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Chapter 1
Essential Oils and Their General Aspects, 
Extractions and Aroma Recovery

Alicia Ludymilla Cardoso de Souza, Renan Campos e Silva, 
Fernanda Wariss Figueiredo Bezerra, Mozaniel Santana de Oliveira, 
Jorddy Neves Cruz, and Eloisa Helenade de Aguiar Andrade

1.1  Introduction

Essential oils (EOs) are complex mixtures of various constituents such as phenyl-
propanoids, esters, and homo-, mono-, sesqui-, di-, tri-, and tetraterpenes. Their 
therapeutic uses are related to the treatment of cancer, diabetes, and cardiovascular 
and neurological diseases, in addition to having anti-aging, antioxidant, and antimi-
crobial effects (Saljoughian et  al. 2018; Benny and Thomas 2019; Bezerra et  al. 
2020b). The mechanisms involved in the pharmacological action of essential oils 
are complex due to their extensive and varied composition. Thus, in vivo, in situ, 
and in silico studies have been carried out to clarify and confirm the traditional eth-
nopharmacological uses and make them a viable alternative to current therapeutic 
drugs, which in their vast majority bring side effects to patients (da Costa et  al. 
2019; Leão et al. 2020; Araújo et al. 2020).

Essential oils have been used as a complementary therapy in the treatment of 
anxiety, pain, bipolar disorder, attention-deficit hyperactivity disorder, and depres-
sion through oral administration, inhalation, applied in diffusers, baths, and other 
uses. Their effects are due to the possible action on modulating the GABAergic 
system and inhibiting Na + channels, resulting in the balance between neural excita-
tion and inhibition, culminating in the proper functioning of the central nervous 
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system (Wang and Heinbockel 2018). In the study by Abuhamdah et al. (2015), the 
essential oil of Aloysia citrodora showed antioxidant activity and neuronal protec-
tion due to inhibition of nicotine binding. Anaya-Eugenio et al. (2016) intraperito-
neally administered the essential oil of Artemisia ludoviciana in rats, and the authors 
found that this EO has antinociceptive effects that may have been partially mediated 
by the opioid system. Heldwein et al. (2012) administered Lippia alba essential oil 
on silver catfish and found that it had a central anesthetic effect related to the 
GABAergic system.

Regarding the upper and lower respiratory tract, essential oils can be used in the 
treatment of diseases such as laryngitis, epiglotitis, pharyngitis, abscesses, rhinitis, 
bronchitis, pneumonia, etc. The mechanism of action may be related to their high 
volatility that can easily reach the parts to be treated through inhalation or oral 
administration (Horváth and Ács 2015; Bezerra et al. 2020; Leigh-de Rapper and 
van Vuuren 2020; de Oliveira et al. 2021). Ács et al. (2018) performed in vitro tests 
with different EOs against respiratory tract pathogens, and they found that thyme 
essential oil was effective against Streptococcus mutans and Moraxella catarrhalis; 
cinnamon bark was efficient against S. pneumoniae and Haemophilus spp.; and 
clove EO had action on S. pyogenes. The authors also suggested their use in combi-
nation with reference antibiotics to determine the effective dose and possible side 
effects and toxicity.

Essential oils are also able to prevent and improve the clinical picture of athero-
sclerosis, vasorelaxation, heart failure, myocardial infarction, and hypotension. The 
pharmacological effect of EOs on cardiovascular diseases may be related to their 
structure. For instance, the location of OH groups on the benzene ring may influ-
ence its effectiveness; and monoterpene alcohols may be more effective than mono-
terpene hydrocarbons (Monzote et  al. 2017; Yu et  al. 2020; Kaur et  al. 2021). 
Alves-Santos et al. (2016) investigated the cardiovascular effects of Croton argyro-
phylloides in normotensive rats. The authors reported that treatment with this EO 
was able to decrease blood pressure and the effect may be related to active vascular 
relaxation. Ribeiro-Filho et al. (2016) evaluated the antihypertensive effect of the 
monoterpene β-citronellol through intravenous injection in anesthetized rats, and 
the treatment induced biphasic cardiovascular effects and direct and endothelium- 
independent cardioinhibitory vasodilatation. According to the study, the effects of 
this essential oil are possibly related to its vasodilator effect and consequent hypo-
tensive action.

EOs present constituents that may also be related to chemopreventive effects due 
to increased detoxification, antioxidant, antimutagenic, antiproliferative, and 
enzyme induction properties (Bhalla et al. 2013; Bayala et al. 2014). The essential 
oil of Rosmarinus officinalis showed cytotoxic activity against three human cancer 
tumor cell lines (SK-OV-3, HO-8910, and Bel-7402). The authors (Wang et  al. 
2012) attributed this activity to the synergistic action of the EO compounds: mainly 
α-pinene, β-pinene, and 1,8-cineole. In the work by Chen et al. (2013), the essential 
oil of Curcuma zedoaria showed cytotoxic effect in vitro and in vivo on non-small 
cell lung carcinoma and on cell apoptosis that plays an important role in the effec-
tiveness of chemotherapy. The essential oil of Pinus Roxburghii was evaluated in 
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the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and 
showed induction of cytotoxicity in colon, leukemia, multiple myeloma, pancreatic, 
head and neck, and lung cancer cells, in addition to having inhibited cell prolifera-
tion and induced apoptosis, which was correlated with NF-κB suppression (Sajid 
et al. 2018).

EOs also can be used in the treatment of other diseases. Coriandrum sativum and 
clove essential oils showed neuroprotective effects on patients with Alzheimer’s 
disease (Chen et al. 2013; Cioanca et al. 2013). The essential oils of Croton matou-
rensis, Syzygium cumini, Psidium guajava, and Melissa officinalis showed potential 
anti-inflammatory activity (Bounihi et al. 2013; Bezerra et al. 2020b). Also, EOs of 
Citrus bergamia, Coriandrum sativum, Pelargonium graveolens, Helichrysum itali-
cum, Pogostemon cablin, Citrus aurantium, Santalum album, Nardostachys jata-
mans, and Cananga odorata showed antiproliferative effects on neonatal human 
skin fibroblast cells (Han et  al. 2017; Sihoglu Tepe and Ozaslan 2020). In fact, 
despite the strong indications, clinical studies with patients are still necessary in 
order to verify the real efficacy and toxicity of EOs.

1.2  Plant Organs Where EOs Are Found

Essential oils are secondary metabolites that play an important ecological role in 
plant defense, mediating the relationship between the plant and abiotic (light, tem-
perature, oxygen, CO2, ozone, etc.) and biotic factors (competing organisms, harm-
ful pathogens, and beneficial animals). Biosynthesis can occur in different plant 
organs such as leaves, bark, flowers, buds, seeds, twigs, fruits, rhizomes, and roots 
(Najafabadi et al. 2017; Dhakad et al. 2018; Cascaes et al. 2021a). The synthesis, 
accumulation, and storage can occur in secretory glands, which are specialized his-
topathological structures that can be located: (i) on the surface of plants, thus having 
exogenous secretion; or (ii) inside organs, occurring endogenous secretion. Plants 
may also possess other secretory structures such as epidermal papillae, secretory 
bristles or glandular trichomes, schizogenous or secretory pockets, secretory chan-
nels, and intracellular secretory cells (El Asbahani et al. 2015; Lange 2015; Sharifi- 
Rad et al. 2017). Table 1.1 shows the chemical composition of some plant species 
and the organ from which their essential oil was obtained.
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Table 1.1 Chemical composition of some essential oils according to the species and organs used 
for extraction

Species Part Composition References

Syzygium 
cumini

Leaves α-Pinene, β-pinene, and 
trans-caryophyllene

Mohamed et al. (2013)

Croton 
matourensis

Leaves Larixol, manool oxide, linalool, 
E-caryophyllene, α-pinene, and 
α-phellandrene

Bezerra et al. (2020b)

Hornstedtia 
bella

Leaves Germacrene D, viridiflorene, 
E-β-caryophyllene, and α-humulene

Donadu et al. (2020)

Rhizomes β-pinene, α-humulene, β-selinene, and 
epiglobulol

Whole plant β-pinene, 1,8-cineole, and α-pinene
Eucalyptus 
globulus

Fruits Globulol, aromadendrene, and 
eucalyptol (1,8-cineole)

