Progress in Essential Oils

By Brian M. Lawrence, R.J. Reynolds Tobacco Company

Juniperberry Oil . . .
Table I. Percentage comparison of juniperberry oils
In 1983, Popesco used TLC and IR to
examine the composition of juniperberry Compound 1w 1C 3w 3¢ 6w 6C
oil of Romanian origin. The following | ¢ njiene 128 091 231 082 310 040
components were Fenta.tlvely identified o-pinene 0701 2776 33.93 2245 4655 9.78
by the above-described inaccurate labo-
ratory technique of TLC separation and camphene 0.57 0.19 0.64 0.18 0.70 0.08
characterization: sabinene 649 1050 7.08 865 379 464
o-pinene B-pinene 2.19 1.83 3.02 1.65 3.46 0.91
camphene myrcene 682 1040 994 882 1135 565
P-pinene orterpinene 177 014 250 027 293 027
myrcene
8-3-carene p-cymene 1.42 0.42 1.83 0.36 1.95 0.29
a-phellandrene limonene + 1,8-cineole 1.75 1.43 2.89 1.38 3.51 1.07
O-terpinene rterpinene 2.80 0.31 4.22 0.56 4.81 0.53
limonene ;
1.8-cineole linalool 1.81 0.48 1.86 0.52 0.08 0.52
B-phellandrene frans-sabinene hydrate 1.25 0.36 0.70 0.21 - 0.10
linalool borneol 2.25 0.15 0.65 0.17 - 0.12
camphor terpinen-4-ol 1700 146 2287 158 1277 210
tanacetyl alcohol t
B-caryophyllene o-terpineol 1.55 0.12 2.19 0.13 1.54 0.11
borneol B-cubebene - 0.72 - 0.73 - 1.02
o-terpinyl acetate p-caryophyllene - 6.70 - 7.22 - 10.32
geranyl acetate
. o-humulene - 4.37 - 5.03 0.43 7.18
geraniol
—_— ) germacrene D - 12.76 - 12.92 0.32 14.31
f also known as thujyl alcohol
. ycadinene - 1.27 - 1.51 0.45 1.96
According to Mambetsadytov et al.
(1990), the main components of Russian 1W, 3W, 6W = whole berries distilled for 1, 3 and 6 hours, respectively
juniperberry oil were: 1C, 3C, 3C = comminuted berries distilled for 1,3 and 6 hours, respectively
o-pinene (18.7%)

camphene (1.4%)
sabinene (14.6%)
o-phellandrene (2.1%)
limonene (1.2%)
terpinolene (1.3%)
borneol (1.2%)
cedrol (0.7%)
Furthermore, they found that the monoterpene content
was lowest during the summer months.
The enantiomeric distribution of terpinen-4-ol found in
8.1% amount in a commercial sample of juniperberry oil
was determined by Ravid et al. (1992) to be:

(4S)-(+)-terpinen-4-ol (47%) :
(4R)-(-)-terpinen-4-ol (53%)

In 1995, Hiltunen and Laakso examined the variation in
the amounts and enantiomeric distribution in monoterpene
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hydrocarbons in juniperberry oils (30 samples). They found
that the variation was as follows:

+)-8-3-carene (0.2-14.7%)
-)-B-pinene (0.1-5.9%)
-)-limonene (0.1-0.8%)
+)-limonene (0.2-20.9%)
+)-B-phellandrene (0.2-1.5%)
terpinolene (0.1-1.2%)

(-)-a-pinene (6.5-85.1%) (
(+)-0-pinene (0.6-86.8%) (
myrcene (1.5-35.1%) (
(-)-camphene (0.2-0.5%) (
(+)-sabinene (0.3-16.7%) (
(+)-B-pinene (0.1-3.1%)

Also in 1995, Chatzopoulou and Katsiotis examined
the compositional differences between whole and com-
minuted juniperberries that were distilled for 1, 3 and 6
hours. As can be seen in Table I, the oil composition is
directly related to the state of the juniperberries and the
distillation time.
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The following year, Asztemborska et al. (1996)
used chiral GC analyses to examine the enantio-
meric form of some monoterpene hydrocarbons in
juniperberry oil produced from fruit collected in
different regions of Poland. They found that oils
produced from fruit collected in the northern part
of Poland possessed both enantiomeric forms of
o-pinene (the major oil constituent), although the
(+)-enantiomer predominated. In contrast, an oil
produced from fruit collected in southern Poland
the (-)-enantiomer predominated. B-pinene was
found to exist as the (-)-enantiomer for all oils
studied. The enantiomeric distribution of limonene
varied somewhat although the (+)-enantiomer
predominated, whereas the enantiomeric distri-
bution of camphene showed the (+)-enantiomer
predominant in some oils and the (-)- enantiomer
predominating in others. Finally, although (+)-B-
phellandrene was the predominant enantiomer, it
ranged in composition from trace to almost 20%
for the Polish oils studied.

In 1997, Ochocka et al. examined the mono-
terpene hydrocarbon content of juniperberry oils
produced from plants harvested in North and
Central Poland. The found that the monoterpenes
varied as follows:

o-pinene (45.1-80.4%) o-terpinene (0-1.3%)
camphene (0.2-0.7%) limonene (1.2-9.8%)
B-pinene (1.6-5.3%) B-phellandrene (0-0.7%)
sabinene (0-15.8%) Y-terpinene (0-2.5%)
3-3-carene (0-0.5%) p-cymene (0-0.6%)
myrcene (9.9-46.3%) terpinolene (0-1.9%)

An oil of juniperberries produced in Croatia
was analyzed by Kustrak et al. (1997) by GC and
GC/MS. Unfortunately, the authors onlyidentified
the constituents but did not report any quantita-
tive data. The components that were identified
were as follows:

tricylene terpinolene
o-thujene p-mentha-1,3-8-triene
O-pinene cyclosativene
o-fenchene o-copaene
camphene B-bourbonene
thuja-2,4(10)-diene cyperene

