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Essential Oils: Biological Activity Beyond Aromatherapy
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Abstract − The essential oils are fragrant products whose complex compositions are obtained from various parts
of plants by dry or steam distillation. Plants with variable biological activities have been explored worldwide. The
presence of a large number of phenols, terpenes and other aromatic compounds make essential oils more precise
in their mode of action. Because of this, they are known to possess many biological activities like antimicrobial,
antioxidant and anti-inflammatory etc. In this article, we will review the published literature summarizing the
chemistry of essential oils and their important biological activities. 
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Introduction

The essential oils are concentrated hydrophobic liquids

containing volatile compounds obtained from plants.

They are complex compounds which are characterized by

a strong odor and are formed from various plants

metabolites. They are limpid and soluble in lipid/organic

solvents and possess density less than water. Essential oils

are generally obtained by hydro or steam distillation.

They were first developed by the Arabs in the Middle

Ages and were known for their fragrances and various

other medicina properties like antiseptic, bactericidal,

virucidal and fungicidal (6). The first essential oil usage

evidenced around 3000-2500 B.C. Egyptians were the

first culture that used aromatic extracts for different

purposes such as physical well-being, beauty care, culinary

and spiritual uses. It is also believed that the extracts of

essential oil have also been used in India and China at

exactly the same time. Many essential oils are used for

embalming, food preservation, analgesic, sedative, anti-

microbial, anti-inflammatory, spasmolytic and localized

anesthetic remedies. These characteristics of essential oils

are responsible for their extensive use nowadays. 

In nature, essential oils are having a great impact on

plants generally by protecting them against herbivores by

reducing their appetite. Several insects get attracted

towards the fragrance of essential oils produced by plants

and helps in the dispersion of seeds and pollens. The

essential oils are abundantly present in plant organs like

buds, stems, roots, seeds, fruits, flowers, leaves, twigs,

wood or bark and thus stored in canals, secretory cells,

cavities, epidermic cells or glandular trachoma. The

extraction of essential oils is done from a range of

aromatic plants which are usually grown in temperate to

warm conditions. 

There are a variety of methods used in the extraction of

the essential oils, which includes the use of liquid carbon

dioxide or microwaves, usually at low pressure or high-

pressure distillation. The type of the products extracted

also depends on the quantity, quality, soil composition,

climate, plant organ, age and vegetative stage of plants (2,

41). To attain the constant composition of essential oils,

the need is to extract them under ideal conditions, from

same plant organ, grown on same soil and from same

season (41). Major commercialized essential oils are

generally chemotyped by gas chromatographic and mass

spectrometric analysis. Out of 3000 essential oils known

till date, only 300 are important commercially with various

applications in agronomic, pharmaceuticals, preservation

of food, cosmetics, perfume and sanitary industries. For

example, essential oils like d-limonene, d-carvone, and

geranyl are having multiple uses in perfumes, soaps,

creams, industrial solvents, as fragrances in household

cleaning products and as flavoring additives in food.

Other uses of essential oils include aromatherapy, massages
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with vegetable oil mixtures or in baths (28, 57). However,

the growing interest in recent years towards natural

products and essential oils, more focus is leading towards

understanding their mode of biological action to identify

their new applications in agriculture, environment, and

human health. Many of the essential oils possess the

potential to be used as alternatives or complementary

natural compounds for improving human health (20).

Experimental

Classification of essential oil − Essential oils are

complex mixtures with different concentrations of various

phytochemicals. They are generally characterized by

some major components which are present at very high

concentrations (20 – 70%) as compared to trace amounts

of other components (Table 1). The biological properties

of the essential oils are generally described by their major

components. These components generally belong to two

distinct groups of biosynthetic origin: terpenes/terpenoids

and aromatic/aliphatic constituents, both further charac-

terized by their molecular weights (22, 9, 14, 47).

