
5352	 Ingredients	 Vol.	39	•	March	2014		|		Perfumer	&	Flavorist	 www.PerfumerFlavorist.com

the extract in sesquiterpenes, while a 
temperature change from 40°C to 50°C 
at 9 MPa (90 bar) resulted in an enrich-
ment of alkanes in the extract.

Reproduction in English or any other language of all or part of this article is strictly prohibited. © 2014 Allured Business Media.

Santolina Oil, Hydrosol and Extract
Santolina chamaecyparissus L. (syn. S. 
incana Lam.), which is known as lav-
ender cotton, is a perennial member 
of the Asteraceae family. It is a semi-
woody, tender under-shrub that grows 
into a many-branched dense mound. It 
possesses tomotose (densely pubescent) 
alternate, narrow, pinnate, aromatic 
leaves that appear to be silvery-green. 
The flowers are composite, button-
shaped yellow heads that are borne on 
slender stems that rise above the foliage. 
The aromatic flower heads comprise 
tubular florets with no ray florets. 

Santolina chamaecyparissus is native 
to the central and western Mediterranean 
region. Because of its attractiveness, it 
has become a common garden ornamen-
tal. A limited amount of oil is produced 
annually from this attractive plant. 

A commercial sample of santolina oil 
was screened for its antiplatelet activity 
by Tognolini et al. (2006). Analysis of 
the oil using both GC-FID and GC/MS 
revealed that it possessed the following 
composition:

a-pinene (0.4%)
camphene (0.7%)
sabinene (7.7%)
myrcene (8.0%)
yomogi alcohol (0.9%)
b-phellandrene (12.8%)
artemisia ketone (28.2%)
artemisia alcohol (1.3%)
camphor (1.9%)
borneol (1.1%)
isomenthol (0.2%)
p-cymen-8-ol (0.3%)
cryptone (0.3%)
a-terpineol (1.4%)
myrtenal (0.4%)
methyl thymol (0.2%)
carvone (0.2%)
linalyl acetate (0.6%)
neomenthyl acetate (0.2%)
thymol (3.9%)

a-longipinene (1.3%)
a-ylangene (0.2%)
b-bourbonene (0.2%)
b-elemene (0.6%)
b-caryophyllene (0.7%)
b-copaene (0.2%)
allo-aromadendrene (0.3%)
ar-curcumene (1.7%)
g-curcumene (1.7%)
germacrene D (0.6%)
1-pentadecene (0.8%)
b-bisabolene (0.6%)
spathulenol (2.7%)
caryophyllene oxide (0.2%)
vulgarone B (4.8%)

Inouye et al. (2008) compared the 
composition of santolina oil and its 
hydrosol produced by steam distillation 
of flowering plants grown at Saitama 
(Chichibu District, Japan). Analysis 
was performed using GC/MS only, and 

the results, which were not presented 
in elution order, can be found in T-1. 
This reviewer questions the analytical 
data presented in T-1. It would appear 
that the oil should be rich in artemisia 
ketone, not the hydrosol. Also, the iden-
tities of a number of the constituents are 
questionable. 

Supercritical fluid CO2 extraction of 
the dried flower heads (ca. 12% mois-
ture) of S. chamaecyparissus L. was 
carried out by Grosso et al. (2009) using 
a wide range of conditions. Variances 
such as pressure, temperature, particle 
size and CO2 flow rate were examined, 
and it was found that the optimum yield 
and composition could be obtained using 
8 MPa (80 bar), 40°C, 0.6 mm mean par-
ticle size and a 1.1 kg/hr CO2 flow rate. It 
was of interest to note that an increase of 
pressure from 8 MPa to 9 MPa enriched 
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T-1. Comparative percentage composition of santolina oil and its hydrosol

T-2. Comparative percentage composition of the oil and supercritical fluid CO2 
extract (SFE) of the flower heads of Santolina chamaecyparissus

Compound Oil Hydrosol

artemisia ketone - 25.2
camphor 4.8 16.9
yomogi alcohol - 8.8
borneol 3.6 8.6
carveol* - 5.5
epoxy-a-terpinyl acetate - 4.8
hexenol* - 3.7
4-heptadienone* 16.4 -
vulgarone A 11.0 -
vulgarone B 9.1 -
spathulenol 6.6 -
sabinene 5.2 -
1-dimethyl-4-hexenyl-4-methylbenzene 3.6 -
myrcene 3.5 -
trimethyl-4-heptadienone* 3.0 -
d-cadinene 3.0 -
a-longipinene 3.0 -
photonerol 2.8 -

*correct isomer not identified

Compound Oil SFE

a-pinene 0.1 0.2
camphene 0.8 0.9
b-pinene 1.3 1.6
dehydro-1,8-cineole 0.2 t
2-pentylfuran 0.3 t
yomogi alcohola 0.3  0.7
a-terpinene 2.4 1.9
p-cymene 2.0 2.1
1,8-cineole 24.8 38.3
artemisia ketone 0.3 t
trans-sabinene hydrate 3.1 1.7
terpinolene 1.4 2.1
cis-sabinene hydrate 0.8 0.6
nonanol 0.4 0.6
linalool 0.2 0.3
isoamyl isovalerate 0.2 t
a-campholenal 0.3 0.7
trans-p-menth-2-en-1-ol 0.7 -
camphor 7.4 10.7
borneol 8.3 3.8
thuj-3-en-10-al 0.8 0.8
terpinen-4-ol 7.4 1.9
myrtenal 0.4 o.4
a-terpineol 0.2 t
myrtenol 1.7 1.7
trans-carveol 0.2 t
cuminyl alcohol 0.3 0.2
isobornyl acetate 1.5 1.2
thymol 0.1 0.2
carvacrol 0.3 -
(E,E)-2,4-decadienal 0.2 0.4
bicycloelemene t 0.5
allo-aromadendrene 1.3 1.4
germacrene D 2.7 2.9
bicyclogermacrene 1.4 1.0
g-cadinene 0.2 0.2
d-cadinene 0.3 t
spathulenol 3.1 0.6
caryophyllene oxide 1.0 t
globulol 0.1 t
viridiflorol 0.1 t
anhydro-oplopanone 1.0 t
T-cadinol 1.1 0.2
hexadecanoic acid 0.2 t
heneicosane t 0.3
tetracosane 0.2 0.1
octacosane 0.1 t
hexatriacosane 0.1 0.3

