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RESULTS

4.1 Chemical Composition of the Essential Oils from Thai Lauraceous 
Plants

4.1.1. Essential Oil Composition of C im ia m o m u m  cam p h o ra  Til. Fries, 
collected from Bangkok

The leaves of C innam om um  cam phora  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.

camphor limonene a-pinene
(cam phane) (menthane) (pinane)
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Table 3 Essential oil composition oïCinnamomum camphora leaves (Bangkok)

Peak No Compound Retention time 
(min)

%Area

1
Monotcrpene
a-thujene 4.83 0.87

2 a-pinene 5 03 10.59
3 camphene 5.48 5.22
4 sabinene 6 08 0.60
5 (3-phellandrene 6.23 2.87
6 P-pinene 6.54 3.72
7 a-phellandrene 7.ท 1.62
8 Ô-2-carene 7.44 0.17
9 verbenene 7.78 1.44
10 limonene 7.88 11.58
11 f£)-P-ocimene 8.48 0.04
12 y-terpinene 8.91 0.37
13 trans-sabinene hydrate 9 61 0.05
14 terpinolene 9.93 0.84

18
Oxygenated monoterpene
camphor 12.54 55.43

19 bomeol 13.99 0.06
20 terpin-4-o/ 14.16 1.13
21 a-terpineol 14.98 1.13

25
Sesquiterpene
a-copaene 22.38 0.07

26 p-elemene 23.09 0.03
27 (E)-caryophyllene 24.33 0.59
28 a-humulene 25.89 0.18
29 y-muurolene 26.99 0.08
30 p-selinene 27.34 0.22
31 a-selinene 27.63 0.14
32 germacrene A 28.11 0.03

/rrws-P-guaiene 28.59 0.02
34 germacerne B 30.19 0.03

24
Phenylpropanoid
(Z)-isosafrole 18.99 0.07

15
Long chain hydrocarbon
n-heneicosane 10.44 0.14

16
Miscellaneous
unknown 10.83 0.09

17 unknown 11 79 0.30
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Table 3 (continued)
Peak No Compound Retention time 

(min)
%Area

22 unknown 16.61 0.15
23 unknown 17.98 0.11



34

r
M  กา(วกoterpene 

H  oxygenated กาonoterpene 

□  sesquiterpene 

0  phenylpropanoid 

SI long chain hydrocarbon 

E3 unknown

1.39% —

F igure 3 The percentage o f various terpenoid groups found in the essential oil
o f Cinnamomum camphor a Th. Fries. Leaves (Bangkok)



4.1.2. Essential Oil Composition of C in n a m o m u m  cam phora  Th. Fries, 
collected from Rayong

By hydrodistillation, the yield of the essential oil from C innam om um  
cam phora  Til. Fries, collected from Rayong was found to be 0.33% (v/w) of the fresh 
weight. GC/MS analysis of the essential oil 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.

a-pinene
(pinane)

limonene
(m enthane)

camphor
(camphane)
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F igure 4 GC chromatogram o f the essential oil from Cinnamomum camphora Th. Fries. Leaves (Rayong)



Table 4 Essential oil composition o f Cmnamomim camphor a leaves (Rayong)

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-thujene 4.83 0.53

2 a-pinene 5.03 7.92->ว่ camphene 5.48 3.79
4 sabinene 6.08 0.37
5 p-phellandrene 6.23 2.40
6 P-pinene 6.54 3.03
7 a-phellandrene 7.11 1.22
8 8-2-carene 7.44 0.15
9 verbenene 7.78 0.45
10 limonene 7.88 9.03
11 f£)-P-ocimene 8.48 0.09
12 y-terpinene 8.91 0.42
13 terpinolene 9.93 0.95

15
Oxygenated monoterpene
linalool 10.81 0.32

16 a-campholenal 11.73 0.13
17 camphor 12.54 56.06
18 borneol 13.99 0.12
19 terpin-4-o/ 14.16 0.95
20 a-terpineol 14.98 0.97
21 a-terpinyl acetate 19.79 0.06

22
Sesquiterpene
P-elemene 23.09 0.21

2j (E)-caryophyllene 24.33 2.49
24 longifolene 25.11 006
25 a-humulene 25.89 0.21
26 y-muurolene 26.99 0.33
27 P-selinene 27.34 0.36
28 bicyclogermacrene 27.59 5.58
29 germacrene A 28.11 0.17
30 /nmv-P-quaiene 28.59 0.10
31 germacrene B 30.19 0.16

32
Oxygenated sesquiterpene
spathulenol 31.29 0.27
a-eudesmol acetate 31.59 0.06

34 a-eudesmol 34.48 0.78

14
Long chain hydrocarbon
rt-heneicosane 10.44 0.21
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The yield of the essential oil isolated from C innam om um  innerร 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 
%).

4.1.3. Essential Oil Com position o f China mom um iners Bl.

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.

(E)-caryophyllene 
(.caryophyllane)

a-selinene 
(simple eudesm ane)

spathulenoi
(aromadendrane)
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Figure 6 GC chromatogram o f the essential oil from Cinnamomum iners Bl. leaves



Table 5 Essential oil composition o f Cinnamomum iners leaves

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-pinene 5.03 0.422 cam phene 5.48 0.04

J sabinene 6.08 0.21
4 P-phellandrene 6.23 0.39
5 P-pinene 6.54 0.11
7 ô-2-carene 7.44 0.05
8 verbenene 7.78 0.21
9 limonene 7.88 0.23
10 (Tyl-P-ocimene 8.48 0.59
11 ' y-terpinene 8.91 0.13
12 terpinolene 9.93 0.04

15
Oxygenated monoterpene
linalool 10.81 0.13

16 terpin-7-o/ 14.16 0.39
17 a-terpineol 14.98 0.17
18 geraniol 17.38 0.24

19
Sesquiterpene
5-elemene 20.63 0.25

21 a-copaene 22.38 0.48
22 P-elemene 23 09 1.45
23 (TTl-caryophyllene 24.33 20.38
24 a-gerjunene 25.23 2.10
25 cyperene 25.54 2.15
26 a-humulene 25.89 2.58
27 P-patchoulene 26.61 0.25
28 a-muurolene 26.89 1.60
29 P-selinene 27.34 3.35
30 a-selinene 27.63 10.80
31 P-gurjunene 27.88 1.42
32 germacrene A 28.11 0.35

/ra/7.v-P-guaiene 28.59 0.28
34 selina-i, 7(11)-diene 28.91 0.18
35 a-calacorene 29.61 0.11
36 germacrene B 30.19 0.19

37
Oxygenated sesquiterpene
(E)-ท erolidol 30.66 0.88

38 spathulenol 31.29 19.75
39 a-eudesmol acetate 31.59 3.98
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Table 5 (continued)
Peak No Compound Retention time 

(min)
%Area

40 hinesol acetate 31.96 0.71
41 juniper camphor acetate 33.08 1.73
42 bicyclovetivenol 33.54 7.32
43 a-muurolol 33.93 1.04
44 himachalol 34.36 2.07
45 selin-7 l-en-4-alpha-o \ 34.58 10.00

Phenylpropananoid
20 (Zj-isoeugenol 22.10 0.16

Long chain hydrocarbon
6 ท-decane 6.83 0.07
13 2-nonanone 10.23 0.73
14 tt-heneicosane 10.44 0.16
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Figure 7 The percentage o f various terpenoid groups found in the essential oil
o f  Cinnamomum iners Bl. leaves



44

4.1.4. Essential Oil Composition of C in n a m o m u m  p o rrec tu m  Kosterm 
leaves

By hydrodistillation, the yield of the essential oil from C innam om um  
p a thenoxylon  leaves was found to be 0.5 % (v/w) 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 (Zl-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).

(Zj-isosafrole
(phenylpropane)
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T able 6 Essential oil composition o f Cinnamomum porrectum  leaves
Peak No Compound Retention time 

(min)
%Area

1
Monoterpene
a-pinene 5.03 0.06

2 sabinene 6.08 0.08
->ว P-phellandrene 6.23 0.12
5 f£)-P-ocimene 8.48 0.15

11
Sesquiterpene
(Tsj-caryophyllene 24.33 1.51

12 a-humulene 25.89 0.14
13 y-muurolene 26.99 0.06
14 /ram-P-guaiene 28.59 0.02

7
Phenylpropananoid
«-methyl chavical 14.88 0.19

8 (ZJ-isosafrole 18.99 97.30
9 (£)-isosafrole 23.04 0.03
10 methyl eugenol 23.18 0.16
15 myristicin 30.15 0.03

4
Long chain hydrocarbon
2-nonanone' 10.23 0.04

6 «-heneicosane 10.44 0.09
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F igure  9 The percentage o f various terpenoid groups found in the essential oil
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The yield of the essential oil isolated from C innam om um  pa thenoxylon  Nees. 
bark was found to be 0.1 % (v/w) of the fresh weight. GC/MS analysis of the 
essential oil showed that there were 15 peaks of the components present in the oil 
(Fig. 10). These peaks were identified as 3 sesquiterpenes, 2 oxygenated 
sesquiterpenes, 6 phenylpropanes and 4 non-terpenoid components (Table 7). Among 
these, (Z)- 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.

