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Contents and compositions of essential oils from ten species of Thai Lamiaccous
plants were investigated. The results obtained from GC/MS analysis showed diversity of their
components. In this study, oxygentated monoterpenes are commonly found in essential oils of
these particular species. Variations of the contents were found to be between 0.01 to 0.9 %.
Essential oils of ten species of Western Lamiaceous plants cultivated in Thailand were also
studied. Results have shown similarity of their constituents, but with less amount. Screening
for antimicrobial activity of essential oil from particular plants against Staphylococcus aureus
ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis ATCC 6633, Candida albicans
ATCC 10231 and Microsporum gypseum was carried out, and it was found that most of the
essential oils from Thai Lamiaceous plants exhibited antibacterial activity, but none of them

demonstrated antifungal activity.
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CHAPTER 1

INTRODUCTION

Lamiaceae s a family in the order Lamiales, generally regarded as one of the
most highly evolved of all dicotyledon families. The Lamiaéeae 1s closely related to the
Verbenaceae, primary a woody tropical family, generally without essential oils and
usually without a deeply four-lobed ovary. The small aquatic family Callitrichaceae is

also considered to be an ally of the Lamiaceae (Heywood, 1978).

The family Lamiaceae consists of 160 genera and about 3000 species
distributed over the whole earth, but especially abundant in the Mediteranean region,

the Orient and the mountains of the subtropics (Bailey, 1949).

The description of plants in the Lamiaceae is as below (Keng, 1978)

Unarmed, erect, mostly aromatic (sometimes fetid-aromatic) herbs,
sometimes woody at the base ; stem mostly quadrangular, sometimes conspicuously
noded.  Leaves decussate, rarely whorled, mostly simple. rarely lobed or pinnate,
exstipulate.  Indumentum ot simple, capitate-glandular or stellate hairs, or a
combination. (lxtra-Mal. sometimes woody, climbing, spiny and with spiral leaves.)
Flowers bisexual, mostly zygomorphic, axillary, in pairs, or in short, fascicled cymes
forming verticillasters or in cincinni, in many cases compound into spurious spicate,
racemose, capitate oi paniculate, essentially cymose, in florescences. Calyx persistent,
+ regular or unequally 4-5-toothed or-lobed, tubular or 2-lipped, sometimes with an
appendage. Corolla tube long or short, sometimes with a hair-ring within, mb 5-,
rarely 4-lobed, mostly 2-lipped and personate, lobes imbricate in bud. Stamens usually
4 and didynamous, inserted on the corolla tube. sometimes the upper (posterior) pair
impertect, rarely the lower pair barren (Mosla), filaments sometimes hairy, rarely
connate at base ; anthers linear to round, cells parallel or divaricate, sometimes

confluent, rarely one cell barren (Anisomeles), or disjoined by a slender connective

(Sulvia), basitixed. Disk usuaslly prominent, regular of irregular.  Ovary superior,



consisting of 2 carpels, each of which is 2-celled by intrusion of the ovary wall. Style
simple, mostly gynobasic ; stigma usually 2-fid, often with unequal arms. Ovules
sohitary, anatropous. Fruit consisting of 4 dry or rarely fleshy (Gomphostemma), 1-
seeded schizocarpous nutlets which remain enclosed in the persistent calyx ; the scar of
attachment usually small and basal but sometimes sublateral and large ; pericarp
smooth or sculptured, endocarp sometimes hard ; exocarp sometimes becoming
gelatinous when moistened.  Seed small, erect or + transverse (Scutellaria), +

exalbuminous ; seed-coat usually much deteriorated as to be almost negligible.
Lamiaceous Plants in Thailand

The occurrence of Lamiaceous plants in Thailand has been reported by Tem
Smitinand in the Thai Plant Names (1980). These plants include various species as

shown below. :-

Achyrospermum
A. wallichianum Benth. ex Hook. t.

Lacal name : d@won Saa hom (Loet) ; suwih Hompaa (Chiang Mat).

Anisochilus
A. carnosus Wall.

Local name : waomn Huu Suea khao (Prachuap khiri khan)

A. harmandii Doan

Local name : quio Khuu muat (Chong Trat) ; agwas Khruu muai (Trat)

Ceratanthus
. annamensis G. Taylor

LLocal name : 4wis1 Khaao kam (Sakon Nakhon).



Coleus
O amboinicus Lour.
Local name : simnpdo Niam huu suea (Central) ; wowdnmars Hom duan
Luang, wowsanmde Hom duan huu Suea (Northern) ; Indian Borage.
. atropurpurens Benth
Local name : ywinaunidy Ruesee phasom Laeo (Central)
(" blumei Benth.
Local name : swndoamis Waan Lueat haeng (Chiang Mat)
(. blumei var. verschaffeltii Lem.
Local name : yiinaunds Ruesee phasom laeo (Central)
(. parvifolius Benth.
Local name : ‘13"1:*15"»«13 Man khee nuu, wusy  Man nuu (Peninsular) ;| giinzds U-
bee Ka-ling (Malay-Nara-Thiwat)

(" tuberosus Benth = (. parvifolius Benth.

Dysophylla
L. auricularia Bl.

Local name : anmsaanin Saapraeng saapkaa (Surat Thant)
D. cruciata Benth.

Local name : wivwaonml Niam dok thuup, nmuwwan Nae haang khaang (Loet).
D. stellata Benth.

Local name : nimy Niam (kan-chanaburt) ; riiewas Niam dong (Ratchaburi).

Iisholtzia
. kachinensiy Prain

Local name : sindivaos Phak luan dot, dmdow Phak luean (Chiang Mai)

[pimeredi

l<. indicus Roth = Anisomeles indica (L) Kuntze



Local name : noudwios Komko huai (Chiang Mai) ; awnde Saapsuea

(Saraburi) ; nihwis Yaa farang (Pra chin Buri)

lsurysolon
I, gracilis Prain

Local naine : wuanun Nuat maeo (Loer)

Crenisporim
(. coloratum Ktze.

Local name : finindsih Phak ee lueng paa, wouih Hom paa (Chiang Mai).

Cromphostemma
Gr. intermedium Craib
Local nasie : wmnu Haat kop (Chiang Mai)
(r. oblongum wall.
Local name : naoug Klon duu (Trang) ; vwmuon Khon non (Surat Thani)
(1. pholonmides Prain
Local name : wowson Hom hok (Chiang Mat)
G strobilinum Wall. var. variegatum Craib

Local name : fiwundgs Waan nok khom (Chiang Mati)

Hyptis
H. brevipes Poit.

Local name = siwiwizonnd Chat pra in (Southern)
H. suaveolens Poit.

Local name : v Kaaraa (Surat thant) . anaer Maeng lak  khaa

(Chumphon).

[sodon



1.

[Local name
/.

l.ocal name

coetsa Kudo

deanmiy Pluak nam (Chiang Mai)
siziatiny Kudo

Cwaioaon Yaa khaao tok, wimlaanau Yaa pluak Din, lwadu Wai

din (Chiang Mai)

[. ternifoliny Kudo

Local name -

Leonotis

L.

Local name .

Leonurns
L.

lLocal name

sntvan Phak ee luen (Chiang Mai)

nepetifolia R, Br.

dasnaziuns Chat phra in {Central)

sihiricuy Linn,

dumma Khon chaa thet (Ratchaburi), jun Saa saa (Nakhon

Phanom) ; dniv Saa nam (Loei) ; Mother worth

Leuncas

¢,‘

l.ocal namne

aspera Lin

fiminin Phak hea to, mimivls Yaa hua to (Ratchaburt,

kanchanaburt) @ nahdy Yaa nok khao (Chiang Mati)

L.

Local name :

L.

Local name :

[Local narmie .

Thammarat).

chinensis R, Br.
sl Nam dap tai (Ratchaburi)
ciliaia Benth,

wiivde Yaa hua suea. dwnn Hang taen (Loei)

czevianica ROBr.

v Thian taak (Chaathaburt) ; wiinfin Yaa prik (Nakhon Si



Mentha
M. arvensis Linn. var javanica Hook.
Local name : iusiiiviaiisin Min indoneesia (Bangkok)
M. arvensis Linn. var piperascens Malinvaud
Local name : iivimmivs Nam man mong azmminih Saranae yeepun
(Bangkok) : Japanese Mint.
M. cordifolia Opiz
Local name : vz Mak ngok, azni Sanae (Peninsular) ;  asszwoni Saranae,
arszuminsu Saranae suan (Central) ; nouaan Hom duan (Northern) ; Kitchen
Mint.
M. javanica Bl
Local name : azszimmiyan Saranae yuan (Central)
M. piperita Linn.
Local name : nhinliiust Pepper min (Bangkok) ; Peppermint
M. pulegium Linn.
Local name : i1 | azszumingon Saranae yuan (Bangkok).
M. spicara Linn,

Local name : aulsiing Sapae min (Bangkok) ; Common Spear Mint.

Mesona
M. chinensis Benth.

Local name : mwiiha Chao kuai (chinese-Bangkok)

Microtoena
M. cymosa Prain = M. insuavis Prain ex Briq.
M. insuavis Prain ex Briq.

.

Local name : anlos Kham pong (Chiang Mai)



Mosla
M. dianthera Maxim.

Local name : #ndw Phak haan (Chiang Mai)
M. cochinchinense Merr.

Local name : wudo Haang suea madoaw Haang suea llaai (Loei)

Ocimum

O. basilicum Linn.
Local name : vonsans Ho - kuat - suai, veasy Ho-Wo-su (Karen Mae Hong
Son) ; inszwy Horaphaa (General) ; dwiwvn  Im - khim-khaao (Shan-Mae-
Hang Son) ; Common Basil, Sweet Basil.

O. canum Sims

Local name : dowdovn komko khaao (Northern) ; iisdn  Mang lak, uwedn

Maeng lak (Central) ; Hairy Basil.
O. gratissimum Linn.

Local name : nzmswou Ka phrao yuan (Bangkok) ; sumifils  Chan kheekai,
i Niam ton (Mae Hong Son) ; sumivew Chan hom, siisw  Niam (Chiang
Mai) ; tins1 Yeerea, Tnszwisa  Horaphaa chaang (Central) ; azwida Sa-lee-dee
(karen-Mae Hong Son).

0. kirimandcharicum Gverke

Local name : nzmswwn Ka phrao khack (Bangkok)

0. sanctum Linn.

Local name : nowie Komko, newfeas komko dong (Chiang Mai) ; nziws
kaphrao, nzwswn ka phrao khaao, nzmswas ka phrao daeng (Central) ; vonaog
Ho-kwo-suu, vomly Ho-tuu-pluu (karen-Mae Hong Son) ; dufuwdr Im khim

lam (shan-Mae Hong Son) : Holy Basil.
(). sanctum Linn. var. hirsutum Back.

Local name : nzmswu Ka phrao khon (Central)



Orthosiphon

O). aristatis Mig.
Local name : wwimh Baang rak paa (Prachuap khiri khan) ; wifmuieun Yaa
nuat maeo (Chai nat) ; ddas Ee-tuu-dong. (Phetchabun)

O). grandiflorus Bolding
Local name : wiwyw Pha-yap mek (Bangkok) : wimuawn  Yaa nuat maeo
(Central, Eastern, Chanthaburt)

(). rubicandus Benth.

Local name : nivwnive Khaeng khaa noi, munaidonivs Nuat suea khieo (Loer)

Perilla

P. frutescens Britt.
Local name : vaifon Ngaa khee mon (Northern) vwn Ngaa-mon (Shan-Mae
Hong Son) ; s Ngae (Khan chanaburi) vo No (Karen-Mae Hang Son) ; 1ioa
Nong (Karen-kan chanaburi)

. ocymoides Linn.= P. frutescens Britt

Pogostemon
. cublin Benth.

Local name : fiwan Phim sen (Bangkok)

~

o glaber Roxb.
Local name : duuions kom ko Dong (Chiang Mat)
. menthoides BI.
Local name : moi Phrao dam (Ranong) : wenilonos Hom po doi (Chiang
Mai)
P. plectranthoides Dest.

LLocal name . nionanatis Niam nguang chaang (Central) | & Om (Chiang Mai
) b o o



Salvia
S. coccinea juss.

Local name : 1lszviaiin Pra that Lek (Bangkok) ; Scarlet Sage
-

& splendens ker-Gawl.

Local namie :1lsziamn Prathat Lel (Bangkok) ; Scarlet Sage

Scutellaria
S incurva Wall.

Local name : w1 Kaampuu (Pra-chin Buri) ; wihawios Yaa khaang luet

(Chiang Mat)

Description and uses of selected Thai plants in this study

C'oleus amboinicus Lour
Shrub, 2-3 feet ; branches tomentosely pubescent, or hispid ; leaves petiolate
broad, ovate, crenated, rounded at the base, or cuneate, very thick, hispid on both
surfaces, or clothed with white villi, very fragrant, floral leaves hardly equal in length
to the calyx ; racemes simple ; whorls 20-30 flowered or more ; calyx tomentose ; tube
of corolla about twice as long as the calyx, defracted at the middle ; throat dilated ;
lower lip a little dilated, boat shaped ; flowers smallish, pale blue. This plant has a

pleasant aromatic odour and pungent taste (Drury, 1873).

The fresh leaves are trequently eaten. and mixed with various articles of food,
drink or medicine. It possesses antibacterial, antifebrile and antitussive properties.
They are used in treating coryza, influenza, hyperthermia. diaphoretic pyrexia and
asthma (Medicinal Plants in Viet Nam, 1990) The Malay use its juice, or a decoction
of it, though in a less degree, for pains in the neighbourhood of the stomach and heart
(Burkill, 1935) 1In the Philippines macerated leaves are used with burns and also for
bites of centipedes «nd scorpions, furthermore for dyspepsia, asthma, and as a

medicine after childbirth (Keng, 1978).
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Hyptis suaveolens Poit

A nigid, sweetly aromatic herb, sometimes attaining a height of 7 ft. Leaves
broadly ovate, very variable. tomentose, flowers small, blue, in unilateral axillary or
terminal clusters often arranged in panicles, nutlets blackish brown, ovoid, compressed.

(Council of Scientific and Industrial Research, 1959)

H. suaveolens 1s considered to be stimulant, carminative, sudorific and
lactogogcue. An infusion of the plant 1s used in catarrhal conditions. The leaf juice 1s
oo

taken in cases of colic and stomachache (Burkill, 1935).

[n the Philippines, the leaves and top are considered to be antispasmodic and
used in antirheumatic and antisudorific baths and the root is chewed with betel nuts as

a stomachic (Council ot Scientific and Industrial Research, 1959)

Mentha arvensis Linn var piperascens Malinvaud.

The entire plant of Mentha arvensis var piperascens Malinvaud is good to
prevent frostbite, fatigue, and the common cold. This variety is the source of Japanese

mint o1l containg 80-90% menthol (Perry, 1980).

Mentha cordifolia Opiz

Leaves all or for the greater part with a broadly cuneate, rounded, tuncate or
shallowly cordate base. ovate oval oblong (small ones sometimes suborbicular), usually
with a broadly rounded or obtuse top, not rarely serratedentate form the very base,
thickly herbaceous. with rather much sunken nerves on the upper surface, consequently
subcorrugate. subgiabrous or on the nerves shortly hairy. very densely gland-dotted on
the lower surtace ; stem quadrangular, not grooved. very thinly short-hairy on glabrous

(Backer and Bakhuizen, 1965)
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Ocinnm basilicum L.

An erect, almost glabrous herb, 30-90 c¢m. high, native of Central Asia and
North-West India, Leaves ovate-lanceolate, acuminate, toothed or entire, glabrous on
both surfaces, glandular ; flowers white or pale purple. in simple or much-branched
racemes, often thyrsoid; nutlets ellipsoid, black, pitted (Medicinal Plants in

Vietnam, 1990).

The oil possesses insecticidal and insect repellent properties ; it is effective

against housetlies and mosquitoes (Council of Scientific & Industrial Research, 1966)

The leaves of (). basilicum are considered to be tonic, carminative and
digestive ; a decoction of them is used to wash ulcers, and also is prescribed for
vomiting ; the seeds are recommended to treat eye troubles. In Indo-china : the ashes
of the roots are a suggested remedy for skin diseases. The seed have a mucilaginous
seed coat which, in water, becomes a jelly with demulcent, stimulant, diuretic and

diaphoretic properties (Perry, 1980).
Ocimum carmim Sims

An erect, much-branched herb, tound widely in the tropics to the Old World,
and mtroduced into America. Leaves elliptic-lanceolate, entire or faintly toothed,
almost ¢labrous, gland dotted, flowers small. white, pink or purplish, in more are less
closely set whorls in spiciform racemes ; nutlets narrowly ellipsoid, punctulate, black.

(Burkill, 1935).

he plant 1s used as a pot-herb. It possesses aromatic. carminative, diaphoretic
and stimulant properties. A decoction of the plant is taken for coughs, that of leaves
for dysentery it 1s also used as a mouth wash for relieving toothache. The juice of

leaves 1s given to children for cold, catarrh and bronchitis ; paste of leaves 1s used as an
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external application for parasitical skin affections. The volatile oil from the whole
plant inhibits the growth of tubercular bacilli in a dilution of 1:50,000 ; the leaf oil
shows antibacterial activity against Mycobacteria (Council of Scientific & Industrial

Research, 1966).

