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Foreword

Janey Lee Grace

I first became aware of 
the power of essential oils when I had my first aromatherapy massage. It was the most amazing experience, and I now realize I was fortunate to have found an aromatherapist who really knew her craft. This was very different from a pampering massage experience, and I quickly learned that the different aromas had very different therapeutic effects.

If there were a queen of essential oils, Heather Dawn Godfrey is that person. It’s clear that this form of plant medicine is her passion and life purpose, and she is incredibly knowledgeable about how we can all benefit from it.

Essential oils, with their delightful array of scents and intriguing qualities, are found in households throughout the world now. They are present in our food, hygiene products, medicine, beauty and skincare remedies, and incense and perfumes. Essential oils are especially valued for their antimicrobial, skin-care, and psycho-emotional properties. They have been used both therapeutically and aesthetically for thousands of years, as testified in various ancient medicinal canons and scriptures.

But perhaps you have wondered: What exactly is an essential oil, how do essential oils work, what is it about their properties that lends credence to their therapeutic qualities, and why, when they perform similar roles in plants, are their scents so diverse? Heather answers all these questions and more as she invites you to join her in diving deep into this subject to discover why and how essential oils are so much more than just lovely scents. This book provides a comprehensive overview of the properties and qualities of essential oils so that you may effectively hone your use of them and maximize their benefits. You will learn how essential oils evolve within a plant and how the type of plant and the environment that plant grows in determines the chemical composition, qualities, and characteristics of its essential oil. I found this fascinating, as I once had an opportunity to smell lavender oil from lavender grown at high altitude in the Languedoc region of France, and it was quite unlike the lavender oils I had used before.

This book is easy to navigate, too. Information is gathered and summarized in succinct, easy-to-read charts and diagrams, which makes references clear and accessible, so the book is valuable as a practical tool and guide. Heather integrates her own insights and experience, gained through practical application and research, with that of other experts to provide a breadth and depth of knowledge about essential oils, their botany and organic chemistry, and their safe and effective use.

Like Heather’s previous books, this book is aimed at those who use essential oils in their everyday life, students and professional practitioners alike. We don’t all have the time or resources in our busy, demanding lives to engage in professional training, but here we have a beautifully illustrated, highly accessible resource that provides a sound foundation to support your understanding and use of essential oils.

Essential oils are one of the many gifts provided by nature. They can be used in many ways—as health remedies, to enhance beauty, and in various forms of artistic expression. The aim of this book is to provide a valuable reference to enlighten your awareness of the abundant qualities of essential oils. Whether you already use essential oils at home for your own pleasure, integrate them into your beauty, wellness, or health practice, or use them as artistic and aesthetic ingredients—or if you are simply intrigued by and want to know more about essential oils—this book is for you.

Janey Lee Grace is a well-being presenter and the author of Happy Healthy Sober, 
and she runs the recommendations site
www.imperfectlynatural.com.
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INTRODUCTION

Essential Oils in Context

Life is precious, a gift. Nature is a beautiful expression of this gift. The awe and wonder we experience when we observe a golden red sunset kissing the clouds, a harvest moon suspended in a velveteen starlit sky, or rainbow light reflected in drops of dew glistening in the grass touch and resonate within every cell of our body and in our whole being. Everything in life and in nature is interconnected, like the glistening threads of a spiderweb. Our very first breath as we emerge from our mother’s womb fills our lungs with life-sustaining oxygen that in turn awakens our conscious experience of the sensual world into which we are born. We are breathed into life, and with each breath, it seems, we are gifted. Indeed, we are graced with many tools and gifts with which we traverse this life, and in turn we each have gifts to share with one another. And just like a magnificent sunset or a raging waterfall or a pollinating honeybee dancing from flower to flower, we each express and contribute our gifts in our own unique way.

Essential oils straddle the ethereal and the earthly, like a bridge, touching and connecting each shoreline, reasuringly reminding us that one is never far from the other. Observing their scents, we are drawn into the moment, our senses awakened. Essential oils possess qualities that are physically protective and restorative and emotionally grounding and uplifting. Their molecules act as chemical messengers between the cells in plants and plant-consuming animals, a process activated via various mechanisms that involve microscopic informational networks created by the microbiome, the energetic meridian channels, the circulatory systems, and the neural pathways. They instigate responses that defend and stave off intruders while they repair, rejuvenate, and replenish. The rich, sweet scents of blossoms and flowers, for example, are attractive, aphrodisiac, and pleasing, even euphoric. The green scent of leaves is vitalizing. And the earthy scent of bark and roots is protective and grounding. Essential oil molecules radiate in a haze from the plant into the surrounding atmosphere in a way that protects the plant, aids its fertilization, and relays messages to other plants. They also support homeostasis and environmental harmony.

Marguerite Maury (1895–1968), a biochemist, naturopath, and homeopath, in her fascinating book The Secrets of Life and Youth (Maury 1989), refers to nature as sovereign, and the plant as a living being with a specific energy potential. Essential oils, in this context, Maury asserts, are a vital force expressed from the very heart of the alchemy of creation. When they are absorbed, the body has “at its disposal a vital and living element to use for its own ends” (Maury, 81), thus rejuvenating the organism, alerting the conscious mind, and enriching the entire being. Used thus, Maury says, rather than simply trying to add years to life, the aim is to add life to years (Maury, 80–81). Of the ethereal and psycho-emotional influences of essential oils, Maury states that the use of odoriferous matter induces a true sentimental and mental liberation; there is a feeling, she observes, of seeing events more objectively and therefore in a truer, clearer perspective (Maury, 82–83). When we experience this liberation, life takes on a magical, wondrous hue; colors and tones seem bright and vibrant, defined and clear.

Born from nature as living beings with specific energy potential, we too are sovereign beings, our body a vessel housing our consciousness, embodying a vital force issuing from the heart of creation. Nature constantly invites us to be consciously alive and aware and present in each moment, while at the same time aiding our survival and our ability to thrive. The gratitude and appreciation we feel are expressions of reverence, which, as Dr. Zach Bush so eloquently states, is the ultimate vessel of love (Bush 2020, May 26).

