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Eucalyptus citriodora Oil

Tonzibo et al. (1998) compared the composition of oils produced from fresh and dried leaves of Eucalyptus
citriodora Hook. from the Ivory Coast. The results of this study are shown in T-1. In a follow-up paper,
Tonzibo et al. (2000) showed that the decrease in hydrocarbon content of the oil of E. citriodora produced
from dried leaves with a corresponding increase in oxygenated constituents, including the conversion of
citronellal to isopulegol, also was found in oils produced during different seasons of the year.

Chalchat et al. (2000) reported that
leaf oils produced from E. citriodora
trees grown in the vicinity of Fretomou
(Mali) were found to possess the following
constituents:

o-pinene (0.1 percent)

B-pinene (0.3 percent)

myrcene (0.1 percent)

limonene (0.1 percent)
1,8-cineole (0.2 percent)
citronellal (77.6-78.5 percent)
neoisopulegol (1.8-1.9 percent)
linalool (0.1-0.2 percent)
isopulegol (6.3-6.4 percent)
B-caryophyllene (0.5 percent)
iso(iso)pulegol (0.1 percent)
neoiso(iso)pulegol (0.2 percent)
citronellyl acetate (1.1 percent)
v-elemene (0.2 percent)

geranyl acetate (0.3 percent)
citronellol (1.8 percent)
2-phenethyl acetate (0.1 percent)
methyl eugenol (2.2-2.3 percent)

The main constituents of an oil
produced from E. citriodora leaves
harvested in Morocco were determined
by Lahlou et al. (2001). They were found
to be as follows:

B-pinene (0.16 percent)
o-pinene (0.15 percent)
1,8-cineole (1.14 percent)
limonene (0.12 percent)
o-terpineol (0.16 percent)

citronellal (57.80 percent)
citronellol (7.62 percent)
citronellyl acetate (25.05 percent)
citronellic acid (1.07 percent)

Cimanga et al. (2002, 2002) reported that an oil of
E. citriodora of the Democratic Republic of Congo
origin was found to contain the following constituents:

o-pinene (2.3 percent)
camphene (0.3 percent)
B-pinene (1.7 percent)
myrcene (0.6 percent)
1,8-cineole (1.2 percent)
Y-terpinene (0.3 percent)
cis-linalool oxide® (1.3 percent)
citronellal (72.7 percent)
linalool (0.1 percent)
B-caryophyllene (2.6 percent)
o-terpineol (0.7 percent)
o-terpinyl acetate (1.5 percent)
citronellol (6.3 percent)
citronellyl acetate (2.3 percent)
eugenol (3.5 percent)

methyl eugenol (0.6 percent)

“correct isomer not identified

Using polydimethylsiloxane/divinylbenzene
SPME fibers, the headspace of E. citriodora was
examined by Zini et al. (2002). Although the authors
did not present very useful quantitative data, they
did characterize the presence in the headspace of
isoprene, o-thujene, o-pinene, sabinene, B-pinene,
myrcene, limonene, 1,8-cineole, (Z)-B-ocimene,
(E)-B-ocimene, linalool, cis-rose oxide, trans-rose



Percentage composition of the oils
of fresh and dried leaves
of Eucalyptus citriodora

T-1

Compound Fresh leaf oil Dried leaf oil?
o-pinene 1.1 0.3
[-pinene 0.8 0.1
myrcene 0.1 0.2
limonene 0.8 0.2
1,8-cineole 1.6 0.3
y-terpinene 0.6 0.3
p-cymene 0.5 0.2
terpinolene 0.4 0.3
citronellal 68.9 70.0
linalool 4.0 4.2
isopulegol 9.0 10.4
B-caryophyllene 0.7 1.6
citronellyl acetate 0.7 0.8
citronellol 5.3 1.6

aleaves shade dried for 20 days

oxide, isopulegol, citronellal (major component), citro-
nellol, 3,7-dimethyl-2,6-octadienal, citronellyl acetate,
3,7-dimethyl-2,6-octadienyl acetate, B-caryophyllene
and o-humulene.

Xiong et al. (2003) developed a method of
microwave-assisted SPME to examine the volatiles
emitted from the leaves of E. citriodora. Using micro-
wave heating, the shielded SPME fibers were able to
absorb the volatiles faster than previously used ambi-
ent techniques.