t=trace (<0.05%)
a(E)-2,5,5-trimethyl-3,6-heptadien-1-ol
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the extract in sesquiterpenes, while a 
temperature change from 40°C to 50°C 
at 9 MPa (90 bar) resulted in an enrich-
ment of alkanes in the extract.

Grosso et al. (2010) used GC-FID 
and GC/MS to examine the composi-
tion of the oil and supercritical fluid CO2 
extract (SFE) of the flower heads of S. 

chamaecyparissus L. produced in Spain. 
The SFE conditions used were: particle 
size = 0.6 mm, pressure = 80 bar, tem-
perature = 40°C, CO2 flow rate = 1.1 
kg/hr and amount of CO2 consumed = 
2.1 kg. The results of the analysis are 
shown in T-2. Trace amounts (<0.05%) 
of a-calacorene and tricosane were also 
characterized in the oil and SFE. 

The composition of an oil produced 
from the flowering plants of S. chamaecy-
parissus grown in Spain was the subject 
of study by Ruiz-Navajas et al. (2012). 
The constituents characterized using 
GC-FID and GC/MS were as follows:

sabinene (2.4%)
myrcene (6.9%)
b-phellandrene† (7.5%)
artemisia ketone (27.2%)
camphor (3.9%)
zingiberene (2.3%)
ar-curcumene (2.7%)
spathulenol (2.3%)
dihydroaromadendrene† (18.2%)

†incorrect identification

An oil produced from the fresh aerial 
parts of flowering S. chamaecyparissus 
collected from a location in the vicin-
ity of Algiers (Algeria) was analyzed by 
Djeddi et al. (2012) using GC-FID and 
GC/MS. The compounds characterized 
in this oil were:

santolinatriene (2.2%)
a-thujene (0.4%)
a-pinene (1.1%)
sabinene (4.0%)
myrcene (1.7%)
limonene (3.5%)
1,8-cineole (2.1%)
santolina alcohol (2.1%)
p-cymene (8.3%)
undecane (1.1%)
camphor (31.1%)
borneol (1.0%)
a-terpineol (1.3%)
carvone (1.5%)
linalyl acetate (1.0%)
thymol (1.2%)
a-ylangene (1.2%)
b-elemene (0.9%)
b-caryophyllene (1.1%)
allo-aromadendrene (0.6%)
b-ionone* (2.3%)
germacrene D (0.7%)
b-bisabolene (1.1%)
dodecanoic acid (2.3%)
caryophyllene oxide (0.9%)
cubenol (17.0%)

*correct isomer not identified
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the results, which were not presented 
in elution order, can be found in T-1. 
This reviewer questions the analytical 
data presented in T-1. It would appear 
that the oil should be rich in artemisia 
ketone, not the hydrosol. Also, the iden-
tities of a number of the constituents are 
questionable. 

Supercritical fluid CO2 extraction of 
the dried flower heads (ca. 12% mois-
ture) of S. chamaecyparissus L. was 
carried out by Grosso et al. (2009) using 
a wide range of conditions. Variances 
such as pressure, temperature, particle 
size and CO2 flow rate were examined, 
and it was found that the optimum yield 
and composition could be obtained using 
8 MPa (80 bar), 40°C, 0.6 mm mean par-
ticle size and a 1.1 kg/hr CO2 flow rate. It 
was of interest to note that an increase of 
pressure from 8 MPa to 9 MPa enriched 
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T-2. Comparative percentage composition of the oil and supercritical fluid CO2 
extract (SFE) of the flower heads of Santolina chamaecyparissus

Compound Oil Hydrosol

artemisia ketone - 25.2
camphor 4.8 16.9
yomogi alcohol - 8.8
borneol 3.6 8.6
carveol* - 5.5
epoxy-a-terpinyl acetate - 4.8
hexenol* - 3.7
4-heptadienone* 16.4 -
vulgarone A 11.0 -
vulgarone B 9.1 -
spathulenol 6.6 -
sabinene 5.2 -
1-dimethyl-4-hexenyl-4-methylbenzene 3.6 -
myrcene 3.5 -
trimethyl-4-heptadienone* 3.0 -
d-cadinene 3.0 -
a-longipinene 3.0 -
photonerol 2.8 -

