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Essential Oils (= volatile oils)

ÅComplex mixtures

ïGreen leafy volatiles

ïHydrocarbons (ñhigh notesò)

ïMonoterpenes (middle notes, moderately 
volatile)
ÅEsters, alcohols, ketones, phenolics

ïSesquiterpenes(low notes, not too 
volatile)

ÅEssential oils can contain several 
hundred identified compounds

ÅPlant families known for their 
essential oils include Apiaceae, 
Lamiaceae, Lauraceae, Myrtaceae, 
and Asteraceae



Mono-, Sesquiterpenes

Observed Functions in plants

ÅProtection

ï Antifeedantsmammals, insects, aphids, etc.

ï Allelopathic, Anti microbial, antiviral, antifungal properties

ï Seed germination inhibitors

ï Seedling inhibitors

ï Pheromone mimics to interfere with mating

ÅSignaling

ï plant behavior changes when exposed to airborne volatile compounds on a gradient



Predators cause change in EO composition



Essential Oils

ÅComplex mixtures of monoterpenesðsome essential oils contain several 

hundred identified compounds

ÅFamilies commonly containing essential oils include the parsley family 

(Apiaceae), mint family (Lamiaceae), laurel family (Lauraceae), and the 

eucalyptus family

ÅEssential oils penetrate the skin, are used topically as  antiinflammatoryand 

antimicrobial agents

ÅInternally as mild sedatives (lemon balm, chamomile), antiinflammatoryand 

antispasmodics (chamomile, yarrow) and flavor ingredients

ÅMany more uses as aromatherapy, cosmetics, perfumes, and for internal use, 

food and flavor, and medicine



Essential Oil Products

ÅOral, Skin Applications

ÅAddition to tablets, capsules

ÅTinctures

ÅSyrups

ÅThroat lozenges

ÅOral irrigators

ÅñCosmedicsòði.e. mouth rinses, shampoos

ÅSalves, creams

ÅMedicated fixed oils (SJW oil + lavendar)



Quality

ÅDistilling oils damage or eliminate ñhigh noteò compounds

ÅConsider a vacuum chamber

ÅSome commercial products are overheated, 

solventextracted(hexane), become much less complex 

(GC/MS)

ÅSome are spiked with synthetics

ÅSome might contain lipophilic or volatile contaminants 

(herbicides)



Quality Issues

ÅIdentity, purity, spiking, analysis, organic

ÅSafety issues

ÅApplications

ÅMateriamedica(top 20 oils)

ÅSetting up a home business

ÅResources



Other Quality Issues

ÅOrganically-grown

ÅFair trade

ÅTesting

ÅOrganoleptic (smell, taste)

ÅThe standard is the fresh plant (lavendar, rosemary)

ÅGC/MS

ÅLC/MS

ÅHPLC



Essential OilsðHigh Variation

ÅDifferent population of the same species vary widely in compositionð

standardization desirable

ÅAchenesfrom 11 indigenous populations of fennel were studied by GC/MS

ÅEstragole, trans-anethole, fenchone, limonene, and alpha-pinene

ÅFour different groups were seen

ï Hi estragole(63%) and low trans-anethole(3%)

ï Estragole(ca. 43% and trans-anethole(ca. 22%)

ï Estragole(ca. 23%) and trans anethole(ca. 64%)

ï Low estragole(ca. 8%) and high trans-anethole(64%)

ÅSource: Barazaniet al. 1999. PlantaMedica65:486.



VariationðChemotypes

ÅVariationðChemotypes

ÅChemotaxonomy

ÅVariation within a species in different parts of their range

ïHybridization, polyploidy

ïPhenotype, genotype

ïPredators, browsers (leaf hoppers)

ïManufacturing methods

ïValerian

ïLack of standardization



Basic Metabolic Pathways 
Secondary Compounds



Four Major Chemical Pathways

Phenyl

Propanoids

Cinnamic acid

Phenolic acids

Quinones

Coumarins

Flavonoids

Anthocyanins

Tannins

Lignin

Terpenes

Alkaloids

Fatty Acids



Isoprene: Basic Building Blocks

Many terpenes are built up from the isoprene or iso-pentane units (C5) linked 
together in various ways with different ring closures, degrees of unsaturation, and 
functional groups