Ocimum gratissimum Linn.

Much-branched perennial shrub, 1-1.5 m. high.  Stems quadrangular,
pubescent, woody at the base. Leaves opposite, apiculate, pubescent on both surfaces
, margins coarsely toothed. Inflorescence axillary or terminal in simple or branched
whorled raceme ; flowers white. Nutlets subglobose, rugose. All parts of the plant are
strongly scented. The whole plant is used in treating sunstroke, headache and
influenza. It is also considered to be diaphoretic. It serves also as material for the
extraction of essential oil and eugenol. Eugenol is used widely in odontology and for

the synthesis ot vanillin (Medicinal Plants in Viet Nam, 1990).

Otl of Ocimum grafissimum acts as a local anaesthetic and is useful as an
external application for inflamed joints. It is considered digestive, tonic, stimulant,
demulcent, diretic, antiemetic and antiseptic. The leaf juice is given in stomachache.
The seeds of the pilant are given in headache (Council of Scientific and Industrial

Research, 19606).

Ocimum sancitum L.

Erect, small plant, annual or perennial, about 1 m. in height. Stems and
branchlets purple, pubescent. Leaves opposite, usually purplish-brown, long-petioled
. margins shightly denticulate, pubescent on both surtaces. Inflorescence in closed-
whorled terminal raceme : flowers small, lifac or white. Nutlets sub-globose, slighthly
compressed. All parts of the plant are sweet-scented (Medicinal Plants in Vietnam,

1990).
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The oil is reported to possess antibacterial and insectisidal properties. It
inhibits the in vitro growth of Mycobacterinm tiuberculosis and Micrococcus pyogenes
var. aurens. It has marked insecticidal activity against mosquitoes (Council of

Sciences and Industrial Research, 1966).

The entire plant, except for the roots, possesses antibacterial, antifebrile and
demulcent properties. It is prescribed for coryza. fever, headache, colic, diarrhoea,
chest pains, vomitting chilblains, oedema and epistaxis (Medicinal Plants in Viet Nam,

1990)

The root is used in a decoction for fever, flowers are given with honey for
bronchitis and seeds are mucilaginous, demulcent which are used like the seeds of (.

hasilicum (Burkill, 1935).

Perilla frutescens Britt

An annual herb, the stem branching, tomentose, 0.5-1.5 m. high. Leaves
opposite, lengthily petiolate, oval, acuminate, pubescent, dentate, crenelate, limb 14
cm. long by 6 cm. wide, green occasionally marked reddish brown. Inflorescence an
axillary and terminal raceme, 6-20 cm. long ; September-October. Flower small ; 3-8 ;
calyx campanulate, teeth 5 ; corolla campanulate, white or violet, 5-lobed, stamens 4.
Fruit a collection of globular nutlets, 2 mm. in diameter, reticulate, light brown.
Southern China, Taiwan, Japan, northern Vietnam, Laos. Thatland, India, Burma.
The leaves and seed are officinal. The taste is pungent the oder aromatic. The seeds
are the source of a drying oil resembling linseed oil and comprising glycerides of
linoleic, oleic, and palmitic acids (Keys, 1976).

The fruit is effective against cough in doses of 3 to S ¢ per day in the form of a

decoction (Medicinal Plants in Viet Nam, 1990).
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Pogostemon cablin Benth,

Suffruticose, 2-3 feet, pubescent; stems ascending; leaves petioled, rhombo-
ovate, slightly obtuse, crenato-dentate; spikes terminal and axillary, densely crowed
with flowers interrupted at the base; calyx hirsute; segments lanceolate; filaments

bearded; flowers white, with red stamens and yellow anthers (Drury, 1873).

The leaves of I”. cablin yield the Patechouli Oil which is used in perfumery and
medicine. The oil is almost a perfume by iteslf and is one of the finest fixatives for
heavy perfumes. The dried leves are used for scenting wardrobes. The leaves and tops
are added in both for their antirheumatic action (Council of Scientific and Industrial

Research, 1969).

In the Philippines , an intusion of the fresh leaves is given in mentstruation and

emmenagogue (Perry, 1980).

These are still some essential oil containing plants of Lamiaceae in the rain
forests of Thailand which have not been investigated. These include plant species of
the genera Achyrospermum, — Anisochilus, — Ceratanthus,  Coleus,  Dysophylia,
Lisholizia,  Genisporum,  Gomphostemma,  Hyptis, Isodon, Leonotis, Leomurus,
Leucas, Mentha, Microtoena, Mosla, Ocimum, Orthosiphon, Pogostemon, Salvia,

Scutellaria.

The main objectives in this investigation are as follows:

| to screen for new essential oils from little studied Thai Lamiaceous plants,
the family Lamiaceae growing in the forests.

2. to evaluate the potential of the isolated essential oils for commercial use.

~

3. to study the antimicrobial activity of essential oils.
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Additionally, this work also included Lamiaceous plants from Western countries,
which are cultivated in Chiangmai by The Royal Project Foundation, namely,
Melissa officinalis L. Mentha piperita L., Mentha spicaia L., Origanum majorana L.,
Origanum vulgare L., Rosmarinus officinalis L., Salvia officinalis L., Thymus sp. 1
(summer Thyme), 7hymus sp.2 (winter Thyme) and 7hymus vulgaris L. All of them

are called Savory herbs. The aim is to analyze the chemical composition and percent

of the oil for as spices produced in Thailand comparing with the imported one.



CHAPTER I1

HISTORICAL

I Chemical Constituents of Lamiaceae

Volatile or essential oils, as their name implies, are volatile in steam. They are
natural products which are commercially used in pharmaceutical products. For
examples, 4-terpineol is used to as antiseptic. Citronellal and geraniol are used in
combination as mosquito repellent. Most of the plants in this family secrete
characteristic volatile oils from their glandular hairs. The following reviews focus only
on Thai Lamiaceous plants of which the chemical compositions of essential oils have
been previously worked on. List of compounds are shown below.

Table 1 Chemical constituent of Thai Lamiaceous plants

Plant part

Chemical constituent

Reference

Leaves

Coleus amboinicus Lour.
Monoterpene
a-phellandrene
0-3-carene
a-terpinene
p-cymene
limonene
y-terpinene
«a-pinene
sabinene
myrcene

a-ihujens

Haque, 1988 ; Morton, 1992 ;
Prudent ef al., 1995 ; Ameenah,
Mala, and Fawzia, 1995 ; Pino,

Garcia, and Martinez, 1996




Table 1 Chemical constituent of Thai Lamiaccous plants (continued)

Plant part Chemical constituent Reterence

camphene
verbe.one

f-pinene
[F-phellandrene
cis-sabinene hydrate

terpinolene

Oxygenated monoterpene
linalool

camphor

terpinen-4-ol

geraniol

thymol

carvacrol

a-terpineol

Sesquiterpene
a-copaene
f-caryophyllene
a-humulene
o-muurolene
[P-selinene
a-selinene
o-cadinene
a-cis-bergamotene
(/)-p-bergamotene
a-amorphene

(Z£)-p-tarnesene
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Table 1 Chemical constituent of Thar Lamiaccous plants (continued)

Plant part

Chemical constituent

Reference

Leaves

a-guaiene
a-muurolene
(1)-p-farnesene
F-sesquiphellandrene
frans-a-bergamotene
(14, [))- a-tarnesene

[-bisabolene

Oxygenated sesquiterpene

v-cadinol

a-cadinol

(2) I--farnesol
caryophyllene oxide
humulene oxide 11

aromadendrene oxide

Phenylpropanoid
eugenol

methyleugenol

Aliphatic Alcohols

l-octen-3-0l

Hyptis suaveolens Poit.

Monoterpene
tricyclene
«-pinene

camphene

Iwu, Ezeugwu, and Okunji, 1990

. Ahmed. Scora, and Ting, 1994




Table 1 Chemical constituent of Thai Lamiaccous plants (continued)

Plant part Chemical constituent Reference
sabinene
[-pinene
myrcene

a-phicliandrene
0-3-carene
a-terpinene
p-cymene
limonene
(7)-p-ocimene
y-terpinene
p-cymemene
terpiralene

thujane

Oxygenated monoterpene

[, 8-cineole

linalool

camphor

borneol

terpinen-4-ol

a-terpineol

thymol

trans-pinene hydrate
3,7-Dimethyl-1. 6-octadien 3 ol

3, cyclohexen-1 -carboxaldehyde

Sesquiterpene

a-copaene
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Table 1 Chemical constituent of Thai Lamiaccous plants (continucd)

Plant part

Chemical constituent

Reference

Fresh
flowering
stems and

leaves

f-bourbonene
P-elemene
[-caryophyllene
trans-a-bergamotene
a-humulene
vy-muurolene
valencene
germacrene B
a-muurolene
a-caryophyllene
Oxygenated sesquiterpene
spathulenol

globulol

a-cadinol

muurolol

bergamotol

a-caryophyllene

Diterpene
rimuene
5-, 8-, H, 9-4 H, 10

a-Labd - 14-ene

Mentha arvensis var
piperascens Malinvaud
Moncerpene
a-praene

sabinene

Retamar. and De-Riscala, 1980 ;

Pino. Rosado, and Fuentes, 1995




Table 1 Chemical constituent of Thai Lamiacceus plants (continued)
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Plant part

Chemical constituent

Reference

[-pinene
myrcene
p-cymene
limonene

camphene

Oxygenated monoterpene
menthol

piperitone

pulegone

neomethyl acetate

menthyl acetate

isomenthyl acetate
menthone

isomenthone

Sesquiterpene
p-bourbonene
p-caryophyllene
a-humulene
y-muurolene
y-elemene

o-cadinene

Oxygenated sesquiterpene

caryophyliene oxide




Table 1 Chemical constituent of Thai Lamiaceous plants (continucd)
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Plant part

Chemical constituent

Reference

Aerial part

Ocimum basilicum Linn.
Monoterpene
a-pinene
camphene
f-pinene
sabinene
myrcene
a-terpinene
limonene
y-terpinene
(/2)-p-ocimene
p-cyinene
terpinolene
carvone
Oxygenated monoterpene
1,8-cineole
camphor
linalool
a-terpineol
geraniol

linalvl acetate

bornyl acetate

Sesquiterpene
a-cubebene
a-copaene

P-bourbonene

Ozek ¢f al , 1995




Table 1 Chemical constituent of That Lamiaccous plants (continued)
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Plant part

Chemical constituent

Reference

Fresh

Howerering

p-cubebene
p-elemene
a-guaiene
f-caryophyllene
a-humulene
(7)-f-tarnesene
germacrene D
y-guaiene
y-elermiene
germacrene A
o-cadinene

trans-a-bergamotene

Oxygenated sesquiterpene
spathulenol

{-cadinol

p-eudesmol

Phenyl propanoid

methyl eugenol

eugenol

(/7)-anethole
(/2)-methylcinnamate

(7)-methylcinnamate

Phenyl propanoid

me*iye cliavicol

Pino er ul., 1994




Table 1 Chemical constituent of Thai Lamiaccous plants (continucd)
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Plant part

Chemical constituent

Reference

Aerial part

Ocimum carmim Sims.
Monoterpene
a-pinene
camphene
[-pinene
sabinicne
a—phellandrene
myrcene
limonene
[-terpinene
p-cymene
y-terpinene

terpinolene

Oxygenated monoterpene
camphor

terpinen-4-ol

borneol

1soborneol

myrtenol

Sesquiterpene
caryophyllene
[-elemene
humulene
[f-selinene

a-selinene

Xaasan ¢/ al.. 1981
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Table 1 Chemical constituent ot Thai Lamiaccous plants (continucd)

Plant part

Chemical constituent

Reference

[eaves and

flowers

Leaves

Oxygenated monoterpene

linalool

Ocimum gratissimm Linn.

Monoterpene
a-terpinene
a-thujene

a-pinene

camphene

[-pincne

myicene

p-cymene
(72)-p-ocimene
limonene
y-terpinene
trans-sabinene hydrate
terpinolene
sabinene

O-3-carene
cis-sabinene hvdrate
Oxygenated monoterpene
thymol

I. 8-cincole
camphor

linalool

a-terpineol

terpinen-+-ol

Ntezurubanza, Schefter, and

LLooman, 1985

Sansbury and Sotowora, 1971 ;
Zamureenko ¢t al. 1986;
Ntezurubanza ¢t al., 1987;

Pino, Rosado, and Fuentes, 1996




Table 1 Chemical constituent of Thai Lamiaccous plants (continucd)
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Plant part

Chemical constituent

Reference

carvacrol
borneol

p-cymen-8-ol

Sesquiterpene
p-caryophyllene
a-humulene
[-selinene
longifolene
clovene
F-bourbonene
[-elemene
trans-f-bergamotene
y-cadinene
a-copaene
germacrene D

o-cadinene

Oxygenated sesquiterpene
caryophyllene oxide
humulene oxide 11

J-caryophyllene epoxide

Phenylpropanoid
methv! eugenol

eugzenol




Table 1 Chemical constituent of Thai Lamiaccous plants (continued)
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Plant part

Chemical constituent

Reference

Flowers

Monoterpene
a-thujene
a-pinene
camphene
[-pinene
myrcene
a-phellandrene
p-cymene
limonene
y-terpinene
trans-sabinene hydrate

terpinolene

Oxygenated monoterpene
linalool

borneol

terpinen-4-ol
a-terpineol
p-cymen-8-ol

thymol

carvacrol
Seéquilerpene
[-bourbonene
p-elemene
f-caryophyllene
Irans-f-bergamotene
c-humulene

F-selinene

Pino er al., 1996
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Table 1 Chemical constituent of Thai Lamiaceous plants (continued)

Plant part Chemical constituent Reference

y-cadinene

Oxygenated sesquiterpene
caryophyllene oxide

humulene oxide 11

seed Phenylpropanoid Dro and Hefendehl, 1974

methyl eugenol

Leaves Perilla frutescens Britt Kang ef al., 1992 ; Nguyen ef al.,
Monoterpene 1995

ocirene
sabinene
S-pinene
myrcene
pseudolimonene
limonene
terpinolene
perillaldehyde
a-terpinyl acetate
piperitone
camphene
a-pinene
a-phellandrene
p-cymene

carvone
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Table 1 Chemical constituent of Thai Lamiaccous plants (continucd)

Plant part

Chemical constituent

Reference

Leaves

Oxygenated monoterpene
|, 8-cineole

linalool

limonene oxide

perillyl alcohol

Sesquitei‘pene
p-caryophyllene
a-caryophyllene
a-bergamotene
farnesene
aromadendrene
a-copaene
S-bourbonene
f-elemene
a-humulene
germacrene D
o-cadinene

(7)-nerolidal

Oxygenated sesquiterpene

caryophyllene oxide

Pogostemon cablin Benth
Sesquiterpene

a-patchoulene

Nguyen. Leelereq, Tran, and La

Dinh ; 1989 ; Nguyen ¢r. al ; 1990




Table I Chemical constituent of Thai Lamiaccous plants (continued)
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Plant part

Chemical constituent

Reference

f-patchoulene
o-patchoulene
P-caryophyllene
a-quaiene
O-quaiene
seychellene
a-bulnesene

o-cadinene

Oxygenated monoterpene

patchouli alcohol




CHAPTER III

MATERIALS AND METHODS

3.1 Plant Materials

The plant materials were collected from various locations in Thailand and at

different periods of time as shown in Table 1. Authentication was achieved through

comparison with herbarium specimens at the Botany Section, Technical Division,

Department of Agriculture, Ministry of Agriculture and Coorperative, Thailand.

Table 2 Cultivating locations of collected plants and harvesting times.

Number Name Place Harvesting times

I Coleus amboinicus Lour. | Faculty of Pharmaceutical | December 1996
Science Chulalongkorn
University, Bangkok

2 Hyptis suaveolens Poit Pak Thong Chai December 1996
Nakorn Ratchasima,

3 Mentha arvensis L. var Chiang Mai October 1997

piperascens Malinvaud

4 Mentha cordifolia Opiz Nakornprathom April 1997

S Ocimum basilicum L. Pakkred Nonthaburi August 1996

6 Ocimum carnum Sims. Pakkred Nonthaburi August 1996

7 Ocimuzin gratissimum L. | Bangkok June 1997

8 Ocimum sanctim L. Pakkred Nonthaburi September

1996
9 Perilla frutescens Britt, Chiang Mai May 1997
10 Pogostemon cablin Benth | Faculty of Pharmaceutical | April 1997

Sciences Chulalongkorn

University
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3.2 Essential oil content and composition

I
[S0]

N Essential oil content determination

Essential o1l was determined by the method described in the Association of
Official Analytical Chemists (method 962.17, AOAC, 1990). One hundred and fifty
grams of each sample was put into a 1000 ml round bottom flask. The tridistilled
water was added into the flask to about half full. The flask was connected to the
apparatus for the determination of volatile oil (Fig. 1). The content of the flask was
distilled until two consecutive readings taken at one hour interval showed no change in
oil content (about four hours). After cooling, the oil volume was measured, calculated
and expressed as millilitre of the oil per one hundred grams of sample. The essential
oil obtained was then collected and stored at 4°C until being analyzed for its chemical

composition by GC-MS.
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3.2.2 Gas chromatography-mass spectrometry

For identification of the composition of essential oil, a gas chromatography
coupled with a mass spectrometer (GC-MS) was used . The essential oil was diluted
to 1:100 in methanol betore being injected into GC-MS system. The condition of GC-
MS was described below. The spectra were recorded and compared with the terpene

library (Adam, 1995).