verbenene Y-elemene

B-pinene B-caryophyllene
myrcene epi-o-santalene
8-2-carene germacrene D
o-phellandrene B-selinene
8-3-carene cis-B-guaiene
o-terpinene viridiflorene
p-cymene germacrene D
limonene Y-cadinene
B-phellandrene trans-calamenene
(Z)-B-ocimene o-cadinene
(E)-B-ocimene germacrene B
Y-terpinene cis-sabinene hydrate
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Table II. Percentage composition of juniperberry oil produced in
different seasons
Spring Autumn Autumn
greenberry greenberry blackberry
Compound oil oil oil
o-pinene 39.51-42.51 27.22-62.08 38.88-57.06
camphene 0.19-0.24 0.18-0.32 0.20-0.31
B-pinene 1.89-2.52 2.08-3.47 2.00-3.41
sabinene 0.35-14.60 5.06-10.86 0.79-16.47
&-3-carene - 0-0.03 0.02-0.03
myrcene 14.21-20.23 5.41-14.67 9.14-19.90
a-phellandrene 0-0.09 0-0.04 0.02-0.40
o-terpinene 0-0.03 0.06-0.14 0.03-0.25
limonene 1.31-12.53 1.44-30.96 1.73-7.18
1,8-cineole 0.34-0.59 0.38-0.63 0.37-0.59
vterpinene 0.03-0.06 0-0.34 0.11-0.62
p-cymene 0-0.50 0-0.03 0.02-0.22
terpinolene 0.33-0.62 0.80-1.05 0.49-0.91
3-octanol 0.20-0.96 0.19-0.64 0.24-0.54
o-p-dimethylstyrene 0.02-0.13 0.02-0.18 0.04-0.15
decanal 0-0.02 0.04-0.13 0-0.11
linalool 0.28-0.34 0.23-0.31 0.22-0.26
terpinen-4-ol 0-0.16 0-0.04 0.05-0.15
bornyl acetate 0.64-0.69 0.25-1.51 0.97-1.08
B-caryophyllene 2.02-6.61 0.79-2.16 1.81-3.43
furfuryl alcohol 0.17-0.33 0.07-0.62 0.15-0.34
o-terpineol 0.50-2.64 0.64-1.24 0.85-0.98
carvone 0.14-0.35 0.15-0.27 0.19-0.33
geranyl acetate - 0-0.26 0-0.02
citronellol 6.75-15.57 6.76-7.12 5.06-12.75
nerol 0.17-0.36 0.11-0.21 0.24-0.41
myrtenol 0.28-0.73 0.24-0.98 0.60-0.70
cedrol 0.60-1.84 0.56-1.20 0.99-1.24
geraniol 0.52-0.91 0.14-1.15 0-0.67
eugenol 0.76-2.33 0.45-1.97 0.96-1.30
thymol - 0-0.21 0.03-0.27
borneol 1.61-4.51 0.86-1.43 1.30-2.54
carvacrol 0.16-0.29 0.05-0.24 0.03-0.20
trans-sabinene hydrate o-terpineol
cis-p-menth-2-en-1-ol cis-piperitol
tmns—p—menth—Z—en— 1-01 trans —piperitol
borneol trans-chrysanthenyl acetate
terpinen-4-ol methyl citronellate
p-cymen-8-ol bornyl acetate

Koukos and Papadopoulou (1997) compared the composition
of juniperberry oil produced from green berries in the spring
and autumn and black (ripe) berry oil produced in the autumn
in Greece. The results of study are shown in Table II.
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Table lll. Variation in main components (%) in lab-distilled

and commercial juniperberry oils

Lab-distilled Commercial

Compound oils (16)° oils (15)¢
o-pinene 18.1-51.3 26.5-70.5
B-pinene 1.1-2.9 0.7-12.6
myrcene 3.2-21.2 0.3-29.9
limonene 2.4-6.4 2.7-22.1
terpinolene 0.3-24 frace-13.6
o-terpineol 0.3-1.7 frace-4.9
bornyl acetate 0.2-04 trace-2.0
B-caryophyllene 0.7-4.0 frace-8.2
germacrene D 1.4-8.0 frace-9.5
s-cadinene 0.7-3.6 frace-4.1
9number of samples

Using GC/MS as their method of analysis Menut et al.
(1997) examined the composition of a commercial sample
of juniperberry oil. It was found to possess the following
composition:

o-thujene (0.8%)
o-pinene (62.2%)
camphene (0.4%)

B-elemene (0.8%)
B-caryophyllene (1.8%)
v-elemene (0.3%)

sabinene (6.6%)
B-pinene (2.8%)
myrcene (8.1%)
o-phellandrene (0.2%)
p-cymene (0.1%)
limonene (2.7%)
Y-terpinene (0.1%)
terpinolene (0.3%)
o-pinene oxide (0.4%)
pinocarveolt (0.2%)
p-cymen-8-ol (0.1%)
terpinen-4-ol (0.6%)
o-terpineol (0.2%)
bornyl acetate (0.3%)
o-copaene (0.3%)

# correct isomer not identified

(Z)-B-farnesene (0.3%)
o-humulene (1.2%)
Y-muurolene (0.3%)
germacrene D (1.4%)
epi-cubebol (0.2%)
o-muurolene (0.5%)
Y-cadinene (0.3%)
cis-calamenene (0.1%)
d-cadinene (0.5%)
germacrene B (0.7%)
spathulenol (0.2%)
caryophyllene oxide (0.2%)
humulene oxide* (0.1%)
a-cadinol (0.2%)

t presumed trans-form because of elution order

In 1999, Kartnig et al. examined the major component
composition and enantiomeric distribution of six of the chiral
constituents of lab-distilled and commercial juniperberry
oils. The results of this study can be found in Tables III.
and IV.
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Table IV. Enantiomeric distribution of six chiral components in lab-distilled and commercial juniperberry oils

Enantiomeric distribution

Compound Lab-distilled oils (16)@ Commercial oils (15)¢
(-)-o-pinene : (+)-a-pinene 71.6:28.4 68.3:31.7
(-)-sabinene : (+)-sabinene 0:100.0 0: 100.0
(-)-B-pinene : (+)-B-pinene 97.1:29 95.0:5.0
(-)-limonene : (+)-imonene 13.7: 86.3 34.9:65.1
(-)-terpinen-4-ol : (+)-terpinen-4-ol 80.5:19.5 31.0:69.0
(-)-B-caryophyllene : (+)-B-caryophyllene 100:0 100:0

9 number of samples

70/Perfumer & Flavorist www.PerfumerFlavorist.com

Vol. 26, July/August 2001



Juniper Leaf, Branch and Wood Oils

In 1989, Bats et al. analyzed a commercial juniper oil
produced by continuous steam distillation of the crushed
branches, needles and some wood of J. communis that was
harvested in southwestern France. Oil analysis (see Table
V.) revealed that the wood oil was as expected richer in
sesquiterpenoid compounds than the branch oil.