4.1.5. Essential Oil Com position of Cinnamomum porrectum  K osterm  b ark

(Zj-isosalrole 
(phenylpropane)
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Figure J O GC chromatogram o f the essential oil from Cinnamomum porrectum  Kosterm bark
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T able 7 Essential oil composition o f Cinnamomum porrcelum  bark

Peak No Compound Retention time 
(min)

%Area

7
Sesquiterpene
y-cadinene 26.75 0.03

8 cis-m uuro\a -4 (l 4) 1 5-diene 28.39 0.02
10 c/.v-calamenene 28 78 0.12

14
Oxygenated sesqiiiterpene
epz'-a-muurolol 33.98 0.05

15 a-cadinol 34.49 0.12

oj
Phenylpropanoid
methyl chavical 14.88 0.20

4 (Z)-isosafrole 18.99 96.85
5 (£)-isosafrole 34.04 0.15
6 methyl eugenol 23.18 0.51
11 myristicin 30.15 0.04
12 elemicin 32.64 1.25

13
Aliphatic alcohol
dodecanal 32.64 0.38

1
Long chain hydrocarbon
/7-decane 6.83 0.05

2 72-heneicosane 10.44 0.11

9
Miscellaneous
unknown 28.48 0.08
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The yield of the essential oil isolated from L i t s e a  c u b e b a  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.

4.1.6. Essential Oil Com position of Litsea cubeha Pers.

X L n
V 9A

sabinene
JC

1,8-cineol
(thujane)

A
(m enthane)

X
P-phellandrene

(m enthane)
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Figure 12 GC chromatogram of the essential oil from Litsea cubeba Per. leaves



Table 8 Essential oil composition o f Lilsea cubeba leaves

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-thujene 4.83 0.82

2 tricyclene 4.98 5.39
3 camphene 5.48 0.11
4 sabinene 6.08 42.72
5 P-phellandrene 6.23 6.16
7 P-pinene 6.54 1.67
8 8-2-carene 7.44 0.53
9 o-cymene 7.59 0.21
10 limonene 7.88 2.56
12 (Z )-P-ocimene 8.13 0.18
13 (E)-P-ocimene 8.48 0.67
14 y-terpinene 8.91 1.08
15 //Y/m-sabinene hydrate 9.61 0.70
16 terpinolene 9.93 0.22

11
Oxygenated monoterpene
7,5-cineole 7.98 18.33

17 linalool acetate 10.81 ■ 1.75
19 citronellal 12.76 0.47
22 terpin-4-o/ 14.16 4.24
23 a-terpineol 14.98 2 56
24 c/.y-carveol 17.23 3.49
25 géranial 18.77 5.17

26
Sesquiterpene
(2s)-caryophyllene 24.33 0.06

6
Oxygenated sesquiterpene
6-methyl-5-hepten-2-0«e 6.37 0.50

18
Miscellaneous
unknown 12.25 0.13

20 unknown 13.84 0.10
21 unknown 14.23 0.17
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F igure 13 The percentage o f  various terpenoid groups found in the essential oil
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The essential oil from the fruits of Litsea g lu tinosa  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%), c/.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.

4.1.7. Essential Oil Com position o f Litsea glutinosa  C.B. R obinson.

Æj-P-ocimene 
(acyclic m onoterpenoid)

m-verbenyl acetate 
(pinane)

9-epi-(E)- caryophyllene 
(caryophyllane)
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Figure 14 GC chromatogram of the essential oil from Litsea glutinosa  C.B. Robinson fruits
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T able  9 Essential oil composition o f Litsea glutinosa fruits

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
tricyclene 4.98 3.83

2 camphene 5.48 0.62">J sabinene 6.08 0.56
4 P-pinene 6.54 4.02
5 ô-3-carene 7.16 0.45
6 ô-2-carene 7.44 0.12
7 0-cymene 7 59 0.30
8 limenene 7.88 1.21
10 (Z )-P-ocimene 8.13 1.03
11 fEj-P-ocimene 8.48 46.13

9
Oxygenated monoterpene
7,5-cineole 7.98 1.02

12 verbenone 10.35 2.13
15 camphor 12.54 0.19
16 terpin-4-ol 14.16 0.12
17 a-terpineol 14.98 0.12
24 cw-verbenyl acetate 23.01 4.50
26 cumin aldehyde 24.20 0.98

23
Sesquiterpene
a-copaene 22.38 0.47

25 elemene 23.09 0.19
27 P-tyj/'-caryophy 1 lene 25.07 4.40
28 (Z)-a-bisabolene 25.44 0.79

29
Oxygenated sesquiterpene
caryophyllene oxide 31.32 2.10

13
Miscellaneous
unknown 11.26 2.24

14 unknown 11.61 1.25
18 unknown 15.54 0.76
19 unknown 17.60 1.30
20 unknown 19.83 6.35
21 unknown 20.02 10.05
22 unknown 21.65 1.09
30 unknown 31.89 1.67
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T he  y ie ld  o f  essentia l o il  h y d ro d is t ille d  fro m  L i ts e a  p e t io la ta  leaves w as fo u n d  

to  be 2 .1 %  (v /w )  o f  the fresh  w e ig h t. A n a ly s is  o f  the essen tia l o il  b y  G C /M S  show ed  

15 peaks (F ig . 16). These peaks w ere  id e n tif ie d  as 3 m ono te rpenes, 4 sesqu iterpenes 

and 3 n o n -te rp e n o id  com ponen ts  (T a b le  10). A m o n g  these, the p h e n y lp ro p a n o id  (E )-  
c in n a m a ld e h yd e  (5 7 .7 7 % ) appeared to be the m a jo r c o m p o n e n t, fo llo w e d  b y  (Z )-  
iso sa fro le  (3 5 .3 6 % ) and (E j-c a ry o p h y lle n e  (1 .4 4% ).

T he  p he ny lp ro pa ne s  w as fo un d  to be the m a jo r  g ro up  o f  co m p o n e n ts  o f  

com p on en ts , w h ile  a cco u n tin g  fo r  93.13 %  o f  the essentia l o il ,  w h ile  sesqu ite rpenes 

and m onote rpenes w ere  present in  a lesser am oun t at 3 .04  and 0 .4 6 % . re s p e c tiv e ly  

(F ig . 17).

S tru c tu ra lly , the m a jo r com ponen t. f £ ) -c in n a m a ld é h yd e  and (Z j- is o s a fro le , 

b e lon g  to  the  p h e n y lp ro p a n o id  com pound  re sp e c tive ly , w h ile  (E )-c a ry o p h y lle n e  

be longs  to  the  se squ ite rpeno id  g ro u p  o f  ca ryoph ilane .

4 .1 .8 . E sse n tia l O il C o m p o sitio n  o f  L itsea  p e tio la ta  H o o k .f. lea v es

(E j-c in n a m a ld e h y d e
( p h e n y l p r o p a n e )

(E )-c a ry o p h y lle n e  
(1c a r y o p h i la n e )

(Z )- iso sa fro le
(p h e n y lp r o p a n e )
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T a b le  10 E ssentia l oil com p osition  o f  L itsea  p e tio la tu  H ook.f. leaves

Peak N o C om po u nd R e ten tion  t im e  
(m in )

% A re a

1
M o n o te rp e n e
a -p in e n e 5.03 0.05

->j phe lland rene 6.23 0.18
4 te rp in o le n e 9.93 0.23

11
S e s q u ite rp e n e
a-copaene 22.38 0 .16

12 (E )-c a ry o p h y lle n e 24.33 1.44

13 a -h u m u le n e 25.89 0 .10
14 b icyc lo g e rm a cre n e 27.59 1 34

7
P h e n y lp ro p a n o id
fE j-c in n a m a ld e h y d e 18.68 57.77

8 (Z )- iso sa fro le 18.99 35 .36

วz
L o n g  c h a in  h y d ro c a rb o n
ท-decane 6.83 0.08

16 2-nonanone 10.23 0.63

17 tt-hene icosane 10.44 0.25

. 9
M is c e lla n e o u s
u n k n o w n 19.34 1.42

10 u n k n o w n 19 66 0.73

15 u n k n o w n 36.76 0.21
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ES monoterpene 