GC-MS Condition

Instrument model Varian Saturn 3

Column fused silica capillary column (30 m x 0.25 mm.i.d.)

coated with DB-5 (J&W) film thickness 0.25 pm.

Column programming 60-240°C rate 3°C/min
Injector temperature 240°C

Helium carrier gas I ml/min

Split ratio 100:1

Accelerating voltage 1700 volts

Sample size Il

Solvent HPLC grade methanol

3.3 Scanning electron microscopic examination (Weakly, 1972)

The leal’ was cut into small pieces (3x5 mm” ). Then, they were fixed in a
primary fixative (2.5% glutaraldehyde in 0.1 M phosphate buffer pH 7.2) at room
temperature for 1 h or kept in refrigerator overnight. After that they were washed 3
times with buffer, 10-15 min in each and were treated with secondary fixative, 1%
osmium tetroxide in 0.1 M phosphate bufter pH 7.2, for 1-2 h. The specimens were
dehydrated through an ascending series of ethanol 30%, 50%, 70%, 90%, and absolute

ethanol. Each dehydration step took 10-15 min. Finally they were dehydrated in the
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critical point dryer. the specimen was fixed to a stub and coated with a thin film of
gold by Sputter coater.
The glandular trichomes responsible for the essential oil accumulation were

examined in a Jeol JSM-5410LV scanning electron microscope.

3.4 Determination of antimicrobial activities of essential oils
3.4.1 Agar diffusion assay
The preliminary study of antimicrobiai activities of essential oil was done by

using the agar diffusion method (Edwin ef «/., 1985; Lorian, 1991)

34.1.1 Preparation of sample
Each essential oil was diluted to a final concentration of 10% in 0.1%
sterile Tween 80.

3.4.1.2 Preparation of the inoculum

The bacterial strains used were as follows -
- Staphylococcus aureus ATCC 29213

- Lnterococcus faecalis ATCC 29212

- Bacillus subtilis ATCC 6633

- luscherichia coli ATCC 25922

- Pseudomonas acruginosa ATCC 27853

Preparations of bacterial inocula were done according to the standard method
(Lorian, 1991). Each bacterial strain was cultured overnight on Trypticase Soy Agar
(TSA) plate at 37°C. Four well isolated colonies of the overnight grown culture were
inoculated into a 5-inl Trypticase Soy Broth (TSB) and incubated at 37°C for 2-3 h.
The turbidity of inoculum was adjusted with sterile normal saline solution to match a

0.5 turbidity standard of Mc Farland No 1.
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The tungal strains used in this study were as follows :
- Candida albicans ATCC 10231
- Microsporum gypseum (clinical isolate)
Candida albicans ATCC 10231 was grown on Sabouraud Dextrose Agar
(SDA) slant at 30°C for 24 h. The inoculum was prepared by suspending the culture in
stertle normal saline soiution and turbidity of the inoculum was adjusted to match a 0.5
turbidity standard of Mc. Farland No 1.
Spores of Microsporum gypseum grown on SDA slant at 30°C for 4 days
were washed from the slant culture with sterile 0.05% Tween 80. The turbidity of the

spore suspenston was adjusted to match 0.5 turbidity standard of Mc. Farland No 1.

3.4.1.3 Preparation of test plates

- For testing bacteria :
Mueller Hinton Agar (MHA) was melted and allowed to cool at 45°C - 50°C
in a water bath. Then 25 ml of the melted agar medium was dispensed into sterile glass
petri dishes, with internal diameters of 9 cm, to yield a uniform depth of 4 mm. The

agar was allowed to harden on a flat level surface. The plates were dried for 1 h at 37°C

- For testing tungt :

Sabouraud Dextrose Agar (SDA) was used and prepared as described above.

3.4.1.4 TInoculation of agar plates

A sterile cotton swab was dipped in each inoculum and the excess was
removed by rotating the swab several times against the inside wall of the tube above
the fluid level. The entire surfaces of the MHA plate and the SDA plate for testing
bacteria and tungi, respectively, were inoculated by streaking with the swab for 3 times

and cach time the plate was rotated 00 degrees.
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3.4.1.5 Assay procedure

A 50 pl of =ach 10% oil sample or diluent (0.1% sterile Tween 80) was
delivered to each hole (6 mm dia.) in the inoculated medium. This was done in
triplicate.  After maintaining at room termperature for | h. the bacterial and fungal
plates were incubated at 37°C overnight and 30°C for 48-72 h, respectively. The oil
samples showing inhibition zone were examined further for their minimal inhibitory

concentrations (MIC).

3.4.2 Determination of Minimal Inhibitory Concentration (MIC).
Determination of MIC of essential oil was done by the broth microdilution
test ( Lorian, 1991).

3.4.2.1 Preparation of the inoculum

The inoculum was prepared as described above in 4.1.2. The turbidity
of the 0.5 McFarland turbidity standard No 1. provides approximatedly 1 x 10"

CFU/ml. The inoculum was further diluted 1:200 in Mueller Hinton broth.

3.4.2.2 Preparation of the essential oil dilutions

Each oil sample was mixed with equal volume of dimethyl sulfoxide
(DMSO) and diluted with Mueller-Hinton brotn (MHB) in a two fold dilution to give

the concentrations ranging from 10% to 0.539% v/v.

3.4.2.3 Assay procedure

A 100 pl of each concentration was dispensed to the corresponding well
of sterile multiwell microdilution plate (96-Flat-shaped wells). A 100 ul of diluted
inoculum was added into each well. After incubating the tray at 37°C for 24 h, the
lowest concentration of the oil sample that showed growth inhibition was considered
as the MIC. This was done in duplicate. The corresponding concentrations of DMSO
were also tested for their antibacterial activities. Inhibitory effect of DMSO was
examined by measurement of culture turbidity in each well using microplate reader

(Bio-Rad, model 450).



CHAPTER IV

RESULTS

4.1 Chemical Composition of Essential Oil from Thai Lamiaceous plants
4.1.1 Essential Oil Composition of Coleus amboinicus Lour.

The essential oil from the leaves of Coleuns amboinicus was isolated by
hydrodistillation. The oil yield was found to be 0.1 % (v/w) of fresh weight. Analysis
of the essential oil by GC/MS showed 17 seperate peaks (Fig. 2). These peaks were
identified as 8 monoterpenes, 3 oxygenated monoterpenes, 4 sesquiterpenes, and 1
oxygenated sesquiterpene (Table 3). Among these, carvacrol (77.95 %) appeared to

be the major compenent, followed by (#)-caryophyllene (6.19%).

In terms ot relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 79 % of the essential oil (Fig. 3).
Sesquiterpenes, monoterpenes and oxygenated sesquiterpenes were present in lesser

amount with 14 %, 6 % and | %, respectively.
In terms of structure, the major components, carvacrol, belongs to the

oxygenated monoterpenoid group of menthane, while (/)-caryophyliene belongs to the

sesquiterpenoid group of caryophilane.

OH

carvacrol (I.)-carvophyllene
(menthane) (caryophilane)
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Table 3 Essential oil composition of Coleus amboinicus leaves

40

Number Compound Retention time % Area
of peak ( min )
Monoterpene
I tricyclene 5.28 0.05
2 a-thujene 5.50 t
4 myrcene 6.90 0.13
5 o-2-carene 7.12 0.41
0 o-cymene 7.75 2.50
7 limonene 8.01 0.11
9 y-terpinene 9.08 2.89
10 terpinolene 10.13 t
Oygenated monoterpene
8 1,8-cineole 8.13 0.19
I terpin-4-ol 13.94 0.88
12 carvacrol 20.33 77.95
Sesquiterpene
13 (&£)-caryophyllene 2438 6.19
14 a-frans-bergamotene 25.05 5.70
15 (£)-a-bisabolene 27.58 1.78
16 a-cadinene 28.88 0.08
Oxygenated sesquiterpene
17 caryophyllene oxide 31.10 0.62
Long chain hydrocarbon
3 I-octen-3-ol | 6.79 0.48

t = trace
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79%

;‘\\\\\\\\\\\\\\ .

P

6% 1% 14%

e
M monoterpene

B oxygenated monoterpene
sesquiterpene

oxygenated sesquiterpene

Figure 3 The percentage of various terpenoid groups found in the

essential oil of Coleus amboinicus leaves
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4.1.2 Essential Oil Composition of Hyptis suaveolens Poit.

The leaves of Hyptis suaveolens. were found to contain essential oil at 0.1 %
(v/w) of tresh weight. By GC/MS analysis of essential of it was found that the
essential oil had at least 43 peaks in its GC chromatogram (fig 4). These peaks were
identified as 9 monoterpenes, 3 oxygenated monoterpenes, 17 sesquiterpenes, S
oxygenated sesquiterpenes and 2 diterpenes (Table 4). Among these, 1,8-cineole

(21.70 %) appeared to be the major component, followed by (7)-caryophyllene
(17.87 %) and sabinene (16.92 %).

Monoterpenes were found to be the major component, accounting for 33 % of
the essential oil.  Sesquiterpenes, oxygenated monoterpenes and oxygenated
sesquiterpenes were present in a lesser amount, with 31 %,22 % and 2 %, respectively

(Fig. 5).

Structurally, the major component, 1,8-cineole and sabinene, belong to the
monoterpenoid group of menthane and thujane, respectively, while (7;)-caryophyllene

belongs to the sesquiterpenoid group of caryophilane.

0

[,8 cineole [s-caryophyllene

(menthane) (caryophilane)

1
sabinene

(thijane)
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Table 4 Essential oil composition of Hyptis suaveolens leaves
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Number Compound Retention time % Area
of peak (min)
Monoterpene
! tricyclene 528 2.66
2 sabinene 6.35 16.92
3 [-pinene 6.41 6.63
4 a-phellandrene 7.26 2.19
5 o-3-carene 7.40 0.68
o o-cymene 7.75 0.32
7 limonene 8.02 1.31
9 y-terpinene 9.08 .16
11 terpinolene 10.13 1.48
oxygenated monoterpene
8 [.8-cineole 8.13 21.70
14 exo-fenchol 11.39 0.46
[5 borneol 13.01 0.12
Sesquiterpene
17 a-cubebene 21.28 0.26
18 (-copaene 22.50 1.60
1o S-bourbonene 22.58 0.14
20 f-cubebene 23.06 0.17
21 f-elemene 23.09 0.16
22 (I.)-caryophyllene 24 38 17.87
23 a-trans-bergamotene 25.01 281
24 ca-humulene 2501 1.25
25 allo-aromadendrene 20.08 0.40




Table 4 Essential oii composition of Hyptis suaveolens leaves (continued)
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Number Compound Retention time % Area
of peak (min)
20 germacrene D 26.56 1.71
27 B-selinene 26.80 0.92
29 germacrene A 27.89 0.10
30 a-bulnesene 28.00 0.65
31 y-cadinene 28.04 0.32
32 o-cadinene 28.56 0.32
33 a-cadinene 28.88 0.11
Oxygenated sesquiterpene
34 caryophyllene oxide 31.10 0.20
35 longiborneol acetate 32.56 0.25
36 epi-a-cadinol 33.55 0.36
37 a-eudesmol acetate 34.13 0.6l
38 Z-a-frans-bergamotol acetate 3536 0.13
Diterpene
41 abietatriene 48.10 0.22
43 abietadiene 4913 0.43
Miscellaneous
10 unknown 9.49 Q.55
12 unknown 10.20 0.19
13 unknown 10.68 0.39
16 uikiiown 13.98 2.24
39 unknown 35.49 0.13
40 unknown 46.73 7.22
42 unknown 4851 0.38




Figure 5 The percentage of various terpenoid groups found in the
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4.1.3 Essential Oil Composition of Mentha arvensis L. var. piperascens

Malinvaud

The essential oil hydrodistilled from Mentha arvensis L. var. piperascens
leaves was found to have the yield of 0.9 % (v/w) of fresh weight. Analysis of the
essential oil by GC/MS showed 25 distinct peaks (fig 6). These peaks were identified
as 5 monoterpenes, 10 oxygenated monoterpenes, 6 sesquiterpenes and 2 oxygenated
sesquiterpenes (Table 5). Among these, menthol (79.44 %) was found to be the major

component, followed by menthone (9.44 %) and limonene (2.85 %).

Quantitatively, the oxygenated monoterpene appeared to be the major
terpenoid group, accounting for 93 % of the essential oil. Monoterpenes were present

in a lesser amount, at 4 % (Fig 7).

Structurally, the major component, menthol and menthone, belong to the

oxygenated monoterpenoid group of menthane.

OH o

menthol menthone
(menthane) (menthane)

AN

limoncene
( menthane)



48

(Uunw)awi uonuajRy
laquinp uess

SOARD| s120sD.1dId IRA ] SISUAAID DYJUAYY WO 10 [RIUISSD BY) JO WEISOIRWOND )O) 9 2In5lj

88" 8t 18°082 88’ 61

5]2] 24 8881 8a8z1 889
| 1 1 L — 1 i L ] < I . v ] F- -
sz vz 34 TZT 1z 02 oﬂr 8} b .uv mh- ﬁda 8 L mcdn

pneAulje\ Suaosvadid “1eA " SISUIAID DYIUI Y

£1

113

- LOL

78S



Table 5 Essential oil composition of Mentha arvensis var. piperascens leaves

49

Number of Compound Retention time % Area
peak (min)
Monoterpene
l a-thujene 5.50 024
2 sabinene 0.35 0.14
3 [-pinene 6.41 03]
4 myrcene 6.90 0.24
6 limonene 8.01 2.85
oxygenated monoterpene
7 1,8-cineole 8.13 0.11
8 linalool 10.63 0.29
V) neo-iso-isopulegol 13.30 t
10 menthone 13.62 9.44
12 neo-menthol 14.23 1.52
13 menthol 14.04 79.44
14 isomenthol 15.07 0.45
15 isobornyl formate 15.35 0.42
1o pulegone 17.23 1.13
17 piperitone 17.95 0.04
Sesquiterpene
[8 /-bourbonene 22.58 t
10 9-¢pi-(I.)-caryophyllene 2543 0.55
20 y-muurolene 2643 0.10
21 bicyclogermacrene 27.01 0.15
22 o-cadinene 28.56 t
23 a -cadinene 30.01 t
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Table 5 Essential o1l composition of Mentha arvensis var. piperascens leaves (continued)

Number of Compound Retention time % Area
peak (min)

Oxygenated sesquiterpene

24 epi-a -cadinol 33.55 t

25 « -cadinol 34.04 t
Long chain hydrocarbon

5 3-octanol 7.37 0.08
Miscellaneous

I unknown 14.01 1.82

t = trace




93%

1%

4% 2%

m monoterpene
] oxygenated monoterpene
sesquiterpene

E& unknown

Figure 7 The percentage of various terpenoid groups found in the essential oil

of Mentha arvensis var. piperascens leaves
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4.1.4 Essential Oil Composition of Mentha cordifolia Opiz

The essential o1l from the leaves of Mentha cordifolia Opiz was isolated by
hydrodistillation. The oil yield was found to be 0.01 % (v/w) of fresh weight. Analysis
of the essential oil by GC/MS showed 37 peaks (Fig 8). These peaks were identified
as S monotérpenes, 7 oxygenated monoterpenes, |1 sesquiterpenes and S oxygenated
sesquiterpenes (Table 6). Among these, piperitenone oxide (73.20 %) appeared to be

the major component, followed by y-muurolene (5.80 %) and limonene (4.14 %).

In terms of relative amount, oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 76 % of the essential oil (Fig. 9).
Sesquiterpenes, monoterpenes and oxygenated sesquiterpenes were present in lesser

amount, with 13%, 6%, and 2%, respectively.

In terms of structure, the major components, piperitenone oxide and limonene,
belong to the oxygenated monoterpenoid group of menthane, whereas y—muurolene

belongs to the sesquiterpenoid group of cadinane, respectively.