Terpenes − Terpenes are made up of 5-Carbon base

(C5) units called isoprene. They are further classified on

the basis of their structures and functions. Terpenoids are

the terpenes that consist of oxygen. Terpenes are basically

classified as monoterpenes (C10), sesquiterpenes (C15),

hemiterpenes (C5), diterpenes (C20), triterpenes (C30)

and tetraterpenes (C40) on the basis of the number of

carbon atoms present. However, monoterpenes (C10) and

sesquiterpenes (C15) comprise the major terpenes. Terpenes

and terpenoids constitute 90% of essential oils with great

variability in their structures. The different types of

terpenes and terpenoids present in essential oils are- acyclic

like myrcene, ocumene etc.; Monocyclic like terpinenes,

phellandrenes, p-cimene etc.; bicyclic like sabinene,

pinenes, camphene etc.; acyclic alcohols like geraniol,

linalool, citronellol, lavandulol, nerol, etc., monocyclic

alcohol like menthol, α-terpineol, carveol etc.; bicyclic

alcohol like borneol, fenchol, thuyan-3- ol, chrysanthenol

etc.; acyclic aldehydes like geranial, neral, citronellal etc.;

acyclic ketones like tegetone etc., monocyclic ketones like

carvone, piperitone, menthones etc., bicyclic ketones like

fenchone, pinocarvone, ombellulone, thuyone etc.; acyclic

esters like linalyl acetate or propionate, citronellyl acetate

etc., monocyclic esters like menthyl or α-terpinyl acetate

etc., bicyclic esters like isobornyl acetate etc.; ethers like

menthofurane, 1,8-cineole etc; phenols like carvacrol,

thymol etc.; peroxydes like ascaridole etc. The different

enantiomeric forms are generally enriched in different

plants; for example (-) linalool from coriander and (+)

linalool from camphor trees, (+)-α-pinene from Pinus

palustris and (-)-β-pinene from Pinuscaribae and Pinus

pinaster etc. However, for some, one racemic form is

more frequently present as compared to other e.g. (+)-

citronellol is widespread, the form (+) is characteristic of

Eucalyptus citriodora, the form (-) is common to the rose

and geranium essential oils (24).

Aromatic compounds − The aromatic derivatives of

phenylpropane occur as often as terpenes. Although, the

specific pathways for terpenes and phenylpropane derivatives

synthesis are generally separated in plants, but may

coexist with one main pathway over-taking the other e.g.

cinnamon oil with cinnamaldehyde as major constituents.

Aromatic compounds also show a lot of variabilities and

can be grouped on the basis of functional groups for

example Aldehyde like cinnamaldehyde; phenols like

chavicol and eugenol; alcohol like cinnamic alcohol;

Table 1. Major phytochemical enriched in essential oils

Essential oils of Component Concentration Reference 

Origanum compactum Thymol 27% 15

Origanum compactum Carvacrol 30% 15

Artemisia herba-alba Camphor 24% 6

Coriandrum satitivum Linalool 68% 31

Cinnamomumcamphora B-thuyone 57% 31

Cinnamomumcamphora 1,8-cineole 50% 31

Anethumgraveolens leaf Limonene 31% 6

Anethumgraveolens seed a-phellandrene 36% 6

Anethumgraveolens seed Carvaone 58% 6

Anethumgraveolens seed Limonene 37% 6

Mentha piperita Menthol 59% 11

Mentha piperita Menthone 19% 11
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methoxy derivatives like elemicine, anethole, estragole,

and methyl eugenol; Methylene dioxy compounds like

myristicine, apiole and safrole. These compounds are mainly

enriched in spices and flavoring plants like cinnamon,

anise, clove, fennel, sassafras, star anise, nutmeg, parsley,

tarragon, and some botanical families (Apiaceae, Lamiaceae,

Myrtaceae, Rutaceae). Glucosinolates or isothiocyanate

derivatives present mainly in garlic and mustard oils

are nitrogenous or sulfured components that are also

characterized as secondary metabolites and are used in the

manufacturing of grilled or roasted products (6).