Narayanan (2003) compared samples of commer-
cial oils of E. citriodora of Chinese and Indian origin.
A comparison of the main components of these two
oils can be seen in T-2.

Using a field distillation unit, 350 kg of leaves of
E. citriodora were distilled in the vicinity of
Hyderabad (India), and ca. 3 kg (3000 mL) of oil
were collected. All of the distillation water was
collected, and it was extracted (shaken) with hexane
for 30 min in 10-L batches. Once all of the distillation
water was collected, a total of 4,180 mL of hexane was
recovered, while 70 mL of hexane were lost. Upon
removal of the hexane, 21 mL of water solubles were
recovered. The oil and water solubles were analyzed
separately (Rajeswara Rao et al. 2003) by GC, both
retention indices and previously published data; the
results obtained can be seen summarized in T-3. As
expected, the oil was found to be rich in citronellal,
whereas the major constituent of the water solubles
was isopulegol. The authors inferred that the water
solubles were a rich source of isopulegol, a compound
of use in the flavor and fragrance industries. However,
they failed to point out the impracticality of using the
water solubles as an economic source of isopulegol.

Comparative percentage composition of the
main components of Eucalyptus citriodora oils
of Chinese and Indian origin

Compound Chinese oil
o-pinene 0.30
B-pinene 0.64
limonene + 1,8-cineole 1.16
citronellal 82.68
isopulegol 2.22
citronellol 4.66
B-caryophyllene 0.99

Comparative percentage composition
of the oil and water-soluble oil obtained

from Eucalyptus citriodora

Compound

o-thujene
sabinene
myrcene
o-phellandrene
o-terpinene
p-cymene
limonene
1,8-cineole
(Z)-B-ocimene
(E)-B-ocimene
cis-linalool oxide’
trans-linalool oxide’
linalool

citronellal
isopulegol
borneol

menthol
terpinen-4-ol
o-terpineol
citronellol

neral

geraniol

geranial
citronellyl acetate
eugenol

geranyl acetate
B-elemene
B-caryophyllene
aromadendrene
o-humulene
v-cadinene
d-cadinene
caryophyllene oxide

furanoid form; t = trace (< 0.1 percent)

oil
0.2

0.4
0.2

0.1
0.5
0.2
0.2

0.2

0.1
0.6
70.3
6.7
0.8
0.3
0.1

8.8
0.1
0.1

1.3
0.1
0.1

2.6
0.1
0.1

0.1

T-2

Indian oil

0.71
0.46
1.50
76.31
240
1.18
0.65

T-3

Water-soluble oil

t
0.2

0.1
0.1
0.1
0.1
0.1
1.0

53.0
10.0



Vernin et al. (2004) analyzed an oil of E. citriodora
(syn. Corymbia citriodora Hook.) produced from
leaves obtained in Reunion. The components charac-
terized in this analysis were as follows:

ethanol (0.1 percent)
cis-1-methyl-3-isopropylcyclopentane (0.1 percent)
trans-1-methyl-3-isopropylcyclapentane (0.1 percent)
isobutyl isobutyrate (0.1 percent)

o-pinene (2.2 percent)

camphene (0.1 percent)

sabinene (0.1 percent)

B-pinene (0.8 percent)

cis-1,2-dihydrolimonene (0.1 percent)

myrcene (0.1 percent)
trans-1,2-dihydrolimonene (0.1 percent)
o-terpinene (0.2 percent)

p-cymene (2.5 percent)

8,9-dihydrolimonene + p-cymenene (0.1 percent)
1,8-cineole (0.6 percent)

limonene (0.4 percent)
1-methyl-4-isopropylidene cyclohexane (0.2 percent)
(Z)-B-ocimene (0.1 percent)

(E)-B-ocimene (0.9 percent)

