an important group of
essential oil constituents and include alcohols, ketones, esters,
aldehydes, and oxides. These compounds are largely responsible
for the floral, fruity, and herbal nuances of essential oils and often
enhance both their therapeutic potency and olfactory appeal.
Linalool, an alcohol commonly found in lavender, coriander, and
rosewood oils, is widely used for its calming, sedative, and sleep-
promoting effects and contributes a delicate floral and slightly
woody aroma. Methyl salicylate, an ester present in wintergreen
and birch oils, is valued for its analgesic and muscle-relaxing
properties and adds a cool, minty sweetness to fragrances.
Camphor, a ketone found in rosemary, eucalyptus, and sage oils,
is known for its stimulating action on circulation, ability to relieve
congestion, and contribution of a fresh, herbal, and mildly
medicinal note in perfumery [10,11].

Overall, the diverse chemical composition of essential oils
underpins their wide-ranging therapeutic applications and
aromatic characteristics. Understanding these constituent classes
is essential for their effective and safe use in aromatherapy,
pharmaceutical formulations, and fragrance development.

Objectives of the Study
The present study aims to:

e Provide a comprehensive overview of essential oils with
emphasis on their chemical composition.

o Discuss commonly employed extraction methods and their
influence on oil quality.

o Highlight the therapeutic and industrial applications of
essential oils in aromatherapy, healthcare, and perfumery.

o Address safety considerations and limitations associated
with essential oil use.

Limitations

Despite their therapeutic potential, essential oils present
certain limitations. Variability in plant species, geographical
origin, harvesting conditions, and extraction techniques can
significantly affect their chemical profile and efficacy. In
addition, improper use, high concentrations, or lack of
standardization may lead to adverse effects such as skin
irritation, toxicity, or allergic reactions. Limited large-scale
clinical trials also restrict the full validation of many traditional
claims.

Future Scope

Future research should focus on advanced analytical
techniques for better standardization, rigorous clinical studies
to validate therapeutic claims, and the development of safer
delivery systems such as nanoemulsions and encapsulation
technologies. Furthermore, exploring sustainable cultivation
practices and green extraction technologies will enhance the
environmental and economic viability of essential oil
production.

Overall, by integrating traditional knowledge with modern
scientific research, essential oils hold significant promise as
natural agents in healthcare, wellness, and industrial
applications (Table 1).

Table 1. Different classes of aromatic compounds.
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Extraction Methods of Essential Oils

Extraction methods of volatile oils

Volatile oils are aromatic, concentrated plant extracts obtained
from various plant parts such as leaves, flowers, roots, bark,
and seeds [24]. The extraction method plays a crucial role in
determining the yield, purity, and chemical composition of the
oil.

Steam distillation
Principle

Steam volatilizes aromatic compounds, which are condensed
and separated from water [25].

Key points

o Most commonly used and economical method.
» Produces high-quality oils without solvent residues.
o Heat-sensitive constituents may degrade.

Cold pressing (Expression method)
Principle

Mechanical pressure releases oils, mainly from citrus peels
[26].

Key points

Table 2. Comparison of extraction methods.

« No heat involvement, preserving natural aroma.
o Suitable only for citrus fruits.
« Oils are prone to oxidation.

Solvent extraction

Principle:

Organic solvents dissolve aromatic compounds to produce
concretes and absolutes [27].

Key points

» Ideal for delicate flowers (jasmine, rose, tuberose).
o High yield and strong fragrance.
Possible traces of residual solvent.

L]
Supercritical CO, extraction
Principle

CO, under supercritical conditions acts as a solvent to extract
oils at low temperatures [27].

Key points

» Produces solvent-free, highly pure oils.
o Preserves thermolabile compounds.
» High equipment cost.

Hydro distillation

Principle

Plant material is boiled in water, and volatile oils are carried
with steam [27].

Key points

o Suitable for hard materials (roots, bark, wood).
o Simple technique.
« Prolonged heating may reduce oil quality.

Enfleurage method

Enfleurage is a traditional method used for extracting
fragrance from delicate flowers [28] (Table 2).

Key points

Fat absorbs fragrance compounds, later extracted using
alcohol.

Produces highly concentrated aromatic extracts.
Time-consuming and expensive.

Method Best Suited For 0il Quality Residual Solvent Cost Heart Involved
Steam distillation [24] Leaves, flowers, seeds High No Moderate Yes

Cold pressing [25] Citrus peels High No Low No

Solvent extraction [26] Delicate flowers Very high Yes (trace) High No
Supercritical CO, [27] Most plant materials Highest No Very high Low

Hydro distillation [28] Roots, bark, wood Moderate No Low Yes

Essential oils in perfumery

Essential oils form the backbone of natural perfumery, offering
complex aromatic profiles derived from plant sources. Unlike
synthetic fragrances, which are lab-created, essential oils are
extracted from flowers, leaves, roots, bark, and resins through
processes like steam distillation, cold pressing, or solvent
extraction [29].