Classification of essential oils on the basis of their

aroma − Essential oils rich in the aromatic compound can

also be classified on the basis of their aroma. For example

floral aroma such as Neroli, Lavender and Jasmine; earthy

such as Oakmoss, Vetiver and Patchouli; Citrus such as be

orange, lemon and lime; herbaceous such as Marjoram,

Rosemary and Basil; woodsy like pine, cedarwood, pepper-

mint; minty like spearmint; oriental like ginger and Patchouli

and spicy aroma like Nutmeg, clove and Cinnamon. 

Cytotoxicity and Mutagenicity − The diversity of

chemical constituents present in essential oils makes them

less precise in identifying their cellular targets (19). The

essential oils are similar to typical lipophiles in terms of

their permeability through the cell walls and other

cytoplasmic membrane and thus can disrupt the complex

composition and organization of fatty acids, phos-

pholipids and polysaccharides to permeabilize them (23,

30, 34, 56, 59). The mutagenic effects of essential oils had

been evaluated using different analytical tests like SOS

Chromotest with Escherichia coli, DNA Repair test with

Bacillus subtilis, Ames test with Salmonella typhimurium

or SMART assay with Drosophila melanogaster (6, 12).

The cytotoxic potential of essential oil depends on its

chemical composition, which determines their ability to

inhibit colony formation. There is variable cytotoxic

response seen by different essential oils with different

doses required to achieve 50% lethality. A study had

shown that the cytotoxic effects of different essential oils

on cells. They demonstrated that 50% lethality was

achieved with 0.45 μL/mL for essential oil from Origanum

compactum, 1.6 μL/mL for essential oil from Coriandrum

sativum essential oil and >8 μL/mL for essential oils from

Cinnamomum camphora, Artemisia herba-alba and

Helichrysum italicum (7). Furthermore, the specific stage

of cell growth also determines the sensitivity of cells to

essential oils, as actively dividing cells are more sensitive

and allow more effective penetration of essential oils. The

cytotoxic potential of essential oils is generally attributed

to the presence of aldehydes, alcohols, and phenols (16,

52). This property of essential oils is of great significance

and can be exploited not only against certain human

pathogens or parasites but also for preserving during long-

term storage of agricultural and marine products.

Anticancer activity − Cancer is considered as the

second largest death causing disease; with every year over

six million lives were affected worldwide (39). Recently,

there has been a remarkable increase in the usage of

natural products to cure the cancer patients. Many drugs

used to treat cancer like taxol, camptothecin, vincristine,

and vinblastine are natural products (29, 43). Many other

plants products had also been evaluated for their anti-

cancer activity (60). During recent years, the herbal plants

which produce essential oils have become the center of

attention in the field of phytomedicine for cancer treat-

ment (17, 58). The anticancer activities of essential oils

are mainly due to free radicle production, membrane

potential changes, overexpression of detoxification enzymes

and oncogene modifications (38). They are also known to

synergistically act along with conventional chemotherapy

(51). Essential oils also play numerous roles in the

analysis of melanomas, leukemias, glioblastomas and oral

cancers (8).

Antimicrobial activity − Essential oils are attaining lot

of importance in recent years as natural antimicrobial

products. Multitudes of reports have evaluated the anti-

microbial activity of essential oils against several

microbial species (both bacteria and fungi) (26). A recent

report had compared the antimicrobial activity of commer-

cially available essential oils against microorganisms

associated with skin infections i.e. Candida albicans,

Malassezia spp., Propionibacterium acnes and Trichophyton

spp. Among all, the best antimicrobial activity was

demonstrated by Boswellia serrata essential oil (53).

Another study had evaluated the antimicrobial efficiency

of natural essential oils which can be used for root canal

irrigation, using two activity tests i.e. contact and diffusion

agar tests and all were found to be very effective (54).

Minimum inhibitory concentration (MIC) assay was used

to analyze the antimicrobial potential of 59 commercial

essential oils generally recommended for dermatological

conditions, out of them ten essential oils possess superior

antimicrobial activity against all 13 tested micro-organisms.