H  sesquiterpene 

□  phenylpropanoid 

0  long chain hydrocarbon 

ร  unknown

93.13%

F ig u r e  17 T he percentage o f  various terpenoid groups found in the essen tia l o il
o f  L itsea  p e t io la ta  H ook .f. leaves
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T he  b a rk  o f  L i ts e a  p e t io la ta  was fo un d  to co n ta in  essental o i l  at 0 .1 7 %  (v /w )  

o f  the  fresh  w e ig h t. G C /M S  ana lys is  o f  its  essential o il,  show ed  th a t the e ssen tia l o il  

has at least 26 peaks in  the G C  ch rom a tog ram  (F ig . 18). These peaks w ere  id e n t if ie d  

as 6 m ono te rpenes, 2 oxygena ted  m onoterpenes, 7 sesqu iterpenes, 5 o xyg e n a te d  

sesqu ite rpenes and 3 non -te rpe no id  com ponen ts  (T ab le  11). A m o n g  these, 2 -m e th y l-  

undecana l (3 9 .6 2 % ) appeared to  be the m a jo r com ponen t, fo l lo w e d  b y  (E j-n e ro lid o l 

(2 2 .6 7 % ) and 7 ,7 -c in e o le  (10 .28% ).

In  te rm s  o f  re la tiv e  am oun t, the a lip h a tic  a lco ho l w as fo u n d  to  be the m a jo r  

g ro u p , a c c o u n tin g  fo r  3 9 .6 2%  o f  the essentia l o il.  O xyg en a ted  sesqu iterpenes and 

o xyge na te d  m onote rpenes w ere  present in  lesser am oun t, at 24 .8 6  and 1 1 .51% , 

re s p e c tiv e ly  (F ig . 19).

In  te rm s  o f  s truc tu re  type , the m a jo r com ponen t, 2 -m e th y l-u n d a c a n a l, is  an 

a lip h a tic  a lc o h o l, w h ile  (E )-n e ro lid o l be longs to  the oxyge na te d  sesqu ite rpene  g ro u p  

o f  s im p le  farnesane and /,4 -c in e o le  be longs to  the oxygena ted  m on o te rpe ne  g ro u p  o f  

m enthane, re sp e c tive ly .

4 .1 .9 . E sse n tia l O il C o m p o sitio n  o f  L itsea  p e tio la ta  H o o k .f. h a rk

7 ,4 -c in e o le
(m e n th a n e )

(Ts j-ne ro lido l
( s im p le  fa r n e s a n e )

CH3(CH2)8CHCH3COH

2 -m e thy l-u n da can a l 
(a l ip h a tic  a lc o h o l)
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T a b le  11 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  L it sea p e tio la ta  H o o k . f .  b a r k

N u m b e r 
o f  peak

C om po u nd R e te n tio n  t im e  
(m in )

% A re a

1
M o n o te rp e n e
tr ic y c le n e 4 .98 1.09

2 cam phene 5.48 1.37
->J p -p h e lla n d re n e 6.23 0 .86
4 o -cym en e 7.59 0 .80
5 lim o n e n e 7.88 0 .67
7 a -te rp in e n e 9 .76 0 .06

6
O x y g e n a te d  m o n o te rp e n e
/,5 -c in e o le 7.98 1.23

9 /.- /-c in e o le 10.27 10.28

12
S e s q u ite rp e n e
a -co pa en e 22.38 0 .12

14 germ acrene  D 22.93 0 .17
15 c /s -p -g u a ie n e 23.71 0 .07
16 P -e /^ /'-^E j-ca ryophy llene 25 .07 0.53
18 lo n g ifo le n e 25.11 0.25
19 a -h u m u le n e 25 .89 0.73
21 b icyc lo g e rm a c re n e 27 .5 9 3 .06

22
O x y g e n a te d  s e s q u ite rp e n e
(E j-n e ro lid o l 30 .66 22 .67

23 sp a th u le no l 31 .29 1.03
24 g lo b u lo l 31 .47 0 .84
25 P -eudesm ol acetate 31.63 0.23
26 cu be no l 33 .38 0 .09

20
A l ip h a t ic  a lc o h o l
2 -m e th y l-u n d e c a n a l 26 .92 39.62

8
L o n g  c h a in  h y d ro c a rb o n
2-nonanone 10.23 0 .09

10 2-undecanone 18.50 11.84

11
M is c e lla n e o u s
u n k n o w n 18.80 1.97

13 u n k n o w n 22 .5 6 0 .17
17 u n k n o w n 25 .0 9 0 .14
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monoterpene

H  oxygenated monoterpene 

0  sesquiterpene 

B3 oxygenated sesquiterpene 

ร  aliphatic alcohol 

K  long chain hydrocarbon 

ร  unknown

F ig u re  19 T he percentage o f  various terpenoid groups found  in the essen tia l o il
o f  L itsea  p e tio la ta  H ook .f. bark
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The y ie ld  o f  essentia l o il  h y d ro d is t ille d  fro m  C in n a m o m u m  s p l.  leaves was 

fo u n d  to  be have 0 .19  %  (v /w )  o f  the fresh  w e ig h t. A n a ly s is  o f  the  essen tia l o il  by  

G C /M S  show ed  50 peaks separated (F ig . 20 ) id e n tif ie d  as 11 m ono te rpenes, 8 

o x yg e n a te d  m onote rpenes, 8 sesquiterpenes. 9 oxygena ted  sesqu ite rpenes and 14 non ­

te rp e n o id  co m p on en ts  (T a b le  12). A m o n g  these, b en zy l benzoate  (2 7 .3 8  % ) w as 

fo u n d  to  be the  m a jo r  com ponen t, fo llo w e d  b y  lin a lo o l (19 .63  % ) and a -p in e n e  (7 .95  

% ).

Q u a n tita t iv e ly , the ben zy l benzoated appeared to  be the  m a jo r  g roup , 

a c c o u n tin g  fo r  27 .38  %  o f  the essentia l o il.  O xygena ted  m on o te rpe ne , m ono te rpenne , 

p h e n y l p ropane , o xygena ted  sesqu iterpene and sesqu iterpene w as p resen t in  a lesser 

a m o un t, at 29 .2 2  % , 19.66% , 8 .08% , 8%  and 4 .03% , re s p e c tiv e ly  (F ig . 21).

S tru c tu ra lly , the m a jo r com ponen t, b en zy l benzoate, be longs  to  the  benzeno id  

g ro u p  o f  co m p ou nd s , w hereas lin a lo o l be longs to  the o xyg e n a te d  a c y c lic  

m o n o te rp e n o id  g ro up  and a -p in e n e  be longs to  the m o n o te rp e n o id  g ro u p  o f  p inane.

4 .1 .1 0 . E sse n tia l O il C o m p o sitio n  o f  C in n a m o m u m  sp .l

b e n z y l benzoate 
(b e n z o id )

l in a lo o l
(a c y c l ic  m o n o te r p e n o id )

a -p in e n e
(p in a n e )
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T a b le  12 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p . l  l e a v e s

Peak N o C om po u nd R e te n tio n  tim e  
(m in )

% A re a

1
M o n o te rp e n e
a -th u je n e 4.83 0 .47

2 a -p in e n e 5.03 7.95
ว cam phene 5.48 4 .59
5 P -phe llandrene 6.23 3 .54
6 P-p inene 6 .54 0.55
7 a -p h e lla n d re n e 7.11 0.21
8 ô-2-carene 7 .44 0 .26
9 verbenene 7.78 1.45
11 (E )-P -o c im e ne 8.48 0.13
12 y-te rp inene 8.91 0 .44
13 te rp ino len e 9.93 0 .07

10
O x y g e n a te d  m o n o te rp e n e
tra m -sa b in e n e  hydra te  acetate 7 .94 4 .83

14 tram -1  in a lo o l o x id e 10.13 0.15
15 lin a lo o l 10.81 19.63
16 t r a m - p a r a - m e n th - 2 - e n -  J -o \ 11 81 0 .18
17 ca m p h o r 12.54 0 .44
20 isobo rneo l 13.93 1.17
21 te rp in -4 -o l 14.16 1 21
22 a -te rp in e o l 14 98 1.61

26
S e s q u ite rp e n e
p-cubebene 21.13 0.03

28 a -copaene 22 .38 0 .24
30 f£ )-c a ry o p h y lle n e 24.33 1.87
32 a -h u m u le n e 25 .8 9 0 .79
"> ทj j 5 -cad inene 26.58 0 .09
34 y -m u uro le ne 26 .99 0 .04
36 b icyc lo ge rm acre ne 27 .5 9 0.38
38 trans-P -gua iene 28 .5 9 0 .59