Two years later, Adams (1991) analyzed an oil produced
from J. communis var. depressa of U.S. origin using GC
(retention indices) and GC/MS (component identification)
and found that it contained the following constituents:

2-hexenal® (trace)
tricyclene (trace)

o-pinene (14.1%)
camphene (0.2%)
thuja-2,4-(10)-diene (trace)
sabinene (0.2%)

B-pinene (2.1%)

myrcene (4.4%)
3-2-carene (trace)
o-phellandrene (trace)
8-3-carene (0.2%)
o-terpinene (trace)
p-cymene (trace)

limonene (1.1%)
B-phellandrene (1.1%)
amyl isovalerate (trace)
Y-terpinene (trace)
trans-sabinene hydrate (trace)
fenchone (trace)
terpinolene (1.4%)

linalool (2.0%)

nonanal (trace)

isoamyl isovalerate (0.4%)
a-fenchol (0.2%)
cis-p-menth-2-en-1-ol (trace)
o-campholenal (2.3%)
trans-pinocarveol (1.2%)
trans-p-menth-2-en-1-ol (trace)
cis-verbenol (0.6%)
trans-verbenol (3.4%)
camphene hydrate (1.1%)
citronellal (0.5%)
isopinocamphone (0.4%)
pinocarvone (0.4%)
borneol (1.8%)
p-mentha-1,5-dien-8-ol (0.4%)
terpinen-4-ol (2.5%)
p-cymen-8-ol (0.3%)
o-terpineol (3.9%)
myrtenal (2.2%)
pinocamphone (0.6%)

verbenone (0.9%)
trans-carveol (0.6%)
citronellol (4.0%)
methyl thymol (0.1%)
carvone (0.3%)
cis-myrtanol (0.1%)
carvenone (0.3%)
geraniol (0.4%)
trans-myrtanol (0.9%)
methyl citronellate (1.3%)
bornyl acetate (5.2%)
citronellyl acetate (0.5%)
neryl acetate (0.2%)
geranyl acetate (1.9%)
B-elemene (0.2%)
f3-caryophyllene (0.2%)
geranyl acetone (0.2%)
o-humulene (0.2%)
(Z)-B-farnesene (0.3%)
germacrene D (0.9%)
ar-curcumene (0.2%)
zingiberene (0.6%)
a-muurolene (0.1%)
B-bisabolene (0.6%)
Y-cadinene (0.2%)
d-cadinene (0.8%)
Y-elemenet (0.3%)
(E)-nerolidol (3.8%)
germacrene D-4-ol (1.2%)
spathulenol (1.2%)
caryophyllene oxide (0.2%)
B-oplopenone (0.2%)
T-cadinol (0.2%)
T-muurolol (0.2%)
a-muurolol (0.1%)
o-cadinol (0.8%)
epi-oi-bisabolol (3.2%)
(7.,7.)-farnesol (0.4%)
(E,E)-farnesol (1.6%)
(E,Z)-farnesol (0.4%)
manool (0.3%)

t incorrect identification based on elution order

Adams also produced a needle oil from J. communis
var. saxabilis of Swiss origin and analyzed it by GC/MS. A
summary of the components found in this oil can be seen

as follows:
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(E)-2-hexenal (1.2%)
tricyclene (trace)

o-thujene (4.1%)

o-pinene (14.1%)
o-fenchene (0.1%)
camphene (0.2%)
verbenene (0.1%)

sabinene (32.8%)

B-pinene (1.9%)

myrcene (5.0%)

8-2-carene (0.4%)
o-phellandrene (0.5%)
8-3-carene (0.5%)
o-terpinene (1.9%)
p-cymene (0.3%)

limonene (6.7%)
B-phellandrene (0.6%)
(E)-B-ocimene (0.1%)
Y-terpinene (3.4%)
cis-sabinene hydrate (1.8%)
terpinolene (3.0%)
trans-sabinene hydrate (1.3%)
linalool (trace)

isoamyl isovalerate (trace)
B-thujone (0.6%)
trans-p-menth-2-en-1-ol (0.3%)
cis-sabinol (trace)

borneol (trace)

terpinen-4-ol (7.3%)
p-cymen-8-ol (trace)
o-terpineol (0.4%)

methyl thymol (0.1%)
bornyl acetate (0.2%)
o-terpinyl acetate (0.5%)
citronellyl acetate (0.1%)
trans-myrtanyl acetate (trace)
B-elemene (trace)
B-caryophyllene (trace)
o-humulene (trace)
germacrene D (0.4%)
(E)-methyl isoeugenol (0.2%)
o-muurolene (0.2%)
germacrene A (0.2%)
Y-cadinene (0.4%)
d-cadinene (0.8%)
o-cadinene (trace)
germacrene B (0.3%)
germacrene D-4-ol (1.8%)
1-epi-cubenol (trace)
T-cadinol (0.5%)
o-muurolol (0.1%)
o-cadinol (1.3%)

manoyl oxide (0.2%)
abietatriene (0.2%)
abietadiene (trace)

In 1993, Schilcher et al. reported that the composition
of three lab-distilled oils in Juniperus communis needles

varied as follows:

o-thujene (0-0.60%)
o-pinene (0.62-0.69%)
camphene (trace-0.54%)
sabinene (3.84-11.11%)
myrcene (2.99-5.25%)

p-cymene (trace-0.65%)
limonene (3.00-4.50%)
terpinen-4-ol (0.51-0.82%)
bornyl acetate (22.88-37.44%)

Alsoin 1993, Chatzopoulou and Katsiotis analyzed an oil
produced from J. communis needles obtained from plants
growing on Mount Olympus at an altitude of 1300m. Us-
ing both GC and GC/MS as their methods of analysis, a
representative oil was found to contain:

tricyclene (0.12%)
o-thujene (1.68%)
o-pinene (41.25%)
a-fenchene (0.09%)
camphene (0.27%)
sabinene (17.38%)
B-pinene (2.05%)
myrcene (2.66%)
8-2-carene (0.66%)
o-phellandrene (0.18%)
8-3-carene (0.69%)
o-terpinene (1.22%)
p-cymene (0.92%)
B-phellandrene (0.35%)
limonene (4.23%)
1,8-cineole (1.21%)
(E)-B-ocimene (0.18%)
Y-terpinene (2.09%)

trans-sabinene hydrate (0.16%)
fenchone (0.03%)

3-octanol (0.02%)

terpinolene (1.16%)

linalool (0.11%)

cis-sabinene hydrate (0.05%)
1-octen-3-ol (0.08%)

B-thujone (0.13%)
trans-p-menth-2-en-1-ol (0.25%)
cis-p-menth-2-en-1-ol (0.22%)
camphor (0.29%)

citronellal (0.33%)
pinocarvone (0.06%)
trans-carveol (0.03%)

borneol (0.06%)

terpinen-4-ol (2.78%)
o-terpineol (0.51%)

citronellol (0.19%)
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Table V. Percentage composition of the branch and wood
oils of Juniperus communis