Further, determining their compositions by gas chromato-

graphy along with mass spectrometry identified eugenol

as the main component responsible for the majority of

essential oil’s antimicrobial activity (44). Essential oil

from six condiments used as preservatives in Brazil, i.e.

basil, rosemary, marjoram, peppermint, thyme and anise

were analyzed against Clostridium perfringens strain to
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combat foodborne diseases. All oils were demonstrated to

possess bactericidal activity with MIC (minimum inhibitory

concentration) for thyme: 1.25mg/mL, basil and marjoram:

5.0 mg/mL and rosemary, peppermint and anise: 10 mg/

mL, for the. Only anise shows bacteriostatic activity (48).

Proapoptotic activity −Multitudes of studies have

evaluated the anti-proliferative and pro-apoptotic activity

of essential oils and shows promising results. These

studies were generally conducted in vitro on various

cancerous cell lines. Essential oil from Ocimum sanctum

was found to inhibit proliferation and initiate apoptosis of

MCF-7 cells (40). Nigella Sativa's essential oil was found

to initiate pro-apoptotic signaling pathways in pancreatic

ductal adenocarcinoma cell lines (49). The volatile oil of

dried rhizome of Acorus tatarinowii Schott, a known herb

to provide protection against cardiovascular diseases, was

found to alter p53 status and induce apoptosis in human

GBM (glioblastoma multiforme) cells (21). The essential

oils extracted from both the wild-type as well as the

cultivated Salvia Verbenaca plants, although possessing

different composition were found to induce apoptosis in

human melanoma cell line M14 (50).

Anti-inflammatory activity −The bioactive components

of essential oil extracted from many medicinally important

plants were known to provide protection against prolonged

inflammation and improve human health. The anti-

inflammatory properties of these plants are of immense

importance for drug discovery process. The essential oil

from Lindera erythrocarpa was found to be anti-

inflammatory in RAW264 cells and down regulates LPS-

induced pro-inflammatory mediator’s production (35).

Lavender essential oil was also found to inhibit inflam-

mation through inhibition of TNF alpha (Tumor necrosis

factor) and NF-kB (nuclear factor kappa-light-chain-

enhancer of activated B cells) in both murine brain and

human umbilical vein endothelial cells (3). Linalool and

cinnamaldehyde present in the leaf essential oil of

indigenous cinnamon were found to be anti-inflammatory

against endotoxin injected mice (37).

Pharmacological activity − The essential oils are

mentioned in Ayurveda for their therapeutic use to

provide beneficial effects against different diseased states.

Aromatherapy with essential oils is also known to

improve health. Their property to naturally penetrate the

skin is used to enhance transdermal drug delivery (25).

The pharmaceutical and industrial uses of essential oil

range from manufacturing of medicinal cosmetics,

toothpaste, soaps and mouthwashes etc. Wild Turmeric

(Curcuma aromatic Salisb) is extensively used as a

constituent of many aromatic medicinal cosmetics in

India (27, 55). Intensive research has been carried out

nowadays to develop many different formulations with

plant essential oils to increase their medicinal applications

like microemulsions, nano-formulations etc (42).

Antioxidant activity of essential oils −Most of the

human diseases are associated with the accumulation of

reactive oxygen species produced either during the immune

activity or triggered by factors such as pollution and

smoke. Essential oils are known for their natural anti-

oxidant activity. Extensive research have been carried out

to analyze the antioxidative potential of different essential

oils, generally analyzed by free radicle scavenging bio-

chemical estimations like DPPH (α, α-diphenyl-β-picry-

lhydrazyl) and ABTs (2,2'-azinobis-(3-ethylbenzothiazoline-

6-sulfonic acid). The antioxidant activity of essential oils

depends on the presence of metabolites containing

conjugated double bonds or phenolic groups (36). For

example, essential oil from plants like Origanum tyttanthum,

Thymus serpyllus and Mentha longifolia are enriched in

phenolics like thymol and carvacrol, which are responsible

for their antioxidant activity (18). Other functional groups

like aldehyde, ketones, ethers and alcohols, those present

in citronellal, geranial, menthone, geranial, cineole etc.

which are the components of essential oils like cinnamon,

clove, nutmeg, parsley, oregano and thyme also accounts

for their antioxidant property (5). A recent report have

shown that essential oil extracted from Salvia officinalis,

Rosmarinus officinalis, Mentha piperita, Origanum

vulgare, Allium sativum, Satureja montana, Foeniculum

vulgare, Thymus vulgaris and Coriandrum sativum seeds

being enriched in phytochemicals like thymol, linalool

and carvacrol, were found to possess antioxidant activity

as demonstrated by both ABTS and DPPH assays (46).

