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Preface

Essential oils have been used by global communities for centuries, for different purposes
such as medicinal, flavoring, preservatives, perfumery, aromatherapy, dentistry, cosmetics,
insecticide, fungicide, bactericide, among others. Essential oils are natural and biodegrad-
able substances, usually non-toxic or with low toxicity to humans. Essential oils are botani-
cal products with having volatile nature and are known for their special odor and are found
effective in the treatment of oxidative stress, cancer, epilepsy, skin allergies, indigestion,
headache, insomnia, muscular pain, and respiratory problems, etc. Essential oils principally
enhance resistance to abiotic stress and protection against aquatic herbivores. They possess
antimicrobial, antifungal, antitumor, and antioxidant activities. However, essential oils are
easily lost or degraded under ambient conditions (temperature, air, light, and humidity),
resulting in limited applications. So, their encapsulation is one of the proven techniques to
successfully protect essential oils and enable various applications. The purpose of this book
is to offer current knowledge on essential oils’ chemical structure, therapeutic, and biolog-
ical activities, to describe their functional uses, and to assess the benefits and drawbacks of
their usage in many fields.

Essential Oils: Extraction Methods and Applications addresses the topics related to
methods of extracting essential oils, biological and therapeutic applications, their uses in
different sectors of the industry, and will also address methods and applications of encapsu-
lated essential oils. In addition, we cover issues such as the latest biological applications of
essential oils, as well as traditional and modern methods for extracting essential oils. This
book should be useful for different industries like pharma, perfumery, flavoring, perfum-
ery, aromatherapy, cosmetics, others and also useful for faculty, researchers, students from
academics, and laboratories which are linked to essential oils and their useful properties,
applications of the different paradigms. The summaries of the work reported in the follow-
ing 43 chapters are as follows:

Chapter 1 discusses the plant essential oils and their isolated bioactive components for
their potential antiviral activities in detail. The fundamental knowledge of antiviral proper-
ties of essential oil along with their mechanisms of actions, efficacy, and safety is needed for
their targeted drug delivery systems, which are consequential to their further research, new
drug design, and further applications.

Chapter 2 covers the use of essential oils derived from aromatic plants as a safer and
more nutritious alternative to artificial preservatives. Essential oils’ natural properties,
extraction procedures, and activity against pathogenic and deteriorating microorganisms,
as well as their uses in food preservation, are discussed.

xXxvii

85UB017 SUOWWOD BA1ER.D 3ot jdde 8Ly A peussnob a1e el VO ‘SN J0 S9|N 1o} AReiqiT 8UljUQ AB]IA LD (SUOIPUOD-PUE-SWLBIALIOY A8 1M Ale.d 1 BUI|UO//SANL) SUONIPUOD PUe SWIS | 8U1 89S *[£202/20/0T] Uo Aleiqi8uliuO AB|IM ‘JeNew) ¥ 196286 TTT8.6/200T OT/I0p/LI0Y A8 | 1M AlId 1 |BUI|UO//SANY WO POPeO|uMOQ ‘oYW Y TI6Z86TTT8L6/200T 0T



xxviii PREFACE

Chapter 3 reviews the sources and composition of various essential oils and the variety
of extraction methods. Primarily, it focuses on applying essential oils in different industrial
sectors like chemicals, food preservation, pharmaceutical, and pesticides, etc.

Chapter 4 focuses on the effect of various abiotic and biotic factors (drought, tempera-
ture, salt, heavy metals, UV light, living organisms, etc.) on essential oils production and
composition. The importance of these factors to adequate agricultural practices for aro-
matic plants cultivation and to obtain high-quality essential oils is also discussed.

Chapter 5 emphasizes the potential antiviral effect of essential oils by reviewing some
recent literature. It illustrates the different methods implemented to investigate the in vitro
antiviral activity of EOs and their components along with their mechanisms of action.
Furthermore, the effectiveness of EOs against several viral illnesses that impact human
body systems, as well as some plants and animals, are also highlighted.

Chapter 6 discusses Mentha species and their chemical compositions on account of their
biological activity as reported by the scientists, with a focus on microbiological activity.
Mentha piperita L. is judged to be the most promising of the species offered to be used as
an herbal medication.