Said et al. (2016)

Salvia 
hydrangea

Flowers Caryophyllene oxide, 1,8-cineole, and 
trans-caryophyllene

Ghavam et al. (2020)

Syzygium 
aromaticum

Bud Eugenol, eugenyl acetate, and 
β-caryophyllene

Razafimamonjison 
et al. (2014)

Leaves Eugenol, eugenyl acetate, and 
β-caryophyllene

Stems Eugenol and β-caryophyllene
Citrus 
aurantium

Green leaves/
twigs

4-Terpineol, D-limonene, 
4-carvomenthenol, and linalool

Okla et al. (2019)

Small green 
branches

D-Limonene, dodecane, oleic acid, and 
trans-palmitoleic acid

Wooden 
branches

D-Limonene, dimethyl anthranilate, 
(−)-β-fenchol, and dodecane

Branch bark D-Limonene, γ-terpinene, dodecane, 
and dimethyl anthranilate

1.3  Chemical Composition of Essential Oils

1.3.1  Background

Essential oils (EOs), also called volatile oils, are odorous products obtained from 
plant materials that have already been identified by botanists. These complex mix-
tures, full of volatile compounds, are biosynthesized by plants in different parts and 
can be obtained by conventional techniques such as hydrodistillation, steam distil-
lation, and cold pressing, as well as by innovative methods, which increase the 
efficiency of extraction, either concerning extraction time or to obtain higher- quality 
extracts (El Asbahani et al. 2015).

EOs can be obtained with variable yield (in quantity, quality, and composition). 
Climatic factors, soil composition, age of the plant material, stage of the vegetative 
cycle, and the time of the year when the material was collected can also influence 
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the yield of EOs. In addition, one or more components can be found in high contents 
(from 20% to 70%) or trace amounts (Akthar et al. 2014).

As an example of the diversity of EOs, we can highlight 1,8-cineole, present in 
high quantity in the oil of Eucalyptus globulus (eucalyptus), being its main constitu-
ent; unlike Coriandrum sativum (coriander) that has linalool as the main compo-
nent. Furthermore, the occurrence of chemotypes is common, since the same plant 
species may have different chemical characteristics, depending on where it was 
cultivated. An example is Thymus vulgaris (thyme), which has chemotypes related 
to its main compounds, such as thymol, carvacrol, terpineol, and linalool (Regnault- 
Roger et al. 2011).

Volatility is the main difference between EOs and fixed oils (lipid mixtures) 
obtained from seeds. In addition, EOs also carry pleasant and intense aromas that 
have led them to be sometimes called essences. These characteristics are due to their 
main constituents, terpenes and terpenoids, which originate from different biosyn-
thetic pathways. Terpenes are part of the main group that constitutes EOs, and their 
chains are formed by the successive juxtaposition of several isoprene units (C5), 
which originate other terpenes, such as monoterpenes (C10), sesquiterpenes (C15), 
and diterpenes (C20). On the other hand, terpenoids, such as alcohols, esters, ketones, 
are terpenes that contain oxygen and that comprise a wide variety of organic func-
tions (Baptista-Silva et al. 2020) (Fig. 1.1).

Fig. 1.1 Chemical structures found in essential oils. (Source: Adapted from Hyldgaard et al. 2012)

1 Essential Oils and Their General Aspects, Extractions and Aroma Recovery
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1.3.2  Terpenes

Terpenes, which have the general formula (C5H8)n, are derived from the mevalonic 
acid pathway from acetyl-CoA and are produced by specialized plant tissues. 
Isoprene (C5) is their basis and originates all other terpenes, being a subunit of these 
new molecules. Thus, according to the general formula, two isoprene units generate 
monoterpenes (C10H16); three units generate sesquiterpenes (C15H24); four isoprene 
units generate diterpenes (C20H32), and so on (Hyldgaard et  al. 2012; Cascaes 
et al. 2021b).

Terpenes also present biological activities, such as anticonvulsant (De Almeida 
et al. 2011), anticancer (Bhalla et al. 2013), antifungal (Nazzaro et al. 2017), anti-
bacterial (Guimarães et al. 2019), phytotoxic (with potential for biopesticide pro-
duction) (Werrie et al. 2020), and several other properties and applications. This 
behavior guarantees a great advantage since EOs are environmentally friendly, safe 
when used with responsibility, natural, renewable, and biodegradable (Pandey 
et al. 2017).

1.3.3  Monoterpenes

Monoterpenes, as mentioned above, have in their structure two isoprene units 
(C10H16), and are present in 90% of the EOs. Important monoterpene hydrocarbons 
are limonene, p-cymene, α-pinene, and α-terpinene; and remarkable oxygenated 
monoterpenes are carvacrol, thymol, and camphor (Nazzaro et al. 2017). Carvacrol 
and thymol are some of the most active oxygenated monoterpenes ever identified, 
showing antimicrobial activity with MICs of 300 and 800  μg/mL, respectively 
(Hyldgaard et al. 2012). The in vivo and in vitro antitumor activities of 37 monoter-
penes found in EOs have also been described (Sobral et al. 2014) and a recent study 
reports α-pinene as a compound that exhibits enantioselective biological activities, 
being promising for further research and consequent development of new drugs 
(Allenspach and Steuer 2021).

1.3.4  Sesquiterpenes

Sesquiterpenes are formed by three isoprene units (C15H24), being one of the most 
important terpenes (Ferreira et al. 2020). By the extension of the chain, the increase 
in the number of cyclizations is favored and thus, the formation of diverse structures 
is favored as well (Nazzaro et al. 2017). Pandey et al. (2017) reported that essential 
oils exhibit antifungal activity (acting by disintegration of fungal hyphae) due to the 
presence of monoterpenes and sesquiterpenes. There are also reports of two sesqui-
terpenes, valerena-4,7(11)-diene (VLD) and β-caryophyllene, that showed proven 
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anxiolytic activity (Zhang and Yao 2019); other authors state that sesquiterpenes 
such as valeranone and β-eudesmol have anticonvulsant activity (De Almeida et al. 
2011); and the anti-inflammatory activity of 12 sesquiterpenes, among them farne-
sol, was also studied (de Cássia Da Silveira e Sá et al. 2015).

1.3.5  Diterpenes

Diterpenes, formed by four isoprene units (C20H32), are called diterpenoids when 
they have oxygen in their structure. Compounds such as retinol, retinal, taxol, and 
phytol have diterpenes as the basis of their structure. According to several studies, 
diterpenes have the greatest antioxidant and cytotoxic capacities (Islam et al. 2016; 
Santana de Oliveira et al. 2021). An example is a diterpene ester, ingenol-3- angelate, 
isolated from the sap of Euphorbia peplus, which presents anticancer properties, 
being cytotoxic for different tumor cells (Greay and Hammer 2015). Also, diter-
penes showed efficacy against ten neglected tropical diseases such as Chagas dis-
ease, chikungunya, echinococcosis, dengue, leishmaniasis, leprosy, lymphatic 
filariasis, malaria, schistosomiasis, and tuberculosis (de Alencar et al. 2017).

1.3.6  Alcohols

Alcohols in EOs may appear in their free form, combined with terpene chains or 
with esters. Thus, terpenes are called alcohols when they bind to hydroxyl and may 
assume the nomenclature of monoterpenols, sesquiterpenols, diterpenols, etc. for 
the varied structures (Hanif et al. 2019). Guimarães et al. (2019) reported that the 
presence of hydroxyl groups, in phenolic and alcoholic compounds, such as carva-
crol, l-carveol, eugenol, trans-geraniol, and thymol, induced significant antimicro-
bial activity. Also, there are reports of the occurrence of synergism, i.e., interaction 
of antimicrobial compounds that present greater activity in combination than indi-
vidually. In this case, linalool or menthol combined with eugenol is more effective, 
suggesting that a monoterpenoid phenol combined with a monoterpenoid alcohol 
presents greater antimicrobial activity (Hyldgaard et al. 2012).