Healing with Essential Oils complements my two previous books that 
explore the various qualities and virtues of essential oils. The first book of this trilogy, Essential Oils for Mindfulness and Meditation, describes how observation of scent immediately draws our attention to the moment while at the same time instigating a psycho-emotional response via the limbic system that aids focus and alertness and instills a sense of peace and calm in a way that supports meditation and relaxation. Essential Oils for the Whole Body goes further, describing how essential oils are physically absorbed and excreted by the body and detailing their valuable characteristics and qualities, from ethereal to practical, with instructions on how to effectively blend essential oils together to create pleasing and effective therapeutic perfumes and remedies.

This book, Healing with Essential Oils, dives even deeper, describing and contextualizing the journey of essential oils, from their creation within the plant to the “scentual” substance in the bottle. Comprehending the botanical context of a plant—i.e., the role its oil plays within the plant and within the plant’s immediate environment—reveals a great deal about the characteristic properties of an essential oil. You will discover in the following pages how essential oils, once extracted from a plant, then express their own unique traits. Essential oils can be used in many different contexts and in a variety of ways—a phenomenon of their versatility. Thus in these pages (and in the other books too) you have at your disposal a valuable map that leads to these abundant plant treasures.

This book is structured in such a way as to explore the complete journey of essential oils, from plant to bottle:


	
	Chapter 1 explains what an essential oil is, how essential oils evolve, and where they are stored within the plant, including the various roles they play, from protecting the plant to aiding its propagation.

	
	Chapter 2, “Biodiversity, Botany, and Essential Oils,” takes a wider look at essential oil–bearing plants, including their botanical species, habitats, and climatic environments, and explains how plants are identified, categorized, and named.

	
	Chapter 3, “Methods of Extraction,” explains how essential oils are removed from the plant and how this process formulates the volatile chemical essences we are familiar with.

	
	Chapter 4, “Essential Oil Chemistry,” identifies the characteristic properties and qualities of the phytochemicals that comprise essential oils and explains how each chemical contributes to and influences their overall scent and therapeutic properties, with particular focus on their antimicrobial value.

	
	Chapter 5, “Using Essential Oils,” contextualizes the use of essential oils and their integrated remedial role as companions in a healthy lifestyle and includes general advice about safe use and application. This chapter also explores the appropriate use of essential oils for children and the elderly and presents information about which oils are safe to use in this context.

	
	Chapter 6, which comprises the second half of this book, provides in-depth profiles of fifty-eight different essential oils. Each profile includes a description of the plant the essential oil is extracted from, the main chemical constituents comprising the oil, and its scent profile, subtle indications, and therapeutic applications—and much more.



The information contained in this book is derived from years of study, research, teaching, and experiential practice (both therapeutic and personal). However, by no means do I know all there is to know about essential oils; the adage “the more I learn, the more I realize how much I don’t know” is both humbling and at the same time an exciting truth. I find myself a perpetual traveler in this respect, learning all the time as I discover, and even rediscover, new terrains and landscapes as I journey forth. I trust that the knowledge contained in this book will inform and support you on your journey of discovery and wellness.
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1

What Is an Essential Oil?


[image: image]

A Living Gift from Nature

Essential oils are comprised of volatile terpenes, which along 
with other chemicals such as alkaloids, bitters, glycosides, gums, saponins, and steroids, are produced in a wide variety of botanical species as a byproduct of phytochemical metabolism. The primary role of essential oils is to protect the plant from harm and to aid its propagation. For example, all essential oils are antimicrobial (to varying degrees). They exude a specific fragrance that may attract or repel certain insects and animals. They also regulate the plant’s external environment by creating a vaporous haze that influences the ambient temperature and level of humidity of the plant, thus protecting it from adverse atmospheric conditions, among other things. They influence the environment surrounding the plant’s roots, particularly the local microbiome, in a way that supports nutrient absorption and proctects the roots from pathogenic invasion. Essential oils contribute to the flavor of edible plants. Indeed, as you will discover, essential oils are one of many threads in nature’s intricate, interactive web.

In this chapter we take a closer look at the various processes that lead to the development of essential oils within a plant, beginning with a glimpse at the catalyst influence gifted by the sun’s solar rays and the way a plant harnesses this energy to initiate growth and development. You will learn how the conditions of growth influence the content and quality of a plant’s essential oil, and how the type of plant and the role its essential oil plays within that plant provides some indication of the oil’s characteristic qualities.


PHOTOSYNTHESIS: THE CONVERSION OF SOLAR ENERGY

The sun provides the primary source of energy, which is received in the form of solar heat and light. Electromagnetic energy radiates from the sun. Upon reaching Earth’s atmosphere, these electromagnetic rays are attenuated (a process that reduces the intensity of their flux), primarily by ozone and water vapor, and are then scattered by molecules of air and aerosols in the troposphere surrounding Earth.

Solar heat energy generates movement through energy transfer. This process is easily explained by observing air as it warms. Air becomes less dense as it rises, causing thermal currents and variable atmospheric airflow (wind) as a consequence. Solar heat causes water to evaporate and vaporize as tiny droplets of moisture that rise into the atmosphere, where they are carried and circulated on undulating currents of air to increasingly higher altitudes in the cold troposphere, in the process cooling and condensing to form vaporous clouds that are carried in the ebb and flow of atmospheric currents. As they continue to converge within clouds, the weight and density of these water droplets increases until they succumb to the pull of gravity, at which point they descend again to the ground as drops of rain or clusters of frozen crystals (snow, sleet, or hail, depending on the altitude and temperature). Once earthbound, water continues to descend to the lowest land level, forming springs, streams, and rivers that eventually spill into lakes and oceans.

