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he kmt family of the .Lmniaceae, formerly called the

T~;atea,conttinsmanYwomaticPlants~omeimPor-
tant genera of the plants are Luoadda, kfentha, SakIta and

Thymus,

The genus Luuandula covers about 30 species, from

which L. angtistifolkz(lavender), L, hybrids (lavandin) and
L. latifolia(spike lavender) are used for the production of

essential oils.
The most important lavandula oils are lavender oil,

lavandin oil and spike lavender oil, which are of economic

value to the fragrance industry because they are used in
high grade perfumery, cosmetics and functional perfume

compounds.
Each of these oils contains hundreds of chemicaf com-

pounds, which are responsible for the sensory properties of

the oils.
In this article the chemicaf composition of lavandula oils

from various parts of tbe world will be discussed. The odor

qualities of the oils and the olfactive properties of some
characteristic compounds will be mentioned.

Some artifacts will be shown. These artifacts include

compounds at least partly formed the isolation ardor stor-

age Of the Oil.
Essential oils isolated from some other ,koandula spe-

cies are of scientific interest and will also be treated.

Botanical Origin

The botany of the genus ,Laxndtda has been the subject
of various publications. 1-8Up to 30 species and many sub-

species Or varieties have been mentiOned A scheme Ofthe

Figure 1. Scheme of some importent
Lw+ndula species

Main Species Synonym

L. angustifolia P. Miller L. officinalis Chaix
L. vera ds Candolle
L. spica L. deiphinensis

Jordan
L. spica L. var. a Amt.

L. /atifo/ia Medikus L. /afifo/ia Vill.
L. spica L. var. b Amt.

L. hybrids Rev. L. x interm6dia Emeric
ex Loiseleur

(L. Iatifolia x L. angustifoiia)
L. fragram /afifo/ia

Chatenier
L. x brunati Sriq.
L. spica/atifo/ia Albert
L. x horionsis Hy
L. x Ieptostachya Pau

L. stoechas L. SSP. stoschas
L. dentata L.
1.. /anata Sois.
!. multifida L.
!. pyrenaica Benth.
!. viridis LHeritier ~
!. burmanni Senth.
L buchii Webb. & Serth.
L canadensis (L.) Mill.
L minutoiii Solle
L.pinnata L. fil. Corm
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mostimportaot Laoandula species isgivenin Fi.gure 1,
Tucke#.37 determined the correct botanical name of

lavandin and its cultivars and studied several subspecies.

Garcia Vaflejo et ala divided ten taxons of the genus
Laoandula into the following four sections: Luoandula,
Dentata, Pterostoecho.s and Stoechas.

Lavender Oil

General

The oil of lavender is an important oif in tbe fragrance
industty The oifis obtained from the plant species .fmandufa

angustifoliaMifler (sym L oflcinalis Cbaix, L. oera D.C. ),
The main production countries are France and Bulgaria,

Nicolovet d.le reported that Bulgaria bad increased its
lavender productio% as a consequence, lavender is grown

under a variety of ecological conditions. According to more
recent figures, the production of lavender oil in Bulgaria
varied from 108 tons to 155 tons between 1970 and 1980,

In 1982 Peyronsl reported that in 1982 France produced
80 tons of lavender oil, whife the production in Bulgaria was
200 tons, He afso reported that less deffned production

figures included: Morocco, 10-15 tons; Itafy, 10-15 tons;
Algeria, less than 10 tons; India, 20-30 tons; China, 5 tons;

and Paraguay, less than 10 tons,
Lawrence36 reported that in 1984 the world production

of lavender oil was 200 tons: Bulgaria, 100-120 tons; France,
55 tons; USSR, 35 tons; Australia, 5 tons; plus limited
amounts by other countries.

More than 100publicationsg-ll have discussed the chemi-

cal composition of lavender oil. In his well known reviews
on “Progress in Essential Oils,” LawrenceLl reported exten-

sively on the chemical characterization of the oil. The more
recent publications on this subject will be mentioned here-

after.
The physicochemicd properties of lavender oil have

been reported by various authors and authorities, These
properties are shown in Table 1,

Lavandulol is an important constituent of lavender oil
and was identified for the first time in 1942, by Schinz and

Seidel.lOO A review of the syntheses of lavandulol and
andogues was published recently by Kula & Wifczynska,lO1

Chemical Evaluation

From 1969 to 1972, Karetnikova et al,13 devoted four

publications to the chemical composition of Rmsian laven-
der oil. They examined the afcohol part, the esters, the
carbonyl compounds and the hydrocarbon composition, In

the oil they characterized the following

a-pinene (1 .00%) geraniol (trace-l .80%)
5.3-carene + cis-ocimene myrcsne (2.000/.)

(2.500/o) bmonene (2.00%)
trans-ocimene (3.20%) allo-ocimene (0.60%)
caryophyllene (1 .00%) 3-methylbutanal (0.07%)
furfural (0,17%) methyl heptenone (0.36%)
benzaldehyde (0,26%) hexanal (0.40%)
cuminaldehyde (0.43%) geranial + neral (0.46%)
camphor (0.56%) hnalyl acetate (31 .00%)
hexenyl butanoate (2.00%) a-terpinyl acetate (1 .OOO/.)
Iavandulyl acetate (14.00%) geranyl acetate (1 .00%)
Iinalool (10.00-24.50%) terpinene-4-ol (1 .80-2 .90%)
a-terpineol (1 .40-2 .50%) borneol (1 .40-4 .00%)

In addition, they identified traces of ~-pinene, neryl acetate
nerol and cis-3-hexen- 1-01, The authors noted that re-
moval of the carbonyl compounds from Russian lavender oil

resulted in a more vafuable oil for the domestic perfumers,
Klein and Rojahn14 characterized 4-methyl-4-viny1-4.

butanofide for the first time in both lavender and lavandin
oil.

Some years later, Timmer et al. 15isolated and identified
the following ten lactones in lavender oil:

4-butanolide 4-isOpropyl-4.buta”obde
2-methyl-4-butanolids 4-hexyl-4-butanolde
4,4-dimethyl-4-b”t-2-enohde 5-pentyl-5-pentanolide
4-methyl-4 -vinyl-4-butanolide coumarin
4-methyl-4-vinyl-4-but-2- dihydrocourrwrin

enolide

In 1972 Nicolov et al,16demonstrated a distinct relation-

ship between the area of Bulgaria in which lavender was
grown and the chemical composition of the oil. Although no
direct quantitative data were presented, they showed in gas

chromatograms quarditativevarkmces of !3-pinene, Iimonene,
1,8-cineole, 3-octanone, l-octen-3-yl acetate, 3-octanol,
Iinalool, finafylacetate, bomylacetate, terpinen-4-ol, bomeol,

a-terpineol, geranyl acetate and geraniol.
In the same year, Boyadzbieva and Sttikov17 reported on

the oil yield per hectare of several Eastern European
varieties and the yield from French clones, They found that

oil from the French clones, which was produced in a lower

yield, contained larger amounts of acetates (mainly linalyl
acetate) and a higher average Iinalool content than either

Russian or Bulgarian oifs.

T8ble I. Phyeico-chemlcel cherecterketion of Ievender oil
Some years later, Nicolov et af.le re-

ported that Bulgarian lavender oil con-

1Physical Constcnt AFNOR” Ref 9 Ref 10
Refe I tained:

e =re.AFNOR. AssociationFrancaisede Norrnakation (1986)*04qm
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ocimene
a-santalene
p-santalene
ycadinene
6-oadinene
wyophyllerw
b9rgam0tene
curcumene
farnesone
pentanol
1-Octen-3-01
2-methylbut-3-en-l -01
Iinalool
geraniol
nerol
borneol
Iavandulol
citronellol
terpinen-4-01
1-Octen-3-yl acetate
tinalyl acetate
bomyl acetate
Iavandulyl acetate
pentanal

3-ethylbutanal
hexanal
octanal
2-hexenal
neral
geranial

1,8-cineole’
hnalool oxide
caryophyllene oxide
camphor
3-OctanOne
geranyl butyrate
hnalyl butyrate
geranyl isobutyrate
hnalyl isobutyrate
geranyl pentanoate
hnalyl pentanoate
geranyl hexanoate
hnalyl hexanoate
free butanoic acid
free isobutyric acid
free pentanoic acid
free hexanoic acid

In 1974 Carro de la Torre18 reported on an investigation
of a lavender oif produced in Brad. It was found that the oif

contained: ct-pinene, 1,8-cineole, Iinalool, thymol, Iinalyl
acetate, bomyl acetate, camphor, 2-heptyl acetate, formic
acid, butyric acid and hexanoic acid, The finding of a

content of 45% bomyl acetate and a deficiency of Iinafyl
acetate seems to be due to a misidentification of the esters

by chemical interpretation.
Kaiser and Lamparskylg investigated the trace constitw

ents of lavender oil by modem spectroscopic techniques
and synthetic corroboration (see Table XXfV on page 47).
They identified in the oil:

a-photosantalol A 2,8-dimethyl-6.acetoxy.octa.
a-photosantalol B 1,7-alien-3-One
a-santalal 2,6-dimethyl-5-acetoxymethyl-
a-norsantalenone hepta-1 ,6-cIen-3-one
a-santalenic acid 2,6-dimethyl-5-acetoxymethyl-

hept-6-en-3 -one

In 1979, Abmed and Me!dati20 compared the physioc-
hemical properties of five varieties of lavender oil pro-

ducedinAlgeriawith severafvarieties of European lavender
oil. They found that one of the Afgetian lavender oils
producedin 1977had some characteristics that were similar

to Iavandin,whereas the quality of another oif was quite
comparable to a fine quality French lavender oil.

Also in 1979, Prager and Miskiewicz21 reported on the

chemical composition of European lavender oils. In their

study they presented chromatographic data for the prod-
ucts claimed to be lavender oil (18 from France, two from
Bulgtia and one from Yugoslavia). The chromatographic

data were in the form of percent concentrations from peak
areas of capilla~ gas chromatographic analysis for 15 major
components. The ranges found for these compounds were

as follows:

a-pinene (0.0-0.6%) Cis-ocimene (0.2-0,7%)
fimonene (0.2-0 .7°/0) monoterpene hydroeartnms (3.9-14.!2%)
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camphor (0.3-2.1%) trans-ocimene (0.6-4.5%)
Iinalyl acetate (32.2-44.8%) Iinalool (27.6-49,0%)
Iavandulyl acetate (1 .3-1 1.8%) terpinen-4-ol + caryophyllene
a-terpineol (0.1-1 .2°/0) (3.8-1 1.8%)
Fpinene (0.O-O.2%) Iavandulol (0.0-1.3%)
cineole (0.7-2.3%) fmmeol (0.8-1.4%)

They afso concluded, after thorough examination of their
results, that two oils that were imported as lavender oils

were in fact blends of lavender oils and Iavandin, while one
other sample was found to beablend oflavender oil and
spike lavender oil.

In the same year, Hoffmannzz wrote a review about the
identified constituents of lavender oil and their selected

syntheses. He mentioned the folfowing groups of com-
pounds:

14

3

12

9

2

22

15

7

monoterpene hydrocarbons 11 monoterpeneakuhols

monotwpene ketones 5 monolerpene aldehydes

monoterpene esters 4 monoterpene oxides

Sesquiter,z%nehydrowbnns 7 oxygenated sw.quiterpemas

non-terpenoid hydrocarfmns 6 non-terp%noid alcohols

non-terpenoid esters 13 non-terpenoid aldehydes

non-terpenoid ketones 11 Iactones

miscellaneous compounds (see Table XXIV, page 47.)

In 1980, Chen et d.” examined the chemical composi-

tion of a Chinese lavender oil. The authors found that the oil
contained:

a-pinene farnesene

camphene ycadinene
p-pinene p-himachalene

5-3-carene bisafwlene
p-cymene 1,6-cineole
hmonene i -Octen-3-yl acetate
terpinolene knalool
myrcene Iinalyl acetate
ocimene Iavandulol
p-phellandrene Iavandulyl acetate
caryophyllene nerol
p-bergamotene geraniol

Table Il. Composition of lavender 011s
from southeastern Franceze

Compound Mailletfe (%) Other cultlvars (%)

a.-pimane 0.02-0.67 0.16-1.19

timonene 0.02-0.68 0.07-0.57

1,8-cineole 0.01-0.21 0.29-1.39

cis-ocimwne 1.35-2.87 5,01-10.96

trans-ocimene 0,66-1.36 2.26-5.84

3-octanOne 1.75-3.04 0.94-2.41

camphor 0.54-0.89 0,03-0.73

bnalool 29.35-41.62 26.86-49.86

hnalyl acetate 46.71-53.60 36.77-43.03

caryophyllene 2.64-5,05 4.34-7.60

terpinen-4-01 0.03-4.16 3.15-6.40

Iavandulol trace.0.57 0.10-1.56

Iavandulyl acetate 0.27-4.24 0.63-5.93

a-twpineol 0.14-0.77 0.11-1.44

bwneol geranyl acetate
a-terpineol neryl acetate
t.3rpinen-4-01 bomyl acetate
p-terpineol farnesol

camphor

In 1981 Melegari et af.z5 reported the ranges of the main

constituents of Iavender oil isolated from plants raisedin
various locations near Modema, Italy. The concentrations

of the characterized compounds were as follows:

a-pinene (0.02-0.93%) p-pinene (0.02-0.200A)
myrcene (0.27-1 .60%) fimonene (0.05-0.62%)
1,8-cineole (0.02- 1.12%) camphor (0.1 6-0.80%)
Iinalool (29.45-49,90%) hnalyl acetate (12.40-41 ,80%)
caryophyllene (1 .24-12 .37%) Iavandulol (0.13-1.75%)
a-terpineol (1.33-7.66%) neryl acetate (0.12-1 .68%)
geranyl acetate (0.41-1 .55%) nerol (0.11-0.32%)
geraniol (0.28-1 .32%)

Also in 1981, Touche et af.ze studied chemical composi-

tiontodetennine origin andquality oflavender oils pro-
ducedin France. They compared the chemical composition

of oils obtained from clonafly reproduced lavender known
as Mailletfe (as found in the four departments of soufheast-
em France) with oils obtained from other French lavender

cultivars. A summary of their results can be seen in Table II.
The authors also pointed out that purity, quality and authen-
ticity could be determined by the following ratios: R- 1 = cis-
ocimeneltrans-ocimene; R-2 = trans-ocimene13 -octanone;

and R-3 = Iinalool + Iinafyl acetate/ lavandulol + lawmdulyl
acetate.

In 1981 Giachetfi et al.zy compared the chemical compo-

sition of lavender oil produced from Laoandula ofidnalis
var. delphhumsis flowers hating both intense and pale
purple/blue colors. Their figures are shown in Table 111.