Juniper Juniper

Compound branch oil wood oil
o-thujene 1.3 -
a-pinene 18.7 5.3
camphene 0.2 trace
sabinene 5.0 0.1
B-pinene 1.2 0.4
myrcene 1.8 0.2
a-phellandrene 0.3 -
&-3-carene 0.6 0.3
a-terpinene 1.1 -
p-cymene 0.9 trace
limonene 2.0 0.3
(E)-B-ocimene trace -
yterpinene 1.8 -
a-p-dimethylstyrene 0.2 -
terpinolene 1.0 -
terpinen-4-ol 2.0 trace
a-terpineol 0.2 -
bornyl acetate 0.2 -
o-terpinyl acetate 0.1 -
o-cubebene 0.5 0.2
o-copaene 0.3 0.3
isolongifolene 0.5 0.6
o-cedrene + unknown 2.7 4.6
B-cedrene + .30 3.9

B-caryophyllene
thujopsene 25.0 42.4
o-humulene 1.0 1.0
germacrene D 0.7 0.4
cuparene 5.2 6.4
d-cadinene 2.6 2.1
caryophyllene oxide 0.2 0.2
cedrol 2.6 10.9
o-bisabolol 0.2 04

linalyl acetate (0.08%)
bornyl acetate (0.36%)
citronellyl acetate (0.51%)
o-copaene (0.32%)
B-cubebene (0.03%)
B-elemene (0.13%)
f-caryophyllene (1.69%)
o-humulene (1.56%)
y-muurolene (0.26%)
germacrene D (1.83%)

* correct isomer not identified

o-muurolene (0.21%)
v-cadinene (0.71%)
d-cadinene (0.91%)
calacorene® (0.06%)
o-cadinene (0.08%)
caryophyllene oxide (0.77%)
humulene oxide* (0.65%)
T-cadinol (0.76%)

a-cadinol (0.72%)
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Two years later, Caramiello et al. (1995) studied the com-
position of J. communis needle oils produced from plants
growing spontaneously in northern Italy. The compounds
identified in these oils were as follows:

Table VI. Variation in the percentage composition of the

chiral and non-chiral monoterpene hydrocarbons in the

low and high sabinene chemotype leaf soils of Juniperus
communis

Low sabinene High sabinene

o-pinene (8.4-22.0%) (Z)-B-ocimene (0.4-0.6%) Compound chemotype (20)® chemotype (10)
a-fenchene (2.8-4.0%) p-cymene (0.4-2.6%)
camphene (0-0.2%) terpinolene (1.7-2.6%) orthujene - 0.8-3.7
B-pinene (0.6-2.2%) B-thujone (0.6-1.3%) ()-o-pinene 14.9-42.2 10.2-52.6
sabinene (32.0-47.5%) bornyl acetate (0.1-1.4%) (+)-0-pinene 20.0-71.4 3.533.9
8-3-carene (0-0.3%) B-caryophyllene (0-1.2%)
myrcene (3.0-3.9%) terpinen-4-ol (5.6-11.1%) myrcene 1.7-4.5 2.7-8.5
o-terpinene (1.3-2.4%) o-terpineol (0.4-2.5%) (+)-sabinene 0.6-1.3 10.1-47.9
limonene (2.5-2.9%) germacrene D (0.4-2.6%) (+)--pinene 0.9-4.9 1.0-2.3
1,8-cineole (0.3-1.7%) d-cadinene (0.2-1.7%)
-5-3- n 4.4-12.7 3.5-11.5
B-phellandrene (0.3-2.9%) B-eudesmol (0.5-2.0%) ) .ccre e
Y-terpinene (2.3-4.1%) (-)-p-pinene 1.2-3.1 1.9-3.5
(-)-limonene 0.1-1.2 0.2-2.9
The amounts and enantiomeric distribution of mono- (+)-limonene 0.2-1.6 0.8-8.0
terpene hydrocarbons in the low sabinene chemotype and (+)-B-phellandrene  0.3-11.0 0.6-11.1
high §ab1nene chemotype of J. communis were examined erpinene _ 02-16
by Hiltunen and Laakso (1995). Their results can be seen )
terpinolene 0.2-1.1 0.6-3.5

summarized in Table VI.

Rezzi et al. (1997) used GC and 3C-NMR to deter-
mine that two samples each of Corsican and Portuguese
lab-distilled needle oils of J. communis ssp. alpina Suter
were qualitatively and quantitatively different as shown in
Table VII.

Table VII. Comparative percentage composition of
Corsican and Portuguese Juniperus communis ssp.
alpina needle oils

A needle oil of |. communis var. saxatilis was examined Compound Corsican oils  Portuguese oils
by Karlsen et al. (1997) using GC, GC/MS and chiral GC .
analyses. Although the authors stated that the needle oil o-thujene . 1.6
of this Norwegian juniper contained more than 60% (-)- o-pinene 2.9-4.7 19.7-23.5
sabinene, they did not quantitate any other of the following &2-carenet 0.4-0.9 -
constituents: B-pinene - 1.1-1.2
tricyclene o-copaene sabinene - 11.4-13.6
o-thujene B-bourbonene myrcene 3.4-3.7 3.5-3.6
(+)_o‘_[?mene P-clemene a-phellandrene 4.0-5.6 -
(-)-0-pinene cyperene
(-)-0i-fenchene B —caryophyllene limonene 39.7-41.8 21.9-30.9
(+)-camphene o-guaiene B-phellandrene 14.8-19.3 6.2-3.5
(-)-camphene o-humulene p-cymene 0.9-1.1 5.09.0
(+)-B-pinene isogermacrene D :
(-)-B-pinene cis-muurola-4(14),5-diene terpinolene O1.1 .
(-)-sabinene Y-muurolene linalool - 0-0.5
8-2-carene germacrene D terpinen-4-ol - 5.7-16.6
8-3-carene B-bisabolene citronellyl acetate 0.9-1.6 -
myrcene B-selinene
(+)-o-phellandrene o-muurolene o-ferpinyl acetate 8.09.9 -
(-)-o-phellandrene o-bulnesene a-terpineol 2.7-6.5 0-1.6
o-terpinene Y-cadinene S-cadinene 0.6-0.8 -

(+)-limonene
(-)-limonene
B-phellandrene
Y-terpinene
(E)-B-ocimene
p-cymene
terpinolene
a-cubebene

isoledene
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7-epi-o-selinene
8-cadinene
cadina-1,4-diene
o-cadinene
selina-3,7(11)-diene
germacrene B
trans-sabinene hydrate
linalool

cis-sabinene hydrate

T incorrect identification based on elution order

cis-p-menth-2-en-1-ol
trans-p-menth-2-en-1-ol
bornyl acetate

methyl thymol
terpinen-4-ol
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trans-pulegol
trans-piperitol
cis-piperitol
o-terpineol
perilla ketone
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Also in 1997, Ochocka et al. examined the variability
in monoterpene hydrocarbons in oils produced from 10
samples of juniper needles harvested from shrubs located
in northern and central Poland. The range of hydrocarbons
found can be seen as follows:

o-pinene (27.8-89.7%)
camphene (0.2-0.9%)
B-pinene (1.2-2.9%)
sabinene (0.3-42.5%)
8-3-carene (0-3.3%)
myrcene (3.0-6.6%)

o-terpinene (0-6.3%)
limonene (1.1-15.8%)
B-phellandrene (0.5-19.1%)
Y-terpinene (0-11.8%)
p-cymene (0-1.6%)
terpinolene (0-4.4%)

The authors also found that (-)-B-pinene and (+)-sabi-
nene were the only enantiomers of the two hydrocarbons

present in the oils.