The momentum created by the movement of solar heat energy generates and perpetuates more energy, which can be captured in momentum and transduced by windmills, water turbines, and wheels that drive hydroelectrical generators and machinery. Thus, solar heat generates a source of renewable energy. Radiant electromagnetic light from the sun (known as photons) at the same time similarly scatters and filters through Earth’s atmosphere and is absorbed and transduced by plants (and the cells of other receptive organisms, such as algae and cyanobacteria) through a process known as photosynthesis. Solar light energy is unstable and cannot be stored until it is converted into stable chemical energy, and photosynthesis is the biological process by which this energy is converted. Photosynthesis occurs when solar light energy makes contact with and is absorbed by plant proteins that contain green chlorophyll; these proteins are found inside organelles called chloroplasts, as well as photosynthetic cells. Water plays an important part in this process, too. For example, water is carried to the photosynthetic cell by nonphotosynthetic cells that are found in nongreen parts of the plant, such as the roots, rhizomes, phloem (the living tissue in vascular plants that transports the soluble organic compounds made during photosynthesis), and xylem (the veins on leaves). Stomata, the tiny pores found on the stems and leaves of vascular plants, provide portals where gaseous exchange (oxygen and carbon dioxide) between the plant and the atmosphere takes place. Stomata open during the day to allow gaseous exchange and close at night and in very warm atmospheric conditions to prevent water and gas loss. Most land plants contain both photoand nonphotosynthetic cells; however, nonphotosynthetic cells rely on photosynthetic cells to provide their energy.

So, light energy (photons) enters the chlorophyll cell (chloroplast) along with carbon dioxide and water transported from the plant’s roots. This convergence instigates a complex reaction (photosynthesis) that causes the water molecule to split (a process known as photolysis) into hydrogen ions, electrons, and oxygen molecules. The energy released by this process creates an energy-rich bond between ADP (adenosine diphosphate) and Pi (phosphate) to form ATP (adenosine triphosphate), which is the major energy-carrying compound in cells.

Photolysis produces stabilized, storable energy in the form of carbohydrates such as sugars, starch, and cellulose; lipid proteins; and nuecleic acids. Cellulose is used directly by the plant to maintain its structure so it remains stiff and upright, while carbohydrates (sugar and extra starch) are used by all the plant’s cells for energy. Excess starch is stored in the roots, rhizomes, and tubers. Unused oxygen is released into the atmosphere.

The compounds produced by this process are vital to the plant’s existence and support and sustain its growth and development. These compounds also provide vital nutrients that energize and sustain animals and other life forms when they consume the plant.
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Respiration is the term that describes the process by which carbohydrates are broken down within the mitochondria of the photosynthetic cell to produce cellular energy. The plant relies on continual respiration to maintain cellular activity. Without solar light, photosynthesis ceases, and during the light-independent or dark phase, when photons from the sun are not available (for example, at night or when the stomata close to preserve water during the day), the plant reverts to its stored starch reserves to provide the energy needed to maintain respiration and chemical synthesis. During this phase, excess carbon dioxide (CO2) is released into the atmosphere.

All life on Earth depends on the process of photosynthesis; hence carbohydrates and oxygen are key to life.


 

Photosynthesis: An Overview

Earth’s atmosphere is approximately 79% nitrogen, 20% oxygen, and a 1% mixture of less common gases, including approximately 0.039% carbon dioxide. Green plants create, or synthesize, oxygen and carbon dioxide.

Daylight: Photosynthesis
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DAYTIME PHOTOSYNTHESIS


	Solar light is absorbed by chlorophyll.

	Carbon dioxide (CO2) is absorbed from the atmosphere.

	Water is transported to chloroplasts through the root system and the xylem.

	Water molecules split into hydrogen ions, electrons, and oxygen (photolysis).

	The bonding of adenosine diphosphate (ADP) and phosphate (Pi) releases energy to form adenosine triphosphate (ATP).

	Carbohydrates (monosaccharides, disaccharides, polysaccharides) are produced.

	Oxygen is released into the atmosphere.



Light-Independent or Dark Phase

[image: image]

LIGHT-INDEPENDENT OR DARK PHASE


	Carbon dioxide (CO2) is drawn from the atmosphere.

	Water is transported to chloroplasts through the root system and the xylem.

	Stored starch (mainly found in roots, rhizomes, and tubers), ATP, and hydrogen support and maintain respiration.

	Carbohydrates are produced.

	Excess carbon dioxide is released into the atmosphere.
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Photosynthesis


 

Photosynthesis in the Human Animal

Light (photons) absorbed by water in animal 
cells creates a similar photosynthetic reaction as in plants, splitting water molecules into positively and negatively charged components. Briefly, negatively charged components repel one another and generate energy in the process. So the mitochondria within animal cells create energy not only from food and other nutrients but also from photons absorbed by water within the body. Thus we experience increased energy when we are exposed 
to natural light and remain sufficiently hydrated (by drinking plenty of water). Consuming green leafy vegetables (especially when they are juiced, as chlorophyll cells are carried within water to the body’s cells), turmeric, and coconut water further enhances the ability of our cells to absorb and transduce light energy, as does walking barefoot on the negatively charged earth, which is grounding (Pollack 2016).

 



[image: image]


 

Nonrenewable Energy

Basically, nonrenewable energy is transformed solar light energy—decomposing organic land and sea plants that lived millions of years ago in an environment that no longer exists. These were buried, along with their store of chemical energy, then compressed and subjected to immense heat and sustained pressure. They eventually transformed or metamorphosed into coal. Similarly, marine phytoplankton, which is also converted and stored chemical energy as a result of photosynthesis, were buried and compacted over millions of years in depressions deep within the ocean bed, eventually converting into crude oil. Natural gas, a hydrocarbon mixture consisting mostly of methane, was similarly created from the decomposition of organic matter and is stored in deep, underground rock formations.

 






THE PRODUCTS OF PLANT METABOLISM

To reiterate, there are two types of metabolic processes that occur within plants: primary (initiated during the light phase of photosynthesis) and secondary (initiated during the light-independent or dark phase of synthesis). Both processes are interconnected, as one depends on the other, so there is not always a clear distinction between them, yet each phase of metabolism serves a particular purpose. For example, primary metabolism is concerned with the synthesis and utilization of chemicals necessary for the survival and health of the organism. These chemicals also support and sustain animal life. Primary metabolites include:


	
	amino acids

	
	chlorophyll

	
	 fatty acids

	
	nucleic acids

	
	sugars



Secondary metabolism produces chemicals that are not vital to the organism but play an important role in enabling the organism to interact and adapt to conditions in its environment. These use a different production pathway. Secondary metabolites also provide characteristics such as color, scent, and defense of the plant. Secondary metabolites include:


	
	alkaloids

	
	bitters

	
	flavonoids

	
	glycosides

	
	gums

	
	phenols

	
	saponins

	
	steroids

	
	terpenes (essential oils or plant volatiles)



While not present in all plants, essential oils (also referred to as
volatile organic compounds or plant volatiles) are found in a wide range of botanical species. These include biennial or perennial herbaceous plants and evergreen or deciduous shrubs and trees. Essential oils are mostly comprised of terpenes and terpenoids and green-leaf volatiles. Although a by-product of biosynthesis, few essential oils are involved in plant metabolism. Even so, essential oils provide a significant and purposeful role that extends beyond their originating organism, one that touches and influences the wider existential web of life, as we shall see.