Lawrencell mentioned that the difference in chemical

composition of flower oils from different colored flowers is
not necessarily related to the color of the flowers.

Two years later, Benecke et al.za reported retention

indices on three stationary phases in gas chromatography
(GC) of 17 major components of lavender oil. These com-
pounds were:

a-pinen8 camphene

Tabla Ill. Composition of Iavendar oil from
Lavandula offlclnaliavar. delphlnenaia flowers27

Compound Intense color (%) pale color (%)

a-pinene 0,33 0,36

camphene 0.23 0.16

~monene + 1,6-cineole 1,59 1.69

cis-ocimene 2.02 3.91

trans-ocimene + tewinene 1.00 7.09

camphor 0.26 0.16

hnalool 60.86 41.82

hnalyl acetate 7.88 8.26

catyophyllene +lavandulyl ac’state 6.58 15.85

a-terpineol + bwneol 7.29 7.48

geraniol 3.72 5,55
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$-pinene p-cymene
hmonene tinalool
hnalyl awtate t9rpinen-4-01
camphor caryophyllene
Iavandulyl acatate Iavandulol
cis-ocimene a-terpineol
trans-ocimene bomeol
1,8-cineole

Tajuddin et aL30 reported that lavender oil produced in

the Kashmir wdley (India) contained the following corn-
pounds:

a-pinene (0.20%) Iinalool (10.00%)
camphene (0.42%) terpinen-4-ol (2,29%)
p-cymene (0.27%) a-terpineol (7.58%)
farnesene (0.07%) cumene (1.02%)
citronellol (10.00%) Iimorwne (11 .OOOA)
bornyl acetate (0.45°/0) caryophyllene (2.12%)
Iavandulyl acetate (0.13%) Iinalyl acetate (45.30%)
p-pinene (1 .29%) Iimonene epexide (0.57°/0)
myrcene (0.47%) borneol (0.23%)
1,8-cineole (1.82%)

Lawrencell mentioned that from these results it can be

seen that this sample of Indian lavender oil is quite abnor-
mal compared to the standard commercial oils.

In 1983 Kaiser and Lampars!# published their first

communication on the examination of new carbonyl com-
pounds in the high-boiling fraction of French lavender oif.

281Perf.mer& Flavofist

Analysis of the isolated carbonyl fraction was achieved by
liquid and gas chromatography, and a combination of GC-

mass spectrometry The following carbonyl compounds
were identified:

a-norsantalenone 13-hydroxy-a-santalan- 12-on@
nortricyclo-eka-santalal teresantalal
a-santalal nOrcadin-5-en-4-One(+
tricyclo-eka-santalal isomer)
a-santalan- 12-One catina-4,1 0(15)-tien-3-One
a-santal-l 3-en-l 2-OnO y-cadinen.15-al

In a second communication, the same authors reported
on a number of other oxygenated sesquiterpene compounds

from the same high-boiling fraction of lavender oil. The
following compounds were identified:

kobusone 2-methyl-6 -(4-methylpheny l)-
12-norcaryophyllen-2-one hept-1-en-3-on’a
caryophylla-2(1 2)-8dien-5-one 2-methyl-8 -(4-methylpheny l)-
caryophylla-2(1 2),5-dien-7-one heptan-3 -one
caryophylla-2(1 2),5-dine-1 3-al 4-(4’-methylpheny l)-pentanal
cedrenal 11 -norbourbonan-i -one
i 5-norcedran.8-one (2Z,6E)-farnesal
4,7-d methyl-l -tetralone (2 E,6E)-farnesal
4-isoprOpyl-6-methyl. 1. p-ionone

tetralone methyl jasmonate
6-methyl-5-(3 -methylpheny l)- 6,10, 14-trimethylpentadecan-

heptan-2-one 2-onB

One year later Kaiser and Lampars~2 published a third
communication on the occurrence of a new series of hwen-
der oil constituents which can be seen as Diels Alder

adducts of unsaturated hydrocarbons and unsaturated car-
bonyl compounds. They identified about 40 of these com-
pounds derived from the following “dienes”: trans-ocimene,

myrcene, 1,3,5 -undecatriene, farnesene andmethylcyclo-
pentadiene; and from the following unsaturated carbonyls:
crotomddehyde, methyl vinyl ketone, l-penten-3 -one, 1-
hexen-3-one, l-octen-3-one. For the identified compounds

see ‘khle XXIV, page 47.
In 1984 Lalande34 reported that French lavender oil

possessed the following major components:

cis-Ocimene( 7,5%) Iavandulol (0.7°/0)
3-OctanOne (0.90/4 tinalyl acetate (34.0%)
borneol (0.5%) Iimonene + 1,8-cineole (0.5%)
m-terpineol (O.5%) camphor (0.3%)
caryophyllene (8.0%) terpinen-4-ol (5.0°/0)
trans-ocimene (4.0%) Iavandulyl acetate (3.5%)

flnalool (29.0%)

In 1984, Agnel and Teisseire35 discussed the purity of

French lavender oil after studying its composition and
adulteration. They mentioned that over 150 constituents
had been previously identified in lavender oil. The authors

included gas chromatograms that displayed up to 40 iden-
tified peaks, and showed that the occurrence of
dehydrofinalool, dihydrolinafool, dehydrolindyl acetate and
dihydrolindyl acetate indicated that the oil had been adul-
terated with synthetic linalool andfor Iinalyl acetate.

Also in 1984, Thies38 reported that high-pressure liquid

chromatography could be used to fractionate lavender oil.
0$myano@3 reported that the major components of the
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four regular brands of Bulgarian lavender oil areas shown
in Table IV.

Tucker et al.37 examined the chemical composition of
lavender oil from cuftivars grown in the United States.
Although the authors emmined twelve different cultivars,

the oils can be subdivided into six categories according to
their chemical composition, the so-called chemdypes. Ex.

amples are Iinalool type (>30%), lindyl acetate me (>30%)
and Iavandulyl acetate type (>25%). Lawrencell mentioned
that none of the oils possessed a composition similar to that

of commercial lavender oils.
In 1985, Don et af,3gused a combination of GC and mass

spectrOmet~ (GC/MS ) and peak enrichment tO cOnfirm UP
to 70 constituents in Chinese lavender oil. Several of these
compounds, namely tenaliphatics, were identified for the
first time in lavender oil.

Also in 1985 it was reported by Nae~O that lavender oil
contained two unsaturated hydrocarbons; namely, 1,3,5 -

undecatriene and 1,3,5,8-undecatetraene,
One year later, Ravidet af.4] proved that lavender oil

contained (3 R)-(–) -linafyl acetate of an optical purity of
93%.

In 1986, Cu42reported that themajor components of
lavender oif produced in Yunnan, Henan and Xinjiang

(China) were

kmonene + 1,S-cineole camphor (1.06-3.51%)

(0.99-2.23%) tinalyl amtate (28.80-35.90%)
hnalool (23.80-35. M%) Iavandulyl acetate (1 .60-8 .94%)

Dannati et al.~ studied the composition of some domes-

tic lavender oils in Yugoslavia. They also discussed the
correction of the quality.

In 1987, Shchedrina et ala made a gas chromatographic

analysis of Russian lavender oil and fimdyl acetate.
Tbe next year, Zhixi and Huagl reported that the plant

materkd Luoandtda angusti@kz Mill. was introduced in

Xingjiang in northwest of China in 1952, with a cultivation
area of hundreds of hectares. The linalyl acetate content in

the oil is about40%, while the camphor, cineole and bomeol
content is relatively low.

In 1989, Bamardet af.fi reported on atwo-stage produc-

tion of lavender oil. First, the flowering tops were extracted
with 1,1,2-trichloro-l ,2,2-trifluoroetbane to yield a ccm-

crete and, second, this concrete was steam distilled. GC/M S

analysis showed that the oil produced in this way was richer
in sesquiterpenes than a steam distiffed oil. Sevent@hree

Table IV. Major components of four Bulgari6n
Isvender oll~

Compound mmus
%

ocimenes 7.2

1,S-cineole 3.0

Iinalool 33.7

hnalyl acetate 37.5

terpinen-4-01 4.5

I&anIlk
%

6.6

2.1

30.4

36.8

5.2

Kwtovo
%

7.7

2.5

30.1

35.2

4.6

Svejan
%

7.7

2.6

33.7

37.6

5.6

compounds, representing 81.8’% of the total essential oil,
were identified. The remaioing 18.2% was comprised mainfy
of compounds with molecular weights greater than 22o.
The characterized compounds are shown in Table VIII,

page31. It appears strange thattheyfoundneitherlavandufol
nor Iavandufyl acetate in the oil.

In 1990, Nikolaevskii et al.46 studied the effect of laven-
der oil on the course of experimental atherosclerosis in
rabbits.

Also in 1990, Mosandl and Schubert47 pubfished their

results of the enantiomeric stereo-differentiation of linalyl
acetate in lavender oil. By using optical active statimuuy

phases in CC, they established that finafyl acetate in genu-
ine lavender oil has 100% (R)-(–) -configuration,

Rabotyagov and Akimov48 examined the chemical com-

position of oils obtained from colchine treated lavender
plants that were either tetraploids or sesquidiploids, The
major components in tie oil were:

&3-carene (1 .3%) terpinen-4-01 (O.1%)
hnalyl acetate (31. I%) Inalool (37.2%)

camphor (1.4%) geraniol (0.3%)
timonene (3.5%) isoborneol (3.2%)

nerol (0.2%)

In 1991, Jean et d.4g compared the major compounds of
lavender oil produced by hydrodiffusion with those of an oil

produced by microwave extraction using hexane as solvent.
Their results are reported in Table V

Touche et af.w reported on a statistical interpretation of
the results obtained from the anafyses of more than 900

samples of lavender oil designated Lavande Fine Haute
Provence. In addition to comparing the physiochemical
properties ofoilsoftbedonally repmducedlavender Mailfette

and seed-raised lavender, they compared tbe major compo-
nents of oils produced between 1983 and 1989.

In 1991, Segur-Fantino et aL5] examined the extent of

polymorphism in a lavender population raised in France.
This study was performed to determine whether it was

possible to establish correlations between some morpho-
logical characteristics (such as color of flowers, number of

Table V. Major compounds of Iwender all pradwod

by hydrodiffualon and Iavemfer ON produced
by microwave exfrecfion in hexanea

Compound Hydrodiffusicm oil Mar- axtract
% %

knalylacetate

M41001

Iavandulyl acetate

(Z)-f@5mene

(E)+?-ocimene

$-caryophyllene

terpinen-4-ol

Iavandulol

camphor
coumarin

27.3

26.5

8.2
6.0
2.8
7,1

2.7

1,1

trace
1,0

29.8

34.6
5.0

4.7

4.4

1,6

8.8

0,6

0,3
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glandular hairs on the cafyx, number of flowers per spike,

number of vericils) and oil content and chemical composi-

tion. They found that genotypes could be differentiated by
means of their relative density, the length of calyx trichomes
and traces of antbocyanin in the ramified hairs on the cdyx.
In addition, the number of gfandular hairs on the calyx was

found to correlate with oil content. It is of interest to note
that because the population studied had a high degree of

genetic diversity, the composition of oils produced from
selected geno~es was found to vary widely. For instance,
linalool content varied from 9-69% and Iinafyl acetate

Table W. Compoeltion of different
floral perts ofs Isvender clone51

Compound Flower splks Corolla Calyx
% % %

(Z)-p-ocimene 1.78 3.79 1.37

(E)-@clmene 0.72 trace 0.63

3-OctanOne 0.80 0.14 0.17

camphor 0.30 i ,72 0.21

i ,8-cineole 0.73 0.89 0,21

Iinalool 31.06 20.74 34,16

Iinalyl acetate 45.17 29.95 47.21

terpinen-4-01 0.21 0,12 0.22

Iavandulyl acetate 2.41 3.54 2.15

Iavandulol 0.39 6.66 0.44

a-terpineol 0.09 0.61 trace

content from 1-6070. The authors also examined, from a

compositional, physicochemicd and aroma standpoint, the
differences in chemical composition of different floral parts
of a clone. These results are shown in Table VI.

Some years ago, in an excellent study, Naef and Morris52
compared the chemical composition of lavender oilwitb
oils of Iavandin and spike lavender, using modem gas

chronmtographic and spectroscopic techniques. The com-
pounds identified intbeoil areshown in Table VIIL In
addition, the authors determined several odor aspects of
lavender oil with reference to the odor of particular con-

stituents.
Also in 1992, Kreis and Mosand15s used enantiomeric

multidimensional chromatography employing a combina-

tion of a polar column and a chiral column to simultaneously
stereodifferentiate between cis- and trans-linalool oxide
(furanoid), camphor, 3-octanol, l-octen-3-ol, lavandulol,

te~ine-4-ol, linalool and linalyl acetate in lavender oil. The

enantiomeric distribution of the components of eleven
authentic French lavender oils was determined. The enan-
tiometic excess concentration of the components was:
(2R,5S)-cis-linalool oxide (>75%), (2R,5R)-trans-linalool
oxide (>75’%), (R)-lavandulol (>90%), (S)-terpinen-4-ol
(>90%), (R)-linalool (>90%), and (R)-linalyl acetate (>95%).

According to the before-mentioned publications, the
main constituents of lavender oifs from various countries

can he summarized as in Table VII. From these figures one
can see a tendencv in the variation of the concentrations of

Tsble WI. Msin constituent of lavender oils from vsrlous countriee

Country ERoclmanea
%

Bulgaria 7,2
idem 6,6
idem 7.7

idem 7.7

china ND

Francs 3.0-10.4
idem 2.2- 4.2
idem 7.3-16.8
idem 11,5
idem 10.9
idem 9.1
idem 1,2

idem 14,5

India ND

Italy ND

Russia 5,0
ND

Spain 3.5

[ND. notdetermined)

Llnalool
%

33.7
30.4
30.1
33.7

23,6-35.6

27,6-49,0
29,4.41.6
26.9-49.9

29.0
26.5
29.6
20.9
17.6

10.0

29,5-49.9

10-24.5
37,2

30.7

Llnalyl
acotste

%

37.5
36.6
35,2
37.6

26.8.35,9

32.2-44.6
46.7-53.8
37.6-43,0

34.0
27.3
34,6
25.1
21.6

45,3

12.4-41.8

31.0
31.1

29.4

Lavandulol
& acetate

%

ND
ND
ND
ND

1,6-1.7

1,3-13,0
0.3-4.6
0.7-6.0

4.0
9.3
5.6
ND
6,5

0.1

0.1-1.8

14.0
ND

6.6

Othsrs’~
%

3.o 1,8-cineole 33
2.1 idem93
2,5 idem 33
2.6 idem w

1-4 camphor e

1-2 camphor a
1-4 4-twpinemOl 2’

3-6 idem 28
5 idem 34
3 idem 4*
9 idem 4s
2 idem *
6 idem w

10 citronellol m

1.8 terpineol w

1-4 borneol 13
3 (iso)borneol *

3 terpineols

3WPe*mer & Flavorist

the ocimenes andlinalyl acetate; namely,

if the content of the ocimenes is reL-
tively higher, that of Iinalyl acetate is
lower and vice versa.