1.3.7  Esters

Esters can also be extracted from EOs and as mentioned earlier, can be combined 
with alcohols, which may exhibit antimicrobial activity (Hanif et al. 2019). Esters 
can be found in plants such as lavender (Lavandula angustifolia) and, sometimes, 
they can occur as lactones (in the cyclic form derived from lactic acid): γ-lactones 
(five-membered rings), δ-lactones (six-membered rings), or as coumarins (Zuzarte 
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and Salgueiro 2015). Studies focusing on Lavandula angustifolia oil have shown 
anxiolytic effect, being used for the production of drugs such as Silexan. Esters are 
also found in ylang-ylang (Cananga odorata) oils, relieving and reducing symp-
toms of stress and anxiety (Zhang and Yao 2019).

1.3.8  Ketones

As one of the constituents of plant EOs, ketones have different activities and can 
even be toxic. They may present expectorant and wound-healing properties (Hanif 
et al. 2019). Some examples of ketones that are expectorants and have intense aroma 
are camphor, carvone, fenchone, and mentone. With toxic effects, we can mention 
pulegone, which can cause changes in the central nervous system, as well as liver 
and kidney failure, lung toxicity, and finally lead to death. Thujone, which has two 
isomeric forms, α-thujone and β-thujone, has greater toxicity in its alpha form. 
α-Thujone is used in the production of absinthe (an alcoholic beverage prohibited in 
many countries) (Zuzarte and Salgueiro 2015; da Silva Júnior et al. 2021).

1.4  Extraction Methods of EOs

Essential oils (EOs) obtained from aromatic plants represent a diverse and unique 
source of natural products, which are widely used for bactericidal, fungicidal, anti-
viral, antiparasitic, insecticidal, medicinal, or cosmetic applications, especially in 
the pharmaceutical, health, cosmetic, food, and agricultural industries. Their use is 
boosted by the growing interest of consumers in natural substances (Reyes-Jurado 
et al. 2015).

Before EOs can be used or analyzed, they must be extracted from the plant 
matrix, which might be its leaves, bark, peels, flowers, buds, seeds, and other parts 
(Tongnuanchan and Benjakul 2014). The main methods for extracting essential oils 
are hydrodistillation (HD), steam distillation, water-steam distillation, maceration, 
and empyreumatic distillation. Among these methods, HD has been the most com-
mon approach to extract essential oils from medicinal plants (Djouahri et al. 2013). 
Although these techniques have been used for many years, their application has 
some drawbacks, such as loss of some volatile compounds, low extraction effi-
ciency, degradation of esters or unsaturated compounds by thermal or hydrolytic 
effects, and possible toxic residual solvents in extracts or EOs (Reyes-Jurado 
et al. 2015).

New approaches, such as microwave-assisted extraction, supercritical fluid 
extraction, and ultrasound-assisted extraction, which emerged from the so-called 
green extraction techniques, have been applied to shorten extraction time, improve 
extraction yields, and reduce operating costs, optimizing production over traditional 
methods (Li et al. 2014; Reyes-Jurado et al. 2015). In the next sections, we will 
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discuss in detail hydrodistillation and steam-distillation techniques, the most tradi-
tional methods, and supercritical fluid and microwave-assisted extraction, the green 
methods with more current use, addressing their main aspects.

1.4.1  Hydrodistillation

Hydrodistillation (HD) has been used since ancient times for the extraction of 
essential oils. Despite the intrinsic limitations of this technique, it remains the most 
common method applied both in the laboratory and on an industrial scale (Orio 
et al. 2012; Azmir et al. 2013; de Oliveira et al. 2020). The principle of extraction is 
based on azeotropic distillation. Indeed, at atmospheric pressure and during the 
extraction process, the oil molecules and water form a heterogeneous mixture that 
reaches its boiling temperature at a point near 100 °C. The EO/water mixture is then 
simultaneously distilled as if they were a single compound (El Asbahani et al. 2015; 
Rassem et al. 2016; Bezerra et al. 2020c). Hydrodistillation is a variant of steam 
distillation, indicated by the French Pharmacopoeia for the extraction of essential 
oils from dried plants. The distillation time depends on the plant material being 
processed. Prolonged distillation produces only a small amount of essential oil, but 
adds unwanted high-boiling point compounds and oxidation products (Rassem 
et al. 2016; Silva et al. 2019; Castro et al. 2021).

In hydrodistillation, the plant materials are packed in a distillation flask; and 
water is then added in sufficient quantity to boil. Alternatively, direct steam is 
injected into the plant sample. Hot water and steam act as the main influencing fac-
tors in the release of bioactive compounds from plant tissues. An indirect water 
cooling system condenses the mixture of water vapor and oil, which flows from the 
condenser to a separator, where they are separated (Azmir et al. 2013).

In short, the hydrodistillation system consists of a container, usually a volumetric 
flask, connected to a Clevenger-type apparatus coupled to a cooling system, with 
temperatures ranging from 10 to 15 °C. The solid-liquid mixture is heated, at atmo-
spheric pressure, until it reaches the boiling temperature of water, allowing the odor 
molecules to evaporate together with the water, forming an azeotropic mixture. This 
combination is led to the condenser, where it liquefies and is collected at the end of 
the process. Due to its hydrophobic character, the oil does not mix with water and 
can be separated by decantation. After separation, the oil is completely dehydrated 
with anhydrous Na2SO (Rassem et al. 2016).

1 Essential Oils and Their General Aspects, Extractions and Aroma Recovery
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1.4.2  Steam Distillation

Steam distillation has some characteristics that make it one of the most widely used 
methods for obtaining essential oils on an industrial scale, such as low cost, simplic-
ity, and ease of design when compared to other advanced techniques (Muhammad 
et al. 2013).

There are two types of steam distillation: direct and indirect. In the indirect 
method, the plant material is soaked in water and heated to boiling. The resulting 
steam from the boiling water carries the volatile compounds with it. Then, cooling 
and condensation separate the oil from water. The disadvantage of this technique is 
the degradation of materials and unpleasant smell due to constant exposure to heat. 
On the other hand, in direct steam distillation, the most commonly used method for 
obtaining essential oils, no water is placed inside the distillation flask. Instead, 
steam is directed into the flask from an external source. The essential oils are 
released from the plant material when the steam bursts the sacs containing the oil 
molecules (Chemat and Boutekedjiret 2015; do Nascimento et al. 2020).

In the steam distillation process, water boils above 100 °C, at a pressure higher 
than atmospheric pressure, which facilitates the removal of the essential oil from the 
plant material, reducing the formation of artifacts (El Asbahani et al. 2015; Yadav 
et al. 2017).

1.4.3  Supercritical Fluid Extraction

Supercritical fluid extraction (SFE) has become the most widely used method for 
extracting and isolating EOs from aromatic plants. This technique provides fast and 
effective extraction, requires only moderate temperatures, eliminates cleaning steps, 
and avoids the use of harmful organic solvents (Yousefi et al. 2019; de Oliveira et al. 
2019; de Carvalho et al. 2019). Due to these attributes, SFE is considered environ-
mentally friendly in various fields such as natural material extraction (Ghasemi 
et al. 2011; Sodeifian et al. 2017).

Generally, the solvent used in supercritical extraction is CO2 because this gas has 
ideal properties, such as low viscosity, high diffusivity, and density close to that of 
liquids. In addition to being non-toxic, non-aggressive, non-flammable, bacterio-
static, non-corrosive, non-explosive, CO2 is chemically inert, available in high 
purity at a relatively low cost, and its polarity is similar to pentane, which makes it 
suitable for the extraction of lipophilic compounds (El Asbahani et  al. 2015; 
Sodeifian et al. 2017; Yousefi et al. 2019). Furthermore, the extraction is performed 
at temperatures and pressures above the CO2 critical point, 7.4 MPa and 31.1 °C, or 
close to this region (Sovová 2012); so a simple pressure relief is able to separate 
CO2 from the extracted essential oils, leaving no solvent residue and providing a 
high-purity product (El Asbahani et al. 2015). The low viscosity and high diffusivity 
of the supercritical fluid increase the penetration power based on the high mass 
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transfer rate of the solutes into the fluid, allowing efficient extraction of compounds 
(Sovilj et al. 2011; Silva et al. 2021).

The laboratory-scale SFE system basically consists of a carbon dioxide cylinder, 
cooling bath, high-pressure pump, oven, extraction vessel, flask, air compressor, 
flow meter, and flow control valves (Cruz et al. 2020).