The major components of the needle oils of ]. commu-
nis var. communis of Bulgarian origin were determined by
Stoyanova (1997) to be as follows:

o-pinene (10.98-30.78%)
f3-pinene (4.12-33.20%)
8-3-carene (0.13-0.93%)

limonene (4.55-13.92%)
terpinen-4-ol (0.57-1.05%)
bornyl acetate (1.13-2.56%)

For comparison purposes, Stoyanova also determined
that the main components to oils of J. communis var. nana
(also of Bulgarian origin) were as follows:

o-pinene (28.28-42.11%)
B-pinene (1.05-5.84%)
8-3-carene (2.05-2.30%)

limonene (8.12-10.05%)
terpinen-4-ol (1.19-1.85%)
bornyl acetate (2.11-3.04%)

The same year, Milhau et al. (1997) analyzed a hydrodis-
tilled oil of twigs and needles of J. communis using GC/MS.
This oil was found to contain the following components:

o-thujene (0.2%)
o-pinene (44.3%)
camphene (1.3%)
B-pinene (11.1%)
myrcene (9.6%)
o-phellandrene (0.4%)
8-3-carene (0.6%)
o-terpinene (1.3%)
p-cymene (1.2%)
limonene (18.0%)
Y-terpinene (0.4%)

terpinolene (0.5%)
terpinen-4-ol (3.1%)
o-terpineol (1.5%)
myrtenol (0.4%)
bornyl acetate (0.5%)
B-caryophyllene (1.2%)
o-humulene (0.6%)
germacrene D (0.6%)
Y-cadinene (1.4%)
d-cadinene (0.4%)
benzyl benzoate (0.3%)

In 1998, Wibe et al. found that the headspace obtained
from the branches of Norwegian J. communis contained
the following relative amounts of the enantiomeric forms
of seven monoterpene hydrocarbons:

+)-0-pinene (18.0%)
-)-0-pinene (18.1%)
+)-camphene (0.1%)

+)-B-pinene (0.5%)
-)-B-pinene (1.3%)

(

( -

(

(-)-camphene (0.2%)
(

( _

(+)-sabinene (47.4%)

(-)-sabinene (0.1%)
(+)-8-3-carene (4.7%)
(-)-8-3-carene (0%)
(+)-limonene (5.7%)
(-)-limonene (0.5%)
(+)-B-phellandrene (0.3%)
(-)-B-phellandrene (2.8%)
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In 2000, Adams used a combination of GC and GC/MS to
examine the composition of a lab-distilled leaf oil produced
from J. communis var. communis of Swedish origin. The
components identified in this oil were as follows:

(E)-2-hexenal (0.7%)
tricyclene (0.3%)
o-thujene (0.1%)
o-pinene (56.8%)
o-fenchene (0.4%)
camphene (0.6%)
sabinene (0.7%)
B-pinene (4.4%)
myrcene (5.2%)
3-2-carene (0.2%)
o-phellandrene (2.1%)
8-3-carene (4.7%)
p-cymene (0.3%)
limonene (6.9%)
B-phellandrene (6.9%)
(Z)-B-ocimene (0.2%)
amyl isobutyrate (0.2%)

borneol (0.2%)
terpinen-4-ol (0.2%)
naphthalene (trace)
p-cymen-8-ol (trace)
o-terpineol (0.2%)
citronellol (trace)
bornyl acetate (0.9%)
B-elemene (0.2%)
B-caryophyllene (0.7%)
o-humulene (0.5%)
germacrene D (0.7%)
o-muurolene (0.2%)
germacrene A (0.1%)
Y-cadinene (0.2%)
d-cadinene (0.5%)
germacrene B (0.3%)
germacrene D-4-ol (0.8%)
T-cadinol (trace)
T-muurolol (0.4%)
a-cadinol (0.5%)
(E)-a-atlantone (0.3%)

Y-terpinene (trace)

terpinolene (1.1%)

isoamyl isovalerate (0.1%)

3-methyl-2-butenyl isovalerate®
(0.1%)

*correct isomer not identified
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Eucalyptus citriodora Oil

In 1994, Chaudhry et al. used GC (for quantitative data)
and GC/MS (for component identification) to analyze an oil
of Eucalyptus citriodora Hook. (syn. Corymbia citriodora
(Hook.) J,. D. Hillet, L.A.S. Johnson) produced using a
Likens-Nickerson simultaneous distillation and extraction
apparatus from leaves and terminal branches harvested
in Pakistan. The constituents identified in the oil were as
follows:

citronellol (12.0%)
citronellyl formate (1.3%)
lavandulol (0.4%)
geranial (trace)

3-methylbutanal (trace)
o-pinene (0.5%)

B-pinene (0.4%)

limonene (trace)
dihydroterpineol? (trace)
2,6-dimethyl-5-heptenal (trace)
terpinen-4-yl acetatet (trace)
citronellal (79.0%)

isopulegol (2.7%)

citronellyl acetate (1.9%)
B-caryophyllene (1.6%)
o-humulene (trace)
Y-cadinene (0.4%)
elixenet (trace)

o-terpineol (trace) patchoulenet (trace)

 compound misidentified based on elution order

{ misnaming of germacrene B (based on elution order). This confusion in
nomenclature was caused by the Chemical Abstracts CAS numbering and
lack of discrimination between y-elemene, bicyclogermacrene, germacrene B
and elixene.