Sensory Evaluation of
Lavender 011

The senso~ evaluation of essential

oils is a rather subjetive matter, due to
inter- and intra-individual differences.
A general odor description of lavender

oil is: herbal, floral, fresh; the topnote
having green, hay-like and fruity aspects,

and on dry-out being sweet and slightfy
woody.

The most extensive qualitative odor

evaluation has been made by Naef and
Momis.5z First, they mentioned a num-
ber of constituents which are respon-
sible forcertain odor cham.cteristics of

the oil:

● LaOeraliphatic eaters: fmity,
fatty and diffusive topnotes.

. Functiorndized C8 com-

potmda: green, herbal, fatty,
sweet, warm and floraf notes.

● Theocbnenewf resh,aromatic
and spicy notes.

. Undecatriene andtmdecate-

vol.20, MayiJ.ne 1595



Table Vlll. Chemical comoosltlon of French Ievender OH

I Compound

tricyclwm
a-pinene
sabinene
myrcene
5-3-carene
p-cymene
cis-~-ocimane
Tterpinene
allo-ocimene
ct-thujene

camphene
p-pinene
a-phellandrene
a-teminene
Imonene
trans-p-ocimene
terpinolene
Total monoterpeme hydrocarbons

1,3E,5Z-undecatiene

p-bergamotene
p.caryophyllene
p-farnesene
a-humulene
wadinene
Tbisatxdene
a-calacorene
1,3E,5Z,8Z-undecatiene
a-santalene
a-bergamotene
p-santalene
germacrene D
p-bisabolene
a- farnesene
Total seequlterpena hydrocarbons

Ref 45
%

0.07
0.02
0.39
0,01
0,14
0.59

0,03
0,09
0.09

0,22
0,57
0,05
2.27

3.00
1,08

0.85
t

0.12

0.76
t

0.23
0.10
t

6.15

2.58
1.54
0.29

0,71

0.54
20.90

1.70

0.09
0,21
0,10
t

0,78
0.13
2.11

0,07

2.03
0.70
0,26

0.03
26.02

Ref 52
%

0,01
0.34
0.05
1.27

0.13
0,29
8.23
0.38
0.03
0.22
0,22
0.18
0.07
0.11
0,42
6,24
0,15

18.34

0.11
0.12
8.00
I .9e
0,25
0.25

0.01
1,11
0,15
0.02
0.88

12.78

0,09
0.91
0.16
t
0.01

1
0.48

17.61
1,06
1.17
0,17
0.23

0.16
t
0,33
t
0.02
0.18
t
0.11
6,43
1,00
0.43
0,05

26.46

methoxyhexane
1,8-cineole
cis-linalool oxide-5
cis-linalool oxida-6
rosefu ran
1.2-limonene epoxide
prenol
1-Octen-3-01
hnalool
borneol
Iavandulol
1-p-cymen-8-ol
nerol
camphene hydrate
p-mentha-l ,5-tien-7-ol

ocimene oxide
trans-linalool oxide-5
trans-tinalool oxide-6
caryophyllene oxide
epoxy -a-santalene
hexanol
OctanOl-3
hotrienol
sabinene hydrate
terpinen-4-01
a-terpineol
geraniol
cis-caweol
dihydro-p-cymen-8-ol
Total monoterpene elzohols

’01.20,May/June1995 Perfumer& FlavorisV21

a-photosantalol

a-cadinol

pentanal

2-hexenal

nonanal

cuminaldehyde

acetone

3-OctanOne

camphenilone

6-methyl-5-hepten-2-one

carvone

6-methyl-3,5 -hepta-6,10,14-

trim@thyl-tian-2 -one

butyl acetate

butyl isobutanoate

hexyl acetate

hexyl propionate

hexyl butanoate

3-Octeny l-l acetate

hexenyl butyrate

octylpropanoate

Z-3-hexenyl nonanoale

Iinalyl acetate

Iavandulyl acetate

nery acetate

epoxy halyl acetate

nery propanoate

cubenol

cadinol-T

hexanal

octanal

Iricyclo-eka-santalal

cinnamaldehyde

2-hexanone

camphor

cryptone

pipetitone

penladecanone

butyl propanoate

butyl butanoate

3-Octyl acetate

hexyl isobutanoate

butyl tiglate

hexyl tiglate

hexyl hexanoate

Z-3-hexenyl octanoate

Z-3-hexenyl decanoate

bornyl acetate

butyl benzoate

geranyl acetate

hnalyl hexanoate

Total monoterpene esters

thymol
anethole

eugenol
timethyl sdfide

astragole
aceteugenol

t. trace

Ref 45
%

t

o.oe

0,04

0.06

t

0,66

0,02

o.eo

0.26

0.02

25.06

2.23

0.14

0.32

0,02

2.90

t

0.02

0,06

0.02

0.03

0.56

0.14

0,24

0.13

27.80

4.62
t

t

0.05

Ref 52
%

0,10

t

t

t

0.13

0.06

1.39

t

t

0.06

0.02

0.55

0,02

0.36

2,49

21.84

7,30

0.53

0.02

t

0,31

t

t

0.05

0.45

0.16

0,01

0.25

0,18

0.08

0,11

0.10

0.55

t

0.96

0.11

31.31

t

t
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tramw flesh, green galbamim odors.
● Functionalized aarntakmes:soft,warm woody

characteristics.

● Btityl betwaate:bd samicnote.
● Cryptorw:warm, herbdand cuminicnote.

Second, the authors gave a list of so-called group dis-

criminators with their percentage in the oif: lower esters
(1,0%), 3-octyl derivatives (4.7%), ocimenes (14.5%),
undecatri(tetra) enes (0.1%), santalene derivatives (2.3%),

butyl benzoate (0.01%) and cryptone (0.2%).
According to several publications,flY1l the odor charac-

teristics of lavender oif are described with reference to its

constituents as follows:

●

✎

●

✎

●

●

●

✎

✎

Fresh, green: cis-3-hexenol and derivatives.
Herbal, green: undecatriene and undecatetraene.

Herbal, earthy: l-octen-3-ol and derivatives.
Fruity, fatty: butyl and hexyl esters.

Fre8h,flora1: linalool (esters), lavandufol (esters).
Herbaceotm: monoterpenyl carbonyls.

.%oeet aromatic: benzenoid derivatives
Warm, woody: santalene derivatives, sesquiter-

pene compounds.
General modifiers: substituted pyridines.

The odor character of lavandulol was described by
Arctander]02 as being oily, herbal, warm-rosy, somewhat

reminiscent of geraniol and a spike-like note.

33iPedumer& Flavorist

Lavandln Oils

Qenerel

The botanical species of Iavandin is an interspecific

hybrid between lavender and spike lavender andis de-
fined-according to I SO 3V8—as Laoandtda angust~oka
P, MilferXLaoandukz L@oliu (L. ) Medikus.lffi The lavandin

plant is often calfed Lauandtda hybrid-u. However, accord-
ing to Tucker,s the correct name for lavandin is Lavandula

x interme.dia Emeric ex Loiseleur.
PeyTOn31 repOrted that 900-1,000 tons oflavandinoif

were produced in France in 1982, whi1e30-50 tons were
produced in the USSR and Yugoslavia.

In 1979 MoutetRg presented some ideas about the future

of Lavandin Abrialis and Grosso oils. She stated that 55% of

the lavandin crop for 1980 would be devoted to the Grosso
variety,

Lwvrence38 mentioned that the world production of
Iavandin oil in 1984 was 750 tons with France producing

more than 90% of the oil. Also according to Lawn’ence,w the
oif of lavindin bas the reputation of being among the top ten
most important essential oils used in the fragrance industry

He mentioned that from the chemical standpoint, lavandin
oil has been the subject of considerable study over the years.

Chemical Evaluetlon

Aseadyas 1945, Naves55reported thepresence of a-

pinene, campbene, Iimonene, ;amphor, b~meol, Iinalool

and Iimdyl acetate in Lwandin oil.
In 1955, Igoleng2 in 1955 studied lavandin oil and iden-

tified six carbonyl compounds: hexanal, octanal,

cuminaldehyde, 3-octanone, camphor andcoumarin.
In 1960, Stadtler93 reported on the isolation of the

carbonyl compounds from Lwandin oil by Girard T reagent.
He identified ten compounds: cuminaldehyde, pbelkmdral,

3-octanone, 6-methyl-5 -hepten-2 -one, 6-methyl-3,5-
heptadien-2-one, camphor, nopinone, sabina ketone,
cr@one and camone.

Some years later, in 1966, Peyron and Benezetlz isolated
and identified the following

3-OctanOne 3-OctanOl
hexyl acetate 1-Octen-3-01
hexanol epoxydihydrolinalool
ocimene hexyl butyrate

3-Octyl acetate hnalool

1-Octen-3-yl acetate hnalyl acetate

alloocimene

one year later Steltenkamp and Casazza56 reported a

detaifedquantitative andqusditative andysisofoiloflavandin,
which is shown in Table IX.

III 1973, Mookherjee and Trenkles8 published the re-
sults of their investigation on Iavandin oil. They isolated the
carbonyl fraction by treating the oil with Girard T reagent

and identified:

hexanal heptanal
(E)-2-hexenal octanal

VOI.20, May/J””e 1595
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(E, E)-2,4-heptadienal
nonanal
a-campholenal
decanal
myrtenal
cuminaldehyde
phellandral
perillaldehyde

p-mentha-l ,4-alien-7-al
(E, E)-2,4-decadenal
6-m@thyl-2-heptanone
3-octanOne
6-methyl-5-hepten-2 -one
6-methyl-3,5-heptacIen-2-one
camphor
nopinone
sabina ketone
cryptone
p-methylacetophemone
1-(2 H)-naphthalenone
3,4-dihydro-4,6-octaden-2-one.6-

hydroxy-6-methyl acetate
2,7-octadienal-6-hydroxy-2,6-dimethyl

acetate
2-hepienal-7-hydroxy-5-isoprenyl-2.

methyl acetate
Iavandulol

pcymen-6-ol
ymethyl-yvinyl-butyrolaotono

coumarin
7-methoxy-coumarin
1-Octen-3-01
6,7-epoxy -3,7 -timethyloctyl acetate
2,6-dimethyl-3,7-octarJene-2 ,6-cfiol-6-

acetata
2,6-dimethyl-l ,7-octadiene-3,6-diol-6-

acet6te

In 1977, Kaiser and Lamparsf@

examined the trace constituents of
lawmdin oif. They used a combina-

tion of modem spectroscopic tech-
niques for structure elucidation
folfowedhysyntheticcormbation. The

following compounds wereidentifled:

a-photosantdol A
a-norsantalenone
2,6-d methyl-6-acetoxy-octa-

1,7dien-3-on@
2,6-d methyl-6-acetoxy-oti-7-en-3-o”e

Also in 1977, it was reportedm that

the 1,8-cineole content of samples of
Abriafis and Super lavandin oil was

determined by a number of indepen-
dent laboratories to be 8.7-9.2% in
lavandin Abrialis oil and 2.7-3.0% in
lavandin Super oil.

Two years later Prager and
Miskiewicz21 presented chromato-

graphicdatafor 19samples oflavaodin
oil, all imported into the US from
France. The chromatographic data
were in percent concentrations of

Vol. 20, MaylJune1995

Table IX. Chenflcal compoelflon af fsvmdln oils

f?ef e6 Ref 61 Fief 61 Ret 61 Ref 62
Abftefls SU%l Qtosso Abtlalls

Compound % % % %

tricyclene 0.03
a.pinene 0.40 0.52 0.28 0.60 “0.50

camphene 0.30 0.46 0,26 0.35 0.50

~pinerw 0.30 0.48 0,15 0.45 0.40

myrcene 0.30 0.66 0.47 0.65 0.60

8utkme 0.10 0.17 0.06 0.15 0.20

ti3-carene 0.02 0.02 0,02 0,06

Iimonene 0.70 0.66 0.73 0.67 0,60

cis-ocimene 2.60 2.30 1.35 1.15 2.20

trans-ocimene 3.00 3.00 2.00 0.50 1.00

yterpinene 0.40

terpinolene 0.20 0,26 0.12 0.25

p-cymene 0.04 0,32 0.69 0.35 0.50

a-santalene 0.211 -

Caryophyllene 0.70 2.35 1.75 1.47 2.60

tram-p-farnesene 0.34

germacfene D -0.50

1,8-cirle61e 7.60 e.17 3,15 5.20 6.90

hexanol 0.30

1-Octen-3-01 0.30 0.34 0.26 0,s0 0.10

3-Octanol 0.25

Inalool 35.00 33.50 30.96 32.25 32.00

Iavandulol 0.60 0,96 0.87 1,50 1.00

borneol 2,90 2.59 2,27 2.00 2.10

cz-terpineol 0.50 0.46 0.52 1.00 0,50

terpinen-4-01 ? 0,50 0.46 2,77 0.60

trans-linalool oxide 0.20 0.21 0.28 0,25 -

cis-linalool oxide 0.10 0.10 0,06 0.98

acetone 0.01

3-OctanOne 1,00 0.97 0.43 0,60 3.00

camphor 8.90 9.54 5,42 6.95 9.00

butyl acetate 0.03

hexyl butanoate 0.40 0,35 0.66 0.40 0,40

hexyl isobutmoate 0,09 0.13 0.15 0,20 0.25

hexyl 3-methylbutanoate 0.50

1-celen-3-yl acet6te 0.30 0.46 0,49 0.45 -

tinalyl acetate 27.00 27.10 39.50 31.90 23.60

Iavandulyl acetate 1.00 1.76 1.55 1.95 1,20

Iavandulyl butanoate 0.20 -

Iavanduly isobutanoate - 0.60

IavandulylZ.methylbutanoate 0,70

neryl acetate 0.70 -

geranyl acetate 0.30 0,21 0.37 0.30 0.40

hexyl tiglate 0.30

caryophyllene oxide 0.30

isocaryophyllene oxid6 0.04 -

mu marin 0.03

Petimer & Flavoriw23
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peak areas of capillary GC for 11 major components. The
ranges found for these compounds were as follows:

a-pinene 0.0-1 ,2°h a-terpineol 0.0-0.9%
p-pinane 0,0-0.7% camphene 0.0-0.6%
1,8-cineole 5.8-11.17. Iimonene 0.5-1.4%
trans-ocimene 0.6-4.6% cis-oclmene 1.0-1,2%
finalool 30.6-37.1% camphor 5.5-1 1.7°/0
terpinen-4-ol + caryophyllene lin61ylacetate 21.7-32.1%