The extraction process begins when the liquefied CO2 contained in a cylinder 
enters a high-pressure pump. The liquid carbon dioxide is then compressed to a 
desired pressure by the pump and is also heated to a determined temperature. 
Optionally, a required volume of co-solvent can be added to increase its solvation 
properties. Then, supercritical CO2 containing the extracted solutes flows through a 
depressurization valve at the extractor outlet. This results in the precipitation of 
solutes, which are collected in a separator, whereas CO2 is easily released (Fornari 
et al. 2012; Ahangari et al. 2021).

Despite being an efficient extraction technique with high-purity products, the 
elevated cost of equipment installation and maintenance is still an obstacle to the 
development of supercritical fluid extraction, which makes the final product more 
expensive (El Asbahani et al. 2015).

1.4.4  Microwave-Assisted Extraction

Another extraction technique considered green and sustainable that has didactic, 
scientific, and commercial applications is microwave-assisted extraction. EO 
obtaining under microwave irradiation, without organic solvent or water, is an 
extraction method that can offer high reproducibility in shorter times, with simpli-
fied manipulation, reduced solvent consumption, lower energy input, and lower CO2 
emission (Cardoso-Ugarte et al. 2013; Kokolakis and Golfinopoulos 2013). It also 
provides high-value products and higher yields when compared to traditional extrac-
tion techniques (Karimi et al. 2020).

Microwaves are a form of non-ionizing electromagnetic radiation at frequencies 
ranging from 300 MHz to 30 GHz and wavelengths ranging from 1 cm to 1 m. 
However, the frequency commonly used in extractions is 2450 MHz, which corre-
sponds to a wavelength of 12.2 cm. This energy is transmitted in the form of waves, 
which can penetrate biomaterials and interact with polar molecules in materials 
such as water to generate heat (Cardoso-Ugarte et al. 2013; El Asbahani et al. 2015). 
Although in most cases dried plant materials are used for extraction, plant cells still 
contain microscopic traces of moisture that serve as a target for microwave heating. 
These residual water molecules, when heated due to the microwave effect, evapo-
rate and generate tremendous pressure on the cell wall due to the swelling of the 
plant cell (Mandal et al. 2007).

The heating of microwave-assisted hydrodistillation is based on its direct impact 
on polar materials/solvents and is ruled by two phenomena: ionic conduction and 
dipole rotation, which in most cases occur simultaneously (Rassem et  al. 2016). 
Ionic conduction refers to the electrophoretic migration of ions influenced by the 
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varying electric field. The resistance offered by the solution to ion migration gener-
ates friction, which ultimately heats the solution. Dipole rotation represents the 
realignment of the dipoles with the changing electric field. Heating is affected only 
at 2450 MHz frequency. The electrical component of the wave changes 4.9 × 104 
times per second (Mandal et al. 2007).

Advances in microwave-assisted extraction have led to the development of vari-
ous techniques such as compressed air microwave distillation (CAMD), vacuum 
microwave hydrodistillation (VMHD), microwave-assisted hydrodistillation 
(MWHD), solvent-free microwave extraction (SFME), microwave accelerated 
steam distillation (MASD), and microwave hydrodiffusion and gravity (MHG) 
(Cardoso-Ugarte et al. 2013; Reyes-Jurado et al. 2015).

1.5  Conclusion

The present review allowed us to evaluate several aspects of essential oils, such as 
their diversified chemical composition, which presents phenylpropanoids, homo-, 
mono-, sesqui-, di-, and tri-tetraterpenes, alcohols, esters and ketones, which can be 
obtained from organs present in vegetables such as leaves, bark, flowers, buds, 
seeds, twigs, fruits, rhizomes, and roots. The extraction process can be performed 
using conventional methods such as hydrodistillation and steam distillation or more 
innovative methods such as supercritical fluid extraction and microwave-assisted 
extraction. In this scenario, it can be concluded that essential oils have great poten-
tial to be used in place of synthetic inputs, because studies demonstrate their antimi-
crobial (bactericidal, fungicidal), antiviral, antiparasitic, insecticidal, antioxidant, 
anticancer, antitumor, neuroprotective, anti -inflammatory, among others, so that 
they can be used as inputs with less toxicity in pharmaceutical, cosmetic, food and 
agrochemical products.

Acknowledgments The author Dr Mozaniel Santana de Oliveira, thanks PCI-MCTIC/MPEG, as 
well as CNPq for the scholarship process number: 302050/2021-3.

Conflict of Interests There are no conflicts of interest in this study.

References

Abuhamdah S, Abuhamdah R, Howes MJR, Al-Olimat S, Ennaceur A, Chazot PL (2015) 
Pharmacological and neuroprotective profile of an essential oil derived from leaves of Aloysia 
citrodora Palau. J Pharm Pharmacol 67:1306–1315. https://doi.org/10.1111/jphp.12424

Ács K, Balázs VL, Kocsis B, Bencsik T, Böszörményi A, Horváth G (2018) Antibacterial activity 
evaluation of selected essential oils in liquid and vapor phase on respiratory tract pathogens. 
BMC Complement Altern Med 18:1–9. https://doi.org/10.1186/s12906- 018- 2291- 9

A. L. C. de Souza et al.

https://doi.org/10.1111/jphp.12424
https://doi.org/10.1186/s12906-018-2291-9


15

Ahangari H, King JW, Ehsani A, Yousefi M (2021) Supercritical fluid extraction of seed oils – a 
short review of current trends. Trends Food Sci Technol 111:249–260. https://doi.org/10.1016/j.
tifs.2021.02.066

Akthar MS, Degaga B, Azam T (2014) Antimicrobial activity of essential oils extracted from 
medicinal plants against the pathogenic microorganisms: a review. Issues Bio Sci Pharma 
Res 2:1–7

Allenspach M, Steuer C (2021) α-Pinene: a never-ending story. Phytochemistry 190:112857. 
https://doi.org/10.1016/j.phytochem.2021.112857

Alves-Santos TR, de Siqueira RJB, Duarte GP, Lahlou S (2016) Cardiovascular effects of the essen-
tial oil of Croton argyrophylloides in normotensive rats: role of the autonomic nervous system. 
Evid Based Complement Alternat Med 2016:1–9. https://doi.org/10.1155/2016/4106502

Anaya-Eugenio GD, Rivero-Cruz I, Bye R, Linares E, Mata R (2016) Antinociceptive activity 
of the essential oil from Artemisia ludoviciana. J Ethnopharmacol 179:403–411. https://doi.
org/10.1016/j.jep.2016.01.008

Araújo PHF, Ramos RS, da Cruz JN, Silva SG, Ferreira EFB, de Lima LR, Macêdo WJC, Espejo- 
Román JM, Campos JM, Santos CBR (2020) Identification of potential COX-2 inhibitors 
for the treatment of inflammatory diseases using molecular modeling approaches. Molecules 
25:4183. https://doi.org/10.3390/molecules25184183

Azmir J, Zaidul ISM, Rahman MM, Sharif KM, Mohamed A, Sahena F, Jahurul MHA, 
Ghafoor K, Norulaini NAN, Omar AKM (2013) Techniques for extraction of bioactive com-
pounds from plant materials: a review. J Food Eng 117:426–436. https://doi.org/10.1016/j.
jfoodeng.2013.01.014

Baptista-Silva S, Borges S, Ramos OL, Pintado M, Sarmento B (2020) The progress of essential 
oils as potential therapeutic agents: a review. J Essent Oil Res 32:279–295. https://doi.org/1
0.1080/10412905.2020.1746698

Bayala B, Bassole IHN, Scifo R, Gnoula C, Morel L, Lobaccaro JMA, Simpore J (2014) Anticancer 
activity of essential oils and their chemical components – a review. Am J Cancer Res 4:591–607

Benny A, Thomas J (2019) Essential oils as treatment strategy for Alzheimer’s disease: current and 
future perspectives. Planta Med 85:239–248. https://doi.org/10.1055/a- 0758- 0188