Y-terpinene (0.5 percent)

isolimonene (0.1 percent)

isoterpinolene (0.3 percent)

terpinolene (0.3 percent)

linalool (0.2 percent)

cis-rose oxide (0.1 percent)

menthone (0.2 percent)

isomenthone (0.2 percent)

citronellal (63.6 percent)

isopulegol (4.5 percent)

borneol (0.1 percent)

neoisopulegol (0.1 percent)

neoiso(iso)pulegol (0.1 percent)

iso(iso)pulegol (0.7 percent)

terpinen-4-ol (0.3 percent)

isocitronellal (0.1 percent)

o-terpineol (0.2 percent)

linalool oxide'® (0.2 percent)

citronellol (7.3 percent)

linalool oxide'® + 2-phenethyl acetate (0.4 percent)
geraniol (0.2 percent)

citronellic acid (0.7 percent)
cis-p-menthane-3,4-diol (0.9 percent)
4—hydroxy—(x,p—dimethylcyclohexanemethanol; (0.4 percent)
eugenol (0.1 percent)

citronellyl acetate (2.6 percent)

o-longipinene (0.1 percent)

geranyl acetate (0.2 percent)

(Z)-jasmone (0.2 percent)

longicyclene (0.2 percent)

linalyl propionate (0.1 percent)

B-elemene (0.1 percent)

longifolene (0.7 percent)

B-caryophyllene + B-cedrene (1.2 percent)

nerol (0.1 percent)

o-humulene (0.1 percent)

germacrene D (0.1 percent)

bicyclogermacrene (0.1 percent)

caryophyllene oxide (0.1 percent)

citronellal dimer® (1.8 percent)

citronellal dimer® (0.4 percent)



N—butylsulphonamideg (0.3 percent)
tetradecanoic acid (0.1 percent)
hexadecanoic acid (1.1 percent)

“correct isomer not identified; *pyranoid form; 'natural origin
requires corroboration

Trace amounts (< 0.1 percent) of 2-methyl-
2-butene, acetaldehyde, 3-methylcyclopentene,
methyleyclopentane, (E,E)-2,4-heptadiene, o-thu-
jene, o-fenchene, isoamyl isobutyrate, 1,4-cineole,
melonal (2,5-dimethyl-5-heptenal), o-pinene oxide,
geranial, isopulegyl acetate, citronellyl formate, benzyl
isobutyrate, 2-methoxy-4-vinylphenol, 1,8-terpinen,
o-cubebene, neryl acetate, cyclosativene, sativene,
o-santalene, 2-phenethyl isobutyrate, aromadendrene,
y-elemene, 8-cadinene, spathulenol, isocaryophyllene
oxide, a couple of farnesol isomers and citronellyl
citronellate also were characterized in the oil.

This reviewer questions the characterization of
1,8-terpinen as a naturally occurring constituent.

Zaman et al. (2004) showed that the flower oil of
E. citriodora was rich in o-thujene (13.1 percent),
sabinene (23.4 percent), citronellal (16.2 percent) and
epi-globulol (11.8 percent), thereby revealing that it is
very dissimilar to a typical E. citriodora leaf oil.
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Ajowan 0Oil

The oil of ajowan, which is used as a source
of natural thymol, is obtained from the
fruit (seeds) of Trachyspermum ammi

(L.) (syn. Carum copticum L.; Ptychotis
ammoides Koch).

Seeds of T ammi that were purchased at
alocal market in Oran (Algeria) were water
distilled to produce an oil that was analyzed
by Kambouche and El-Abed (2003). Using a
combination of GC (for retention indices and
quantitation) and GC/MS (for component
identity confirmation), the oil was deter-
mined to contain the following constituents:

o-thujene (0.08 percent)
o-pinene (0.62 percent)
sabinene (0.13 percent)
B-pinene (0.16 percent)
myrcene (0.40 percent)
p-cymene (14.08 percent)
limonene (11.89 percent)
Y-terpinene (6.79 percent)
terpinolene (0.09 percent)
terpinen-4-ol (0.79 percent)
o-terpineol (0.08 percent)
methyl thymol (0.30 percent)
methyl carvacrol (0.06 percent)
isothymol (51.20 percent)
thymol (12.96 percent)
carvacrol (0.25 percent)

Trace amounts (< 0.01 percent)
of m-cymene, linalool, an isomer of
p-menth-2-en-1-ol and citronellal, also
were characterized in this oil. It is worth
noting that this oil is the richest source
of isothymol that has, to the best of this
reviewer’s knowledge, been found to be
naturally occurring.