37
O x y g e n a te d  s e s q u ite rp e n e
๙/?7-cubebol 27 .84 0 .10

40 spa thu leno l 31 .29 4 .29
41 a -e u d e sm o l acetate 31 .59 0 .39
42 h in eso l acetate 31 .96 0.55
43 lo n g ib o rn e o l acetate 32 .2 6 0 .46
44 h um u lene  epox ide  II 32 .4 4 0.35
45 /-e/?7-cubebol 33 .19 0.33
48 e/?7-a-m uuro lo l 33 .96 0.85
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T ab le  12 (c o n tin u e d )

Peak N o C om pound R e te n tio n  tim e  
(m in )

% A re a

49 a -c a d in o l 34 .49 0.68

P h e n y lp ro p a n o id
18 (Z ) -c in n a m y l a lco ho l 13.46 0.51
24 ( E ) -c in na m a ldé h yde 18.61 7.16
27 (Z )- iso e ug en o l 22 .10 0.41

B e n z e n o id
4 bebza ldehyde 6.01 1.28
19 e th y l benzoate 13.66 0.75
23 « -p e n ty l benzoate 18.04 0.11
29 /7-hexyl benzoate 22.66 0 .27
31 ( Z ) -m e th y l b u ty l benzoate 25.41 0 .40
50 b en zy l benzoate 38.86 27.38

M is c e lla n e o u s
25 u n k n o w n 20.63 0 .07
35 u n k n o w n 27.41 0.08
39 u n k n o w n 30.88 0.11
46 u n k n o w n 33 .59 0 .17
47 u n k n o w n 33.78 0 .26
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Ë§ กา(วกoterpene 

H  oxygenated ทาonoterpene 

0  sesquiterpene

oxygenated sesquiterpene 

0  phenylpropanoid 

I 0  benzenoid 

S3 unknown

29.22% 4.03% 8%

0.69%

F ig u r e  21  T he percentage o f  various terpenoid groups found in the essen tia l o il
o f  C innam om u m  sp. 1 leaves
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T he  y ie ld  o f  essentia l o il fro m  C in n a m o m u m  sp. 2 leaves w as fo u n d  to be 

0 .3 2 %  ( v /w )  o f  the fresh  w e ig h t. A n a ly s is  o f  the essentia l o il  b y  G C /M S  show ed tha t 

there  w ere  at least 28 com ponen ts  (F ig . 22). These com ponen ts  w ere  id e n tif ie d  as 11 

m ono te rpenes , 5 oxygena ted  m onoterpenes. 3 sesqu iterpenes, 1 oxygena ted  

sesqu ite rpene , 3 pheny lp ropanes  and 2 non -te rpe no id  com ponen ts . (T a b le  13). 

A m o n g  these (Z )- iso e ug en o l (8 9 .5 9 % ) appeared to  be the m a jo r  com ponen t.

T he  p heny lp ropanes  w as fo un d  to  be the m a jo r g ro u p , a cco u n tin g  fo r  90 .2 9%  

o f  the essentia l o il (F ig . 23). M ono te rpenes and oxygena ted  m onote rpenes w ere  

p resen t in  lesser am o un t at 4 .03 and 3 .65% , resp ec tive ly .

S tru c tu ra lly , the m a jo r  com ponen ts , (Z j- is o e u g e n o l b e lon g  to  the 

p h e n y lp ro p a n o id  g roup , w h ile  lin a lo o l and 7,6’-c in e o le  b e lon g  to  the o xygena ted  

m o n o te rp e n e  g ro u p  o f  a c y c lic  m on o te rpe no id  and m enthane, re sp e c tive ly .

4 .1 .1 1 . E ssen tia l O il C o m p o sitio n  o f  C in n a m o m m n  sp . 2

7,S -c ineo le
(m e n th a n e )

l in a lo o l
(a c y c l ic  m o n o te r p e n o id )

O-Me

(% )-isoeugenol
(p h e n y lp r o p a n o id )
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T a b le  13 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p .2  l e a v e s

Peak N o C o m p o u n d R e te n tio n  tim e  
(m in )

% A re a

1
M o n o te rp c n c
a -th u je n e 4.83 0.15

2 a -p in e n e 5.03 0.94
">J cam phene 5.48 0.44
5 P -phe lland rene 6.23 0 39
6 p -p in e ne 6 .54 0 .07
7 a -p he lla nd ren e 7.11 0.33
8 2-5 -ca rene 7.44 0 .14
9 vei'benene 7.78 0.85
10 lim o ne ne 7.88 0 .44
12 y-te rp inene 8.91 0.15
13 te rp in o le n e 9.93 0.13

11
O x y g e n a te d  m o n o te rp e n e
7 ,5 -c ine o le 7.98 1.16

15 lin a lo o l 10.81 2 .06
17 isobo rneo l 13.93 0.05
18 te rp in -7 -o l 14.16 0.18
19 a -te rp in e o l 14.98 0 .20

22
S e s q u ite rp e n e
fE j-c a ry o p h y lle n e 24.33 0 .50

24 b icyc lo g e rm a c re n e 27 .59 0.05
25 /ra m -P -g u a ie n e 28 .59 0.03

27
O x y g e n a te d  s e s q u ite rp e n e
sp a thu leno l 31 .29 0 .50

20
P h e n v lp ro p a n o id
(Zs)-c in na m a ldé h yde 18.61 0.61

21 (Z) - is o e u g e n o l 22 .10 89.59
26 eugeny l acetate 28.84 0.09

28
B c n z e n o id
b en zy l benzoate 38 .86 0.27

14
L o n g  c h a in  h y d ro c a rb o n
/7-heneicocane 10.44 0.15

4
M is c e lla n e o u s
u n kn o w n 6.04 0.12

16 u n k n o w n 11.83 0.08

23 u n k n o w n 25.91 0.28
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^  monoterpene 

H  oxygenated monoterpene 

I □  sesquiterpene 

ร  oxygenated sesquiterpene 

Q  phenylpropanoid 

ร  benzenoid

I 8! long chain hydrocarbon 

E3 unknown

90.29%

0.27%

F ig u r e  23  T he percentage o f  various terpenoid groups fou n d  in  the essen tia l o il
o f  C innam om u m  sp .2  leaves
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B y  h y d ro d is t i l la t io n , the y ie ld  o f  the essentia l o il  fro m  C in n a m o m u m  sp. 3 

leaves w as fo u n d  to  be 0 .14 %  (v /w )  o f  the fresh  w e ig h t. G C /M S  a na lys is  o f  the 

essen tia l o i l  show ed 56 peaks (F ig . 24). These peaks w ere  id e n t if ie d  as 14 

m onote rpenes, 8 oxygena ted  m onoterpenes, 17 sesqu iterpenes, 7 o xyge na te d  

sesqu iterpenes, 1 p he ny lp ro pa ne  and 3 n on -te rp e n o id  com ponen ts  (T a b le  14). A m o n g  

these, l in a lo o l (4 1 .1 7 % ) was fo u n d  to  be the m a jo r co m p on en t, fo llo w e d  b y  a -  

phe lla nd re n e  (1 5 .5 6 % ) and a -p in e n e  (6 .5 9% ).

In  te rm s o f  re la tiv e  a m oun t, oxygena ted  m onote rpenes appeared to  be the  

m a jo r  te rp en o id  g roup , a cco u n tin g  fo r  4 5 .3 4%  o f  the essen tia l o il (F ig . 25 ). 

M on o te rpe ne s  and sesqu iterpenes w ere  present in  lesser co n te n t, at 39.58  and 6 .9 4 % , 

re sp e c tive ly .

In  te rm s o f  s truc tu re , the m a jo r com ponen ts , l in a lo o l,  b e lo n g  to  the  

o xygena ted  m onote rpene  g ro up  o f  a c y c lic  m o n o te rpe no ids  w hereas a -p in e n e  and a -  

phe lla nd re n e  be lon g  to  the m on o te rpe no id  g ro up  o f  p inane  and m en thane , 

re sp e c tive ly .