Bezerra FWF, do Nascimento Bezerra P, Cunha VMB, Salazar M de LAR, Barbosa JR, da Silva 
MP, de Oliveira MS, da Costa WA, Pinto RHH, da Cruz JN, de Carvalho Junior RN (2020) 
Supercritical Green Solvent for Amazonian Natural Resources. In: Inamuddin, Asiri AM (eds) 
Nanotechnology in the Life Sciences. Springer, Cham, Cham, pp 15–31

Bezerra FWF, Marielba de Los Angeles Rodriguez Salazar, Freitas LC, de Oliveira MS, dos 
Santos IRC, Dias MNC, Gomes-Leal W, de Aguiar Andrade EH, Ferreira GC, de Carvalho RN 
(2020b) Chemical composition, antioxidant activity, anti-inflammatory and neuroprotective 
effect of Croton matourensis Aubl. leaves extracts obtained by supercritical CO2. J Supercrit 
Fluids 165:104992. https://doi.org/10.1016/j.supflu.2020.104992

Bezerra FWF, de Oliveira MS, Bezerra PN, Cunha VMB, Silva MP, da Costa WA, Pinto RHH, 
Cordeiro RM, da Cruz JN, Chaves Neto AMJ, Carvalho Junior RN (2020c) Extraction of bio-
active compounds. In: Green sustainable process for chemical and environmental engineering 
and science. Elsevier, pp 149–167

Bhalla Y, Gupta VK, Jaitak V (2013) Anticancer activity of essential oils: a review. J Sci Food 
Agric 93:3643–3653. https://doi.org/10.1002/jsfa.6267

Bounihi A, Hajjaj G, Alnamer R, Cherrah Y, Zellou A (2013) In vivo potential anti- inflammatory 
activity of Melissa officinalis L. essential oil. Adv Pharmacol Sci 2013:1–7. https://doi.
org/10.1155/2013/101759

Cardoso-Ugarte GA, Juárez-Becerra GP, Sosa-Morales ME, López-Malo A (2013) Microwave- 
assisted extraction of essential oils from herbs. J Microw Power Electromagn Energy 47:63–72. 
https://doi.org/10.1080/08327823.2013.11689846

Cascaes MM, Dos O, Carneiro S, Diniz Do Nascimento L, Antônio Barbosa De Moraes Â, Santana 
De Oliveira M, Neves Cruz J, Skelding GM, Guilhon P, Helena De Aguiar Andrade E, Vico C, 
Cruz-Chamorro I (2021a) Essential oils from Annonaceae species from Brazil: a systematic 

1 Essential Oils and Their General Aspects, Extractions and Aroma Recovery

https://doi.org/10.1016/j.tifs.2021.02.066
https://doi.org/10.1016/j.tifs.2021.02.066
https://doi.org/10.1016/j.phytochem.2021.112857
https://doi.org/10.1155/2016/4106502
https://doi.org/10.1016/j.jep.2016.01.008
https://doi.org/10.1016/j.jep.2016.01.008
https://doi.org/10.3390/molecules25184183
https://doi.org/10.1016/j.jfoodeng.2013.01.014
https://doi.org/10.1016/j.jfoodeng.2013.01.014
https://doi.org/10.1080/10412905.2020.1746698
https://doi.org/10.1080/10412905.2020.1746698
https://doi.org/10.1055/a-0758-0188
https://doi.org/10.1016/j.supflu.2020.104992
https://doi.org/10.1002/jsfa.6267
https://doi.org/10.1155/2013/101759
https://doi.org/10.1155/2013/101759
https://doi.org/10.1080/08327823.2013.11689846


16

review of their phytochemistry, and biological activities. Int J Mol Sci 22:12140. https://doi.
org/10.3390/IJMS222212140

Cascaes MM, Silva SG, Cruz JN, Santana de Oliveira M, Oliveira J, de Moraes AAB, da Costa 
FAM, da Costa KS, Diniz do Nascimento L, Helena de Aguiar Andrade E (2021b) First report 
on the Annona exsucca DC. Essential oil and in silico identification of potential biological tar-
gets of its major compounds. Nat Prod Res. https://doi.org/10.1080/14786419.2021.1893724

Castro ALG, Cruz JN, Sodré DF, Correa-Barbosa J, Azonsivo R, de Oliveira MS, de Sousa Siqueira 
JE, da Rocha Galucio NC, de Oliveira BM, Burbano RMR, do Rosário Marinho AM, Percário 
S, Dolabela MF, Vale VV (2021) Evaluation of the genotoxicity and mutagenicity of isoe-
leutherin and eleutherin isolated from Eleutherine plicata herb. using bioassays and in silico 
approaches. Arab J Chem 14:103084. https://doi.org/10.1016/j.arabjc.2021.103084

Chemat F, Boutekedjiret C (2015) Extraction//steam distillation. In: Reference module in chemis-
try, molecular sciences and chemical engineering. Elsevier, Amsterdam, pp 1–12

Chen CC, Chen Y, Hsi YT, Chang CS, Huang LF, Ho CT, Der WT, Kao JY (2013) Chemical con-
stituents and anticancer activity of Curcuma zedoaria Roscoe essential oil against non-small 
cell lung carcinoma cells in vitro and in vivo. J Agric Food Chem 61:11418–11427. https://doi.
org/10.1021/jf4026184

Cioanca O, Hritcu L, Mihasan M, Hancianu M (2013) Cognitive-enhancing and antioxidant activ-
ities of inhaled coriander volatile oil in amyloid β(1-42) rat model of Alzheimer’s disease. 
Physiol Behav 120:193–202. https://doi.org/10.1016/j.physbeh.2013.08.006

Cruz JN, da Silva AG, da Costa WA, Gurgel ESC, Campos WEO, Silva RC e, Oliveira MEC, da 
Silva Souza Filho AP, Pereira DS, Silva SG, de Aguiar Andrade EH, de Oliveira MS (2020) 
Volatile compounds, chemical composition and biological activities of Apis mellifera bee prop-
olis. In: da Silva AG (ed) Essential oils – bioactive compounds, new perspectives and applica-
tions. IntechOpen, Rijeka, p 16

da Costa KS, Galúcio JM, da Costa CHS, Santana AR, dos Santos CV, do Nascimento LD, Lima 
AHLE, Neves Cruz J, Alves CN, Lameira J (2019) Exploring the potentiality of natural prod-
ucts from essential oils as inhibitors of odorant-binding proteins: a structure- and ligand-based 
virtual screening approach to find novel mosquito repellents. ACS Omega 4:22475–22486. 
https://doi.org/10.1021/acsomega.9b03157

da Silva Júnior OS, de Jesus Pereira Franco C, de Moraes AAB, Cruz JN, da Costa KS, do 
Nascimento LD, de Aguiar Andrade EH (2021) In silico analyses of toxicity of the major 
constituents of essential oils from two Ipomoea L. species. Toxicon 195:111–118. https://doi.
org/10.1016/j.toxicon.2021.02.015

de Alencar MVOB, de Castro e Sousa JM, Rolim HML, das Graças Freire de Medeiros M, 
Cerqueira GS, de Castro Almeida FR, das Graças Lopes Citó AM, Ferreira PMP, Lopes JAD, 
de Carvalho Melo-Cavalcante AA, Islam MT (2017) Diterpenes as lead molecules against 
neglected tropical diseases. Phytother Res 31:175–201. https://doi.org/10.1002/ptr.5749

De Almeida RN, De Fátima Agra M, Maior FNS, De Sousa DP (2011) Essential oils and their 
constituents: Anticonvulsant activity. Molecules 16:2726–2742. https://doi.org/10.3390/
molecules16032726

de Carvalho RN, de Oliveira MS, Silva SG, da Cruz JN, Ortiz E, da Costa WA, Bezerra FWF, 
Cunha VMB, Cordeiro RM, de Jesus Chaves Neto AM, de Aguiar Andrade EH, de Carvalho 
Junior RN (2019) Supercritical CO2 application in essential oil extraction. In: Inamuddin RM, 
Asiri AM (eds) Materials research foundations, 2nd edn. Materials Research Foundations, 
Millersville, pp 1–28

de Cássia Da Silveira e Sá R, Andrade LN, De Sousa DP (2015) Sesquiterpenes from essential 
oils and anti-inflammatory activity. Nat Prod Commun 10:1767–1774. https://doi.org/10.117
7/1934578X1501001033

de Oliveira MS, da Cruz JN, Gomes Silva S, da Costa WA, de Sousa SHB, Bezerra FWF, Teixeira 
E, da Silva NJN, de Aguiar Andrade EH, de Jesus Chaves Neto AM, de Carvalho RN (2019) 
Phytochemical profile, antioxidant activity, inhibition of acetylcholinesterase and interaction 