Chapter 7 describes the plant secondary metabolites that play a significant role as
anti-oxidants, anti-cancerous, anti-microbial, and have medicinal properties. The influence
of microbes on plants is elaborated in the context of the enhanced production of these
secondary metabolites in various stress conditions, with mechanisms of contact briefly
elaborated.

Chapter 8 details the valorization of limonene (an essential oil) into compounds with
high commercial value by different reactions, such as alkoxylation, hydration, and acetal-
ization over heterogeneous catalysts. Also, the conversion of limonene into p-cymene is
studied. Different solid materials, like clays, zeolites, heteropolyacids, and silica with sul-
fonic groups towards the valorization of limonene are discussed.

Chapter 9 discusses the role of essential oils in various industrial applications, focusing
on pharmaceutical, cosmetic manufacturing, food processing, and preservation industry.
The major focus dealt with volatile bioactive compounds in essential oils that are responsible
for altering synthetic additives with natural composites in food, cosmetics, and medicines.

Chapter 10 discusses the most common uses of essential oils in various sectors. It focuses
on the increased use of essential oils in the food, beverage, packaging, cosmetics, perfum-
ery, medical, agriculture, textile, and cleaning industries in line with the increasing aware-
ness and demand of consumers for natural ingredients.

Chapter 11 deals with various pharmacological activities of essential oils and their major
chemical components. The mechanism of action and pharmacological targets of various
essential oils particularly anti-inflammatory, anticancer, antiviral, antifungal, larvicidal,
antidiabetic, and antibacterial activities are discussed in the present chapter. Additionally,
the potential efficacy of terpenoids and phenylpropanoids in the treatment of cancer,
inflammation, and viral infections are illustrated in this chapter.

Chapter 12 reveals the stability and efficacy associated challenges that are often encoun-
tered by essential oils that led to compromised efficiency. Further, the chapter gives insight
to overcome these challenges through various encapsulation techniques, their formulation
aspect, and the advantages as per the reported literature.

Chapter 13 discusses the antimicrobial effect of essential oils and their food application.
Additionally, the biotechnological strategies for extracting essential oils for food application
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PREFACE xxix

and the methods for evaluating the essential oil's inhibitory activity are discussed. Moreover,
the influence of extraction methods on the antimicrobial compounds in essential oils is also
presented.

Chapter 14 epitomizes the application of essential oils in food packaging and food prod-
ucts. Essential oils sources such as plants, fruit, and flowers and their chemical composition
are presented in this chapter. The main focus of this chapter is to highlight the potential
application of essential oils as an antimicrobial, antifungal, and antioxidant agent in differ-
ent food packaging and products.

Chapter 15 discusses the use of essential oils against biofilm-forming bacteria. The for-
mation and organization of biofilms and their role in acquiring antibiotic resistance are
presented. The main focus is given to provide information on the nature of essential oils,
their antimicrobial and antibiofilm activities, and their mechanism of action.

Chapter 16 discusses the biological applications of essential oils such as antibacterial,
antifungal, antiviral, antioxidant, and anti-inflammatory activities and their usage in the
treatment of various ailments such as cancer, respiratory tract diseases, cardiovascular dis-
eases, obesity, and diabetes. Additionally, the sources and extraction process of essential oil
are also discussed.

Chapter 17 details the various essential oils used as biopesticides in agriculture, food
storage, and the household. The delivery and the pesticidal modes of action of biopesticides
are discussed in detail. The target pest and the active ingredients responsible for the pesti-
cidal action are also presented.

Chapter 18 explicitly describes the larvicidal and ovicidal potential of essential oils with
special reference to potent larvicidal activity against mosquito vectors including Aedes
aegypti, Anopheles stephensi, A. Albopictus, and the ovicidal activity against human head lice
(Pediculus humanus), domestic animal gastrointestinal nematode (Haemonchus contortus)
and American bollworm (Armigera Helicoverpa Hubner).

Chapter 19 discusses the primary applications of essential oils as pesticides and their
biological activity with a different class of organisms and discusses potential directions for
the use of essential oils as pesticides of the future. Additionally, the role of essential oils
synergistic compositions and toxic effects of essential oils on non-target organisms are also
studied. The main aim of this chapter is to explain the present state of knowledge and recent
advances in the phytochemistry of plant essential oils, their biological activity in a variety of
species, and their potential as biopesticides.