H
--0
> 0
| H
piperitenone oxide y-muurolene
(menthance) (cadinane)

\

limonene
(menthane)
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Table 6 Essential oil composition of Mentha cordifolia leaves

54

Number Compound Retention time % Area
of peak (min)
Monoterpene
! sabinene 6.35 0.25
2 [-pinene 6.41 0.34
3 myrcene 6.90 0.58
5 limonene 8.01 4.14
7 (£)-p-ocimene 823 0.74
Oxygenated monoterpene
6 1,8-cineole 8.13 1.32
8 linalool 10.63 0.49
10 borneol 13.58 0.50
3 terpin-4-ol 13.96 0.11
13 a-terpineol 1421 0.17
[8 piperitenone 20.80 0.20
19 piperitenone oxide 21.83 73.20
Sesquiterpene
20 f-bourbonene 22.58 0.46
21 [-elemene 23.11 0.37
22 a-gurjunene 23.86 0.18
23 (17)-caryophyllene 24.36 2.47
24 «-humulene 2591 0.85
25 cis-muurola-4(14), S-diene 26.10 0.82
20 y-muurolene 26.43 5.80
27 bicycl germacrene 27.01 037
28 germacrene A 27.89 0.26
29 cis-calamenene 28.01 0.84
30 a-cadinene 28.88 0.18




Table 6 Essential oil composition of Mentha cordifolia leaves (continued)

55

Number Compound Retention time % Area
of peak (min)
Oxygenated sesquiterpene
31 spathulenol 30.91 0.42
32 caryophyllene oxide 31.10 0.17
33 1-epi-cubenol 32.48 0.61
34 epi-a-cadinol 33.56 0.12
35 a-cadinol 34.04 0.65
Long Chain hydrocarbon
4 3-octanol 7.37 0.42
Miscellaneous
9 unknown 12.01 0.28
12 unknown 1428 0.31
14 unknown 16.41 0.35
IS unknown 17.38 0.23
16 unknown 18.66 0.12
17 unknown 18.91 0.41
36 unknown 34.56 1.04
37 unknown 35.49 0.23




76%

<t S

6%
3% 2%

I]m monoterpene

i oxygenated monoterpene
sesquiterpene

oxygenated sesquiterpene

E& unknown

Figure 9 The percentage of various terpenoid groups found in the

essential oil of Mentha cordifolia leaves

56
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4.1.5 Essential Oil Composition of Ocimum basilicum L.

The yield of the essential oil isolated from Ocimum basilicum leaves was found
to be 0.1 % (v/w) of fresh weight. GC/MS analysis of the essential oil showed that
there were 24 components in the oil (Fig. 10). These peaks were identified as 3
monoterpehes, 3 oxygenated monoterpenes, 11 sesquiterpenes, 3 oxygenated
sesquiterpenes and 2 non-terpenoid components (Table 7). Among these, methyl

chavicol (88.40 %) appeared to be the major component , followed by epi-a-cadinol

(2.38 %) and a-trans-bergamotene (1.98 %).

Quantitatively, the phenylpropanoid appeared to be the major group,
accounting for 89 % of the essential oil (Fig. 11). Sesquiterpenoids, oxygenated
sesquiterpenoids, monoterpenoids and oxygenated monoterpenoids were present in

<

lesser amount, at 5 %. 3 %, 2 % and 1 %, respectively.

Structurally, the major component, methylchavicol, belongs to the
phenylpropanoid group, whereas ¢pi-a-cadinol and a-frans-bergamotene belong to

the sesquiterpenoid group of cadinane and bicyclic sesquiterpene, respectively.

O-Me
]
X
methylchavicol epi-a-cadinol
(phenylpropane ) » (cadinane )

o-trans-bergamotene
(bicylic sesquiteipene )
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Table 7 Essential oil composition of Ocimum basilicum leaves

Number Compound Retention time % Area
of peak ( min )
Monoterpene
I myrcene 6.90 0.11
2 limonene 8.01 0.15
4 (I-)-f-ocimene 8.59 1.29

Oxygenated monoterpene

3 1,8-cineole- 8.13 0.31
5 camphor 12.56 0.71
6 borneol 13.01 0.16
sesquiterpene ‘
8 [-elemene 2313 0.15
[ (f9)-caryophyllene 2438 0.18
12 a-trans-bergamotene 25.01 1.98
13 a-humulene 2591 0.25
14 germacrene D 26.56 0.38
L5 (Z)-a-bisabolene 27.59 0.13
L6 [-bisabolene 27.78 0.35
17 germacrene A 27.88 0.27
I8 a-bulnesene 28.00 0.41
1o y-cadinene 28.04 0.54
20 o-cadinene 28.58 0.17

Oxygenated sesquiterpene

[\
aN

22 [-epi-cubenol ’ 32.48 0.

S
[O%)
foe]

epi-a-cadinol 33 54

BN

244 a-cadinol 34 04 0.
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Table 7 Essential oil composition of Ocimum basilicum leaves (continued)

Number Compound Retention time % Area
of peak (min )
Phenyl propane
7 methy chavicol 14.73 88.40
9 methyl eugenol 23.66 0.75
Miscellaneous
10 unknown 2418 0.14
21 unknown 29.19 0.14




89%

3% o
’ 5% 19% 2%

m monoterpene
& oxygenated monoterpene
sesquiterpene

oxygenated sesquiterpene

il pheny! propane

Figure 11 The percentage of various terpenoid groups found in the

essential oil of Ocimum basilicum leaves

61



62

4.1.6 Essential Oil Composition of Ocimum canum Sims.

By hydrodistillation, the yield of the essential oil from Ocimum canum leaves
was found to be 0.2 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS
showed 35 separate peaks (Fig.12). These peaks were identified as 5 monoterpenes,
12 oxygen‘ated monoterpenes, 11 sesquiterpenes, 2 oxygenated sesquiterpenes and |
non-terpenoid component (Table 8). Among these, geranial (22.36 %) appeared to be
the major component, followed by geranyl acetate (13.10 %) and (£)-caryophyllene

(9.55 %).

These major components were in the oxygenated monoterpenoid group,
accounting for 49 % of the essential oil (Fig.13). Sesquiterpenes, monoterpenes and
oxygenated sesquiterpenes were present in lesser amount, at 26 %, 3 %.1 %,

respectively.

In terms of structure, the major components, geranial and geranyl acetate,
belong to the oxygenated monoterpenoid group of acyclic monoterpenoid whereas

(1.)-caryophyllene belongs to sesquiterpenoid group of caryophilane.

0
N
H ~ O -Ac
geranial geranyl acetate
(acyclic monoierpenoid) (acyclic monoterpenoid)

(I))-caryophyllene

(caryophilane )
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Table 8 Essential oil composition of Ocimum canum leaves

64

Number Compound Retention time % Area
of peak (min)

Monoterpene
1 sabinene 6.35 0.26
3 o0-3-carene 7.40 0.14
4 o-cymene 7.75 0.13
5 limonene 8.01 1.11
7 (12)-p-ocimene 8.60 0.78

Oxygenated monoterpene
6 ,8-cineole 8.13 0.63
8 fenchone 10.08 0.21
9 linalool 10.63 542
10 (exo)-fenchol 11.40 0.56
12 [-pinene oxide 12.76 0.57
[3 frans-verbenol 13.06 0.36
14 cis-chrysanthenol 13.33 0.60
5 a-terpineol 1421 0.66
17 linalool acetate 15.88 2.98
I8 cis-carveol 16.48 1.70
19 geranial 17.81 2230
22 geranyl acetate 21.15 13.10

Sesquiterpene
23 a-copaene 22.51 0.30
24 (/7)-caryophyllene 2436 9.55
25 a-frans-bergamotene 25.00 220
20 (7)-[-farnesenc 25 34 017
27 a-humulene 2589 481
28 y-muurolene 26.43 |.88




Table 8 Essential oil composition of Ocimum canum leaves (continued)

65

Number Compound Retention time % Area
of peak (min)
29 [f-selinene’ 26.80 0.32
30 a-selinene 27.18 0.10
31 [S-bisabolene 2778 0.20
32 o-cadinene 28.56 0.14
33 germacrene B 2951 6.57
Oxygenated sesquiterpene
34 caryophyllene oxide 31.09 0.70
35 humulene epoxide 1 32.23 0.22
Pheny! propane
16 methyl chavicol 14.73 0.38
Long chain hydrocarbon
2 6-methyl-3-hepten-2-one 6.53 1.14
Miscellaneous
I unknown 12.05 1.13
20 unknown 18.45 5.57
21 unknown 19.96 12.98




49%

1% 1%

[ monoterpene

B oxygenated monoterpene
sesquiterpene

oxygenated sesquiterpene
55| long chain hydrocarbon

E& unknown

Figure 13 The percentage of various terpenoid groups

found in the essential oil of Ocimum canum leaves
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4.1.7 Essential Oil Composition of Ocimum gratissimum L.

The yield of essential oil isolated trom Ocimum gratissimum leaves was found
to be 0.3 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS showed 18
peaks (Fig.14). These peaks were identitied as 4 monoterpenes, | oxygenated
monoterpene, 12 sesquiterpenes and | non-terpenoid compound (Table 9). Among
these, (/v)-isoeugenol (58.92 %) was found to be the majof component, followed by

(Z)-f-ocimene (20.35 %) and germacrene D (7.66 %).

In terms of relative amount, the phenylpropanoid appeared to be the major
group, accounting for 59 % of the essential o1l (Fig. 15). Monoterpenoids,
sesquiterpenotds and oxygenated monoterpenoids were present in lesser amount, with

22 %, 18 % and 1 % respectively (Fig. 15).

Structurally, (/)-isoeugenol is a phenylpropanoid compound. (Z)-f-ocimene
belongs to the group of acyclic monoterpenoid, while germacrene D belongs to the

group of sesquiterpenoid of simple germacrane respectively.

O-Me
H ~ l
< |
(1l:)-1soeugenol (7)-f3-ocimene
(phenylpropane ) (acyclic monoterpenoid)

=

germacrene D
(simple germacrane )
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Table 9 Essential oil composition of Ocimum gratissimum leaves

Number Compound Retention time % Area
of peak ( min)
Monoterpene
I myrcene 6.90 0.29
2 (Z)--ocimene 8.23 20.35
3 (F)-p-ocimene 8.59 1.13
S neo-allo-ocimene 11.76 0.07

Oxygenated monoterpene

4 linalool 10.63 0.64
Sesquiterpene
7 a-copaene 22.51 0.83
8 [-bourbonene 22.60 0.15
9 f-cubebene 23.06 0.11
10 (#2)-caryophyllene 2438 2.19
i a-trans-bergamotene 25.03 3.28
12 a-humulene 2591 0.24
13 germacrene D 26.56 7.65
14 [-selinene 26.80 0.35
IS (1,1))-a-tarnesene 27.73 2.94
16 germacrene A 2790 0.26
17 o-cadinene 2858 0.41
I8 [F-sesquiphellandrene 28 84 0.18

Phenyl propane

o
.Jl
oy}

06 (19)-1s0eugenol 58.92




59%

T

18%
1%

M monoterpene
B8 oxygenated monoterpene

sesquiterpene

& phenyl propane

Figure 15 The percentage of various terpenoid groups found in the

essential oil of Ocimum gratissimum leaves
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4.1.8 Esssential Oil Composition of Ocimum sanctum L.

The vyield of essential oil hydrodistilled from Ocimum sanctum L. leaves was
found to be 0.2 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS
showed 18 peaks (Fig. 16). These peaks were identitfied as 5 monoterpenes, 3
oxygenated monoterpenes, 8 sesquiterpenes and 2 non-terpenoid components (Table
10). Among these, methyl eugenol (46.08 %) was found to be the major component,

followed by 9-¢pi {I)-caryophyllene (23.69 %) and eugenol (19.18 %).

Quantitatively, the phenylpropanoid appeared to be the major group,
accounting for 65% of the essential oil. Sesquiterpenoids, oxygenated monoterpenoids
and monoterpenoids were present in lesser amount, with 33 %, 1 % and 1 %,

respectively (Fig. 17).

Structurally, the major components, methyl eugenol and eugenol belong to the
phenylpropanoid group, whereas 9-¢pi (1.)-caryophyllene belongs to the group of

sesquiterpenoid of caryophilane.

0 — Mc OH
O — Me O — Me
methyl eugenol eugenol
(phenyl propane) (phenyl propane)
gt
H

9-¢pi (1.)-caryophyllene

(carvophilane)
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Table 10 Esssential oil composition of Ocimuum sanctum leaves

73

Number Compound Retention time % Area
of peak ( min )
Monoterpene
I a-thujene 5.50 0.20
2 camphene 5.60 0.21
3 sabinene 6.35 t
4 f-pinene 6.41 0.14
5 limonene 8.01 0.07
Oxygenated monoterpene
6 1,8-cineole 8.13 0.07
7 linalool 10.63 0.32
8 borneol 13.61 0.55
Sesquiterpene
10 f-elemene 23.09 2.65
12 9-¢pi (Iv)-caryophyllene 25.43 23.69
I3 a~-humulene 2591 1.53
14 y-muurolene 2645 0.39
15 [-selinene 26.80 0.12
16 a-selinene 2718 0.14
17 a-bulnesene 28.00 451
18 o-cadinene 28.50 0.11
Phenyl propane
9 eugenol 21.31 19.18
I methyl eugenol 23.06 46.08

t = trace



74

1% 1
o

L

m monoterpene

5 oxygenated monoterpene
sesquiterpene

phenyl propanoid

Figure 17 The percentage of various terpenoid groups found in the

essential oil of Ocimum sanctum

leaves
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4.1.9 Essential Oil Composition of Perilla frutescens Britt.

By hydrodistillation, the yield of the essential oil from Perilla frutescens leaves
was found to be 0.1 % (v / w) of fresh weight. GC/MS analysis of the essential oil
showed 19 peaks (Fig. 18). These peaks were identified as 4 monoterpenes, 7
oxygenated monoterpenes and 5 sesquiterpenes (Table 11). Among these, perilla
aldehyde (57.31 %) was found to be the major componenf, followed by limonene

(20.22 %) and piperitone (7.85 % ).

In terms of relative amount, oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 67 % of the essential oil (Fig. 19).
Monoterpenes and sesquiterpenes were present in lesser content, with 21 % and 9 %,

respectively.

In terms of structure, the major components, perilla aldehyde, piperitone and

limonene, belong to the oxygenated monoterpenoid and monoterpenoid groups of

menthane.
CHO
e
AN X
perilla aldehyde limonene
(menthane) (menthane)

piperitone

(menthane)



O
e~

(uiwjow] uonusey
12quinN ueas

SQARD| SUISIJNY D]JLId4 WO [I0 [BIUISSD Y} JO WELIFOJeWOLYd DD 81 2In51]

66" 62 66" 671 66" 6
&&WN &&Wﬁ &BWﬁ &m@
! _ . ! . ! _
shgy M.« 51 ! ,0b L9 1 M‘

Ly

‘g suaasaynif vjjdad

1 44

€l

- LOL

7007



Table 11 Essential oil composition of Perilla frutescens leaves

77

Number Compound Retention time % Area
of peak ( min)
Monoterpene
I a-thujene 5.50 0.41
4 myrcene 6.90 0.50
5 limonene 8.01 2022
0 terpinolene 10.13 0.08
Oxygenated monoterpene
8 linalool 10.63 0.39
9 camphor 12.55 t
10 a-terpineol 14.25 0.12
I dihydro carveol 15.73 0.08
12 carvone 17.80 .66
13 piperitone 17.93 7.85
14 perilla aldehyde 21.69 57.31
Sesquiterpene
IS 9-¢pi-(1,)-caryophyllene 25.39 0.23
16 germacrene D 26.56 0.78
17 (I I a-farnesene 27.73 7.29
18 germacrene A 27.89 0.18
19 o -cadinene 28.50 0.09
Miscellaneous
2 benzaldehyde 6.31 0.35
3 unknown 6.79 238
7 dimethvl styvrene isomer # 1 10.83 t

t = trace




3%
9%

67%

M monoterpene
B oxygenated monoterpene

sesquiterpene

E& unknown

Figure 19 The percentage of various terpenoid groups found

in the essential oil of Perilla frutescens leaves
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4.1.10 Essential Oil Composition of Pogostemon cablin Benth.

The essential oil from the leaves of Pogostemon cablin Benth. was isolated by
hydrodistillation. The oil yield was found to be 0.30 % (v/w) of fresh weight. Analysis
of the essential oil by GC/MS showed 23 peaks (Fig. 20). These peaks were identified
as 18 sesquiterpenes. 3 oxygenated sesquiterpenes {Table 12). Among these, patchoul
alcohol (60.30 %) appeared to be the major component, followed by germacrene A
(11.73 %).

In terms of relative amount, the oxygenated sesquiterpenes appeared to be the
major terpenoid group, accounting for 65 % of the essential oil and sesquiterpenes

were present in a lesser content 35 %. (Fig.21)

[n terms of structure, the major components, patchouli alcohol and germacrene
A, belong to the sesquiterpenoid group of rearranged patchoulane and simple

germacrane, respectively.

patchouli alcohol germacrene A
(rearrarged patchoulane) (simple germacrane)
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Table 12 Essential oil composition of Pogostemon cablin leaves

81

Number Compound Retention time % Area
of peak (min)
Sesquiterpene
2 O-elemene 20.79 t
3 [-patchoulene 22.90 t
4 [—elemene 23.09 0.33
5 cis-thujopsene 24.20 0.25
¢ (I2)-caryophyllene 2438 2.24
7 a--gualene 24 .85 7.22
8 r-patchoulene 25.63 3.89
9 a-humulene 2591 0.48
10 a-patchoulene 26.15 227
[ seychellene 26.28 0.98
12 valencene 26.45 0.85
I3 germacrene D 26.56 0.15
14 [-selinene 26.80 t
IS a—selinene 27.18 0.23
16 viridiflorene 27.68 1.91
17 germacrene A 27.89 11.73
I8 a-bulnesene 28.00 0.86
19 7-epi-a-selinene 28.59 0.17
Oxygenated sesquiterpene
21 longipinanol 33.01 t
22 globulol 3418 4.62
23 patchouli alcohol 34.64 60.30>
Long chain hydrocarbon
| l-octen-3-ol 6.79 0.20
Miscellaneous
20 unknown 30.12 (.19

t=trace
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sesquiterpene

oxygenated sesquiterpene

Figure 21 The percentage of various terpenoid groups found in the

essential oil of Pogostemon cablin leaves
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4.2 Chemical Composition of Essential Oil from Western Country
4.2.1 Essential Oil Composition of Melissa officinalis L.