An oil of ajowan produced in the labora-
tory from seed purchased from a market in
Gorakhpur (India) was analyzed by Singh
et al. (2004). It was found to possess the
following constituents:

o-thujene (0.2 percent)
o-pinene (0.2 percent)
B-pinene (1.7 percent)




myrcene (0.4 percent)
o-terpinene (0.2 percent)
p-cymene (30.8 percent)
B-phellandrene (0.6 percent)
Y-terpinene (23.2 percent)
terpinolene (0.2 percent)
trans-sabinene hydrate (0.1 percent)
linalool (0.1 percent)
terpinen-4-ol (0.8 percent)
o-terpineol (0.1 percent)
thymol (39.1 percent)
carvacrol (0.3 percent)
B-selinene (0.1 percent)

Trace amounts (< 0.1 percent)
of 2-methyl-3-buten-2-ol, methyl 2-
methylbutyrate, camphene, sabinene,

Comparative percentage composition of oils T 4

of ajowan produced by hydrodistillation
and solvent-free microwave distillation

Compound Hydrodistilled Microwave-
oil distilled oil
o-pinene 1.3 -
B-pinene 4.8 15
myrcene 0.8 -
v-terpinene 28.6 16.4
p-cymene 29.2 21.2
anethole* - 0.7
thymol 35.4 60.3

*correct isomer not identified

Comparative percentage composition

of three samples of ajowan oil

Compound Sample 1 Sample 2 Sample 3
o-pinene 0.4 0.4 0.6
camphene 0.2 0.2 0.3
B-pinene 3.1 2.7 4.6
myrcene 0.1 0.1 0.1
o-terpinene 0.1 <0.1 0.5
p-cymene 21.8 20.9 21.2
limonene 0.1 0.1 0.1
1,8-cineole 0.3 0.3 0.3
v-terpinene 35.7 32.3 25.9
linalool 0.1 0.1 0.6
a-terpineol 0.2 0.2 0.2
methyl chavicol 0.2 0.2 0.1
cuminaldehyde 0.1 0.2 0.2
citronellol 0.1 0.1 0.1
(E)-anethole 0.1 0.1 0.1
thymol 36.5 4.1 37.6
carvacrol 0.2 0.2 0.1

o-phellandrene, 8-3-carene, 1,8-cineole, o-selinene,
caryophyllene oxide and 8-dodecalactone also were
reported as constituents of the same oil.

Khajeh et al. (2004) compared the oil composition
(major components only) with a supercritical fluid
CO, (SFC) extract of the same batch of ajowan seed.
They found that the main constituents of the oil were:

o-thujene (0.4 percent)
B-pinene (2.1 percent)
o-terpinene (0.5 percent)
myrcene (0.8 percent)
p-cymene (15.7 percent)
limonene (0.7 percent)
Y-terpinene (30.8 percent)
thymol (49.0 percent)

The authors found that the SFC extract with the
highest thymol content (62.8 percent) was obtained
using the following parameters: pressure, 20.3 MPa,
35°C, dynamic extraction time 20 min, 400 uL metha-
nol modifier and an extraction yield of 3.90 percent
w/w. However, using the conditions 30.4 MPa pres-
sure, 35 C temperature, a dynamic extraction time of
30 min and no methanol modifier, the method was
most selective for extraction of thymol.

An ajowan oil produced by hydrodistillation was
compared with an oil produced from the same batch
of seed by solvent-free microwave distillation by
Lucchesi et al. (2004). The results of this study are
shown in T-4.

Oils produced from three samples of ajowan
seed oil — produced either at the CIMAP (Central
Institute of Medicinal and Aromatic Plants) research
farm or collected from markets in Lucknow (U.P.) or
Chennai (T.N.) — were analyzed by GC and GC/MS
by Raina et al. (2004). The composition of these three
oils can be seen in T-5.
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Kewda or Keora 0il

Misra and Rao (1997) analyzed an oil produced from
the male flowers of Pandanus fasiculatus Lam.