*correct isomer not identified

Compound Oil SFE

a-pinene 0.1 0.2
camphene 0.8 0.9
b-pinene 1.3 1.6
dehydro-1,8-cineole 0.2 t
2-pentylfuran 0.3 t
yomogi alcohola 0.3  0.7
a-terpinene 2.4 1.9
p-cymene 2.0 2.1
1,8-cineole 24.8 38.3
artemisia ketone 0.3 t
trans-sabinene hydrate 3.1 1.7
terpinolene 1.4 2.1
cis-sabinene hydrate 0.8 0.6
nonanol 0.4 0.6
linalool 0.2 0.3
isoamyl isovalerate 0.2 t
a-campholenal 0.3 0.7
trans-p-menth-2-en-1-ol 0.7 -
camphor 7.4 10.7
borneol 8.3 3.8
thuj-3-en-10-al 0.8 0.8
terpinen-4-ol 7.4 1.9
myrtenal 0.4 0.4
a-terpineol 0.2 t
myrtenol 1.7 1.7
trans-carveol 0.2 t
cuminyl alcohol 0.3 0.2
isobornyl acetate 1.5 1.2
thymol 0.1 0.2
carvacrol 0.3 -
(E,E)-2,4-decadienal 0.2 0.4
bicycloelemene t 0.5
allo-aromadendrene 1.3 1.4
germacrene D 2.7 2.9
bicyclogermacrene 1.4 1.0
g-cadinene 0.2 0.2
d-cadinene 0.3 t
spathulenol 3.1 0.6
caryophyllene oxide 1.0 t
globulol 0.1 t
viridiflorol 0.1 t
anhydro-oplopanone 1.0 t
T-cadinol 1.1 0.2
hexadecanoic acid 0.2 t
heneicosane t 0.3
tetracosane 0.2 0.1
octacosane 0.1 t
hexatriacosane 0.1 0.3

t=trace (<0.05%)
a(E)-2,5,5-trimethyl-3,6-heptadien-1-ol
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Trace amounts (<0.1%) of camphene, 
benzaldehyde, b-pinene, isomenthol, 
p-cymen-8-ol, myrtenal, b-bourbonene, 
b-copaene, a curcumene isomer and 
(E)-nerolidol were also found in this oil.
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Solidago canadensis Oil
Solidago canadensis L. is known as 
Canada, common, meadow or shorthair 
goldenrod. It is found throughout the 
United States, except for South Carolina, 
Georgia, Alabama, Louisiana, Puerto 
Rico and Hawaii (Weber, 2001). It was 
introduced into Europe in the 17th 
century as a horticultural plant, where it 
has become an extremely invasive weed 
(Zwoelfer, 1976).

Solidago canadensis is a perennial, 
herbaceous, aromatic member of the 
Asteraceae family, which readily forms 
dense clusters of plants in a variety of 
environments. In North America, the 
flowers, which can be found as panicles 
at the end of each stem, bloom from July 
to October. Polyploidal forms (diploid, 
tetraploid and hexaploid) are known 
in North America, although only the 
diploid form is found in Europe (Weber, 
1997). The conspicuous yellow flowers of 

Canada goldenrod are self-sterile, and 
the seeds are readily wind-dispersed. 
However, the plant more actively spreads 
through rhizomes. In addition, it is found 
to possess an allelopathic effect on native 
vegetation, inhibiting seed germination 
of some trees found growing in its vicin-
ity. It is believed that this allelopathic 
effect relates to a mineral inbalance 
that is somehow caused by goldenrod 
(Einhellig, 1986).

Abhilasha et al. (2008) revealed that, 
as a result of chemical analysis, root 
exudates of S. canadensis, including cis-
dehydromatricaria ester, were believed 
to be the cause of its allelopathic effect. 

Goldenrod was initially introduced 
into China as an ornamental plant; 
however, as a gardenscape it is rapidly 
spreading, becoming a highly invasive 
weed (Dong, 2006).

Because of its aromaticity, the 
anatomy of the internal secretory reser-
voirs in the leaves of S. canadensis have 
been examined. It was found that they 
are arranged in longitudinal rows, within 
which is found a colorless oil (Lersten 
and Curtis, 1989). These reservoirs 
appear to mimic ducts and are discrete 
cavities in all organs, including leaves, 
stems and roots (Curtis and Lersten, 
1989).

A survey of the literature reveals 
that Miller and Eskew (1914) reported 
that the oil of S. canadensis contained 
a-pinene (85%), borneol (9.2%) and 
bornyl acetate (3.4%). Other constitu-
ents for which no quantitative data were 
represented were a-phellandrene, limo-
nene and a cadinene isomer. 

Bohlman et al. (1980) determined that 
an extract of the aerial flowering parts of 
S. canadensis contained caryophyllene 
oxide and three non-volatile clerodane-
based diterpenoid compounds. 

Kalemba et al. (1990a) analyzed an 
oil produced from S. canadensis col-
lected from alien wild plants in Poland 
harvested at four different ontogenetic 
times. Oils were produced from pre-flow-
ering plants (0.30% yield), full-flowering 
plants (1.44–1.53% yield), the end of 
flowering plants (1.50–1.90% yield) and 
post-flowering plants (0.94–1.26% yield) 
by water distillation (hydrodistillation) 
in the laboratory. They found that the 
oils from each of the maturing stages 
varied quantitatively, but not qualita-
tively. The components characterized 
were a-pinene, b-pinene, camphene, 

d-3-carene, a-phellandrene, limo-
nene, g-terpinene, borneol, a-copaene, 
a-cubebene, b-caryophyllene, g-muu-
rolene and some elemene, cadinene 
and selinene isomers. Furthermore, the 
authors found that the oil was strongly 
toxic to the wheat weevil (Sitophilus 
granaries), it paralyzed the lesser grain 
borer (Rhyzopertha dominica) and it 
was highly repellent toward the con-
fused flour beetle (Tribolium confusum), 
thereby making the oil potentially valu-
able as a natural insecticide. 