A. L. C. de Souza et al.

https://doi.org/10.3390/IJMS222212140
https://doi.org/10.3390/IJMS222212140
https://doi.org/10.1080/14786419.2021.1893724
https://doi.org/10.1016/j.arabjc.2021.103084
https://doi.org/10.1021/jf4026184
https://doi.org/10.1021/jf4026184
https://doi.org/10.1016/j.physbeh.2013.08.006
https://doi.org/10.1021/acsomega.9b03157
https://doi.org/10.1016/j.toxicon.2021.02.015
https://doi.org/10.1016/j.toxicon.2021.02.015
https://doi.org/10.1002/ptr.5749
https://doi.org/10.1177/1934578X1501001033
https://doi.org/10.1177/1934578X1501001033


17

mechanism of the major components of the Piper divaricatum essential oil obtained by super-
critical CO2. J Supercrit Fluids 145:74–84. https://doi.org/10.1016/j.supflu.2018.12.003

de Oliveira MS, da Cruz JN, da Costa WA, Silva SG, da Paz Brito M, de Menezes SAF, de Jesus 
Chaves Neto AM, de Aguiar Andrade EH, de Carvalho Junior RN (2020) Chemical composi-
tion, antimicrobial properties of Siparuna guianensis essential oil and a molecular docking and 
dynamics molecular study of its major chemical constituent. Molecules 25:3852. https://doi.
org/10.3390/molecules25173852

de Oliveira MS, Cruz JN, Ferreira OO, Pereira DS, Pereira NS, Oliveira MEC, Venturieri GC, 
Guilhon GMSP, da Silva Souza Filho AP, de Aguiar Andrade EH (2021) Chemical composition 
of volatile compounds in Apis mellifera propolis from the northeast region of Pará state, brazil. 
Molecules 26:3462. https://doi.org/10.3390/molecules26113462

Dhakad AK, Pandey VV, Beg S, Rawat JM, Singh A (2018) Biological, medicinal and toxicologi-
cal significance of Eucalyptus leaf essential oil: a review. J Sci Food Agric 98:833–848. https://
doi.org/10.1002/JSFA.8600

Djouahri A, Boudarene L, Meklati BY (2013) Effect of extraction method on chemical composi-
tion, antioxidant and anti-inflammatory activities of essential oil from the leaves of Algerian 
Tetraclinis articulata (Vahl) Masters. Ind Crops Prod 44:32–36. https://doi.org/10.1016/j.
indcrop.2012.10.021

do Nascimento LD, de AAB M, da Costa KS, Galúcio JMP, Taube PS, CML C, Cruz JN, de 
Aguiar Andrade EH, de Faria LJG (2020) Bioactive natural compounds and antioxidant activ-
ity of essential oils from spice plants: new findings and potential applications. Biomolecules 
10:1–37. https://doi.org/10.3390/biom10070988

Donadu MG, Le NT, Ho DV, Doan TQ, Le AT, Raal A, Usai M, Marchetti M, Sanna G, Madeddu 
S, Rappelli P, Diaz N, Molicotti P, Carta A, Piras S, Usai D, Nguyen HT, Cappuccinelli P, 
Zanetti S (2020) Phytochemical compositions and biological activities of essential oils from 
the leaves, rhizomes and whole plant of hornstedtia bella Škorničk. Antibiotics 9:1–16. https://
doi.org/10.3390/antibiotics9060334

El Asbahani A, Miladi K, Badri W, Sala M, Addi EHA, Casabianca H, El Mousadik A, Hartmann 
D, Jilale A, Renaud FNR, Elaissari A (2015) Essential oils: from extraction to encapsulation. 
Int J Pharm 483:220–243. https://doi.org/10.1016/j.ijpharm.2014.12.069

Ferreira OO, Neves da Cruz J, de Jesus Pereira Franco C, Silva SG, da Costa WA, de Oliveira MS, 
de Aguiar Andrade EH (2020) First report on yield and chemical composition of essential oil 
extracted from Myrcia eximia DC (Myrtaceae) from the Brazilian Amazon. Molecules 25:783. 
https://doi.org/10.3390/molecules25040783

Fornari T, Vicente G, Vázquez E, García-Risco MR, Reglero G (2012) Isolation of essential oil 
from different plants and herbs by supercritical fluid extraction. J Chromatogr A 1250:34–48. 
https://doi.org/10.1016/j.chroma.2012.04.051

Ghasemi E, Raofie F, Najafi NM (2011) Application of response surface methodology and cen-
tral composite design for the optimisation of supercritical fluid extraction of essential oils 
from Myrtus communis L. leaves. Food Chem 126:1449–1453. https://doi.org/10.1016/j.
foodchem.2010.11.135

Ghavam M, Manca ML, Manconi M, Bacchetta G (2020) Chemical composition and antimicrobial 
activity of essential oils obtained from leaves and flowers of Salvia hydrangea DC. ex Benth. 
Sci Rep 10:1–10. https://doi.org/10.1038/s41598- 020- 73193- y

Greay SJ, Hammer KA (2015) Recent developments in the bioactivity of mono- and diter-
penes: anticancer and antimicrobial activity. Phytochem Rev 14:1–6. https://doi.org/10.1007/
s11101- 011- 9212- 6

Guimarães AC, Meireles LM, Lemos MF, Guimarães MC, Endringer DC, Fronza M, Scherer 
R (2019) Antibacterial activity of terpenes and terpenoids present in essential oils. 
Molecules 24:2471

Han X, Beaumont C, Stevens N (2017) Chemical composition analysis and in vitro biological activ-
ities of ten essential oils in human skin cells. Biochim Open 5:1–7. https://doi.org/10.1016/j.
biopen.2017.04.001

1 Essential Oils and Their General Aspects, Extractions and Aroma Recovery

https://doi.org/10.1016/j.supflu.2018.12.003
https://doi.org/10.3390/molecules25173852
https://doi.org/10.3390/molecules25173852
https://doi.org/10.3390/molecules26113462
https://doi.org/10.1002/JSFA.8600
https://doi.org/10.1002/JSFA.8600
https://doi.org/10.1016/j.indcrop.2012.10.021
https://doi.org/10.1016/j.indcrop.2012.10.021
https://doi.org/10.3390/biom10070988
https://doi.org/10.3390/antibiotics9060334
https://doi.org/10.3390/antibiotics9060334
https://doi.org/10.1016/j.ijpharm.2014.12.069
https://doi.org/10.3390/molecules25040783
https://doi.org/10.1016/j.chroma.2012.04.051
https://doi.org/10.1016/j.foodchem.2010.11.135
https://doi.org/10.1016/j.foodchem.2010.11.135
https://doi.org/10.1038/s41598-020-73193-y
https://doi.org/10.1007/s11101-011-9212-6
https://doi.org/10.1007/s11101-011-9212-6
https://doi.org/10.1016/j.biopen.2017.04.001
https://doi.org/10.1016/j.biopen.2017.04.001


18

Hanif MA, Nisar S, Khan GS, Mushtaq Z, Zubair M (2019) Essential oils BT  – essential oil 
research: trends in biosynthesis, analytics, industrial applications and biotechnological produc-
tion. In: Malik S (ed) . Springer International Publishing, Cham, pp 3–17

Heldwein CG, Silva LL, Reckziegel P, Barros FMC, Bürger ME, Baldisserotto B, Mallmann 
CA, Schmidt D, Caron BO, Heinzmann BM (2012) Participation of the GABAergic system 
in the anesthetic effect of Lippia alba (Mill.) N.E. Brown essential oil. Braz J Med Biol Res 
45:436–443. https://doi.org/10.1590/S0100- 879X2012007500052

Horváth G, Ács K (2015) Essential oils in the treatment of respiratory tract diseases highlighting 
their role in bacterial infections and their anti-inflammatory action: a review. Flavour Fragr J 
30:331–341. https://doi.org/10.1002/ffj.3252