(syn. P. odoratissimus L.), known commercially as
kewda oil. The constituents found in this oil were:



B-phellandrene (0.95 percent) GC/MS to examine the composition of
(E)-B-ocimene (0.60 percent) three commercial samples of kewda oil
myrcene (0.72 percent) collected from the Tulu village (Ganjam
p-cymene (1.63 percent) district). The compounds that were charac-

a-pinene (1.56 percent) terized in amounts greater than 0.1 percent
2-phenethyl methyl ether (65.32 percent)
were as follows:

2-phenethyl alcohol (0.98 percent)

terpinen-4-ol (15.53 percent)
P P ethanol (t-0.3 percent)

o-thujene (t-1.0 percent)
o-pinene (t-0.6 percent)
benzaldehyde (t-0.1 percent)
B-pinene (t-1.2 percent)

myrcenol (2.1 percent)
piperitone (0.5 percent)

They also characterized (E)-o-ocimene and B-ter-
pinene by MS; however, B-terpinene does not occur
naturally, and the identity of (E)-o-ocimene is highly

myrcene (t-0.1 percent)
o-phellandrene (t-0.1 percent)

queStionable' p-cymene (1.0-3.1 percent)
Rao (2000) published a detailed description of the limonene (0.4-0.5 percent)
botany, history, cultivation, distillation and economics Y-terpinene (t-2.4 percent)
of kewda cultivation and oil production in the Ganjam 2-phenethyl methyl ether (65.6-75.4 percent)
district of the coastal region of Orissa, along the Bay of linalool (t-0.2 percent)
Bengal. Within this report, he noted that the oil com- o-thujone (t-0.1 percent)

2-phenethyl alcohol (t-0.4 percent)

position ranged throughout the year as follows:
terpinen-4-ol (11.7-19.5 percent)

o-thujene (0.02-3.80 percent)
o-pinene (0.07-1.30 percent)
B-pinene (0.01-3.00 percent)
o-phellandrene (0.01-0.45 percent)
p-cymene (0.40-4.50 percent)
limonene (0.01-1.10 percent)
Y-terpinene (0.01-4.90 percent)
2-phenethyl methyl ether (63.0-
84.0 percent)
linalool (< 0.01-0.30 percent)
2-phenethyl alcohol (0.04-0.30
percent)
terpinen-4-ol (6.3-21.3 percent)
o-terpineol (0.10-1.70 percent)
piperitone (0.02-0.25 percent)
carvenone (0.02-0.20 percent)

Furthermore, Rao reported
that the range of oil composi-
tion of 13 market samples was
as follows:

o-thujene (0.1-1.8 percent)
o-pinene (0.06-0.6 percent)
B-pinene (0.04-1.8 percent)
o-phellandrene (0.02-0.3 percent)
p-cymene (0.2-3.3 percent)
limonene (0.08-0.6 percent)
Y-terpinene (0.07-2.5 percent)
2-phenethyl methyl ether (66.0-
86.0 percent)
linalool (< 0.01-0.1 percent)
2-phenethyl alcohol (0.1-0.7
percent)
terpinen-4-ol (8.2-23.9 percent)
o-terpineol (1.1-3.2 percent)
piperitone (0.04-0.5 percent)
carvenone (0.01-0.1 percent)

Misra et al. (2000) used
a combination of GC and




o-terpineol (1.3-2.9 percent)

piperitone (0.2-0.5 percent)

carvenone (t-0.3 percent)

benzyl benzoate (t-0.1 percent)
2-phenethyl benzoate (t-0.5 percent)
methyl palmitate (t-0.1 percent)
2-phenethyl phenylacetate (t-0.1 percent)
palmitic acid (t-0.2 percent)

methyl linoleate (t-0.2 percent)
1-docosene (t-0.2 percent)

t = trace (< 0.1 percent)

In addition, trace amounts (< 0.1 per-
cent) of acetic acid, isoamyl alcohol, toluene,
hexanol, camphene, 1,8-cineole, cis-linalool
oxide (furanoid), cis-p-menth-2-en-1-ol,
camphor, dihydrocarveol, verbenone, cis-
carveol, citronellol, benzyl methyl ketone,
o-amorphene, an isomer of nerolidol,
o-muurolol, 1-heptadecene, ethyl myristate,
ethyl palmitate, phyllocladene, eicosane,
ethyl oleate, docosane, (Z)-9-tricosene,
tricosane, pentacosane and heptacosane also
were found in the same oils.

