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A commercial sample of jasmin absolute of Indian origin was analyzed by
Jirovetz et al. (2007 and 2007). The
absolute was determined to possess
the following composition:
benzyl alcohol (1.3%)
trans-linalool oxidef (0.5%)
cis-linalool oxidef (0.4%)
methyl benzoate (0.1%)
linalool (8.2%)
benzyl acetate (23.7%)
p-cresol (0.6%)
α-terpineol (0.9%)
methyl salicylate (0.1%)
2-phenethyl acetate (0.1%)
nerol (0.8%)
geraniol (1.0%)
indole (1.8%)
eugenol (2.5%)
(Z)-jasmone (1.9%)
methyl anthranilate (1.0%)
isoeugenol* (0.1%)
(E,E)-α-farnesene (1.1%)
δ-jasmin lactone† (1.1%)
(E)-nerolidol (0.3%)
(Z)-3-hexenyl benzoate (0.9%)
methyl (Z)-jasmonate (0.6%)
benzyl benzoate (20.7%)
benzyl salicylate (0.1%)
methyl hexadecanoate (1.4%)
phytol (10.9%)
isophytol (5.6%)
geranyl linalool (3.0%)
methyl linoleate (2.8%)
methyl oleate (0.8%)
phytyl acetate (5.3%)
* correct isomer not identified
f furanoid form
† also known as jasmolactone

Trace amounts (< 0.05%) of (Z)3-hexenol, 6-methyl-2-heptanone,
(Z)-3-hexenyl acetate, 2-phenethyl
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alcohol, chavicol and (E)-jasmone
were also found in this absolute.
Joshi et al. (2002) analyzed the
formation of fragrant components
over a four-week period in internode
ex-plant calli of Indian jasmin. The
components monitored were (Z)jasmone, methyl jasmonate, linalool,
eugenol and benzyl acetate. The
report showed that the internode
ex-plants retain the biosynthetic pathways for essential oil accumulation.
Ranade et al. (2002) reported that
the main constituents of jasmin absolute of Indian origin were:
linalool (15.0%)
benzyl acetate (65.0%)
α-terpineol (5.0%)
indole (2.5%)
(Z)-jasmone (3.0%)
methyl anthranilate (1.5%)
geraniol (1.0%)

Based on the extremely high
benzyl acetate content it appears that
the absolute reported by Ranade was
adulterated.
Nidry and Srivastava (2007)
analyzed the volatiles in jasmin absolute. The authors did not perform
an exhaustive analysis; they merely
characterized some of the constituents as follows:
methyl anthranilate (1.4%)
indole (3.7%)
benzyl acetate (13.6%)
benzyl benzoate (10.1%)
benzyl alcohol (13.6%)
linalool (5.0%)
(Z)-jasmone (9.0%)
eugenol (3.2%)
phytol (4.5%)
isophytol (9.3%)

Wei and Shibamoto (2007) determined that the major components
of a commercial sample of jasmin oil
were as follows:
linalool (6.4%)
benzyl acetate (22.5%)
benzyl alcohol (6.5%)
(Z)-jasmone (2.9%)
p-cresol (1.4%)
(Z)-3-hexenyl benzoate (1.1%)
eugenol (3.0%)
methyl hexadecanoate (1.2%)
isophytol (7.5%)
(Z)-phytol (15.0%)
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Atlas Cedarwood Oil