Hyldgaard M, Mygind T, Meyer R (2012) Essential oils in food preservation: mode of action, 
synergies, and interactions with food matrix components. Front Microbiol 3:12

Islam MT, da Mata AMOF, de Aguiar RPS, Paz MFCJ, de Alencar MVOB, Ferreira PMP, de 
Carvalho Melo-Cavalcante AA (2016) Therapeutic potential of essential oils focusing on diter-
penes. Phytother Res 30:1420–1444. https://doi.org/10.1002/ptr.5652

Karimi S, Sharifzadeh S, Abbasi H (2020) Sequential ultrasound-microwave assisted extraction as 
a green method to extract essential oil from Zataria multiflor. J Food Bioprocess Eng 3:101–109

Kaur H, Bhardwaj U, Kaur R (2021) Cymbopogon nardus essential oil: a comprehensive review 
on its chemistry and bioactivity. J Essent Oil Res 33:205–220. https://doi.org/10.1080/1041290
5.2021.1871976

Kokolakis AK, Golfinopoulos SK (2013) Microwave-assisted techniques (MATs); a quick way 
to extract a fragrance: a review. Nat Prod Commun 8:1493–1504. https://doi.org/10.117
7/1934578x1300801040

Lange BM (2015) The evolution of plant secretory structures and emergence of terpe-
noid chemical diversity. Annu Rev Plant Biol 66:139–159. https://doi.org/10.1146/
annurev- arplant- 043014- 114639

Leão RP, Cruz JVJN, da Costa GV, Cruz JVJN, Ferreira EFB, Silva RC, de Lima LR, Borges RS, 
dos Santos GB, Santos CBR (2020) Identification of new rofecoxib-based cyclooxygenase-
 2 inhibitors: a bioinformatics approach. Pharmaceuticals 13:1–26. https://doi.org/10.3390/
ph13090209

Leigh-de Rapper S, van Vuuren SF (2020) Odoriferous therapy: a review identifying essential 
oils against pathogens of the respiratory tract. Chem Biodivers 17. https://doi.org/10.1002/
cbdv.202000062

Li Y, Fabiano-Tixier A-S, Chemat F (2014) Essential oils: from conventional to green extraction. 
In: Sharma SK (ed) SpringerBriefs in green chemistry for sustainability, 1st edn. Springer 
Nature, Switzerland, pp 9–20

Mandal V, Mohan Y, Hemalatha S (2007) Microwave assisted extraction – an innovative and prom-
ising extraction tool for medicinal plant research Vivekananda. Pharmacogn Rev 1:7–18

Mohamed AA, Ali SI, El-Baz FK (2013) Antioxidant and antibacterial activities of crude extracts 
and essential oils of Syzygium cumini leaves. PLoS One 8. https://doi.org/10.1371/journal.
pone.0060269

Monzote L, Scull R, Cos P, Setzer WN (2017) Essential oil from Piper aduncum: chemical analy-
sis, antimicrobial assessment, and literature review. Medicines 4:49. https://doi.org/10.3390/
MEDICINES4030049

Muhammad Z, Yusoff ZM, Noor M, Nordin N, Kasuan N, Taib MN, Hezri M, Rahiman F, 
Haiyee ZA (2013) Steam distillation with induction heating system: analysis of kaffir lime 
oil compound and production yield at various temperatures (Penyulingan Wap Dengan Sistem 
Pemanasan Aruhan: Analisis Komposisi Minyak Limau Purut Dan Hasil Pengeluaran Pada 
Suhu Pelb). Malaysian J Anal Sci 17:340–347

Najafabadi AS, Naghavi MR, Farahmand H, Abbasi A, Yazdanfar N (2017) Chemical composition 
of the essential oil from oleo-gum-resin and different organs of Ferula gummosa. J Essent Oil- 
Bear Plants 20:282–288. https://doi.org/10.1080/0972060X.2016.1263582

Nazzaro F, Fratianni F, Coppola R, De Feo V (2017) Essential oils and antifungal activity. 
Pharmaceuticals 10:1–20. https://doi.org/10.3390/ph10040086

A. L. C. de Souza et al.

https://doi.org/10.1590/S0100-879X2012007500052
https://doi.org/10.1002/ffj.3252
https://doi.org/10.1002/ptr.5652
https://doi.org/10.1080/10412905.2021.1871976
https://doi.org/10.1080/10412905.2021.1871976
https://doi.org/10.1177/1934578x1300801040
https://doi.org/10.1177/1934578x1300801040
https://doi.org/10.1146/annurev-arplant-043014-114639
https://doi.org/10.1146/annurev-arplant-043014-114639
https://doi.org/10.3390/ph13090209
https://doi.org/10.3390/ph13090209
https://doi.org/10.1002/cbdv.202000062
https://doi.org/10.1002/cbdv.202000062
https://doi.org/10.1371/journal.pone.0060269
https://doi.org/10.1371/journal.pone.0060269
https://doi.org/10.3390/MEDICINES4030049
https://doi.org/10.3390/MEDICINES4030049
https://doi.org/10.1080/0972060X.2016.1263582
https://doi.org/10.3390/ph10040086


19

Okla MK, Alamri SA, Salem MZM, Ali HM, Behiry SI, Nasser RA, Alaraidh IA, Al-Ghtani SM, 
Soufan W (2019) Yield, phytochemical constituents, and antibacterial activity of essential oils 
from the leaves/twigs, branches, branch wood, and branch bark of sour orange (Citrus auran-
tium L.). Processes 7. https://doi.org/10.3390/pr7060363

Orio L, Cravotto G, Binello A, Pignata G, Nicola S, Chemat F (2012) Hydrodistillation and in situ 
microwave-generated hydrodistillation of fresh and dried mint leaves: a comparison study. J 
Sci Food Agric 92:3085–3090. https://doi.org/10.1002/jsfa.5730

Pandey AK, Kumar P, Singh P, Tripathi NN, Bajpai VK (2017) Essential oils: sources of 
antimicrobials and food preservatives. Front Microbiol 7:1–14. https://doi.org/10.3389/
fmicb.2016.02161

Rassem HHA, Nour AH, Yunus RM (2016) Techniques for extraction of essential oils from plants: 
a review. Aust J Basic Appl Sci 10:117–127

Razafimamonjison G, Jahiel M, Duclos T, Ramanoelina P, Fawbush F, Danthu P (2014) Bud, leaf 
and stem essential oil composition of Syzygium aromaticum from Madagascar, Indonesia and 
Zanzibar. Int J Basic Appl Sci 3:224–233. https://doi.org/10.14419/ijbas.v3i3.2473

Regnault-Roger C, Vincent C, Arnason JT (2011) Essential oils in insect control: low-risk 
products in a high-stakes world. Annu Rev Entomol 57:405–424. https://doi.org/10.1146/
annurev- ento- 120710- 100554

Reyes-Jurado F, Franco-Vega A, Ramírez-Corona N, Palou E, López-Malo A (2015) Essential oils: 
antimicrobial activities, extraction methods, and their modeling. Food Eng Rev 7:275–297. 
https://doi.org/10.1007/s12393- 014- 9099- 2

Ribeiro-Filho HV, De Souza Silva CM, De Siqueira RJ, Lahlou S, Dos Santos AA, Magalhães 
PJC (2016) Biphasic cardiovascular and respiratory effects induced by β-citronellol. Eur J 
Pharmacol 775:96–105. https://doi.org/10.1016/j.ejphar.2016.02.025

Said ZB-OS, Haddadi-Guemghar H, Boulekbache-Makhlouf L, Rigou P, Remini H, Adjaoud 
A, Khoudja NK, Madani K (2016) Essential oils composition, antibacterial and antioxidant 
activities of hydrodistillated extract of Eucalyptus globulus fruits. Ind Crops Prod 89:167–175. 
https://doi.org/10.1016/j.indcrop.2016.05.018

Sajid A, Manzoor Q, Iqbal M, Tyagi AK, Sarfraz RA, Sajid A (2018) Pinus Roxburghii essential 
oil anticancer activity and chemical composition evaluation. EXCLI J 17:233–245. https://doi.
org/10.17179/excli2016- 670