Terpenes and their terpenoid derivatives are one of a group of chemicals produced by plants for protection, as many animals and rodents are repelled by the scent and taste of terpenes. Other groups include alkaloids (the bitter-tasting principle in herbs), flavonoids (antioxidants such as those found in fruits, vegetables, and flowers), and saponins (these froth when the plant is cut and they taste soapy).

Phytohormones are chemical messengers that coordinate cellular activity. They relay signals throughout the plant and are transported via sap from one part of a plant to another. Their main roles are to regulate cellular activities and growth, vegetative and reproductive development, and pattern formation in tissues and to initiate stress responses. Essential oils are responsively stimulated into action by plant hormones.

Essential oils are sometimes referred to as phytohormones, or plant hormones. Indeed, some essential oils appear to have hormonelike or aphrodisiac qualities—for example, fennel, clary sage, geranium, rose, niaouli, and ylang-ylang. Also, some plants and herbs exhibit proven hormonelike actions when consumed. Fennel, for example, is shown to stimulate milk production in lactating mothers, and clary sage regulates menstrual flow. However, the process of these actions is not clear, as the mechanisms that instigate such responses are complex and often interdependent. Also, it cannot be assumed that an essential oil in isolation from a plant will exhibit or carry forward the same properties and qualities as those expressed by the whole plant. Essential oils are hormonelike in that they appear to relay messages. However, once removed from a plant, an essential oil is no longer part of the plant’s infrastructure. It is highly concentrated and comprised of a unique array, or synergy, of the plant’s most volatile chemicals. Therefore it is not representative of the whole plant, nor does it represent the version of the essential oil that was present in the plant before extraction (as you will discover in the following chapters).


 

Which Part of the Plant?

Essential oils are generally extracted from a specific part of a plant, such as the leaf, stem, flower, fruit, root, or bark. The phytochemicals present in a given part of the plant will vary according to the role it plays; for example, the chemicals found in a flower will differ from those found in the leaf or the roots of the same plant. Furthermore, the chemical composition and predominance of essential oil in a particular part of a plant varies according to the plant’s age, stage of development, and health, as well as the environmental context in which it grows, the time of year, and the stage of its reproductive cycle. Some suggest that essential oils carry a vibrational imprint of the energy of the whole plant, but this is very difficult to prove or qualify, as there are far too many variables and intangible elements at play.

 



As a plant matures, the composition of its essential oil alters. Young plants mainly contain terpenic hydrocarbons and simple molecules, and their reproductive organs tend to contain molecules that are richer in oxygenated compounds (as described in detail in chapter 4). Also, young plants tend to produce more essential oil than old plants, while old plants surrender more resinous, darker essential oils due to gradual build-up of the heavier components that are left behind as a result of the continuous evaporation of the lighter, more volatile components.

The strongest-scented plants tend to be found in tropical regions, where solar light energy is most abundant.


 

The Role of Essential Oils in Plants

Defense and Protection

Most essential oils are antimicrobial and capable of inhibiting the proliferation of invasive bacteria, viruses, and fungi. Leaf, wood, and root oils protect against attack and predation, repelling certain insects and herbivores. Essential oils also attract insects and birds that eat or destroy planteating moths, caterpillars, insects, and aphids. They support tissue repair and regeneration. Resinous material (for example, the oleo gum resins of frankincense, myrrh, and galbanum and the resins found in pine, fir, spruce, juniper, cypress, and cedar), which is laced with essential oil, exudes at the site of damage when the trunk of the tree, stem of a plant, or root is injured or damaged; this prevents the loss of sap and/or provides a protective antimicrobial seal against parasites and disease organisms.

Reproduction

Scent exuding from essential oils in flowers and blossoms attracts pollinating insects and seed-dispersing birds and animals, mainly by creating an odor trail to food (nectar and pollen). Many chemicals found in essential oils are also found in the scent glands of insects (pheromones). Most insects, including honeybees and bumblebees, butterflies, and flower beetles, have excellent olfactory acuity and learn to associate scent with food. Most animal-pollinated flowers are typically highly scented, while the least scented are mainly bird-pollinated flowers. The release of essential oil often oscillates in sync with daily environmental rhythms—for example, increasing when pollinators are most active, whether during the day or at night, as some pollinating animals are nocturnal, such as moths and bats.

Prevention

Some plants deliberately release essential oils into the atmosphere around them to influence the condition of their immediate environment. This creates an enveloping vapor haze that protects against adversely hot or dry climatic conditions, optimizing temperature control and stomatal closure to prevent water loss. Essential oil vapors also instigate intraspecies communication to warn of predators or to signal changes in the environment.

 






STORAGE OF ESSENTIAL OILS IN A PLANT

Essential oils tend to remain in their secretory structure or are excreted into intercellular cavities or canals or on the surface of the plant in response to conditions in the environment. Secretory structures are found either on the surface of a plant or within the plant’s tissues. The type of secretory structure depends on the type of plant, the role the essential oil plays in a given area (protective, reproductive, etc.), and which parts of the plant the oil is found in.
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Bees are attracted by the scent of flowers and blossoms and aid pollination and reproduction.
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Frankincense and myrrh resin


 

Types of Essential Oil Molecules Found in Various Parts of a Plant and Their Predominant Role

Flowers

Flowers tend to contain the largest quantity of the most volatile essential oil components, and also the most intensely scented ones, as these need to be farreaching in order to attract pollinators from a distance. Flowers produce different complex mixtures of essential oil compounds designed to target specific pollinators; thus each species of flower has a unique scent profile. Rose flowers, for example, contain over three hundred volatile compounds that work together to attract butterflies, bees, and hummingbirds, as well as insects that eat pests like aphids. Linalool and beta-caryophyllene are examples of compounds that act defensively in flowers to ward off predators (Cseke et al. 2007).