The yield of essential oil hydrodistilled trom Melissa officinalis leaves was
found to be 0.1 % (v/w) of fresh weight. Analysis of this essential oil by GC/MS
showed that there were 16 components (Fig. 22). These peaks were identified as 3
monoterpenes, 10 oxygenated monoterpenes, and 1 sesquiterpene (Table 13). Among
these, geranial (40.75 %) appeared to be the major component, followed by neral
(28.85 %) and terpin-4-ol (7.95 %). Therefore, the oxygenated monoterpene was
found to be the major terpenoid group, accounting for 90 % of the essential oil (Fig.
23). Sesquiterpenes and monoterpenes were present in much lesser amount with 5 %

and 3 %, respectively.

Structurally, geranial and neral belong to the oxygenated monoterpenoid group

of acyclic monoterpenoid whereas terpin-4-ol belongs to the group of menthane.

O
N H o
P L
geranial neral
(acyclic monoterpenoid) (acyclic monoterpenoid)

oH

terpin-+-ol
(menthane)
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Table 13 Essential oil composition of Melissa officinalis leaves

85

Number Compound Retention time % Area
of peak ( min)
Monoterpene
2 o-cymene 7.75 0.73
3 y-terpinene 9.08 0.26
4 terpinolene 10.14 2.06
Oxygenated monoterpene
5 isopulegol 12.13 1.04
6 citronellal 12.88 0.34
7 neo-1so-1sopulegol 13.30 0.56
8 terpin-4-ol 13.94 7.95
10 neral 16.60 28.85
I geraniol 17.01 2.77
12 methyl citronellate 17.53 0.78
13 geranial 17.81 40.75
14 thymol 20.01 6.64
[5 geranyl acetate 21.15 0.64
Sesquiterpene
16 9-epi-(1)-caryophyllene 25.43 4.55
Long chain hydrocarbon
. 6-methyl-5-hepten-2-one 6.53 2.06
Miscellaneous
9 unkﬁown 1533 0.67

t = trace




5%

90%

M monoterpene

# oxygenated monoterpene
sesquiterpene

long chain hydrocarbon

Figure 23 The percentage of various terpenoid groups found in the

essential oil of Melissa officinalis

leaves
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4.2.2 Essential oil composition of Mentha piperita L.

By hydrodistillation, the yield ot the essential oil from Mentha piperita leaves
was found to be 0.2 % (v/w) of fresh weight. GC/MS analysis of the essential oil
showed 16 peaks (Fig. 24). These peaks were identified as 3 monoterpenes, 11
oxygenated monoterpenes and 2 sesquiterpenes (Table 14). Among these, menthol
(30.37 %) was found to be the major component, followed by menthone (24.63 %)

and 1somenthyl acetate (20.46 %).

As for the component , the oxygenated monoterpene appeared to be the major
terpenoid group, accounting for 99% of the essential oil (Fig. 25). Whereas the
sesquiterpenotd was present in much lesser amount, at 1 %. In terms of structure, the
major components, menthol, menthone and isomenthyl acetate, belong to the

oxygenated monoterpenoid group of menthane.

OH O
menthol menthone
(mentharne) (menthane)
O—Ac

isomenthyl acetate
(menthane)
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Table 14 Essential oil composition of Mentha piperita leaves

89

Number of Compound Retention time % Area
peak ( min )
Monoterpene
| a-thujene 5.50 0.12
2 sabinene 6.35 022
4 y-terpinene 9.08 0.11
Oxygenated monoterpene
3 1,8-cineole 8.14 2.41
5 frans-sabinene hydrate 10.48 0.71
6 menthone 13.62 24.63
7 menthofuran 14.10 15.32
8 neo-menthol 14.23 2.25
9 menthol 14.64 30.37
10 pulegone 17.23 0.61
I piperitone 17.95 0.17
12 menthyl acetate 18.73 1.30
[3 isomenthyl acetate 19.68 20.46
14 neo-iso-carvomenthyl acetate 20.38 0.58
Sesquiterpene
IS 9-epi-(I,)-caryophyllene 2543 0.35
1o y-cadinene 28.04 0.39




99%

% oxygenated monoterpene

sesquiterpene

|

Figure 25 The percentage of various terpenoid groups found in the

essential oil of Mentha piperita leaves
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4.2.3 Essential oil Composition of Mentha spicata L.

The yield of the essential oil isolated from Mentha spicata leaves was found to
be 0.3 % (v/w) of fresh weight. GC analysis of the essential oil showed that there
were at least 25 components present in the oil (Fig. 26). These components were
identified as 8 monoterpenes, 9 oxygenated monoterpenes and 5 sesquiterpenes (Table
15).  Among these, carvone (57.68 %) was found to be the major components
contributed greatly to the overall oxygenated monoterpenoids content which appeared
to be the major terpenoid group, accounting for 91 % of the essential oil (Fig. 27).
This was followed by the sesquiterpenes and monoterpenes were present in much

lesser amount, with 4 % and 4 %.

In terms of structure type, the major components, carvone and 1,8-cineole,

belong to the oxygenated monoterpenoid group of menthane.

carvone [ .8-cineole
(menthane) (menthane)
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Table 15 Essential oil composition of Mentha spicata leaves
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Number Compound Retention time % Area
of peak ( min)
Monoterpene
I a-thujene 5.50 0.52
2 sabinene 6.35 0.50
3 [-pinene 0.41 1.08
4 myrcene 6.90 0.61
0 a-terpinene 7.61 021
8 (1)-p-ocimene 8.60 t
9 y-terpinene 9.08 0.52
Il terpinolene 10.13 0.15
Oxygenated monoterpene -
7 | 8-cineole 8. 14 25.00
10 cis-sabinene hydrate 10.01 0.80
13 terpin-4-ol 13.94 1.85
14 neo-iso-dihydrocarveol 16.05 2.90
[S carvone 17.86 57.68
o bornyl acetate 18.50 0.30
19 neo-iso-dihydrocarveol acetate 21.31 1.19
20 cis-carvyl acetate 21.60 0.85
Sesquiterpene
21 S-bourbonene 22.58 1.24
22 9-¢pi-(l,)-caryophyllene 2543 2.03
23 germacrene D 26.56 0.74
24 bicycolgermacrene 2761 0.25
25 germacrene A 27.89 0.21




Table 15 Essential oil composition of Mentha spicata leaves (continued)
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Number Compound Retention time % Area
of peak ( min )
Long chain hydrocarbon
5 3-octanol 7.56 082
2 3-octanol acetate 11.66 0.16
Miscellaneous
17 unknown 19.59 0.15
18 unknown 19.83 0.24

t = trace
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91%

4%

4% 1%

m monoterpene
B oxygenated monoterpene

sesquiterpene

B3 long chain hydrocarbon

Figure 27 The percentage of various terpenoid groups found

in the essential oil of Mentha spicata leaves
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4.2.4 Essential Oil Composition of Origanum majorana L.

The yield of essential oil from Origanum majorana leaves was found to be
0.1 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS showed that
there were at least 24 components (Fig. 28). These components were identified as 8
monoterpenes, 5 oxveenated monoterpenes and 3 sesquiterpenes (Table 16). Among
these, terpin-4-ol (28.37 %) was found to be the major component, followed by

linalool (20.7 %) and S-phellandrene (10.75 %).

in terms of relative amount, the oxygenated monoterpene appeared to be the
major terpenoid group , accounting for 54 % of the essential oil. Monoterpenoid and
sesquiterpenoid were present in lesser amount , with 33 % and 5 % , respectively
( Fig. 29).

Structurally, the major components, terpin-4-ol and linalool, belong to the
oxygenated monoterpenotd group of menthane and acyclic monoterpenoid whereas [-

phellandrene belongs to the monoterpenoid group of menthane.

OH
I
|
OH
terpin-4-ol linalool
(nienthane) (acyclic monoterpenoid)

-phellandrene
(menthane )
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Table 16 Essential oil composition of Origanum majorana leaves

98

Number Compound Retention time % Area
of peak (' min )
Monoterpene
I tricyclene 5.28 0.41
2 sabinene 6.35 3.57
5 O -2-carene 7.12 512
6 0-cymene 7.75 0.40.
7 limonene 8.01 1.26
8 [F-phellandrene 8.03 10.75
9 y-terpinene 9.08 8.68
I terpinolene 10.13 2.30
Oxygenated monoterpene
12 linalool 10.64 20.74
15 terpin-4-ol 13.94 28.37
16 a-terpineol 14.21 4.97
17 trans-dihydro carvone 14.97 t
19 bornyl acetate 18.49 t
21 geranyl acetate 2115 0.21
Sesquiterpene
22 ([2)-caryophyllene 2433 2.19
23 a-humulene 25.91 0.10
24 bicyclogermacrene 27.61 2.99
Miscellaneous
3 unknown 6.36 0.23
4 unknf‘,wn 6.63 0.96
10 unknown 943 3.37
13 unknown 11.57 1.55
4 unknown 12.30 0.88
18 unknown 16.97 0.83
20 unknown 20.90 0.12

t = trace



33%

54%

8% 5%

M monoterpene
2 oxygenated monoterpene
sesquiterpene

23 long chain hydrocarbon

Figure 29 The percentage of various terpenoid groups found in the

essential oil of Origanum majorana leaves
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4.2.5 Essential oil Composition of Origanum vulgare L.

The leaves of Origamum vulgare were found to contain essential oil with the
content of 0.2 % (v/w) of fresh weight. GC/MS analysis showed at least 26 peaks in
its GC chromatogram (Fig. 30). These peaks were identified as 13 monoterpenes, 6
oxygenated monterpenes and 5 sesquiterpenes (Table 17). Among these, the major
components were found to be carvacrol (75.63 %) , p-mentha-2.4(8)-diene (10.11 %)

and o-cymene 2.34 %.

In terms of relative amount, the oxygenated monoterpenes appeared to be the
major terpenoid group, accounting for 77 % of the essential oil (Fig. 31).
Monoterpenes and sesquiterpenes were present in lesser amount , with 19 % and 4 % ,

respectively.

In terms of structure, the major components, carvacrol, belongs to the
oxygenated monoterpenoid group of menthane whereas p-mentha -2.4 (8) diene and o-
cymene belong to the monoterpenoid groups of menthane and o-menthane

respectively.

, OH
g
NS
carvacrol p-mentha-2 4(8)-diene
(menthane) (menthane )
o-cymene

(0-menthane)
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Table 17 Essential oil composition of Origanum vulgare leaves

102

Number Compound Retention time % Area
of peak (min)

Monoterpene
I tricyclene 5.28 0.71
2 a-thujene 5.50 0.29
3 camphene 5.66 0.11
4 sabinene 6.35 0.98
7 myrcene 6.92 1.65
8 oO-3-carene 7.41 0.17
9 a-terpinene 7.62 1.28
10 o-cymene 7.76 2.34
Il (Z)-f-ocimene 8.23 0.51 |
{2 (I")-f-ocimene 8.60 0.56
13 y-terpinene 9.08 0.36
14 p-mentha-2 4(8)-diene 9.63 10.11
16 terpinolene 10.13 0.06

Oxygenated monoterpene
15 (rans- sabinene hydrate 10.48 0.07
17 frans-para-menth-2-en-1-ol 11.59 0.19
18 borneol 13.62 0.13
D) u-terpineol 14.20 0.20
20 carvone 17.80 0.18
21 carvacrol 2033 75.63

Sesquiterpene
22 9-¢pi-l.-caryophyllene 25.43 1.19
23 a-humulene 2591 0.14
24 germacrene D 206.56 1.49
25 bicyclogermacrene 2701 0.38




Table 17 Essential oil composition of Origanum vulgare leaves (continued)
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Number Compound Retention time % Area
of peak (min)
20 [-bisabolene 27.78 0.78
Long chain hydrocarbon
6 I-octen-3-ol 6.79 0.25
Miscellaneous
5 unknown 6.78 0.18
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77%

N

19% 4%

m monoterpene

i oxygenated monoterpene

sesquiterpene

Figure 31 The percentage of various terpenoid found in the

essential oil of Origanum vulgare leaves
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4.2.6 Esssential Oit Composition of Rosmarinus officinalis L.

The yield of essential oil hydrodistilled from Rosmarinus officinalis leaves was
found to be 0.9 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS
showed 40 peaks (Fig.32). These peaks were identified as 14 monoterpenes, 19
oxygenated monoterpenes, 3 sesquiterpenes and [ oxygenated sesquiterpene (Table

[8). Among these, a-pinene (22.48 %) appeared to be the major component followed

by camphor (20.07 %).

In terms of ieiative amount, the oxygenated monoterpene was found to be the
)/

major terpenoid group, accounting for 59 %% of the essential oil.  Monoterpenes and

sesquiterpenes were present in lesser amount , with 38 % and 2 %, respectively (Fig. 33).

In terms of structure type, the major components, a-pinene, belongs to the
monoterpenoid group of pinane, while camphor belongs to the oxygenated

monoterpenoid group of camphane.

A\

a-pinene camphor

(pinane) (camphane)



106

(uiw)aw} uonuaey
lagunN uesg

SQARI] SIDUID IO SIULIDIUSOY] WO 10 |1USSSS Y] JO WEIS0IRWOIYd DO ze NSy

b6’ 62 66" 6T
agyZ B8sT &&_NH
Lﬂ&ﬁu L ! :
o e D
8¢

" SyvUIdLJo SnuLIVUISOY

66°6
889

3 U

A3

t43

0z

- 10L

P45 1%) 8



Table 18 Esssential oil composition of Rosmarinus officinalis leaves

107

Number Compound Retention time % Area
of peak ( min )
Monoterpene

| tricyclene 530 0.26
2 o-pinene 533 22.48
3 camphene 5.660 2.96
4 thuja 2,4(10)-diene 5.78 0.32
5 f-pinene 6.43 3.41
7 myrcene 6.90 2.42
8 a-phellandrene 7.26 t

9 o -3-carene 7.40 0.54
10 o-cymene 7.75 t

Il sylvestrene 7.90 3.26
13 (Z)-f~ocimene 8.23 t
14 y-terpinene 9.08 1.00
16 terpinolene 10.14 0.99

Oxygenated monoterpene

12 |,8-cineole 8.13 7.82
17 linalool 10.63 5.63
19 chrysanthenone [1.43 0.50
20 camphor 12.56 20.07
21 frans-pinocamphone 13.09 t
22 pinocarvone [3.34 t
23 borneol [3.01 4063
24 cis-pinocamphone [3.76 1.95
25 terpin-4-ol 3.94 .81




Table 18 Esssential ¢il composition of Rosmau inus officinalis leaves (continued)

108

Number Compound Retention time % Area
of peak ( min )

20 a-terpineol 14.21 1.65

27 isobornyl formate 1535 t

28 (/©)-ocimenone 16.30 6.26

31 bornyl acetate 18.49 8.67

32 cis-pinocarvyl acetate 2113 0.08

34 neo-iso-dihydro carveol acetate 21.31 0.08

35 frans-myrtanol acetate 22.93 0.21
Sesquiterpene

36 r-elemene 24.60 t

38 9-epi-(12)-caryophyllene 25.43 1.48

39 (Z£)-a-bisabolene 27.59 0.23
Oxygenated sesquiterpene

40 caryophyllene oxide 31.09 0.29
Phenpyl propane

37 (Z)-methyl isoeugenol 25.23 0.12
Long chain hydrocarbon

6 3-octanone 6.67 t
Miscellaneous

IS unknown 10.00 0.08

18 -~ unknown [1.36 0.09

29 unknown 1780 0.23

30 unknown 18.00 0.48

33 unknown 21.53 t

t=trace
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38%

2%

1%

[ monoterpene
B oxygenated monoterpene

sesquiterpene

E&] unknown

Figure 33 The percentage of terpenoid groups found in the

essential oil of Rosmarinus officinalis leaves



4.2.7 Esssential Oil Composition of Salvia officinalis L.

The yield of essential oil hydrodistilled from Salvia officinalis leaves was found
to be 0.3 % (v/w) of fresh weight. Analysis of the essential oil by GC/MS showed 26
peaks (Fig. 34). These peaks were identified as 7 monoterpenes, 11 oxygenated
monoterpenes and 4 sesquiterpenes (Table 19). Among these, cis-thujone (37.49 %)
was found to be the major component followed by camphor (13.79 %) and «-

humulene (9.46 %) .

