CHAPTER IV

RESULTS

41 Chemical Composition of the Essential Qils from Thai Lauraceous
Plants

411, Essential Oil Composition of Cimiamomum camphora Til. Fries,
collected from Bangkok

The leaves of Cinnamomum camphora collected in Bangkok were found to
contain essential oil at 0.38 % (v/w) of the fresh weight. GC/MS analysis showed at
least 34 peaks in its GC chromatogram (Fig. 2). These peaks were identified as 14
monoterpenes, 4 oxygenated monoterpenes, 10 sesquiterpenes and 1 phenylpropane
and 1 long chain hydrocarbon (Table 3). Among these, the major components were
found to be camphor (55.43 %), limonene (11.58 %) and a-pinene (10.59 %).

In terms of relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 57.75 % of the essential oil. Monoterpenes and
sesquiterpenes were present in lesser amount, at 39.98 % and 1.39 %, respectively
(Fig. 3).

In terms of structure, the major components, camphor belongs to the
oxygenated monoterpenoid group of camphane. whereas a-pinene and limonene
belong to the monoterpenoid groups of pinane and menthane, respectively.
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Figure 2 GC chromatogram of the essential oil from Cinnamomum camphora Th. Fries. Leaves (Bangkok)



Table 3 Essential oil composition oicinnamomum camphora leaves (Bangkok)

Peak No
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Compound

Monotcrpene
a-thujene
a-pinene
camphene
sahinene
&3-p_hellandrene
-pinene
g-phellandrene
0-2-carene
verbenene
limonene
fEZ-P-pumene
Y- erpinene
rans-sabinene hydrate
terpinolene

Oxygenated monoterpene
camphor

bomeol

terpin-4-o/

a-terpineol

Sesquiterpene
a-copaene
-elemene
FE)—caryophyIIene
a-humulene
y-muurolene
p-selinene
a-selinene
?ermacrene_A
rws-P-gualene
germacerne B

Phenylpropanoid
(Z)-is%s%froﬁe

Long chain hydrocarbon
n-heneicosane

Miscellaneous
unknown
unknown
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(min)
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Table 3 (continued)
Peak No
22 unknown
23 unknown

Compound

Retention time
min
6.6
17.98

Y%Area

0.15
0.1

33
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412. Essential Oil Composition of Cinnamomum camphora Th. Fries,
collected from Rayong

By hydrodistillation, the yield of the essential ol from Cinnamomum
camphora Til. Fries, collected from Rayong was found to be 0.33% (v/w) of the fresh
weight. GC/MS analysis of the essential ol showed 34 peaks (Fig. 4). These peaks
were identified as 13 monoterpenes. 7 oxygenated monoterpenes, 10 sesquiterpenes, 3
oxygenated sesquiterpenes and 1 long chain hydrocarbon (Table 4). Among these,
camphor (56.06%) appeared to be the major component, foilowed by limonene
(9.03%) and a-pinene (7.92%).

The oxygenated monoterpene appeared to be the major terpenoid group,
accounting for 58.61% of the essential oil (Fig. 5). Monoterpenes and sesquiterpenes
were present in lesser amount, at 30.35 and 9.67%, respectively.

Structurally, the major components, camphor belongs to the oxygenated
monoterpenoid group of camphene, while limonene and a-pinene belong to the
monoterpenoid group of menthane and pinane, respectively.
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Figure 4 GC chromatogram of the essential oil from cinnamomum camphora Th. Fries. Leaves (Rayong)



Table 4 Essential oil composition 0f cmnamomim camphora leaves (Rayong)

Peak No
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Compound

Monoterpene
a-thujene
a-pinene
camphene
sabinene
B—phellandrene
-pinene
a-ghellandrene
8-2-carene
verhenene
limonene
f£2-P-_00|mene
Y- erpinene
erpinolene

Qxy{genated monoterpene
linalool

a-campholenal

camphor

borneol

terpin-4-of

a-terpineol

a-terpinyl acetate

Sesquiterpene
P-glemene
E)-c_ar)(ophyllene
ongifolene
a-humulene
-muurolene
-selinene
bicyclogermacrene
?ermacrene_A
nmv-P-qualene
germacrene B

Oxygenated sesquiterpene
spathulenol

a-eudesmol acetate
a-eudesmol

Long chain hydrocarbon
rt-heneicosane

Retention time
(min)

483
5.03
9.48
6.08
6.23
6.94
111
1.44
.78
1.8
8.48
891
9.93

1081
11.73
12.54
1399
14.16
14,98
19.79

23.09
24.33
2511
25.89
26.99
21.34
27.59
2811
28.59
30.19

31.29
31.59
34.43

1044

%Area
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Figure 5  The percentage of various terﬁenoid groups found in the essential oil
0f cinnamomum camphora TN. Fries. Leaves (Rayong)
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4.1.3. Essential Oil Composition of Chinamomum iners Bl.

The yield of the essential oil isolated from Cinnamomum inner leaves was
found to be 0.1% (v/w) of the fresh weight. GC/MS analysis of the essential oil
showed that there were at least 45 components present in the oil (Fig. 6). These
components were identified as 11 monoterpenes, 4 oxygenated monoterpenes, 17
sesquiterpenes, 9 oxygenated sesquiterpenes, 1 phenylpropane and 3 non-terpenoid
components (Table 5). Among these. (E)-caryophyllene (20.38 %) was found to be the
major components followed by spathulenoi (19.75%) and cx-selinene (10.80%), which
contributed greatly to the overall sesquiterpenoids content. This group of terpenoids
appeared to be the major one, accounting for 47.92 % of the essential oil (Fig. 7).
followed closely by the oxygenated sesquiterpenes (47.48 %) and monoterpenes (2.42
%).

In terms of structure type, the major component, (Ej-caryophyllene and a-
selinene belong to the sesquiterpenoid group of caryophyllane and simple eudesmane,
whereas spathulenoi  belongs to the oxygenated —sesquiterpenoid group of
aromadendrane.
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Figure 6 GC chromatogram of the essential oil from cinnamomum iners Bl. leaves



Table 5 Essential oil composition 0f cinnamomum iners leaves

Peak No

5] KRS wo—woisc—rops

Compound

Manoterpene
a-pinene
camphene
sabinene
P-phellandrene
P-pinene
0-2-Carene
verbenene
limonene
(Tyl-P-ocimene
Y- erpinene
erpinolene

Qxx{genated monoterpene
lindlool

terpin-7-o/

a-terpineol

geraniol

Sesquiterpene
B-glemene
a-copaene
P-glemene
(TTl-caryophyllene
a-gerjunene
cyperene
a-humulene
P-patchoulene
a-muurolene
P-selinene
a-selinene
P-gurjunene
?ermacrene A
ra/7.v-P-uaiene.
selina-I, 7(11)-diene
a-calacorene
germacrene B

Oxygenated sesquiterpene
(E)- "erolidol

spathulenol

a-eudesmol acetate

Retention time
(min)

5.03
2.48
6.08
6.23
6.94
.44
1.8
1.88
8.48
891
9.93

1081
14.16
14.98
17.38

20.63
22.38
2309
24.33
25.23
29.04
25.89
26,61
26.89
21.34
21.63
27.68
28.11
28.59
2891
2961
30.19

30.66
31.29
31.59

%Area
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0.19
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19.75
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Table 5 (continued)

Peak No

Compound

hinesol acetate

%Jmper camphor acetate
icyc ovet|veno

a-muurolol

himachalol

selin-71-en-4-alpha-o\

Phenylpropananoid
(Z]-1s0eugenol

Long chain hydrocarbon
-JeCane

2-nonanone
tt-heneicosane

Retention time

min

19
33.08
33.54
33.93
34.36
34.58

22.10

42

%Area

0.71
173
1.32
104
2.07
10.00

0.16
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| 414, Essential Oil Composition of Cinnamomum porrectum Kosterm
aves

By hydrodistillation, the yield of the essential oil from Cinnamomum
pathenoxylon leaves was found to be 0.5 % (viw) of the fresh weight. Analysis of the
essential oil by GC/MS showed 15 separated peaks (Fig. 8). These peaks were
identified as 4 monoterpenes, 4 sesquiterpenes, 5 phenylpropanes and 2 non-terpenoid
components (Table 6). Among these, the phenylpropanoid (ZI-isosafrole (97.30 %)
appeared to be the major component, followed by (Ej-caryophyllene (1.51 %).