Leaves and Stems

Green-leaf volatiles include alcohols, aldehydes, and esters, with their characteristically green smell of freshly cut grass. These mostly behave defensively and are released into the immediate environment when a plant is attacked by a pathogen or an herbivore (Scala et al. 2013).

Roots

Roots contain high levels of monoterpenes and sesquiterpenes that attract protective bacteria, which in turn support the balance of the roots’ environmental microbiome, aiding nutrient absorption. Examples include angelica, ginger, turmeric, and vetivert roots (Acimovic et al. 2017).

Fruits

Fruits contain a high proportion of esters that attract fruit-eating herbivores, thus aiding seed dispersion.

Seeds

Seeds contain terpinic compounds and phenylprotanoids (cinnamic acids) that defend against microbes and herbivores and also prevent the growth of other plants (allelopathy) when dispersed. Examples include coriander, fennel, caraway, and carrot seeds.

Bark and Wood

Essential oil compounds are found in sticky resins, which protect a tree from insect and pathogenic invasion when its bark is damaged. This type of resin mainly contains terpenes such as alpha-pinene, beta-pinene, delta-3-carene, and sabinene, as well as limonene and terpinene. Some also contain high levels of resin acids, such as cedarwood, frankincense, and myrrh resin.

 



Plants produce chemical compounds during the process of metabolic activity. As well as water, plants absorb minerals and other elemental nutrients (such as nitrogen, phosphorus, potassium, and magnesium) from the surrounding soil and microbiome through their root systems; some have deep roots, some superficial roots, and some aerial roots. Xylem (tubular woody tissue) conducts and transports water and minerals from the roots up to the rest of the plant, while phloem (tubular plant tissue present within the body of the plant) transports soluble sucrose and other organic nutrients, which are produced by the leaves during photosynthetic reaction, around the plant and back to the roots.

Green plants provide most of Earth’s molecular oxygen and form the basis of the most of Earth’s ecologies; they also produce about onefifth of Earth’s atmospheric CO2, which is fixed by land plants, then released back into the air each day as plant volatiles.

A plant’s potential for healthy growth, development, and chemical synthesis is influenced and affected by the condition and quality of the soil it grows in and draws vital minerals, ions, and other nutrients from, as well as the gaseous balance and quality of the surrounding atmosphere. For example, to support photosynthesis, a plant requires:


	
	carbon, from carbon dioxide in the surrounding air;

	
	hydrogen, from water contained in the soil; and

	
	oxygen, from both carbon dioxide and water.



To support and maintain healthy development, a plant requires:


	
	mineral salts, in the form of ions dissolved in water within the soil, which are drawn in by the root hairs and xylem of the plant;

	
	nitrates, which contain nitrogen, essential for protein formation;

	
	iron and magnesium salts, for the formation of chlorophyll;

	
	phosphorus as phosphates, for the formation of cell nuclei; and

	
	potassium, for the control of cell division.



Insufficient availability and quantities of any of these ions and nutrients causes deficient plant growth, which also results in a poor or inferior essential-oil yield and quality. Atmospheric pollution and contamination of the soil also have a detrimental effect on the condition and health of plants. Continued growth of the same crop year after year depletes the nutrient content of the soil, hence the practice of crop rotation, allowing fields or growing areas to remain fallow for a season (Williams 2006).

The growth and development of plants and the composition of their essential oils are affected by various environmental conditions:


	
		geographical location of growth

	
		soil (type and condition), as above

	
	altitude

	
	climate

	
	atmospheric condition

	
	exposure to solar light energy

	
	time of day

	
	time of harvest (time of day and season)

	
	use of fertilizers and pesticides

	
	genetics

	
	age of plant

	
	health of plant



Transportation of an essential oil from one part of a plant to another and/or increased expression or prevalence in a particular area of a plant (most essential oils remain in or around the areas they are stored within) is influenced by pollination (reproduction) and response to predation and tissue injury (protection), as well as by the stage of maturity of a plant or flower. The atmospheric conditions and pressure, time of day, and season are also influencing factors, as plants are responsive to atmospheric changes (pressure, light, and temperature). These are all factors, among others, that play a part in determining the optimum moment to harvest plants for their essential oils. For example, Senatore (1996) found the best time to harvest Thymus pulegioides (Italian thyme) to maximize its essential oil yield is immediately before or during full bloom of the flowering plant. Rohloff et al. (2005) similarly found that the essential oil yield from Mentha x piperita (peppermint) increased from early to full bloom, and maximized at late bloom. Ahmad et al. (1998) found that while the time of day of harvest does not affect the quantity of essential oil yielded from Jasminum multiflorum (jasmine), it does influence its chemical composition. For example, the researchers observed that the concentrations of indole and cis-jasmone compounds that characterize jasmine oil’s scent are higher in jasmine obtained from morning-harvested flowers compared to evening-harvested flowers. Morning-harvested jasmine also contains higher concentrations of benzyl alcohol, linalool, and benzyl acetate compared to evening-harvested flowers. Thus, the researchers concluded that jasmine flowers should be harvested in the morning to optimize the quality of the essential oil extracted.

Sharma and Kumar (2018) found that the essential oil content of damask rose (Rosa x damascena) differs according to maturation of the bloom, noting, for example, the higher content of cis-rose oxide, citronellol, nerol, and geraniol and lower content of nonadecane when the petal whorl began to open, compared to other stages (budding or full opening of the bloom). They also observed that distillation time significantly influences an oil’s chemical content. For example, linalool, phenyl ethyl alcohol, citronellol + nerol, and trans-geraniol concentration increased for up to five hours from commencement of distillation, but decreased thereafter. In another study, Younis et al. (2009) observed that early morning is the optimum time to harvest rose blossoms to maximize quantity and quality of their essential oil yield.