In terms of relative amount, the oxygenated monoterpene appeared to be the
major terpenoid group, accounting for 71 % of the essential oil (Fig. 35).
Sesquiterpenes and monoterpenes were present in lesser amount | at 20 % and 4 % ,

respectively.

In terms of structure, the major components, cis-thujone and camphor, belong

to the oxygenated monoterpenoid groups of thujane and camphane, respectively.

O
O
cis-thujone
( thujane ) camphor
(camphane)

o-humulene
(Mmmulane)
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Table 19 Esssential oil composition of Salvia officinalis leaves

Number Compound Retention time % Area
of peak ( min )

Monoterpene
I tricyclene 528 1.80
3 sabinene 0.35 0.35
O & -Z-carene 7.12 0.22
7 limonene 8.01 0.81
9 (Z) p-ocimene 823 0.44
10 y-terpinene 9.08 0.44
I terpinolene 10.13 t

Oxygenated monoterpene
8 |,8-cineole 8. 14 938
12 linalool 10.63 t
13 cis-thujone 10.89 37.49
14 trans-thujone 11.33 7.89
[5 camphor [2.55 13.79
1o frans-pinocamphone 13.09 0.59
17 borneol 13.59 0.91
18 cis-pinocamphone 13.76 t
19 terpin-4-ol 13.94 0.41
20 a-terpineol 14.20 t
21 bornyl acetate 1851 0.44

Sesquiterpene
22 (/2)-caryophyllene 2436 3.30
24 a-humulene 2588 9.46
25 bicyclogermacrene 27.61 0.16
20 gen"nacrene B 31.60 7.33




Table 19 Esssential oil composition of Safvia officinalis leaves (continued)

113

Number Compound Retention time % Area
of peak ( min)
Miscellaneous
2 anknown 5.63 1.63
4 unknown 6.38 233
5 unknown 6.66 0.65
23 unknown 25.15 0.15

t = trace



71%

4%

20%

m monoterpene
B oxygenated monoterpene
sesquiterpene

E&l unknown

Figure 35 The percentage of various terpenoid groups found in the

essential oil of Salvia officinalis leaves



4.2.8 Esssential Oil Composition of Thymus sp. 1 ( summer thyme )

The yield of essential oil from 7hymuy sp.| leaves was found to be 0.9 % (v/w)
of fresh weight. Analysis of the essential oil by GC/MS showed that there were at
least 18 components (Fig. 36). These components were identified as 8 monoterpenes,
8 oxygenated monoterpenes and 2 sesquiterpenes (Table 20). Among these, thymol
(26.43 %) appeared to be the major component followed by j-terpinene (21.63 %) and

o-cymene (15.87 %).
The oxygenated monoterpene was found to be the major terpenoid group,
accounting for 53 % of the essential oil (Fig. 37). Monoterpenes and sesquiterpenes

were present in lesser amount, with 45 % and 2 %, respectively.

Structurally, the major components, thymol and j-terpinene, belong to the

monoterpenoid group of menthane, while o-cymene belongs to the group of o-menthane.

OH

thymol y-terpinene
(menthane) (menthane)

o-cyvmene
(o-menthane)
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Table 20 Esssential oil composition of 7Aymus sp. 1 (summer thyme ) leaves

Number Compound Retention time % Area
of peak ( min)
Monoterpene
I tricyclene 5.28 1.44
2 a-thujene 5.49 0.88
3 camphene 5.66 1.30
4 sabinene 6.35 0.17
S myrcene 6.92 1.51
0 a-terpinene 7.62 2.19
7 o-cymene 7.75 15.87
8 y-terpinene 9.08 21.63
Oxygenated monoterpene
9 cis-sabinene hydrate 10.01 t
10 linalool 10.63 414
I borneol 13.01 3.17
12 inetnyi ether, thymol 17.06 5.17
13 methyl ether, carvacrol 17.50 2.05
14 bornyl acetate 18.51 0.97
IS thymol 20.04 26.43
16 carvacrol 20.33 11.08
Sesquiterpene
7 9-¢pi-(1)-carylphyliene 2544 2.00
L8 y-cadinene 28.04 t

l

lrace



eeeeeeeeeeee

sesquiterpene

Figure 37 The percentage of various terpenoid groups found in the



4.2.9 Esssential Oil Composition of Thymus sp. 2 ( winter thyme )

The leaves of Thymus sp.2 was found to contain essential oil with the content
ot 0.9 % (v/w) of fresh weight. By GC/MS analysis, the oil was shown to have at least
23 components (Fig. 38). These peaks were identified as 9 monoterpenes, 10
oxygenated monoterpenes and 3 sesquiterpenes (Table 21). Among these, the major
components were found to be thymol (59.27 %), y-terpinene (15.20 %) and o-cymene

(9.37 %).

In terms of relative amount, the oxygenated monoterpene appeared to be the
major terpenoid group, accounting for 66 % of the essential oil (Fig.39).
Monoterpenes and sesquiterpenes were present in lesser amount, with 30 % and 3 %,

respectively.

[n terms of structure, the major component of thymol belongs to the
oxygenated monoterpenoid group of menthane whereas y-terpinene and o-cymene

belong to the monoterpenoid group of menthane and o-menthane, respectively.

OH

thymol

y-terpinene
(menthane)

(menthane)

o-cymene
(0-menthane)
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Table 21 Esssential oil composition of 7hymus sp.2 (winter thyme) leaves

121

Number Compound Retention time % Area
of peak (min)
Monoterpene
I tricyclene 5.28 0.81
2 a-thujene 5.49 0.53
3 camphene 5..66 0.49
4 sabinene 6.35 0.09
6 myrcene 6.90 1.97
7 a-terpinene 7.61 1.52
8 o-cymene 7.75 937
9 y-terpinene 9.08 15.20
L'l terpinolene 10.13 0.07
Oxygenated monoterpene
10 cis-sabinene hydrate 10.01 0.53
12 linalool [1.54 2.67
I3 camphor 12.55 0.19
14 borneol 13.61 .46
[N terpin-4-ol 13.94 .30
¥¢ a-terpineol 14.21 0.10
7 methyl ether, carvacrol 17.49 0.19
I8 bornyl acetate [8.50 0.47
19 thymol 20.04 59.27
22 geranyl N propanoate 27.63 0.07
Sesquiterpene
20 9-cpi-(I-)-carylphyllene 25 44 211
21 (Z)-a-bisabolene 27.59 0.09
23 r-cadinene 2804 0.94
Long chain hydrocarbon
S [-octen-3-ol 6.79 0.55

t = trace
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3%
1%

[ monoterpene

& oxygenated monoterpene

sesquiterpene

long chain hydrocarbon

Figure 39 The percentage of various terpenoid groups found in the

essential oil of Thymus sp.2 leaves
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4.2.10 Esssential Oil Composition of Thymus vulgaris L.

By hydrodistillation, the yield of the essential oil from 7hymus vulgaris leaves
was found to be 0.2 % (v/w) of fresh weight. GC/MS analysis of the essential oil
showed 17 peaks (Fig. 40). These peaks were identified as 8 monoterpene, 7
oxygenated monoterpenes, and | sesquiterpene (Table 22). Among these, thymol
(47.87%) appeared to be the major component, followed by y-terpinene (23.35 % )
and o-cymene (9.88 %).

The oxygenated monoterpene appeared to be the major terpenoid group,
accounting for 57 % of the essential oil. (Fig. 41). Monoterpenes and sesquiterpenes

were present in lesser amount, at 41 %, 1 %, respectively.
Structurallv, the major components, thymol, belongs to the oxygenated

monoterpenoid group of menthane, while y-terpinene and o-cymene belong to the

monoterpenotd group of menthane and o-menthane, respectively.

OH

thymol y-terpinene
(menthane) (menthane)

o-cymene
(0-menthane)
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Table 22 Esssential oil composition of Thynus vulgaris leaves
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Number Compound Retention time % Area
of peak ( min)
Monoterpene
2 tricyclene 5.28 0.85
3 camphene 5.66 0.06
4 sabinene 6.34 1.47
5 myrcene 6.41 1.60
0 a-terpinene 7.61 2.65
7 0-cymene 7.75 9.88
8 limonene 8.01 0.42
9 y-terpinene 9.08 23.35
Oxygenated monoterpene
10 linalool 10.63 2.86
I Lorneol 13.01 1.73
12 terpin-4-ol 13.94 .14
I3 methyl ether, thymol 17.06 0.61
14 methyl ether, carvacrol 17.50 0.66
[5 thymol 20.04 47.87
16 carvacrol 20.33 1.65
Sesquiterpene
17 (/v)-caryophyllene 2438 1.25
Miscellaneous
| unknown 4 98 1.33
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 57%

41% Y

1%

1%

M monoterpene

B oxygenated monoterpene

sesquiterpene

'[E&] unknown

Figure 41 The percentage of various terpenoid groups

found in the essential oil of Thymus vulgaris leaves
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4.3 Scanning electron microscopic observation

[.eaves of Lamiaceous plants were examined under scanning electron
microscope. Their scan electron micrograph revealed for glandular trichomes as shown

i figures 42-51.

168krm 040422

Fig. 43 Scanning electron micrograph of glancular trichomes of Hypris suaveolens Poit.
- o o P .
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18kWY K358 S8Prm B511064

Fig.44 Scanning electron micrograph of glandular trichomes of Mentha arvensis L.

var piperascens Malinvaud

Fig.45 Scanning electron micrograph of glandular trichomes of Mentha cordifolia

Opiz
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Fig.47 Scanning electron micrograph of glandular trichomes of Ocimum camim Sims.



130

X

18kU X588 S8pkm 171189

Fig.48 Scanning electron micrograph of glandular trichomes of Ocimum gratissinmum L.

Fig.49 Scanning electron micrograph of glandular trichomes of Ocimum sanctum L.
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15kV X588 Serm B62318

Fig.51 Scanning electron micrograph of glandular trichomes of Pogostemon cablin

Benth.
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4.4 Antimicrobial activities of the essential oil from Thai Lamiaceous plants

Antimicrobial activities of the essential oils were shown in Table 23. It was
found that the essential oils tested had no activities against P’.acruginosa, C. albicans
and M. gypseum. Most of them, except the essential oils from M. arvensis L. var
piperascens Malinvaud and . basilicum L., exhibited antimicrobial activities against
S.aureus and B. subtilis. The essential oils from O. gratissimum L. and O. canum L.
had the lowest MIC against S. aureus (0.078%) and B. subilis (0.156%), respectively.
Some of them, including the oils from (. amboinicus Lour, ). gratissimum L. and
P frutescens Britt., mhibited /2. coli. For [Ii. faecalis, only the essential oils from
O amboinicus Lour. and O. canum L. couid inhibit this strain and their MICs (1.25%)
were the highest comparing to those against other strains. It was found that 0 1%
Tween 80 had no activity against the test organisms but 1.25% and higher
concentrations of DMSQ inhibited growth of S. aureus in some extent. The degree of
growth inhibition was 91.65%, 58.73% and 29.16% in 5%, 2.5% and 1.25% DMSO.

respectively.
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Table 23 Antimicrobial activities of essential oil

Staphylococcus aureuys Escherichia coli Bacillus subtilis Enterococcus faccalis
Plant ATCC 29213 ATCC 25922 ATCC 6633 ATCC 29212
mm + SD* MIC (%) nun + SD* MIC (%) mm + SP* MIC (%) mm + SD* MIC (%)
1. Coleus amboinicus i.our 17.23 £0.67 J.63 11.2-1.06 0.63 17.03 2 4.07 NDY 17.53 - 0.35 1.25
2. Hyptis suaveolens Poit 12.50 £+ 1.41 0.156 0 0 9.87 - 091 3 0 0
3. Mentha arvensis Linn var piperascens Malinvaud 0 0 0 0 0 0 0 0
4. Mentha cordifolia Opiz 8.05 +0.33 h 0 0 10.27 - 0.73 3 ] U
. Ocimum basilicum 1. 0 ] ] 0 0 0 ‘ ] ]
6. Ocimum canum 1. 13.80 = 0.36 0.156 ] 0 17.01 - 2.1 0.136 10.85 - 1.20 1.25
7. Ocimun gratissimum 1., 19.87 = 0.45 0078 ¥.23 2021 >3 11.37 - 1.84 3 ] 0]
8. Ocinum sanctum L. 9.96 = 1.03 0.312 0 0 K75 035 3 ] 0]
9. Perillu frutescens Britt 987 +1.46 1.25 K62 0.69 NDY 121 - 1.28% NDY 0 3]
10. Pogosternon cablin Benth 8.63 =067 0.63 0 0 104 1.14 0.312 0 1}

" inhibition zone diameter resulted from 10 % oils in 0.1% Tween 80

b .
not determined




CHAPTER V

DISSCUSSION

Hydrodistillation of leaves from selected Thai Lamiaceous plants yielded
various amounts of essential oils ranging from 0.01 % to 0.9 % v/w of fresh weight. It
was found that the leaves of M. cordifolia and M. arvensis var piperascens S/ielded the
lowest and the highest amounts, respectively. In terms of the chemical composition
analyzed by GC/MS, most of the constituents were quite different. No clear
relationship between the distribution of particular components of these plants was
observed.

It was found that carvacrol (77.95 %) was the major component of the
essential oil from (. amboinicus. These was in agreement with the result previously
reported (Prudent ez al., 1995). The major components of the essential oil from
H. suaveolens were also in agreement with those reported recently (Ahmed es al.,
1995). They werc 1,8-cineol (21.70 %), (F£)-caryophyllene (17.87 %) and sabinene
(16.92 %). However, the percentage of 1,8-cineole in our oil were quite different from
those of Ahmed ef al., 1994 (38.70 % 1,8-cineole).

It was found that major components in the essential oil of Mentha arvensis var.
piparascens and M. cordifolia were oxygenated monoterpenes. They were menthol
(79.44 %) and piperitenone oxide (73.20 %), respectively. Most of the constituents of
Mentha arvensis var. piparascens tound in this study were similar to those recently
reported (Pino ez al., 1995). However the percentage ot menthol in our oil, were quite
different from that renort (menthol 51.68 %). For Mentha cordifolia leaf oil, this
study is the first report on its chemical composition.

Comparision of the essential oil composition among (Ocimum species was
shown in Table 24. It was found that a-humulene and o-cadinene were present in all
of four Ocimun species including O. basilicum, . canum, O. gratissimun and
(). sanctum. Some major components were present specifically in individual species.

For example geranial (22.36 %) and geranyl acetate (13.10 %) were present only in
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Table 24 Chemical composition of essential oil hydrodistilled from Ocimum leaves

Compound Y% Area

O. basilicum O. canum O. gratissimum O. sanctum

Monoterpene

w-thujene - - - 0.20
camphene = - - 0.21]
sabinene - 026 - t
[}-pinene - - - 0.14
myrcence 0.11 - 0.29 -
o-3-carene - 0.14 - -
O-cymene - 0.13 - -
limonene 0.15 111 - 0.07

Z-}-ocimene = =

(1)-p-ocimene 1.29 0.78 1.13 -
nco-allo-ocimene - - 0.07 -

Oxygenated monoterpene

|.8-cineole 0.31 0.63 - 0.07
fenchone - 0.21 - -
linalool - 542 0.64 0.32
(exo)-fenchol - 0.56 - -
camphor 0.71 - - -
[3-pinenc oxide - 0.57 - -
trans-verbenol - 0.36 - -
cis-chrysanthenol - 0.60 - -
borneol 0.16 - - 0.55
w-terpineol - 0.66 - -
linalool acctate - 2.98 - -
cis-carveol - 1.70 - -
geranial - - =
geranyl acctate - 13.10 - -

Sesquiterpene
-copacne - 0.30 0.83 -

[3-bourbonene = - 0.15 -
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Table 24 Chemical composition of essential oil hydrodistilled from Ocimum leaves
(continued)

Compound % Area
O. basilicum O. canum O. gratissimum 0. sanctum
[3-cubebene - - 0.11 -
-clemene 0.15 - - 2.05

9-¢pi-(I-)caryophyllene - - -

(/)-caryophyllene 0.18 9.35 2.19 -
a-transbergamotene . 1.98 2.26 3.28 -
o-humuene 0.25 +.81 0.24 1.53
y-muurolene - 1.88 - ' 0.39
germacrene D 0.38 - 7.65 -
[}-selinene - 0.32 0.35 0.12
a-selinene - 0.10 - 0.14
(£)-o-bisabolene 0.13 - B E
E.E.a-farnesene - - 2.95 -
[3-bisabolene 0.35 0.20 - -
germacrene A 0.27 - 0.26 -
o-bulnesene 0.41 - - 4.51
y-cadinene 0.54 - - -
d-cadinene 0.17 0.14 0.41 0.11
[3-sesquiphellandrene = - 0.18 -
ecrmacrenc B - 0.37 - -
Oxygenated sesquiterpene
caryophyllene oxide - 0.70 - -
humulene epoxide 11 - 0.22 - -
[-cpi-cubenol 0.24 - - -
cpi-a-cadinol 2.38 - - -
w-cadinol 041 - - -
Phenyl propane
methyl chavicol 0.38 - -

cugenol - -
(/)-i1socugenol ~ B

mcthyl cugenol 0.75 -
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(). canum, (7)-f-ocimene (20.35 %) was only in O.gratissimum and 9-epi—(I-)
caryophyllene (23.69 % ) was only in (). sanciim. These components may potentially

be used as markers for identitication of these individuals.