The chloroform extract of Andrographis paniculata was

found to have increased phenolic concentration and

corresponding increased anti-oxidant activity (33).

Result and Discussion

Essential oils are the volatile compounds formed by the

plants basically to provide protection by reducing the

appetite of the herbivores eating them. All the plant parts

like seeds, bud, flowers, roots, leaves etc. can be used for

synthesizing essential oils. The ethnopharmacological

properties of essential oils are mentioned in Ayurveda and

used since ages for the treatment of different diseased

states. They are known to possess biological activities like

antimicrobial, antioxidant, cytotoxic and anticancer etc.

These properties are the result of their chemical composition

as different essential oils are enriched in different
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Table 2. Compounds with their structures and activities

Essential oils Structures Plants Activities

Beta- myrcene
Cannabis, Bay, Wild thyme 
Parsley and Hops

Carcinogenic and antibacterial 
activity (24).

Alpha phellandrene Water fennel, Canada balsam Antimicrobial activity (32).

Alpha pinene
Coniferous trees, Pine and 
Rosemary

Anti -inflammatory activity and 
genotoxicity (45).

Beta pinene Forest trees
Anti -inflammatory and anti-
fungal activity (45).

Camphene
Zingiber officinalle, Rosmarinus 
officinalis, Coleus barbatus

Apoptosis and cytotoxicity
(24).

limonene Citrus fruits, Lemon
Insecticidal, growth inhibition, 
anti-asthematic activity (24).

Nerol Lemongrass, Hops
Anti-proliferative and acaricidal 
activity (24).

Citronellol Citronella oils
Specific activity and insecticidal 
activity (24).
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Table 2. continued

Essential oils Structures Plants Activities

Carvacrol
Oregano, thyme, Pepperwort, 
Wild bergamot.

Antioxidant activity, 
neurotoxicity (1).

Thymol Thyme
Antioxidant, Antiinflammatory, 
Antifungal activity (15).

Citronellal
Cymbopogon, Lemon scented 
gum, Lemon-scented teatree.

Anti-inflammatory activity (45).

Carvone Caraway, Spearmint Antagonistic activity (4).

Zingiberene Ginger
Cyto-toxicity, antioxidant,
anti-inflammatory activity (1).

Beta bisabolene Cubeb, Lemon and Oregano
Anti-yeast and anti- bacterial 
activity (24).

Arcurcumene Turmeric plants Cytotoxic activity (10).

Transalphabergamotene Foeniculum vulgare
Anti-inflammatory and 
anti-proliferative activity (45).
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Table 2. continued

Essential oils Structures Plants Activities

3-cadinene Cade juniper
Antioxidant and anti-microbial 
activity (24).

Menthol Corn, Mint, Peppermint Fungitoxicity (32).

Styrene Cinnamon, Coffee beans, Peanuts
Antitumor and toxicity activity
(10).

Cinnamyl alcohol
Balsamofperu and Cinnamon 
leaves.

Anti-cancer and anti 
oxidantacivity (10).

Chavicol Betal oils Antifungal activity (32).

Eugenol
Cloveoil, Nutmeg, Cinnamon, 
Basil, Bay leaf

Antibacterial activity (32).

Anethole Fennel, Camphor
Immunomodulatory and 
Anti-fungal activity (13).

Safrole Sassafras plants
Anti-bacterial and anti-
proliferative activity (10).

Vaniline Vanilla bean
Antibacterial and antifungal 
activity (32).
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phytochemicals (Table 2). They are of immense economic

importance and are used extensively in many phar-

maceutical industries. However, more studies are required

to elucidate their mechanism of action, dose required and

toxicological effects to increase their potential uses. 
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