Many essential oils are found in herbs and edible plants that have been consumed as food and medicine for thousands of years. However, not all plants produce essential oils that are suitable or safe for use in isolation from the plant.

Essential oils represent only 1 to 10 percent of the complex chemical mixture (which also includes volatile, nonvolatile, organic, and nonorganic components) found within a plant. This means that the amount of essential oil surrendered and isolated from an individual plant is consequently very small. However, when collectively isolated from many plants during the process of extraction, the concentration of essential oil surrendered, along with the removal of other nondistillable and perhaps counterbalancing components left behind during extraction, renders the resulting oil up to fifty to a hundred times more potent than when present in the context of a single whole plant or herb.

[image: image]


 

It Takes a Lot to Make a Little!

It takes 35 pounds (16 kg) of lavender flowers to produce just 300 drops (15 ml) of essential oil, and 5,500 to 8,800 pounds (2,500 to 4,000 kg) of rose petals to produce just 2 pounds (1 kg, or 1,000 ml) of rose essence. However, this small amount is highly concentrated; just one drop of an essential oil is equivalent to fifteen to forty cups of medicinal tea or up to ten teaspoons of tincture (depending on the type of plant, the amount of oil present in a plant, and whether the plant was dry or fresh when the essential oil was extracted).

 



The nonvolatile and nondistillable chemical components left behind during extraction often act to counterbalance the potentially irritating or toxic effects of some of the more reactive components found in essential oils when present together in the whole plant.

As identified earlier, some essential oils are found throughout a plant, for example, the whole plant above ground (leaves, flowers, and stalks) of Pelargonium graveolens (geranium). Other essential oils are mainly concentrated in one part of a plant, for example, the blossoms of Rosa centifolia or Rosa x damascena (rose species) or Citrus x aurantium var. amara (neroli) during flowering, or the roots of Vetiveria zizanioides (vetivert), which is the only grass cultivated solely for its root essential oil (which is used extensively in perfumes and cosmetics). Interestingly, Del Giudice et al. (2008) found that bacteria present in the microbiome surrounding the roots of vetivert may perform a significant role in the biosynthsis of essential oil, their presence significantly influencing the amount of oil present and its chemical composition.

Citrus trees yield three types of essential oil that differ in chemical composition depending on the part of the plant where the oil is found and its predominant role: the twigs and leaves, the blossoms, and the fruit. These differences influence the chemical composition and scent profile of the respective essential oils, as demonstrated below, and also have a bearing on other factors, such as an oil’s capacity for irritancy or toxicity.

[image: image]

While Citrus aurantium var. amara yields three relatively safe essential oils, this cannot be assumed to be the case for all plants. For example, cinnamon bark essential oil contains 40% to 76% cinnamaldehyde (an aldehyde) and 2% to 14% eugenol (a phenol), whereas cinnamon leaf essential oil contains 74% to 96% eugenol and 0.5% to 3% cinnamaldehyde. Cinnamaldehyde is a strong dermal sensitizer, and moderate to large amounts of this component can render an essential oil unsuitable for skin use (Tisserand and Young 2014, 531). Therefore, cinnamon bark essential oil is usually not recommended for topical use (although it may be useful in an antimicrobial blend used in an environmental diffuser). On the other hand, eugenol, although a mild irritant, is considered safe in up to 10% dilution (i.e., 1 to 2 drops of essential oil in 5 ml vegetable oil or other base medium) and is cited by a number of sources as being safe for topical aromatherapeutic use, with the caveat that it be used with caution, in limited amounts (NHR Organic Oils Certificate of Analysis 2021, Tisserand and Young 2014, Good Scents Company 2021).

Basil is a culinary herb considered safe to consume in its whole plant form. There are numerous species of basil and various types of basil essential oil, the majority of which contain estragole, a phenolic ether; phenolic ethers are more powerful than phenols and are neurotoxic in large amounts (Clarke 2002, 61). Basil (Ocimum basilicum) ct. estragole for example, contains 70% to 90% estragole; “hairy” basil (Ocimum americanum) 0.3% to 0.5%; holy basil (Ocimum tenuiflorum) 9% to 14%; basil (Ocimum basilicum) ct. linalool up to 1%; basil Madagascar (Ocimum gratissimum) 40% to 50%; basil methyl cinnamate (Ocimum basilicum) up to 1%; and basil pungent (Ocimum gratissimum) up to 2%. Of these varieties, basil ct. linalool is the safest to use due to its low estragole content and high linalool content (linalool, a monoterpene alcohol, counterbalances the irritating effect of estragole, which is a phenol—see chapter 4).

These examples demonstrate how important it is to examine the botanical source, including the Latin name, and the properties and qualities of individual essential oils before using them.


 

Distilled Essential Oil versus Absolute Oil

Oils can be obtained using different methods (as we’ll discover in chapter 3). Two common methods are steam distillation and solvent extraction. Solventextracted oils produce what we call absolute oils.

Basically, in steam distillation the plant material is placed in a still. Water is added, heat is applied, and as the water heats, the plant material releases its essential oil, which rises with steam droplets that are funneled into a cooling pipe, at which point the oil and oil-infused water (hydrosol) are separated. In solvent extraction, a solvent is combined with the plant material. The solvent then draws the oil out of the plant material and the solvent and oil are then carefully separated; this produces an absolute.

Essential oils and absolutes from the same plant can have characteristics and chemical makeups that can vary a little or vary a lot. Steam distillation produces volatile essential oils comprised of smaller molecules that can dissipate quickly when exposed to air. Solvent extraction produces oils with heavier molecules, which is why many absolutes are often thicker than essential oils. Certain plant materials are better suited for solvent extraction, such as flower petals, because steam distillation can be detrimental to delicate flowers and result in an oil with an undesirable aroma or an oil of lesser quality. In some cases, solvent extractions also produce more oil than other methods of extraction do.