2.0-3.9% Iavandulol 0.3-0.8%
lavandulyl acetate 1.3-1 ,s% bomeol 1.7-3.3Yq

In the same year, co-workers at Dragoco77 re-

ported that the major constituents of lavandin oil
were the following compounds:

a-pinene (0.9%) camphene (0.6%)

p-pinerw (0.70/4 myrcene (0.6%)

Imorwne (0.8%) 1,6-cineole (9,o%)

trans-ocimene (1.5%) 3-OctanOl (0,4%)

camphor (9.4%) linalool (32,0%)

tinalyl acetate (22.0%) bomyl acetate (1 .9%)

caryophyllene (4.4%) cis-a-bisobolene (0.6%)

Meklati and Ahmedgl prefractionated ,kfgerian lavandin

oils using high-pressure liquid chromatography prior to gas
chromatographic identification. They qualitatively identi-
fied fiftyflve compounds in the oil,

In 1979 Zola and LeVandaG1 published their results on a

comparison of the chemical composition of the oils of the
three most common varieties of lavandin Ahrialis, Super

and Grosso. Their detailed fignres are shown in Table IX.
The authors demonstrated that it was possible to differen-

tiate between the three types. Oil of the Abrialis variety
contained 3,97% trans-ocimene + 3-cctanone; 0.5% terpinen-

4-01; 33.5% Iindool and 27.1% lindyl acetate. Oil of the
Supervarietyhad2 .43% trans-ocimene + 3-octanone; 0.46%

terpinen-4-ol; 30.98% Iinalool and 39.50% linalyl acetate.
Oil of the Grossovtnietycontained O.6% trans-ocimene + 3-
octanone, 2.777. terpinen-4-ol; 32,25% linalool and 31 ,9%
lindyl acetate. In this way it was shown that Grosso oif can

be differentiated by the low percentage of tmns-ocimene +
octanone and a relatively high percentage of terpinen-4-ol,
whereas the Super oil can be characterized by the hi@er

proportion of linalyl acetate,
In the same year, 1979, Hoffmann22wmte areviewof the

chemical composition of Iavandin oil. In this retiew he
surveyed the literature between 1937 and 1977.

In 1980, Lawrenceez examined the chemical composi-

tion of lawmdin Abrialis oil using modem anafyticaf tech-
niques, The identified compounds are show in Table IX,

In 1981, Melegari et d.fi compared the essential oils of

four lavandin cultivars grown in the ticinity of Modems,
Italy, at different akitndes. A summary of their resnfts is

shown in Table X, from which it can be seen that essential
oil content was strongly influenced by the location and

elevation, especially when considering that the lavandin
cuftivars were afl clonally reproduced,

Three years later, in 1984, Lafande34 reported the proti-

siomd French specifications for the oils of the varieties
lavamfin Grosso and lavandin Abridis (see Table XI).

Also in 1984, Tucker et af,37 examined the chemical

composition of Iavandin cukivars grown under the same
conditions in the United States, Although the authors exam-
ined s& different cultivars, only one of which (Grosso) is

known to be grown commercially, the oil compositions

could be classified into three groups.
One year later Szabolcs et aL86used retention values on

four different Dacked eas chromatocrauhic columns to
.0 e.

characterize the presence of the following compounds in a

sample of Iavandin Grosso oil of French

Table X. Composition of four Isvandln oultlvars
grown at dlffarent altltudes near Moderna, ItalyM

Compound

a-pinene

@-pinene

myrcene

fimonene

1,6-cineole

camphor

Unalool

Walyl acetate

caryophyllsne

Iavandulol

a-terpineol

neryl acetate

geranyl acetate

nerd

geraniol

Abrlalls
%

0.19-0,64

0.10.1.14

0,48-2.37

0.30-1.00

4.50-12.02

7.85-13,34

30.31-45,10

14,10-36.17

0.82-2.38

0.58-1.08

2.33-4,60

0.10-0,32

0.56-1,86

0.05-0,23

0.17-0.75

Super
%

0.05-0.56

0,05-0.37

0.40-2.43

0.27-1,67

1.86-1 o.a8

5,03-14.79

23,55-47.88

32.53-52.20

0.67-1.05

0.20-1.04

2.51-6,31

0,13-0.43

0.51-1.90

0.05-0.59

0.28-1,31

Malme
%

0,10-0.58

0.08-0.37

0.21-1.53

0,31-1.25

1.62-11.05

6.10-13.85

33.52-60.13

13.67-30,42

1,65-3.50

0.23-0.60

2,33-4.56

0,06-0.20

0.39-1.06

0,02-0.15

0.14-0.39

R.C.
%

0.38-1.34

0.14-1.10

0,50-1.81

0.36-2.59

3.85-26.04

11.16-16.50

43.50-7060

2.15-6,61

0.50-1.61

2,04-4.82

0.05-1.02

Origk

a-pinens p-pinene
camphene p-cymene

~

Teble Xl. French spsclficatlons
for the oils of Isvsndln Abrlslis

Compound Abrlalls oil Grosso OH
% %

1,6-cineole 6-11

cls-ocimene 1,5-4

trans-ocimene 3-7

finalool 30-38

camphor 7-11

bomeol 2-4

Iavandulol 0,5-1.5

terpinen-4-01 <1,0

hnalyl acetate 20-30

Iavandulyl ac8tate 1-2

ND. notdtierminea

4-7

ND

ND

25-35

6-8

1.5-3

0.3-0.5

2-4

26-36

1s-3
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cisookwne borneol
Mwn@M3 tarpim3-4-01
1,8@v201e a-twpineol
transaimene hlyl acatate
bnalool Iavandulyl acetate
camphor cwwphyllene
Iavandulol

In 1987 Gaydou and Randriamiharowa64 used chiral

active stationary phases in GC for the separation of Iinalool
enantiomers. They found that Iavandin oif contains almost

exclusively (3R)-(+) -linalooL
One year later Ramaswani et al.ffi confirmed the pres-

ence of a-santafene in lavandin oil.
Also in 1988, Karuza-Stojakovic and Blazevic66 reported

on an accurate measurement of 1,8-cineole in lavandin oil.

They found that the 1,8-cineole content was 7.18%.
In 1989, GaRetti et af.67 in 1989 examined an oil of

lavandin Abrialis by GC/MS and the ion trap detection
method. The authors showed that an oil as complex as

lavandin could readily be amdyzed using this technique.
They also reported that some discrepancies in compound
identification were dependent on the sample amount.

The same year, La~mertink et aL6s r~ported on their

Table X11. Composition of oils of
Iavandin cultlvara grown In New Zealand I

Conrpeurld Grosso
%

Grosso-CS
%

Abrlalls
%

1,8-cineole

hnalool

camphor

twneol

ter@nen-4-01

hnalyl acetate

lwandulyl acetate

1.6

6.2

34.1

7.8

3.1

3.1

33.0

2.4

1.6

6.5

34.1

7.9

3.4

3.6

33,6

2.1

1,5

10.4

39.6

11.5

3.1

0.4

22.1

1,1

Teble X111.Compeeltion of Iavandln Groaao
plants produoad from tlaeus culture
●nd from normal rooted cuttingsm

Compound 00 Of tissue Oil of rooted
culture cuttings

% %

iimomne

1,8-cineole

camphor

Iinalool

hnalyl ac9tate

terpinen-4-ol

berneol

Iavandulol

favandulyl aoetate

0.68

7.20

7.67

33,0s

26.38

3.66

2.77

0.41

1.90

0.77

5.29

6.85

31.44

22.42

3,85

2.93

0.48

2.85

results from growing and distilling lavandin in New Zeafand.
A comptison of the major components found in the oils of

three lavandin cultivars is given in Table XII,

In 1990 Mosandf and Scbubert47 reported that Iavandin
oil contained 100% (R)- (–)-lindyl acetate.

One year later, Chambon et af.fiecompared the chemical
composition of oils obtained from one-yem-old Iavandin
Grosso plants produced from normaf rooted cuttings with
oils obtained from plants produced from tissue culture. A

summary of their results is shown in Table XIII.
Also in 1991, Pellerin70 compared the composition of

steam-distilled lavandin Grosso oil with a carbon dioxide
eztracted oil and an absolute from the same lavandin culti-

var (see Table XIV).
In 1992, Naef and Morris,52 in a thorough study, com-

pared the chemical composition of lavender, lavandin and
spike lavender oils. Using modern gas cbromatographic
and spectroscopic techniques they also compared the oils
obtained from lavandin Abriafis and from lavandin Grosso.
The results of this detailed analysis are sham in Table N

One year later, Piccaglia and Marotti87 reported on the
characterization of several aromatic plants grown in north-
ern Itafy, Lavandin oil was obtained from plants grown at

Ca.solavafsenio (Ravenna). In this oil the researchers de-
tected 73 compounds and identified 60. Their resufts are

shown in Table XVI. The authors also mentioned the main
compounds and yields of the oils of the three cultivars

grown in Italy (see Table XVII).

Sensory Evaluation

A general odor description of lavandin oil is fresh,
herbal, floral, slightly spicy; depending on the cineole

Table XIV. Composition of Ievendin Grosso oil
from staem distillation, oil from C02 extraction

end an absolute from the same Ievendhr cultiver

ICompound Steam-dietllled oil C02-exbact Absolute
% % %

a- and B-pinene

myrcene

1,8-cineole

(Z)-@cimene

(E)-p-ocimene

hnalool

camphor

terpinen-4-ol

bomeol

a-terpineol

Iinalyl acetate

Iavandulyl acetate

geranyl acetate

cau marin

p-caryophyllene
+ a-humulene

herniarin

1.0

1.1

7.2

1.1

0.6

42.5

7.8

2.7

3.9

21.0

2.5

1.4

1.3

3.2

0.5

17.5

4.5

1.5

1,6

33.5

1.9

5.3

3.4

1.6

10.1

1,7

1.1

1.5

28.4

1.8

7.7

2.4

2.8
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Table XV. Chemicel composition of Iavendln oile52

Compound Grosso
%

tricyclsme 0.01

a-pinerw 0.61

sabinene 0.14

myrcene 1.50

6-3<arene 0.05

p-cymene 0.16

cis-p-ocimene i .05

yterpinene 0.40

1,3E,5Z-undecatri6me t

p-bergamotene t

p-caryophyllene 2.73

p-farnesene 1.12

germacrene D 1.06

bisabolene 0.10

1,8-cineole 10.22

cis-finalool oxld@-5 0.16

trans-linalool oxide-6 tr

hexanol 0.02

1-Octen-3-01 0.12

Iinalool 22.53

borneol 2.89

Iavandulol 0.64

1-p-cymen-8-ol 0.02

yterpinem 0.43

nem 0.05

cubenol t

p-bisabcdol 0.40

2-hexenal

cuminaldehyde 0.02

acetone t
fenchone 0.01

3-OctanOne 0.04

camphenilone

butyl isobutanoate 0.01

hexyl acetate 0.17

hexyl propionate 0.02

hexyl butanoate 0,26

3-Octenyl-i acetate 0.26

C@ acetate t

Inalyl acetate 26.18

Iavandulyl acetate 2,27

geranyl acetate 1.19

Iinalyl hexanoate t

I. trace

Abrlalis Compound
%

0,01 a-thujene

0,69 camphene

0.38 p-pinene

1,24 w.-phellandr’ane

0.13 a-terpinene

0,22 Iimmww

2.63 trans-p-ocimene

0.26 terpinolene

t

0.39 a-santalene

6.03 p-santalene

1,09 a-humulene

1,20 ycatinsne

0.05

10.28

0.11 trans-knalool oxide-5

0.25 caryophyllene oxide

0.05 OctanOl-3

0.33 phol (isomer 2)

19.59 hotrienol

3.65 satinene hydrate

0.55 terpinen-4.ol

0.05 a-terpineol

t geraniol

t cadinol-T

0.24 methoxyhexane

t octanal

tr

0.02 5m6thylheptan.3.one
0.01 isofenchone

0.14 camphor

tr cryptone

t
0.24

0.06

0.30

0.49

ie.56

2.64

1,22

5,5,6 -trimethyl-bcyclo

[2.2.l]heptan-2-one

Grosso
%

0,12

0.33

0.44

0.07

0.05

0.93

0.52

0.26

0.21

0.17

0.25

0.16

0.12

0.19

0,18

3.34

1.18

0.23

0.20

0.05

t

0.14
0.08

12,16

butyl butanoate 0.04

3-Octyl acetate

hexyl isobutanoate 0.04

butyl tiglate 0.10

hexyl tiglate 0.13

hexyl Z-methybutanoate 0.05

bornyl acetate 0.24

neryl acetate 0.13

epoxy bnalyl acetate 0.03

Iavandulyl butanoate 0.02

Abrlalis
%

0.07

0.55

o.e7

0.07

0.09

1.50

4.22

0.48

0.67

t

0.43

0.30

0.11

0.11

t

t

0.24

i .23

0.98

0.10

0.21

0.06

t

0.09

12.20

0,05

0.13

0.03

t

0.14

0.15

0.19

0.12

0.20

0,09

t
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content the odor is more or less oif. They mentioned that the oil has a
minty The Grosso type oil has a camphoraceous and fresh connota-
harsh, terpenic note, tion due to the presence of the well-

Naef and M0rris52 made an evalu- Imownconstituents 1,8-cineole (10%),
ation of the odor aspects of lavandin camphor (12%) and bomeol (3%);

Table XVI. Chemical composition of Itallan Iavandln 01187

Compound Range (%)

3-hexen-l -01 0.05-0.06

hexanol 0.05-0,09

a-pineme 0.09-0.37

terpinen-4-01 0.12-2.59

ct.terpineol+ hexylbutanoate 1.29-1.80

oct-1-en-3-01 trace

3-c42tan01 0.04-0.69

carvone 0,05-0.14

Inalyl acetate 20.54-30,16

geraniol trace

perillaldehyde + geranial trace

geranial trace

isobornyl acetate trace

Iavandulyl acetate 1.95-2.05

1,8-cinede 2,08-8,54

cis-ocimene

trans-ocimene

~terpinene

cis-linalool oxide

trans-hnalool oxide

torpinolene

flnalool

thujone

oct-1 -sn-3-yl acetate

nonanone

hexyl isobutanoate

camphor

1.08-2.90

0.40-5.46

trace-O.09

0,04-0,16

0.20-0.25

0.17-0.30

28,05-30,09

trac9

0.50-0.68

trace

0,05-0,13

3.84-8.11

trace

Cmmpound

isoborneol

bnrneol + Iavandulol

camphene

sabinene

p-pinene

citronellol + nerol

myrcene

oct-3 -en-l -01

a-phdlandrene

6-3-carene

hexyl acetate

p-cymene

Iimonene + p-phBllandrene

hexyl tiglate

nery acetate

geranyl acetate

undecane

tridecane

caryophyllene +

a-famesene

p-farnesene +

a-humulene

p-cubebene

B-chamigrene +

p-tJsabolene

ycadinene

a-cubebene

caryophyllene oxide

Range (%)

trace

1.75-2.36

0.09-0.25

0,04-0,16

0.11-0.47

0.14-0.23

0,87-1,02

trace

trace

trace-0,06

0.25-0.74

trace

0.58-0.95

0.20-0.27

0.17-0.37

0,66-0,93

0.10-0.17

0.09-0.13

0.84-1 .A4

0.90.1.72

0,62-0,89

0,41-0.72

trace

trace

trace

however, fenchone, iso-fenchone and
5,5,6-trimethyI-bicyclo[2.2.l]heptan-
2-one afso participate in those odor

characteristics. For more detaifs see
the odor evaluation of lavender oil

earlier in this ficle. The odor charac-
teristics of Iavandin oil can be de-
scribed in relation to its constituents
as follows:

● Fruity, fatty; aliphatic esters.