Chapter 20 details the scientific advancement and discoveries about the biological
potential of essential oils from micro and macroalgae, which has been arousing interest
in the most diverse industrial applications. The major focus is attributed to the ecological
importance and biodiversity of micro and macroalgae under this new market perspective.

Chapter 21 explains how to comprehend the complexity of olfactory responses by devel-
oping instrumental ways for objectively analyzing them. Particularly, gas chromatography-
olfactometry technology has been profusely employed. An overview of data that may be
collected using several gas chromatography-olfactometry techniques on essential oils is
described, along with the procedures and foundations involved.

Chapter 22 covers key in vitro and in vivo methods to assess essential oils with a brief
description of different protocols. Essential oils are found effective in the treatment of oxi-
dative stress, cancer, skin allergies, headache, insomnia, muscular pain, and respiratory
problems.
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Chapter 23 details the various evaluation strategies adopted to assess the biological
potential of different essential oils. This chapter aims at bringing up a summary and critical
appraisal of the reported methods, both in vitro and in vivo, for assessment of the biological
activities of essential oils.

Chapter 24 discusses the importance of algal essentials in the ecosystem. It further
details environmental factors affecting the production of essential oils and their organic
volatile compounds by algae. Their interesting bioactivity that can offer significant benefits
and biotechnological relevance are also presented.

Chapter 25 is a good set of classical methods of obtaining essential oils along with their
merits and demerits in terms of efficiency, cost, handling, and compatibility. The classical
methods, owing to their simplicity, handling, and cost-effectiveness are mostly preferred in
all sectors of extracting essential oils.

Chapter 26 discusses different techniques for the extraction of essential oils from plant-
based materials. The biological activity, different pathways, and chemical constituents are
also discussed in the chapter to investigate the suitable treatment for the extraction purpose.

Chapter 27 reviews the physicochemical/physical methods used to encapsulate essen-
tial oils, and the recent application of capsules. Green and non-thermal methods, such as
supercritical fluid-based technologies along with electro-spraying reduce processing time,
hence enhance encapsulation efficiency, and prolong the shelf life of encapsulated essential
oils when compared to conventional processes.

Chapter 28 accounts for general aspects about the techniques of coacervation, extrusion,
nano-precipitation, emulsification, spray drying, thin-film hydration method, and super-
critical fluid technology and their applications in the essential oils encapsulation.

Chapter 29 presents encapsulation technology of essential oils, including preparation of
emulsions, the encapsulation methods, and the release of encapsulated products. Several
examples of successful applications and recommendations for future investigations of the
encapsulated essential oil products into various industries, such as foods, cosmetics, tex-
tiles, and pharmaceuticals are also discussed.

Chapter 30 reviews the advantages of the supercritical fluid extraction of essential oils
and updates the readers on the current efforts to reduce the cost of products and the envi-
ronmental impact provoked by SFE. Also, this chapter discussed in detail the advances in
the manufacture of commercial supercritical fluid extraction equipment, the studies of eco-
nomic feasibility, and the life cycle assessment of supercritical fluid extraction to improve
the sustainability of this process.

Chapter 31 discusses the superiority of supercritical fluid extraction of essential oils
over other conventional extraction techniques. Furthermore, the effect of different process
parameters influencing the efficiency of supercritical fluid extraction is deliberated upon.
Optimization of supercritical fluid extraction process is reviewed using different statistical
experiments like Box-Behnken design, Central composite design, Taguchi design, and arti-
ficial neuron network.

Chapter 32 examines the benefits of using supercritical fluid to extract essential oils,
including process parameters and their impacts, as well as examples from the literature.
Information regarding industrial interest is also exemplified, such as the scale-up and eco-
nomic analysis. The importance of mathematical modeling along with its applications are
also discussed.
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Chapter 33 summarizes the fundamentals of the extraction of essential oils with super-
critical fluids at a laboratory, pilot, and industrial scale. The effects of process parameters are
analyzed based on thermodynamics and available mathematical models. Finally, the combi-
nation of novel green technologies with supercritical fluids like ultrasound, microwave, or
membrane separation is briefly discussed.

Chapter 34 provides a basic understanding of supercritical fluids and the role of super-
critical CO, in essential oils extraction. The influence of process parameters in the super-
critical fluid extraction process along with optimization using the design of experiments
is explained. The applications of various mathematical models for describing extraction
curves of supercritical fluid extraction are also presented.