In a follow-up report, Kalemba et 
al. (1990b) analyzed a hydrodistilled 
oil (1.47% yield) of the dried flowers of 
S. canadensis collected from a natural 
location in the region of Lodz. The oil, 
which was analyzed by a combination 
of GC-FID and GC/MS, was found to 
contain the following constituents:

a-pinene (13.0%)
camphene (0.5%)
b-pinene (1.9%)
g-terpinene† (4.2%)
a-phellandrene (0.5%)
limonene (12.0%)
d-3-carene† (0.7%)
d-elemene (1.1%)
g-muurolene† (0.1%)
b-elemene (1.1%)
a-elemene† (0.1%)
b-caryophyllene (0.7%)
g2-cadinene‡ (27.1%)
d-cadinene (7.5%)
a-copaene† (1.2%)
b-selinene (0.4%)
a-cubebene† (0.3%)
g-selinene (2.6%)

†incorrect identification based on GC elution order
‡questionable identity

Weyerstahl et al. (1993) reexamined 
the oil, which was produced by Kalemba 
et al. (1990b), using a combination of 
analytical techniques, including GC/MS, 
1H-NMR and 13C-NMR. Although the 
quantitative data was produced using 
GC/MS data only, the components char-
acterized in the oil were as follows:

a-pinene (14.7%)
camphene (0.3%)
sabinene (0.2%)
b-pinene (1.5%)
myrcene (4.2%)
a-phellandrene (0.3%)
limonene (9.3%)
(E)-b-ocimene (0.3%)
bornyl acetate (1.3%)
d-elemene (0.7%)

a-copaene (0.1%)
b-bourbonene (0.1%)
b-elemene (1.5%)
cis-a-bergamotene (0.2%)
cis-b-bergamotene (0.5%)
b-ylangene (0.7%)
g-elemene (0.5%)
trans-a-bergamotene (0.3%)
aromadendrene (0.1%)
trans-b-bergamotene (1.1%)
g-muurolene (0.1%)
ar-curcumene (0.8%)
germacrene D (19.8%)
zingiberene (0.5%)
b-selinene (1.2%)
a-muurolene (0.7%)
b-bisabolene (0.4%)
g-cadinene (0.2%)
b-sesquiphellandrene (10.4%)
(E)-nerolidol (0.2%)
germacrene B (0.6%)
spathulenol (0.2%)
junenola + A (0.9%)
T-muurolol + T-cadinol (0.3%)
ar-turmerone (0.5%)
a-cadinol (0.4%)
unidentifiedb (1.4%)
4-(6-methyl-5-hepten-2-yl)-cyclohex-2-en-1-

one (0.2%)
curlonec (23.5%)

A=unknown with MS similar to curlone
aalso known as eudesma-4(14)-en-6a-ol
bunknown with MS similar to ar-turmerone
calso known as b-sesquiphellandren-9-one

Trace amounts (<0.05%) of p-cymene, 
terpinolene and a-ylangene were also 
found in this oil.

Bülow and König (1997) reported that 
germacrene D was a main component 
of the oils of Solidago species such as S. 
gigantea Ait. and S. virgaurea L. subsp. 
praecox and S. canadensis. The authors 
determined that through the use of a 
25 m heptakis (2,3-di-O-methyl-6-O-
t-butyldimethylsilyl)-b-cyclodextrin 
(OV-1701 50%) chiral column the  two 
enantiomers of germacrene D could be 
separated. They found that the enantio-
meric ratio of (+)-germacrene D (the 
major enantiomer) to (-) germacrene 
D was dependent upon the plant part 
(flowers, leaves or stems) from which 
the oil was obtained. Furthermore, they 
discussed the acid-catalyzed lability of 
germacrene D previously reported by 
Lawrence et al. (1972). 

Schmid et al. (1998) confirmed that 
both the (+)- and (-)-enantiomers of ger-
macrene D in the oil of S. canadensis by 
characterizing two enantioselective ger-
macrene D synthases. They found that 
the (+)-germacrene D:(-)-germacrene 
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d-3-carene, a-phellandrene, limo-
nene, g-terpinene, borneol, a-copaene, 
a-cubebene, b-caryophyllene, g-muu-
rolene and some elemene, cadinene 
and selinene isomers. Furthermore, the 
authors found that the oil was strongly 
toxic to the wheat weevil (Sitophilus 
granaries), it paralyzed the lesser grain 
borer (Rhyzopertha dominica) and it 
was highly repellent toward the con-
fused flour beetle (Tribolium confusum), 
thereby making the oil potentially valu-
able as a natural insecticide. 

In a follow-up report, Kalemba et 
al. (1990b) analyzed a hydrodistilled 
oil (1.47% yield) of the dried flowers of 
S. canadensis collected from a natural 
location in the region of Lodz. The oil, 
which was analyzed by a combination 
of GC-FID and GC/MS, was found to 
contain the following constituents:

a-pinene (13.0%)
camphene (0.5%)
b-pinene (1.9%)
g-terpinene† (4.2%)
a-phellandrene (0.5%)
limonene (12.0%)
d-3-carene† (0.7%)
d-elemene (1.1%)
g-muurolene† (0.1%)
b-elemene (1.1%)
a-elemene† (0.1%)
b-caryophyllene (0.7%)
g2-cadinene‡ (27.1%)
d-cadinene (7.5%)
a-copaene† (1.2%)
b-selinene (0.4%)
a-cubebene† (0.3%)
g-selinene (2.6%)