An oil produced from the male flow-
ers of P. fasiculatus var. ketaki also was
analyzed by Misra et al. The composition
of the oil was found to be as follows:

p-benzoquinone (1.3 percent)
phenylacetaldehyde (0.4 percent)
2-phenethyl methyl ether (66.2 percent)
2-methoxyphenol (0.3 percent)
linalool (0.3 percent)

2-phenethyl alcohol (4.5 percent)
4-hydroxyphenol® (6.1 percent)
3-acetylanisole (2.3 percent)
hexadecane (0.2 percent)
heptadecane (0.3 percent)
benzyl benzoate (0.2 percent)
octadecane (0.4 percent)

9-hexadecenoic acid® (1.9 percent)

“quinol; boleic acid

Trace amounts (< 0.1 percent)
of 2-furfuryl alcohol, nonanol,
2-methyloctadecane, palmitic acid,
eicosane, octadecane and octacosane also
were found in this ketaki oil. In addition,
methoxy-methylbenzene (0.4 percent),
1,2-dimethoxy-ethylbenzene (5.5 percent)
and 4-methoxyphenylacetic acid also were
identified tentatively by MS only.

Ranade (2003) reported the results of
an analysis of kewda oil. He found that
the oil contained the following major
constituents:

benzyl alcohol (1.4 percent)
benzyl acetate (1.6 percent)
benzyl benzoate (0.9 percent)

benzyl salicylate (0.1 percent)

geraniol (1.5 percent)

guaiacol (0.1 percent)

linalool (0.5 percent)

linalyl acetate (0.5 percent)

2-phenethyl alcohol (3.0 percent)
2-phenethyl methyl ether (70.0 percent)
terpinen-4-ol (9.0 percent)
phenylacetaldehyde (1.0 percent)

He also reported that the oil contained phenyl-
acetaldehyde acetal (1.0 percent) and bromostyrene
(0.1 percent). These two compounds were identi-
fied erroneously because neither is known to occur
naturally.

Raina et al. (2004) collected kewda flowers (70 kg)
from Behrampur village (Ganjam district) that, upon
distillation, produced 85 L of distillation, which, upon
redistillation, yielded 17 mL kewda oil (0.024 percent).
Analysis of this oil by GC and GC/MS revealed that its
composition was as follows:

(Z)-3-hexenol (0.1 percent)
o-thujene (0.5 percent)

sabinene (0.4 percent)

B-pinene (0.3 percent)

myrcene (0.5 percent)
8-3-carene (0.3 percent)
o-terpinene (0.2 percent)
p-cymene (0.4 percent)
phenylacetaldehyde (0.6 percent)
1,8-cineole (0.1 percent)

benzyl alcohol (0.2 percent)
Y-terpinene (0.5 percent)
2-phenethyl methyl ether (37.7 percent)
trans-sabinene hydrate (0.6 percent)
trans-linalool oxide! (0.2 percent)
linalool (0.1 percent)
2-phenethyl alcohol (7.5 percent)
o-fenchyl alcohol (0.5 percent)
camphor (0.5 percent)
trans-B-terpineol (0.1 percent)
benzyl acetate (0.4 percent)
2-phenethyl formate (0.1 percent)
terpinen-4-ol (18.6 percent)
o-terpineol (8.3 percent)
cis-sabinol (0.1 percent)
verbenone (0.4 percent)

viridine® (0.2 percent)
trans-carveol (0.1 percent)
dodecane (0.1 percent)
citronellol + nerol (0.4 percent)
2-phenethyl acetate (0.4 percent)
piperitone (0.4 percent)

geraniol (1.2 percent)

geranial (0.4 percent)

citronellyl formate (0.1 percent)
neryl formate (0.2 percent)
geranyl formate (0.1 percent)
linalyl propionate (0.9 percent)
citronellyl acetate (0.1 percent)
eugenol (0.6 percent)

decanoic acid (0.6 percent)
geranyl acetate (0.8 percent)



methyl eugenol (0.1 percent)

2-phenethyl isobutyrate (0.4 percent)

isoeugenol® (0.1 percent)
vanillin (0.4 percent)
f-caryophyllene (1.8 percent)
B-gurjunene (1.8 percent)
geranyl propionate (0.4 percent)
allo-aromadendrene (0.1 percent)
o-amorphene (0.1 percent)
y-muurolene (2.0 percent)
eugenyl acetate (0.1 percent)
o-muurolene (0.1 percent)
ledene (1.2 percent)
pentadecane (0.1 percent)
citronellyl butyrate (0.2 percent)
v-cadinene (0.3 percent)
germacrene B (0.3 percent)
2-phenethyl tiglate (0.3 percent)
caryophyllene oxide (0.2 percent)
globulol (0.1 percent)

viridiflorol (0.1 percent)
hexadecane (0.1 percent)
o-muurolol (0.1 percent)
T-muurolol (0.1 percent)
T-cadinol (0.2 percent)

o-cadinol (0.3 percent)
heptadecane (0.1 percent)
geranyl hexanoate (0.1 percent)
benzyl benzoate (0.1 percent)
geranyl heptanoate (0.4 percent)
2-phenethyl benzoate (0.5 percent)
methyl linoleate (0.1 percent)