Also in 1994, Dethier et al. examined the composition
of the oils of Eucalyptus species of Burundian origin using
GC and GC/MS. They found that an oil of E. citriodora
contained the following constituents:
borneol (0.1%)
terpinen-4-ol (0.1%)
o-terpineol (0.4%)
citronellol (20.4%)
citronellyl acetate (10.3%)
B-caryophyllene (3.5%)
o-humulene (0.2%)

o-pinene (0.6%)
B-pinene (1.7%)
p-cymene (0.1%)
1,8-cineole (4.9%)
limonene (0.5%)
Y-terpinene (1.2%)
terpinolene (0.3%)

linalool (0.3%) bibyclogermacrene (1.0%)
citronellal (46.9%) spathulenol (0.1%)
isopulegol (6.2%) caryophyllene oxide (0.1%)

iso(iso)pulegol (0.7%)
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Two years later, Sohounhloue et al. (1996) compared
the composition of the leaf oils of three Eucalyptus species
including E. citriodora by GC and GC/MS. Using retention
indices and MS for component identification and GC-FID
for quantitative data without the use of an internal standard,
the oil contained the following components:

o-pinene (0.10%)
B-pinene (0.42%)
1,8-cineole (0.52%)
isopulegol (10.33%)
citronellal (65.45%)

citronellol (13.05%)
citronellyl acetate (2.05%)
B-caryophyllene (0.51%)
(E,E)-farnesol (0.90%)

The following year, Asefa and Dagne (1997) used GC

and GC/MS to determine that an oil of E. citriodora of
Ethiopian origin contained:

o-pinene (0.2%)
f-pinene (0.2%)
decane (0.2%)
myrcene (trace)
linalool (0.2%)
isopulegol (5.5%)

citronellal (79.3%)
citronellol (8.3%)
citronellyl acetate (2.3%)
f3-caryophyllene (0.2%)
eugenol (0.1%)

Anoil of Rwandan E. citriodorawas analyzed by Chalchat
etal. (1997) using GC and GC/MS. It was found to possess

the following composition:

o-pinene (1.32%)
o-thujene (0.21%)
isobutyl isobutyrate (0.16%)
B-pinene (1.40%)
sabinene (2.33%)
o-phellandrene (trace)
myrcene (0.58%)
o-terpinene (0.05%)
limonene (5.66%)
1,8-cineole (55.44%)
Y-terpinene (0.17%)
(E)-B-ocimene (0.02%)
p-cymene (1.39%)
terpinolene (0.45%)
cis-rose oxide (0.19%)
trans-rose oxide (0.05%)
o-p-dimethylstyrene (0.07%)
o-cubebene (0.04%)
citronellal (7.19%)
1-octen-3-ol (0.18%)
o-gurjunene (0.06%)
B-cubebene (0.26%)
neoisopulegol (0.24%)
isopulegol (0.62%)
carvenone (0.06%)
B-caryophyllene (0.48%)
terpinen-4-ol (0.49%)

# correct isomer not identified

o-humulene (0.04%)
y-amorphene (0.02%)
Y-muurolene (0.12%)
o-terpineol (0.08%)
o-terpinyl acetate (0.45%)
o-muurolene (1.23%)
geranial (0.75%)
Y,-cadinene (trace)
d-cadinene (0.65%)
cadina-1,4-diene (3.04%)
o-cadinene (0.13%)
citronellol (8.88%)
calamenene (0.41%)
p-cymen-8-ol (0.36%)
geraniol (0.34%)
cis-p-menth-1(7),8-dien-2-ol
(0.03%)
a-calacorene (0.06%)
caryophyllene oxide (0.15%)
germacrene D-4-ol (0.15%)
cubenol (0.08%)
epi-cubenol (0.12%)
spathulenol (0.06%)
o-muurolol (0.34%)
T-muurolol (0.30%)
o-cadinol (0.55%)

It should be pointed out that this oil is very atypical. Ei-
ther it is an example of a chemotypic form of E. citriodora
or the original plant material was misidentified.

Chalchat et al. (1997) also compared the composition
of two oils of E. citriodora produced in Calvi and Kétou
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in Benin. The oils, which were found to be very similar,
contained the following components:

o-pinene (0.07-0.32%)
f-pinene (0.30-0.43%)
myrcene (0.12%)
limonene (0.07-0.08%)
1,8-cineole (0.27-0.47%)
citronellal (72.24-79.72%)
pulegol® (1.50-2.45%)
linalool (0.94-1.90%)

isopulegol (4.90-7.64%)
f-caryophyllene (0.56-0.92%)
citronellyl acetate (0.90-1.99%)
citronellol (7.65-7.70%)
trans-p-menth-2-en-8-ol (trace-
0.15%)
cis-p-menth-2-en-8-ol (trace)

# correct isomer not identified

Alsoin 1997, Kaul etal. analyzed a fresh oil of E. citriodora
of South Indian origin and compared its composition to that
of an aged oil. As can be seen from the results presented in
Table VIII, the citronellal content of the aged oil is reduced

due to oxidation of citronellal to isopulegol.
A sample of Bangladeshi E. citriodora oil was found by
Mondello et al. (1998) to contain:

tricyclene (trace)

o-pinene (0.06%)

sabinene (0.02%)

B-pinene (0.30%)

myrcene (0.11%)

p-cymene (0.02%)
limonene (0.35%)
2,6-dimethyl-5-heptenal (0.30%)
Y-terpinene (0.05%)
p-mentha-3,8-diene (0.05%)
terpinolene (0.02%)

linalool (0.10%)

cis-rose oxide (0.05%)
trans-rose oxide (0.08%)
neoisopulegol (7.28%)
citronellal (76.98%)
iso(iso)pulegol (4.13%)
neoiso(iso)pulegol (0.36%)

terpinen-4-ol (0.11%)
o-terpineol (0.01%)

nerol (0.06%)

citronellol (5.94%)

neral (0.03%)

geraniol (0.02%)

geranial (0.05%)
S-terpineol (0.18%)
citronellyl acetate (0.38%)
B-elemene (0.04%)
(Z)-jasmone (0.07%)
B-caryophyllene (0.80%)
o-humulene (0.05%)
germacrene D (0.04%)
spathulenol (0.01%)
caryophyllene oxide (0.14%)
B-asarone (0.02%)

Also in 1999, Moudachirou et al. determined that E.
citriodora oil produced in different locations in Benin
revealed the following compositional variability:

o-pinene (trace-0.2%)
-pinene (0.1-0.6%)
myrcene (trace-0.2%)
limonene (trace-0.1%)
1,8-cineole (trace-0.7%)
citronellal (55.1-89.9%)
pulegol® (0.8-4.7%)
linalool (trace-2.8%)

*correct isomer not identified

isopulegol (1.9-15.0%)

B-caryophyllene (0.2-1.7%)

citronellyl acetate (trace-4.2%)

citronellol (2.5-12.8%)

trans-p-menth-2-en-8-ol (trace-
0.3%)

cis-p-menth-2-en-8-ol (trace)