Atlas cedar is the name given to the
member of the Pinaceae found growing in the Atlas mountains of Morocco
and northwestern Algeria. The oil is
obtained by steam distillation of the
sawdust of Cedrus atlantica (Endl.) G.
Manetti ex Carrier (syn: C. libani A.
Rich subsp. atlantica (Manetti) Holm.
A survey of the early literature
(Gildemeister and Hoffman, 1956)
reveals that acetone, 1-methyl-4acetylcyclohex-1-ene, a cadinene,
α-atlantone, γ-altantone and a number
of sesquiterpene alcohols have been
reported as constituents of the oil.
Plattier and Teisseire (1972)
analyzed an oil of Atlas cedarwood, in
which they confirmed the presence
of 1-methyl-4-acetylcyclohex-1-ene,
(Z)-α-atlantone, (E)-α-atlantone,
α-himachalene and β-himachalene.
In addition, using a combination of spectroscopic techniques,
they structurally elucidated four
new components: γ-dehydro-arhimachalene, γ-himachalene,
6,7-epoxy-β-himachalene and
dehydro-β-atlantone.
Teisseire and Plattier (1974) further reported that Atlas cedarwood oil
also contained 10,11-dihydroatlantone
(syn: bisabola-2,7-dien-9-one) and a
ketone of himachalene.
Adams et al. (1975) examined a
commercial sample of Atlas cedarwood oil. The components identified
in the oxygenated fraction of the oil
were as follows:
α-ionone* (0.1%)
4-(4-methylcyclohex-3-enyl) pent-3-en-2-one
(0.8%)
α-caryophyllene alcohol (0.4%)
epoxy-β-himachalene (2.0%)
epi-epoxy-β-himachalene (2.0%)
epi-cubenol (2.2%)
deodarone (3.8%)
(Z)-α-atlantone (1.6%)
(E)-α-atlantone (4.6%)
* correct isomer not identified

Five separate lots of Atlas cedarwood oil were analyzed by Benjilali
et al. (1992) (c.f Chalchat et al.,
1994). The range in oil composition
was found to be as follows:
α-pinene (0.1–0.3%)
camphene (t–0.1%)
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β-pinene (t–0.2%)
undecane (t–0.1%)
limonene (0.1–0.2%)
p-cymene (0–0.1%)
α-cedrene (0.1–0.2%)
α-copaene (t–0.1%)
veratrole + α-gurjunene (1.4–3.9%)
allo-aromadendrene (0.6–0.7%)
caryophyllene* (0.3–0.6%)
α-himachalene (14.4–16.9%)
γ-curcumene (0.4–0.5%)
γ-himachalene (10.1–11.2%)
β-himachalene (41.3–46.0%)
himachalene* (0.1–1.3%)
δ-cadinene (1.8–2.1%)
curcumene* (t–0.1%)
curcumene* (t–0.2%)
ar-curcumene (0.6–1.0%)
dehydroaromadendrene (t– 0.1%)
β-spathulene (t–0.1%)
8,9-dehydro-isolongifolene (0.6–0.9%)
calamenene* (0.1–0.6%)
α-ar-himachalene (0.9–1.5%)
γ-ar-himachalene (0.7–1.2%)
calacorene* (0.6–0.8%)
calacorene* (t–0.1%)
epoxy-β-himachalene (0.3–0.6%)
cubenol (0.5–0.8%)
calamenen-1-ol (0.3%)
α-himachalol (0.2–0.3%)
β-atlantone (0.2–0.7%)
dihydrocalamenenol (t–0.2%)
(Z)-γ-atlantone (0.8–1.4%)
(E)-γ-atlantone + deodarone + deodarone*
(1.4–2.8%)
(Z)-α-atlantone (0.4–0.6%)
(E)-α-atlantone (1.6–3.1%)
podocephalol† (0.1–0.5%)
t = trace (< 0.05%)
* correct isomer not identified
† also known as himachala-1,3,5-trien-5-ol

