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Brian M. Lawrence, Consultant

Progress in Essential Oils

Juniper Leaf (Needle) Oil
An absolute produced from the leaves 
of Bulgarian grown J. communis was 
found (Nicolov et al., 1972) to contain 
the following constituents:

a-pinene (29.8%)
camphene (0.4%)
b-pinene (14.5%)
sabinene (0.5%)
myrcene + d-3-carene (0.9%)
a-phellandrene (0.2%)
limonene (11.3%)
b-phellandrene (1.2%)
1,8-cineole (0.2%)
p-cymene + γ-terpinene + terpinolene (1.0%)
camphor (2.7%)
bornyl acetate + terpinen-4-ol (9.6%)
borneol + a-terpineol (3.5%)

A leaf oil of J. communis produced 
from foliage harvested in Italy was 
analyzed by Vidrich et al. (1987). The 
components characterized in this oil 
were as follows:

a-pinene (15.4%)
sabinene (32.0%)
myrcene (4.8%)
a-phellandrene (1.5%)
limonene (4.1%)
γ-terpinene (2.8%)
p-cymene (0.7%)
terpinolene (2.6%)
isobornyl acetate (3.0%)
b-caryophyllene (2.9%)
borneol (1.1%)
geranyl acetate (2.4%)
neryl acetate (6.1%)
citronellol (3.6%)
myrtenol + nerol (0.6%)

Juniper leaf oil produced from 
shrubs cultivated in Nainital (Uttara-
khand, India; 2,200 m altitude) was 

subjected to analysis by Pande and 
Mathela (2000). The oil was found to 
contain the following constituents:

a-thujene (0.8%)
a-pinene (6.2%)
a-fenchene (0.6%)
camphene (0.5%)
sabinene (48.8%)
b-pinene (2.7%)
myrcene (2.3%)
d-2-carene (0.6%)
a-phellandrene (1.1%)
d-3-carene (0.8%)
limonene (3.1%)
1,8-cineole (1.8%)
γ-terpinene (2.3%)
fenchone (1.2%)
linalool (1.1%)
terpinen-4-ol (3.2%)
trans-carveol (0.8%)
a-fenchyl acetate (5.8%)
b-elemene (0.8%)
b-caryophyllene (0.3%)
γ-muurolene (0.6%)
germacrene D (0.4%)
γ-cadinene (0.3%)
d-cadinene (1.2%)

An oil of dried juniper needles that 
were collected from several female 
trees that were growing in the vicin-
ity of Perušić (Croatia) was analyzed 
by Mastelic et al. (2000). The oil 
was found to contain the following 
hydrocarbons:

a-pinene (16.9%)
sabinene (12.1%)
b-terpinene (4.3%)
b-thujene (3.6%)
a-terpinene (3.8%)
limonene (1.7%)
bornylene (1.7%)
b-phellandrene (7.3%)

γ-terpinene (5.9%)
p-cymene (2.5%)
terpinolene (2.9%)
cembrene (0.7%)
b-caryophyllene (0.3%)
widdrene† (6.4%)
γ-elemene (0.7%)
a-humulene (0.3%)
b-cubebene (0.7%)
b-selinene (0.2%)
artistolene (0.5%)
b-himachalene (0.5%)
d-cadinene (1.4%)

†also known as cis-thujopsene

Unfortunately, it was not possible 
to determine the accuracy of the 
compound identifications as they 
were not listed in elution order from 
a specific capillary column. Never-
theless, it should be pointed out that 
b-terpinene has never been charac-
terized as being naturally occurring 
and b-thujene is sabinene; as a result, 
these two identifications are definitely 
incorrect.

The oxygenated compounds found 
in this same oil were:

acetic acid (t)
a-thujone (0.1%)
a-campholenic aldehyde (0.1%)
camphor (0.1%)
2-pentanol (0.7%)
cis-sabinene hydrate (1.1%)
linalool (t)
trans-sabinene hydrate (0.6%)
bornyl acetate (0.7%)
carvacrol (0.1%)
a-bisabolol (t)
decanoic acid (t)
dodecanoic acid (t)

t = trace (<0.1%)
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Mastelic et al. also isolated the gly-
cosides found in the needles. Using 
b-glucosidase from almonds they 
analyzed the volatiles liberated and 
found them to comprise:

3-hexenol* (1.3%)
1-octen-3-ol (1.3%)
thymoquinone (4.6%)
methyl salicylate (1.0%)
myrtenol (0.7%)
a-methylbenzyl alcohol (0.8%)
benzyl alcohol (2.0%)
methyl 3-hydroxybenzoate (2.6%)
2-phenethanol (2.8%)
perillyl alcohol (<0.1%)
2-phenyl-2-propenal (2.7%)
3-phenylpropanol (6.0%)
p-cymen-8-ol (2.2%)
terpinen-4-ol (7.7%)
citronellyl acetate (0.1%)
myrtenyl acetate (0.2%)
borneol (0.3%)
a-terpineol (1.1%)
p-menth-1-en-8-yl acetate (0.9%)
phellandral (0.1%)
cis-piperitol (0.3%)
citronellol (0.1%)
p-isopropylbenzaldehyde (0.1%)
phellandrene epoxide* (0.1%)
4-phenylbutanol (0.1%)
myrtenol (0.2%)
2,4-decadienal* (0.1%)
p-mentha-2,5-dien-7-ol (0.3%)
trans-carveol (0.2%)
hexanoic acid (t)
p-cymen-8-ol (0.2%)
b-ionone* (0.1%)
2,4-decadienol* (0.1%)
nerolidol* (0.1%)
octanoic acid (t)
elemol (0.1%)
capnellan-8-one (0.2%)
a-cedrol (0.3%)
spathulenol (0.4%)
nonanoic acid (t)
T-cadinol (0.3%)
T-muurolol (0.3%)
o-methylbenzyl alcohol (1.5%)
thymol (<0.1%)
3-phenyl-2-propenol (32.8%)
isoeugenol* (1.0%)
3-methyl-2-butenol (2.8%)
3,4,5-trimethoxybenzaldehyde (4.3%)
4-(3-hydroxy-1-butenyl)-3,5,5-trimethyl-2-

cyclohexen-1-one (2.4%)
3-(3-hydroxybutyl)-2,4,4-trimethyl-2-

cyclohexen-1-one (2.2%)
dihydro-b-ionone (1.8%)

*correct isomer not identified

Karlsen and Baerheim Svendsen 
(2002) compared the hydrodistilled 
oils of J. communis var saxatilis Pall. 
whole and comminuted needles har-

vested in Valdres (central Norway). 
Their results are presented in T-1.  
As can be seen, the oil composition 
was dependent not only on the state 
of needles, but also the length of 
distillation time. 

Shamir et al. (2003) analyzed oils 
produced from the needles and ber-
ries of J. communis ssp. communis 
collected from Gorgan (Golestan 
province, Iran; 2,100 m altitude). The 
needle oil composition was found to 
be as follows:

a-thujene (3.1%)
a-pinene (12.5%)
sabinene (40.7%)
b-pinene (0.8%)
myrcene (3.7%)
a-phellandrene (0.5%)
a-terpinene (2.5%)
p-cymene (1.3%)
limonene (3.7%)
(E)-b-ocimene (0.5%)
γ-terpinene (3.8%)
trans-sabinene hydrate (1.8%)
terpinolene (2.6%)
cis-sabinene hydrate (1.3%)
cis-p-menth-2-en-1-ol (0.8%)
trans-p-menth-2-en-1-ol (0.6%)
terpinen-4-ol (12.3%)

a-terpineol (0.5%)
cis-piperitol (0.3%)
trans-piperitol (0.3%)
methyl citronellate (0.2%)
bornyl acetate (0.2%)
2-undecanone (0.3%)
dihydrocarvyl acetate (0.1%)
sabinene hydrate acetate* (0.9%)
a-terpinyl acetate (0.1%)
b-elemene (0.2%)
b-caryophyllene (0.4%)
b-cedrene (0.1%)
a-humulene (0.3%)
curcumene (0.2%)
germacrene D (0.4%)
b-selinene (0.1%)
a-selinene (0.2%)
b-bisabolene (0.1%)
d-cadinene (0.4%)
γ-elemene (0.5%)
caryophyllene oxide (0.2%)
a-cadinol (0.8%)
bisabolol* (0.4%)

*correct isomer not identified

Oils produced from J. communis 
ssp. communis needles harvested in 
the Laconi Mountain area (Sardinia, 
Italy) were the subject of analysis by 
Angioni et al. (2003), who found that 
the oils varied as follows:
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Distillation time: 2 hr 4 hr 12 hr ¼ hr ½ hr
Oil type: Whole Comminuted 
 needle oils needle oils

Compound

a-thujene 2.7 3.3 4.8 3.9 4.0
a-pinene 7.5 7.9 12.4 12.7 13.2
sabinene 40.1 36.2 26.1 57.2 49.5
myrcene 3.2 3.4 4.5 4.5 4.3
a-phellandrene 0.6 0.5 0.7 0.4 0.5
d-3-carene 0.8 0.8 1.0 0.9 1.0
a-terpinene 3.6 4.3 6.1 0.6 1.2
p-cymene 0.8 0.6 0.5 0.3 0.4
limonene + b-phellandrene 4.7 4.6 5.5 4.6 4.6
γ-terpinene 6.2 7.2 10.1 1.5 2.4
trans-sabinene hydrate 0.3 0.3 0.2 0.4 0.4
terpinolene 3.1 3.2 4.2 2.2 2.4
cis-sabinene hydrate 0.8 1.0 0.8 - 0.2
trans-sabinol 0.6 0.7 0.6 0.1 0.1
terpinen-4-ol 15.6 17.2 15.9 1.9 3.6
a-terpineol 0.7 0.7 0.8 <0.1 -
a-terpinyl acetate 0.8 0.8 0.5 0.5 0.7
germacrene D 0.2 0.1 0.2 1.2 1.4
d-cadinene 1.0 0.7 0.6 0.7 1.9
germacrene B 0.2 0.1 <0.1 1.5 1.6

T-1Comparative percentage composition of the main 
components of whole and comminuted dried 
needles of Juniperus communis var. saxatilis

a-thujene (2.14–2.40%)
a-pinene (6.00–6.82%)
camphene (0.03–0.05%)
sabinene (56.03–66.15%)
b-pinene (0.55–0.71%)
myrcene (2.39–2.75%)
a-phellandrene (0.06–0.14%)
a-terpinene (1.47–2.11%)
p-cymene (1.08–1.22%)
limonene (2.23–2.77%)
γ-terpinene (2.70–3.94%)
terpinolene (1.22–1.46%)
b-terpineol* (0.65–0.76%)
terpinen-4-ol (8.16–13.18%)
a-terpineol (0.46–0.58%)
b-thujone (0.25–0.33%)
bornyl acetate (0.09–0.17%)
myrtenyl acetate (0.03–0.05%)
a-terpinyl acetate (0.14–0.66%)
b-caryophyllene (0.06–0.18%)
a-humulene (0.06–0.16%)
germacrene D (0.04–1.46%)
a-muurolene (0.05–0.23%)
caryophyllene oxide (0.08–0.20%)

*correct isomer not identified

The supercritical fluid CO2 extract 
of J. communis ssp. communis of 
Iranian origin was compared with an 
oil produced from the same batch of 

needles by hydrodistillation by Pour-
mortazavi et al. (2004). The results 
that are presented in T-2 reveal that 
the extracts were remarkably differ-
ent compared the hydrodistilled oil. 
For example, the hydrodistilled oil 
was richer in b-phellandrene, and the 
ratio of a-pinene to d-3-carene was 
high in comparison to the extracts. 
Furthermore, the results showed 
that the composition of the extract is 
greatly influenced by the conditions 
of extraction. 

A lab-distilled needle oil of J. 
communis that was produced from 
needles collected in Gorakhpur (Uttar 
Pradesh, India) was the subject of 
analysis by Singh et al. (2005). Using a 
combination of GC-FID and GC/MS, 
the authors determined that the oil 
possessed the following composition:

(Z)-3-hexenol (0.2%)
a-thujene (1.1%)
a-pinene (4.0%)
camphene (0.4%)
sabinene (27.5%)
b-pinene (0.4%)
myrcene (5.3%)

a-terpinene (0.8%)
p-cymene (0.2%)
limonene (13.9%)
(E)-b-ocimene (0.1%)
γ-terpinene (1.5%)
cis-sabinene hydrate (0.4%)
terpinolene (1.0%)
trans-sabinene hydrate (0.3%)
cis-p-menth-2-en-1-ol (0.2%)
terpinen-1-ol (0.1%)
camphor (0.1%)
borneol (0.1%)
terpinen-4-ol (2.5%)
a-terpineol (0.1%)
bornyl acetate (7.2%)
b-bourbonene (0.1%)
b-elemene (0.1%)
b-caryophyllene (0.2%)
a-humulene (0.1%)
germacrene D (1.5%)
a-muurolene (0.2%)
a-amorphene (0.2%)
d-cadinene (0.8%)
elemol (15.8%)
(E)-nerolidol (0.1%)
germacrene D-4-ol (0.4%)
b-oplopenone (0.4%) 
10-epi-γ-eudesmol (0.2%)
γ-eudesmol (1.9%)
b-eudesmol (1.9%)
a-eudesmol (1.8%)
a-cadinol (1.0%)

Trace amounts (<0.1%) of 
a-phellandrene and (Z)-b-ocimene 
were also found in this oil.

A leaf oil of J. communis grown in 
Norway was found (Rohloff and Lan-
gleito, 2005) to possess the following 
components:

a-pinene (20.0%)
b-pinene (0.8%)
sabinene (23.4%)
d-3-carene (4.0%)
myrcene (4.1%)
a-terpinene (4.8%)
limonene (5.3%)
b-phellandrene (2.6%)
(Z)-b-ocimene (0.2%)
γ-terpinene (5.4%)
terpinolene (4.9%)
terpinen-4-ol (11.0%)

A commercial needle oil of J. 
communis var. errecta Pursh., which 
was produced in Moradabad (Uttar 
Pradesh, India), was found by Kumar 
et al. (2007) to contain the following 
constituents:

a-pinene (2.3%)
sabinene (22.8%)
b-pinene (10.7%)
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cis-muurola-3,5-diene (0.0–t)
trans-muurola-3,5-diene (0.0–0.1%)
a-humulene (0.2–1.6%)
(E)-b-farnesene (t–0.1%)
cis-muurola-4(14),5-diene (0.0–0.2%)
trans-cadina-1(6),4-diene (0.0–0.1%)
γ-muuroladiene (0.1–0.2%)
germacrene D (0.4–1.0%)
b-selinene (t–0.1%)
trans-muurola-4(14),5-diene (t–0.2%)
bicyclogermacrene (0.2–0.4%)
a-muurolene (0.1–0.4%)
(E,E)-a-farnesene (0.0-t)
b-bisabolene (0.1–0.6%)
γ-cadinene (0.1–0.6%)
endo-1-bourbononal (t–0.1%)
b-sesquiphellandrene (0.1–0.3%)
d-cadinene (0.5–1.9%)
citronellyl butyrate (0.1–0.2%)
trans-cadina-1(2),4-diene (0.1%)
a-cadinene (0.1–0.4%)
a-calacorene (t)
cis-sesquisabinene hydrate (0.0–0.2%)
elemol (0.3–1.2%)
germacrene B (0.1–0.8%)
(Z)-3-hexenyl benzoate (0.0–0.1%)
dendrolasin (0.0–0.2%)
germacrene D-4-ol (0.3–1.1%)
spathulenol (0.2–0.6%)
hexyl benzoate (0.0–0.1%)
caryophyllene oxide (0.1–0.8%)
salvia-4(14)-en-1-one (t–0.1%)

Compound SFE SFE Oil
  1 2 

a-thujene 26.2 13.0 -
a-pinene 1.4 - 24.5
camphene - - 0.9
sabinene 2.1 1.8 0.4
b-pinene - - 1.7
myrcene 3.8 1.2 3.4
d-3-carene 36.8 17.1 39.4
a-terpinene - 0.6 0.6
p-cymene - - 0.5
limonene 24.2 8.6 -
b-phellandrene - - 25.1
γ-terpinene - - 0.4
terpinolene - 2.1 3.1
cis-sabinene hydrate 2.4 1.6 -
bornyl acetate - 0.6 -
a-terpinyl acetate 0.9 2.4 -
b-elemene - 1.0 -
γ-muurolene - 2.6 -
d-cadinene - 4.4 -
γ-cadinene - 2.8 -
non-volatiles 2.2 40.2 -

SFE 1: 200 atmos., 45°C, 30 min extraction time; SFE 2: 350 atmos., 55°C, 30 min extraction time

T-2Comparative percentage composition of Juniperus communis ssp.  
communis supercritical fluid CO2 extracts (SFE) and a 
hydrodistilled oil

myrcene (4.1%)
a-phellandrene (0.3%)
a-terpinene (2.9%)
limonene (1.4%)
b-phellandrene (0.8%)
1,8-cineole (0.1%)
γ-terpinene (6.2%)
terpinolene (2.2%)
trans-sabinene hydrate (6.0%)
d-elemene (0.2%)
a-cubebene (0.6%)
a-copaene (0.6%)
b-cubebene (0.2%)
b-caryophyllene (0.6%)
b-gurjunene (0.6%)
γ-muurolene (3.8%)
a-muurolene (3.8%)
b-curcumene (1.0%)
γ-cadinene (10.6%)
d-cadinene (2.9%)
a-calacorene (0.2%)
γ-eudesmol (1.2%)
T-cadinol (1.1%)
a-cadinol (2.2%)

Butkiene et al. (2006) analyzed 
juniper needle oils produced from 
plants collected in five different loca-
tions in eastern Lithuania. The oils, 
which were produced by water distil-
lation in the laboratory, were found to 
range in composition as follows:

hexanal (0.0–0.1%)
tricyclene (0.0–t)
a-thujene (0.0–t)
a-pinene (40.3–66.5%)
camphene (0.2–0.5%)
thuja-2,4-diene (0.0–t)
verbenene (0.0–0.3%)
sabinene (1.3–4.6%)
b-pinene (t–1.0%)
myrcene (2.1–4.7%)
d-2-carene (0.0–0.9%)
a-phellandrene (0.8–4.4%)
d-3-carene (0.5–5.2%)
a-terpinene (0.0–0.2%)
p-cymene (t–0.3%)
b-phellandrene (2.2–12.5%)
limonene (0.2–3.0%)
(E)-b-ocimene (0.0–t)
amyl isobutyrate (0.0–0.5%)
γ-terpinene (0.0–0.3%)
terpinolene (0.9–1.8%)
linalool (0.0–0.2%)
isoamyl isovalerate (0.3–0.5%)
3-methyl-3-butenyl isovalerate (0.0–0.6%)
a-campholenal (0.0–0.3%)
trans-pinocarveol (0.0–0.2%)
cis-verbenol (0.0–t)
camphor (0.0–0.1%)
trans-verbenol (0.0–0.1%)
citronellal (t–0.7%)
p-mentha-1(7),2-dien-8-ol (0.0–t)
borneol (t–0.2%)

p-mentha-1,5-dien-8-ol (0.0–0.3%)
terpinen-4-ol (t–1.0%)
p-cymen-8-ol (0.0–t)
a-terpineol (0.1–0.8%)
myrtenol (0.0–0.1%)
verbenone (0.0–0.2%)
citronellol (0.0–0.1%)
methyl thymol (0.0–0.1%)
carvone (0.0–0.1%)
methyl carvacrol (0.0–0.3%)
piperitone (0.0–0.1%)
cis-myrtanol (0.0–0.2%)
methyl citronellate (0.3–0.5%)
bornyl acetate (0.6–0.9%)
p-cymen-7-ol (0.0–0.1%)
2-undecanone (0.0–0.3%)
trans-pinocarvyl acetate (0.0–0.3%)
cis-pinocarvyl acetate (0.0–0.6%)
d-elemene (0.1–0.3%)
trans-carvyl acetate (0.0–0.2%)
a-terpinyl acetate (0.0–0.8%)
citronellyl acetate (t–0.1%)
a-copaene (0.0–0.1%)
trans-myrtanyl acetate (0.2–0.3%)
b-cubebene (0.0–0.1%)
b-elemene (0.4–0.6%)
longifolene (0.0-t)
b-caryophyllene (0.5–1.7%)
2,5-dimethoxy-p-cymene (0.0–0.1%)
a-ionone* (0.0–0.1%)
b-gurjunene (t–0.1%)
γ-elemene (0.0–1.7%)
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longiborneol (0.0–0.1%)
b-oplopenone (0.0–t)
humulene epoxide II (0.3–0.8%)
1,10-di-epi-cubenol (0.0–0.2%)
1-epi-cubenol (0.1–0.2%)
γ-eudesmol (0.0–0.3%)
T-cadinol (0.2–1.1%)
T-muurolol (0.4–0.9%)
a-muurolol (0.1–0.3%)
b-eudesmol (0.1–0.2%)
a-eudesmol (0.1–0.2%)
a-cadinol (1.0–2.7%)
14-hydroxy-9-epi-b-caryophyllene (0.2–0.4%)
epi-a-bisabolol (0.2–0.5%)
eudesma-4(15),7-dien-1b-ol (0.2–0.4%)
eudesm-7(11)-en-4-ol (t–0.4%)
(Z,E)-farnesol (0.0–0.1%)
14-hydroxy-a-humulene (0.0–0.4%)
(E,E)-farnesol (0.0–0.1%)
(E,Z)-farnesol (0.0–0.1%)
14-hydroxy-a-muurolene (0.0–0.2%)
octadecane (0.0–t)
cyclopentadecanolide (0.0–0.1%)
nonadecane (0.0–t)
manoyl oxide (0.0–0.1%)
13-epi-manoyl oxide (0.0–0.1%)
abietatriene (0.0–0.1%)
abietadiene (0.0–0.1%)

t = trace (<0.1%)
*correct isomer not identified

Butkiene et al. (2006) analyzed 
the leaf (needle) oils of five acces-
sions of J. communis from Vilnius 
district (Lithuania) and found that 
they contained the following range of 
components:

2-hexenal* (t–0.3%)
xylene (0.0–0.1%)
tricyclene (t–0.1%)
a-thujene (t–0.1%)
a-pinene (38.5–54.6%)
camphene (0.3–0.5%)
verbenene (0.1–0.2%)
sabinene (0.9–4.3%)
b-pinene (0.8–2.1%)
myrcene (1.6–2.5%)
d-2-carene (0.2–0.4%)
a-phellandrene (1.1–2.8%)
d-3-carene (1.6–3.6%)
a-terpinene (t–0.3%)
p-cymene (0.1–2.0%)
b-phellandrene (4.1–9.1%)
limonene (0.0–3.3%)
(E)-b-ocimene (t–0.3%)
isoamyl butyrate (t–0.8%)
γ-terpinene (t–1.0%)
cis-sabinene hydrate (0.0–0.2%)
terpinolene (1.0–2.0%)
trans-sabinene hydrate (0.0–0.2%)
linalool (t–0.1%)
isoamyl 2-methylbutyrate (t–0.1%)
a-thujone (0.0–0.1%)
isoamyl isovalerate (0.1–0.4%)

3-methyl-3-butenyl isovalerate (0.1–0.3%)
a-campholenal (t–0.2%)
trans-limonene oxide (0.0–0.1%)
trans-pinocarveol (t–0.2%)
trans-p-menth-2-en-1-ol (0.0–0.2%)
camphor (t–0.1%)
trans-verbenol (t–0.2%)
citronellal (0.0–0.2%)
pinocarvone (0.0–0.1%)
borneol (t–0.1%)
p-mentha-1,5-dien-8-ol (t–0.4%)
terpinen-4-ol (0.2–2.8%)
m-cymen-8-ol (0.0–0.1%)
p-cymen-8-ol (t–0.1%)
a-terpineol (0.2–2.0%)
myrtenol (t–0.2%)
trans-dihydrocarvone (0.0–0.1%)
verbenone (0.0-0.2%)
trans-piperitol (0.0–0.1%)
trans-carveol (0.0–0.1%)
citronellol (0.0–0.2%)
methyl thymol (t–0.2%)
trans-chrysanthenyl acetate (0.0–0.2%)
carvone (0.0–0.1%)
cis-myrtanol (0.0–0.1%)
trans-myrtanol (0.0–0.1%)
methyl citronellate (t–0.7%)
bornyl acetate (0.6–1.4%)
p-cymen-7-ol (0.0–0.1%)
2-undecanone (0.0–0.2%)
trans-pinocarvyl acetate (0.1–0.5%)
carvacrol (0.0–0.2%)
tridecane (0.0–0.1%)
cis-pinocarvyl acetate (0.1–0.5%)
trans-carvyl acetate (0.0–0.2%)
d-elemene (0.1–0.4%)
a-terpinyl acetate (t–0.4%)
a-cubebene (0.0–0.1%)
citronellyl acetate (t–0.2%)
a-copaene (t–0.2%)
trans-myrtanyl acetate (0.2–0.5%)
b-bourbonene (t–0.1%)
b-cubebene (0.1–0.2%)
b-elemene (0.4–1.6%)
longifolene (t–0.1%)
b-caryophyllene (0.2–0.6%)
2,5-dimethoxy-p-cymene (t–0.1%)
b-gurjunene (t–0.2%)
γ-elemene (0.1–1.0%)
cis-muurola-3,5-diene (t–0.2%)
trans-muurola-3,5-diene (t–0.1%)
a-humulene (0.2–0.6%)
(E)-b-farnesene (t–0.1%)
cis-muurola-4(14)-5-diene (0.1–0.5%)
trans-cadina-1(6),4-diene (t–0.3%)
γ-muurolene (0.1–0.5%)
germacrene D (0.5–2.1%)
(E)-b-ionone (0.0–0.1%)
b-selinene (0.0–0.3%)
epi-cubebol (0.0–0.6%)
trans-muurola-4(14),5-diene (0.1–0.4%)
bicyclogermacrene (0.0–1.0%)
a-muurolene (0.2–0.8%)
(Z)-a-bisabolene (0.0–0.5%)
b-bisabolene (0.0–0.2%)
γ-cadinene (0.2–1.3%)

cubebol (0.0–0.3%)
endo-1-bourbananol (0.1–0.2%)
b-sesquiphellandrene (0.1–0.2%)
d-cadinene (0.8–6.2%)
citronellyl butyrate (0.1–0.2%)
cadina-1(2),4-diene (0.1–0.3%)
a-cadinene (0.1–0.4%)
a-calacorene (t–0.1%)
elemol (0.5–0.8%)
germacrene B (0.1–0.6%)
(Z)-3-hexenyl benzoate (t–0.1%)
germacrene D-4-ol (0.6–2.1%)
spathulenol (0.2–1.1%)
caryophyllene oxide (0.0–0.4%)
ethyl dodecanoate (0.0–0.3%)
salvia-4(14)-en-1-one (t–0.1%)
longiborneol (t–0.1%)
heptadecane (t–0.1%)
b-oplopenone (t–0.1%)
humulene epoxide II (t–0.4%)
1,10-di-epi-cubenol (0.1–0.4%)
1-epi-cubenol (0.2–0.8%)
γ-eudesmol (t–0.2%)
T-cadinol (0.7–3.7%)
T-muurolol (0.4–3.3%)
a-muurolol (0.2–0.5%)
a-cadinol (1.6–8.7%)
14-hydroxy-9-epi-b-caryophyllene (t–0.5%)
epi-a-bisabolol (0.0–1.0%)
eudesma-4(15),7-dien-1b-ol
(Z,E)-farnesol (0.0–0.6%)
eudesm-7(11)-en-4-ol (t–0.6%)
14-hydroxy-a-humulene (t–0.2%)
(E,E)-farnesol (0.0–0.2%)
benzyl benzoate (0.0–0.1%)
14-hydroxy-a-muurolene (0.1–0.2%)
cyclopentadecanolide (t–0.1%)
ethyl tetradecanoate (0.0–0.1%)
manoyl oxide (t–0.1%)
13-epi-manoyl oxide (t–0.1%)
abietatriene (t–0.1%)
abietadiene (t–0.2%)
sandaracopimarinal (0.0–0.1%)
4-epi-abietal (0.1–0.2%)

t = trace (0.1%); *correct isomer not identified

Trace amounts (<0.1%) of unde-
cane, (E)-a-ionone, octadecane, 
nonadecane and sandaracopima-
8(11),15-diene in the same oil. 
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Spanish Sage Oil
A commercial oil of Spanish sage oil 
(ex Salvia lavandulaefolia Vahl) was 
determined by Perry et al. (2002) 
to contain the following major 
components:

a-pinene (5.0%)
b-pinene (12.0%)
1,8-cineole (17.0%)
thujone* (0.3%)
camphor (27.0%) 
bornyl acetate (10.2%)

borneol (14.5%)
geraniol (0.4%)

*correct isomer not determined

Jirovetz et al. (2006) used a com-
bination of GC-FID and GC/MS to 
analyze an oil of Spanish sage. The 
oil was found to possess the following 
composition:

tricyclene (0.4%)
a-pinene (4.9%)
camphene (5.6%)
a-fenchene (0.1%)
sabinene (1.3%)
b-pinene (4.6%)
myrcene (2.5%)
a-phellandrene (0.1%)
p-cymene (0.4%)
a-terpinene (0.1%)
limonene (5.0%)
1,8-cineole (25.5%)
(Z)-b-ocimene (0.1%)
(E)-b-ocimene (0.1%)
γ-terpinene (0.3%)
terpinolene (0.3%)
cis-sabinene hydrate (0.1%)
linalool (2.4%)
a-thujone (0.1%)
camphor (29.2%)
trans-sabinol (0.8%)
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Compound Anther Corolla Calyx Young Old 
     leaf leaf

tricyclene t 0.1 0.2 0.1 0.1
a-thujene 0.4 0.2 0.3 0.1 0.1
a-pinene 2.2 2.6 4.2 2.6 2.0
camphene 1.1 3.1 5.4 4.9 2.9
sabinene 0.3 0.1 0.2 t t
b-pinene 16.3 9.9 14.0 5.0 4.8
myrcene 0.9 1.0 1.0 3.8 3.8
a-terpinene 0.3 0.2 0.4 t t
p-cymene 0.5 0.5 0.8 0.2 0.5
limonene 35.3 11.2 2.9 8.7 6.7
1,8-cineole 9.4 16.4 15.1 18.1 17.6
(Z)-b-ocimene 2.9 2.0 0.4 0.5 0.5
(E)-b-ocimene 0.3 0.2 t t t
γ-terpinene 2.3 1.6 3.6 0.5 0.3
cis-sabinene hydrate 0.5 0.5 0.6 0.4 0.3
terpinolene 0.2 0.4 0.5 0.8 0.3
linalool 0.2 0.2 0.7 0.5 0.3
a-thujone 1.0 0.6 1.5 0.8 0.9
b-thujone 0.4 0.2 0.5 0.2 0.1
camphor 0.5 3.3 15.3 18.5 12.8
borneol 6.5 13.0 6.1 0.9 1.2
terpinen-4-ol t t 0.1 0.1 0.1
a-terpineol t 0.2 0.4 0.5 0.3
trans-carveol 0.8 0.4 0.1 0.2 0.2
bornyl acetate t 0.4 2.0 1.3 0.2
bornane-2,5-dione† t 0.1 1.6 2.2 1.6
a-cubebene t 0.5 1.3 2.8 1.7
geranyl acetate t 0.1 0.1 0.2 0.3
a-copaene t t t 0.2 0.5
a-gurjunene + cis-a-bergamotene t 0.5 0.4 0.8 1.5
b-caryophyllene 0.2 3.4 2.7 2.3 2.9
aromadendrene 0.3 2.5 1.2 1.5 4.1
a-humulene 0.3 4.8 2.3 5.4 9.0
sesquisabinene t 0.1 t 0.1 0.2
trans-cadina-1(6),4-diene t 0.4 0.4 0.8 1.7
germacrene D t t 0.1 0.6 1.0
viridiflorene t 0.1 0.1 0.2 0.3
bicyclogermacrene 0.6 3.5 1.6 2.5 2.5
b-himachalene t 1.0 1.1 1.3 1.0
γ-cadinene t 0.2 0.2 0.5 1.0
d-cadinene t 0.7 0.5 1.5 2.7
germacrene B 0.3 1.2 1.5 0.2 0.3
manool 8.7 4.9 3.1 1.5 2.7

t = trace (<0.1%)
†incorrect identification

T-3Comparative percentage composition of the headspace 
volatiles obtained from single peltate glands found on 
different plant parts

b-terpineol* (0.1%)
borneol (2.2%)
terpinen-4-ol (0.5%)
d-terpineol (0.3%)
a-terpineol (0.7%)
geraniol (0.4%)
linalyl acetate (4.2%)

sabinyl acetate* (3.4%)
bornyl acetate (1.4%)
a-terpinyl acetate (1.0%)
geranyl propionate (0.5%)
b-caryophyllene (1.2%)
a-humulene (0.4%)

*correct isomer not identified

Trace amounts (<0.1%) of a-thu-
jene, b-phellandrene, trans-sabinene 
hydrate, fenchone, b-thujone, cis-
sabinol and caryophyllene oxide were 
also found in this oil. In addition, 
the authors found that the oil pos-
sessed antimicrobial activity against 
Pseudomonas aeruginosa and Kleb-
siella pneumonia. 

The same oil of S. lavandulaeifolia 
produced in the lab from leaves of 
the flowering tops of a plant obtained 
in Bosnia Herzegovina, previously 
screened for its antimicrobial activi-
ties by Jirovetz et al. (2006), was 
screened for antifungal activity by 
Jirovetz et al. (2007). The authors 
found that the oil possessed strong 
antifungal activity against various 
strains of Candida albicans. 

In addition to examining the essen-
tial oil glands of S. lavandulaefolia, 
Schmiderer et al. (2008) compared 
the composition of the headspace 
volatiles obtained from analyses of 
single peltate (lower surface) glands 
found on different plant parts. The 
results of this study are presented in 
T-3. This study is of interest because 
a number of the components identi-
fied have not been previously found 
in Spanish sage oil because they are 
probably only present in ppm levels 
and therefore were not characterized. 

N.S.L. Perry, P.J. Houghton, P. Jenner, A. Keith 
and E.K. Perry, Salvia lavandulaefolia 
essential oil inhibits cholinesterase in vivo. 
Phytomedicine, 9, 48–51 (2002).

L. Jirovetz, G Buchbauer, Z. Denkova, A. Slavchev, 
A. Stoyanova and E. Schmidt, Chemical 
composition, antimicrobial activities and 
odor descriptions of various Salvia sp. and 
Thuja sp. essential oils. Ernahrung, 30, 
152–159 (2006).

L. Jirovetz, K. Wlcek, G. Buchbauer, V. Gochev, 
T. Girova, A. Stoyanova and M. Geissler, 
Antifungal activities of essential oils of Salvia 
lavandulaefolia, Salvia officinalis and Salvia 
sclarea against various pathogenic Candida 
species. J. Essent. Oil Bear. Plants, 10, 
430–439 (2007). 

C. Schmiderer, P. Grassi, J. Novak and Ch. 
Franz, Diversity of essential oil glands of 
Spanish sage (Salvia lavandulifolia Vahl, 
Lamiaceae). Nat. Prod. Commun., 3, 
1155–1160 (2008).

PF1010_Lawrence_fcx.indd   57 9/7/10   5:44:54 PM