Recently, Dagne et al. (2000) analyzed an oil of E.
citriodora produced in Ethiopia. The constituents they

identified in the oil were:

o-pinene (0.8%)
B-pinene (0.7%)
1,8-cineole (1.3%)
isopulegol (8.9%)

citronellal (73.3%)
citronellol (11.9%)
geraniol (0.4%)
B-caryophyllene (1.7%)
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Table VIII. Percentage composition of fresh and aged oil
of Eucalyptus citriodora
Compound Fresh oil Aged oil
a-thujene 0.05 -
a-pinene 0.40 0.19
sabinene 0.08 -
B-pinene 0.84 0.15
myrcene 0.27 0.25
o-phellandrene 0.06 -
o-terpinene 0.03 0.20
p-cymene 0.03 0.17
limonene + 1,8-cineole 0.54 0.55
(2)-B-ocimene 0.45 0.29
(E)-p-ocimene 0.07 0.18
vterpinene 0.34 0.31
cislinalool oxidet 0.41 0.69
frans-linalool oxidet 0.05 0.09
terpinolene 0.12 0.10
linalool 0.43 0.73
citronellal 79.77 50.42
isopulegol* + borneol 4.71 16.16
terpinen-4-ol 0.23 0.57
a-terpineol 0.03 0.17
citronellol 5.43 17.32
geraniol 0.57 2.00
citronellyl acetate 0.72 1.08
geranyl acetate 0.11 0.42
B-caryophyllene 1.79 5.47
aromadendrene 0.03 -
o-humulene 0.08 0.26
B-bisabolene 0.11 0.23
y-cadinene 0.05 0.08
elemol 0.04 -
isocaryophyllene oxide - 0.10
caryophyllene oxide 0.04 0.06
* major component
T furanoid form

Also in 2000, Betts compared the headspace of the
fresh leaves of E. citriodora and compared them with a
steam-distilled oil. The results of this study can be seen
in Table IX.

F. M. Chaudhry, S. Akbar, R. Amad, A. Waheed and M. Rashid, Chemical
constituents of the essential oil of Eucalyptus citriodora Hook.
(Myrtaceae) grown in Pakistan. Sci. Int. (Lahore), 6, 373-375
(1994).

M. Dethier, A. Nduwiamana, Y. Cordier, C. Menut and G. Lamaty,
Aromatic plants of tropical Central Africa. XVI. Studies on essential
oils of Eucalyptus species grown in Burundi. J. Essent. Oil Res., 6,
469-473 (1994).
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Cubeb Oil

An oil produced from Piper cubeba L. berries has been an
item of commerce for over 100 years. The oil is used for
its dry woody, spicy, peppery tones in fragrances and, to a
lesser extent, for its spiciness in flavors.

A survey of the literature reveals that Razdan and Bhat-
tacharyya (1954, 1955) characterized a cadinene and o.-co-
paene in an oil of P. cubeba berries of Indian origin.

In 1962, Ikeda et al. examined the monoterpene hydro-
carbon (9.5%) composition of cubeb oil. Using retention
time data on a packed column as the method of identifica-
tion, the authors characterized the presence of the following
compounds:

o-pinene (12.1%)
o-thujene (13.2%)
B-pinene (2.3%)
sabinene (47.1%)
o-phellandrene (1.9%)
o-terpinene (1.1%)

limonene (0.9%)
B-phellandrene (12.7%)
Y-terpinene (1.5%)

ocimene® (0.1%)

p-cymene + terpinolene (2.6%)

myrcene (4.5%)

“correct isomer not identified
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Five yearslater, Wenninger etal. (1967)isolated anumber
of sesquiterpene hydrocarbons from a variety of essential
oils so that they could obtain high resolution infra spectra of
them. As part of this study, they determined that the major
sesquiterpene hydrocarbons in cubeb oil were:

a-cubebene o-humulene
B-cubebene d-cadinene
B-elemene calamenene®

B-caryophyllene

*correct isomer not identified.

In 1974, Terhune et al. isolated two sesquiterpene hy-
drocarbons namely bicyclosesquiphellandrene (1B, 7o, 10B-
cadina-4(14),5diene) and 1-epi-bicyclosesquiphellandrene
(Lo, 7o, 10B-cadina-4(14), 5-diene) in an oil of P. cubeba.

Using a combination of GC/MS and retention indices,
Ramaswami et al. (1988) reported that major sesquiterpene
hydrocarbons found in cubeb oil were as follows:

d-elemene o-muurolene
o-cubebene germacrene D
o-copaene cadina-1,4-diene
B-cubebene d-cadinene
allo-aromadendrene calamenene®

*correct isomer not identified

Chiral GC analysis was used by Takeoka et al. (1990) to
determine that o-copaene existed as pure (-)-0-copaene in
cubeb oil. Two years later, Konig et al. (1992) used a hep-
takis-(6-O-methyl-2,3-pentyl)-O-B-cyclodextrin chiral GC
column to prove that the enantiomeric form of (E)-nerolidol
found in cubeb oil was exclusively (-)-(E)-nerolidol.

A year earlier, Viollon et al. (1991) analyzed an oil of
cubeb of Sri Lankan origin using capillary gas chroma-
tography. Although the authors only used retention times
and compound co-injection as their method of compound
identification, they only characterized constituents that had
been irrefutably previously identified. The composition of
this Sri Lankan cubeb oil was found to be:

o-pinene (0.3%) allo-aromadendrene (5.0%)
sabinene (0.7%) o-terpineol (2.3%)
1,8-cineole (0.3%) y-humulene (4.2%)
o-cubebene (5.1%) B-bisabolene (2.0%)
o-copaene (8.1%) o-muurolene (1.7%)
B-cubebene (0.2%) calamenene® (1.0%)
B-elemene (1.0%) cubebol (30.9%)
B-caryophyllene (3.4%) nerolidol* (3.6%)

“correct isomer not identified

Four years later, Shankaracharya et al. (1995) used GC/
MS to analyze an oil of cubeb produced in the laboratory
from commercial samples of P. cubeba berries. The oil was
found to contain the following constituents:

o-pinene (5.44%) myrcene(1.15%)
sabinene (28.09%) o-phellandrene (0.58%)
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Table IX. Comparative percentage composition of the
headspace and oil composition of Eucalyptus citriodora

Compound Headspace Qil
o-pinene 0-0.12 0.14
B-pinene 0.40-0.79 0.36
myrcene 0-0.18 -
limonene 0.11-2.20 -
terpinolene 0.31-0.49 -
linalool 0-0.14 0.66
isopulegol 0.80-1.41 3.41
citronellal 72.94-80.51 80.10
iso(iso)pulegol 0-0.85 8.51
citronellol 3.49-5.44 4.18
citronellyl acetate 0.99-3.81 0.02
B-caryophyllene 9.17-11.76 0.39
o-humulene 0.08-0.50 -
bicyclogermacrene 1.45-1.68 -

Table X. Comparative major component percentage
composition of the oils of two cubeb samples produced
by different isolation methods