 



Essential Oils to Avoid in Aromatherapy

The safety of any essential oil largely depends on the knowledge of the person using it. When applied appropriately, most essential oils are safe to use; however, some oils can contribute to skin irritation, respiratory symptoms, and even hormone-related symptoms. Some essential oils can act as endocrine disruptors; some can bring on allergy symptoms (itchy, watery eyes; hives; redness of skin); some oils are photosensitive and if used in the sun can cause skin burning; some oils should not be used directly on the skin in high concentration; and there are possible drug interactions with certain essential oils and pharmaceutical drugs. Inhalation via aromatherapy is perhaps one of the safest ways to use essential oils, but diffusing them should be done with caution and not overdone. For more information on safety, see “Essential Oil Safety” in chapter 5 as well as notes found in the compendium of essential oils in chapter 6.

Avoid using the following oils in aromatherapy:

almond, bitter (unrectified)

armoise

basil (high estragole)

birch (sweet, tar)

boldo

buchu

cade (unrectified)

calamus

camphor (brown, yellow)

cassia

cinnamon bark

costus

elecampane

fig leaf

horseradish

lanyana

mustard

parsley

pennyroyal

Ravensara anisata

sage (Dalmatian)

sassafras

snakeroot

tansy

tarragon

tea (black)

tea tree (black river)

thuja

verbena

wintergreen

wormseed

wormwood


 

A Brief Review

Essential oils develop in plants as a by-product of photosynthesis and secondary metabolism and exist within a plant to protect its health through their antimicrobial and tissue-healing properties. They also aid fertilization and propagation. Minute droplets of essential oil diffuse through the walls of glands or other secretory structures to spread over the superficial surface of a plant, from where they evaporate into the surrounding environment. Thus essential oils repel predators and attract seedand pollen-distributing insects and animals as well as birds and insects that eat pests. Essential oils also control a plant’s immediate environment by exuding vapors that control ambient temperature and humidity. In short, they support a plant’s ability to survive and continue to thrive as a species. Animals have a symbiotic and mutualistic relationship with plants and share similar cell structures.

A very simple example of this relationship is seen in the oxygen and carbon dioxide exchange: plants release oxygen required by animals to instigate cellular activity (to convert food into energy, among other things), and carbon dioxide released by animals in turn similarly supports plants to fuel their metabolic processes. Mutualistically, animals assist pollination and propagation of seeds, and plants in turn provide a source of nourishment and medicine. Furthermore, essential oils aid both plants and human microbiomes and immune systems to stave off infection and repair and regenerate damaged tissue. Used appropriately, essential oils work in harmony with our microbiome rather than waging war on it (as with pharmaceutical drugs). In this way we have a mutualistic and symbiotic relationship with our internal and external microbiome. And so in this way these interconnected relationships unfold in the web of life.
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Biodiversity, Botany, and Essential Oils
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A Deep Dive into the Plant World

Biodiversity is a term used to describe the totality of the richness of life on Earth, the total web of all living things and ecosystems, from dolphins to doves, from forests to coral reefs, including the genetic varieties within a species as well as between species. Biologists refer to biodiversity as the complete sphere of life in a region and identify four separate yet unified, interdependent levels of biological activity:

Genes: These are the basic physical and functional 
units of heredity. Each cell in the human body contains 25,000 to 35,000 genes; 
by comparison, tree cells have up to 45,000 genes, almost twice as many as 
humans.

Species: This refers to a group of living organisms 
consisting of similar individuals capable of exchanging genes or interbreeding.

Ecosystems: These are biological communities of 
interacting organisms and their physical environments.

Molecules: These are groups of atoms bonded together, representing the smallest fundamental units of a chemical compound that can take part in a chemical reaction. Biomolecules, for example, are carbohydrates, lipids, nucleic acids, and proteins.

This interactive and interconnected (symbiotic and mutualistic) web of life regulates and supports the chemistry and motion of a plant’s surrounding atmosphere and its environment, the water supply, and the quality of Earth’s topsoil and its microbiome (where minerals and nutrients are recycled, water is purified, and the soil is fertilized to nourish and sustain growth and reproduction).

Life on Earth is not evenly distributed across the planet and varies according to the atmospheric conditions of a given area or climate region. For example, very little life is found at the polar extremes, yet life is extremely rich and diverse in the regions north and south of the equator, areas where the sun is closest to Earth.


THE EIGHT CLIMATE BIOMES

The world is divided into three primary climate zones: tropical, temperate, and polar. These zones are further divided to incorporate eight broad climatic regions, or biomes, each one manifesting a particular weather pattern that influences the natural environment and habitat therein, which includes varieties of species of plants, insects, and animals. Many of these species have adapted and acclimatized over millions of years. Factors that affect regional biodiversity include the altitude (height above sea level), temperature, amount of solar light, precipitation (atmospheric water content and rainfall), and quality and content of soil.
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THE VARIOUS PARTS OF PLANTS
AND THE ESSENTIAL OILS THEY YIELD

PLANT PART ESSENTIAL OIL

Bark cinnamon

Berries chaste tree/vitex (Vitex agnus-castus), juniper

Blossoms orange blossom/neroli, rose, ylang-ylang

Flowers calendula, chamomile (German and Roman),
clove bud, helichrysum, jasmine

Flowering tops (herbs) | clary sage, hyssop, lavender, lemon balm/melissa,
marjoram, peppermint, rosemary, thyme

Fruits black pepper, may chang, star anise

Grass citronella, lemongrass, palmarosa

Leaves basil, cajeput, cassia, cinnamon, chaste tree/

vitex, clary sage, eucalyptus, hyssop, lavender,
lemon balm/melissa, myrtle, niaouli, patchoul,
peppermint, petitgrain, rosemary, sage, tea tree,

thyme

Needles cypress, pine

Resins frankincense, galbanum, myrrh

Rind bergamot, bitter orange, grapefruit, lemon,
lime, mandarin

Roots and rhizomes ginger, spikenard, valerian, vetivert

Seeds bitter fennel, caraway, cardamom, carrot seed,

coriander, fennel, nutmeg

Twigs cajeput, cassia, cinnamon, cypress, eucalyptus,
myrtle, niaouli

Branches petitgrain, tea tree

Whole plant (above the | bitter fennel, geranium, rosemary (poor quality),
ground) yarrow

Wood (stumps, trunk, | cedarwood, rosewood, sandalwood
heartwood, sawdust)
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WHERE THE ESSENTIAL OILS ARE FOUND (continued)