Thus, the phenylpropanoids appeared to be the major components, accounting
for 97.71% of the essential oil. Sesquiterpenes and monoterpenes were present in
lesser amount, at 1.71 and 0.41%, respectively (Fig. 9).

o

0
V4
N

(Z]-isosafrole
(phenylpropane)



100X

Cinnamomum porrectum Kosterm

TOT-

""""" UGl LU P . v15 D*1“1Zl 5 eveeperes oo g
M 1699 2198%% 3251%09 000 S

Figure 8 GC chromatogram of the essential oil from cinnamomum porrectum Kosterm leaves



Table 6 Essential oil composition 0f cinnamomum porrectum  |eaves

Peak No

RBRE o v
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Compound

Monoterpene
a-Blnene
saninene
hellandrene
f£FP -ocimene

Sesquiterpene
(Ts}- car){ophyllene
a-numu ene

}/ muuroleng
ram-P-guaiene

Phen)élpropananmd
«-mefhyl chavical

ZJ- |sosafrole
£)-isosafrole

methyl eugenol

myristicin

Long chain hydrocarbon

2-N0Nanong’
«-heneicosane

Retention time
(min)

2.03
6.08
6.23
8.48

24.33
25.89
26.99
28.59

14.88
1899
23,04
23.18
30.15

10.23
1044

Y%Area
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monoterpene
'O sesquiterpene
O phenylpropanoid

n long chain hydrocarbon

97.71%

0.41%

Figure 9 The percentage of various terpenoid groups found in the essential oil
0f cinnamomum porrectum KoSterm leaves
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4.15. Essential Oil Composition 0f cinnamomum porrectum KO0Sterm bark

The yield of the essential oil isolated from Cinnamomum pathenoxylon Negs.,
bark was found to be 0.1 % (viw) of the fresh weight.  GC/MS analysis of the
essential oil showed that there were 15 peaks of the components present in the il
(Fig. 10). These peaks were identified as 3 sesquiterpenes, 2 0xygenated
sesquiterpenes, 6 phenylpropanes and 4 non-terpenoid components (Table 7). Among
these, (2)- isosafrole (96.89 %) appeared to be the major component belongs to the
phenylpropanoid group.

Quantitatively, the phenylpropanoids appeared to be the major group,
accounting for 99% of the essential oil (Fig. 11). Aliphatic alcohol, Sesquiterpenoids
and oxygenated - sesquiterpenoids, both were present in lesser amount, at 0.38, 0.17
and 0.17%, respectively.
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Figure JO GC chromatogram of the essential oil from cinnamomum porrectum Kosterm bark



Table 7 Essential oil C0mp05iti0n 0f cinnamomum porrcelum Dark

Peak No

5 KEooi~o e soo—
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Compound
Sesquiterpene

y-cadinene

cis-muuro\a-4(14) b-diene
¢/.v-calamenene

Oxygenated sesqiiiterpene
epz-a-muurolol
a-cadinol

Phenylpropanoid
methyl chavical
Z)-150safrole
£)-isosafrole
methyl eugenol
myrigticin
elemicin

Aliphatic alcohol
dodecanal

Long chain hydrocarbon
[7-ecane
Ebheneicosane

Miscellaneous
unknown

Retention time
(min)

26.75
28.39
28 78

33.98
34.49

14,88
1899
34,04
23.18
30.15
32.64

32.64

6.83
10.44

28.48

Y%Area
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O phenylpropanoid
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B long chain hydrocarbon

E3 unknown
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Figure 11 The percentage of various terpenoid groups found in the essential oil
0f cinnamomum porrectum KOSterm ark
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4.1.6. Essential Oil Composition of Litsea cubeha Pers.

The yield of the essential oil isolated from ... <uves. leaves was found to
be 0.48% (v/w) of the fresh weight. GC-MS analysis of the essential oil showed that
there were at least 26 components (Fig. 12). These peaks were identified as 15
monoterpenes, 7 oxygenated monoterpenes, 1 sesquiterpene and 1 oxygenated
sesquiterpene (table 8). Among these, sabinene (42.72%) appeared to be the major
component, followed by fcS-cineole (18.33%) and P-phellandrene (6.16%).

These major components belong to the monoterpenoid group, while accounts
for 63.02% of the essential oil. Oxygenated monoterpenes, Sesquiterpene and
OXygenated sesquiterpene were present in lesser amount, at 36.01, 0.06 and 0.50%,
respectively (Fig. 13).

In terms of structure, sabinene belongs to the thujane group of monoterpenoids
whereas both 7,5-cineol and P-phellandrene belong to the menthane group.

X N
)

sabingne 1,8-cineol
(thujane) (menthane)

P-phellandrene
(menthane)
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Table 8 Essential oil composition 0f Lilsea cubeba leaves

Peak No Compound Reter(nlon) time  %Area
min
Monoterpene
l a-thujene 483 0.82
2 tricyclene 4.98 5.39
3 camphene 548 0.11
4 sabinene 0.08 42.72
5 P-phellandrene 6.23 6.16
/ P-pinene 0.54 167
8 8-2-carene 1.4 0.53
9 0-Cymene 1.9 0.2
10 limoneng 1.88 2.56
12 Z)-P-0cimene 8.13 0.18
13 E)-P-ocimene 8.48 0.67
14 y-terplnen_e 891 108
15 [Y/m-sabinene hydrate 9,61 0.70
16 terpinolene 9.93 0.2
Oxygenated monoterpene
1 7,5-CIneole 7.98 18.33
17 linaloo| acetate 1081 1 1.75
19 citronellal 12,76 047
22 terpin-4-o/ 14.16 4.24
23 a-terpineol 14.98 2 56
24 cl.y-carveol 17.23 3.49
25 geranial 18.77 5.17
Sesquiterpene
26 (25)-caryophyllene 24.33 0.06
Oxyqenated sesquiterpene
6 6-methyl-5-hepten-2-O«e 6.37 0.50
Miscellaneous
18 unknown 12.25 0.13
20 unknown 1334 0.10
il unknown 14.23 0.17
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monoterpene
H oxygenated monoterpene
O sesquiterpene
B3 oxygentated sesquiterpene

unknown
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Figure 13 The percentage of various terpenoid groups found in the essential oil

0f Litsea cubeba Pers. leaves
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4.1.7. Essential Oil Composition of Litsea glutinosa C.B. Rabinson,

The essential oil from the fruits of Litsea glutinosa was Isolated by
hydrodistillation and examined by GC/MS. The fruits yielded oil at 0.37% (v/w) of
the fresh weight.  Thirty compounds were identified (Fig. 14), of which (E)-P-
ocimene (55.18%), ¢/.Y-verbenyl acetate (5.38%) and 9-e/?7-fE)-caryophyllene (5.26%),
were the major constituents. Ten monoterpenes, seven oxygenated monoterpenes, four
sesquiterpene and an oxygenated sesquiterpenes were identified (Table 9).

The monoterpene was found to be the major terpenoid group, accounting for
69.69% of essential oil. Oxygenated monoterpenes, sesquiterpenes and oxygenated
sesquiterpene were present in lesser amount, at 10.85, 6.99 and 2.51%, respectively
(Fig. 15).

Structurally, the major component, (Ej)-p-ocimene, belongs to the acyclic
monoterpenoid group, whdreas ci5-verbenyl acetate belong to the oxygenated
monoterpenoid group of pinanes and 9-epz-(E)-caryophyllene belongs to the
sesquiterpenoid group of caryophyllane.