Cubeb A Cubeb B

Steam Hydro Steam Hydro
distilled distilled distilled distilled

oil oil oil oil
o-pinene 2.0 0.9 1.2 1.0
sabinene 29.6 23.1 3.8 4.9
limonene 2.6 1.9 22 20
vterpinene 0.7 0.7 0.6 0.1
cissabinene hydrate 1.2 1.0 0.5 0.1
linalool 1.0 0.8 0.8 0.8
terpinen-4-ol 2.1 2.2 0.3 0.2
o-cubebene 3.7 2.6 5.0 4.0
a-copaene 7.8 5.8 9.8 7.6
B-cubebene 7.1 6.0 3.9 8.9
B-caryophyllene 6.1 6.7 9.5 8.0
allo-aromadendrene 5.8 6.1 9.2 11.0
¥muurolene 6.9 7.0 11.5 10.9
germacrene D 5.8 7.4 9.1 11.1
cubebol 6.2 7.8 16.4 11.1
nerolidol* 2.4 3.1 3.0 35
globulol 1.5 2.6 2.7 35
cubenol 1.1 1.2 29 1.8

*correct isomer not identified
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(Z)-b-ocimenet (0.81%)
B-phellandrenet (0.76%)
p-cymene (0.59%)

limonene (4.41%)
(E)-b-ocimene (0.07%)
Y-terpinene (1.14%)
cis-sabinene hydrate (2.73%)
terpinolene (0.31%)
trans-sabinene hydrate (trace)
linalool (3.22%)

camphor (0.04%)
terpinen-4-ol (2.69%)
o-terpineol (0.30%)
myrtenol (trace)
cuminaldehyde (0.01%)
carvone (trace)

safrole (0.08%)
d-elemene (0.10%)
a-cubebene (1.65%)
o-ylangene (0.07%)

o-copaene (4.01%)
B-cubebene (4.39%)
B-caryophyllene (1.69%)
o-humulene (0.45%)
allo-aromadendrene (1.67%)
Y-muurolene (4.20%)
Y-curcumene (trace)
germacrene D (2.89%)
methyl isoeugenol”® (trace)

myristicin (trace)

o-muurolene (0.62%)
o-farnesene® (trace)
d-cadinene (trace)

cubebol (15.18%)
calamenene® (trace)
elemol (0.32%)

elemicin (trace)

ledol (0.20%)

nerolidol*a (1.45%)
germacrene D-4-ol (0.77%)
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spathulenol (trace)
globulol (1.76%)
dillapiole (0.16%)
bisabolol*t (0.37%)
cubenol (0.56%)
isoelemicin®a (0.39%)
guaiolt (0.06%)
(E)-asarone (1.39%)

farnesol® (trace)

“correct isomer not identified

tincorrect identification based on
elution order

a (E)-isomer based on elution order

The authors also compared the
main component compositions of
oils produced from two different
lots of cubeb berries that were
produced by steam distillation and
hydrodistillation. The results of the
experiment can be seen in Table X.
It is interesting to note that the two
oils differ quite drastically; one being
richin sabinene while the other being
more sesquiterpene—rich. Also, itwas
not possible to draw any meaningful
conclusions on the influence of the
isolation technique on oil composi-
tion other than perhaps that cubebol
when present as a major constituent
appears to thermally degrade to B-
cubebene.

This author (Lawrence) has ex-
amined the composition of some oils
of P. cubeba using a range of modern
analytical techniques. The constitu-
ents identified in these oils were as
follows:
o-thujene (trace-0.1%)
o-pinene (1.3-2.2%)
f-pinene (trace-0.2%)
sabinene (2.1-4.6%)
myrcene (trace-0.1%)
o-phellandrene (trace-0.1%)
o-terpinene (trace-0.1%)
limonene (0.1-0.2%)
1,8-cineole (0.6-0.8%)

B-phellandrene (trace)
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y-humulene (4.4-4.9%)
phellandral (trace)
B-bisabolene (1.5-1.6%)

zonarene (trace-0.1%)

Y-terpinene (trace-0.1%)
(E)-B-ocimene (trace)
p-cymene (trace-0.1%)
terpinolene (trace)
(Z.,7,)-allo-ocimene (trace) o-muurolene (1.1-1.2%)
2-nonanone (trace) cis-piperitol (trace-0.1%)
trans-sabinene hydrate (trace) d-cadinene (8.5-9.5%)
o-p-dimethylstyrene (trace-0.1%) y-cadinene (0.1-0.3%)
a-cubebene (7.1-8.5%) cadina-1,4-diene (trace-0.1%)
d-elemene (0.2-0.3%) cuminaldehyde (0.1-0.2%)
bicycloelemene (trace) cis-calamenene (3.5-3.8%)
o-copaene (10.4-14.3%) p-cymen-8-ol (0.1-0.3%)
camphor (trace) safrole (trace)

o-gurjunene (trace) epi-cubebol (trace-0.1%)
cis-sabinene hydrate (trace-0.3%) palustrol (trace-0.1%)

cubebol (8.9-10.0%)
caryophyllene oxide (trace-0.1%)
ledol (trace)

(E)-nerolidol (2.1-3.5%)
cubenol (0.8-1.5%)

epi-cubenol (1.5-3.5%)

globulol (trace)

2-undecanone (trace)
B-cubebene (7.1-11.1%)
cis-p-menth-2-en-1-ol (trace)
linalool (trace-0.1%)
B-elemene (1.0-1.2%)
B-caryophyllene (2.4-3.7%)
trans-p-menth-2-en-1-ol (trace)
Y-elemene (trace)
allo-aromadendrene (3.0-4.2%)
borneol (0.2-0.3%)

isoborneol (trace)

(E)-methyl isoeugenol (trace)
T-muurolol (trace)

a-cadinol (0.5-1.0%)

pilgerol (trace)

dillapiole (trace-0.1%)
myristicin (trace-0.1%)
(E)-asarone (0.9-3.7%)
apiole (0.1-0.2%)

carvotanacetone (0.7-1.2%)
y-muurolene (trace-0.1%)
o-terpineol (1.9-2.2%)
ledene (trace)

germacrene D (0.1-0.2%)

More recently, a commercial sample of cubeb oil was
analyzed by GC/MS (Lawrence) and found to contain the
following major constituents:

B-cubebene (5.3%)
B-elemene (2.1%)
B-caryophyllene (1.1%)
allo-aromadendrene (2.2%)
o-terpineol (2.8%)
Y-humulene (1.9%)
d-cadinene (1.1%)
cis-calamenene (2.2%)
cubebol (5.7%)
(E)-nerolidol (1.8%)

o-pinene (7.8%)
sabinene (29.5%)
myrcene (1.4%)
o-phellandrene (1.6%)
o-terpinene (1.3%)
limonene (2.8%)
1,8-cineole (2.5%)
p-cymene (1.1%)
a-cubebene (5.7%)
o-copaene (5.6%)
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