†incorrect identification based on GC elution order
‡questionable identity

Weyerstahl et al. (1993) reexamined 
the oil, which was produced by Kalemba 
et al. (1990b), using a combination of 
analytical techniques, including GC/MS, 
1H-NMR and 13C-NMR. Although the 
quantitative data was produced using 
GC/MS data only, the components char-
acterized in the oil were as follows:

a-pinene (14.7%)
camphene (0.3%)
sabinene (0.2%)
b-pinene (1.5%)
myrcene (4.2%)
a-phellandrene (0.3%)
limonene (9.3%)
(E)-b-ocimene (0.3%)
bornyl acetate (1.3%)
d-elemene (0.7%)

a-copaene (0.1%)
b-bourbonene (0.1%)
b-elemene (1.5%)
cis-a-bergamotene (0.2%)
cis-b-bergamotene (0.5%)
b-ylangene (0.7%)
g-elemene (0.5%)
trans-a-bergamotene (0.3%)
aromadendrene (0.1%)
trans-b-bergamotene (1.1%)
g-muurolene (0.1%)
ar-curcumene (0.8%)
germacrene D (19.8%)
zingiberene (0.5%)
b-selinene (1.2%)
a-muurolene (0.7%)
b-bisabolene (0.4%)
g-cadinene (0.2%)
b-sesquiphellandrene (10.4%)
(E)-nerolidol (0.2%)
germacrene B (0.6%)
spathulenol (0.2%)
junenola + A (0.9%)
T-muurolol + T-cadinol (0.3%)
ar-turmerone (0.5%)
a-cadinol (0.4%)
unidentifiedb (1.4%)
4-(6-methyl-5-hepten-2-yl)-cyclohex-2-en-1-

one (0.2%)
curlonec (23.5%)

A=unknown with MS similar to curlone
aalso known as eudesma-4(14)-en-6a-ol
bunknown with MS similar to ar-turmerone
calso known as b-sesquiphellandren-9-one

Trace amounts (<0.05%) of p-cymene, 
terpinolene and a-ylangene were also 
found in this oil.

Bülow and König (1997) reported that 
germacrene D was a main component 
of the oils of Solidago species such as S. 
gigantea Ait. and S. virgaurea L. subsp. 
praecox and S. canadensis. The authors 
determined that through the use of a 
25 m heptakis (2,3-di-O-methyl-6-O-
t-butyldimethylsilyl)-b-cyclodextrin 
(OV-1701 50%) chiral column the  two 
enantiomers of germacrene D could be 
separated. They found that the enantio-
meric ratio of (+)-germacrene D (the 
major enantiomer) to (-) germacrene 
D was dependent upon the plant part 
(flowers, leaves or stems) from which 
the oil was obtained. Furthermore, they 
discussed the acid-catalyzed lability of 
germacrene D previously reported by 
Lawrence et al. (1972). 

Schmid et al. (1998) confirmed that 
both the (+)- and (-)-enantiomers of ger-
macrene D in the oil of S. canadensis by 
characterizing two enantioselective ger-
macrene D synthases. They found that 
the (+)-germacrene D:(-)-germacrene 

D ratio was 4:3. In addition, Schmid et 
al. characterized:

b-caryophyllene (3.0%)
a-humulene (1.0%)
d-cadinene (7.0%)
germacrene A (7.0%)

Other minor sesquiterpenes found 
were a-ylangene, b-bourbonene and 
b-gurjunene. 

Kasali et al. (2001) reported that an 
oil off S. canadensis produced from plant 
material of Polish origin contained the 

following compounds (using GC/MS 
only):

(E)-2-hexenol (0.3%)
a-pinene (2.9%)
camphene (0.4%)
b-pinene (0.5%)
myrcene (5.1%)
limonene (2.7%)
bornyl acetate (1.8%)
a-copaene (1.2%)
b-elemene (1.4%)
b-caryophyllene (1.5%)
a-humulene (0.3%)
germacrene D (23.8%)
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b-selinene (0.5%)
bicyclogermacrene (5.0%)
d-amorphene (0.9%)
g-cadinene (4.1%)
d-cadinene (0.4%)
a-cadinene (0.6%)
germacrene B (6.3%)
6-epi-cubenol (2.9%)

In addition, trace amounts of 6-epi-
a-cubebene and 6-epi-b-cubebene were 
characterized for the first time in this 
oil (F-1). 

Prosser et al. (2002) determined that 
the (+)- form of germacrene A was the 
only form found in S. canadensis oil.

Kasali et al. (2002) published a full 
paper on the information presented in 
their 2001 poster. 

Kalemba and Thiem (2004) used in 
vitro cultures on S. canadensis seeds and 
raised the resulting plants in an experi-
mental garden at the University of Pozan 
(Poland). An oil produced by hydrodistil-
lation from the plants harvested during 
their full flowering period was analyzed 
by GC-FID and GC/MS. The results of 
this analysis are as follows:

a-pinene (59.5%)
camphene (0.8%)
sabinene (0.7%)
b-pinene (2.8%)
myrcene (1.7%)
limonene (9.7%)

(E)-b-ocimene (0.1%)
cis-verbenol + trans-pinocarveol (0.2%)
trans-verbenol (0.5%)
pinocarvone (0.1%)
myrtenal (0.1%)
bornyl acetate (2.0%)
d-elemene (0.3%)
b-bourbonene (0.1%)
b-cubebene + b-elemene (0.7%)
b-caryophyllene (1.1%)
b-gurjunene (0.6%)
aromadendrene (0.1%)
a-humulene (0.4%)
g-gurjunene (0.1%)
ar-curcumene (0.1%)
germacrene D (15.2%)
b-selinene (0.2%)
germacrene B (0.1%)
spathulenol (0.1%)
caryophyllene oxide (0.1%)
a-muurolol (0.1%)

Trace amounts (<0.1%) of a-thujene, 
a-phellandrene, p-cymene, cis-sabinene 
hydrate, linalool, campholenic alde-
hyde, borneol, terpinen-4-ol, myrtenol, 
verbenone, carvone, a-copaene, 
b icyc logermacrene,  d -cadinene, 
(E)-nerolidol, salvia-4(14)-en-1-one, 
humulene epoxide II, torilenol  (syn. 
6,8-cyclo-eudesm-4(14)-en-1-ol), 
junenol (syn. eudesm-4(14)-en-6a-ol), 
a-cadinol, eudesma-4(15),7-dien-1b-ol 
and cyclocolorenone were also charac-
terized in this oil. 