4 .1 .1 2 . E ssen tia l O il C o m p o sitio n  o f  C in n a m o m u m  sp . 3

l in a lo o l
(a c y c l ic  m o n o te r p e n o id )

a -p in e n e
(p in a n e )

a -p h e lla n d re n e
(m e n th a n e )
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T a b le  14 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p .3  l e a v e s

Peak N o C om po u nd R e ten tion  t im e  
(m in )

% A re a

1
M o n o te rp e n e
a -th u je n e 4.83 0 .08

2 a -p in e n e 5.03 6 .59
-)j cam phene 5.48 2.55
4 P -phe lland rene 6.23 2 .32
5 P -p inene 6.54 1.02
6 a -p h e lla n d re n e 7.11 15.56
7 ô-2-carene 7.44 0.31
8 o -cym ene 7.59 0 .12
9 verbenene 7.78 4.73
10 lim o ne ne 7.88 2.78
13 (E )-P -o c im e ne 8.48 1.02
14 y-te rp inene 8.91 0 .40
15 a -te rp in e n e 9.76 0 .09
16 te rp ino len e 9.93 1.29

12
O x y g e n a te d  m o n o te rp e n e
te rp in -4 -0 / acetate 8.09 0 .26

17 /ra n s - lin a lo o l o x id e 10.13 0 .26
19 lin a lo o l 10.81 41 .1 7
20 l r a n s - p a r a - m e n th - 2 - e n - ] -o \ 11.81 0 .09
22 borneo l 13.93 0 .70
23 te rp in -4 -o l 14.16 0.55
24 a -te rp in e o l 14.98 1.90
26 b o rn y l acetate 18.44 0.41

27
S e s q u ite rp e n e
P-cubebene 21.13 0 .06

29 a -copaene 22.38 0 .29
30 germ acrene D 22.93 0 .07
31 P-elem ene 23 .09 0 .16
ว ่ว (E) -c a ry o p h y lle n e 24.33 3 .20
34 /ra ra -ca la m en en e 25.58 0 .07
35 a -h u m u le n e 25.89 1.00
36 ô-cad inene 26.58 0.18
37 y-cad inene 26.75 0.05
38 y -m u u ro le ne 26 .99 0.11
39 iso ledene 27.43 0 .17
40 b icyc lo ge rm acre ne 27 .59 0 .14
42 germ acrene A 28.11 0 .17
43 ch f - 1ทนน r o \a -4 (1 4 ) , 5 -d iene 28 .39 0 .04
44 t r a n s - P-guaiene 28 .59 1.04



T a b l e  1 4  ( c o n t i n u e d  )

Peak N o C om po u nd R e ten tion  tim e  
(m in )

% A re a

45 a -c a d in e n e 28 .76 0.22
46 ca d in a -7 ,4 -d ie n e 29 .19 0 .07

O x y g e n a te d  s e s q u ite rp e n e
41 ty j/'-cubebo l 27 .84 0.12
47 sp a th u le no l 31 .29 0.61
48 a -e u d e s m o l acetate 31.63 0 .19
49 h in e so l acetate 31.96 0 .56
52 /-epz '-cubeno l 33 .19 0 .44
54 e p i - a -m u u ro lo l 33.98 0 .86
55 a -c a d in o l 34 .49 0 .56

P h e n y lp ro p a n o id
28 (Z j- is o e u g e n o l 22 .10 0.48

B e n z e n o id
56 b e n zy l benzoate 38.86 1 . j j

A l ip h a t ic  a lc o h o l
32 te tradecana l 24 .16 0 .09

L o n g  c h a in  h y d ro c a rb o n
18 /7-heneicosane 10.44 0 .12

M is c e lla n e o u s
11 u n k n o w n 7.96 1.47
21 u n k n o w n 12.61 0 .10
25 u n k n o w n 15.36 0 .09
50 u n k n o w n 32.28 0.55
51 u n k n o w n 32.44 0 .14
52 u n k n o w n 33.79 0 .26
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!§! กา(วทoterpene 

H  oxygenated กาonoterpene 

□  sesquiterpene 

ร  oxygenated sesquiterpene 

Q  phenylpropanoid 

ร  benzenoid 

ES aliphatic alcohol 

Bl long chain hydrocarbon 

E2 unknown

F ig u re  2 5  T h e percentage o f  various terpenoid groups found  in th e essen tia l o il
o f  C innam om u m  sp.3 leaves
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T he  y ie ld  o f  essentia l o il  iso la ted  fro m  C in n a m o m u m  sp.4 leaves w as fo u n d  to 

be 0 .3 1 %  ( v /w )  o f  the fresh  w e ig h t. A n a ly s is  o f  the essentia l o il b y  G C /M S  show ed 

52 separated peaks (F ig . 26) id e n tiie d  as 14 m onote rpenes, 12 oxyge na te d  

m ono te rpenes, 15 sesqu iterpenes, 4 oxygena ted  sesqu iterpene, 1 p h e n y lp ro p a n e  and 2 

n o n -te rp e n o id  com ponen ts  ( 'fa b le  15). A m o n g  these, a -p in e n e  (1 5 .0 7 % ) w as fo u n d  

to  be the m a jo r  co m p on en t fo llo w e d  by ge ran io l (1 1 .2 8 % ) and a -p h e lla n d re n e  

(9 .1 5 % ).

In  te rm s o f  re la tive  am oun t, the m ono te rpeno ids  appeared to  be the  m a jo r  

g ro u p , a c c o u n tin g  fo r  38 .0 8%  o f  the essentia l o il.  O xyg e n a te d  m o n o te rp e n o id s , 

p h e n y lp ro p a n o id , sesqu ite rpeno ids and oxygena ted  sesqu ite rpeno ids  w ere  presen t in  

lesser a m o u n t, at 33 .95 , 8 .75, 8.33 and 3 .88% , re sp e c tive ly  (F ig . 27).

S tru c tu ra lly , a -p in e n e  is a m on o te rpe no id  o f  the  p inane  g ro u p , g e ra n io l 

be lon gs  to  the  oxygena ted  m on o te rpe no id  g ro up  o f  a c y c lic  m o n o te rp e n o id , w h ile  a -  

p he lla nd re n e  be longs  to  the m ono te rpe no id  g ro up  o f  m enthane.

4 .1 .1 3 . E sse n tia l O il C o m p o sitio n  o f  C in m im o m u m  sp . 4

a -p h e lla n d re n e
( m e n t h a n e )

g e ra n io l
( a c y c l i c  m o n o t e r p e n o i d )

a -p in e n e
( p i n a n e )
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F ig u r e  26  G C  c h r o m a t o g r a m  o f  t h e  e s s e n t i a l  o i l  f r o m  C innam om um  s p .4  l e a v e s



T a b le  15 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p .4  l e a v e s

Peak N o C om po u nd R e te n tio n  tim e  
(m in )

% A re a

1
M o n o te rp e n e
a -th u je n e 4.83 1.03

2 a -p in e n e 5.03 15.07
cam phene 5.48 1.38

4 sabinene 6.08 1.91
5 P-phe llandrene 6.23 6 .28

6 P-pinene 6 .54 1.88

7 a -p h e lla n d re n e 7.11 9.15

8 Ô-2-carene 7.44 0 .24
9 o -cym ene 7.59 0.11

10 verbenene 7.78 4 .36
12 (E )-P -o c im e ne 8.48 0 .62

13 y-te rp inene 8.91 0.51
14 a -te rp in e n e 9 .76 0.13
15 te rp ino len e 9.93 1.41

11

O x y g e n a te d  m o n o te rp e n e
7 ,5 -c ineo l 7 .98 8 .84

18 lin a lo o l 10.81 0 .40
19 c itro n e lla l 12.76 0.15

20 ๗.ร-นm onene o x id e 13.19 0 .33
21 borneo l 13.99 1.19
22 te rp in -4 -o l 14.16 1.40

23 a -te rp in e o l 14.98 1.79
24 c itro n e llo l 16.34 0 .42

25 neral 16.63 6 .84

26 g e ran io l 17.38 11.28

28 is o b o rn y l acetate 18.46 0 .37

32 gerany l acetate 22.73 0 .88

29
S e s q u ite rp e n e
p-cubebene 21.13 0 .04

31 a-copaene 22.38 0.21
'ๆ  oj j germ acrene D 22.93 0 .06
34 p-e lem ene 23 .09 0 .07

35 E -c a ryo p h y lle n e 24.33 1.06

36 lo n g ifo le n e 25.11 0 .06

37 ๗.ร-P 'gua iene 25.73 0 .02

38 a -h u m u le n e 25 .89 0 .17

39 valencene 26.03 2 .15

41 y-cad inene 26 .75 0.21

42 y -m uuro lene 26 .99 0 34
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T a b le  15 (c o n tin u e d )

Peak N o C om po u nd R e ten tion  tim e  
(m in )

% A re a

43 v ir id if lo re n e 27.38 0.22
44 b ic yc lo g e rm a c re n e 27 59 3 .09

45 c /T -m u u ro la -4 (74 ), 5 -d iene 28.39 0 .06
46 trans-P -gua iene 28 59 0 .57