● Harsh, terpeny: monoterpene
hydrocarbons.

● Fresh, eucalyptus: 1,8-cineole.

● Camphoraceous: camphor.

● Fre8it, floral: Iindool (acetate),

. Herbacemw: monoterpenyl
carbonyls.

● Sweet m-omotic: benzenoid

derivatives.

. Warm woody: sesquiterpene
derivatives.

Table XVII. Main compounds
and ylelda of tha oils of
three Iavandln cultlvara
grown in northern Italy

Compound Abrlalls
%

1,8-cin@ole 8.6

camphor 8.2

Inalool 30.4

M@ acetate 20.6

“rhodinolfraction” 1,5

Meld 1.71

Grmo
%

5.2

5.9

28.4

27.6

1.7

1.15

superb
%

2.0

3.8

29.3

30.4

2.2

1.0
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Spike Lavender Oil —

General

Spike lavender oil is produced from the
plants of I,aoandtda lat~olia Medikos, also

called L. spica Vill, The plant material is
native to Mediterranean countries, particu-

larly Spain. In 1985 Lawrence38 mentioned
that at one time more than 200 tons of spike
lavender oil were produced in Spain, He

estimated that in 1984 the production did

not exceed 35 tons, Lawrence71 afso wrote
that surprisingly enough, even though it is an

important oil in the fragrance industry, spike
lavender oil failed to receive scientific atten-

tion comparable to that focused on other oils

ofsimilar economic s~ature, andthiscondi-

tion prevailed until 1975.

Chemicel Evaluation

In 1969, Wobben et af,7z used modem

chromatographic and spectroscopic tech-
niques on Spanish spike lavender oil to con-
firm the presence of tbe following

a-pinene cryptone
camphene camphor
p-pinene nopinone
myrcene p-methyl-acetophenone
satinene
Hmonene

carvone
Iinalool

p-cymene
caryophyllene

twpinen-4-01

1,8-cineole borneol

hnalyl acetate a-terpineol

cuminaldehyde eugenol

3-OctanOne caryophyllene oxide

methyl heptenone wumarin

In 1970 Mizrahi and Rojo73 demonstrated

that differential IR-spectroscopy could be

used to distinguish between lavender, lavandin

and spike lavender.
Herisset et al.74 studied UV-, IR- and

Ram-spectroscopy to differentiate between

Table XVIII. Composition of
epike lavender oile from

Siena and Pietramala, ltelY75

Slena
%

a-pinene 1,0

camphene 0,7
~-pinene 1.2

1,8-cineole 37.4
p-cymene 0.9

camphor 23.5
Iinalool 24a
Iinalyl acetate 0.6
bom@ol+a.terpineol 4.3

%

3.7
0.8
1.5

35,1
0.9
9.8

36.3
1.3
4.4

Tabfa XIX. Chemical compoaitlon of Spanieh epike lavender olla

Gmnpound Raf 77 Ret eO Ref S3 Ref S4
% % % %

a-thujena 0.00-0.17 0.01-0.05 -
a-pinene 1,69-4.23 4.21 1.63-2.01 0.1
camphene 0.36-1.76 0.23 0,55-0.69 0.1
p-pinene 1.75-3.56 0.84 1.64-2.47 0.1
myrcane 0.39-0.67 0.15 0.04-0.57

sabinane 0.00-0.55 0.86 0.49-0.71 trace
a-phellandrene 0.02-0.12 0.12-0,13
a-terpinane 0.04-0.10
hmonene

0.07-0,29 -
1.00-2.16 1.02.1.11 1.0

cis-ocimene 0.00-0.01 0.05-0.20

trans. ocimene 0.15-0.29 0.20-0.60
~terpinene 0,26-0.45 -
terpinolene 0.13-0.25 0.22-0,23
p-cymene 0,26-0.98 0.91 0.18-0.27 0.4
caryophyllene 0.31-1.74 1.39 1.36-1.53 0.2

a-humulene 0.00-0.46 0.27.0.43 trace
trans-b-farnesene 0,30 0.2
a.-bisabolene 0,38-1.61 1.90 1.79-2.07
p-bisabolene 0.01-0.20 0,40 trace
ycatinene 0.60 0.10-0.30

&cadinene 0.20-0.50 trace
1,6-cineole 25.40-34.34 33.65 25.49-27.25 36,3
hc?xanol 0.01-0.07 0.10-0.20
octanOl-3 0.00-0.01 0.05-0.10 -
hnalool 37.21-43.75 26.34 40.60 -43.la 30.3

Iavandulol 0.15-1.50 0.36-0.65
borneol 1.46-2.54 4.89 0.79-0.88 2,8
isoborneol 0.00-0.39 0.13-0.26 0.3
a.terpineol 0.52-1.96 1.71 0.99-1.06 2.6
terpinen-4-01 0.19-0.45 0.50-0.60 0.7

citronellol 0.00-0.37
nerol 0.01-0.06 0,02-0.04 0.7
geraniol 0.03.0.19 0.20 0.09-0.12 0.9
cis-cafveol 0,00-0.05 0.35 0.1
trans-pinocarveol 0.37

p-cymen-6-ol 0.37 1.0
myrtenol 0.23 0.8
cumin alcohol 0.23 0.2
6-methyl-5-hepten-2-one 0.02.0.07
3-OctanOne 0.04.0.07 0.10-0.20 -

m-thujona 0.02-0.08 trace
p-thujone 0.02-0.05 traua
camphor 5.94-14,26 5.31 12.49-13.07 8.0
carvone 0.12-0.50 0.1
butyl acetate 0,05-0,10

hexyl acetate 0.05-0.10
1-Octen-3-yl acetate 0.10-0.20
hnalyl acetate 0.00-1.04 0.83-1.45
bomyl acetate 0.00-0.69 0.23-0.33 trace
Iavandulyl acetate 0.00-0.30

neryl acetate 0,10-0,40 -
geranyl acetate 0.00-0.07 trace
hexyl tiglate 0.07-0.79 -
hnalool oxides (5) 0.19-0.46 0.53 0.30-0.66 0.5
caryophyllene oxide 0,06-0.22 0.53 0.03-0.04 0.2

coumarin 0.00-0.20 9,04 0.07-0.10 2.4
dihydroowmarin 0.00-0.20 - 0.02-0.03
eugend 0.00-0.08 0.01-0,10 -
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the lavandula oifs, They used 1,8-cin-
eole and Iimonene, camphor, linalool

and linafyl acetate as differentiation
criteria and could readily distinguish
all three oils.

In 1971, Franchi76 investigated two
Italian oils, from Siena and Pietramala,

by GC. His results are shown in Table
XVIII. Small amounts of neryl and
geranyl acetate were afso found, Com-

parison of the chemical composition of

the two oils shows that one oil has high
camphor content (23.5%) and relatively
low Iinalool content (24,8%); the other

oil has just the opposite: 9,8% and
36,3%, respectively.

In 1972, Kubelka et af.w used a GC/

MS technique to identify the folfowing
components for the first time in spike
lavender oil:

hexyl arxtate
p-farnesene
nerol
ycadinene
yterpinene (tentative)
Iongifolene (tentative)
Iavandulol (tentative)

In 1974, De Gavina Mugica and

Tomer 0choa76 investigated nine dif-
ferent spike oils from Guadalajara,

Spain, by means of GC and IR-spec-
troscopy. They found that the oils had

the following chemical composition:

a-pinene (0.0-1 .6°/0)

p-pinene + sabinene (0.2-2.2%)
Imonene + 1,8-cineole (22.1 -34.o%)
trans-linalool oxide (0.1-6.6%)
tinalool (11 .0.53 .9%)
terpinen-4-01 (0.0-0.4%)
a-terpineol + borneo (0.9.2.5%)
camphena (0.4-0.9%)
mwcene (0.0-0.7%)

cmmene p-cymene’ (0.2- 1.1+.)

Table XX. Chemical composition of epike lavender oil
obteined from plante of varioue agea78

Compound Wlld- Cultivated plants
growing (a? in yea~)

plants 1 2 6
% 4A % % 4A 2 %

a-thujane 0.03 0.03 0.17 0.02 t t 0.02

a-pinene 1.6o 2.82 2,10 1.80 1,60 1.50 1.40

camphene 0.61 0.51 0,41 0.48 0.30 0.35 0.30

p-pinene 1.90 3.2o 2.70 2.30 2.10 2.00 1.70

satinsne o.eo 1.61 1.41 1.04 1.07 0.96 0.85

myrcene 0.60 0.99 0.69 0.73 0.77 0.64 0,60

a-phellandrene 0.10 0,12 0.05 0.09 0.09 0.10 0.07

a- ferpinene 0.04 0.05 0.03 0,04 0.04 t 0.04

timonene 1.00 1.16 0.96 0.95 0.74 0.86 0.77

yterpinene 0.60 0.70 0,53 0.56 0.70 0.44 0.66

p-cymsme 0.10 0.06 0.07 0.07 0.11 0.07 0.09

tewinolene 0.20 0,22 0.19 0.25 0.21 0.22 0.13

Total monoterperws 7.5e 11.47 9.51 8.35 7.73 7.16 e.73

caryophyllene 1.30 1.03 1.13 1.60 i .91 1.83 1,69

1,8-cineole 31.70 42.40 35,10 34.40 32,90 33.10 29,00

camphor 15,10 14.70 14,40 16.60 14.60 i 5.30 15.20

cryptone 1,60 2.34 2,52 0.73 1.56 0.22 1.58

hnalool 33.20 19.50 31.60 31.60 32,90 33.65 34.20

terpinen-4-01 0.50 0.53 0.37 0.42 0.47 0.57 0.44

a-terpineol 1.30 2.39 1,73 1.40 2,16 i .65 1,39

berneol 0.60 0.78 0.55 0.70 0.69 0.59 0.79

Terpene alcohols 35.60 23.20 34.05 34.32 36.22 36.e6 36.82

bornyl acetate 0.25 0.30 0.25 0.18 0.22 0.26 0.25

i . lrace

vol. 20, MaylJune1995

cis-lindool oxide (O.1-J3,5%)
camphor (5.0-1 5.0%)
geranlol (0.0-1.2%)

Moreover, in the same oils they tenta-

tively identified the following com-
pounds:

a-phellandrene
hexanol

3-octanOne
m6thyl heptenone
q-terpinene
thujone
octanol
Iavandulol
hnalyl acetate
barnyl acetate
isobarnyl acetate

cawone
cuminaldehyde
a-terpinyl acetate

geranyl acetate

Prager and Miskiewicz~l from the
US Custom laboratories in 1979, re-

ported cm tbe chemical composition of

a number of imported spike lavender
oifs. They analyzed the oif.s with GC/
MS and identified the following 14
major compounds:

a-pinene (1 .6-6.6%)
O-pinene (1 .3-3.4%)

1,8-cineole (20.5 -31.1 %)

camphor (9.6-16.5%)
finalyl acetate (0.7-1,8%)

terpinen-4-ol + caryophyllene (0.2-2.2%)
a-terpineol (0.7-1 .8%)

camphene (0.5.2.1%)
timonene (1.1-2.7%)

trans-ocimene (0.0-0.4%)
hnalool (29.e-46.4%)

Iavandulol (0.2-0.6%)

barneol (0.4-6.9%)

The authors stated that it was easy to

differentiate between spike lavender

oil and lavender and lavandin oifs, be-
cause spike kwender oil containedlmger
amounts of u- and ~-pinene, camphene,
Iimonene, 1,8-cineole and camphor.
In addition, according to their fin-
dings,spike lavender oil contained less

Iinalyl acetate and caryophyllene, little
ocimene and no lavandulyl acetate.

In 1979 Kuster77 reported on de-
tailed analyses of some Spanish spike
lavender oils. The chemical composi-

tion of these oils is shown in Table XIX.
Carrasco et al.7s published in 1980

the chemical composition of the oils of
cultivated spike lavender obtained from
plants one to six years old. From these
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resufts it maybe concluded that the 1,8-cineole content dated, The characterized compounds are shown in Table
decreases over time (from 42 to 29%), and that there is a XXfv page 47.
tendency fortbelinalool content to increase (from 19to In 1985, Proenca da CunhaetaL82in 1985 published
34%) over the six yearn. Their results are shown in Table XX. their results on the examination of the chemical comDosi-
which afso shows the authors’ findings on the chemical tion of spike lavender oil produced from plant ma~erid
composition of an oil obtained from wild

spike lavender,
Also in 1980, de Rijke et d,7g re-

ported that an oil of Spanish spike laven-
der was found to contain pinic acid,
pinonaldehyde, a-campholenicddehyde,

a-campholenic acid, oxodihydro-

campholenic acid and a-campholenic
acid.

In 1982, Formacek and Kubeczka2g

used a combination of C13NM R and cap-
illary GC to characterize in a sample of

spike lavender oil the following 16 tom.
pounds:

a-pinene (0.89°/0)
camphene (0.32%)
11-pinene(0.01%)
saMnene (0.22%)
fimonene (1 .O1°/.)
p-cymene (0.35%)
a-phellandrene (trace)
D-phellandrene (trace)
1,8-cineOle (28.26%)
camphor (12.93°/0)
finalool (47,85%)
terpinen-4-ol (0.67%)
a-terpi neol (O.66%)
borneol (1 .23%)
isobarneol (0.26%)
geraniol (0.16%)

One year kiter, in 1983, de Pascual
Teresa et al.w reported on an analysis of

spike lavender oil. They used a combim.
tion of fractional distillation, liquid and
gas chromatography and modem spec-

troscopic techniques to examine the

chemical composition of a lab-distilled

ofi of Laoandtda latifoliathat was ob.
tained from plant material collected in
Zamorra, Spain. The identified com-
pounds are shown in Table XIX.