Perfumers categorise essential oils into three primary groups
based on their evaporation rate and scent longevity:

Top notes (Highly volatile, first impression scents)

o These oils evaporate quickly, usually within 5-15 minutes,
providing the initial burst of fragrance.
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They are light, fresh, and uplifting, creating the first
impression of a perfume.

Common examples:
« Citrus oils - Lemon, Bergamot, Orange, Grapefruit.
o Herbaceous oils - Peppermint, Eucalyptus, Basil.

Middle notes (Heart of the fragrance, balancing elements)

These oils emerge after the top notes fade and last for
several hours.

They provide the body and complexity of a perfume,
acting as a bridge between the fleeting top notes and
long-lasting base notes.

Common examples:

o Floral oils - Lavender, Rose, Geranium, Ylang-Ylang.
e Spicy oils - Cardamom, Clove, Nutmeg.

Base notes (Long-lasting, deep, and rich aromas)

Table 3. Each essential oil has unique properties and benefits.

These are the slowest to evaporate, lasting for hours or
even days.

They provide depth, warmth, and fixation, helping to hold
the fragrance together.

Common examples:

* Woody oils - Sandalwood, Cedarwood, Vetiver.

» Resinous oils - Frankincense, Myrrh, Benzoin.

o Animalic substitutes (Vegan alternatives) - Labdanum
(Amber-like), Oakmoss.

Essential oils in aromatherapy

Aromatherapy is a holistic healing practice that uses natural
plant extracts, specifically essential oils, to enhance physical,
emotional, and psychological well-being. Essential oils are highly
concentrated plant extracts obtained through distillation or cold
pressing, containing the aromatic compounds responsible for
their therapeutic effects [30] (Table 3).

Essential Oil Primary Benefits

Methods of Use

* Calming & Relaxing: Reduces stress and anxiety.

« Sleep-Inducing: Promotes restful sleep.

* Add a few drops to a diffuser for relaxation.

e Mix with carrier oil and apply to temples for
headache relief.

Lavender
(Lavandula « Pain Relief: Helps with headaches and muscle pain.
angustifolia)
« Skin Soothing: Treats burns, insect bites, and minor wounds.
* Energizing & Refreshing: Boosts mental alertness.
Peppermint o Headache & Migraine Relief: Cooling effect soothes
(Mentha headaches.
piperita) * Digestive Aid: Eases nausea and indigestion.
o Pain & Muscle Relief: Soothes sore muscles, joint pain, and
cramps.
o Decongestant: Clears nasal passages and helps with
breathing issues.
Eucalyptus o Antimicrobial & Antiviral: Helps fight infections and
(Eucalyptus supports immunity.
globulus)

Tea Tree (Melaleuca
alternifolia)

Mental Clarity: Refreshes the mind and enhances focus.

Antiseptic & Antifungal: Heals cuts, wounds, and fungal
infections.

Acne Treatment: Clears blemishes and soothes skin.

Immune System Booster: Helps fight bacteria and viruses.

e Add to a warm bath for stress relief and better
sleep. [17,18]

* Add a few drops to a diffuser for relaxation.
« Inhale directly from the bottle for an energy boost.

* Massage on temples (diluted) for headache relief.

Add a few drops to a warm compress for muscle
pain [17,18].

Add a few drops to a warm compress for muscle
pain [17,18].

Add to a bowl of hot water for steam inhalation.

Mix with carrier oil and apply to the chest for
decongestion.

Diffuse in air to purify the surroundings [17,18].

Apply (diluted with carrier oil) to acne-prone
areas.

Use in a homemade disinfectant spray to clean
surfaces.

Add to shampoo to combat dandruff and scalp
irritation [17,18].

Petrichor: Essence of nature

One of the most captivating expressions of nature's essence is
the scent of the first rain, known as petrichor. This fresh, earthy
fragrance is the product of plant oils, bacteria, and soil

Table 4. Recent advances in essential oil research.

compounds releasing their aroma as rain touches the earth. The
feeling of renewal and calm that this scent evokes has long been
a muse for perfumery, where aromatic oils are blended to
recreate its purity [31] (Table 4).

Advancement Description

Analytical Techniques

Gas Chromatography-Mass Spectrometry (GC-MS) and High-Performance Liquid Chromatography

(HPLC) help identify and standardize essential oil compositions [31].

Nanoencapsulation
[32].