O x y g e n a te d  s e s q u ite rp e n e

47 sp a th u le no l 31.29 3.09

48 a -e u d e s m o l acetate 31.59 0.35

49 h in e so l acetate 31.96 0.12

52 a -c a d in o l 34.49 0.32

P h e n y lp ro p a n e
27 (Z) -m e th y l c innam ate 17.94 8.75

L o n g  c h a in  h y d ro c a rb o n
16 2-nonanone 10.23 0 .16
17 /7-heneicosane 10.44 0 .17

M is c e lla n e o u s
30 u n k n o w n 22.09 0 .09
40 u n k n o w n 26.56 0 .16
50 u n k n o w n 33.21 0 .10
51 u n k n o w n 33.59 0 .36
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M  ก า อ ก oterpene 

H  oxygenated ก า อ ก oterpene 

0  sesquiterpene 

ร  oxygenated sesquiterpene 

□  phenylpropanoid 

n  long chain hydrocarbon 

ร  unknown

F ig u r e  2 7  T h e percentage o f  various terpenoid groups found in the essen tia l oil
o f  C innam om u m  sp .4  leaves
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T h e  y ie ld  o f  essentia l o il  h y d ro d is t ille d  fro m  C in n a m o m w n  sp. 5 leaves w as 

fo u n d  to  he 0 .6 %  (v /w )  o f  the fresh  w e ig h t. A n a ly s is  o f  the essentia l o il  b y  G C /M S  

show ed  9 peaks (F ig . 28). These peaks w ere id e n tif ie d  as 1 o xygena ted  m ono te rpene ,

1 sesqu ite rpene , 4 p h e n y lp ro p a n o id s  and 2 benzenoids (T a b le  16). A m o n g  these, (E )-  
m e th y l c in n a m a te  (6 4 .6 6 % ) w as fo un d  to be the m a jo r co m p on en t, fo llo w e d  b y  (Z )-  
c in n a m a ld e h y d e  (1 8 .4 2 % ) and lin a lo o l (6 .89% ).

In  te rm s  o f  re la tiv e  am oun t, the pheny lp ropanes appeared to  be the m a jo r  

g ro up , a c c o u n tin g  fo r  85 .1 1%  o f  the essential o il  (F ig . 29). O xyg en a ted  m ono te rpene  

and b en zen o id  w ere  present in  lesser am ount, at 6 .89  and 0 .84% , re sp e c tive ly .

In  te rm s o f  s truc tu re , the m a jo r com ponen ts . f£ ) -m e th y l c innam a te  and (Z ) -  
c in n a m a ld e h y d e  b e lo n g  to  the p he ny lp ro pa no id  g roup , w h ile  lin a lo o l be longs  to  the  

o xyge na te d  a c y c lic  m o n o te rp e n o id  group.

4 .1 .1 4 . E sse n tia l O il C o m p o sitio n  o f  C ilJ iu inw nu iin  sp .5

(E ) -m e th y l c innam ate  
(p h e n y lp r o p a n e )

tZ ) -c in na m a ldé h yde  
(p h e n y lp r o p c m e )

l in a lo o l
(a cyc lic  m onoterpenoid)



Scan Number 
Retention Time (min)

g o

F ig u r e  28  G C  c h r o m a t o g r a m  o f  t h e  e s s e n t i a l  o i l  f r o m  C innam om um  s p .5  l e a v e s
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T a b le  16 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  Cinnam om um  s p .5  l e a v e s

Peak N o C om pound R e te n tio n  tim e  
(m in )

% A re a

2
O x y g e n a te d  m o n o te rp e n e
lin a lo o l 10.81 6 .89

7
S e s q u ite rp e n e
(E )-c a ry o p h y lle n e 24.33 0 .58

->ว่
P h e n y lp ro p a n o id
(Z) -c in n a m y l a lco ho l 13.46 0 .47

4 (Z) -c in n a m a ld é h y d e 16.81 18.42
5 (Z) -m e th y l c innam ate 17.94 1.56

6 (E) -m e th y l c innam ate 21.21 64 .6 6

8 (Z) -c in n a m y l acetate 24 .89 6 .42

1
B e n z e n o id
benza ldehyde 6.01 0 .84

9
M is c e lla n e o u s
u n k n o w n 28 .54 0 .14
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H  oxygenated monoterpene 

Q  sesquiterpene 

. Q  phenylpropanoid 

111 benzenoid 

ES unknown

85.11%

6.89% 0.14% 7.26%

F ig u r e  2 9  T h e  p e r c e n t a g e  o f  v a r i o u s  t e r p e n o i d  g r o u p s  f o u n d  in  t h e  e s s e n t i a l  o i l
o f  C innam om um  s p .5  l e a v e s
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By hydrodistillation, the yield o f the essential oil from C innam om um  sp. 6 

leaves was found to be 0.66% (v/w) o f fresh the weight. GC/MS analysis o f 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% o f the essential oil (Fig. 31), whereas the oxygenated 

monoterpenoids and benzenoid were present in lesser amount, at 6.98 and 1.55%. In 

terms o f structure the major components, (2f)-cinnamaldehyde and (Z)-cinnamyl 

acetate belong to the phenylpropanoid group o f compounds, while linalool belongs to 

the group o f acyclic monoterpenoids.

4 .1 .1 5 . E sse n tia l O il C o m p o sitio n  o f  C in n a m o m u m  sp . 6

(E) -cinnamaldéhyde 
(phenylpropane)

(Z)-cinnamyl acetate 
(phenylpropane)

l in a l o o l
(a cyc lic  m onoterpeno id)



T a b le  17 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p .6  l e a v e s

Peak No Compound Retention time 
(min)

%Area

ๆ
Oxygenated monoterpene
/,5-cineole 7.98 0.25

3 linalool 10.81 6.73

9
Sesquiterpene
a-cubebene 20.17 0.07

12
Oxygenated sesquiterpene
(E)-nerolidol 30.66 0.33

13 caryophyllene oxide 31.32 0.67

6
Phenylpropanoid
fZl-cinnamaldehyde 16.81 0.45

8 (E)-cinnamaldehyde 18.61 56.64
10 (E)-methyl cinnamate 21.21 0.10
11 (Zj-cinnamyl acetate 24.89 32.72

1
Benzenoid
benzaldehyde 6.01 1.39

5 acetophenone 13.25 0.16

4
Miscellaneous
unknown 12.31 0.21

7 unknown 15.89 0.25
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H  oxygenated ทาonoterpene 

0  sesquiterpene 

BÜ oxygenated sesquiterpene 

: 0  phenylpropanoid 

0  benzenoid 

: ร  unknown

F ig u re  31  T h e  p e r c e n t a g e  o f  v a r i o u s  t e r p e n o i d  g r o u p s  f o u n d  i n  t h e  e s s e n t i a l  o i l
o f  C innam om um  s p .6  l e a v e s
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The yield o f essential oil isolated from C innam om um  sp.7 leaves was found to 

be 0.15% (v/w) o f the fresh weight. Analysis o f 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 o f relative amount, the oxygenated monoterpenoids appeared to be 

the major group, accounting for 44.36% o f 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 o f menthane.

4 .1 .1 6 . E sse n tia l O il C o m p o sitio n  o f  C in n a m o m u m  sp .7

เ ^  OH

linalool
(acyclic m onoterpenoid)

a-phellandrene
(m enthane)

o-cymene
(m enthane)
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Figure 32 GC chromatogram o f the essential oil from C m nam om um  sp,7 leaves



T a b le  18 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p .7  l e a v e s

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-thujene 4.83 0.08

2 tricyclene 4.98 5.27
j sylvestrene 5.98 1.61
4 sabinene 6.08 1.94
5 myrcene 6.11 1.08
6 a-phellandrene 7.11 10.84
7 Ô-2-carene 7.44 0.13
9 o-cymene 7.59 8.78
12 (£)-p-ocimene 8.48 0.61
13 y-terpinene 8.91 0.22
14 terpinolene 9 93 0.58

11
Oxygenated monoterpene
7,5-cineole 7.98 1.99

15 linalool 10.81 40.01
16 borneol 13.99 0.47
18 a-terpineol 14.98 1.45
19 bornyl acetate 18.44 0.44

20
Sesquiterpene
a-cubebene 20.17 0.14

22 a-copaene 22.38 0.37
23 germacrene D 22.93 0.16
24 a-bulnesene 24.10 0.30
26 9-epi-(E)~ caryophyllene 25.07 3.63
27 seychellene 25.37 0.14
28 (Z)-a-bisabolene 25.44 1.13
29 a//o-aromadendrene 25.56 0.13
30 tnms-calamenene 25.58 0.26
31 y-cardinene 26.75 0.28
32 y-muurolene 26.99 0.28
34 /ram-P-guaiene 28.59 1.67
35 cadina-7,9-diene 29.19 0.12