Ibrahim et al. (2006) obtained S. 
canadensis plants from an experimental 
farm in Kalubeya (Egypt). An oil pro-
duced from these plants (presumably in 
full bloom) in 0.34% yield was analyzed 
by GC/MS only. The components char-
acterized in this oil were as follows:

a-pinene (6.1%)
camphene (0.3%)
b-pinene (4.6%)
sabinene (5.7%)
myrcene (25.6%)
limonene (16.5%)
b-phellandrene (11.5%)
p-cymene (0.3%)
terpinolene (0.2%)
d-elemene (0.5%)
linalool (0.4%)
bornyl acetate  (1.7%)
terpinen-4-ol (1.9%)
b-elemene (0.2%)
b-cubebene (0.3%)
a-ylangene (0.3%)
4,4,5-trimethylcyclononen-1-one† (1.1%)
borneol (0.6%)
germacrene D (2.9%)
g-cadinene (7.3%)
farnesene* (1.0%)
a-muurolene† (0.3%)
p-cymen-8-ol (1.1%)
germacrene D-4-ol (0.3%)
caryophylla-2(12),5-dien-13-al† (0.2%)
viridiflorol (0.4%)
muurolol* (0.3%)
elema-1,3,11(13)-trien-12-ol† (1.2%)
4a-isopropyl-2-carene† (1.0%)
aromadendrene† (0.9%)
aromadendrene epoxide† (0.4%)
ascaridole† (0.3%)

*correct isomer not identified
†incorrect identification

It should be pointed out that this is an 
atypical oil of S. canadensis. 

Occasionally, oil of S. canadensis is 
found as an item of commerce. 

Mishra et al. (2010) (and a second 
identified report) analyzed a steam-
distilled oil of the roots of S. canadensis 
(origin, Bhimtal, Uttarkhand, India) 
using GC-FID and GC/MS. The constit-
uents characterized in this oil, which was 
produced in 0.5% yield, were as follows:

a-pinene (0.3%)
camphene (0.1%)
sabinene (0.2%)
b-pinene (0.7%)
myrcene (0.6%)
p-cymene (0.3%)
limonene (4.3%)
1,8-cineole (2.9%)

(E)-b-ocimene (1.1%)
terpinolene (0.2%)
trans-carveol (2.2%)
methyl thymol (1.5%)
methyl carvacrol (2.0%)
bornyl acetate (1.3%)
thymol (20.3%)
carvacrol (5.5%)
d-elemene (1.3%)
a-copaene (6.3%)
a-ylangene (0.1%)
isoledene (1.0%)
b-elemene (0.1%)
trans-a-bergamotene (0.1%)
g-muurolene (1.4%)
g-curcumene (2.2%)
germacrene D (2.1%)
zingiberene (0.2%)
a-bisabolene* (1.4%)
d-cadinene (0.5%)
(E)-nerolidol (1.8%)
b-copaen-4a-ol (3.5%)
cubeben-11-ol (3.3%)
junenol (2.1%)
1,10-di-epi-cubenol (0.1%)
b-cedren-9-one (0.2%)
eremoligenol (0.2%)
muurola-4,10(14)-dien-1b-ol (0.5%)
T-cadinol (0.9%)
a-muurolol (1.5%)
14-hydroxy-a-muurolene (0.1%)

*correct isomer not identified 

Amtmann (2010) examined the chem-
ical relationship between the oil of S. 
canadensis and the volatiles of honey 
produced uniflorally from goldenrod. 
Using a Likens-Nickerson simultaneous 
distillation extraction apparatus, an oil 
was obtained from 200 mg of homog-
enized flower heads of S. canadensis. 
The oil was analyzed using GC/MS only. 
The components characterized in this oil 
were as follows:

a-pinene (14.8%)
camphene (0.5%)
b-pinene (2.7%)
sabinene (2.8%)
myrcene (10.0%)
a-phellandrene (10.9%)
a-terpinene (0.3%)
limonene (0.9%)
b-phellandrene (0.3%)
g-terpinene (0.4%)
p-cymene (0.6%)
terpinolene (0.2%)
(Z)-3-hexenol (0.1%)
nonanal (0.2%)
cis-linalool oxidef (0.1%)
trans-linalool oxidef (0.2%)
d-elemene (0.5%)
decanal (0.2%)

F-1. Cubebene isomers
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Ibrahim et al. (2006) obtained S. 
canadensis plants from an experimental 
farm in Kalubeya (Egypt). An oil pro-
duced from these plants (presumably in 
full bloom) in 0.34% yield was analyzed 
by GC/MS only. The components char-
acterized in this oil were as follows:

a-pinene (6.1%)
camphene (0.3%)
b-pinene (4.6%)
sabinene (5.7%)
myrcene (25.6%)
limonene (16.5%)
b-phellandrene (11.5%)
p-cymene (0.3%)
terpinolene (0.2%)
d-elemene (0.5%)
linalool (0.4%)
bornyl acetate  (1.7%)
terpinen-4-ol (1.9%)
b-elemene (0.2%)
b-cubebene (0.3%)
a-ylangene (0.3%)
4,4,5-trimethylcyclononen-1-one† (1.1%)
borneol (0.6%)
germacrene D (2.9%)
g-cadinene (7.3%)
farnesene* (1.0%)
a-muurolene† (0.3%)
p-cymen-8-ol (1.1%)
germacrene D-4-ol (0.3%)
caryophylla-2(12),5-dien-13-al† (0.2%)
viridiflorol (0.4%)
muurolol* (0.3%)
elema-1,3,11(13)-trien-12-ol† (1.2%)
4a-isopropyl-2-carene† (1.0%)
aromadendrene† (0.9%)
aromadendrene epoxide† (0.4%)
ascaridole† (0.3%)

*correct isomer not identified
†incorrect identification

It should be pointed out that this is an 
atypical oil of S. canadensis. 

Occasionally, oil of S. canadensis is 
found as an item of commerce. 

Mishra et al. (2010) (and a second 
identified report) analyzed a steam-
distilled oil of the roots of S. canadensis 
(origin, Bhimtal, Uttarkhand, India) 
using GC-FID and GC/MS. The constit-
uents characterized in this oil, which was 
produced in 0.5% yield, were as follows:

a-pinene (0.3%)
camphene (0.1%)
sabinene (0.2%)
b-pinene (0.7%)
myrcene (0.6%)
p-cymene (0.3%)
limonene (4.3%)
1,8-cineole (2.9%)

(E)-b-ocimene (1.1%)
terpinolene (0.2%)
trans-carveol (2.2%)
methyl thymol (1.5%)
methyl carvacrol (2.0%)
bornyl acetate (1.3%)
thymol (20.3%)
carvacrol (5.5%)
d-elemene (1.3%)
a-copaene (6.3%)
a-ylangene (0.1%)
isoledene (1.0%)
b-elemene (0.1%)
trans-a-bergamotene (0.1%)
g-muurolene (1.4%)
g-curcumene (2.2%)
germacrene D (2.1%)
zingiberene (0.2%)
a-bisabolene* (1.4%)
d-cadinene (0.5%)
(E)-nerolidol (1.8%)
b-copaen-4a-ol (3.5%)
cubeben-11-ol (3.3%)
junenol (2.1%)
1,10-di-epi-cubenol (0.1%)
b-cedren-9-one (0.2%)
eremoligenol (0.2%)
muurola-4,10(14)-dien-1b-ol (0.5%)
T-cadinol (0.9%)
a-muurolol (1.5%)
14-hydroxy-a-muurolene (0.1%)

*correct isomer not identified 

Amtmann (2010) examined the chem-
ical relationship between the oil of S. 
canadensis and the volatiles of honey 
produced uniflorally from goldenrod. 
Using a Likens-Nickerson simultaneous 
distillation extraction apparatus, an oil 
was obtained from 200 mg of homog-
enized flower heads of S. canadensis. 
The oil was analyzed using GC/MS only. 
The components characterized in this oil 
were as follows:

a-pinene (14.8%)
camphene (0.5%)
b-pinene (2.7%)
sabinene (2.8%)
myrcene (10.0%)
a-phellandrene (10.9%)
a-terpinene (0.3%)
limonene (0.9%)
b-phellandrene (0.3%)
g-terpinene (0.4%)
p-cymene (0.6%)
terpinolene (0.2%)
(Z)-3-hexenol (0.1%)
nonanal (0.2%)
cis-linalool oxidef (0.1%)
trans-linalool oxidef (0.2%)
d-elemene (0.5%)
decanal (0.2%)

linalool (0.4%)
trans-sabinene hydrate (0.1%)
b-cubebene (0.1%)
p-menth-2-en-1-ol* (0.1%)
bornyl acetate (3.1%)
a-bergamotene* (0.1%)
b-elemene (0.5%)
terpinen-4-ol (0.7%)
b-caryophyllene (0.4%)
terpinen-1-ol (0.1%)
g-elemene (0.1%)
a-amorphene (0.3%)
unknown sesqui hydrocarbon (0.4%)
a-humulene (0.2%)
a-terpineol (0.3%)

borneol (0.4%)
germacrene D (21.9%)
valencene (0.5%)
bicyclogermacrene (0.5%)
d-cadinene (0.3%)
a-cadinene (0.1%)
geraniol (0.1%)
(Z)-nerolidol (0.2%)
elemol (0.1%)
spathulenol (0.1%)
a-cadinol (0.3%)
a-copaen-8-ol (0.2%)
(E)-nerolidol (20.8%)

*correct isomer not identified
ffuranoid form
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A recent report by Huang et al. 
(2012) described the analysis and 
cytotoxic activity of the flower oil of S. 
canadensis collected from invasive wild 
plants found in the suburbs of Shanghai. 
Unfortunately, the analysis contained too 
many errors to be included in this review. 

E.R. Miller and M.H. Eskew, The volatile oils of 
the genus Solidago. J. Amer. Chem. Soc., 36, 
2538–2543 (1914).

B.M. Lawrence, J.W. Hogg and S.J. Terhune, 
Essential oils and their constituents. X. Some 
new trace constituents in the oil of Mentha 
piperita L. Flavour Ind., 3, 467–472 (1972).

H. Zwoelfer, The goldenrod problem: possibilities 
for a biological weed control project in Europe. 
European and Mediterranean Plant Protection 
Organization  (EPPO) Publication Series No. 
81, 9–18 (1976).

F. Bohlmann, U. Fritz, R.M. King and H. Robinson, 
Sesquiterpene and diterpene derivatives 
from Solidago species. Phytochemistry, 19, 
2655–2661.