Chapter 35 discusses the classical extraction methodologies of essential oils. The selec-
tion of extraction method affects the yield of essential oils as well as their effect on the phys-
icochemical properties. The major focus is given to communicate the chemical composition
of essential oils and their pharmaceutical applications.

Chapter 36 addresses the main traditional techniques for extracting essential oils from
plant matrices. The advantages and disadvantages of each method are discussed, mainly in
terms of their specificities and process parameters as reported in the specialized literature.

Chapter 37 discusses the chemical compounds and their structures in various essen-
tial oils from extracted aromatic and medicinal plants. The essential oils can be extracted
by classical and green methods, e.g. solvent extraction and supercritical fluid extraction
respectively. The contemporary techniques have proved beneficial as they involve little or
no solvent, less time, and energy.

Chapter 38 focuses on properties and dental applications of essential oils that are being
researched as a form of complementary therapy in dentistry, although few are included in
the dental practices.

Chapter 39 is coverage of key flora used to extract essential oils, their major therapies,
and different therapeutic aspects. According to reported literature, the last decades of the
20th century was the blooming era of essential oils-based therapy which now gaining ample
intention particularly in the treatment of nervous systems.

Chapter 40 details the various clinical applications of essential oils. Therapeutic indi-
cations of essential oils obtained from various parts of plants in diverse disease conditions
including psychological disorders, cancers, dermatological diseases, pain, and inflamma-
tion, etc. are discussed in fair detail.

Chapter 41 deals with the role of essential oils and edible essential oils in the therapeu-
tical field. The significance of the essential oils in clinical studies is discussed exhaustively.
The side effects of the use of essential oils and the safety precautions to be carried out are
also detailed.

Chapter 42 discusses various biological activities of essential oils extracted from plants.
The emphasis is on the mechanism of action, communicating the benefits, disadvantages,
and future viability of various applications of the volatile oils to contribute to citizen sci-
ence. Furthermore, the history of the benefits of essential oils is discussed.

Chapter 43 goals are to afford a summary of current knowledge about essential oils’
chemical structure, therapeutic, and biological activities, to define their functional appli-
cations, and to evaluate the possibilities and limitations of their use in the food industry.
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Highlights:

 Provides a broad overview of essential oils

« Explores different extraction methods of essential oils

« Elaborate potential applications of essential oils in varied fields hence realiz-
ing their broad significance

» Reveals potential properties of essential oils

« Highlights supercritical fluid extraction with CO, as an innovative method
to obtain essential oils
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Abstract

Among the different bioactive phytochemical constituents, essential oils are widely accepted, recog-
nized, and used in food, cosmetic, chemical industries, pharmaceutical industries as well as even in
our daily life. They are the complex mixtures of volatile organic compounds which are characterized
by a strong odor produced in the form of secondary metabolites in plants. Since essential oils have
exhibited diverse biological activities, there is an increasing trend of exploitation of these natural
products in the cosmetic and pharmaceutical industries. Characterization and in-vitro, and in-vivo
evaluation of these essential oils are very important owing to the regulatory requirements for use in
drug and cosmetic product development. This chapter aims at bringing up a summary and critical
appraisal of the reported methods, both in-vitro and in-vivo, for assessment of the biological activi-
ties of essential oils.

Keywords: Essential oil, biological activity, antibacterial, antimicrobial, antifungal,
anti-inflammatory, antidiabetic, anticancer

23.1 Introduction

In the present era, natural products have gained much more interest as compared to their
synthetic counterparts because of their safety profile, low adverse effects, eco-friendly
nature, and easy availability [1]. From ancient times, plants or their specific parts are used
for nutritional as well as for medicinal values [2-4]. Plant sources providing various classes
of chemical compounds and they are termed phytochemicals. Some of the phytochemi-
cals have medicinal values and are known as bioactive phytochemical constituents. The
most important bioactive phytochemical constituents obtained from plant sources are tan-
nins, terpenoids, alkaloids, phenolic compounds, flavonoids, saponins, essential oils, etc.
[5]. Among the different bioactive phytochemical constituents, essential oils are widely
accepted, recognized, and used in food, cosmetic, chemical industries, pharmaceutical
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