'ฯ o
Oxygenated sesquiterpene
e/?/-cubebol 27.84 0.51

36 caryophyllene oxide 31.32 2.62
38 globulol 31.47 0.74
40 humulene epoxide II 32.44 0.46
42 7-ep/-cubenol 33.19 0.90
43 cubenol 33.68 0.84
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Table 18 (continued)

Peak No Compound Retention time 
(min)

%Area

44 e/n-a-muurolol 33.98 0.71
45 a-cadinol 34.49 1.03

Phenylpropanoid
21 (EJ-isoeugenol 21.02 0.61

Benzenoid
46 benzyl benzoate 38.85 1.88

A liphatic alcohol
25 tetradecanal 24.16 0.29

Miscellaneous
8 unknown 7.48 0.13
10 unknown 7.85 2.21
17 unknown 14.05 0.43
37 unknown 31.40 0.33
39 unknown 31.95 0.77
41 unknown 33.01 0.58



0.30%

Êül กาonoterpene 

H  oxygenated monoterpene 

Q  sesquiterpene 

ร  oxygenated sesquiterpene 

Q  phenylpropanoid 

Ü! benzenoid 

ÊÜ! aliphatic alcohol 

ร  unknown

44.36%

F ig u r e  3 3  T h e  p e r c e n t a g e  o f  v a r i o u s  t e r p e n o i d  g r o u p s  f o u n d  i n  t h e  e s s e n t i a l  o i l
o f  C innam om um  s p .7  l e a v e s
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The yield o f essential oil hydrodistilled from C innam om um  sp.8 leaves was 

found to be 0.08% (v/w) o f the fresh weight. Analysis o f 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% o f 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 o f caryophyllane.

4 .1 .1 7 . E sse n tia l O il C o m p o sitio n  o f  C in n a m o m u m  sp . 8

linalool
(acyclic m onoterpenoid)

benzyl benzoate 
(benzenoid)

9-ep/-f£)-caryophyllene 
(caryophyllane)
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Figure 34 GC chromatogram o f the essential oil from C innam om um  sp.8 leaves



T a b le  19 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  Cm nam om um  s p .8  l e a v e s

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-thujene 4.83 0.27

2 tricyclene 4.98 1.97
ว camphene 5 48 0.79
4 sabinene 6 08 1.01
6 a-phellandrene 7.1 1 6.40
7 o-cymene 7.59 3.46
9 (E)-P-ocimene 8.48 0.51
11 terpinolene 9.93 0.67

12
Oxygenated monoterpene
linalool 10.81 20.16

13 borneol 13.99 0.43
14 a-terpineol 14.98 0.80
15 bornyl acetate 18.44 0.48

16
Sesquiterpene
a-cubebene 20.17 0.21

18 P-cubebene 21.13 0.95
19 a-copane 22.38 0.49
20 P-elemene 23.09 0.82
21 m-P-guaiene 23.71 0.10
23 9-epi-(E)-caryophyllene 25.07 11.60
24 seychellene 25.37 0.15
25 (Z )-a-bisabolene 25.44 3.10
26 «//o-aromadcndrene 25 56 0.26
27 trans-calamenene 25.58 0.42
28 y-cadinene 26.75 0.21
29 y-muurolene 26.99 0.83
30 isoledene 27.43 0.54
32 germacrene A 28.11 0 32
j j c/5-muurola-4(74), 5-diene 28.39 0.27
34 a-cadinene 28.76 3.86
35 cadina-7,4-diene 29.19 0.28

31
Oxygenated sesquiterpene
epz-cubebol 27.84 1.53

38 caryophyllene oxide 31.32 3.16
39 globulol 31.47 0.69
40 P-eudesmol acetate 31.63 1.59
41 ledol 32.30 1.43
42 humulene epoxide II 32.44 0.54
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Table 19 (continued)

Peak No Compound Retention time 
(min)

%Area

45 cubenol 33.68 1.78
46 a-muurolol 33.93 1.12
47 ๙;;น่-a-muurolol 33.98 0.90
48 a-cadinol 34.49 2.29

Phenylpropanoid
17 (Ç)-isoeugenol 21.02 0.42

Benzenoid
49 benzyl benzoate 38.86 16 91

A liphatic alcohol
22 tetracecanal 24.16 0.76
43 decanal 32.64 1.80

Miscellaneous
5 unknown 6.14 0.61
8 unknown 8.20 1.35
10 unknown 9.11 0.14
36 unknown 29.65 0.08
37 unknown 30.13 0.20



1 0 4

Êsl monoterpene 

H  oxygenated monoterpene

□  sesquiterpene

EÉ2 oxygenated sesquiterpene

□  phenylpropanoid 

; S I benzenoid

Éü aliphatic alcohol 

ร  unknown

21.87%

F ig u r e  3 5  T h e  p e r c e n t a g e  o f  v a r i o u s  t e r p e n o i d  g r o u p s  f o u n d  i n  t h e  e s s e n t i a l  o i l
o f  C innam om um  s p .8  l e a v e s
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The yield o f essential oil from C innam om um  sp. 9 leaves was found to be 

3.0% (v/w) o f the fresh weight. Analysis o f 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 o f relative amount, the oxygenated monoterpenes appeared to be the 

major terpenoid group, accounting for 93.52% o f 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 o f menthane and acyclic monoterpenoid, whereas 

sabinene belongs to the monoterpenoid group o f thujane.

4 .1 .1 8 . E ssen tia l O il C o m p o sitio n  o f  C in n a m o m u m  sp . 9

7,5-cineol
(m enthane)

linalool
(acyclic m onoterpenoid)

sabinene
(thujane)
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F ig u re  3 6  G C  c h r o m a t o g r a m  o f  t h e  e s s e n t i a l  o i l  f r o m  C innam om um  s p .9  l e a v e s



T a b le  20  E s s e n t i a l  o i l  c o m p o s i t i o n  o f  C innam om um  s p .9  l e a v e s

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-thujene 4.83 0.15

2 a-pinene 5.03 0.64
j camphene 5.48 0.04
4 sabinene 6.08 2.27
5 p-phellandrene 6.23 0.61
6 P-pinene 6.54 0.20
8 ô-2-carene 7.44 0.11
9 verbenene 7.78 0.24
12 y-terpinene 8.91 0.19
14 terpinolene 9.93 0.05

10
Oxygenated monoterpene
7,5-cineole 7.79 19.56

13 c/j-linalool oxide 9.51 0.21
15 tr a m -linalool oxide 10.13 0.25
17 linalool 10.81 71.09
21 satolina alcohol 13.88 0.10
22 terpin-4-o/ 14.16 0.68
23 a-terpineol 14.98 1.63

25
Sesquiterpene
(E)-caryophyllene 24.33 0.06

26 a-humulene 25.89 0.04

24
Phenylpropanoid
fZj-isosafrole 18.99 1.32

7
Long chain hydrocarbon
/7-decane 6.83 0.06

16 77-heneicosane 25.89 0.13

11
Miscellaneous
unknown 8.48 0.05

18 unknown 11.79 0.04
19 unknown 12.59 0.03
20 unknown 12.78 0.21
27 unknown 31.26 0.03



^  monoterpene 

H  oxygenated monoterpene 

0  sesquiterpene 

0  phenylpropanoid 

ร !  long chain hydrocarbon 

ร  unknown

F ig u r e  3 7  T h e  p e r c e n t a g e  o f  v a r i o u s  t e r p e n o i d  g r o u p s  f o u n d  i n  t h e  e s s e n t i a l  o i l
o f  C innam om um  s p .9  l e a v e s



1 0 9

4.2 Chemical Composition o f Essential O il from Western Country in Thailand

4.2.1 Essential O il Composition o f L a u ru s nob ilis  L.

The essential oil from the leaves o f Laurus nobilis was isolated by 

hydrodistillation. The oil yield was found to be 0.6 % (v/w) o f the fresh weight. 

Analysis o f 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 o f relative amount, the oxygenated monoterpenes appeared to be the 

major terpenoid group, accounting for 63.23 % o f 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 o f structure, the major components. 7,6’-cineole and 3-thujyl acetate 

belongs to the oxygenated monoterpenoid group o f menthane and thujane, 

respectively, while methyl eugenol belongs to the phenylpropanoid group.