Controlled release of essential oils in cosmetics and therapeutics for improved efficacy and stability
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Synergistic Formulations
properties [33].

Sustainability Initiatives Ethical sourcing, eco-friendly

production [33].

A combination of essential oils with pharmaceuticals to enhance antimicrobial and anti-inflammatory

extraction, and reducing environmental impact in essential oil

In the art of perfumery, certain essential oils capture the very
spirit of this first rainfall, offering unique notes such as:

Ozone notes: Light and airy, these notes evoke the crisp,
rejuvenating air that follows a downpour.

Citrus oils: Zesty lemon, bergamot, and other citrus oils
embody the bright freshness that accompanies rain.

Green & herbal notes: Oils like basil, mint, and thyme
recreate the earthy fragrance of rain-kissed plants and

grass.

Earthy & woody notes: Rich vetiver, patchouli, and
sandalwood bring to mind the damp, grounding scent of wet
soil and moss.

Recent Advancements

Recent advancements in essential oil research have focused
on improving extraction techniques, standardization, and
therapeutic applications. Modern technologies such as
supercritical fluid extraction, microwave-assisted extraction,
and nanoencapsulation have enhanced oil yield, purity,
stability, and bioavailability while preserving thermolabile
constituents. Advances in analytical tools like GC-MS and
LC-MS have enabled precise chemical profiling, ensuring
quality control and detection of adulteration. Furthermore,
growing evidence supports the antimicrobial, antioxidant,
anti-inflammatory, and anticancer potential of essential oils,
expanding their application in pharmaceuticals, food
preservation, cosmetics, and aromatherapy. The integration
of essential oils into nanocarriers, transdermal systems, and
functional formulations represents a significant step toward
improved efficacy and controlled delivery.

Limitations

Despite significant progress, several limitations restrict the
widespread clinical use of essential oils. Variability in
chemical composition due to plant source, climate, and
extraction method affects consistency and reproducibility of
results. Limited clinical trials, lack of standardized dosing
guidelines, and concerns regarding toxicity, irritation, and
drug interactions further constrain therapeutic acceptance.
Additionally, essential oils are often volatile and unstable,
leading to reduced shelf life and challenges in formulation.
Regulatory gaps and insufficient toxicological data also
hinder their integration into mainstream medicine.

Future Scope

The future scope of essential oils lies in rigorous clinical
validation, development of standardized formulations, and
improved regulatory frameworks. Advances in nanotechnology
and controlled drug delivery systems may overcome issues
related to volatility, stability, and toxicity. Further exploration of
synergistic effects with conventional drugs, molecular
mechanisms of action, and sustainable cultivation practices will
enhance therapeutic reliability. With continued interdisciplinary
research, essential oils hold strong potential as safe, effective,
and natural alternatives or adjuncts in modern healthcare and
industry.

Conclusion

Essential oils represent a unique convergence of nature,
tradition, and modern science, maintaining their significance
across perfumery, aromatherapy, and therapeutic applications.
Their complex chemical composition, rich in bioactive
constituents such as terpenes, phenylpropanoids, and
oxygenated compounds, underpins a wide spectrum of
biological activities including antimicrobial, antioxidant, anti-
inflammatory, and anxiolytic effects. These properties have not
only preserved their relevance in traditional systems of
medicine but have also positioned essential oils as valuable
natural resources in contemporary health and wellness
industries.

In perfumery, essential oils continue to be prized for their
depth, authenticity, and ability to evoke emotional and
psychological responses, while in aromatherapy they
contribute to holistic approaches aimed at improving mental
well-being and quality of life. The integration of essential oils
into cosmetics, pharmaceuticals, food preservation, and
complementary therapies further highlights their expanding
industrial and clinical potential. However, variability in
chemical composition due to plant species, geographical origin,
cultivation practices, and extraction techniques presents
challenges in standardization and quality assurance.

Scientific advancements have significantly enhanced the
understanding of essential oils, enabling the development of
improved extraction methods, advanced analytical techniques,
and innovative delivery systems such as nanoemulsions,
encapsulation, and controlled-release formulations. These
innovations help enhance stability, bioavailability, and safety
while minimizing adverse effects such as skin irritation or
toxicity. At the same time, growing awareness of
environmental impact has emphasized the need for sustainable
cultivation, ethical sourcing, and eco-friendly extraction
processes.

Future research should prioritize rigorous safety evaluations,
clinical validation of therapeutic claims, and the establishment
of regulatory guidelines to ensure consistent quality and
consumer confidence. By aligning traditional knowledge with
scientific innovation and sustainability, essential oils can be
effectively optimized for modern applications, ensuring their
continued contribution to health, wellness, and sensory
enrichment in a rapidly evolving global landscape.
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