Terpenes Built from Isoprenes

ÅMonoterpenes 
(C10)

ÅSesquiterpenes
(C15)

ÅDiterpenes(C20)

ÅTriterpenes (C30)

ÅCarotenoids 

ÅC5 isoprene units



Monoterpenes

ÅMolecules containing 10 carbon 
atoms

ÅMonoterpenes are volatile, slightly 
water-soluble, more soluble in 
alcohol

ÅThey are a main constituent of many 
essential oils

ÅThey can occur as an open chain, 
single ring, or double ring structure

ï Can occur as esters, alcohols, ketones

ÅMany are aromatic, effect the 
nervous system, and relax smooth 
muscle like the bowel; other effects



SesquiterpenesC15 Compounds

ÅSesquiterpenes: C15 compounds

ÅComponent of essential oils

ÅExamples are the chamazulenes

ÅAbout 5,000 have been reported

ÅMost produced through the mevalonic
pathway

ÅAntispasmodic, antiinflammatory

ÅSesquiterpenelactones:

ï Over 4,000 reported

ï Especially common in Daisy 
family

ÅFeverfew (Tanacetum
parthenium)

ÅYarrow, chamomile

ï Tend to be bitter

ï Can cause allergic reactions

ï Usually crystalinecompounds 
that are not particularly volatile
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GC/MA for Detection and Identification of Terpenes



Gas Chromatogram Diagram



Combi-Pal Autosampler



SPME

Small polymer micro-extraction



Mass Spectrometer



(Text File) Spec 14696 (60.08 min):
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Detection, Determination

ÅSoftware

ïMassFinder4

ïNIST MS search software

ïAMDIS

ÅDatabasesðMass Spectral Libraries

ïWiley 8 (399,000 spectra)

ïNIST 05 (532,000 spectra)

ïAdams, MF4 (about 3,000 spectra (fragrance)



Determining Identity of Peaks

ÅTwo separate experiments

ÅRetention time is adjusted to an international standard based on  
labôs particular GC/MS machines

ÅMass spectral data is matched to large databases (> 400,000 
compounds)

Spec 14696 (60.08 min): 2-Cyclohexene-1-methanol, 2,6,6-trimethyl-
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Is EO chemistry tied to phylogeny?

ÅDefencecompounds, signaling compounds are more tied to 

environmental influences

ïDifferences in EO composition even in the same genus is caused 

by gene expression Ÿprotein production(enzymes) Ÿterpenes

ÅStructural compounds (like cellulose, lignin) are more tied 

to phylogeny (conserved)

ÅNutrition (carbohydrates, proteins, fatty acids)
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ÅEssential oils penetrate the skin, 
enter the circulation

ÅTopically as antiinflammatoryand 
antimicrobial agents

ÅLocally-active for relieving pain 
and stagnation of injuries, 
neuropathies

ÅInternally as mild sedatives 
(lemon balm, chamomile)

ÅAntiinflammatoryand 
antispasmodics (chamomile, 
yarrow)

ÅFlavor, aroma ingredients for 
foods and drink (orange, 
cinnamon, mint)

Commercial Uses



Other Human Value of Volatile Oils

ÅAntiseptic properties of volatile oils known since antiquity

ÅThyme, sage, hyssop, basil, rosemary, ginger all have strong anti-microbial 

properties, used in cooking, preserves meats

ÅEnbalmingproceedures

ÅImpart flavor, aroma to food, drinks

ÅñAromatherapyò



Pharmacological Effects

ÅStabilizes mast cells, reducing histamine (pro-

inflammatory) release

ÅSmooth muscle relaxant (trachea, intestine, bronchi)

ÅStrong inhibitor of TNF-alpha, IL-beta, some effect on 

chemotacticcytokines

ÅReduces inflammation

ÅSedative

ÅAntimicrobial



Safety of Essential Oils

ÅDilute in fixed oil if irritation occurs on skin (2-3 drops/ml)

ÅCheck for sensitivity

ÅKeep out of reach of children, use safety caps

ÅBe aware of potentially toxic oils

ÅPennyroyal, wormwood, mugwort, sage

ÅCaution in children under 6 years of age

ÅSkin sensitivity with sun exposure

ÅBergamot, grapefruit, angelica

ÅDonôt use near the eyes or put into ears

ÅHigh phenolic oils can irritate the eyesðoregano, thyme, clove, helichrysum

ÅCaution during pregnancy, especially oils with putative hormone-like activityðclary sage, 

sage, tansy, juniper, fennel



Potentially Toxic Oils

ÅBoldo--ascaridole

ÅCamphorðstimulates nervous system

ÅMugwort (and other Artemisia spp.)