7,5-cineole J-thujyl acetate methyl eugenol
(1m enthanej (thujane) (phenylpropane)
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Figure 38 GC chromatogram o f the essential oil from Laurus nobilis L. leaves



T a b le  21 E s s e n t i a l  o i l  c o m p o s i t i o n  o f  L a w n s  n o b ilis  L . l e a v e s

Peak No Compound Retention time 
(min)

%Area

1
Monoterpene
a-thujene 4.83 0.41

2 a-pinene 5.03 3.35
Jๆ camphene 5.48 0.36
4 sabinene 6.08 7.39
5 p-phellandrene 6.23 2.88
6 P-pinene 6.54 0.84
8 ô-3-carene 7.16 0.96
9 8-2-carene 7.44 0.30
10 o-cymene 7 59 0.14
11 verbenene 7.78 0 29
12 limonene 7.88 0.97
14 (Ej-P-ocimene 8.48 0.33
16 y-terpinene 8.91 0.55
17 /ra/7.y-sabinene hydrate 9.61 0.38
18 terpinolene 9.93 0.24

13
Oxygenated monoterpene
/,5-cineol 7.98 45.48

20 linalool 10.81 1.46
21 trans-para-me.nXh-2-en- ]  -o\ 11.81 0.06
22 santolina alcohol 13.88 0.23
23 terpin-Ao/ 14.16 1.47
24 a-terpineol 14.98 1.54
25 isobornyl acetate 18.46 0.04
26 a-terpinyl acetate 19.79 0.37
27 3-thujyl acetate 21.29 12.58

30
Sesquiterpene
p-elemene 23.09 0.09

31 c/.v-p-guaiene 25.73 0.04
ว่ว่ (2y)-caryophyllene 24.33 0.69
34 a-humulene 25.89 0.06
35 valencene 26.03 0.04
36 y-muurolene 26.99 0.07
37 P-selinene 27.34 0.06
38 bicyclogermacrene 27.59 0.78
39 P-gurjunene 27.88 0.17
40 germacrene A 28.11 0.15
41 cz\y-muurola-4(7 4), 5-diene 28.39 0.07
42 trans-p-guaiene 28.59 0.30



Table 21 (continued)

Peak No Compound Retention time 
(min)

%Area

43
Oxygenated sesquiterpene
spathulenol 31.29 1.22

45 hinesol acetate 31.96 (129
47 e/n-a-muurolol 33.98 0.20
48 a-cadinol 34.49 0.65

28
Phenylpropanoid
(Z )-isoeugenol 22.10 2.57

32 methyl eugenol 23.98 8.44

7
Long chain hydrocarbon
/7-decane 6.83 0.08

19 /7-heneicosane 10.44 0.17

15
Miscellaneous
unknown 8.71 0.06

29 unknown 22.74 0.06
44 unknown 31.62 0.24
46 unknown 32.28 0.16
49 unknown 34.78 0.16
50 unknown 35.99 0.43
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F ig u r e  3 9  The percentage of various terpenoid groups found in the essential oil
o f L a u ru s  n o b ilis  L. leaves



Antimicrobial activity o f the essential oils was shown in Table 22. It was 

found that none o f the essential oils had any apparent activity against p. aeruginosa  
and M. gypseum . The antimicrobial activity o f the essential oil from C innam om um  
sp7 displayed the broadest spectrum. It was active against .ร'. aureus, E. fa e c a lis , B. 
sub tills, E. coli and c . albicans. Although essential oil from the leaves o f L. pe tio la ta  
had no activity against any test organism, that from its bark could inhibit c. albicans. 
Essential oils fr o m  L. cubeba  (leaves) and L. g lu linosa  (fruits) inhibited only ร. aureus 
and c . a lb icans, respectively.

Most essential oils o f C innam om um  had broader spectrum o f activity than 

those o f L itsea  except c . pathenoxylon  which inhibited only c . a lb icans. Most o f 

them exhibited activities against both ร. aureus and c . albicans. The essential oils 

from C innam om um . sp5 and sp6 had the lowest MIC (0.019%). Most essential oils 

o f C innam om um . sp could inhibit E. coli.
In terms o f location, leaves o f c. cam phor a collected from different places 

yielded essential oils with different activities. That from Bangkok contained oil that 

inhibited both ร. aureus and B. subtilis, whereas that from Rayong contained oil that 

inhibited only ร. aureus. Essential oil from the leaves o f L. nobilis was effective 

against both ร. aureus and c. albicans.

4.3 A n tim ic r o b ia l a c tiv itiy  o f  th e e ssen tia l o ils from  T h a i L a u ra ceo u s  P la n ts



T a b le  22  Antimicrobial activitity of essential oils from Thai Lauraceous plants

Staphylococcus aureus Escherichia coli Bacillus รน/) til is Enterococcusfaecal is Eseudomona aeruginosa Candida albicans Microsportim gypseum
ATCC 29213 ATCC 25922 ATCC 6633 ATCC 29212 ATCC 27853 ATCC 10231 (clinical isolate)

P l a n t m in i SDU MIC (%) mm+ SDU MIC (%) ทาทใ+ SDÜ MIC (%) mm+ SDU MIC (%) ทาทา+ SD“ MIC (%) m in i SDd MIC (%) mm+ SDU MIC (%)

1. Cinnamomum camphora Th. 
Fries. (leaves;Bangkok)

8.20+ 1.40 0.63 0 n d "- 9.3 + 0.99 1.25 0 n d " 0 ND° 0 NtT - 0 ND*

2. cinnamommn camphora Til. 9 03 +099 2.5 0 NDb 0 NDb 0 NDb 0 NDb 0 NDb 0 NDb
Fries, (leaves ; Rayong)

3. Cinnamomum inner Bl.(leaves) 11.0 +2.42 0.312 0 NDb 0 ND1' 0 NDb 0 ND" 9.7 + 3.14 0.078 0 NDb
4. Cinnamomum porreclum 0 n d " 0 NDb 0 NDb 0 ND" 0 NDb 119+191 0.078 0 NDb

Kosterm. (leaves)
5. Litsea cuheha Pers (leaves) 10 3 + 2 42 0.312 0 NDb 0 NDb 0 NDh 0 ND1’ 0 NDb 0 NDb
6. Litsea glutinosa C.B. Robinson. 0 NDb 0 NDb 0 NDb 0 NDb 0 n d ” 13 65+ 0 45 1.25 0 ND”

(fruits)
7. Litsea pel inlaid Hook. f. (leaves) 0 n d " 0 NDb 0 NDb 0 NDb 0 NDb 0 NDb 0 n d "
8. Litsea petiolala Hook. f. (balk) 0 NDb 0 NDb 0 NDb 0 NDb 0 NDb 19.60+ 3 96 0.078 0 n d "
9. Cinnamomum sp. 1 (leaves) 7.73 + 2.07 0.63 6 10 +3.78 1.25 7.7 + 3.11 0.63 0 ND" 0 ND" 23 2 + 3 12 0.312 0 n d "
10.Cinnamomum sp.2 (leaves) 10.0 + 3.79 0.63 7 43 + 3.21 0.63 0 NDb 0 NDb 0 NDb 20 8 + 4 15 0.312 0 NDb
11 .Cinnamomum sp.3 (leaves) 8.3 ±  1 23 0.63 19.6 + 3.36 1.25 20.26+0 63 1.25 0 NDb 0 NDb 0 NDb 0 n d "
\2.Cinnamomum sp.4 (leaves) 16.3+4.44 0.156 0 NDb 0 NDb 0 NDb 0 NDb 11 8+ 2 76 0.312 0 n d "
13.Cinnamomum sp.5 (leaves) 9 73 + 0 81 0.156 6 8 + 0.78 0.63 0 NDb 0 NDb 0 NDb 17 20+ 2.89 0.019 0 n d "
14.Cinnamomum sp.6 (leaves) 0 NDb 7.9 + 3.37 0.156 0 NDb 0 NDb 0 NDb 23.0 + 4 12 0.019 0 n d "
15.Cinnamomum sp.7 (leaves) 14 7 + 3 26 0.63 6.86 + 0.31 1.25 12 2 + 2 96 1.25 16 3 + 2.86 1.25 0 NDb 9 83 + 2.10 0.078 0 n d "
16.Cinnamomum sp.8 (leaves) 0 NDb 0 NDb 0 NDb 0 ND1, 0 NDb 9.85 + 2 17 0.156 0 n d "
17.Cinnamomum sp.9 (leas es) 6.3 ±0 .98 0.63 7 23 + 1.30 0.63 0 NDb 0 NDb 0 NDb 0 NDb 0 n d "
1 Ü.Laurus nohilis L. (leaves) 118+ 1.07 1.25 0 NDb 0 NDb 0 NDb 0 NDb 16 4 + 1.96 NDb 0 n d "

3 inhibitor! zone diameter resulted from 10% oil in 0.1% tween 80 
b not determined
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