In addition the oil contained trace
(< 0.05%) amounts of decane,1,4cineole, dodecane, tetradecane,

pentadecane and cadalene. An
unusual component such as
4,4-dimethyl-3-(3-methyl-2-buten-1yliden)-2-methylidenebicyclo [4.1.0]
heptanes (0.1–1.4%) was also identified in the oil.
Dahoun et al. (1993) compared the
major components of some oils and
extracts of Algerian Atlas cedarwood
oils, the results of which are summarized in T-1.
Derriche et al. (1996) examined
the effects of various parameters on
the yield and composition of concretes obtained from Atlas cedarwood
of Algerian origin.
The volatile components
identified were α-himachalene,
β-himachalene, γ-himachalene,
α-calacorene, 7,8-dihydrohimachalene, epoxyhimachalene,
γ-atlantone, (Z)-α-atlantone, (E)-αatlantone, 2,7-dimethyloctanone,
2,7-dimethyloctanol and a number
of uncharacterized sesquiterpenoid
compounds. The variation of the
major volatiles found in the concretes
produced under different conditions
was as follows:
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α-himachalene (0.3–1.1%)
γ-himachalene (0.2–0.7%)
β-himachalene (0–1.5%)
7,8-dihydrohimachalene (3.4–8.2%)
expoxyhimachalene (9.5–20.7%)
γ-atlantone (0.3–1.5%)
(Z)-α-atlantone (0.3–0.7%)
(E)-α-atlantone (3.0–14.1%)

Aberchane et al. (2001) compared
the composition of Atlas cedarwood
oil produced either by steam distillation

T-1

Comparative main component composition of some oils
and extracts of Moroccan Atlas cedarwood

Compound
Oils		
Extracts
			
Hexane Diethyl ether Methylene
					
chloride
α-himachalene
γ-himachalene
β-himachalene
dehydrohimachalene*
epoxy-β-himachalene
γ-atlantone*
(Z)-α-atlantone
(E)-α-atlantone

3.1
4.0–10.8
13.6–21.2
0.5–1.1
3.3–8.7
0.1–1.6
0.1–0.2
4.5–10.8

2.3
12.2
26.4
1.1
8.0
1.5
0.1
5.5

0.4
6.9
6.5
0.7
11.1
2.6
0.4
12.2

1.5
3.4
22.8
2.0
5.6
1.2
< 0.1
6.8

* correct isomer not identified
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or by hydrodistillation using wood
collected in the Ouiouane forest,
Khenifra (Morocco). The composition of the oils can be found in T-2.
The authors also showed that hydrodistillation yielded oils richer in
oxygenated sesquiterpenes, whereas
steam distilled oils were richer in
sesquiterpene hydrocarbons.
A water distilled oil of the wood
of C. atlantica, which was produced
from trees harvested in the Bainem
forest near Algiers (Algeria), was
analyzed by Boudarene et al. (2004)
using GC-FID and GC/MS. The
components characterized in this oil
were as follows:
α-pinene (5.6%)
α-thujene (0.3%)
camphene (0.4%)
verbenene (0.1%)
β-pinene (0.7%)
myrcene (0.1%)
o-cymene (0.1%)
p-cymene (0.1%)
limonene (0.5%)
1,8-cineole (0.3%)
cis-linalool oxidef (0.1%)
fenchone (0.4%)
α-campholenic aldehyde (0.2%)
cis-β-terpineol (1.7%)

pinocamphone (0.1%)
α-terpineol (0.8%)
myrtenal (0.1%)
mytenol (0.8%)
verbenone (0.1%)
carvone (0.1%)
α-copaene (0.3%)
α-ylangene (0.2%)
longifolene (0.3%)
β-caryophyllene (6.0%)
aromadendrene (3.3%)
α-himachalene (2.1%)
α-humulene (1.3%)
(E)-β-farnesene (1.4%)
γ-himachalene (2.3%)
γ-curcumene (0.4%)
β-himachalene (3.7%)
α-dehydro-ar-himachalene (0.2%)
δ-cadinene (0.8%)
γ-dehydro-ar-himachalene (0.6%)
β-vetivenene (0.2%)
α-calacorene (0.1%)
oxido-himachalene (1.2%)
spathulenol (0.7%)
himachalol (28.1%)
cadalene (0.9%)
(E)-γ-atlantone (0.1%)
cis-calamenene (0.1%)
(Z)-α-atlantone (0.4%)
(E)-α-atlantone (1.6%)
14-hydroxy-δ-cadinene (1.0%)
pimara-8(14),15-diene (0.1%)
manoyl oxide (0.8%)