4

gl
)

A j-P-ocimene m-verbeny! acetate
(acyclic monoterpenoid) (pinane)

<2

9-epi-(E)-caryophyllene
(caryophyllane)

“0-Ac
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Figure 14 GC chromatogram of the essential oil from Litsea glutinosa C.B. Robinson fruits




Table 9 Essential oil composition of Litsea glutinosa fruits

Peak No

EsSoco—wo oo

Compound

Monoterpene
tricyclene
camphene
sabinene
P-pinene
0-3-careng
0-2-carene
o-Cymene
limenene
%Z)-P-oc!mene
EJ-P-ocimene

Oxygenated monoterpene
1,5-Cineole

verbenone

camphor

terpin-4-ol

a-terpineol

cw-verbenyl acetate

cumin aldghyde

Sesquiterpene
a-copaene

%Iem/an% ophyJlene
(Z -Ja-bisrg/bgle)ﬁe

Oxygenated sesquiterpene
caryophyllene oxice

Miscellaneous
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

Retention time
(min)

498
0.48
6.08
6.94
1.16
1.4
139
[.88
8.13
8.48

1.98
10.35
1254
14.16
14.98
2301
24.20

22.38
23.09
2507
25.44

3132

11.26
1161
1554
17.60
19.83
20.02
21.65
31.89

%Area
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Ei monoterpene
H oxygenated monoterpene
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Figure 15 The percentage of various terpenoid groups found in the essential oil
of Litsea glutinosa C.B.Robinson fruits
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4.1.8. Essential Oil Composition of Litsea petiolata Hook.f. leaves

The yield of essential oil hydrodistilled from Litsea petiolata leaves was found
to be 2.1% (v/w) ofthe fresh weight. Analysis of the essential oil by GC/MS showed
15 peaks (Fig. 16). These peaks were identified as 3 monoterpenes, 4 sesquiterpenes
and 3 non-terpenoid components (Table 10). Among these, the phenylpropanoid (E)
cinnamaldehyde (57.77%) appeared to be the major component, followed by (Z)

isosafrole (35.36% ) and (Ej-caryophyllene (1.44%).

The phenylpropanes was found to be the major group of components of
components, while accounting for 93.13 % of the essential oil, while sesquiterpenes
and monoterpenes were present in a lesser amount at 3.04 and 0.46%. respectively

(Fig. 17).

Structurally, the major component. f£)-cinnamaldéhyde and (Zj-isosafrole,
belong to the phenylpropanoid compound respectively, while (E)-caryophyllene

belongs to the sesquiterpenoid group ofcaryophilane.

E
A
(Ej-cinnamaldehyde (E)-caryophyllene
(phenylpropane) (Earyophllane)

=

c

V4
AN

(Z)-isosafrole

(phenylpropane)
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Figure 16 GC chromatogram of the essential oil from Litsea petiolata Hook. f. leaves



Table 10 Essential oil composition of Litsea petiolatu Hook.f. leaves

Peak No

11
12
13
14

16
17

10
15

Compound

Monoterpene
a-pinene
phellandrene

terpinolene

Sesquiterpene
a-copaene
(E)-caryophyllene
a-humulene

bicyclogermacrene

Phenylpropanoid
fEj-cinnamaldehyde

(Z2)-isosafrole

Long chain hydrocarbon
-decane
2-nonanone

tt-heneicosane

Miscellaneous
unknown
unknown

unknown

Retention time

(min)

5.03
6.23
9.93

22.38
24.33
25.89
27.59

18.68
18.99

6.83
10.23
10.44

19.34
19 66
36.76

% Area

0.05
0.18
0.23

0.16
1.44
0.10
134

57.77
35.36

0.08
0.63
0.25

1.42
0.73
0.21
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ES monoterpene

H sesquiterpene

O phenylpropanoid

0 long chain hydrocarbon

unknown

93.13%

2.36%
3.04% 0.46% e

Figure 17 The percentage of various terpenoid groups found in the essential oil
of Litsea petiolata Hook.f. leaves
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4.1.9. Essential Oil Composition of Litsea petiolata Hook.f. hark

The bark of Litsea petiolata was found to contain essental oil at 0.17% (v/w)
ofthe fresh weight. GC/MS analysis of its essential oil, showed that the essential oil
has at least 26 peaks in the GC chromatogram (Fig. 18). These peaks were identified
as 6 monoterpenes, 2 oxygenated monoterpenes, 7 sesquiterpenes, 5 oxygenated
sesquiterpenes and 3 non-terpenoid components (Table 11). Among these, 2-methyl-
undecanal (39.62%) appeared to be the major component, followed by (Ej-nerolidol

(22.67%) and 7,7-cineole (10.28%).

In terms of relative amount, the aliphatic alcohol was found to be the major
group, accounting for 39.62% of the essential oil. Oxygenated sesquiterpenes and
oxygenated monoterpenes were present in lesser amount, at 24.86 and 11.51%,

respectively (Fig. 19).

In terms of structure type, the major component, 2-methyl-undacanal, is an
aliphatic alcohol, while (E)-nerolidol belongs to the oxygenated sesquiterpene group
of simple farnesane and /,4-cineole belongs to the oxygenated monoterpene group of

menthane, respectively.

E
N 8
OH
AN
7,4-cineole (Tsj-nerolidol
(menthane) (simple farnesane)

CH3(CH2)8CHCH3COH

2-methyl-undacanal

(aliphatic alcohol)
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Figure 18 GC chromatogram of the essential oil from Litsea petiolata Hook. f. bark



Table 11 Essential oil composition of Litseapetiolata Hook.f. bark

Number
of peak

ENTINS, R U SR N N

12
14
15
16
18
19
21

22
23
24
25
26

20

10

11
13
17

Compound

Monoterpene
tricyclene
camphene
p-phellandrene
o-cymene
limonene

a-terpinene

Oxygenated monoterpene
/,5-cineole
/.-l-cineole

Sesquiterpene
a-copaene

germacrene D
c/s-p-guaiene
P-e/~I'-"Ej-caryophyllene
longifolene

a-humulene
bicyclogermacrene

Oxygenated sesquiterpene
(Ej-nerolidol

spathulenol

globulol

P-eudesmol acetate

cubenol

Aliphatic alcohol
2-methyl-undecanal

Long chain hydrocarbon
2-nonanone

2-undecanone

Miscellaneous
unknown
unknown

unknown

Retention time

(min)

4.98
5.48
6.23
7.59
7.88
9.76

7.98
10.27

22.38
22.93
23.71
25.07
25.11
25.89
27.59

30.66
31.29
31.47
31.63
33.38

26.92

10.23
18.50

18.80
22.56
25.09

% Area

1.09
1.37
0.86
0.80
0.67
0.06

1.23
10.28

0.12
0.17
0.07
0.53
0.25
0.73
3.06

22.67
1.03
0.84
0.23
0.09

39.62

0.09
11.84

1.97
0.17
0.14



11.93%

39.62%

67

monoterpene
H oxygenated monoterpene
0 sesquiterpene
B3 oxygenated sesquiterpene
aliphatic alcohol
K long chain hydrocarbon

unknown

2.28%  4.85%
11.51%

N

4.93%

. J5 2R P RS
®.9.9:9-9-2

X LTt 24.86%

Figure 19 The percentage of various terpenoid groups found in the essential oil
of Litseapetiolata Hook.f. bark
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4.1.10. Essential Oil Composition of Cinnamomum sp.|

The yield of essential oil hydrodistilled from Cinnamomum spl. leaves was
found to be have 0.19 % (v/w) of the fresh weight. Analysis of the essential oil by
GC/MS showed 50 peaks separated (Fig. 20) identified as 11 monoterpenes, 8
oxygenated monoterpenes, 8 sesquiterpenes. 9 oxygenated sesquiterpenes and 14 non-
terpenoid components (Table 12). Among these, benzyl benzoate (27.38 %) was
found to be the major component, followed by linalool (19.63 %) and a-pinene (7.95

%).

Quantitatively, the benzyl benzoated appeared to be the major group,
accounting for 27.38 % ofthe essential oil. Oxygenated monoterpene, monoterpenne,
phenyl propane, oxygenated sesquiterpene and sesquiterpene was present in a lesser

amount, at 29.22 %, 19.66%, 8.08%, 8% and 4.03%, respectively (Fig. 21).
Structurally, the major component, benzyl benzoate, belongs to the benzenoid

group of compounds, whereas linalool belongs to the oxygenated acyclic

monoterpenoid group and a-pinene belongs to the monoterpenoid group of pinane.