In terms of the proportion of terpenoid compounds. only (). carnm leaf oil was
found to contain the major component in the oxygenated monoterpene group (50 %).
The major components in leaf oil of the other three species were in the
phenylpropanoid group, and the non-terpenoid compound. It was found that essential
oils in these species were composed of uncommon major constituents. That of
0. hasilicum was composed of methyl chavicol (88.40 %), epi-a-cadinol (2.38 %) and
a-trans-bergamotene (1.98 %).  That of (). camum contained geranial (22.36 %),
geranyl acetate (13.10 %) and (/) caryophyllene (9.55 %). That of (). gratissimum
contained (/)-isoeugenol (58.92 %), (Z)-f~ocimene (20.35 %) and germacrene D
(7.60 %). Most of the constituents found in this study were different from other
reports. (). basilicum leat o1l has been previously reported to contain linalool,

(/:)-methyl cinnamate and | 8-cineole (Ozek ¢r al., 1995).

It was found that perilla aldehyde (57.31 %) was the major component of
Perila frutescens. This was in agreement with the findings by Kang e af., 1992, In
contrast, it was different from the findings by Nguyen ¢7 a/., 1995 (28.4 % limonene,
25.9 % piperitone). For Pogostemon cablin oil, its major component was patchouli

alcohol. This agreed with the previous report by Nguyen ¢r a/., 1990,

Leaves of selected Lamiaceous plants of western origin contained the essential
oil yields comparable to those of indigenous species.  They were 0.1-0.9 % v/w of
fresh leaves. The plants with the lowest essential oil  content included
Melissa officinalis and Origamim majorana.  Those containing the highest content
were Rosemarins officinalis. Thymus spl. (summer Thyme) and 7hyms sp.2 (winter

Thyme).

In consideration to the chemical composition. the major constituents of oils

from two plants of western origin, Mentha piperita L. and M. spicata L., and two
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indigenous spp., M. arvensis L. var piperascens Malinvaud and M. cordifolia Opiz,
were different except menthol and menthone ir: oils of M. piperita L. and M. arvensis
L. var piparascens Malinvaud.  However. their amounts were different.  The latter
contained very high amount of menthol (79.44 %) but low amount of menthone
(9.44 %) whereas the former contained nearly equal amounts of menthol (30.57 %)
and menthone (24.63 %). It was tfound that most of the constituents of the essential

oils i M. piperita and M. spicata in this study were similar to previous reports of

Tisserand and Balacs (1995).

Origanum majorana o1l was obtained in 0.1 % v/w. This was different from
previous report (3% v/w) (Wren, 1988). The GC/MS analvsis indicated terpin 4-ol
(28.37 %), linalool {20.70 %) and p-phellandrene (10.75 %). Most of the constituents
found in this study were ditterent from previously reported results.  Origamm
majorana leaf oil had been previously reported to contain carvacrol and thymol (Sarer,

., Schetter, J J.C., and Baerheim, S.A., 1982).

Origanum vulgare oil was obtained in 0.2 % v/w.  The GC/MS analysis
indicated carvacrol (75.63 %) as the major component, together with p-mentha-2,4(8)-
diene (1011 %) and o-cymene (2.34 %).  The presence of carvacrol as the major
component was in agreement with the results from a recently reported study

(Roengsumran ef al., 1997).

Rosemary oil was obtained in 0.9 % v/w. This was quite different from the
previous reported 2.35 % v/w by Perez-Alonso ef al., 1995 It was found to contain
w-pinene (22.48 %), camphor (20.07 %) and bornyl acetate (3.67 %). The presence of
a-pinenc as the major component was in agreement with the results from earlier
reports (Tisserand and Balacs, 1995 Perez-Alonso ¢r ol 1995). However, its

percentage was quite different

Salvia officivalis leat oil was obtain in 0.3 % v/w. This was quite different
from the previously reported value (14 %o v/w) (Tsankova. E. T, Konaktchiev. and

Genova, EM.; 1995). The GC/MS analysis indicated that cis-thujone (37.49 %) was
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the major component, together with camphor 13.79 % and a-humulene 9.46 %. These

were in agreement with those reported recently (Tisserand and Balacs, 1995).

Thymus vulgaris leaves oil was obtained in 0.2 % v/w. The GC/MS analysis
indicated that thymol (47.87%) was the major component, This was in agreement with
that previously reported (Tisserand and Balacs, 1995). The essential oils obtained
trom the leaves of 7hymus sp. 1 and Thymus sp. 2 were similar in terms of both yields
(0.9 % v/w) and maor chemical components. However, their percentages were
different : thymol (26.43 % and 59.27 %, respectively), y-terpinene (21.63 % and
15.20 %, respectively) and o-cymene (15.87% and 9.37%, respectively). This is the
first report on their chemical composition.

Essential oils of selected indigenous Lamiaceous plants used in this study
showed activity against S. aureus and B. subtilis except the oil trom Mentha arvensis
L. var piperascens and Ocimum  basilicum L. They showed no activity against
D aeruginosa, C. albicans and M.gypscum.  Coleus amboinicus Lour. leaf oil also
mhibited /. coli and [ faecalis.  This was in agreement with the previous report
(Prudent er al., 1995). The antibacterial activities of (" amboiaincus Lour. oil might
come from its major constituent, carvacrol, a phenolic compound. However, it was
previously reported that carvacrol showed activities against B. cereus and [, coli but it
had no activities against S. aurcus and P. aeruginosa (Ross, S A., El-Keltawi, N.E |
and Megalla, S.E., 1980). This suggested that the activity ot (. amboinicus Lour. oil
against S, aurens might come from other constituents. On the other hand, the
difterence of result on .S. aurens might come from the difference in tested strains.

Hyptis suaveolens leat oil showed antibacterial etfect on gram-positive bacteria
(5. aurcus and B. subtilis) but it had no activity against gram-negative bacteria. The
effect on gram-positive bacteria agreed with a previous report but its effect on gram-
negative bacteria was difterent (lwu ¢r o/, 1990)  [ts antibactenal etfect might be due
to 1,8-cincole. its major component.  Previously, | 8-cineole was tound to have
antibacterial activity (Prudent ¢/ a/., 1995).

Essential o1l from Mentha arvensis Lovar. piperascens Malinvaud showed no

activity against both bacteria and fungi despite the presence of menthol as its major
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component. Previously, menthol was found to show weak activities against . aurens,
l.coli and . albicans (Mortis, ¢f al. 1979, Ross,er al., 1980). The reasons
underlying the negative results of this oil might be the followings. First, some
constituents in the oil might interfere with menthol activity. Or second, the test
organisms used in this study might be different from those used in the previous reports.
In contrast to essential oil of M. arvensis Linn var piperascens Malinvaud, that of
Mentha cordifolia Opiz showed activities against some bacteria. S. awreus and B.
subtilis.

Essential ol of Ocimum basilicun L. leaves showed no activity against test
bacteria and fungi. This was different from the finding by Dikshit and Husain (1984).
They tound that Ocimum bacillicum L. oil inhibited mycelial growth of M. gypseum.
The difterent results of this study and the previous study might come from the
difference in chemical composition of the oils and /or in sensitivity of techniques used
in antimicrobial activity screening. In the previous study, they determined the
percentage of mycelial inhibition but measurement of clear inhibition zone was used in
this study.

In addition to the activities against S.currens and B. subtilis, Ocimum canum L.
oil also showed activity against /.. faccalis. Its effects might come from its major
constituent, geranmial, an aldehyde compound. Several aldehydes were shown to
possess antimicrobial activity (Russell A.D., Hugo, W.B. and Ayliffe, A. J. 1992).
[nstead of inhibiting /' faccalis, O. gratissimum L. oil could inhibit the gram-negative
bacterium, /v, coli. It showed strong activity against S. qureus (MIC 0.078 %).
Strong antibacterial activities of (). gratissimum L. oil might be due to its major
component , (1)-isoeugenol.  [soeugenol was found to have antibacterial activities
against 8. curens and [2. coli (Morris ef al., 1979). Essential oil of Ocimum sanctum
L. leaves showed activities against S. awreus and 5. subtilis. Its activity might be due
to its major constituents, methyl eugenol and eugenol. Both major constituents were
tound to showed activities against some bacteria (Morris, er.al, 1979; Ross, ¢f ul .

1080).
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Besides S anrens and B. subtilis, essential oil of Perilla frutescens also
showed activity against the gram-negative bacterium, /.. coli. This was in agreement
with a previous report (Kang ¢r «f., 1992). Perilla aldehyde, its major constituent,
secemed to be the active component. It was found to showed activities against several
bacterna (Kang ¢f al., 1992).

L:ssential ol of Pogostemon cabin only showed activies against S. aurcns and
B. subtilis. Its major constituent was patchouli alcohol. This agreed with the previous

report on activies of Patchuli oil (Morris ef al , 1979).



CHAPTER VI

CONCLUSION

The present investigation deals with the determination of chemical
components and antimicrobial activity of essential oils isolated from selected Thai

Lamiaceous plants.

A total of 10 species of Thai Lamiaceous plants representing 6 genera have
been investigated. Oxygenated monoterpenes and phenylpropanes are commonly
found in these particular species. A unique species; Pogostemon cablin was found to
contain oxygenated sesquiterpenes as major components. In this investigation, the
essential oils among 4 Ocimuni species were compared. The major constituents were
in the phenylpropane group which thereby may be used as markers for the
identification of individuals species.  Additionally, the ten species of western
Lamiaceous plants cultivated in Thailand were also compared with regard to their
content and composition, with previously reported data. Each of Thai cultivars was
found to produced essential oil with similar constituents but lesser amount, compared
with its original counterpart. In addition, it was found that certain essential oils
showed antibacterial activity against Gram-positive and Gram-negative bacteria.
Although the antibacterial properties of the essential oils in this study were much lower
than those of currently used antibiotics, the present study indicates the possibility of

using some essential oils as natural antibacterial agents.
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APPENDICES

A. The chemical components of essential oii isolated from selected Lamiaceous plants.
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B. Mass spectra ofterpenoid.and nonterpenoid compound.
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Mass spectra of abietatriene (A) and authentic abietatriene (B) by GC-MS
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Figure 55 Mass spectra of benzaldehyde (A) and authentic benzaldehyde (B) by
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Figure 56 Mass spectra of bergamal (A) and authentic bergamal (B) by GC-MS
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Figure 57 Mass spectra of bergamotene <a-frans-> (A) and authentic
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Figure 58 Mass spectra of bergamatol acetate <(Z)-a-trans-> (A) and authentic
bergamatol acetate <(Z)-a-trans-> (B) by GC-MS
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Figure 59 Mass spectra of bicyclogermacrene (A) and authentic bicyclogermacrene
(B) by GC-MS
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Figure 60 Mass spectra of bisabolene <(Z)-a->(A) and authentic bisabolene <(Z)-
a-- (B) by GC-MS '
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Figure 61 Mass spectra of bisabolene <f-> (A) and of authentic bisabolene <-> (B)
by GC-MS
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Figure 62 Mass spectra of borneol (A) and authentic borneol (B) by GC-MS

Library Search D :\KUNDAON\SAGE Acquired: B9 Jan 1998 Scan number 111t
Comment :
180
k A
1 l o1 JL M &n b ' Sk
LIS L I A L L B L L L L L ML L 0 L L S e e
198~ BORNYI. ACETATE DBS-1899 $S CAS 8-88-8 »
d r
1
4 B |
a ng‘ I
A o o e sy e NGNS SIL LA (LA S SNt I S G e o e e e e o
Formula C€12.H28.02 Rank 1 Index 49
HolWeight :8 Search:Acq LocalNorm:On P:838 F:EJHR:843 CASS 9-88-0

Figure 63 Mass spectra of bornyl acetate (A) and authentic bornyl acetate (B) by
GC-MS ‘
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Figure 64 Mass spectra of bourbonene </#-> (A) and authentic bourbonene <4-> (B)
by GC-MS
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Figure 65 Mass spectra of bulnesene <o (A) and authentic bulnesene <a> (B)
by GC-MS
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Figure 66 Mass spectra of cadinene <y-> (A) and authentic cadinene <y-> (B) by
GC-MS '
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Figure 67 Mass spectra of cadinene <6-> (A) and authentic cadinene <5-> (B) by
GC-MS
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Figure 68 Mass spectra of cadinene <a-> (A) and authentic cadinene <a-> (B)
by GC-MS
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Figure 69 Mass spectra of cadinol <a-> (A) and authentic cadinol <a-> (B) by
GC-MS
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Figure 70 Mass spectra of cadinol <epi-a-> (A) and authentic cadinol <epi-a-
by GC-MS

Library Search D :\KUNDAONS-CORD I fAcquired: 18 Jun 1997 Scan number 1720

168

(B)

Comment :
188 B
A
1802z CALAMENENE <CIS~-> DB5-1695 $9 CAS*8-80-8 bl
B |
Formula C15.H22 ) Rank 2 Index 197
H?;Suight:a Search:Acq LocalNorm:On  P:944 F:ZYERR:952 CASY 9-88-8
Figure 71 Mass spectra of calamenene <cis-> (A) and authentic calamenene <cis->
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Figure 72 Mass spectra of camphene (A) and authentic camphene (B) by GC-MS
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Mass spectra of camphor (A) and authentic camphor (B) by GC-MS
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Mass spectra of carene <3-2-> (A) and authentic carene <6-2-> (B) by
GC-MS
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Mass spectra of carene <8-3-> (A) and authentic carene <3-3-> (B) by
GC-MS '
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Figure 76 Mass spectra of carvacrol (A) and authentic carvacrol (B) by GC-MS
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Figure 77 Mass spectra of carvacrol, methyl ether (A) and authentic carvacrol,

methyl ether (B) by GC-MS
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Figure 78 Mass spectra of carveol <cis-> (A) and authentic carveol <cis-> (B) by

GC-MS '
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Figure 79 Mass spectra of carvomenthyl acetate <neo-iso-> (A) and authentic

carvomenthyl acetate <neo-iso->(B) by GC-MS
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Figure 80 Mass spectra of carvone (A) and authentic carvone (B) by GC-MS
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Figure 81 Mass spectra of carvyl acetate <cis-> (A) and authentic carvyl acetate

<cis-> (B) by GC-MS
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Figure 82 Mass spectra of caryophyllene <(£)-> (A) and authentic caryophyllene
<(E)-> (B) by GC-MS
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Figure 83 Mass spectra of caryophyllene <(Z)-> (A) and authentic caryophyllene
<(Z)-> (B) by GC-MS
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Figure 84 Mass spectra of caryophyllene <9-epi-(£)-> (A) and authentic
caryophyllene <9-¢pi-(£)-> (B) by GC-MS
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Figure 85 Mass spectra of caryophyllene oxide (A) and authentic caryophyllene oxide

(B) by GC-MS
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Figure 86 Mass spectra of chrysanthenol <cis-> (A) and authentic chrysanthenol
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Figure 87 Mass spectra of chrysanthenone (A) and authentic chrysanthenone (B) by
GC-MS
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Figure 88 Mass spectra of cineole <1,8-> (A) and authentic cineole <1,8-> (B) by

Library Search D I\NKUNDAO\BALM2 ficquired: 87 Apr 1998 Scan number 814
Comment :
100
-
A
JL gl
N LS LA B R RS R R RS BS RS Ry R RS R ns s aa s s nyE
1882 CITRONELLAL DBH5-758 $S CAS B-88-8 hod
| -
e o o |
o T T T e T e T
Formula C18.H18.0 Rank 1 Index 365
MolWeight :@ Searchificg LocalNorm:On P:856 F:JER:889 CASS B-809-0

Figure 89 Mass spectra of citronellal (A) and authentic citronellal (B) by GC-MS
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Figure 90 Mass spectra of copaene <a-> (A) and authentic copaene <a-> (B) by

GC-MS



175

Library Search D :\KUNDAO\HY-T Acquired: 63 Sep 1997 Scan number 1275
Comment :
108 i
A L
e NS RA A RAmanamanaes !
1B CUBEBENE <ALPHA-> DB5-1267 $§ CAS 8-08-8 »
L | B
.,“.L]J.J‘,wl"!r,,l.,ﬁ i .,.,.,.,1.].|,.,|.l.,...[.,.]...‘...!.,.
Fi 1 C15 .H24 Rank 1 Index 93
Hg‘m:i;htia Search:ficq LocalNorm:On P:898 F:JITJR:998 CAStt 9-88-8
Figure 91 Mass spectra of cubebene <a-> (A) and authentic cubebene <a-> (B) by
GC-MS
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Figure 92 Mass spectra of cubebene </-> (A) and authentic cubebene <f-> (B) by
GC-MS
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Figure 93 Mass spectra of cubenol <(1-epi)-> (A) and authentic cubenol