“also known as 2,2-dimethoxy ethyl benzene; “correct isomer not identified;

Huranoid form

and eicosane also were found in this
lab-distilled oil. It was surprising to this
reviewer that the 2-phenethyl methyl
ether content was so low compared with
previously analyzed oils. It is possible that
Raina et al. did not distill the flowers long
enough, as 2-phenethyl methyl ether is
quite high boiling, resulting in the possibil-
ity that the flowers still retained a portion
of it when distillation was ended.

Raina et al. also analyzed a sample of
kewda oil that they produced at a local
Lucknow (U.P.,, India) market. The com-
position of this oil was determined to be:

o-thujene (0.1 percent)

myrcene (0.1 percent)
phenylacetaldehyde (0.3 percent)
2-phenethyl methyl ether (16.1 percent)
2-phenethyl alcohol (33.2 percent)
cis-p-menth-2-en-1-ol (0.3 percent)
2-phenethyl formate (0.5 percent)
viridine® (8.7 percent)

citronellol + nerol (2.7 percent)
piperitone (0.4 percent)

geranial (0.1 percent)

neryl formate (0.1 percent)

eugenol (0.1 percent)

2-phenethyl isobutyrate (4.6 percent)
B-caryophyllene (0.1 percent)
B-gurjunene (0.1 percent)
o-amorphene (0.1 percent)
y-muurolene (0.5 percent)

ledene (0.1 percent)

pentadecane (0.5 percent)

Trace amounts of (E)-3-hexanol, o-phellandrene,
cis-p-menth-2-en-1-ol, an isomer of sabinyl acetate,
neryl acetate, tetradecane, humulene epoxide II,
(Z,E)-farnesol, neryl heptanoate, geranyl heptanoate

y-cadinene (1.1 percent)
(Z)-nerolidol (0.4 percent)
geranyl butyrate (0.1 percent)
germacrene B (8.3 percent)




2-phenethyl tiglate (0.5 percent) (Z,E)-farnesol (0.1 percent)

globulol (0.2 percent) heptadecane (0.3 percent)
viridiflorol (0.4 percent) benzyl benzoate (11.0 percent)
o-muurolol (0.3 percent) tetradecanoic acid (1.8 percent)
T-muurolol (0.3 percent) butyl dodecanoate (0.2 percent)
T-cadinol (0.1 percent) ethyl tetradecanoate (0.3 percent)
o-cadinol (0.6 percent) octadecane (1.2 percent)