EO© -

benzyl benzoate linalool
(benzoid) (acyclic monoterpenoid)

a-pinene
(pinane)
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Table 12 Essential oil composition of Cinnamomum sp.l leaves

Peak No

N

10
14
15
16
17
20
21
22

26
28
30
32
i

34
36
38

37
40
41
42
43
44
45
48

Compound

Monoterpene
a-thujene
a-pinene
camphene
P-phellandrene
P-pinene
a-phellandrene
06-2-carene
verbenene
(E)-P-ocimene
y-terpinene

terpinolene

Oxygenated monoterpene
tram-sabinene hydrate acetate
tram-1inalool oxide

linalool
tram-para-menth-2-en-J-o0\
camphor

isoborneol

terpin-4-ol

a-terpineol

Sesquiterpene
p-cubebene
a-copaene
fE)-caryophyllene
a-humulene
5-cadinene
y-muurolene
bicyclogermacrene

trans-P-guaiene

Oxygenated sesquiterpene
[?7-cubebol

spathulenol

a-eudesmol acetate

hinesol acetate
longiborneol acetate
humulene epoxide Il
[-el?7-cubebol

e/?7-a-muurolol

Retention time

(min)

4.83
5.03
5.48
6.23
6.54
7.11
7.44
7.78
8.48
8.91
9.93

7.94
10.13
10.81
11 81
12.54
13.93
14.16
14 98

21.13
22.38
24.33
25.89
26.58
26.99
27.59
28.59

27.84
31.29
31.59
31.96
32.26
32.44
33.19
33.96

% Area

0.47
7.95
4.59
3.54
0.55
0.21
0.26
1.45
0.13
0.44
0.07

4.83
0.15
19.63
0.18
0.44
1.17
121
1.61

0.03
0.24
1.87
0.79
.09
.04
.38
.59

O O O o

.10
.29
.39
.55
.46
.35
33

O O O o o o d O



Table 12 (continued)

Peak No

49

18
24
27

19
23
29
31
50

25
35
39
46
47

Compound

a-cadinol

Phenylpropanoid
(Z)-cinnam yl alcohol
(E)-cinnam aldéhyde
(Z)-isoeugenol

Benzenoid

bebzaldehyde

ethyl benzoate

«-pentyl benzoate
/7-hexyl benzoate

(Z)-m ethyl butyl benzoate
benzyl benzoate

Miscellaneous
unknown
unknown
unknown
unknown

unknown

Retention time
(min)
34.49

13.46
18.61
22.10

6.01
13.66
18.04
22.66
25.41
38.86

20.63
27.41
30.88
33.59
33.78

% Area

0.68

0.51
7.16
0.41

1.28
0.75
0.11
0.27
0.40
27.38

0.07
0.08
0.11
0.17
0.26

[



E§ ( oterpene

H

0

0

10

oxygenated onoterpene
sesquiterpene

oxygenated sesquiterpene
phenylpropanoid

benzenoid

S3 unknown

29.22%

> VY

19.66%
0.69%

Figure 21 The percentage of various terpenoid groups found in the essential oil

of Cinnamomum sp. 1 leaves

30.19%

12
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4.1.11. Essential Oil Composition of Cinnamommn sp. 2

The yield of essential oil from Cinnamomum sp. 2 leaves was found to be
0.32% (v/w) ofthe fresh weight. Analysis of the essential oil by GC/MS showed that
there were at least 28 components (Fig. 22). These components were identified as 11
monoterpenes, 5 oxygenated monoterpenes. 3 sesquiterpenes, 1 oxygenated
sesquiterpene, 3 phenylpropanes and 2 non-terpenoid components. (Table 13).

Among these (Z)-isoeugenol (89.59%) appeared to be the major component.

The phenylpropanes was found to be the major group, accounting for 90.29%
of the essential oil (Fig. 23). Monoterpenes and oxygenated monoterpenes were

present in lesser amount at 4.03 and 3.65%, respectively.

Structurally, the major components, (Zj-isoeugenol belong to the
phenylpropanoid group, while linalool and 7,6-cineole belong to the oxygenated

monoterpene group ofacyclic monoterpenoid and menthane, respectively.

OH
0]
|
|
7,S-cineole linalool
(menthane) (acyclic monoterpenoid)

O-Me

(%)-isoeugenol

(phenylpropanoid)
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Table 13 Essential oil composition of cinnamomum sp.2 leaves

Peak No

© 0O N O G GFN

e e
w N O

11
15
17
18
19

22
24
25

27

20
21
26

28

14

16
23

Compound

Monoterpcnc
a-thujene
a-pinene
camphene
P-phellandrene
p-pinene
a-phellandrene
2-5-carene
vei'benene
limonene
y-terpinene

terpinolene

Oxygenated monoterpene
7,5-cineole

linalool

isoborneol

terpin-7-ol

a-terpineol

Sesquiterpene
fEj-caryophyllene
bicyclogermacrene

/ram-P-guaiene

Oxygenated sesquiterpene

spathulenol

Phenvipropanoid
(Zs)-cinnamaldéhyde
(Z)-isoeugenol

eugenyl acetate

Bcnzenoid

benzyl benzoate

Long chain hydrocarbon

/7-heneicocane

Miscellaneous
unknown
unknown
unknown

Retention time

(min)

4.83
5.03
5.48
6.23
6.54
7.11
7.44
7.78
7.88
8.91
9.93

7.98
10.81
13.93
14.16
14.98

24.33
27.59
28.59

31.29

18.61
22.10
28.84

38.86

10.44

6.04
11.83
25.91

% Area

0.15
0.94
0.44
0 39
0.07
0.33
0.14
0.85
0.44
0.15
0.13

1.16
2.06
0.05
0.18
0.20

0.50
0.05
0.03

0.50

0.61
89.59
0.09

0.27

0.15

0.12
0.08
0.28

75



16

A monoterpene

H oxygenated monoterpene

IO sesquiterpene
oxygenated sesquiterpene

Q phenylpropanoid
benzenoid

18! long chain hydrocarbon

E3 unknown

90.29%

Figure 23 The percentage of various terpenoid groups found in the essential oil
of Cinnamomum sp.2 leaves
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4.1.12. Essential Oil Composition of Cinnamomum sp. 3

By hydrodistillation, the yield of the essential oil from Cinnamomum sp. 3
leaves was found to be 0.14% (v/w) of the fresh weight. GC/MS analysis of the
essential oil showed 56 peaks (Fig. 24). These peaks were identified as 14
monoterpenes, 8 oxygenated monoterpenes, 17 sesquiterpenes, 7 oxygenated
sesquiterpenes, 1 phenylpropane and 3 non-terpenoid components (Table 14). Among
these, linalool (41.17%) was found to be the major component, followed by a-

phellandrene (15.56%) and a-pinene (6.59%).

In terms of relative amount, oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 45.34% of the essential oil (Fig. 25).
Monoterpenes and sesquiterpenes were present in lesser content, at 39.58 and 6.94%,

respectively.

In terms of structure, the major components, linalool, belong to the
oxygenated monoterpene group of acyclic monoterpenoids whereas a-pinene and a-
phellandrene belong to the monoterpenoid group of pinane and menthane,

respectively.

OH
|
|
linalool a-pinene
(acyclic monoterpenoid) (pinane)

a-phellandrene
(menthane)
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Table 14 Essential oil composition of cinnamomum $p.3 leaves

Peak No

12
17
19
20
22
23
24
26

27
29
30
31

34
35
36
37
38
39
40
42
43
44

Compound

Monoterpene
a-thujene
a-pinene
camphene
P-phellandrene
P-pinene
a-phellandrene
06-2-carene
o-cymene
verbenene
limonene
(E)-P-ocimene
y-terpinene
a-terpinene

terpinolene

Oxygenated monoterpene
terpin-4-0/ acetate
/rans-linalool oxide
linalool
[rans-para-menth-2-en-]-o\
borneol

terpin-4-ol

a-terpineol

bornyl acetate

Sesquiterpene
P-cubebene
a-copaene
germacrene D
P-elemene
(E)-caryophyllene
/rara-calamenene
a-humulene
6-cadinene
y-cadinene
y-muurolene
isoledene
bicyclogermacrene
germacrene A
chf-1  ro\a-4(14), 5-diene
trans-p-guaiene

Retention time

(min)

4.83
5.03
5.48
6.23
6.54
7.11
7.44
7.59
7.78
7.88
8.48
8.91
9.76
9.93

8.09
10.13
10.81
11.81
13.93
14.16
14.98
18.44

21.13
22.38
22.93
23.09
24.33
25.58
25.89
26.58
26.75
26.99
27.43
27.59
28.11
28.39
28.59

% Area

0.08
6.59
2.55
2.32
1.02
15.56
0.31
0.12
4.73
2.78
1.02
0.40
0.09
1.29

0.26
0.26
41.17
0.09
0.70
0.55
1.90
0.41

.06
.29
.07
16
.20
.07
.00
18
.05
11
a7
.14
a7
.04

B O O O O O O O bbb O W O O o o



Table 14 (continued )

Peak No

45
46

41
47
48
49
52
54
55

28

56

32

18

11
21
25
50
51
52

Compound

a-cadinene
cadina-7,4-diene

Oxygenated sesquiterpene
tyj/'-cubebol

spathulenol

a-eudesmol acetate

hinesol acetate
/-epz'-cubenol
epi-a-muurolol

a-cadinol

Phenylpropanoid
(Zj-isoeugenol

Benzenoid

benzyl benzoate

Aliphatic alcohol

tetradecanal

Long chain hydrocarbon
/7-heneicosane

Miscellaneous
unknown
unknown
unknown
unknown
unknown

unknown

Retention time
(min)
28.76
29.19

27.84
31.29
31.63
31.96
33.19
33.98
34.49

22.10

38.86

24.16

10.44

7.96
12.61
15.36
32.28
32.44
33.79

% Area

0.22
0.07

0.12
0.61
0.19
0.56
0.44
0.86
0.56

0.48

1.jj

0.09

0.12

1.47
0.10
0.09
0.55
0.14
0.26
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18! ( oterpene

H oxygenated onoterpene

O sesquiterpene
oxygenated sesquiterpene

Q phenylpropanoid
benzenoid

ES aliphatic alcohol

Bl long chain hydrocarbon

E2 unknown

45.34%

39.58%

3.34% 6.94%

Figure 25 The percentage of various terpenoid groups found in the essential oil
of Cinnamomum sp.3 leaves
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4.1.13. Essential Oil Composition of Cinmimomum sp. 4

The yield ofessential oil isolated from Cinnamomum sp.4 leaves was found to
be 0.31% (v/w) ofthe fresh weight. Analysis of the essential oil by GC/MS showed
52 separated peaks (Fig. 26) identiied as 14 monoterpenes, 12 oxygenated
monoterpenes, 15 sesquiterpenes, 4 oxygenated sesquiterpene, 1 phenylpropane and 2
non-terpenoid components (‘fable 15). Among these, a-pinene (15.07%) was found
to be the major component followed by geraniol (11.28%) and a-phellandrene

(9.15%).

In terms of relative amount, the monoterpenoids appeared to be the major
group, accounting for 38.08% of the essential oil. Oxygenated monoterpenoids,
phenylpropanoid, sesquiterpenoids and oxygenated sesquiterpenoids were present in

lesser amount, at 33.95, 8.75, 8.33 and 3.88%, respectively (Fig. 27).

Structurally, a-pinene is a monoterpenoid of the pinane group, geraniol
belongs to the oxygenated monoterpenoid group of acyclic monoterpenoid, while a-

phellandrene belongs to the monoterpenoid group of menthane.

S
I

a-phellandrene geraniol

(menthane) (acyclic m onoterpenoid)

a-pinene

(pinane)
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Figure 26 GC chromatogram of the essential oil from cinnamomum sp.4 leaves
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Table 15 Essential oil composition of cinnamomum sp.4 leaves

Peak No

1
18
19
20
21
22
23
24
25
26
28
32

29
31

34
35
36
37
38
39
41
42

Compound

Monoterpene
a-thujene
a-pinene
camphene
sabinene
P-phellandrene
P-pinene
a-phellandrene
0-2-carene
o-cymene
verbenene
(E)-P-ocimene
y-terpinene
a-terpinene

terpinolene

Oxygenated monoterpene

7,5-cineol
linalool

citronellal

. - monene oxide

borneol
terpin-4-ol
a-terpineol
citronellol

neral

geraniol
isobornyl acetate
geranyl acetate

Sesquiterpene
p-cubebene
a-copaene
germacrene D
p-elemene
E-caryophyllene
longifolene

. -P'guaiene
a-humulene
valencene
y-cadinene

y-muurolene

Retention time

(min)

4.83
5.03
5.48
6.08
6.23
6.54
7.11
7.44
7.59
7.78
8.48
8.91
9.76
9.93

7.98
10.81
12.76
13.19
13.99
14.16
14.98
16.34
16.63
17.38
18.46
22.73

21.13
22.38
22.93
23.09
24.33
25.11
25.73
25.89
26.03
26.75
26.99

% Area

1.03
15.07
1.38
191
6.28
1.88
9.15
0.24
0.11
4.36
0.62
0.51
0.13
1.41

8.84
0.40
0.15
0.33
1.19
1.40
1.79
0.42
6.84
11.28
0.37
0.88

0.04
0.21
0.06
0.07
1.06
0.06
0.02
0.17
2.15
0.21
0 34



Table 15 (continued)

Peak No

43
44
45
46

47
48
49
52

27

16
17

30
40
50
51

Compound

viridiflorene
bicyclogermacrene
c/T-muurola-4(74),5-diene

trans-P-guaiene

Oxygenated sesquiterpene

spathulenol
a-eudesmol acetate
hinesol acetate

a-cadinol

Phenylpropane

(Z)-m ethyl cinnamate

Long chain hydrocarbon
2-nonanone

/7-heneicosane

Miscellaneous
unknown
unknown
unknown

unknown

Retention time
(min)
27.38
27 59
28.39
28 59

31.29
31.59
31.96
34.49

17.94

10.23
10.44

22.09
26.56
33.21
33.59

% Area

0.22
3.09
0.06
0.57

.09
35
12
.32

0.16
0.17

.09
16
.10
.36

O O O O

85



86

oterpene

M

oterpene

H oxygenated

0 sesquiterpene

oxygenated sesquiterpene

O phenylpropanoid

n long chain hydrocarbon

unknown

44.08%

33.89%

8.33%

3.88%

8.756%

0.33%

0.71%

Figure 27 The percentage of various terpenoid groups found in the essential oil
of Cinnamomum sp.4 leaves
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4.1.14. Essential Oil Composition of cidiuinwnuiin Sp.5

The yield of essential oil hydrodistilled from Cinnamomwn sp. 5 leaves was
found to he 0.6% (v/w) of the fresh weight. Analysis of the essential oil by GC/MS
showed 9 peaks (Fig. 28). These peaks were identified as 1oxygenated monoterpene,
1 sesquiterpene, 4 phenylpropanoids and 2 benzenoids (Table 16). Among these, (E)
methyl cinnamate (64.66%) was found to be the major component, followed by (Z)

cinnamaldehyde (18.42%) and linalool (6.89%).

In terms of relative amount, the phenylpropanes appeared to be the major
group, accounting for 85.11% o f the essential oil (Fig. 29). Oxygenated monoterpene

and benzenoid were present in lesser amount, at 6.89 and 0.84%, respectively.

In terms of structure, the major components. f£)-methyl cinnamate and (Z)
cinnamaldehyde belong to the phenylpropanoid group, while linalool belongs to the

oxygenated acyclic monoterpenoid group.

x 0
S ik
Me- o H
(E)-m ethyl cinnamate tZ)-cinnamaldéhyde
(phenylpropane) (phenylpropcme)
OH

/U\H

linalool
(acyclic monoterpenoid)
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Figure 28 GC chromatogram of the essential oil from Cinnamomum sp.5 leaves
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Table 16 Essential oil composition of Cinnamomum sp.5 leaves

Peak No

Compound

Oxygenated monoterpene

linalool

Sesquiterpene

(E)-caryophyllene

Phenylpropanoid
Z)-cinnam yl alcohol

Z)-cinnam aldéhyde

(
(
(Z)-m ethyl cinnamate
(E)-m ethyl cinnamate
(

Z)-cin namyl acetate

Benzenoid

benzaldehyde

Miscellaneous

unknown

Retention time

(min)

10.81

24.33

13.46
16.81
17.94
21.21
24.89

6.01

28.54

89

% Area

6.89

0.58

0.47
18.42

1.56
64.66

6.42

0.84

0.14
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H oxygenated monoterpene
Q sesquiterpene
.Q phenylpropanoid

111 benzenoid

ES unknown
85.11%
: -
0.58%
.89%
6.89% 0.14% 7.26%

Figure 29 The percentage of various terpenoid groups found in the essential oil
0f cinnamomum $p.5 leaves
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4.1.15. Essential Oil Composition of Cinnamomum sp. 6

By hydrodistillation, the yield of the essential oil from Cinnamomum sp. 6
leaves was found to be 0.66% (v/w) of fresh the weight. GC/MS analysis of the
essential oil showed 13 peaks (Fig. 30). These peaks were identified as 2 oxygenated
monoterpenes, 1 sesquiterpene, 2 oxygenated sesquiterpenes, 3 phenylpropanoids and
3 benzenoids (Table 17). Among these, (E)-cinnamaldehyde (56.64%) was appeared
to be the major component, followed by (Z)-cinnamyl acetate (32.72%) and linalool

(6.73%).

As for the component, the phenylpropanes appeared to be the major group,
accounting for 89.91% of the essential oil (Fig. 31), whereas the oxygenated
monoterpenoids and benzenoid were present in lesser amount, at 6.98 and 1.55%. In
terms of structure the major components, (2f)-cinnamaldehyde and (Z)-cinnamyl
acetate belong to the phenylpropanoid group of compounds, while linalool belongs to

the group ofacyclic monoterpenoids.

H/gc %— o-Ac

(E) -cinnamaldéhyde (2)-cinnamy! acetate

(phenylpropane) (phenylpropane)

OH

linalool
(acyclic monoterpenoid)



Table 17 Essential oil composition of Cinnamomum $p.6 leaves

Peak No

~EINS

Compound

Oxygenated monoterpene
/,5-cineole
linalool

Sesquiterpene
a-cubebene

Oxygenated sesquiterpene
(E)-nerolidol
caryophyllene oxide

Phenylpropanoid
fZl-cinnamaldehyde
(E)-cinnamaldehyde
(E)-methyl cinnamate
(Zj-cinnamyl acetate

Benzenoid
benzaldehyde
acetophenone

Miscellaneous
unknown
unknown

Retention time
(min)

7.98
10.81

20.17

30.66
31.32

16.81
18.61
21.21
24.89

6.01
13.25

1231
15.89

%Area

0.25
6.73

0.07

0.33
0.67

0.45
56.64
0.10
32.72

1.39
0.16

0.21
0.25
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H oxygenated onoterpene
0 sesquiterpene

BU oxygenated sesquiterpene
:0 phenylpropanoid

0 benzenoid

unknown

89.91%

0.07% 6.98% 0.46% 1.55%

1%

Figure 31 The percentage of various terpenoid groups found in the essential oil
0f cinnamomum sp.6 leaves
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4.1.16. Essential Oil Composition of Cinnamomum sp.7

The yield of essential oil isolated from CINNAMOMUM sp.7 leaves was found to
be 0.15% (v/w) of the fresh weight. Analysis of the essential oil by GC/MS showed
46 peaks (Fig. 32). These peaks were identified as 11 monoterpenes, 5 oxygenated
monoterpenes, 13 sesquiterpenes. 8 oxygenated sesquiterpenes and 3 non-terpenoid
compounds (Table 18). Among these, linalool (40.01%) was found to be the major

component, followed by a-phellandrene (10.84%) and O-cymene (8.78%).

In terms of relative amount, the oxygenated monoterpenoids appeared to be
the major group, accounting for 44.36% of the essential oil (Fig. 33).
Monoterpenoids, sesquiterpenoids and oxygenated sesquiterpenoids were present in

lesser amount, at 31.86, 8.61 and 7.81%, respectively.

Structurally, linalool is an acyclic oxygenated monoterpenoid, whereas a-

phellandrene and o-cymene both belongs to the monoterpenoid group of menthane.

N OH
N
LL [
|
_ linalool _ a-phellandrene
(acyclic monoterpenoid) (menthane)

o-cymene
(menthane)
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F|gure 32 GC chromatogram of the essential oil from Cmnamomum sp,7 leaves



Table 18 Essential oil composition of cinnamomum sp.7 leaves

Peak No

EhEhRo~oar—TDNR

SI=

16
18
19

20
22
23
24
26
27
28
29
30
31
32
34
35

36
38
40
42
43

Compound

Monoterpene
a-thujene
tricyclene
sylvestrene
sabinene
myrcene
a-phellandrene
O-2-carene
o-cymene
(£)-p-ocimene
y-terpinene
terpinolene

Oxygenated monoterpene
7,5-cineole

linalool

borneol

a-terpineol

bornyl acetate

Sesquiterpene
a-cubebene
a-copaene
germacrene D
a-bulnesene
9-epi-(E)~caryophyllene
seychellene
(2)-a-bisabolene
al/lo-aromadendrene
tnms-calamenene
y-cardinene
y-muurolene
/[ram-P-guaiene
cadina-7,9-diene

Oxygenated sesquiterpene
e/?/-cubebol

caryophyllene oxide
globulol

humulene epoxide I
7-ep/-cubenol

cubenol

Retention time
(min)

4.83
4.98
5.98
6.08
6.11
7.11
7.44
7.59
8.48
8.91
993

7.98

10.81
13.99
14.98
18.44

20.17
22.38
22.93
24.10
25.07
25.37
25.44
25.56
25.58
26.75
26.99
28.59
29.19

27.84
31.32
31.47
32.44
33.19
33.68

%Area

0.08
5.27
161
194
1.08
10.84
0.13
8.78
0.61
0.22
0.58

1.99
40.01
0.47
1.45
0.44

0.14
0.37
0.16
0.30
3.63
0.14
113
0.13
0.26
0.28
0.28
1.67
0.12

0.51
2.62
0.74
0.46
0.90
0.84



Table 18 (continued)

Peak No

44
45

21

46

25

10
17
37
39
41

Compound

e/n-a-muurolol
a-cadinol

Phenylpropanoid
(EJ-isoeugenol

Benzenoid
benzyl benzoate

Aliphatic alcohol
tetradecanal

Miscellaneous
unknown
unknown
unknown
unknown
unknown
unknown

Retention time
(min)
33.98
34.49

21.02

38.85

24.16

7.48

7.85
14.05
31.40
31.95
33.01

%Area

0.71
1.03

0.61

1.88

0.29

0.13
221
0.43
0.33
0.77
0.58

98



Eil onoterpene

H oxygenated monoterpene

Q sesquiterpene
oxygenated sesquiterpene

Q phenylpropanoid

g:

I benzenoid
B aliphatic alcohol

unknown

31.86%

Figure 33 The percentage ofvarious terpenoid groups found in the essential oil
0f cinnamomum $p.7 leaves
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4.1.17. Essential Oil Composition of Cinnamomum sp. 8

The yield of essential oil hydrodistilled from Cinnamomum sp.8 leaves was
found to be 0.08% (v/w) of the fresh weight. Analysis of this essential oil by GC/MS
showed that there were 49 components (Fig. 34). These peaks were identified as 8
monoterpenes, 4 oxygenated monoterpenes, 17 sesquiterpenes. 11 oxygenated
sesquiterpenes and 4 non-terpenoid components (Table 19). Among these, linalool
(20.16%) appeared to be the major component, followed by benzyl benzoate (16.91%)
and 9-e/77-(E)-caryophyllene (11.60%). Therefore, the sesquiterpenes was found to be
the major terpenoid group, accounting for 24.41% of the essential oil (Fig. 35).
Oxygenated monoterpenes, benzenoid, oxygenated sesquiterpenes and monoterpenes

were present in lesser amount at 21.87, 16.91. 16.21 and 15.08%, respectively.
Structurally, linalool belongs to the cyclic oxygenated monoterpenoid group ,

whereas benzyl benzoate belongs to the benzenoid group, and 9-epi-(E)-

caryophy'llene belongs to the sesquiterpenoid group of caryophyllane.
OH O—C— o/©
| @

_ linalool . benzyl ben_zoate
(acyclic monoterpenoid) (benzenoid)

9-ep/-fE)-caryophyllene
(caryophyllane)
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F|gure 34 GC chromatogram of the essential oil from Cinnamomum sp.8 leaves
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Table 19 Essential oil composition of cmnamomum sp.8 leaves

Peak No

N

R o~No A~

EREHR

16

19
20
21
23
24
25
26
27
28
29
30
32
i

34
35

31
38
39
40
41
42

Compound

Monoterpene
a-thujene
tricyclene
camphene
sabinene
a-phellandrene
o-cymene
(E)-P-ocimene
terpinolene

Oxygenated monoterpene
linalool

borneol

a-terpineol

bornyl acetate

Sesquiterpene
a-cubebene

P-cubebene

a-copane

P-elemene
m-P-guaiene
9-epi-(E)-caryophyIIene
seychellene
(Z)—a-bisabolene
«/lo-aromadcndrene
frans-calamenene
y-cadinene

y-muurolene

isoledene

germacrene A
¢/5-muurola-4(74), 5-diene
a-cadinene
cadina-7,4-diene

Oxygenated sesquiterpene
epz-cubebol

caryophyllene oxide
globulol

P-eudesmol acetate

ledol

humulene epoxide |1

Retention time
(min)

4.83
4.98
548
6 08
711
7.59
8.48
9.93

10.81
13.99
14.98
18.44

20.17
21.13
22.38
23.09
23.71
25.07
25.37
25.44
25 56
25.58
26.75
26.99
27.43
28.11
28.39
28.76
29.19

27.84
31.32
31.47
31.63
32.30
32.44

%Area

0.27
1.97
0.79
101
6.40
3.46
0.51
0.67

20.16
0.43
0.80
0.48

0.21
0.95
0.49
0.82
0.10
11.60
0.15
3.10
0.26
0.42
0.21
0.83
0.54
032
0.27
3.86
0.28

1.53
3.16
0.69
1.59
1.43
0.54



Table 19 (continued)

Peak No

45
46
47
48

17

49

22
43

10
36
37

Compound
cubenol
a-muurolol
7 -a-muurolol
a-cadinol

Phenylpropanoid
(C)-isoeugenol

Benzenoid
benzyl benzoate

Aliphatic alcohol
tetracecanal
decanal

Miscellaneous
unknown
unknown
unknown
unknown
unknown

Retention time
(min)
33.68
33.93
33.98
34.49

21.02

38.86

24.16
32.64

6.14

8.20

911
29.65
30.13

103

%Area

1.78
112
0.90
2.29

0.42

16 91

0.76
1.80

0.61
1.35
0.14
0.08
0.20
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Esl monoterpene

H oxygenated monoterpene
O sesquiterpene
onygenated sesquiterpene
O phenylpropanoid

;S| benzenoid

Eu aliphatic alcohol

unknown
21.87%
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2.56%

Figure 35 The percentage ofvarious terpenoid groups found in the essential oil
0f Cinnamomum sp.8 leaves
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4.1.18. Essential Oil Composition of Cinnamomum sp. 9

The yield of essential oil from Cinnamomum sp. 9 leaves was found to be
3.0% (v/w) of the fresh weight. Analysis of the essential oil by GC/MS showed that
there were at least 27 components (Fig. 36). These components were identified as 10
monoterpenes, 7 oxygenated monoterpenes, 2 sesquiterpenes and 3 non-terpenoid
components (Table 20). Among these, linalool (67.50%) was found to be the major

component, followed by 7,5-cineol (19.56%) and sabinene (2.27%).

In terms of relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 93.52% of the essential oil. Monoterpenoids
and phenylpropanoid were present in lesser amount, with 15.53% and 4.55%,

respectively (Fig. 37).

Structurally, both major components, 7,5-cineol and linalool, belong to the
oxygenated monoterpenoid group of menthane and acyclic monoterpenoid, whereas

sabinene belongs to the monoterpenoid group of thujane.

OH
g |
|
7,5-cineol _ linalool _
(menthane) (acyclic monoterpenoid)

sabinene

(thujane)
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Figure 36 GC chromatogram of the essential oil from Cinnamomum sp.9 leaves



Table 20 Essential oil composition of cinnamomum sp.9 leaves

Peak No

© 0 o Ul TN R

B
AN

10
13
15
17
21
22
23

25
26

24

16

18
19
20
27

Compound

Monoterpene
a-thujene
a-pinene
camphene
sabinene
p-phellandrene
P-pinene
0-2-carene
verbenene
y-terpinene
terpinolene

Oxygenated monoterpene
7,5-cineole

cl/j-linalool oxide
fram-linalool oxide
linalool

satolina alcohol

terpin-4-o/

a-terpineol

Sesquiterpene
(E)-caryophyllene
a-humulene

Phenylpropanoid
fZj-isosafrole

Long chain hydrocarbon
[7-decane
77-heneicosane

Miscellaneous
unknown
unknown
unknown
unknown
unknown

Retention time
(min)

4.83
5.03
5.48
6.08
6.23
6.54
7.44
7.78
8.91
9.93

7.79

9.51

10.13
10.81
13.88
14.16
14.98

24.33
25.89

18.99

6.83
25.89

8.48
11.79
12.59
12.78
31.26

%Area

0.15
0.64
0.04
2.27
0.61
0.20
0.11
0.24
0.19
0.05

19.56
0.21
0.25

71.09
0.10
0.68
1.63

0.06
0.04

1.32

0.06
0.13

0.05
0.04
0.03
0.21
0.03



A monoterpene
H oxygenated monoterpene
0 sesquiterpene

0 phenylpropanoid

long chain hydrocarbon

unknown

77.63%

Figure 37 The percentage of various terpenoid groups found in the essential oil
0f cCinnamomum $p.9 leaves
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4.2 Chemical Composition of Essential Oil from Western Country in Thailand

421 Essential Oil Composition of Laurus nobilis L.

The essential oil from the leaves of Laurus nobilis was isolated by
hydrodistillation. The oil yield was found to be 0.6 % (v/w) of the fresh weight.
Analysis of the essential oil by GC/MS showed 50 peaks well separated from each
other (Fig. 38). These peaks were identified as 15 monoterpenes, 9 oxygenated
monoterpenes, 12 sesquiterpenes, 4 oxygenated sesquiterpenes and 4 non-terpenoid
components (Table 21). Among these, 7,cV-cineole (45.48 %) appeared to be the major

compenent, followed by J-thujyl acetate (12.58) and methyl eugenol (8.44 %).

In terms of relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 63.23 % of the essential oil (Fig. 39).
Monoterpenes. phenylpropanoids, sesquiterpenes and oxygenated sesquiterpenes were

present in lesser amount at 12.39, 11.01,2.52 and 2.36% . respectively.