Also in 1983, ter Heide et d.al re-

ported their detailed results on the anal-
ysisof Spaoish spike lavender oil. The
results represented a compilation of the

various analyses performed on a spike
lavender oil over the last 15 years. For
the identification of more than 20fl com-
ponents of the oil, the authors used all
modem spectroscopic techniques, In

addition, certain compounds, for which
reference spectra could not be found,
were synthesized and stmcturalfy eluci-

Tabla XXI. Chemical compoaitlon of spike lavender oil

Compound Ref 52 Boalens Compound Ref 52 Bc#ens
% % % %

tricyclene t 0.05 a-thujene 0.03

a-pinene 4.77 1.93 camphene 1.08 0.78

satinene 0.37 0.52 p-pinene 4,10 2.03

myrcene 0.80 0.39 m-phellandrene I 0.03

&-3-carene 0,05 0.13 a-terpinene 0,05 0,09

p-cymene 1.39 0.46 bmonene 3,16 1.00

cis-p-ocimene 0,47 0,05 trans-p-ocimene 0.06 0.10

yterpinene 0.15 0.03 terpinolene 0.07 0,21

p-bergamotene t p-caryophyllene 2.17 1.06

D-farnesene 0.31 0.20 a-humulene 0.16 0.10

germacrene D 0.20 0.10 ycadinene 0.16 0.10

1,8-cinBOl@ 22.90 28.08

cis-linalool oxide-5 0.11 0.22 trans-linalool oxide-5 - 0.21

cis-linalool oxide-6 t trans-linakm oxide-6 0.18

caryophyllene oxide 0.29 0.10

hexanol 0.01 0,06 OotanOl-3

1-Octen-3-01 0.09 0,05 pllnol (isomer 1) 0,37 -

piinol (isomer 2) 0,36 - phnol (isomer 3) t

finalool 27,06 39.95 borneol 1.69 1.24

Iavandukd 0.5? 0,12 terpinen-4-01 0.36 0.51

1-p-cymen-8-ol 0.09 0.12 a-terpineol 2.67 0,69

yterpineol 0,53 - mytionol 0.07 0.10

nerol 0.69 0,30 geraniol 0,35 0.10

cadinol-T 0,06 - p-bisablol 0.02

2-hexenal t octanal 0.15

acetone 0.11 - 3-wtanOna 0.05

fenchone 0.01 0.05 isofenchone ?? ??

3-OctanOne 0.04 0.08 camphor 16.25 13.25

cryptone 0.07 0.05

5,5,6-trimethylbicyclo
[2.2.1 ]-heplan-2-one 0.47

hexylisobutanoate t 0.10 hexyl butanoate 0,02 -

hexyl isovalerate 0.06 -

3-oetenyl-l acetate t hexyl tiglate t

tinalyl acetate 1.06 0,57 bornyl acetate 0.08 -

Iavandulylacetate 0.10 neryl acetate 0.86 0,05

geranyl ac9tate 1,22 0.10

coumarin 0.20 dihydrowumarfn 0.05

t = trace
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collected in Coimbra, Portugal Using a combination of GC/
MS the authors identified the following components:

a-pinene (1 .7%) camphene (0.5%)

p-pinene (1 .5%) myrcene (1 .4%)
1,8-cineole (23.5%) p-cymene (0.6%)

camphor (20.0%) tinalool (32.4%)

terpinen-4-ol (1 .6%) borneol (4,6%)
geraniol (1 .6%)

Also, trace amounts of limonene, terpinolen, epoxylimdool,
linafyl acetate, caryophyllene, fifamesene, nerol and neryl

acetate were ident~led in the oil.
The same authors also examined the composition of

spike lavender oil produced from plants in Ako do Vieira,
Leiria, Portugal. They characterized the following major

constituents:

a-pinww (0.9%) terpinen-4-ol (0.6%)

myrcene (1 .3%) geraniol (2.2%)

flnalool (33.0%) D-pinene (0.6%)

bomeol (4.6%) camphor (21 .5°/0)

camphene (0.3%) a-terpineol (1 .4%)

1,8-cineole (24.1%)

One year later, in 1986, Boelensn published a review of

spike lavender oil of Spanish origin, He smmmrized some
analyses from three separate seasons. His results are shown

in Table XIX. For the current article, the author (Boelens)

recently anafyzed spike lavender oil to compare his datia
with the analysis of Naef and Morris.5z These figures are
given in Table XXI.

In 1989, de Pascual Teresa et al.84 used a combination of
modem analytical techniques to compare the chemical

composition of a lab-distilled spike lavender oil with that of
a commercial oil. Their results can be seen in Table XIX.

In 1990, Mosandl and Schube@7 examined a sample of

spike kwenderoi lto determinethe opticdemmtiomerof
lindyl acetate. Using a chiral-active stationa~ phase in GC
they proved that in this sample the Iindyl acetate was 100%
(R)(-)-form.

Two years kiter, Naefand Morris5z publisbedtheirre-
suits from an extensive study about the chemical composi-

tion of lavandula oils, including spike lavender oil. The
identified compounds are shown in Table XXI. In addition,

these authors investigated the sensory quality of the oils in
detail, as shown below under “Sensory Evaluation.”

In 1993, Riecket af.es repmted on the enantiomeric

dishibutionof cx-curcumene, a-bisabolene and ~-bisabolene.
They confirmed the presence of (–)-a-bisabolene in spike
lavender oil.

Sensory Evaluation

A general odor description of spike lavender oil is fresh,
herbal, minty, camphoraceous, floral; also having hay-like

and spicy aspects.

The odor characteristics of spike lavender oil have been
described in detail.83
The olfactive body of spike lavender oil is determined by

linalool, 1,8-cineole and camphor, together making up about
80% of the oil. The balance is made by the olfactively less
interesting mono- and sesquiterpene hydrocarbons, total-

ing 10-15%. There remains about 5-10% for the odmistic
finishing touch. The odor aspects of spike lavender oil with
reference to its constituents are shown below.

● Fresh, green: probably due to hex(en )yl derivatives.

. Fruity: probably due to lower afiphatic esters.

● Harsh, tcwperty:probably due to monoterpene

●

●

✎

●

●

●

✎

✎
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hydrocarbons.

k?8h, eucalyptol: probably due to 1,8-cineole.

CampborOceows: probably due to camphor
(bomeol).

Fresh fired: probably due to Iinafool (lavandulol) +
acetate.

Modifierflorah probably due to alkylsubstituted
p~azines.

HerbOceous: probably due to cryptone, verbenone.

Sweet aromatic (hOy-like): probably due to
(dihydro)-coumarin.

Spicy: probably due to eugenol (derivatives).

Woody, powderw probably due to sesquite~ene

wgen derivatives.
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Oils of Lavandula Hybrids ● L. mukiflda, 257. carvacrol, 23% bisabolene.

In 1994, Peracino et af.103reported on the isolation and
chemical composition of the essentiaf oils from several

Laoandula hybrids growing in the northwest Itafian Alps.
The data obtained were statistically processed in order to
partition the natural hybrids according to their oil compo-

sition. The results showed the presence of five distinct
groups of plants characterized by high linalool, lindyl ac-

etate, cis-linakml oxide, 1,8-cineole, camphor andgermacrene
D contents in their oils,

The Luoandula hybrids were growing at
various aftitudes in the following places: Ta.wuo,

Gesso, Stura di Demonte, Maim, Chisone and

Susa, The chemical composition of the oils
isolated from plants growing in the different
places is shown in Table XXfI,

The authors mentioned that the results of
their investigation showed a high variability in

oil composition among the spontaneous
,hoandtda hybrids from northwest Italy The

hybrids having high percentages of linalool

and Iinalyl acetate were found to be similar in
composition to the typical oil composition of
Lauandula angustifolia (lavender), and to that

of some selected hybrids such as Abrialis and

Super (Iavandin).
On the other hand, some hybrids were

similar, although to a smaller extent, to
.Latxzn&da kti&ia (spike lavender) because

of their percentages of camphor and l,8-cin-
eole.

The other hybrids showed oil compositions

which were intermediate between L.

angustifokz and L. Lztifokz.

According to the authors, the high percent-

ages of germacrene D, cis-linalool oxide and
trans-linalool oxide found in the oils of some
hybrids are new for the specific literature on

this topic, and should be taken into consider-
ation in order to distinguish natural hybrids
from cultivated Abriafis and Grosso hybrids,

Oils of Various
Lavandula Species

In 1989, Garcia Vallejo et af.8 reported on

their extensive studies about essential oils of
the genus Lauandula L. in Spain, They me.-

tioned that ten taxons of this genus grow wild
in Spain. The authors analyzed the oils dis-
tilled from 207 samples and reported the fol-
lowing

● L. angustifolia ssp. pyranaica, 3890

Iinafool, 20% bomeol, 8% camphor.
● L. Mfolia, 34% linalool, 31% 1,8-

cineole, 11% camphor.
. L. akntata, 55% 1,8-cineole, 12% ~-pinene.

vol. 20, May/June1995

● L. stoechas, ssp. stoechas, 42% fenchone, 237.
camphor,

● L, stoechas ssp. sampaioana, 20% fenchone, 38%

camphor.
● L. stoechas ssp. pedunctdata, 17% 1,8-cineole, 20%

fenchone, 24% camphor.

● L. luisieri, 2270 1,8-cineoh~, 25’% un!mown esters.

● L, oitidis, 427. 1,8-cineole, 13% camphor.

The authors afso collected samples and studied the

essential oils of the following hybrids: L. angtisti$olia ssp,

Table XXII. Composition of Lavendula hybrida one

from northwest Itallen Aloalm

Compound

camphene

!3-pinene

sabinene

myrcane

a-phellandrene

Nmonene

p-phellandrene

(Z)-p-Ocimane

yterpinene

(E)-&ocimene

p-cymene

Octan-3-01

oct-i -en-3-01

Malool

terpinen-4-01

Iavandulol

a-terpineol

bomeol

isoborneol

geraniol

nerol

owl -en-3-one
camphor

finalyl acatate
bornyl acatate
Iavandulyl acatata

neryl acetate
geranyl acetate

cis-linalool oxide
trans-finalool oxide
1,8-cineole

p-caryophyllene
germacrene D

caryophyllene oxide

t-o.l

t

t

0.7-1.1

t-o,l

t-o.z

0.1-0.4

0.2-0.4

0.2-0.4

0.5-0.7

t-o.4

0.2.1.3

0.2-0.5

29.6-53.1

0.1-1.9

0.3-0.6

t-3,0

2.9-3.6

0.1-0,7

t-o.7

t-O.6

t-1,1
0.7-2.1

t
t
t

1-0.7

t-o.2

t-o,4

t-o.z

t-o.s

t-o.5

t-o.4

t-o.8

t-l .1

t-o.5

25-46.9

t-2.6

t-o,7

t-o,3

1.1-2.9

t-2.o

t-2.8

t-1 .3

t-0,6
1.9-2,3

t
t-o.3

t.o.l

t-1 .0

I-O.3

t-o,2

t-o,2

t-o.4

t-o.2

t-O.8

t.o.l

t-6.2

1-0.3

9-31.6

t-o.9

t-O.6

t-0,6

1-4.1

0.5-1.7

0.4-0.9

t-1 ,9

t-o.7
1,7-3.3

Maira/Chiaone/
Tanaro Gasso Damonte Susa

% % .900m .900m %

t
t
t

t.O.8

t

t

t-o.3

t-o.3

t-o.4

0,4-1,0

t-o.5

0.6-4.5

t-0,8

24.37

i .0-1.6

0.5-1.9

t-O.6

2.1-2,7

i-2.6

0.9-1.3

t-1 .3

t-o.4
17-35.6

t-o,7

t

t

t-O.8

t

t-o,2

t

t-o.4

t

t-O.6
t-o.5

1.4-4.0

t-O.6

14.0 -33.5

0.6-2.3

0.5-1.5

t-1 .0

1.9-3.0

0.1.3.4

1.0-2.5

0.9-1.6

t-O.6
1.1-4.9

15.5-29.1
t-3.o

0.1-4,3

0.1-1.1
1.1-2.3

4.2-9.5
3.7-8.9

t-o.5

5.8-9.7
t-o.2

0.9-1.8

2.3-21.7
t-2.7
t-4,5

t-2.o
t-1 ,7

1,5-18.9
1,7-17.0

t-O.6

3.6-8.7
t-6.6

2.3-6.8

5.8-22
t-1 ,3
t-1.l

t-o,5
0.5-2.3

2.0-8.4
t-7,3

3.6-19

0.9-2.2
4.7-6.3

1.3-2.4

9.5-22
t-3.2

1.3-3,0

t-1 .9
1.4-1.7

9.7-12.3
8.9-11.5
0.5-2.1

3.4.7.2
1.1-12.7

2.9-3.6

7.5-20.2
t-2.7

0.9-4.8

0.5.1.5
0.4-1.9

6.2-14.8
1.0-12.1
1.3-6.1

0.8-2.9
5.6-16.4

2.8-4.5

t. trace
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pyrenaica xlatifolia, L. lanata x latifolia, L. luisieti xstoechu

ssp. stoechas, L. luisieti xstoechas ssp, pectmctdataand L,

luisieri x oitidis. Their essential oifs showed compositions
intermediate between those of their ancestors.

One of the most interesting wild species of Laoand,tdais
L. stoechos, Numerous subspecies and varieties of this

species have been established. Garcia V~lejO et al.8 men-
tioned that in antiquity and in the Middle Ages, L, stoczhas

was the most distilfed species in Spain, but now it is no
longer distilled, The oil of L. stoechm ssp. stoachas is known
in Spain as “cantueso” oil, The authors anafy-zed 19 oils of L,

stoechas ssp, stoechas distilled from individual samples

collected in nine provinces, The results of these analyses are

shown in Table XXIII.
The author of the present article (Boelens) also analyzed

an oil isolated from Laoan&da stoechas ssp. stoechas grow-

ing in Andducia (Spain) using modem gas chromatographic

and spectroscopic techniques, The characterized compounds
are shown in Table XXIII.

Recently Tucker et ai.85 published their results on the
chemical composition oftbe essential oils of Lauandula x

hybtida Bafb. .x Ging., adistincthybrid from L. het.mphylkz
Poir. Thirty compounds were identified and q“antifled i“

theoils. Tbemajor constituents were a-pinene (6%), ~-
pinene (8%), 1,8-cineole (33,5%), Iinalool (7%), camphor

(12.5%) and a-terpineol (4%).

Artifacts in Lavandula Oils

Artifacts are compounds which are not originally present

in tbe plant material. These compounds are formed during
isolation andlor storage.

The decomposition of Iinalool and linalyl acetate during
acidic steam distillation is known in the literatureg4-96 and
probably also occurs during (weak acidic) steam distillation

of Luoand.ula plant material. Acyclic and monocyclic ter-
pene hydrocarbons are at least partfy formed from Iindyl

acetateg4 during acidic oil isolation.
Acidic allylic rearrangement of Iinalyl acetate can con-

tribute to the formation of neryl and geranyl acetate, whereas

the hydration of a terpinyl ion (formed as an intermediate)
may give a-terpineol.

It is also known in the literatureg7 that limdool can be

transformed via the epoxide into Iinafooloxides. This reac-
tion can occur during storage of linalool in the presence of

Ovgen (~r). During these O~datiOns, cis- and trans-isO-
mers of furanoid and pywmoid linalocdotides are formed.

The oxidation of caryophyllene to the epmide is afso

easily performed in the presence of air, even at room
temperature,

Heating oflinafool may give rise to the formation of
plinols (4 isomers).

Mookherjee et alga made a comparative analysis of the

beadspace volatiles of living and picked flowers. They
determined that substituted pyrazines occurred in the
headspace of living flowers, whereas the headspace of
picked flowers contained nopyrazines stall.
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The formation of alky-substituted pyridines has been
studied by Surburg.99 He reported that it may be possible
that substituted p@fines are formed as a result of the
isolation process,

Table XXIII. Chemicai composition
L. stoechas SSp. stoechss OiiS

Ref 8
Compound min. max. avsrage Boelens

% % % %

tticyclene 0.13
a-t hujene 0.01
a-pinene 0.2 8.6 1.8 7.25
a- fenchene 0,11
camphene 0.1 3.6 1.3 1.89
p-pinene t 0.3 0.1 0.06

myrcene 0.3 0.1 0.20
a-phellandrene - 0.06
6.3-carene 0.09
a-terpinene 0.02
p-cymene 0.30
Iimonene 0.4 3,1 1.3 2,21

p-phellandrene 0.01
cis-ocimene 0.56
trans-ocimene 0.08
yterpinene 0.03
terpinolene 0.26
caryophyllene 0.1 5.5 1,6 0.08

caryophyllene oxide t 0.6 0.3 0.05
cis-Unalool oxide-5 - 0.22
trans-linalool Oxide.5 . 0.13

1,6-cineole 0.3 52.7 9.4 1.26

oti-1 -en-3-01 0.1 1,1 0.4 0.01
bnalool 0.1 3.7 0.8 3,64
a- fenchol 0.2 3.3 0.7 0.66
borneol 0,0 t.2 0.3 0.61
terpinen-4-ol t 0.5 0.2 0,16

a-terpineol t 0.7 0.4 0,25
trans-verben.d t 1,2 0.4 0.10
myrtenol t 3.1 1.1 0.30
p-cymen-8-ol 0.2 1.8 0.4 0.09
nerol 0.02

geraniol 0.06
viridiflorol t 2.7 1.2 0.06
dihydrocaryophyllsnol’ 1.3 0.5
a-catinol 0.0 0.3 0.1 0.01

myrtemal t 0,8 0,4
OctanOne-3 0.05
fenchcme 23.6 68.2 42.1 21.40
camphor 1.5 51.6 23.0 49.72
verbenone 0.0 0.9 0.1 0.02

hnalyl acstate 0.90
verbenyl acetate” 0.0 0.6 0.1
myrtenyl acetate’ t 5.3 2.6 0.02
bornyl acstate 0.74
Iavandulylaoetate - - 0.32

+tentativeidentification
t. trace
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Table XXIV. Compounds Identiflsd in Lavandula oils

RefmtlonInrtlcm
DB.1 DB.5 CBVIX COmFmmdn.

Mmotemmdd dhm andmldas

Ratmllm Indlcm
DB.1 DB-5 CBWX Cmmmndn-,

RetanllonIndlms
DB.1 DB.5 CBWX Compoundn.!

954 932 1445 hepdanol,1
1056 1D81 1539 otinol ,,~,
9@4 1003 1398 @3anol-3‘z~,a,
963 983 1428 1-octw-3.ol ~,.~.EI

1253 1272 1735 dmanol‘.*$
- 1342 dhmtone alcoholM

Nlphaflcandammatkhydrocarbons
isoprme’]

700 700 700 heplam’2
1,3E,5Z-und8catri0ne‘Z
1,3E,5Z,8Z-undncatetraeneU

1233 1.dodecem*1
749 771 1023 folu8”8‘,

Monotwpmn hydrocarbons
919 929 102o tricycl.m ‘*
925 921 1030 cc-thujam5za~
932 W 1021 mpirwne~.~.~1
940 954 1073 a.fmchme ~
947 957 1076 camphme,Z=BI
950 964 1100 plnadieneu
367 980 1121 sablnem‘=.
972 936 i111 @-pineno‘252$%
924 993 1159 mymww~.~~,
998 1011 1165 a-phellandrenem

1006 1017 1142 &3.carene*Z
1003 f 023 1189 a-terplnme‘z
1D14 1031 1270 p-~m~ne ‘s2,1
1023 1036 1193 Iimonwo ‘Z5Z83
ID25 1040 1229 (Z)-ocinwm‘**1
1022 1043 1202 p-phdlandrmm7,$3
1038 1051 1251 (E)-ocimme~~.@I
1049 1065 1245 @nrpinme8,

cis-alloocimene22
trans.allooclmene‘>s2

1074 1096 1287 terplnolene7,5,,3

1076 1096 1432 a,para.dimethylslyrnm’3

1022 “1D4D 1211

1061 1084 1432
1075 1098 1462
1141 1737
1156 1765

.,*!

964 980 1109

1569 1613 1979

Ulphatksulfide%

j ,&~in~~l~2*,5*,8,

Ocimeneoxide5,
Iavmdulylepo?yde~,
Cis-llnalool.midn(Iuranoid)‘a]
tran3-linalooloxide(fuanold) ’21
ci~lnalool oxide(pyrmoid)~,~
trans-Nnalodoxide(pyr.moid)

2,2,6-trimethyl-6-vinyl-
tetrahydropyrm’,

5-isopropyl-2-methyl-2-vinyl.
tntrahydml” r.m‘r

epowa.santakne *
Cawophylkm oxide‘.Os
cis-caryophyllemoxide~,
Irans.caryophylleneoxide‘g

hmotmpme alcoholx
1037 cis-sabinenehydrate5ZE,
1058 1080 1462 tratwablnnne hydrate‘.O,
1087 1102 1547 Umlool‘2~,*~1.~
1211 1231 1747

1245 1780

1258 1S44
1585
1601

citronnlloln
nnrol‘V81
isogeranlolm
g8raniol2252770,
myrwm a,
(E)-hotrienol‘2,1
(E)-2,7-dimethyl.l,4,6.

octattien-3-ol,,
a-terpinsol,,$,77J,

p-terpineol8,
.@pineol u
&t8rpineol’<
1-t8rpinen.4-01‘Za,m
pnrillylalcohol22
cis-piperima,
trans-piperimat
trans-cawotanalcohol’]
cis-caweoln
trans-carw 77
p-cymen-8-ol62.03
camphenehydrate’,
trmwaldnol a]
myrtenol’,
ikoborneol‘B,
isosobrwolo
Iavandulol‘2$217~
trans-p(nocaweoln
borneol‘Zu.n$<u
cumlnlcalcohol8>
ptinol(isomer1) ‘t
pllnol (Isomer2) e
phnolOsomer3).
1,8.epoxy.2-p-menthen.4.ol’,
ciel ,8-terpinhydrateM
2,6-mmethyl-6.methoky7.

octen+ol ‘t
exe-l ,8-epow-p-menth.an.2.cl M
endo-1,8-epow-p-m8Rthan.2.olM

1213

1237
1102
1065

1177
1122
1162
1150
1165
1281
1134

11!?3 16CiZ
1160 1616
1211

- 1663
1185 1602
1318 2009

tim8thylsufnde...

451
481
564
522
671
627
637
775

732
m“etharwu
ethanal’$
propanal’,
butanal,,
2-methylpropmal’28]
penianal‘.6s
3-methylbut.mal‘>,3
2.methylbutand‘n]
hexanal2232s$,
hnp~nal220,
2.e?hyl.3.mtihylhexanal’s
ochnal ‘Zm.mnf
nonanal‘mnf
decanal‘2.s$1
(E)-2-methyl-2-butmal~,
2-methvl-2-c+ntenal8]

786
596 384
556 800
702 962
684 916
675 930
802 1064

1193

1208
1201
1166

1247 1846
1235 1791
1206 1836

1442
1632hsqultmpm hydrocarbons

1376 1396 1492
1129
1181

876 9D6 1133

a-copaem83
p-bwgamotme’81
cis.cebergamotene5*BI
CdVophyllene‘25281
trawm-bergwnotm 12$2$1
msanhlme ‘$Z
psant’alnne,$*
p-seunenem
a-bisabolnnen.
~-tisabolennn
cis-p-famesme 81,$s
trans.p.farnesene‘Za,m
ca.humulene‘n
p.cubebene’]
m-w rjumne,,
germacremDw
a-cadmenn~
watinene *3
6-cadinOnO$~~~
wcedrnne~,
awmwmene ‘t
Ikmgifolmew
1,6-dlmethyl.4-isopropyl.

naphthdenen)

1212 1773
1170 1660 980 1006 1276

1081 1105 1380
1185 1210 1467

676

1136
1414
1420
1435
1421
1456
1477

1536
1446 1594

1574
1583

- 1660
- 1703

1153
1127
f154
1287

1682
1158 1676
1175 1696
1306 2045 622 663 1212

1016 1472
10+6 1423
1156 1543
1155
1325 1175

(E)-2-kxmal ‘z.,,
(E,E)-2,4-heptadimal‘Zm
(E)+octenal 03
(Ep2+mnenala]
(E,Zp2,6.nonWenal‘r
(E,E)-2,4-dec.adbm‘~
2-methyl-l-cyclopmtme-

1-carboxald8hyde‘x
f“ d“ral s,,,
3-methylfurfural’3
5-methylfurfurala]
tetrahydropymnyl-2-8thanal83
6-methyl-3(4)-(4-methyl-

3-pentenyl)-3-cyclohex-
enecarbald~hyde.

9801525
1029
1133
1123
1167

1502
1448
1477
1449
1388
1400
1477

1726
1657
1668

1480 1668
1562
1501

1507 1681
1734
1750

1543 1752
1436 1587

1774
1574

760 - 1450

- 1562928

15D6
1516
1415
1470
1402

Mqulfmpm alcohols
1549 1579 2009 nerobdol(trans)‘r
1644 2171 a+afinol 0]

1621 1670

1567
1674

1616
1627 -

@.dinO183

2137 &CdinO18,
lom+c-catinol .

2083 viddiflorol01
2137 spathulmol’,
2216 a-bisabolol‘x
2018 $-bkabolol6Z

a-photosantalol2Z5Z
iso-m-photosantalol’2
cubmolu

2145 cadmolT u

1646
12M “-
1260
1248 1293 1769

1603
1221

1133 1157 1462
1173 1217 1638
1216 1248 1676
1244 1276 1721

1,3-p-menthadien-7-al’*
1,4-menthadien-7-aln
perillaldehyde‘Z.s.t,
phelhndral6)
1-p-menthen-9-alm
citronellaal
myrlnnal‘t
nerd’,
owanlal8]

Ulphaticalcoholc
500 919 ethanoln7

pmpanol-28%
butanol83
butinol-2’,
2-m8thylpropanol-l’s
pentanol’]
3-methylbut2nol.18]
f -penten+oi ‘t
2.methylbut-3-en-2-ol81
3-methylbut-2-8n-1-01320>
3.mnthylbut-3.nn-2-ol‘z
hexanol‘...8s
(Z)+hmwb-o 51*,

349 677 1137
596 1006
618 842 1072
752 775 1249
721 746 1196
E$6 710 1149

756 1311 ??

632 671 1346
&35 582 1376

Ilphaticand CVChCethers
I-methoaybutmen

- I-methoayhex.me‘.s<
589 - 866 2-methylfuran‘a,

3-m8thylfuran‘j
694 707 944 2-ethylfumn‘q

;,5.timefiyl-2.cyclopent8n.
1-8thanal**

2,2-timethyl-3-wclo~ nten.
1-eth.mal03

5.isOpropyl.2-methyl.
1+ydopenten.1.
C.wbw.+!dehydo‘j3-iwpropylf”rw ~,
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Table XXIV. Compounds identified In Lavandula oile (continued)

R8tmtienIndices
DB-1 DB.5 CBWX COmPOUndn,,

cz-camphol@nicaldnhyde‘.mr
5.1sopropenyl-2-methyltetm-

hydro-furan-2-ethmal,1
5-rmthyl-5-vinyltetrahydro-

fumn-2-(2-methylethanal)81
PinOnealdehyde8]

Bsqultwpmealdohydex
2Z,6E.fvmesal3Z
2E,6E.famewW
cedrenal32
a-santda ‘,,2
teresantala‘z
tricyclo-eka.wmklam
nofiricyclo-eb-santalal~,
.f-catinen-t5-a ‘z
cayophylla-2(12),5-dien-13-al~

,Omatlcaldehydw
932 974 1509

1005 1055 1640

1008 f 705
1214 1257 1758

Iphatlcketmw
530 815
563 592 898

666 69t 965

766 782 1055
767 788 1055

8Ed 891 1172
951 1205

274 1302 1592

978

9EJ 9% 1335
075

benzaldehydn’3
2,5-dhWhylbenzaldehyde,
Phenylacntaldehyde’]
2-(4-methylphenyl)pmpmal~%.~~
4.(4.metwlphenyl)pantanal83
saMylaldehyd8’3
cumlnaldehyd8‘z~~~,
4.isopropenylbenmldehydea>
2.hydrow-4-i$opropylben.

zaldehydeb,

acetone‘,.~,.~,

butanonea]
3.buten-2-one8*
2,3-butan8tion8’2
2-padanone‘Zts
3-pmtanonO’>
3-methyl-2.butanone’]
2.hexanone*,
3.hexmme’1
4.methyl-2.pentano”ea,
2.methyl.3.@anone a,
2,4.dimtihyl-3-pentanone,,
2-heptanme’]
3-octanone‘z5zsa.B1
2-undecanone’1
5.hexen.2.one’,
4.m8thyl-3-penten-2-one’,
6mmthyl-3-heptmone‘2
6.methyl-5-hepten-2-one‘zMb,
6-methyl-3,5-heptadbn-2-one22SW
2-m8thyl-3,6-heptatien-2.one’>

Df10t8fP81M ketomx
152 ~wp~o”e22,.,.,8!