T-2

Comparative percentage composition of Atlas cedarwood
oils produced by different distillation methods
Compound
trans-rose oxide
α-himachalene
γ-himachalene
6-methyl-γ-ionone
β-himachalene
δ-cadinene
β-sesquiphellandrene
α-calacorene
furfuryl octanoate
carotol
epi-cedrol
cedranone
cubenol
himachalol
5-isocedrol
(Z)-α-trans-bergamotol
deodarone
cedroxyde
(Z)-α-atlantone
khusimol
(E)-α-atlantone
hinesol acetate
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Steam-distilled oil

Water-distilled oil

0.6
15.8
9.6
0.4
39.7
1.6
0.9
1.6
0.4
0.7
0.6
1.1
0.4
2.5
0.9
1.1
1.4
1.8
2.0
0.5
9.2
0.6

0.7
5.3
3.8
0.7
14.6
1.3
1.1
1.0
1.9
1.2
3.3
1.6
2.5
6.5
1.5
0.1
4.4
1.3
5.2
1.1
30.8
1.3

abietatriene (1.3%)
abietadiene (1.5%)
dehydroabietal (0.8%)
methyl dehydroabietatet (0.9%)
f
t

furanoid form
tentative identification

Trace amounts (< 0.1%) of
sabinene, perillene, 6-camphenol,
trans-pinocarveol, thuj-3-en-10-al,
trans-carveol and caryophyllene oxide
were also found in this oil.
Atlas cedarwood oils produced
from trees harvested in seven different Moroccan provenances were the
subject of analyses by Abarchane et
al. (2004). The range in composition
of the oils was determined to be as
follows:
4-acetyl-1-methylcyclohexane (0–0.6%)
isoledene (0.1–0.4%)
longifolene (0–0.5%)
tetradecane (0–0.8%)
himachala-2,4-diene (0.3–0.7%)
α-himachalene (7.4–16.4%)
(Z)-β-farnesene (0–0.2%)
thujopsadiene (0–0.4%)
8,9-dehydroisolongifolene (0–0.5%)
γ-himachalene (5.1–9.7%)
γ-curcumene (0.7–1.5%)
(E)-β-ionone (0–0.4%)
β-himachalene (23.4–40.4%)
cuparene (0–0.6%)
α-dehydro-ar-himachalene (0.4–1.2%)
δ-cadinene (0.5–2.6%)
γ-dehydro-ar-himachalene (0–0.9%)
β-vetivenene (0–1.4%)
α-calacorene (0.5–1.6%)
elemicin (0–0.7%)
oxido-himachalene (0.4–1.0%)
carotol (0–0.8%)
longiborneol (0–1.0%)
β-himachalene oxide (0–1.6%)
cedranone (0.7–2.3%)
1-epi-cubenol (1.1–2.5%)
3-isothujopsanone (0–0.6%)
himachalol (1.7–3.7%)
isocedranol (1.2–3.1%)
cadalene (0–1.4%)
acorenone (0–0.3%)
(Z)-trans-α-bergamotol (0–0.2%)
deodarone (1.2–7.7%)
(E)-γ-atlantone (1.2–4.2%)
(Z)-α-atlantone (1.0-5.9%)
khusimol (0–0.6%)
benzyl benzoate (0–0.5%)
(E)-α-atlantone (5.2–29.5%)
14-hydroxy-α-muurolene (0.2–1.0%)
E. Gildemeister and Fr. Hoffman, Die Atherischen
Ole. Revised W. Triebs and K.Bournot, Vol
4, pp. 234–236, Akademic Verlag, Berlin,
Germany (1956).
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Canadian Hemlock Oil