Saljoughian S, Roohinejad S, Bekhit AEDA, Greiner R, Omidizadeh A, Nikmaram N, Mousavi 
Khaneghah A (2018) The effects of food essential oils on cardiovascular diseases: a review. 
Crit Rev Food Sci Nutr 58:1688–1705. https://doi.org/10.1080/10408398.2017.1279121

Santana de Oliveira M, Pereira da Silva VM, Cantão Freitas L, Gomes Silva S, Nevez Cruz J, 
de Aguiar Andrade EH (2021) Extraction yield, chemical composition, preliminary toxicity 
of Bignonia nocturna (Bignoniaceae) essential oil and in silico evaluation of the interaction. 
Chem Biodivers 18:e2000982. https://doi.org/10.1002/cbdv.202000982

Sharifi-Rad J, Sureda A, Tenore GC, Daglia M, Sharifi-Rad M, Valussi M, Tundis R, Sharifi- 
Rad M, Loizzo MR, Oluwaseun Ademiluyi A, Sharifi-Rad R, Ayatollahi SA, Iriti M (2017) 
Biological activities of essential oils: from plant chemoecology to traditional healing systems. 
Molecules 22:1–55. https://doi.org/10.3390/molecules22010070

Sihoglu Tepe A, Ozaslan M (2020) Anti-Alzheimer, anti-diabetic, skin-whitening, and antioxidant 
activities of the essential oil of Cinnamomum zeylanicum. Ind Crops Prod 145:112069. https://
doi.org/10.1016/j.indcrop.2019.112069

Silva SG, da Costa RA, de Oliveira MS, da Cruz JN, Figueiredo PLB, do Socorro Barros Brasil D, 
Nascimento LD, de Jesus Chaves Neto AM, de Carvalho RN, de Aguiar Andrade EH (2019) 
Chemical profile of Lippia thymoides, evaluation of the acetylcholinesterase inhibitory activ-
ity of its essential oil, and molecular docking and molecular dynamics simulations. PLoS One 
14:e0213393. https://doi.org/10.1371/journal.pone.0213393

Silva SG, de Oliveira MS, Cruz JN, da Costa WA, da Silva SHM, Barreto Maia AA, de Sousa RL, 
Carvalho Junior RN, de Aguiar Andrade EH (2021) Supercritical CO2 extraction to obtain 
Lippia thymoides Mart. & Schauer (Verbenaceae) essential oil rich in thymol and evalua-

1 Essential Oils and Their General Aspects, Extractions and Aroma Recovery

https://doi.org/10.3390/pr7060363
https://doi.org/10.1002/jsfa.5730
https://doi.org/10.3389/fmicb.2016.02161
https://doi.org/10.3389/fmicb.2016.02161
https://doi.org/10.14419/ijbas.v3i3.2473
https://doi.org/10.1146/annurev-ento-120710-100554
https://doi.org/10.1146/annurev-ento-120710-100554
https://doi.org/10.1007/s12393-014-9099-2
https://doi.org/10.1016/j.ejphar.2016.02.025
https://doi.org/10.1016/j.indcrop.2016.05.018
https://doi.org/10.17179/excli2016-670
https://doi.org/10.17179/excli2016-670
https://doi.org/10.1080/10408398.2017.1279121
https://doi.org/10.1002/cbdv.202000982
https://doi.org/10.3390/molecules22010070
https://doi.org/10.1016/j.indcrop.2019.112069
https://doi.org/10.1016/j.indcrop.2019.112069
https://doi.org/10.1371/journal.pone.0213393


20

tion of its antimicrobial activity. J Supercrit Fluids 168:105064. https://doi.org/10.1016/j.
supflu.2020.105064

Sobral MV, Xavier AL, Lima TC, de Sousa DP (2014) Antitumor activity of monoterpenes found 
in essential oils. Sci World J 2014:953451. https://doi.org/10.1155/2014/953451

Sodeifian G, Sajadian SA, Ardestani NS (2017) Experimental optimization and mathematical 
modeling of the supercritical fluid extraction of essential oil from Eryngium billardieri: appli-
cation of simulated annealing (SA) algorithm. J Supercrit Fluids 127:146–157

Sovilj MN, Nikolovski BG, Spasojević MD (2011) Critical review of supercritical fluid extrac-
tion of selected spice plant materials. Maced J Chem Chem Eng 30:197–220. https://doi.
org/10.20450/mjcce.2011.35

Sovová H (2012) Modeling the supercritical fluid extraction of essential oils from plant materials. 
J Chromatogr A 1250:27–33. https://doi.org/10.1016/j.chroma.2012.05.014

Tongnuanchan P, Benjakul S (2014) Essential oils: extraction, bioactivities, and their uses for food 
preservation. J Food Sci 79:1231–1249. https://doi.org/10.1111/1750- 3841.12492

Wang ZJ, Heinbockel T (2018) Essential oils and their constituents targeting the GABAergic sys-
tem and sodium channels as treatment of neurological diseases. Molecules 23:1–24. https://doi.
org/10.3390/molecules23051061

Wang W, Li N, Luo M, Zu Y, Efferth T (2012) Antibacterial activity and anticancer activity of 
Rosmarinus officinalis L. essential oil compared to that of its main components. Molecules 
17:2704–2713. https://doi.org/10.3390/molecules17032704

Werrie P-Y, Durenne B, Delaplace P, Fauconnier M-L (2020) Phytotoxicity of essential oils: 
opportunities and constraints for the development of biopesticides. A review. Foods 9:1291

Yadav AA, Chikate SS, Vilat RB, Suryawanshi MA, Student UG, Mumbai N, Mumbai N (2017) 
Review on steam distillation: a promising technology for extraction of essential oil. Int J Adv 
Eng Res Dev 4:667–671. https://doi.org/10.21090/ijaerd.33095

Yousefi M, Rahimi-Nasrabadi M, Pourmortazavi SM, Wysokowski M, Jesionowski T, Ehrlich 
H, Mirsadeghi S (2019) Supercritical fluid extraction of essential oils. Trends Anal Chem 
118:182–193. https://doi.org/10.1016/j.trac.2019.05.038

Yu CY, Zhang JF, Wang T (2020) Star anise essential oil: chemical compounds, antifungal and 
antioxidant activities: a review. J Essent Oil Res 33:1–22. https://doi.org/10.1080/1041290
5.2020.1813213

Zhang N, Yao L (2019) Anxiolytic effect of essential oils and their constituents: a review. J Agric 
Food Chem 67:13790–13808. https://doi.org/10.1021/acs.jafc.9b00433

Zuzarte M, Salgueiro L (2015) Essential oils chemistry. In: de Sousa DP (ed) Bioactive essential 
oils and cancer, 1st edn. Springer International Publishing, Cham, pp 19–61

A. L. C. de Souza et al.

https://doi.org/10.1016/j.supflu.2020.105064
https://doi.org/10.1016/j.supflu.2020.105064
https://doi.org/10.1155/2014/953451
https://doi.org/10.20450/mjcce.2011.35
https://doi.org/10.20450/mjcce.2011.35
https://doi.org/10.1016/j.chroma.2012.05.014
https://doi.org/10.1111/1750-3841.12492
https://doi.org/10.3390/molecules23051061
https://doi.org/10.3390/molecules23051061
https://doi.org/10.3390/molecules17032704
https://doi.org/10.21090/ijaerd.33095
https://doi.org/10.1016/j.trac.2019.05.038
https://doi.org/10.1080/10412905.2020.1813213
https://doi.org/10.1080/10412905.2020.1813213
https://doi.org/10.1021/acs.jafc.9b00433

	Chapter 1: Essential Oils and Their General Aspects, Extractions and Aroma Recovery
	1.1 Introduction
	1.2 Plant Organs Where EOs Are Found
	1.3 Chemical Composition of Essential Oils
	1.3.1 Background
	1.3.2 Terpenes
	1.3.3 Monoterpenes
	1.3.4 Sesquiterpenes
	1.3.5 Diterpenes
	1.3.6 Alcohols
	1.3.7 Esters
	1.3.8 Ketones

	1.4 Extraction Methods of EOs
	1.4.1 Hydrodistillation
	1.4.2 Steam Distillation
	1.4.3 Supercritical Fluid Extraction
	1.4.4 Microwave-Assisted Extraction

	1.5 Conclusion
	References