Comparative percentage composition of the concrete, absolute and waxes

of Pandanus fasiculatus flowers

Compound Concrete Absolute Waxes
o-thujene 0.6+0.2 0.8+04 0.1
o-pinene 0.1 0.1 0.1
sabinene 0.2 0.4 t
[-pinene 04+0.1 0.8 t
myrcene 0.1 0.1 0.1
o-terpinene 0.1 0.1 t
p-cymene 0.2 0.3 t
limonene 0.2 0.4 t
1,8-cineole 0.1 0.1 t
y-terpinene 0.2 0.2 0.1
cis-sahinene hydrate 0.1 0.1 t
2-phenethyl methyl ether 306+1.5 434 +1.3 40+1.2
trans-sabinene hydrate 0.1+0.1 0.1 t
2-phenethyl alcohol 0.4 0.6 t
terpinen-4-ol 0.7 0.1 0.8+0.1 0.1
o-terpineol 0.1 0.2 -
tridecane 0.1 0.1 t
a-cubebene t t t
o-muurolene t t t
6-cadinene 0.1 0.1 t
hexadecene* 0.1 0.1 0.1
hexadecane 0.2+0.1 0.2+0.1 0.1
heptadecane 0.1 0.1 0.1
methyl tetradecanoate t t -
ethyl tetradecanoate 0.1 0.1 t
2-phenethyl phenylacetate 0.3+0.1 0.2 02+0.2
methyl hexadecanoate 0.2 0.2 0.2+0.1
ethyl hexadecanoate 0.3 0.7+0.2 0.2
methyl linoleate 09+0.2 0.5+0.1 0.5+0.1
methyl linolenate 1.4+05 0.7+0.1 0.3+0.1
methyl oleate 0.2 0.2 0.1+0.1
methyl octadecanoate 0.7+0.1 0.6 +0.1 0.3
9,12,15-octadecatrienalt 1.3+1.0 06+04 0.3+0.2
9,12-octadecadienalt 33+1.1 33+12 1.2+0.8
9,12-octadecadienolt 74+25 77+25 29+15
oleic acid® 0.3+0.2 0.3+0.1 09+09
heneicosanolt 0.8 09+0.1 0.1
4-methyltetracosane 54+04 4.2 9.9+0.1
heptacosane 0.7+05 0.3+0.1 3.0+28
branched C,g hydrocarbon' 28+1.1 1.0 5327
mixed hydrocarbons! 85+05 22+1.7 32.1+26
mixed hydrocarbons! 714+43 6.0+3.9 28+0.8
fatty acid® 9.0+35 8.9x25 9144

*unknown structure; ‘tentative identity



neryl heptanoate (0.8 percent)
hexadecanal (0.2 percent)

2-phenethyl octadecanoate (0.1 percent)
geranyl heptanoate (0.3 percent)
2-phenethyl benzoate (0.3 percent)
geranyl benzoate (0.1 percent)

eicosane (0.4 percent)

“also known as 2,2-dimethoxy-ethylbenzene

The authors noted that the composi-
tions of the lab-distilled o0il and the market
oil were quite different from those of the
other published reports (Lawrence 1998
and this report). They considered that this
drastic variation in the composition of the
major and minor constituents may be due
to the existence of different chemotypes of
P fasiculatus.

Rout et al. (2005) compared the compo-
sition of the concrete produced by hexane
extraction to an absolute produced from
it using cold methanol, further cooling
and filtration, and to the waxes isolated
by filtration. The results of these analyses
are presented in T-6. As can be seen, the
2-phenethyl methyl ether content is less
than 45 percent, which lends credence

to the hypothesis of Raina et al. that chemotypes of
P. fasiculatus exist. It should be noted, however, that
ontogeny also could affect the oil composition.

R. Misra and Y.R. Rao, A GC/MS study of kewda (Pandanus
odoratissimus Lam.) oil. Indian Perfum., 41(4), 143-145 (1997).

B.M. Lawrence, Progress in Essential Oils. Perfum. Flavor., 23(3),
63-82 (1998).

Y.R. Rao, Kewda (Pandanus fasiculatus Lam. ), an economically important
aromatic shrub in Ganjam district, Orissa, India. ]. Med. Arom.
Plant Sci., 22, 377-395 (2000).

R. Misra, PX. Dash, Y.R. Rao, Chemical composition of the essential oils
of Kewda and Ketaki. J. Essent. Oil Res., 12, 175-178 (2000).

G.S. Ranade, Essential oil profile. Keora oil. FAFAI J., 5(1), 77
(2003).

VXK. Raina, A. Kumar, S.K. Srivastava, K.V. Syamsundar and A.P. Kahol,
Essential oil composition of kewda (Pandanus odoratissimus L. ).
Flav. Fragr. J., 19, 434-436 (2004).

P.K. Rout, R. Misra, S. Sahoo, A. Sree and Y.R. Rao, Extraction of kewda
(Pandanus fasiculatus Lam. ) flowers with hexane: composition of
concrete, absolute and wax. Flav. Fragr. J., 20, 442-444 (2005).

To get a copy of this article or others from a searchable
database, visit the P&F magazine Article Archives at
www.perfumerflavorist.com/articles ng-'





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 212
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 212
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (IPC Print Services, Inc. Please use these settings with Acrobat 7. These settings should work well for every type of job; B/W, Color or Spot Color. We will be happy to customize settings for your needs - please contact Pre-press Helpdesk at \(888\) 563 3220 or prepress_helpdesk@ipcjci.com)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice




