CHAPTER IV

RESULTS

| Essential Oil Composition of Aegle marmelos Correa

By hydrodistillation, the yield of the essential oil from l%nmmleaves

was found to be 1.8% (v/w) of fresh weight. Analysis of the essential oil by GC/IMS
showed that 14 peaks were well separated from each other (Fig. 2) These peaks were
identified as 5 monoterpenes, 3 oxygenated monoterpenes, 4 sesquiterpenes and 2
oxygenated sesquiterpenes (Table 2). Among these, sylvestrene (82.49%) was found
to be the major component, followed by sabinene (8.93%) and germacrene D
(3.54%).

In terms of relative amount, the monoterpenes appeared to he the major
terpenoid group, accounting for 93% of the essential oil.  Sesquiterpenes and
oxygenated monoterpenes were present in lesser amount, with 6% and 1%,

respectively.

In terms of structure type, the major components of sylvestrene and sabinene
belong to the monoterpenoid groups of menthane and thujane, respectively (Fig. 3).
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Figure 2 GC chromatogram of the essential oil from Aegle marmelos Corr. leaves "



Table 2 Essential oil composition of Aeg/e marmelos leaves.

Number
of peak

o1 B~ o O s

10

=

13
14

{ = trace

Compound

Monoterpene hydrocarbons

tricyclene
sabinene
myrcene
sylvestrene
(Ej-yS-ocimene
Oxygenated monoterpenes

linalool
citronellal
terpin-4-ol
Ses_quiterpene hydrocarbons

gq}(B‘Caryophyllene

a-humulene

germacrene D
bicyclogermacrene
Oxygenated sesquiterpenes
spathulenol

caryophyllene oxides

Retention time
(min)

531
6.35
6.79
8.16
8.71

10.74
12.94
1411

24.56
26.08
21.18
21.18

31.09
31.30

% Area

8.93
133
82:49
0.59

0.39

0.47

1.65
0.60
3.54
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Figure 3 The percentage composition of various terpenoid groups present in

essential oil of Ae’/e eh)S leaves
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2 Essential Oil Composition of Atalcmtia monophylla Correa

The essential oil isolated from lcmmnmmwaleaves was found to be

0.2 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS showed that it
contained at least 34 components (Fig. 4). These components were identified as 10
monoterpenes, 4 oxygenated monoterpenes, 10 sesquiterpenes and 3 non-terpenoid
compounds (Table 3). Among these, 9-epi-p-caryophyilene (35.67%) appggred to be
the major component, followed by germacrene D (13.88%) and (Z’nerolidol
(10.70%).

appeared to be the major terpenoid group, accounting for
4% ofthe essential oil. Oxygenated sesquiterpenes, sesquiterpenes and oxygenated
monoterpenes were present in lesser amount, with 16%, 4% and 2%, respectively (Fig.

In co ntrast tﬂ niaspecies of Memmdm the total sesquiterpenoid content

5).

Structurally, the major components of 9-epi-P-caryophyllene and germacrene D
belong to the sesquiterpenoid group of caryophilane and simple germacrane,
respectively.
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Tabic 3 Essential oil composition of A/alan/ia monophyl/a leaves.

Number Compound Retention time % Area
of peak (min)
Monoterpene hydrocarbons
1 tricyclene 531 t
2 sabinene 6.35 3.39
0 /-pinene 6.53 268
4 myrcene 6.81 0A4
5 b-2-carene 1.13 0.48
6 0-Cymene 1.98 t
1 limonene 8 13 t
8 (EJ-/?-0cimene 8.71 t
9 y-terpinene 9.16 3.02
10 terpinolene 10.20 0.42
Oxygenated monoterpenes
11 linalool 10.76 1.24
12 geijerene 13.69 t
13 terpin-4-0l 1413 2.36
14 a-terpineol 1478 t

Sesquiterpene hydrocarbons

16 /?-bourbonene 23.03 t
17 [T-elemene 23.29 t
18 9-ty;>/-(E)-caryophyllene 24.60 35.67
19 a-humulene 26.11 6.66
20 germacrene D 21.19 13.88
21 bicyclogermacrene 21.80 6.34

22 IralTv-ICquaiene 28.19 0.75



Table 3 (Continued)

Number
of peak

24
26

21
28
29
32
33
34

25

15
30

23
3l

{ = trace

Compound

Sesquiterpene hydrocarbons

B-cadinene
germacrene B

Oxygenated sesquiterpenes

fZj-nerolidol
spathulenol
caryophyllene oxide
cy;/-a-cadinol
a-cadinol

q}a‘oisabolol

Phenylpropanoid
elemicin

Long chain hydrocarbons
[[-decanol
n-hexyl-n-hexanoate
Miscellaneous

unknown

unknown

Retention time
(min)

28.16
30.38

30.61
3111
31.33
33.74
34.26
35.46

30.00

15.29
31.53

28.68
32.54

% Area

0.60
0.47

10.70
0.70
1.46
0.96
1.06

2.26

1.16
1.87

0.62
0.70

55
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Figure 5 The percentage composition of various terpenoid groups present in the

essential oil ofAtalanlia ) ophylld leaves



3 Essential Oil composition of Citrus aurantifolia Swing.

The yield of the essential oil from GIILSHJHHdea leaves was found to he

0.5% (viw) of fresh weight. Analysis of the essential oil by GC/MS showed that the
oil was composed of at least 28 components (Fig. 6) . These components were
identified as 8 monoterpenes, 13 oxygenated monoterpenes, 5 sesquiterpenes and 2
oxygenated sesquiterpenes (Table 4). Among these, limonene (33.88%) appeared to
be the major component followed by (3-pinene (19.64%) and 1,8-cineol (8.75%).

In terms of relative amount, the monoterpenes were found to be the major
terpenoid group, accounting for 74% of the essential oil. Oxygenated monoterpenes
and sesquiterpenes were present in lesser amount, with 23% and 3%, respectively (Fig.

2

In terms of structure type, the major components of limonene and p-pinene
belong to the monoterpenoid group of menthane and pinane, respectivly.
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Figure 6 GC chromatogram of the essential oil from Citrus aurantifolia Swingle leaves
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Table 4

Number
of peak

N

v

© ©o o o1 &~

10

12
13
14
15
16
17
18
19
20
21

Essential oil composition of Citrus aurantifolia leaves.

Compound

Monoterpene hydrocarbons

tricyclene

sabinene

[?-pinene

myrcene

0-Cymene

limonene

(7y)-?-0cimene
y-terpinene

Oxygenated monoterpenes

[, <V-cingol
(Ssabinene hydrate
linalool

isopulegol
citronellal
kvoisopulegol
terpin-4-ol
a-terpineol
citronellyl formate
hydroxyl citronellal
citronellyl acetate
lavandulyl acetate
geranyl acetate

Retention time
(min)

5.30
6.34
6.51
6.79
1.98
8.13
8.71
9.16

8.26

9.61

10.74
12.74
1291
13.18
1411
14.74
16.14
21.13
21.61
21.99
22.88

% Area

1.59
5.07
19.64
.29
0.90
33.88
2.37
0.52

8.75
047
2.68
2.69
5.42
2.53
1.64
2.62
131

1.88
0.711
0.67
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Table 4 (Continued)
Number Compound Retention time % Area
of peak (min)
Sesquiterpene hydrocarbons

2 hb 24.56 2.22

23 o -bergamolene 25.18 t
24 -|iumulenei 26.08 t
25 %- -farnescene 28.26 6&
26 [7-hisabolene 28.36 051

Oxygenated sesquiterpenes
21 c(é_':@;phyllene oxide 3131 t

28 -farnesol 40.74 t

t = trace
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4 Essential Oil Composition of Citrus hystrix DC.

The yied of the essential ofl abtained by hydroditlation of (VILS A
leaves was found to be 0.8% (v/w) of fresh weight. Analysis of the essential oil by
GC/MS showed that there were only 5 peaks were separated from each other (Fig. 8)
These peaks were all identified as oxygenated monoterpenes (Table 5), Among these,
|.yo-isopulegol (83.82%) appeared to be the major component, followed by citronellyl
formate (8.78%) and linalool (8.75%). Isopulegol belongs to the structure type of
menthane whereas the latter two belong to the acyclic monoterpenoid type (Fig. 9).
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Figure 8 GC chromatogram of the essential oil from Citrus hystrix DC. leaves



Table 5 Essential oil composition of Gmshgm(leaves.

Number
of peak

'S 2 TS~ = T NG RN

Compound

Oxygenated monoterpenes

linalool

isopulegol

/. TO-isopulegol
citronellyl formate
citronellyl acetate

Retention time
(min)

10.74
12.74
12.98
16.16
21.61

% Area

4.95
139
83.82
8(78
105
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5 Essential Oil Composition of Citrus maxima Merr.

The essential oil isolated from Citrus maxima leaves was found to have the
yield of 0.4% (viw) of fresh weight. Analysis of the essential oil by GC/MS showed
that the oil were composed of at least 36 components (Fig. 10), These components
were identified as 9 monoterpenes, 16 oxygenated monoterpenes, 7 sesquiterpenes
and 3 oxygenated sesquiterpenes and 1 non-terpenoid compounds (Table 6). .Among
these, P-phellandrene (24.84%) appeared to be the major component, followed by P-
pinene (8.93%) , nerol (6.42%) and citronellol (6.32%). The high content of these
components contributed greatly to the overall monoterpenoid content which appeared
to be the major terpenoid group, accounting for 51% of the essential oil. This was
followed closely by the oxygenated monoterpenes (43%),  Sesquiterpenes and
oXygenated sesquiterpenes were present in much lesser amount, with 4% and 2%,
respectively (Fig. 11).

In terms of structure type , the major components of p-phellandrene, P-pinene
and nerol belong to the monoterpenoid group of menthane and pinane and acyclic
monoterpenoid, respectively.
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Figure 10 GC chromatogram ofthe essential oil from Citrus maxima Merr. leaves
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Table 6 Essential oil composition of Citrus maxima leaves.

Number
of peak

© oo N o o1 g O -

[——
o

Compound

Modapere hdoatas

tricyclene
sabinene
[?-pinene
myreene
a-phellandrene
0-Cymene
[?-phellandrene
(2)-1-ocimene
(E)-/*-0cimene

Oyoeted nodapaes

linalool

citronellal
terpin-4-ol
a-terpineol

nerol

citronellol

neral

geraniol

géranial

(E)-citral dimethoxy
citronellyl acetate
|avandulyl acetate
geranyl acetate

Retention time

(min)

5.30
6.34
6.01
6.78
1.36
1.98
8.19
8.33
8.71

10.74
1291
1411
1474
16.03
16.14
16.63
17.18
17.94
19.86
2163
21.99
22.86

% Area

2.20
3.46
9.90
r.3%
L7
1.98
24.84
0.47
5.35

2.11
5.10
0.78
0.36
6.42
6.32
211
3.28
113
4.30

0.94
2.00
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Tade 6 (Continued)

Number
of peak

21
28
29
30
3l
32

34
3
36

14
19
23

{ =trace

Compound

SexqLitapae hydocataos
[7-cubebene
9-l:/-(E)-caryophyllene
a-humulene
germacrene D
bicyclogermacrene
y-cadinene
germacrene B

Oyoeted sexqitapaes
(E)-nerolidol
spathulenol
caryophyllene oxide
Lagdears hydocatos
6-methyf-5-hepten-2-one
Medlareas
Sahina ketone

unknown
unknown

Retention time
(min)

23.19
24.54
26.08
21.16
21.76
28.78
30.34

30.56
31.09
3131

6.64

14.36
16.93
20.88

% Area

2.08
0-J5
0.74
0.59

0.59
1.03

119

0.37
0.25
6.00

69



F|gure 11 The percentage composition of various terpenoid groups present in the
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6 Essential Oil Composition of Citus medial Linn.

The essential oil hydrodistillated from Citrus medica. leaves was found to have
the yield of 1.5% (viw) of fresh weight. Analysis of the essential oil by GC/MS
showed that 23 peaks were well separated from each other (Fig. 12) These peaks
were identified as 5 monoterpenes, 14 oxygenated monoterpenes, 2 sesquiterpenes
and 1 oxygenated sesquiterpenes (Table 7). Among these, limonene (27.05%) was
found to be the major component, followed by géranial (19.88%) and methyl eugenol
(11.47%).

In terms of relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 59% of the essential oil. Monoterpenoids,
phenylpropanoids and sesquiterpenoids were present in lesser amount, with 29%, 11%
and 1%, respectively (Fig. 13). ~ Structurally, limonene belongs to the group of
menthane whereas géranial and neral belong to the monoterpenoid group of acyclic
monoterpenoid. Methyl eugenol is a phenylpropanoid compound.
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neral methyl eugenol

(acyclic monoterpenoid) (pheilylpropai Old)
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Figure 12 GC chromatogram ofthe essential oil from Citrus medica Linn, leaves



Table 7

Number
of peak

—~ O B W

O© oo o1

2
22

23

Essential oil composition of Citrus medico, leaves.

Compound

Moaapae hydocatas

sabinene
myrcene
limonene
(E)-(3-0cimene
y-terpinene
Oyograted nodapaes

y #-cineol

linalool

citronellal

ov.y-verbenol

[rarl.y-verbenol

«-terpineol

nerol

neral

geraniol

géranial

citronellyl acetate

|avandulyl acetate

geranyl acetate
SexqLitapae hydoccataos

9-672/-(7fj-caryophyllene

(7s,ifj-a-farnescene

Oyoeted sexqjitapaes

caryophyllene oxide

Retention time
(min)

6.34
6.61
8.14
8.11

Q18

8.33
10.76
12.93

1413
14.76
16.05
16.66
17.19
18.00
2163
22.01
22.90

24.56
28.25

3131

% Area

0.28

Q8L

21.05

0.63
t

0.95
3.28
0.53
0.94
0.33
2.48

2.33
19.88
108
2.18
1.02

0.48

0.57
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Table 7 (Continued)

Number Compound Retention time
of peak (min)
Long chain hydrocarbons
2 6-/T7clTyV-5-hepten-2-one 6.66
Phenylpropanoids
20 methyl Eugenol 2381

{ = trace

% Area

0.70

<47
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Figure 13 The percentage composition of various terpenoid groups present

essential oil of Citrus medico leaves
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7 Essential Oil Composition of Citrus reticulata Blanco.

The leaves of Citrus reticulata, was found to contain essential oil with the
content of 1.5% (v/w) of fresh weight. By GC/MS analysis, the oil showed at least
20 peaks in its GC chromatogram (Fig. 14). These peaks were identified as 9
monoterpenes, 4 oxygenated monoterpenes, 7 sesquiterpenes and 1 oxygenated
sesquiterpenes (Table 8). Among these, the major components were found to be
linalool (47.77%), sabinene (22.25%) and (£)-P-ocimene (5.36%).

In terms of relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 48% of the essential oil. Monoterpenes, and
sesquiterpenes were present in- lesser amount, with 41% and 11%, respectively (Fig.
15),

In terms of structure, the major components of linalool and sabinene belong to
the monoterpenoid group of acyclic monoterpenoid and thujane group, while (E)-b-
ocimene helongs to the group of acyclic monoterpenoid, respectively

OH

linalool sabinene
(hcyclic monoterpenoid) (thujane)

X
A
(E)-/?-0cimene
(acyclic mottoterpettoid)
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Table 8

Number
of peak

N —

©O© oo —N o o1 &~

E Rk E

{ = trace

Essential oil composition of Citrus reticulata leaves.

Compound

Modapere hydocataos

tricyclene
a-pinene
sabinene
myreene
limonene
[Cphellandrene
(2)-17-ocimene
(E)-fi-ocimene
y-terpinene
Oyorated nodapaes

linalool
cis-para-menth-2-en-1-0l
terpin-4-ol
a-terpineol
SexqLtapae hdoatos
[Celemene
9-epi-(E)-caryophyllene
a-humulene
y-gurjunene
bicyclogermacrene
germacrene A
germacrene B

Retention time
(min)

5.19
6.23
6.39
6.66
199
8.06
8.11
8.96
10.03

10.63
1179
13.94
14.56

23.10
24.34
25.88
26.96
21.58
28.06
30.14

% Area

3.89
4.20
22.25
0.52
2.04
168
0.82
5.36

411

0.81

2.22

2.82
103

1.16
2.13
1.2

78
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8 Essential Oil Composition of Clausena anisata Hook.

The yield of the essential oil from Clausena anisata. leaves was found to be
3.5% (viw) of fresh weight. Analysis of the essential oil by GC/MS showed that there
were only 2 peaks well separated from each other (Fig. 16) These peaks were
identified as both phyenylpropanoids, namely (E)-anethol (98.40%) and methylchavicol
(1 60%) (Table 9). Therefore, the essential oil of this plant contain only the
phenylpropanoids (Fig. 17).

och3 0-CH3

h |

(7y)-anethole methyl chavicol
(phenylpropanoids) (phenylpropaoids)
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Figure 16 GC chromatogram ofthe essential oil from Clausena cinisata Hook, leaves



Tade 9 Essential oil composition of Clausena anisala leaves.

Number Compound Retention time % Area
of peak (min)
Hey pgoaradcs
1 methyl chavicol 1373 1.60

2 (7f)-anethol 19.84 98.40

82
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phenylpropanoid

Flgure 17 The percentage composition of various terpenoid groups present in the

essential oil o f Clausena ani.safn leaves.
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9 Essential Oil Composition of Clausena excavata Burm,

By hydrodistillation, the yield of the essential ail from Clausena excavata.
leaves was found to be 0.1% (v/w) of fresh weight. GC/MS analysis of the essential
oil showed that 32 peaks were separated from each other (Fig. 18). These peaks were
identified as 12 monoterpenes, 6 oxygenated monoterpenes, 9 sesquiterpenes, 4
oxygenated sesquiterpenes and 1 non-terpenoids compounds (Table 10). Among
these, tricyclene (35.35%) appeared to be the major component, followed by 9-epi-(E)
-caryophyllene (18.17%) and /Tphellandrene (13.74%).

In terms of relative amount, the monoterpenes appeared to be the major
terpenoid group, accounting for 70% of the essential oil.  Sesquiterpenes and
oXygenated sesquiterpenes were present in a lesser content, with 26% and 4%,
respectively (F-g. 19).

In terms of structure, the major components of tricyclene and (3-phellandrene
belong to the monoterpenoid group of menthane whereas 9-epi-(£)-caryophyllene
belongs to the sesquiterpenoid group of caryophilane.

g

tricyclene [Fphellandrene
(tricyclic mottoterpettoid) (menthane)

H

H =
9-epi-(E)-caryophyllene
(caryophilane)
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Table 10

Number
of peak

10

12

13

14
15
16
17
18

19

20
21

22

Essential oil composition of C/aiiscna excavata leaves.

Compound

Modaapare hydaatoaos

tricyclene
camphene
sabinene
myreene
/;?ela-mentha-1(7),8-diene
s -2 -carene
o-cymene
limonene
[7-phellandrene
(e )- p - OCimene
y-terpinene

terpinolene

Oyoeted nodapaes

linalool
citronellal
terpin-4-ol
a-terpineol
bornyl acetate

citronellyl acetate

SexqLtapae hydoatos

a-copaene
9-ty;/-(7yl-caryophyllene

«-trans-bergamotene

Retention time
(min)

5.21
5.64
6.39
6.66
7.25
7.58
7.81
7.99
8.06
8.56
9.01

10.03

10.59
12.74
13.95
14.58
18.51

21.61

22.48
24.36

24.98

% Area

35.35

0.77

8.08

1.66

8.10

13.74

0.48

0.64

1.56

1.02

1.53

18.17

86



Tadic 10 (Continued)

Number
of peak

23
24
25
26
21
28

29
30
3l
32

5

{ = trace

Compound

Sequtapae hydocataos
«/lo-aromadendrene
a-humulene

seychellene

[?-selinene

or-selinene

thcadinene

Oyoareted seqpitapaes
spathulenol
caryophyllene oxide
selin-1l-en-4-alpha-ol
juniper camphor
Medlaneas

mesitylene

Retention time
(min)

25.16
25.88
26.96
21.28
21.58
28.53

30.88
31.23
3251
34.11

6.83

% Area

87
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10 Essential Oil Composition of Ferronia limonia Swing.

The essential oil from Ferronia limonia leaves was found to have the yield of
0.1 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS showed that there
were at least 23 components (Fig. 20)  These components were identified as 8
monoterpenes, 12 oxygenated monoterpenes, 1 sesquiterpenes and 2 oxygenated
sesquiterpenes (Table 11). Among these, sabinene (33.99%) appeared to be the major
component, followed by terpin-4-ol (38.67%) and o-cymene (6.88%).

The oxygenated monoterpene was found to be the major terpenoid group,
accounting for 47% of the essential oil. Monoterpenes, sesquiterpenes and oxygenated
sesquiterpenes were present in lesser amount, with 45%, 6% and 2%, respectively
(Fig. 22).

Structurally, the major component of sabinene belongs to the monoterpenoid
group of thujane, where as terpin-4-ol and o-cymene belong to the oxygenated
monoterpenoid group of menthane and o-menthane, respectively.

A I

y °H
sabinene terpin-4-ol
(thujane) (menthane)

f)

|

0-cymene
fo-menthane)
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Figure 20 GC chromatogram ofthe essential oil from Ferronia limonia Swing, leaves 0



Table 11 Essential oil composition of Ferronia limom a leaves.

Number
of peak

© - o Ol B YN

10

12

15
16
1
18
19
20

il

Compound

Modapae hdoatos

a-thujene

tricyclene

sabinene

p-pinene

myrcene

0-Cymene

limonene

y-terpinene

Oyoeted nodapaes

1 #-cineol

linalool
cis-para-menth-2-en-1-ol
trans-para-menth-2-en-1 -ol
terpin-4-ol

a-terpineol

¢/ v-piperitol
[Isa/M-ascaridole
carvenone

géranial

¢/v-pingne hydrate

SexLitapae hydocatos
9-epi-(E)-caryophyllene

Retention time
(min)

5.08
5.29
6.34
6.01
6.79
1.98
8.13
9.16

8.26
10.74
1176
1250
1414
14.76
15.36
15.94
19.26
1951
19.11

24.54

91

% Area

1.35
33.99
0.96
0.75
6.88
0.73

0.55
110
0.61
0.80
38.67
291
0.60

1.16

103

167



Tade 11 (Continued)

Number

of peak

23

14

22

t = trace

Compound

Oyoaeted sexqLitapaes
caryophyllene oxide

Maedlaeas

(Zyl-i-hexenyl-butyrate

musk ambrette

Retention time

(min)

31.29

14.34

29.34

% Area

2.88

3.37

92
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11 Essential Oil Composition of Glycosmispentaphylla Corr.

The essential oil hydrodistillated from Glycosmis pentaphylla leaves was found
to have the yield of 0.1 % (v/w) of fresh weight. Analysis of the essential oil hy
GCIMS showed that 32 peaks were well separated from each other (Fig. 22) These
peaks were identified as 7 monoterpenes, 5 oxygenated monoterpenes, 12
sesquiterpenes and 8 oxygenated sesquiterpenes (Table 12). Among these, 9-epi-(E)-
caryophyllene (28.55%) was found to be the major component followed by tricyclene
(18.51%) and a-humulene (6.22%).

From a result, the sesquiterepenes appeared to be the major terpenoid group,
accounting for 53% of the essential oil. Monoterpenes, oxygenated monoterpenes and
OXygenated sesquiterpenes were present in lesser amount, with theircontent of 28%,
8% and 11%, respectively ( Fig. 23).

In terms of structure, the major components of 9-epi-(£)-caryophyllene and .
humulene belong to the sesquiterpenoid group of caryophilane and humulane,

respectively.
=52
\§
~ gl

9-epi-(E)-caryophyllene a-humulene
(caryophilane) {humulane)

s

tricyclene
(tricyclic monoterpenoid)
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Figure 22 GC chromatogram of the essential oil from Glycosmis pentaphylla Corr leaves



Table 12

Number
of peak

-~ oo o1 B~ W DO

10

12

13
14

16
1
18
19
20
2
22

Essential oil composition of G/ycosmispentaphylla leaves.

Compound

Monoterpene hydrocarbons

tricyclene
camphene
[?-pinene
myrcene
0-Cymene
limonene
terpinolene

Oxygenated monoterpenes

etido-fenchol

a-terpineol

tranx-carveol

bornyl acetate

(E)-citral dimethoxy
Sesquiterpene hydrocarbons

a-copaene
[?-elemene
(Zj-caryophyllene
9-e/2/-(7y)-caryophyllene
1,7-di-epi-/?-cedrene
cr-bergamotene
longifolene
aromadendrene
a-humulene

cr-selinene

Retention time
(min)

5.29
5.15
6.1
6.79
1.98
8.13
10.14

11.54
14.74
1578
18.68
19.88

22.26
23.29
2391
24.56
24.99
25.18
25.34
25.68
26.08
21.49

% Area

18.51

2.67

0.84
6.21

0.50
3.80
051
2.65
0.80

1.29

5.38

28.55

0.79

6.22
3.68

96



Table 12 (Continued)

Number
of peak

23
24

25
26
21
28
29
30
3l
32

{=1race

Compound

a-selinene
0-cadinene

Oxygenated sesquiterpenes
spathulenol
caryphyllene oxide
globulol
eudesmol  held-
selin-1I-en-4-alpha-ol
juniper camphor
tumerone
foeniculin

Retention time
(min)
21.79
28.74

31.09
31.29
31.46
32.33
32.75
34.33
34.58
311

% Area

5.46
1.09

0,-58
161
149
0.53
103
2.30
2.81
0.63

97
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| loxygenated sesquiterpene

Figure 23 The percentage composition of various terpenoid groups present tile
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12 Essential Oil Composition of Hesperethusa crenulata Roem.

The essential oil hydrodistillated from Hesperethusa crenulata leaves was
found to have the yield of 0.4% (v/w) of fresh weight. Analysis of this essential oil by
GCIMS showed that 31 peaks were well separated from each other (Fig. 24). These
peaks were identified as 2 monoterpenes, 2 oxygenated monoterpenes, 17
sesquiterpenes and 10 oxygenated sesquiterpenes (Table 13). Among these, 9-epi-(E)-
caryophyllene (23.92%) appeared to be the major component, followed by (E)-
nerolidol (17.02%), germacrene D and bicyclogermacrene (12.56%). Therefore, the
sesquiterpenes was found to be the major terpenoid group, accounting for 68% of the
essential oil. Oxygenated sesquiterpenes, monoterpenes and oxygenated monoterpenes
were present in lesser amount, with their content of 29%, 2%, 1%, respectively (Fig.
25).

The major components of 9-epi-(7y)-caryophyllene, (£)-nerolidol, germacrene
D and bicyclogermacrene belong to the sesquiterpenoid group of caryophilane, simple
farnesane, simple germacrane and bicyclogermacrane, respectively.

. s on”
> |
9-epi-(7y)-caryophyllene (E)-nerolidol
(caryophilane) (simple farnesane)
bicyclogermacrene germacrene D

(bicyclogermacrane) {simple germacrane)
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Figure 24 GC chromatogram of the essential oil from Hesperethusa crenulata Roem. leaves



Table 13

Number
of peak

10

12
13
14
15
16
17
18
19

21

Essential oil composition ofHesperethusa crenulata leaves.

Compound

Monoterpene hydrocarbons

limonene
(E3-J3-0Cimene

Oxygenated monoterpenes

linalool oxide
linalool

Sesquiterpene hydrocarbons

or-cubehene
bourbonene
[Telemene
9-epi-(E)-Caryophyllene
«-Inmv-bergamotene
a-humulene
allo-aromadendrene
germacrene D
[?-selinene
bicyclogermacrene
67,5-/Cquaiene
germacrene A
[?-bisabolene
(“cadinene
germacrene B

Retention time
(min)

8.13

8.71

9.64

10.76

20.94
23.05
23.31
24.61
25.21
26.11
26.28
27.23
27.61
27.83
28.19
28.30
28.39
28.78

30.40

% Area

1.50

0.40

0.50

0.79

0.22
0.74
1.12
23.92
0.44
4.30
0.42
14.77
1.02
12.56
1.96

1.06

1.17
1.45

0.93

101



Table 13 (Continued)

Number
of peak

22
23
24
25
26
21
28
29
30
3l

20

t = trace

Compound

Oxygenated sesquiterpenes

(E)-nerolidol
spathulenol
caryophyllene oxide
globulol
[?-eudesmol acetate
hinesol
e/cpc/o-vertivenol
epi-a-cadinol
ff-cadinol
longiborneol acetate
Miscellaneous

unknown
unknown

Retention time
(min)

30.64
3113
31.34
31.60
31.84
32.06
33.38
33.74
34.28
3473

25.03
29.26

% Area

17.02
292
. 49
1.80
0.45
0.74
0.45
2.26
1.52
0.35

0.24
0.26






13 Essential Oil Composition of Micromelum minutum W ight & Arn.

The yield of the essential oil isolated from Micromelum minutum leaves was
found to be 0.2 % (v/w) of fresh weight. GC analysis of the essential oil showed that
there were at least 37 components present in the oil (Fig. 26). These components
were identified as 4 monoterpenes, 3 oxygenated monoterpenes, 11 sesquiterpenes
12 oxygenated sesquiterpenes and 5 non-terpenoid compounds (Table 11). Among
these, hicyclogermacrene (19.79%) was found to be the major component followed by
9-epi-(E)-caryophyllene (15.65%) and tricyclene (8.74%).

In terms of relative amount, the sesquiterpenes appeared to be the major
terpenoid group, accounting for 54% of the essential oil. Oxygenated sesquiterpenes
, monoterpenes and oxygenated monoterpenes were present in a lesser amount, with
19%, 13% and 2%, respectively (Fig.27).

Structurally, the major components of bicyclogermacrene and 9-epi-(E)-
caryophyllene belong to the sesquiterpenoid group of bicyclogermacrane and
caryophilane, respectively.

G CR

bicyclogermacrene 9-epi-(£)-caryophyllene
(Bicyclogermacrane) (caryophilane)

G

tricyclene
(tricyclic monoterpenoid)
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Table 14 Essential oil composition of Micromehim minllium leaves.

Number
of peak

_|>ool\.>|_\

12
13
14
15
16
1
18
19
20
2
22

Compound

Monoterpene hydrocarbons

tricyclene
[Cpinene
myrcene
limonene

Oxygenated nionoterpenes

linalool
Ut-terpineol
citronellyl formate

Sesquiterpene hydrocarbons

[T-elemene
9-epi-(E)~caryophyllene
viridiflorene
or-humulene
[Cselinene
germacrene D
a-selinene
bicyclogermacrene
(Tyj-caryophyllene
germacrene A
<5-cadlinene

Retention time
(min)

5.30
6.51
6.78
8.13

10.74
14.76
16.33

23.30
24.56
25.81
26.09
26.84
21.18
21,51
21.79
2811
28.28
28.74

% Area

8.74
0.42
0.9
2.58

1.90
0.26
0.26

3.63
15.65
0.71
423
0.27
146
0.78
19.79
0.92
5.68
0.64



Tabic 14 (Continued)

Number
of peak

2
24
25
21
28
3l
32

3
34
3
36
37

@

10

26
29
30

Compound

Oxygenated sesquiterpenes

(Zy)-nerolidol
spathulenol
caryophyllene oxide
globulol
[7-oplopenone
Alcyc'lo-vertivenol

14-hydroxy-9-Epi-(E)~
caryophyllene
¢/?/-a-cadinol

[?-bisabolenal

a-cadinol

<N-a-muurolol
longiborneol acetate

Long chain hydrocarbons

[7-nonanal
[-decanal
undecanal
/l-undecanol
Miscellaneous

unknown
unknown
unknown

Retention time
(min)

30.60
3111
3131
3181
.21
33.34
33.53

33.73
34.03
34.24
34.34
34.76

9.79
13.69
18.46
18.56

3143
32.43
33.18

% Area

0.64
1.68
.1,56
0.80
174
0.96
0.64

115
0.30
162
112
0.76

0.67
0.66
414
0.89

4.86
0.712
0.20
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Figure 27 The percentage composition of various terpenoid groups present in the
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14 Essential Oil Composition of Murrayapaniculata Jack.

By hydrodistillation, the yield of the essential oil from Murraya paniculata.
leaves was found to be 0.9 % (viw) of fresh weight GC/MS analysis of the essential
oil showed that there were 20 peaks of the components present in the oil (Fig. 28).
These peaks were identified as 15 sesquiterpenes and 5 oxygenated sesquiterpenes
(Table 15). Among these two groups, hicyclogermacrene (26.25%) was found to be
the major component, followed by 9-epi-(£)-caryophyllene (20.05%), germacrene D
(18.86%) and (E)-nerolidol (15.96%).

As for the component, the sesquiterpenes appeared to be the major terpenoid
group, accounting for 80% of the essential oil.  Whereas the oxygenated
sesquiterpenoids were present in- lesser amount, at 20%. In terms of structure, the
major components of bicyclogermacrene, 9-epi-(7y)-caryophyllene, germacrene D and
(EJ-nerolidol belong to the sesquiterpenoid groups of bicyclogermacrane,
caryophilane, simple germacrane and simple farnesane , respectively.

(3 &9

9-epi-(E)-caryophyllene germacrene D
(caryophilane) (simple germacrane)
. o ~
| ><@©
(Ej-nerolidol bicyclogermacrene

{simplefarnesane ) (bicyclogermacrane)
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Table 15 Essential oil composition of Murrayapaniadata leaves.

Number Compound Retention time % Area

of peak (min)
Sesquiterpene hydrocarbons

1 (“elemene 20.76 t

2 [tlemene 2331 1.04
= 9-epi-(E)-caryophyllene 24.58 20.05
4 a-rat -berga olene 25.19 '70
5 cr-gurjunene 25.53 5.09
6 or-humulene 26.11 1.16
7 alloaromadendrene 20.28 0.61
8 germacrene D 21.19 18.86
9 viridiflorene 21.56 0.29
10 bicyclogermarene 2181 26.25
1 cyperene 28.19 4,08
12 germacrene A 28.28 0.58
B3 (“cadinene 28.19 1.19
14 (EE)-cr-farescene 28.85 t

15 germacrene B 30.36 1.05

Oxygenated sesquiterpenes

16 (£)-nerolidol 30.39 15.96
17 spathulenol 30.90 192
18 caryophyllene oxide 31.33 t

19 ¢pl-a-cadinol 3351 2.00

20 a-cadinol 34.28 t

t = trace
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15 Essential Oil Composition of Paramignya sea (lens Craib.

The yield of the essential oil isolated from Paramignya scandens leaves was
found to be 0.6 % (v/w) of fresh weight. GC/MS analysis of the essential oil showed
23 peaks well separated from each other (Fig. 30) These peaks were identified as 13
sesquiterpenes and 10 oxygenated sesquiterpenes (Table 16). Among these, 9-epi-(E)-
caryophyllene (45.98%) appeared to be the major component, followed by
bicyclogermacrene (19.01%) and a-humulene (7.22%).

Quantitatively, the sesquiterpenes appeared to be the major terpenoid group,
accounting for 91% of the essential oil. Whereas oxygenated sesquiterpenoides were
present in lesser amount, at 9% (Fig. 31).

Structurally, ~ the  major ~ components  of  9-epi-(2Q-caryophyllene,

bicyclogermacrene and a-humulene belong to the sesquiterpenoid groups of
caryophilane, hicyclogermacrane and humulane, respectively.

(3 Gy

9-epi-(£])-caryophyllene bicyclogermacrene
(caryophilane) (bicyclogermacrane)
PR
N\
a-humulene

{simple famesane )
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Table 16

Number
of peak

1

o

© oo —J o o1 &~

12
14

&G &

16
1
18
19
20
2
22
23

t = trace

Essential oil composition of Paramigtiya scandens leaves.

Compound

Sesquiterpene hydrocarbons

cr-cubebene
a-copaene
[?-hourbonene
[Ccubebene
9-¢/;/-(7f))-caryophyllene
a-humulene
aromadendrene
germacrene D
[Cselinene
bicyclogermarene
Cis-/?-quaiene
germacrene A
(“cadinene
Oxygenated sesquiterpenes

e/j/-cubebol
spathulenol
caryophyllene oxide
(Tfj-nerolidol acetate
globulol

guaiol acetate
«-gudesmol acetate
ep/-a-cadinol
a-muurolol
ar-cadinol

Retention time

(min)

2143
22.66
23.00
23.21
24.59
26.08
26.26
21.16
21.48
21.80
21.94
28.26
28.74

28.61
31.09
31.29
3141
3221
32.33
33.09
3351
33.11
34.23

% Area

2.14

6 82
45.98
1.22
0.86
3.23

19.01
342
0.90
171

0.53
2.95
1.58
171
0.97

1.34

115



91%

sesquiterpene

1 0xygenated sesquiterpene

Figure 31 The percentage composition of various terpenoid groups present in the
essential oil of Paramignya scande  leaves
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16 Essential Oil Composition of Toddalia asiatica Lamk.

The leaves of Toddalia asiatica Was found to contain essential oil at 0.5 %
(viw) of fresh weight By GC/MS analysis the essential oil was showed to have at
least 35 peaks in it GC chromatogram (Fig. 32) These peaks were identified as 13
monoterpenes, 6 oxygenated monoterpenes, 8 sesquiterpenes and 5 oxygenated
sesquiterpenes (Table 17). Among these, tricyclene (12.75%) appeared to be the
major component, followed by 9-c/?/-(E)-caryophyllene (10.95%) and (£)-nerolidol

(8.88%).

In terms of relative amount, the monoterpenes appeared to be the major
terpenoid group, accounting for 48% of the essential oil. Sesquiterpenes, oxygenated
monoterpenes and oxygenated sesquiterpenes were present in- lesser amount, at 27%
, 13% and 12%, respectively.

In terms of structure, the major components of tricyclene belong to the
monoterpenoid group of tricyclic monoterpenoids, whereas 9-c/?/-(E)-caryophyllene
and (E)-nerolidol belong to the sesquiterpenoid group of caryophilane and simple
farnesane, respectively.

v 4

tricyclene 9-¢/?I-(E)-caryophyllene
(jtricyclic monoterpenoid) (caryophilane)
AN OH ~
I
(£)-nerolidol

(simple farnesane )
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Figure 32 GC chromatogram of the essential oil from Toddalia asiatica Lamk. leaves



Table 17

Number
of peak

10

12
13
14

15

11
16
17
18
19
20

21

Essential oil composition of Toddaha asialicu leaves.

Compound

Monoterpene hydrocarbons

«-thujene
tricyclene
camphene
sabinene
s-pinene
myrcene
«-terpinene
0-cymene
limonene
7,5-cineol
(2)-1?-ocimene
(E)-y9-ocimene
y-terpinene

terpinolene

Oxygenated monoterpenes

7,5-cineol

linalool

c/.v-)ara-menth-2-en-1-ol

trans-para-menth-2-en-1-ol

terpin-4-ol
«-terpinolene

bornyl acetate

Retention time
(min)

5.10
5.29
5.74
6.35
6.51
6.79
7.71
7.98
8.13
8.26
8.33
8.71
9.16

10.18

8.26

10.74
11.74
12.49
14.11
14.75

18.68

%

Area

0.33

12.75

2.67

a .57

3.98

4.70

0.66

0.74

6.82

2.47

2.32

5.28

1.36

0.79

2.47

2.24

0.19

0.16

4.56

0.68

2.35

119



Tabic 17 (Continued)

Number
of peak

23
24
25
26
21
28
29
30

3l
32
3
34
35

22

Compound

Sesquiterpene hydrocarbons

[Telemene
9-e/?/-(i"-caryophyllene
a-humulene
germacrene D
[?-sesquiphellandrene
bicyclogermacrene
y9-bisaholene
£>-cadinene

Oxygenated sesquiterpenes
€)-nerolidol

spathulenol

caryophyllene oxide
epi-a-cadinol

a-cadinol

Miscellaneous

unknown

unknown

Retention time
(min)

23.30
24.56
26.08
27.18
21.33
21.18
28.26
28.74

30.58
31.09
31.30
33.79
34.23

.58
21.08

% Area

0.21
10.95
5,-32
1.24
0.48
2.07
0.27
0.72

8.88
0.56
0.68
0.42
1.05

0.33
0.20
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MU monoterpene
oxygenated monoterpene
sesquiterpene

" oxygenated sesquiterpene

Figure 33 The percentage composition of various terpenoid groups present in tile
essential 0il of Toddalia cisicilaca leaves.
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17 Essential Oil Composition of Tripliasia trifolia p. Wils,

The yield of the essential oil isolated from Triphasid trifolia leaves was found
to be 0.2 % (v/w) of fresh weight By GC/MS analysis the essential oil was showed to
contain at least 37 components in the chromatogram (Fig. 34). These components
were identified as 8 monoterpenes, 8 oxygenated monoterpenes, 6 sesquiterpenes, 10
oxygenated sesquiterpenes, 2 unknowns and others (Table 18). Among these, cis-
sesquisabinene hydrate (35.86%) appeared to be the major component followed by
sabinene (13.52%) and P-pinene (13.29%).

