Progress in Essential Oils

Brian M. Lawrence, Consultant

Coriander Seed Oil and Extract
A commercial sample of coriander
seed oil (ex Coriandrum sativum

L.) was analyzed by Giampeii et al.
(2002). The oil, which was screened
against a variety of fungi, was found
to possess the following composition:

o-thujene (0.1%)
o-pinene (8.5%)
camphene (0.9%)
sabinene (0.3%)
B-pinene (0.6%)
myrcene (0.9%)
o-terpinene (0.1%)
p-cymene (2.2%)
B-phellandrene (0.2%)
limonene (1.9%)
Y-terpinene (7.1%)
terpinolene (0.4%)
linalool (66.3%)
camphor (3.8%)
borneol (0.6%)
terpinen-4-ol (0.3%)
o-terpineol (0.4%)
geraniol (2.0%)
geranyl acetate (2.7%)
B-caryophyllene (0.1%)

Trace amounts (<0.1%) of tricy-
clene, (Z)-anethole and carvacrol
were also found in this oil.

Charchari et al. (2005) examined
the kinetics of extraction of coriander
seed with methanol. They found that
the kinetic function (the time taken to
extract divided by the time necessary
for system equilibrium) was indepen-
dent of extraction temperature and
added water absorbed by the seeds.
The components identified in the
methanol extract were as follows:

myrcene (0.5%)
1,8-cineole (0.5%)

linalool (62.6%)

camphor (1.8%)
terpinen-4-ol (0.3%)
octanal' (1.5%)
dodecane (0.2%)

geranyl acetate (2.3%)
dodecanal (0.3%)
B-caryophyllene (0.2%)
o-humulene (0.5%)
tetradecanoic acid (7.8%)

fincorrect identification based on GC elution order

In addition, trace amounts
(<0.05%) of o-pinene, p-cymene,
Y-terpinene, a-terpineol and an
isomer of nerolidol were also charac-
terized in this extract.

Zorca et al. (2006) compared
the composition of a hydrodistilled
coriander oil with the volatile concen-
trate produced by supercritical CO,
extraction of coriander seeds obtained
in Romania. The authors incorrectly
referred to this volatile concentrate as
an essential oil, which it is not. Essen-
tial oils must be produced by physical
means only, whereas, as the name
suggests, CO, extraction produces an
extract that is not an oil, even though
with the use of two-stage separa-
tion a volatile concentrate can have a
composition similar to that of the oil.
Using GC/MS as the only method of
analysis, the results of this compara-
tive study are presented in T-1.

Analyses of coriander seed oils
produced by hydrodistillation of eight
seed accessions obtained from differ-
ent locations in India were performed
by Ravi et al. (2007). Using GC/MS as
the only method of analysis, the range
in composition of the oils was found
to be as follows:

o-pinene (2.4-23.2%)
B-pinene (0.3-1.1%)
myrcene (0.4-0.6%)
p-cymene (0.0-0.5%)
limonene (0.1-0.8%)
camphene" (t=0.3%)
Y-terpinene (t-0.9%)
cis-linalool oxide' (0.0-2.6%)
octanol (0.0-2.0%)

linalool (56.7-75.1%)
isoborneol (t-0.1%)
o-terpineol (0.0-5.4%)
decanal (0.0-0.6%)
cuminaldehyde (0.1-0.5%)
citronellol (0.0-0.7%)
geraniol (t-3.9%)

geranial (t-0.4%)
hexadecanal® (0.1-0.9%)
undecanoic acid (0.0-0.3%)
tridecanal (0.2-1.0%)
geraniol" (0.0-0.2%)
geranyl acetate (9.0-24.5%)
undecanal' (0.0-0.5%)
tetradecanoic acid (0.0-1.4%)
hexadecanoic acid (0.0-1.8%)

ffuranoid form
tincorrect identification based on GC elution order

Msaada et al. (2007) compared
the composition of coriander seed
oils produced from immature inter-
mediate ripeness and fully mature
seeds that were harvested from
plants grown in the region of Men-
zel Temime (northeastern Tunisia).
The comparative oil compositions
are shown in T-2. Trace amounts
(<0.05%) of heptanal, o-thujene,
O-pinene, sabinene, a-terpinene,
p-cymene, limonene, Y-terpinene,
terpinen-4-ol, (Z)-B-hexenyl butyrate,
geraniol and neryl acetate were also
found in one or more of the oils.

An oil produced in the laboratory
from coriander seeds obtained from



Comparative percentage composition of an oil and a volatile

concentrate of Romanian coriander seeds

Compound

tricyclene
o-thujene
o-pinene
camphene
8-3-carene’
sabinene
B-pinene
myrcene
o-phellandrene
p-cymene
limonene
y-terpinene
cis-linalool oxide
trans-linalool oxide'
terpinolene
linalool
camphor
borneol
terpinen-4-ol
o-terpineol
nerol
geraniol
carvone
bornyl acetate
menthyl acetatef
citral®
(E)-anethole
neryl acetate
geranyl acetate
[-caryophyllene
B-farnesene”
o-humulene
germacrene D
y-cadinene
nerolidol”
t=trace (<0.1%)

ffuranoid form
“correct isomer not identified

fincorrect identification based on GC elution order

0il Volatile concentrate
0.1 0.1
0.1 -
29 3.1
0.2 0.2
0.1 -
0.1 0.2
0.1 0.1
1.0 1.0
0.1 0.1
124 4.0
29 33
2.0 35
0.1 0.4
0.1 0.4
0.2 0.1
45.3 72.1
0.7 2.7
- 0.2
0.1 t
0.2 0.4
0.1 0.3
0.6 2.0
0.1 -
25 0.2
45 0.3
0.2 0.4
4.0 0.1
8.7 0.3
10.6 29
- 0.2
0.1 0.1
- 0.1
- 0.1
0.1 0.3
- 0.1

acitral is a commercial name for a mixture of neral and geranial

*probably incorrect identification

plants growing in a garden in Addis
Ababa (Ethiopia) was analyzed by
Mikre et al. (2007) using GC-FID
and GC/MS. This oil was found to
contain the following components:

o-pinene (3.2%)
camphene (0.3%)
sabinene (0.2%)
-pinene (0.4%)
myrcene (0.8%)
p-cymene (0.8%)
B-phellandrene (0.1%)

limonene (1.8%)
Y-terpinene (1.0%)
trans-linalool oxide! (0.2%)
octanol (0.2%)
cis-linalool oxide! (0.1%)
terpinolene (0.4%)
nonanal (0.2%)

linalool (74.9%)
camphor (5.8%)
citronellal (0.1%)
terpinen-4-ol (0.1%)
o-terpineol (0.4%)
decanal (0.5%)
citronellol (0.2%)

geraniol (2.3%)

thymol (3.4%)

carvacrol (0.1%)
trans-sabinyl acetate (0.1%)
o-copaene (0.4%)
dodecanal (0.1%)
tetradecanal (0.1%)

ffuranoid form

In addition, trace amounts
(<0.05%) of a-thujene, (E)-B-ocimene
and cis-sabinene hydrate were found
in this oil.

The nematicidal activity of a num-
ber of essential oils was determined by
Kim et al. (2008). Of the 28 oils tested

against the pine wood nematode, an oil

of coriander seed was found to possess
significant activity. The composition of
the oil that was tested was determined
to be as follows:

heptanal (0.4%)

nonane (1.2%)
o-pinene (3.9%)
camphene (0.5%)
B-pinene (0.4%)

octanal (0.8%)
p-cymene (5.3%)
limonene (1.2%)
Y-terpinene (0.3%)
cis-linalool oxide! (1.5%)
trans-linalool oxide! (1.1%)
nonanal (0.5%)

linalool (49.4%)
camphor (2.9%)
borneol (0.7%)
terpinen-4-ol (0.6%)
o-terpineol (0.3%)
decanal (3.8%)

geraniol (1.1%)
(E)-2-decenal (7.6%)
(E)-2-decenol (4.5%)
decanol (2.1%)
undecanal (0.2%)
carvone (0.2%)
geranyl acetate (2.0%)
dodecanal (1.1%)

ffuranoid form

Williams (2008) reported that an
oil of coriander seed contained the
following components:

o-pinene (1.6%)
camphene (0.4%)
sabinene (0.1%)
B-pinene (0.3%)
myrcene (0.8%)
p-cymene (4.0%)
limonene (4.6%)
Y-terpinene (10.5%)
cis-linalool oxide! (0.4%)

trans-linalool oxide! (0.1%)



Comparative percentage compositions of coriander seed oils

produced from seeds of different maturity

Compound IMS0
[-pinene t
0-3-carene 0.1
1,8-cineole 0.2
(Z)-B-ocimene 0.1
cis-linalool oxidef 0.3
terpinolene t
linalool 11.0
trans-linalool oxidef 0.3
camphor 0.9
borneol 0.1
menthol 0.1
p-cymen-8-ol 1.4
a-terpineol 0.4
cis-dihydrocarvone t
nerol 1.5
citronellol 0.1
neral 14
carvone 0.1
geranial 0.7
(E)-anethole 0.1
thymol t
carvacrol 1.0
o-elemene t
eugenol 0.1
geranyl acetate 46.3
B-caryophyllene t
o-humulene 0.1
germacrene D t
eugenyl acetate t

IMSO0 = immature seed oil

INSO = intermediate maturity seed oil
FMSO = fully mature seed oil
ffuranoid form

terpinolene (1.7%)
linalool (69.1%)

camphor (3.5%)
2-phenethyl acetate (0.1%)
geraniol (0.7%)

geranyl acetate (0.2%)

ffuranoid form

Grosso et al. (2008) compared the
composition of coriander seed oils
produced by hydrodistillation of seeds
ground to particle sizes of 0.4-0.8 mm
with volatile concentrates (mistakenly
referred to as essential oils by the
authors) produced by supercritical
CO, extraction of the same particle
size coriander seed at pressures of
90150 bar, temperatures of 40-50°C
and CO,, flow rates of 0.79-1.56 kg/
hr. A summary of the compositions of

INSO FMS0
0.2 0.1
0.1 t
0.1 0.2

t t
0.3 0.3
0.2 0.2

76.3 87.5

t t
0.1 0.2
0.3 0.3
0.2 0.1

t t

t 0.1
3.2 2.4

t t

t 0.5
0.1 0.1
0.1 0.1

t t
1.4 t
1.0 1.9
0.1 0.5
0.1 t

t t
29 0.8
0.1 t

t t
0.2 0.1

t 0.1

the oils and volatile concentrates are
presented in T-3. The authors found
that the best supercritical fluid CO,
extraction conditions were 90 bar,
40°C, CO, flow rate of 1.10 kg/hr and
a particle size of 0.6 mm.
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Lemon Thyme Qil

The taxonomic origin of lemon
thyme is Thymus x citriodorus (Pers.)
Schereb., a perennial member of

the Labiatae family. It is a spread-
ing subshrub, which will eventually
form a 20-30 cm high broad mound.
It possesses erect stems, although

the lower branches are decumbent

at the base. The leaves are small,
8-14 mm long, 3-6 mm wide, and are
broadly elliptic or ovate. The flow-
ers are pale rose to lavender in color.
Some cultivars, such as ‘aureus,” have
variegated yellow-colored—rather
than dark green—leaves. The cultivar
is also known as golden lemon thyme
(Lawrence, 1999). Thymus x citriodo-
rus is known as lemon thyme because
of its pronounced lemonlike odor. It
is estimated that less than 500 kg of
lemon thyme oil is produced annually.
Oils of T. x citriodorus have not been
the subject of much study.

Rovesti (1971) determined that an
oil of T. x citriodorus produced from
flowering plants collected in Sicily
contained:

p-cymene (23.0%)
linalool (5.2%)
linalyl acetate (9.0%)
citronellal (11.0%)
geraniol (9.2%)



The author also reported that an
oil from flowering plants harvested in
Lombardy possessed:

p-cymene (26.0%)
linalool (12.0%)
citronellal (8.8%)
geranial + neral (2.5%)
geraniol (10.0%)

An oil of T x citriodorus produced
by Stahl-Biskup and Holthuijzen
(1995) from authenticated plants
grown in an experimental garden in
Hamburg contained:

o-pinene (0.5%)
camphene (0.8%)
B-pinene (0.1%)

sabinene (0.1%)

myrcene (0.1%)
(Z)-B-ocimene (0.2%)
p-cymene (0.1%)
1,8-cineole (0.5%)
trans-sabinene hydrate (0.1%)
citronellal (0.1%)
camphor (0.2%)

linalool (0.8%)

neral (5.5%)

borneol (0.2%)
o-terpineol (2.2%)
geranial (8.2%)

geranyl acetate (1.0%)
citronellol (0.3%)

nerol (2.8%)

geraniol (61.3%)

geranyl butyrate (0.8%)
thymol (0.5%)
B-bourbonene (0.2%)
f3-caryophyllene (3.7%)
germacrene D (1.1%)
B-bisabolene (1.3%)
caryophyllene oxide (0.3%)
germacrene D-4-ol (0.2%)

Trace amounts (<0.1%) of
limonene, linalyl acetate, bornyl
acetate and methyl thymol were also
found in this oil.