1545 nopinone‘.~a$
229 1271 1739 plpwltonn*1

4.isOpropenyl.3.methyl.2.cyc10.
h0X8n-1-One‘3

216 1262 1726 eawom ‘5283
f42 pinocawom8,
269 t 648 cawota”amtone8,
133 t 624 sabinaketone‘n,
122 t 150 t 524 camphor‘2=%3]
183 1230 1730 verbenonea,
070 1102 1413 fenchone‘z

isofeocho”e‘z,,
camphnnilone87

091 1119 1435 a-thujonn81
100 1228 p-thujom m

lmocycllcketonn$

R8tmtlonIndkw
DB.1 DB.5 CBWX Compound,*,

1428 1460 t342
1403 1446 f825
1465 1509 1908
1471 1836

3-isopr0pylWclopentinon8*?
3,4,4-trimethyl-2-cyclope”ten.

1-“”, ,,
3-methyl-2-cyclobex#n-l mm SI
2-hydroxy3.isopropyl-2-

cyclohexen-1-one‘j
6.hydrov-3-impropyl.6-methyl-

2qclohex8”-1 -one,,
2-methOw-3,5,5-ttirnethyl.2.

cyclohexen-t,4-tione,>
oeranyhcet.nm’1
a-lonone‘f
&iOnO”emm

a-methyllono”e,]
saturatndC.14ketone‘1

a, D-unsatumtedC-t4 ketoneE*

bsqukwpmekotcmwandhmmlo~ues
a-nor3antakn0ne,2

.

a-santalan-l2-one82
mantd.13a.1 2-One82
13-hydmw-c-santAan.l2.one*
15-norcedran-8-one‘z
norca~n-5-en4-Onem
norcatin.5.en-4.oneisomer12
cadha-4,10(15)-alien-3-one‘z
kobusonn12
4,7-d(m8thyltetralone,>
4.isopropyl.6-mdhyl-l-totralo”e~
12-norcawophyllen-2-one$$
cawophylla-2(12),6-dien.5.onem
caryophyla-2(12),6(t3)-dinn-5-onee
cawopbylla-2(12),5.dlen.7.one=
1I+orbourbonm-1-ome‘Z
6,1O,f4-ttim#hylpentldecan.

2-””..
metby cis-3-methyl-2.(3-methyl.

2-butBnyl)-3.cyclohexenyl
ketonn8,

methyltrans-3-melhyl-2.(3.melhyl-
2-butenyl)-3-cyclohex8nyl
ketone‘z

methylcis-4-m8thyl-5-(3-methyl-
2-butenyl)-3-cyclohexenyl
ketone92

methyltmn$4-methyl-5-(3-methyl-
2-butenyl)-3.cycloh8xenyl
ketone‘z

4,t-5-dimeth”lt-2(2-methvl-f-
propenyl)-i-cyciohexnnil
methylketonen

4,c-5-dimethylt-2(2-m8thyl-l-
propenyl)-3-cyclohexenyl
methylketone.

4,t-5-timethyl c-2(2-m8thyl-l-
propenyl)-3-cyclohexBnyl
methylkntone=

4,c-5-dimethylc-2(2-methyl-f
propenyl)-3-cyclohexenyl
methylketone‘z

methy3.(4-methyl-3-p8ntenyl)
3.cyclohexenylketone‘z

methy4.(4-methyl-3-pentenyl)
3-cyclohexenylketone’3

3.(E).(4,8.flmelhyl.3,7.nonadlenyl)
3.cyclohexenylmethylkntone*Z

4.(E).(4,8.dlmethyl-3,7-nonatienyl)
3-cyclohex8nymethylketone‘z

3-(4-methyl-3.pentenyl).3.
cyclohexenylpentylketom32

4-(4-methyl-3-pentenyl)-3-

RetentionIndlms
Dfl.1 OB.5 C8WX Compoundn,,

cyclohexenylpentylketone92
3-(4-m8thyl-3.pentmyl)-3-

Cyclohexenylpmpylketones
4-(4-methyl.3-pentmyl)-3-

cyclohnxenylpmpyl ketone,,
ethyl3-(4.m8thyl-3-pent8”yl)-3.

cyclohexenylpropylketone~,
ethyl4.(4.methyl-3-p8ntenyl).3.

Cyclohexenylpropylketones
traos-2-(Z)-(1.heptenyl)-3-cyclo-

hnxnnylmethylketonem
trans-2-(Z).(1.heptenyl)-3-cyclo-

hexenylmethylketone,,
tran$-2.(E)-(1-h8ptenyl).3.cyclo-

hexenylmethy ketone3,

cIs.2.(Z)-(1-hoptmyl)-3-cydo.
hexenylmethylk8toneu

trans.2-(E).(1-heptmyl)-3-cyclo.
hexenylmethylkmm a%

8,9.dinorborn-5~n-2-yl(exo)
penty ketone‘z

8,9.tinorborn-5-en-3-yl(exo)
pentylketone‘z

8,9-dhOrborn-5-8”-2-yl(endo)
pentylketonn,,

8,9-#norbon-5-en-3-yl(e”do)
penty ketone=

6-methyl.8,9,10-trinorbor”-5-e”-
2-yl-(exe)penty ketonem

6-methyl-8,9,10-lrinorborn-5-e”-
2-yl-(8”do] pe”lyl ketO”e32

5-methyl-8,9,10+tinorbom.5.en-
2-YI-(8xo)pmyl ketone,,

5.methy-8,9,1O-trinorborn.5.en.
2-yl-(endo)penty ketonem

8,9-tinorborn-5-en-3-yl(exo)
methylketmwa,

8,9.dinorborn-5-efl-3-yl(endo)
nmthvlketoneu

6,9-tinbrborn-5-en-2-yl(exo)
methylketone‘z

8,9.flnorborn-5-en-2-yl(endo)
nmthylketone,2

methyl6-methyl-8,9,1O-
lrinorbom-5-e”-2-yl(exo)
ketonee

methyl6-methyl.8,9,1O-trlnor-
born-5-en.2-yl(endo)ketone‘z

methyl5-methyl-8,9,1O-lrlnor.
born-5-8n-2-yl(exo)ketone11

methyl5-methyl-8,9,1O-!rinor.
born.5-en.2-yl(endo)katone32

mmatlc ketotm
lf51 1770

2185

Ilphatlcadds

4-m8thylacetophenone‘.8)
4-isopropylacetophenone’,
2-hydrowacetophenone8>
2-hydrow4 -methyl-

acetophenone’,
2-hydmxy5-mothyl-

acetophenone’,
2-hydroxy.6-methyl-

.wetophenoneas
l(2H)-naphthalenone-3.
6-methyl.5.(3-methylphenyl)-

heomn-2-on8’*
2-mnthyl-5-(4-methylphenyl)-

hnpt-l-en-3-onen
2-methyl-6-(4-methylphmyl)-

h@m-3-one ‘z
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Table XXIV. Compounds idantifled in Lavandula oils (continued)

RalentlonIndlcm
DB.I DB.5 CBWX

RatmltonIndlcas
DB4 LIB-5CBWX compoundw

RMmtlonIndlcm
DB-I DB-5 CBWX Compoundn,, compoundm

methyl-l-heptene.
1,7-octadlen.3.0n8-6-ol.6.methyl

acetate22
7-octen-3-One.6-ol-6-methyl

acetaten
2,6-dimethyl.3-ac8toWmethyl-

1,6-heptadlen-5-one*
2,6-dm8thyl-3.acetoxfmethyl.l.

hopten.5-om‘z

118D 1407
1135 1336
1310 - 1621
1222 1425
1228 1242 1433
1370 1595

hnxylbutyrat8’281
hexy i$ob”tano.ate=,,
hexy tiglate~*.81
hewl 2-methylbut.moat8‘j
howl 3-methylb”ta”08te~s
hexy hwanoates]
hexy be”mates]
ethylacetatea,
allylWtite ,,
2.butylacetatea,
octy acetate‘t
ociyl propionatea,
octy 2-methylbutanoate’,
octy 3-methylbutw0at8‘q
rmthyl butanoate‘q
3-mathylbuly2-methylbutanoatea)

627 1412
846 1592
891 - 1600

1550
917 1707

1646
860 1639

985 1621

1083 1913

10,IWCacid.
attic acid~zn,
propanolcacid8,
butanoicacid‘z,,
isobutmoicacid’,
pntdnoic acida,
2.methylbutanoicacid8,
3-methylbutanolcacida]
2,34imethylpropmoicacid,
hexa!wicW ‘a]
2,3-Llm8thylbutanoicacid,,
3,3-dimefhylbutanoicacid,,
2-methylpentanoicacid81
3-methylpentanoicacid*1
4-m8thylpentanoicacid ‘t
heptanoicacid‘x
2.ethyl-3-mnthylbutanoicacid’s
4-methylhexanoicacid0,
5.methylhexanoicacida,
ocfanoicacid83
nonmoicacid8,
demnoicacid81
(E)-2-methyl-2.butenoicacid~q
3,3-flmethylpropenoicacidM
4-rnethyl+pentenoicacid83
m.!lonicacid0,
maleicacid’,
succinicacida]
bwtaricacid.
citricacidas
2.isopropylsuccinicacid‘j
2.isoproQylgbdaIicacid’*
3,3-timethyl.1,6-hman8dioic

acid0,
3-isopropyl-l,6-hexaned(oic3cid’,

1555 2066
598 614 875

1187 1220 1465
1283 1536
1422 1615

hmatlc ems
1347 1341
1723 1795 2496
1165 1748

buty benzoate‘z
benzylbenzoate‘t
methylsmylate ‘I

1087 1273 .actoms
335 1632

1420 1492 2118

4.butanrJids‘,~,.,,
2-methyl-4-butanolide~s~%.a,
4-i30pmpyl-4-butanofide“~,,
4.h8xyl+butanoWde,s228,
4+nethyl-4-vinyl.4.but.molide,~a,
4,4.timethyl+b”t-2.enolide,$~.a,
4-methyl-4-vinyl.4.but-2-

enohde14.1WM
5.penty-5-pmtanoNde,Szznq
coumarin‘.51
tihydrocoumann‘.83
7-methoxwx!marin’20>

flonotwpmmestms:
1206 1570
1241 1265 1554
1394 1689
1582 1343

hmlylformate.
M“alylacetate,,m,,
Inalyl bufmoate,,
tinalylhwanoate~,
npowknalylacetate‘.*
ueranylforrmatea,
ger.anylacetate,,
98mnYlpropionate’,
owanylbutanmte61
geranyl3.methylbutanoate83
“my acetate..,,
nevl propionate’,
nwy 2-methylbutafloate8>
nn~ 3-methy\bufanoate’>
nety hw,anrmteBI
Iavandulylacetate‘7.
Iavanduiyl pmpmoate‘r
Iavanduiy b“tanoatea
Iavandulyliwbutanoate83
IavandulylZ-nmthylbutanoate’201
kvandulyl3-msthylbutan@atea]
Iavandulylhexa”oate‘z
Iavandulylbenzoat%‘z
bomylacetatsZZ5Wi

bomylpmpanoate83
bwnyl isobutanoate83
bomyl2-methylbutanoalea,
bmnyl3-m8thylbutanoate8]
ibobomylawtate88
cderpinylacetate’201
3,7.dimethyI-6,7-9pow-1

Octene-3-olacetate‘a
2,6-dimethyl-3,7-ocladlene-2,6-

tiol 6-acetate‘a
2,6-timethyl-1,7-octadlene.3,6-

diol 6-acetate,8
6-merhyl-3,7-octadlen.2.one-6-

hydro?.yacnta!e58
2,6-dm8thyl-2,7.oclatie”al.6-

hydroxyacntate*
5-isoprope”yl-2.methyl-2.

h0pt8nal-7-hydroxyacetate’8
2,6-tiWhyl-3-aceto~wthyl-

t ,4-hapt.qti8n-6-ol*Z
mnthyljasmonate‘t
2,6-dimethyl.3..metownwfhyl.

1,6-hep!3ti8n-5-ol‘z
3,7.dlmethyl.l,7-octadien-3,6-

d(ol-6-acetate‘z
5,7-eQoW2,6-timethyl.3-acetow-

1174 1196 2025
1273 2131

1352 2256

1262 1311 1687
1361 1393 1750
1449 1482 1799
1536 1680
1593 - 1919
1343 1374 1715
1436 1773

1444 1473 2f68
f416 2397
1359 2286

t515 1641
1574 1890
1709 2021
1272 1604

1271 f298 1572

957 1960
1024 2013

2031
1052 1073 2028

phenol 81
O-cresols,
m-crew a>
p-cresol’,
o-ethylphenol8,
guajacol’,
thymol8>
cawacrola,
Wgenol=$
2,4(5)-timetbylph8nol’3

1274 1306 2126
1260 1317 21B6
1328 !375 2127

flonstwpaneacok
1316
1247 2294

nnwlicacid’*
WMliC acid‘]
myrtenicacid8,
mcampholenicacid’,
ycampholenicacid83
wcarnphofiticacidat

Iromatlcethem
t264 1299 1814
f222
f226
1275 1303 1886

tra”$-anethole81
thymolmethylether*X
cawacrolmethylether‘x
safrole‘z

1584
1699

:ycllcacids
Mc acid’3
3-carbow-4,4-timethyl.cyclo-

butan8.1-aceticacida>
1-oxo4,4,5-tfimethylcycl@

pentano-3.aceticacidat
2-furancarboxWcacida]

f 279
f332 lltrog8ndarivatlva%

711 751 1183
786 668
829

pyridin803
2-m8tbylpyridlnea,
3-methylpyrldhea]
2-ethylpyridnea)
3-8thylpytitine’)
4-8thYlPyritine,,
4-isopropylpyridlne,
3-sec.butWIyridinea,
2,6-dimethyIpyritine8)
5.methyl-2-isopropylpyridine’]
2-methyl-5-isopropylpyridhe’1
5.methyl-2-isopropenylpyddine’s
2-3cMYlPYddk‘,
3.aceVl-6-m8thylpyritine ‘I
2.acely-5-isopropyIpyridne *>
qui”otine8,
2,3-dimethylpyrazlne‘I
2,5-dimethylpyrazlneM
2,4,5-frim8thyloxazole03
methylanthranilate83
N-methylmethylanthranilate’,

667
1045
1068

1206
900
893

Immatlcacids
2431 benzoicacid’>

sakyctic acid83
phenylaceticacida]
3-phenylpropanoicacid’1
3-(2-methoxyphenyl)propanoic

acid’]
clnnamicacid0]
4-propylbenzoicadd’,
4-isopropylbenzoicacid,

2564

- 1668

Wphatlcesterx

995 1022 1282
1086 1326

1322
1301

2.prOQY1Iormate~,
heayformatea,
hwy acetatea]
hevl pmpionatea] 1304 1362 2181

1369 1439 2042
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