ÅPennyroyalðabortifaciant

ÅRueðallelopathic(ketones)

ÅSage (Salvia spp.)--thujone

ÅStar Aniseed (Illicium)--anethole

ÅThujaðcontains thujone

ÅWintergreenðmethyl salicylate

ÅWormseedðhighly toxic (ascaridole)

ÅWormwood (other Artemisia spp.)ðcontains thujone



Estrogenic Effects

ÅGeraniol, neroland trans-anetholeshow some activity in high concentrations

ÅEugenolðantiestrogenicactivity

ÅAnetholehas definite estrogenic activity, also antifertility activity; appears to 

be safe 

Å80-90% in Pimpinellaanisumand Illicium verum(star anise) and 50-60% in 

fennel seed oil

ÅEstrogenic effects of oils not due to anetholealone



EstragoleðSuspected Carcinogen

ÅSome varieties of fennel

ÅMuch lower

ÅBasil

ÅTarragon (Artemisia dracunculus)

ÅVery low

ÅHyssop



Internal Use

Whole Life Oils



Diluting Essential Oils

Source: Johnson: EBEOT



Irritation from Oral Ingestion of EO

ÅñBased on current knowledge, and the available literature, 

oral administration of essential oils does not pose a long-

term risk of damage to the oral cavity, esophagus, stomach, 

or intestines when taken in reasonable dosages and with 

food.ò

ÅSome EO can have an antiinflammatory, healing effect on 

mucous membranes (i.e. orange, turmeric, ginger)

Å For review of the relevant literature:

Å Johnson, Dr. Scott A.. Evidence-Based Essential Oil Therapy: The Ultimate Guide to the Therapeutic and Clinical Application of 

Essential Oils (Kindle Locations 1191-1192). Scott A. Johnson Professional Writing Services, LLC. Kindle Edition. 



Absorption

Å1-2 drops of EO swished in the mouth for oral health

ïLavender, peppermint, orange oil, lemon oil, etc.

ÅFor treating esophagus or bronchial area, add 1-2 drops to 

honey

ÅFor delivery to the stomach (H. pylori, gastritis, etc.), add 

1-2 drops to gel caps

ÅFor delivery to the LI, SI, add to carrier oil (avocado, olive, 

etc.)



Essential Oils in Tablets, Capsules

ÅEnhancing medicinal effects (try Counter Attack)

ÅSensory appealðflavor, smell, ñcomplianceò

ÅOrange, peppermint

ÅAntibacterial, antifungal, antiviral effects

ÅOregano, thyme, tea tree

ÅDigestive, ñQi-regulatingò effects

ÅGinger, peppermint, caraway, fennel (help prevent indigestion from dietary 

supplementsðmost common side effect)

ÅAntispasmodic, antiinflammatoryeffects

ÅChamomile, yarrow

ÅSedative, calming effects

ÅValerian, orange, lemon balm



Antibacterial, Antifungal

ÅAdd to products to treat infections

ÅRespiratory tract

ÅUrinary tract

ÅApply to soles of feet, in syrups

ÅTablets, capsules, teas (Good Earth Cinnamon tea)

ÅVaginitis, cystitis, colds, flu, bronchitis,

ÅSinusitis



Digestive Aids

ÅAntispasmodic essential oils for relieving pain, gas, 

discomfort of overeating, dyspepsia

ÅFor liver productsði.e. liver Qi stagnation

Åñfree and easy wandererò (Bupleurumspp. has EO)

ïget it in teas but not extractions?ðvolatiles lost

ÅFor flavoring laxatives, liver products

ÅGasðò4 Seed Teaò

ïfennel, fenugreek, flax, caraway



Sedatives, Calmatives

ÅAnxiety, nervousness

ÅInsomnia

ïLemon balm

ïValerian

ïLavender (high linalool)

ïFleabane (high linalool)
