Quantitatively, the oxygenated sesquiterpenes appeared to be the major
terpenoid group, accounting for 49% of the essential oil. Monoterpenes, oxygenated
monoterpenes and sesquiterpenes were present in a lesser amount, at 34%, 10% ,
2.44% and 2%, respectively.

Structurally, the major component of c/T-sesquisabinene hydrate belongs to the
sesquiterpenoid group of cyclobisabolane, whereas sabinene and P-pinene belong to
the monoterpenoid group of thujane and pinane.

c/T-sesquisabinene hydrate [7-pinene

(cyclobisabolane) (pinane)

sabinene

(thujane)
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Figure 34 GC chromatogram of the essential oil from Triphasia trifolia P.Wils. leaves
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Table 18

Number
ofpeak

0 N oo ol AW N

10
2

14
16
17
19

2
23
24
25
26
21

Essential oil composition of Triphasic! trifolia leaves.

Compound

Monoterpene hydrocarbons

or-thujene
tricyclene
sabinene
[7-pinene
myrcene
0-cymene
limonene
y-terpinene

Oxygenated monoterpenes

linalool

terpin-4-ol

a-terpineol

dihydro carveol
II<ms'-pinocarvyl acetate
cv.y-bornyl acetate
¢/.v-pinocarvyl acetate
a-terpinyl acetate

Sesquiterpene hydrocarbons

y-elemene
9-epi-(E)~Caryophyllene
a-lral7.y-bergamotene
[Tmisaholene
ar-curcumene
yA-curcumene

Retention time

(min)

5.08
5.29
6.34
6.51
6.76
7.96
8.13
9.14

10.75
1411
14.76
15.34
18.68
19.16
20.38
21.64

23.56
24.54
25.18
26.04
21.23
28.46

% Area

0.84
13.52
13.29

4.23
157
0.60

0.75
541

0.84
1.20
0.82
1.15

1.67
0.44

161
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Table 18 (Continued)

Number
of peak

28
29
30
3
32
98
34
35
36
37

15

20

18
22

t = trace

Compound

Oxygenated sesqiiiterpenes

c/'x-sesquisabinene hydrate
humulene epoxide I
(7y)-nerolidol

spathulenol

caryophyllene oxide

(Z)-a-Ira7?s-hergamotol acetate

a-acorenol
e/?/-a-cadinol
cp/-a-muurolol
a-cadinol

Long chain hydrocarbons

7-dodecene

Phenylpropanoids

(EJ-anethol

Benzenoids

2,3,6-trimethyl benzadehyde

Miscellaneous

unknown
unknown

Retention time
(min)

29.85
30.28
30.58
30.95
31.08
32.33
33.49
33.71
34.24
34.89

14.63

18.74

22.58

20.99
24.28

% Area

35.86
0.66
1.07

5.82

1.16
1.30

3.34

0.94

0.92

0.71

0.74
0.80
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2%

m Mmonoterpene
oxygenated monoterpene
sesquiterpene

[0 oxygenated sesquiterpene

m long chain hydrocarbon
phenylpropanoid
benzenoid

Hi unknown
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18 Essential Oil Composition of Zanthoxylum limonella Alston.

By hydrodistillation, the yield of the essential oil from zanthoxylum limonella
leaves was found to be 4.3 % (viw) of fresh weight. Analysis of the essential oil by
GCIMS showed that 33 peaks were well separated from each other (Fig. 36) These
peaks were identified as 13 monoterpenes, 15 oxygenated monoterpenes, 2
sesquiterpenes and 3 non-terpenoid compounds (Table 19). Among these, limonene
(31.09%) appeared to be the major component, followed by terpin-4-ol (13.94%) and
sahinene (9.13%).

These major components contributed to the  monoterpenes as the major
terpenoid group, accounting for 67% of the essential oil. Oxygenated monoterpenes
on the other hand, were present in lesser amount, at 27% (Fig. 37).

In terms of structure, the major components of limonene and sabinene belong
to the monoterpenoid group of menthane and thujane, whereas terpin-4-ol belongs to
the group of menthane .

TN
limonene sahinene
{menthane) {thujane)

OH

terpin-4-ol

{menthane)
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Figure 36 GC chromatogram of the essential oil from zanthoxylum limonella Alston, leaves
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Table 19 The essential oil composition of Zemthoxylum liniomlict leaves.

Number
of peak

© oo w4 oo Ol B o N e

K BB

14
15
16
17
18
19
20
22
23

Compound

Monoterpene hydrocarbons

a-thujene
tricyclene
sabinene
myrcene
a-phellandrene
a-terpinene
o-Cymene
limonene

(2)-(s - OCimene
(e )-1i. OCimene
y-terpinene
[?ara-mentha-2,4(8)-diene
terpinolene

Oxygenated monoterpenes

linalool

Iral?.v-verbenol
ciocparanenn-2oen- 10l
Irall.v-IxIra-menth-2-en-1-0l
¢l.v-thujone

IralT.v-thujone

terpin-4-ol

a-terpineol

II(7/7.v-sabinol

Retention time
(min)

5.09
5.30
6.34
6.81
7.38
.11
7.98
8.15
8.34
8.71
9.16
9.63
10.19

10.76
11.64
11.76
12,51
13.66
13.83
1413
14.76
15.09

% Area

0.89
3.29
9.13
1.92
2.17
251
9.02
31.09
0.38
0.38
3.70
0.53
0.92

2.48

0.80
0.59
0.31
0.58
13.94
2.10
0.97



Table 19 (Continued)

Number
of peak

25
26
27
28
29
30
3

32
33

2

24
29

t =trace

Compound

Oxygenated monoterpenes

[TOI7 s-carveal
y-carveol
carvone
[?-pinene oxide
2-undecanone
carvacrol
geranyl acetate

Oxygenated sesquiterpenes

spathulenol
caryophyllene oxide

Miscellaneous

sahina ketone

Long chain hydrocarbons

decanol acetate
2-undecanone

Retention time
(min)

15.78
16.36
18.68
18.36
19.09
19.31
22.88

31.09
3131

14.38

15.46
19.09

% Area

0.69

0.59
2.39
1.08
0.52
1.28

2.23

2.68
1.08
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