Omidbaigi et al. (2005) produced
an oil from T. x citriodorus plants
grown in Iran from authentic Hungar-
ian rootstock. The main components
identified in this oil were:

camphene (0.8%)
3-octanone (3.3%)
3-octanol (1.1%)
p-cymene (0.6%)
1,8-cineole (0.7%)
borneol (3.2%)

nerol (5.2%)

methyl thymol (1.2%)
neral (10.1%)
geraniol (54.4%)

Comparative percentage composition range of the oils and
volatile concentrates of coriander seed of Italian origin

T-3

Compound Oils Volatile concentrates
o-thujene t 0.0-t
o-pinene 2.2-34 1.2-3.4
camphene 0.3-0.4 0.1-0.3
sabinene 0.1-0.2 0.1-0.3
B-pinene 0.3-0.4 0.2-0.8
myrcene 2.0-2.8 0.9-1.2
o-terpinene 0.4-0.5 0.1-0.2
p-cymene 1.2-15 0.7-1.1
limonene 25-34 1.3-1.7
(Z)-B-ocimene t 0.0-0.2
(E)-B-ocimene 1.1-1.7 0.3-0.6
y-terpinene 6.3-7.2 5.0-6.7
trans-sabinene hydrate t 0.1
cis-linalool oxide t t
octanol t 0.2
terpinolene 0.8-1.0 0.5-0.6
linalool 66.5-72.3 65.2-78.8
camphor 3.0-3.3 25-34
citronellal 0.1 0.0-0.1
borneol 0.1 0.2
terpinen-4-ol 0.2 0.1-0.2
o-terpineol 0.4 0.1
citronellol t t-0.5
geraniol 2.6-2.8 0.9-2.9
geranyl acetate 24-2.8 1.5-3.5

ffuranoid form
t=trace (<0.05%)

geranial (13.9%)
B-caryophyllene (0.1%)
B-bisabolene (0.8%)
geranyl butyrate (0.8%)
caryophyllene oxide (0.8%)

Two oils of T. x citriodorus were
produced from different cultivars and
analyzed by Horvath et al. (2006).
The oil produced from an unnamed
cultivar was reported to contain the
following constituents:

o-pinene (0.2%)
camphene (0.4%)
B-pinene (0.3%)
limonene (0.3%)
1,8-cineole (2.9%)
p-cymene (4.5%)
y-terpinene (3.7%)
cis-linalool oxide! (1.4%)
linalool (0.7%)
borneol (1.7%)

nerol (1.9%)

neral (7.1%)

geraniol (39.2%)
geranial (9.2%)
geranyl acetate (2.4%)

thymol (0.4%)
carvacrol (15.4%)
caryophyllenol” (0.7%)

ffuranoid form; “correct isomer not identified

The oil produced from the
‘Archers Gold’ cultivar was found
to possess the following different
composition:

o-pinene (0.1%)
camphene (0.2%)
B-pinene (0.1%)
limonene (0.2%)
1,8-cineole (7.5%)
p-cymene (21.1%)
Y-terpinene (2.9%)
cis-linalool oxide’ (1.5%)
linalool (0.5%)

borneol (2.1%)
B-caryophyllene (3.5%)
carvacrol (43.5%)
caryophyllenol” (1.5%)

ffuranoid form; “correct isomer not identified

Ombidbaigi et al. (2009) examined
the effect of plant growth on the oil




Comparative percentage composition of lemon thyme oil

produced from two different growth stages

Compound
camphene
-pinene
3-octanone
3-octanol

myrcene
o-phellandrene
o-terpinene
p-cymene
1,8-cineole
(Z)-B-ocimene
(E)-B-ocimene
cis-sahinene hydrate
trans-pinocarveol
borneol

nerol

methyl thymol

neral

geraniol
cis-thio-rose oxide'
B-caryophyllene
geranyl butyrate
caryophyllene oxide

t =trace (<0.05%); "doubtful correct identification

Pre-flowering oil
0.1
0.3
1.2
2.7
0.7

t
0.2
0.4
0.9
1.2
0.2

t
0.3
0.6
1.3
0.5
22

72.5
1.6
0.2
0.3

T-4

Full-flowering oil
0.2
0.6
1.6
34
1.2
0.2
0.4
0.4
0.9
15
0.2
0.6
0.5
1.3
2.6
0.6
6.0

54.3
3.8
1.2

0.2

composition of lemon thyme grown in
Iran. A summary of the results can be
seen in T-4.
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