EXAMPLES OF WHERE THE

SIRUCIURE DESCRIZION SECRETORY STRUCTURE IS FOUND
Glandular | Found in modified leaves, stems, and parts of
trichomes | epidermal hairs— the flowers of many plants

secretory cells that are in the Lamiaceae family,
attached by a single including Ocimum basilicum
stem or basal cell in (basil), Lavandula angustifolia
the epidermis. The (lavender), Origanum majorana
outer surface of the (marjoram), Mentha xpiperita
cell is heavily cutinized. | (peppermint), Thymus vulgaris
Essential oils accumulate | (thyme)
in subcuticular spaces,
diffusing outward
through the cuticle.
Epidermal hairs can be
found covering leaves,
stems, and parts of the
flowers in many plants
within the Lamiaceae
family.
Epidermal | Conical epidermal cells | petals and buds of Jasminum
cells form a layer that covers | grandiflorum (jasmine), Rosa

the leaves, flowers, roots,
and stems of plants.
Essential oil-containing
epidermal cells are found
mostly within and on the
surface of flower petals,
where their scent attracts
pollinating bees and
other insects. The yield of
essential oil from these
cells is usually very low.

centifolia (rose), Cananga
odorata (ylang-ylang)

Source: Information derived from Tolke et al. 2018 and from Svoboda 2000
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STRUCTURE

DESCRIPTION

EXAMPLES OF WHERE THE
SECRETORY STRUCTURE IS FOUND

Osmophores

Also known as floral
fragrance glands and
found distributed and
concentrated in certain
regions of floral organs,
such as the sapels
(mesophyll) and across
the surface of petals
(epithelium), osmophores
are perfectly situated

to allure potential
pollinators. They differ
structurally from adjacent
cells and can have
different shapes, sizes,
and colors.

isodiametric cells in orchids

These tend to be ovular
or spherical in shape

and thin-walled, with
dense protoplasm. They
have two modes of
behavior: parenchyma
cells separate and leave
intercellular spaces
(lumina or lacuna); or the
cell itself disintegrates,
leaving a cavity within
the tissue. The spaces
created are lined with
secretory epithelial cells,
which produce essential
oils. High-yielding plants
generate several layers of
secretory cells.

leaves and fruits of the
citrus family, for example,

Citrus bergamia (bergamot),
Citrus aurantifolia (lime),

Citrus x aurantium (sour orange),
Citrus limonum (lemon),

Citrus x paradisi (grapefruit)

flower buds of Syzygium
aromaticum (clove)

fruit walls of Pimenta dioica
(allspice)

bark of Commiphora myrrha
(myrrh), Boswellia sacra
(frankincense)

Secretory
ducts

These are elongated
cavities that can often
branch to create a
network extending
from roots through to
the leaves, flowers, and
fruits. As the cells divide
they expand the space
or cavity. Some of the
cells forming the wall of
the cavity change into
secretory epithelial cells.

roots, stems, leaves, flowers,
and fruits found in all the
Umbelliferae family, including
Pimpinella anisum (anise),
Foeniculum vulgare (fennel),
Coriandrum sativum (coriander),
Anethum graveolens (dill)
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THE TYPES OF SUGARS (CARBOHYDRATES)
PRESENT IN PLANTS

CHEMICAL
CARBON ATOMS R AOTARION CARBOHYDRATE
six carbon atoms CoHnOs hexose sugar (glucose,
galactose, fructose)
five carbon atoms CsHhoOs pentose sugar (ribose,
deoxyribose)
three carbon atoms CHeOs triose sugar (aldotriose,

ketotriose) important in
cellular respiration

TYPES OF SUGARS.

sugar molecules in
isolation

monosaccharides

pentose, hexose found in
proteins (RNA and DNA) and
glucose

sugar molecules formed
in pairs

disaccharides

sucrose (glucose + fructose)
found in fruits

lactose (glucose + galactose)
found in milk

maltose (glucose + glucose)
found in germinating grains
and root vegetables

sugar molecules formed
in chains

polysaccharides

glycogen and starch found in
roots and root vegetables, rice
and leguminous plants
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WHERE THE ESSENTIAL OILS ARE FOUND

EXAMPLES OF WHERE THE

SIEUCIDHE RESCRIETION SECRETORY STRUCTURE IS FOUND
single Found scattered among | leaf parenchyma of Cymbopogon
secretion- | other cells, in different | citratus (lemongrass), Pimenta
containing | plant tissues, single racemosa (bay), Cymbopogon
cell secretory cells are similar | nardus (citronella), Pogostemon

in structure to adjacent
nonsecretory cells. They
may sometimes be larger
than other cells or have
a thick, cuticularized
lining. Often the only
distinguishing feature
between a secretory
cell and surrounding
nonsecretory cells is its
essential oil content.

cablin (patchouli)

seed coat of Elettaria
cardamomum (cardamom)
thizome of Zingiber officinale
(ginger), Curcuma longa
(turmeric)

fruit wall of Piper nigrum (black
pepper)

perisperm and embryo of
Myristica fragrans (nutmeg)
bark of Cinnamomum zeylanicum
(cinnamon)

root of Valeriana fauriei (valerian)
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light energy photons

water plus carbon dioxide (CO;) glucose (carbohydrate) plus oxygen = energy

chloroplasts
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THREE ESSENTIAL OILS PRODUCED
FROM CITRUS AURANTIUM VAR. AMARA

ESSENTIAL OIL

ESSENTIAL | paRT oF pLaNT | MATN CHEWICAL | appEARANCE AND
ODOR PROFILE
orange, | fruitrind monoterpenes | clear to pale orange,
bitter (90%) with a fresh orange
fragrance

neroli blossom monoterpenes | pale yellow to amber,
(35%) with a characteristically
alcohols (40%) | sweet, fresh, orange-
esters (15%) blossom fragrance

petitgrain | leaves and twigs | esters (55%) clear to pale yellow to
alcohols (35%) | yellow to amber, with
monoterpenes | fresh, floral (similar to
(10%) neroli), woody, citrusy

fragrance with dry,
herbaceous undertones