In terms of structure, the major components. 7,6-cineole and 3-thujyl acetate
belongs to the oxygenated monoterpenoid group of menthane and thujane,

respectively, while methyl eugenol belongs to the phenylpropanoid group.

o-Me

7,5-cineole J-thujyl acetate methyl eugenol
(lhenthanej (thujane) (phenylpropane)
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Figure 38 GC chromatogram of the essential oil from Laurus nobilis L. leaves
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Table 21 Essential oil composition of Lawns nobilis L. leaves

Peak No

Egﬁgommmbump

e
0 ~N o

20

22
23
24
25
26
27

30
31

34
35
36
37
38
39
40
41
42

Compound

Monoterpene
a-thujene
a-pinene
camphene
sabinene
p-phellandrene
P-pinene
6-3-carene
8-2-carene
o-cymene
verbenene
limonene
(Ej-P-ocimene
y-terpinene
ral7.y-sabinene hydrate
terpinolene

Oxygenated monoterpene
/,5-cineol

linalool
trans-para-me.nXh-2-en-] -o\
santolina alcohol
terpin-Ao/

a-terpineol

isobornyl acetate
a-terpinyl acetate

3-thujyl acetate

Sesquiterpene
p-elemene
c/.v-p-guaiene
(2y)-caryophyllene
a-humulene
valencene
y-muurolene
P-selinene
bicyclogermacrene
P-gurjunene
germacrene A
cz\y-muurola-4(7 4), 5-diene
trans-p-guaiene

Retention time
(min)

4.83
5.03
5.48
6.08
6.23
6.54
7.16
7.44
7 59
7.78
7.88
8.48
891
9.61
9.93

7.98
10.81
1181
13.88
14.16
14.98
18.46
19.79
21.29

23.09
25.73
24.33
25.89
26.03
26.99
27.34
27.59
27.88
28.11
28.39
28.59

%Area

0.41
3.35
0.36
7.39
2.88
0.84
0.96
0.30
0.14
029
0.97
0.33
0.55
0.38
0.24

45.48
1.46
0.06
0.23
147
1.54
0.04
0.37
12.58

0.09
0.04
0.69
0.06
0.04
0.07
0.06
0.78
0.17
0.15
0.07
0.30



Table 21 (continued)

Peak No

43
45
47
48

28
32

19

29
44
46
49
50

Compound

Oxygenated sesquiterpene
spathulenol

hinesol acetate
e/n-a-muurolol

a-cadinol

Phenylpropanoid
(Z)-isoeugenol
methyl eugenol

Long chain hydrocarbon
[T-decane
[7-heneicosane

Miscellaneous
unknown
unknown
unknown
unknown
unknown
unknown

Retention time
(min)

31.29
31.96
33.98
34.49

22.10
23.98

6.83
10.44

8.71
22.74
31.62
32.28
34.78
35.99

%Area

1.22
(129
0.20
0.65

2.57
8.44

0.08
0.17

0.06
0.06
0.24
0.16
0.16
0.43
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monoterpene
H oxygenated monoterpene |
G sesquiterpene

oxygenated sesquiterpene
G phenylpropanoid
B long chain hydrocarbon  j

E3 unknown

63.23%

19.35%

Figu re39 The percentag_e_ofvarious terpenoid groups found in the essential oil
ofLaurus nobilis L. leaves



4.3 Antimicrobial activitiy of the essential oils from Thai Lauraceous Plants

Antimicrobial activity of the essential oils was shown in Table 22. It was
found that none of the essential oils had any apparent activity against [). aeruginosa
and M. gypseum. The antimicrobial activity of the essential oil from Cinnamomum
sp7 displayed the broadest spectrum. It was active against ." aUreus, E. faecalis, B.
subtills, E. coli and ¢. albicans. Aithough essential oil from the leaves of L. petiolata
had no activity against any test organism, that from its bark could inhibit c. albicans.
Essential oilsfrom L. cubeba (eaves) and L. glulinosa (fruits) inhibited only . aureus
and C. albicans, respectively.

Most essential oils of CINNAMOMUM had broader spectrum of activity than
those of LitSea except C. pathenoxylon which inhibited only C. albicans. Most of
them exhibited activities against both . dUleuS and C. albicans. The essential oils
from Cinnamomum., sp5 and sp6 had the lowest MIC (0.019%). Most essential oils
of Cinnamomum. sp could inhibit E. coli.

In terms of location, leaves of c. CAMPNOra collected from different places
yielded essential oils with different activities. That from Bangkok contained oil that
inhibited both . aUreus and B. subtilis, whereas that from Rayong contained oil that
inhibited only . aUreUS. Essential oil from the leaves of L. nobilis was effective

against both . aUreus and c. albicans.



Table 22 Antimicrobial activitity of essential oils from Thai Lauraceous plants

Plant

L Cinnamomum camphora Th.
Fries. (leaves;Bangkok)
. cinnamommn camphora Til.

Fries, (leaves ;_Rayongi)

. Cinnamomum porreclum
Kosterm. (leaves)
. Litsea cuheha Pers (leaves)

© oo — o o S~ oo o

. Cinnamomum sp. 1 (leaves)
10.Cinnamomum sp.2 (leaves)
11.Cinnamomum sp.3 (leaves)
\2.Cinnamomum sp.4 (leaves)
13.Cinnamomum sp.5 (leaves)
14.Cinnamomum sp.6 (leaves)
15.Cinnamomum sp.7 (leaves)
16.Cinnamomum sp.8 (leaves)
17.Cinnamomum sp.9 (leas es)
10.Laurus nohilis L. (leaves)

. Cinnamomum inner BI.(leaves)

. Litsea glutinosa C.B. Robinson.

{f_runs) o
. Litseapelinlaid Hook. f. (leaves)
. Litseapetiolala Hook. f. (balk)

Stapfklococcus aureus
TCC 29213
mini SDU  MIC (%)
8.20+ 140 063
903+099 25
110+2.42 0.312
0 nd"
03+248 0312
0 NDb
0 nd"
0 NDb
173 +207 0.63
100+3.79 0.63
83+123 063
16.3+4.44 0.156
973+08 0.156
0 NDb
U7+3% 063
0 NDb
6.3£0.98 0.63
118+ 107 125

Escherichia coli

ATCC 25922
mm+ SDU ~ MIC (%)
0 nd'"™
0 NDb
0 NDb
0 NDb
0 NDb
0 NDb
0 NDb
0 NDb
6 10+3.78 1.5
143+321 063
196+3.36 1.25
0 NDb
68+0.78 063
794337 0.156
6.86 +031 1.25
0 NDb
183+130 063
0 NDb

Jinhibitor! zone diameter resulted from 10%oil in 0.1% tween 80

bnot cetermined

Bacillus  ftilis
ATCC 6633
+SDU  MIC (%)
93+0.99 125
0 NDb
0 ND1
0 NDb
0 NDb
0 NDb
0 NDb
0 NDb
17+311 0.63
0 NDb
20.26+0 63 1.25
0 NDb
0 NDb
0 NDb
22+2% 125
0 NDb
0 NDb
0 NDb

Enterococcusfaecalis
ATCC 29212

mm+ SDU

O O oo o o oo O o o o o o

0
163+286
0
0
0

MIC (%)
nd"
NDb

NDb
ND"

NDh
NDb

NDb
NDb
ND"
NDb
NDb
NDb
NDb
NDb
125
ND1
NDb
NDb

+ SD“

O OO O OO OO0 O 000 O O o o o o

Eseudomona_aeruginosa
ATCC 27853

MIC (%)
ND®
NDb

ND"
NDb

ND1
nd”

NDb
NDb
ND"
NDb
NDb
NDb
NDb
NDb
NDb
NDb
NDb
NDb

Candida albicans
~ATCC 10231
mini SDd  MIC (%)
0 NtT -
0 NDb
97 +3.14 0.078
1194191 0.078
0 NDb
1365+ 045 1.5
0 NDb
19.60+ 3% 0.078
B2+3D 0312
08+4 5 0.312
0 NDb
18+276 0.312
1720+ 289 0.019
280+4 0 0.019
983+210 0.078
908 +21 0.156
0 NDb
164+ 1% NDb

Microgportim grpseum

(clinical iso

mm+ SDU

[ I I =Y =T S = S = R e S e Y o I ) o o o o o o

ate)
MIC (%)

ND*
NDb

NDb
NDb

NDb
ND”

nd"
nd"
nd"
NDb
nd"
nd"
nd"
nd"
nd"
nd"
nd"
nd"



	CHAPTER IV RESULTS
	4.1 Chemical Composition of  Essential oils from Thai Lauraceous plants
	4.2 Chemical Composition of Essential oil from Western Country
	4.3 Antimicrobial activitiy of the essential oils from Thai Lauraceous plants