Canadian hemlock oil can be obtained
either from the steam distillation
of the needles and twigs of Tsuga
canadensis (L.) Carr. (eastern hemlock), T. heterophylla (Raf.) Sarg.
(western hemlock) or T. mertensiana
(Bong.) Carr. (mountain hemlock);
however, the commercially available
hemlock oil of Canadian origin is
obtained exclusively from
T. canadensis.
A commercial sample of hemlock
oil was analyzed by Lawrence (1980).
The oil was found to contain:
tricyclene (1.3%)
α-pinene (12.1%)
camphene (13.4%)
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β-pinene (16.0%)
limonene (12.0%)
β-phellandrene (4.9%)
p-cymene (0.1%)
terpinolene (3.7%)
p-cymenene (0.2%)
bornyl acetate (37.6%)
terpinen-4-ol (0.1%)
β-caryophyllene (0.9%)
citronellyl acetate (0.1%)
α-terpineol (0.6%)
borneol (0.1%)
α-terpinyl acetate (0.1%)
piperitone (0.6%)
geranyl acetate (0.2%)

Kubeczka and Schultze (1987)
examined the composition of the
needle oils of a number of coniferous
trees, among which was T. canadensis.
They found that the oil contained the
following components:
santene (0.2%)
tricyclene (6.8%)
α-pinene (20.1%)
camphene (17.5%)
β-pinene (2.62%)
sabinene (0.2%)
δ-3-carene (< 0.1%)
myrcene (4.5%)
α-phellandrene (1.5%)
α-terpinene (0.2%)
limonene (3.0%)
β-phellandrene (2.6%)
γ-terpinene (0.4%)
p-cymene (0.4%)
terpinolene (0.5%)
p-cymenene (< 0.1%)
bornyl acetate (28.4%)
terpinen-4-ol (0.8%)
citronellyl acetate (0.2%)
α-terpineol (0.5%)
borneol + α-terpinyl acetate (0.3%)
piperitone (1.8%)
geranyl acetate (0.1%)

Broeckling and Salom (2003) measured the emission of volatiles from
T. canadensis. They found a significant
increase in the emission of volatiles
of trees that were infested with the
hemlock wooly adelgid (a major pest
of eastern hemlock). Although the
authors did not present easily relatable quantitative data, they showed
that the major volatiles of uninfested foliage, in a decreasing order
of magnitude, were (+)-α-pinene,
(-)-α-pinene, myrcene, (+)-camphene,
α-phellandrene, β-phellandrene,
(-)-β-pinene, bornyl acetate, tricyclene, limonene, (+)-camphene and

terpinolene. They did, however, note
that the total α-pinene content was
66% of the volatiles.
Lagalante et al. (2007) screened
the needle volatiles of 13 cultivars
of T. canadensis using SPME and
GC/MS. The headspace volatiles of
the cultivars were found to range as
follows:
tricyclene (3.1–7.8%)
α-pinene (11.6–22.7%)
camphene (7.8–15.9%)
sabinene (0–0.7%)
β-pinene (1.2–4.3%)
myrcene (0.7–2.4%)
α-phellandrene (0–3.3%)
o-cymene (0–1.6%)
limonene (0.7–5.6%)
β-phellandrene (0.4–5.2%)
(Z)-β-ocimene (0.2–3.5%)
γ-terpinene (0–0.2%)
terpinolene (t–0.8%)
camphor (0–1.8%)
borneol (0–3.0%)
piperitone (0–5.1%)
isobornyl acetate† (33.3–50.7%)
β-caryophyllene (1.3–6.0%)
α-humulene (0–9.2%)
γ-muurolene (0.1–1.6%)
germacrene D (0–6.4%)
viridiflorene (0–0.5%)
γ-cadinene (0.2–2.2%)
δ-cadinene (0.4–3.2%)
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t = trace (< 0.05%)
† should be bornyl acetate
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