E.L. Rice, Alleopathy. p. 82,97–98, Academic Press, 
New York (1984).

F.A. Einhellig, Mechanisms and modes of action of 
allelochemicals. In: The Science of Allelopathy. 
Edits., A.R. Putnam and C-S. Tang, p. 181, 
Wiley-Interscience, New York (1986).

N.R. Leisten and J.D. Curtis, Foliar oil reservoir 
anatomy and distribution in Solidago 
canadensis (Asteraceae, tribe Astereae). Nord. 
J. Bot., 9, 281–287 (1989).

J.D. Curtis and N.R. Lersten, Oil reservoirs in 
stem, rhizome and root of Solidago canadensis 
(Asteraceae, tribe Asteraceae). Nord. J. Bot., 
9, 443–449 (1989).

D. Kalemba, J. Gora, A. Kurowska and T. Madja, 
Study of essential oils with regard to their effects 
on insects. Part III. Essential oil of goldenrod 

(Solidago canadensis L.). Zeszyty Nauk. 
Politech. Lodz, Technol. Chemia Sprozywcza, 
No. 47, 91–97 (1990a). 

D. Kalemba, J. Gora and A. Kurowska, Analysis of 
the essential oil of Solidago canadensis. Planta 
Med., 56, 222–223 (1990b).

P. Weyerstahl, H. Marschall, C. Christiansen, 
D. Kalemba and J. Gora, Constituents of 
the essential oil of Solidago canadensis 
(“Goldenrod”) from Poland—A correction. 
Planta Med., 59, 281–282 (1993).

E. Weber, Morphological variation of the introduced 
perennial Solidago canadensis L. sensu lato 
(Asteraceae) in Europe. Bot. J. Linn. Soc., 
123, 197–210 (1997).

N. Bülow and W.A. König, Germacrene D—A 
source of rare sesquiterpene hydrocarbons. In: 
Proceedings of 27tj International Symposium 
on Essential Oils, Vienna, 1996. Edits., Ch. 
Franz, A. Mathé and G. Buchbauer, pp. 
209–213, Allured Publishing, Carol Stream, 
IL (1997).

E. Weber, The dynamics of plant invasions: a 
case study of three exotic goldenrod species 
(Solidago L.) in Europe. J. Biogr., 25, 147–154 
(1998).

C.O. Schmidt, H.J. Bouwmeester, J.W. de 
Kraker and W.A. König, Biosynthesis of 
(+)- and (-)-germacrene D in Solidago 
canadensis: isolation and characterization of 
two enantioselective germacrene D synthases. 
Angew. Chem. Int. Ed., 37, 1400–1402 (1998).

A.A. Kasali, O. Ekundayo, C. Paul and W.A. König, 
New sesquiterpene hydrocarbons from 
Solidago canadensis collected in Poland. Poster 
presented at 32nd International Symposium 
on Essential Oils. Sept. 9–12, Wroclaw, Poland 
(2001).

E. Weber, Current and potential ranges of three 
exotic goldenrods (Solidago L.) in Europe. 
Conservation Bid., 15, 122– 128 (2001).

I. Prosser, A.L. Phillips, S. Giltings, M.J. Lewis, 
A.M. Hooper, J.A. Pickett and M.H. Beale, 
(+)-(10R)-Germacrene A synthase from 

goldenrod, Solidago canadensis: cDNA 
isolation, bacterial expression and functional 
analysis. Phytochemistry, 60, 691–702 (2002).

D. Kalemba and B. Thiem, Constituents of the 
essential oils of four micropropagated 
Solidago species. Flav. Fragr. J., 19, 40–43 
(2004).

N.A. Ibrahim, S.M. Mohamed, M.A. Faraid 
and E.M. Hassan, Chemical composition, 
antiviral and antimicrobial activities of the 
essential oils of Aster novi-belgii, Solidago 
canadensis and Myoporum laetum growing  
in Egypt. Bull. Fac. Pharm. Cairo Univ., 44(1), 
103–109 (2006).

M. Dong, J-Z. Lu, W-J. Zhang, J-K. Chen and B. Li, 
Canada goldenrod (Solidago canadensis), an 
invasive alien weed rapidly spreading in China. 
Acta Phytotaxonomica Sirica, 44, 72–85 (2006).

D. Abhilasha, N. Quintana, J. Vivarco and J. Joshi, Do 
allelopathic compounds in invasive Solidago 
canadensis s.l. restrain the native European 
flora. J. Ecol., 96, 993–1001 (2008).

D. Mishra, S. Joshi, G. Bisht and S.P. Sah, Thymol 
from the roots of Solidago canadensis Linn. 
Indian Perfum., 54(4), 29–32 (2010).

D. Mishra, S. Joshi, G. Bisht and S. Pilkwal, Chemical 
composition and antimicrobial activity of 
Solidago canadensis Linn. root essential oil. J. 
Basic Clinical Pharmacy, 1(3), 187–190 (2010).

M. Amtmann, The chemical relationship between 
the scent features of goldenrod (Solidago 
canadensis L.) flower and its unifloral honey. J. 
Food Composition Anal., 23, 122–129 (2010).

B-K. Huang, Y-L. Lei, L-P. Qin and J. Liu, Chemical 
composition and cytotoxic activities of the 
essential oil from inflorescences of Solidago 
canadensis L., an invasive weed in Southeastern 
China. J. Essent. Oil Bear. Plants, 15, 667–671 
(2012).

PF1403_Lawrence_fcx.indd   58 2/7/14   10:45 AM