<(1-epi)-> (B) by GC-MS
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Figure 94 Mass spectra of cymene <ortho-> (A) and authentic cymene <ortho--
(B) by GC-MS
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Figure 95 Mass spectra of dihydro carveol (A) and authentic dihydro carveol (B) by
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Figure 96 Mass spectra of dihydro carveol <neo-iso-> (A) and authentic dihydro
carveol <n1eo-iso-> (B) by GC-MS
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dihydrocarveol acetate <neo-iso-> (B) by GC-MS

Library Search
Comment :
160~

D :\KUNDAO\MAJORAM Acquired: B9 Jan 1998 Scan number 898

A
s ||| .I" .lh A {
LN LA LA B LA B WL A L B L LA ML B B N BN N S W e i e o
1682 DIHYDRO CARVONE <TRANS-> DBS~885 $$ CAS 8-88-8 *
B L
L
IS N B SO L N N L L S0 ML B RO B ML B o o 1

Formula C16.H16.0
Search'Acq LocalNorm:On

MolWeight:8

Figure 98

Rank 1 Index 381
P:821 F:JHNR:837 CASH 8-80-8

Mass spectra of dihydrocarvone <frans-> (A) and authentic

dihydrocarvone <trans-> (B) by GC-MS
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Mass spectra of dihydrocarveol acetate <neo-iso-> (A) and authentic

Mass spectra of dimethyl styrene isomer # 1 (A) and authentic dimethyl
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Figure 100  Mass spectra of elemene <&-> (A) and authentic elemene <5-> (B) by
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Figure 101 Mass spectra of elemene <j-> (A) and authentic elemene <j-> (B) by

GC-MS
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Figure 102 Mass spectra of elemene <-> (A) and authentic elemene <S-> (B) by

GC-MS



Library Search CI\SATURN\DATA\NUI? Acquired: 19 Aug 1996 Scan number 1986

Comment: ADUM:ESSENTIAL OIL COMPONENT

818

186x
A
b i L I N
LI B B B B B S I e e e s sy S s B R
1882 EUDESMOL ACETATE <ALPHA-> DBS-2385 $% CAS 8-86-9 -
B
Wl |H m. Ua e b l PR A |
LR I B B B B B B A B B S e e e e e e e S
Formula C17.428.02 Rank 1 Index
MolUeight :0 Search:All LocalNorm:On  P:846 F:ITERR:863 CAS# 8-88-8

Figure 103 Mass spectra of eudesmol acetate <a-> (A) and authentic eudesmol

acetate <a-> (B) by GC-MS
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Figure 104  Mass spectra of eugenol (A)and authentic eugenol (B) by GC-MS
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Figure 105  Mass spectra of farnesene < (F,£)-a-> (A) and authentic farnesene

(E,E)-a- (B) by GC-MS
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Figure 106  Mass spectra of farnesene <(Z)-4-> (A) and authentic farnesene

<(£)-p-> (B) by GC-MS
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Figure 107  Mass spectra of fenchol <(exo)-> (A) and authentic fenchol <(ex0)->
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Figure 108  Mass spectra of fenchone (A) and authentic fenchone (B) by GC-MS
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Figure 109  Mass spectra of geranial (A) and authentic geranial (B) by GC-MS
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Figure 110 Mass spectra of geraniol (A) and authentic geraniol (B) by GC-MS
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Figure 111  Mass spectra of geranyl acetate (A) and authentic geranyl acetate
(B) by GC-MS
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Figure 112 Mass spectra of geranyl N-butyrate (A) and authentic geranyl
N- butyrate (B) by GC-MS
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Figure 113 Mass spectra of geranyl N- propanoate (A) and authentic geranyl
N- propanoate (B) by GC-MS
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Figure 114 Mass spectra of germacrene A (A) and authentic germacrene A (B) by
GC-MS
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Figure 115 Mass spectra of germacrene B (A) and authentic germacrene B (B) by
GC-MS
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Figure 116 ~ Mass spectra of germacrene D (A) and authentic germacrene D (B) by
GC-MS
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Figure 117  Mass spectra of globulol (A) and authentic globulol (B) by GC-MS
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Figure 118  Mass spectra of guaiene <a-> (A) and authentic guaiene <a-> (B) by
GC-MS
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Figure 119  Mass spectra of gurjunene <a-> (A) and authentic gurjunene <q->
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Figure 120  Mass spectra of hepten-2-one -<6-methyl-5-> (A) and authentic hepten-
2-one -<6-methyl-5-> (B) by GC-MS
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Figure 121  Mass spectra of humulene <a-> (A) and authentic humulene <a->

(B) by GC-MS
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Figure 122 Mass spectra of humulene epoxide II (A) and authentic humulene
epoxide II (B) by GC-MS
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Figure 123  Mass spectra of isobonyl formate (A) and authentic isobonyl formate (B)
by GC-MS '
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(B) by GC-MS
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Figure 125 Mass spectra of isoeugenol <(Z)-> (A) and authentic isoeugenol

<(Z)-> (B) by GC-MS
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Figure 126 Mass spectra of isomenthol (A) and authentic isomenthol (B) by GC-MS
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Figure 127 Mass spectra of isomenthyl acetate (A) and authentic isomenthyl acetate

(B) by GC-MS
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Figure 128  Mass spectra of isopulegol (A) and authentic isopulegol (B) by GC-MS
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Figure 129  Mass spectra of isopulegol <neo-iso-> (A) and authentic 1sopulegol
<neo-iso-> (B) by GC-MS
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Figure 130 Mass spectra of limonene (A) and authentic limonene (B) by GC-MS
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Figure 131 Mass spectra of linalool (A) and authentic linalool (B) by GC-M$
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Figure 132 Mass spectra of linalool acetate (A) and authentic linalool acetate
(B) by GC-MS
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Figure 133 Mass spectra of longiborneol acetate (A) and authentic longiborneol
acetate (B) by GC-MS
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Figure 134 Mass spectra of longipinanol (A) and authentic longipinanol (B) by GC-MS
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Figure 135 Mass spectra of menth-2-en-1-ol <trans-para-> (A) and authentic
menth-2-en-1-ol <trans-para-> (B) by GC-MS
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Figure 136 Mass spectra of mentha-2,4(8)-diene < para->(A) and authentic
mentha-2,4(8)-diene <para--(B) by GC-MS
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Figure 137  Mass spectra of menthofuran (A) and authentic menthofuran
(B) by GC-MS
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Figure 138 Mass spectra of menthol (A) and authentic menthol (B) by GC-MS
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Figure 139  Mass spectra of menthol <neo-> (A) and authentic menthol <neo--
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(B) by GC-MS
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Figure 140  Mass spectrum of menthone (A) and authentic menthone (B) by GC-MS
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Figure 141  Mass spectra of menthyl acetate (A) and authentic menthyl acetate

(B) by GC-MS
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Figure 142

Mass spectra of methyl chavicol (A) and authentic methyl chavicol
(B) by GC-MS
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Figure 143

Mass spectra of methyl citronellate (A) and authentic methyl
citronellate (B) by GC-MS
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Figure 144

Mass spectra of methyl eugenol (A) and authentic methyl eugenol
(B) by GC-MS
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Figure 145  Mass spectra of methyl isoeugenol <(Z)-> (A) and authentic methyl

isoeugenol <(2)-> (B) by GC-MS
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Figure 146  Mass spectra of muurola-4(14), 5-diene <cis-> (A) and authentic
muurola-4(14), 5-diene <cis-> (B) by GC-MS

Library Search D:INHY-T Acquired: 83 Sep 1997 Scan number 1626
Comment :
108
A
i ﬂ: H, el nh

T T |n|v|.|-|z'-|||u||[.lwlnlvlvlv]u[v]r,c|||||-||'1
108 HUUROLENE <GRHH8—) DB5-1586 $9 CAS 8-80-9 *

mu,l[l..[li °

AL B ARER A s ma n L EE SO SR
Formula C15.H24 Rank 1 Index 368
MolWeight :@ Search:All LocalNorm:On P:893 F:JEEJR:945 CASE 0-88-0

Figure 147  Mass spectra of muurolene <y-> (A) and authentic muurolene <y->

(B) by GC-MS
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Figure 148  Mass spectra of myrcene (A) and authentic myrcene (B) by GC-MS
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Figure 149 Mass spectra of myrcene (A) and authentic myrcene (B) by GC-MS
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Figure 150  Mass spectra of neral (A) and authentic neral (B) by GC-MS
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Figure ISt Mass spectra of nerol (A) and authentic nerol (B) by GC-MS
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Figure 152 Mass spectra of ocimene < (/)-/->- (A) and authentic ocimene
<(I;)--> (B) by GC-MS
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Figure 153  Mass spectra of ocimene < (Z)-f-> (A) and authentic ocimene
~(Z)-p-> (B) by GC-MS
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Figure 154  Mass spectra of ocimene < neo-allo-> (A) and authentic ocimene

<neo-allo-> (B) by GC-MS
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Figure 1S5  Mass spectra of ocimenone <(k)-> (A) and authentic ocimenone
<(I)-> (B) by GC-MS
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Figure 156  Mass spectra of octanol <3-> (A) and authentic octanol <3->
(B) by GC-MS '
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Figure 157  Mass spectra of octanol acetate (A) and authentic octanol acetate
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Figure 158  Mass spectra of octanone <3-> (A) and authentic octanone <3->

(B) by GC-MS
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Figure 159  Mass spectra of octen-3-ol <1-> (A) and authentlc octen-3-ol <1->

(B) by GC-MS
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Figure 160  Mass spectra of patchoulene <y-> (A)and authentic patchoulene <y->
(B) by GC-MS
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Figure 161  Mass spectra of patchoulene <a-> (A) and authentic patchoulene <a-
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Figure 162  Mass spectra of patchoulene <> (A) and authentlc patchoulene <g->
(B) by GC-MS
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Figure 163  Mass spectra of patchouli alcohol (A) and authentic patchouli alcohol
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Figure 164  Mass spectra of perilla aldehyde (A) and authentic perilla aldehyde
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Figure 165  Mass spectra of phellandrene < a-~ (A) and authentic phellandrene < -~
(B) by GC-MS '



Library Search D :\AUNP\1TAL IAN fcquired: B3 Apr 1998 Scan number 505
Comment :
1082 N
At
LSRR RARE R e nn nn n ey s BESEE S LM §
180~ PHELLANDRENE <BETA-> DB5-482 1] CAS B-08-8 »
B F
o 1 .
DI WL W L L I I B W B S i e B R S R
68 88 189 128 148 168 189 289 228 248 268 288 398 328 348
Formula C168.Hi6 Rank 3 Index 166
MolVWeight :@ SearchiAcq LocalNorm:On  P:885 F:ZIERR:984 CASH 8-98-8

200

Figure 166  Mass spectra of phellandrene < /-> (A) and authentic phellandrene - >

(B) by GC-MS
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Figure 167 Mass spectra of pinene <o-> (A) and authentic pinene <o-> (B) by GC-MS
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Figure 168  Mass spectra of pinene </~ (A) and authentic pinene </~
(B) by GC-MS

161



201

Library Search D :\KUNDAO\BALMZ Acquired: A7 Apr 1998 Scan number 1646
Comment :
16862

m Jl L A

L L T I I S L B B B B B I S IR I IR IR B R s e o
188 PINENE OXIDE <BETA-> DBS-766 595 cAS 8-68-8 .

Mm A4

LR L L L L B L L L L B UL B B UL L SR B B L I B I e o e g

Formula C18.H16.0 Rank 4 Index 484
MolUeight:@ Search:ficg LocalNorm:On P:749 F:IIEJIR:763 CAS# 8-868-8

Figure 169  Mass spectra of pinene oxide <f-> (A) and authentic pinene oxide </f->

(B) by GC-MS
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Figure 170  Mass spectra of pinocamphone <cis-> (A) and authentic pinocamphone
<cis-> (B) by GC-MS
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Figure 171  Mass spectra of pinocamphone <frans-> (A) and authentic
pinocamphone <trans-> (B) by GC-MS
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Figure 172 Mass spectra of pinocarvone (A) and authentic pinocarvone (B) by GC-MS
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Figure 173 Mass spectra of pinocarvyl acetate <cis-> (A) and authentic pinocarvyl
acetate <cis-> (B) by GC-MS
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Figure 174  Mass spectra of piperitenone (A) and authentic plperltenone (B) by GC-MS
(B) by GC-MS
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Mass spectra of piperitenone oxide (A) and authentic piperitenone
oxide (B) by GC-MS

Acquired: 88 Oct 1997 Scan number 1476

f

A

|‘l AT
L BALE RARS SR RN M

A
T T T T T T T T T T
CAS 8-88-8 =

h.n.,..";l l °

!
ey T .|-|.'-|-'v‘:|-I-[vlr-[-[v‘-“'.,.'.lul.||,»‘|l-,-|-].i.|r

Rank 1 Index 22
LocalNorm:On  P:859 F:IEERR:876 CASH# 8-80-B

Mass spectra of piperitone (A) and authentic piperitone (B) by GC-MS
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Mass spectra of pulegone (A) and authentic pulegone (B) by GC-MS
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Figure 178  Mass spectra of sabinene (A) and authentic sabinene (B) by GC-MS
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Figure 179 Mass spectra of sabinene hydrate <cis-> (A) and authentic sabinene

hydrate <cis-> (B) by GC-MS
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Figure 180 Mass spectra of sabinene hydrate <trans-> (A) and authentic sabinene

hydrate <trans-> (B) by GC-MS
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Figure 181  Mass spectra of selinene <a—> (A) and authentic selinene <a—> (B) by
GC-MS
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Figure 182  Mass spectra of selinene <7-¢pi-a-> (A) and authentic selinene

<7-epi-a-> (B) by GC-MS
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Figure 183  Mass spectra of selinene <f-> (A) and authentic selinene <3-> (B) by
GC-MS
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Figure 184  Mass spectra of sesquiphellandrene <f-> (A) and authentic
sesquiphellandrene <4-> (B) by GC-MS
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Figure 185  Mass spectra of seychellene (A) and authentic seychellene (B) by GC-MS

Library Search D :\KUNDAONS-CORD I Acquired: 18 Jun 1997 Scan number 1853
Comment @

t
188%
. A
1884 SPATHULENOL DB5-1825 $9 cas 8-88-8 F
B
lIIl |[ lllllt III |]}| 111“ [y “IH Ih‘ I | P
A i e i L L s B e b L L LR TR R ,Man
Formula C15.H24.0 Rank 2 Index 245

MolWeight:8 Search:fAcq LocalNorm:On  P:854 P:JFLJR:871 CASE 8-84-8

Figure 186 Mass spectra of spathulenol (A) and authentic spathulenol (B) by GC-MS
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Figure 187  Mass spectra of sylvestrene (A) and authentic sylvestrene (B) by GC-MS

Library Senr_cll D :\XUNDAO\SAGE Acquired: B9 Jan 1998 Scan number 837
Comment :
180
A
.l|‘.|'||'l’['['l[vll'vlv'l[l,l'i'xll—l—r
1882 TERPIN-4-0l. DB5-828 (= 4-TERPINEOL) $% CAS 8-09-8 s
B
.,L.,i!,.-,.,.,.'T,,.,.,.,.,.,...,,..,.,.,1
Formula C18.H18.0 Rank 1  Index 118

MolWeight:8 Searchifcq LocalNorm:On P:823 F:(ZAWR:843 CASE B-89-8

Figure 188  Mass spectra of terpin-4-ol (A) and authentic terpin-4-ol (B) by GC-MS
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Figure 189 Mass spectra of terpinene <a-> (A) and authentic terpinene <q->
(B) by GC-MS
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Figure 190  Mass spectra of terpinene <y-> (A) and of authentic terpinene <y->
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Figure 191  Mass spectra of terpineol <g-> (A) and of authentic terpineol <a->

(B) by GC-MS
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Figure 192 Mass spectra of terpinolene (A) and authentic terpmolene (B) by GC-MS
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Figure 193 Mass spectra of thuja 2,4 (10) - diene (A) and authentic thuja 2.4 (10)-

diene (B) by GC-MS
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Figure 194 Mass spectra of thujene <a-> (A) and authentic thujene <a-> (B) by

AT Al
GC-MS
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Figure 195 Mass spectra of thujone <cis-> (A) and of authentic thujone <cis->

(B) by GC-MS
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Figure 196  Mass spectra of thujone <trams-> (A) and authentic thujone <tramns->
(B) by GC-MS
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Figure 197  Mass spectra of thujopsene <cis-> (A) and authentic thujopsene <cis->
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Figure 198  Mass spectra of thymol (A) and authentic thymol (B) by GC-MS
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Figure 199 Mass spectra of thymol, methyl ether (A) and authentic thymol, methyl
ether (B) by GC-MS
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Figure 200  Mass spectra of tricyclene (A) and authentic tricyclene (B) by GC-MS
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Figure 211  Mass spectra of valencene (A) and authentic valencene (B) by GC-MS
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Figure 202 Mass spectra of verbenol <frans-> (A) and authentic verbenol <trans->
(B) by GC-MS
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Figure 203 Mass spectra of viridiflorene (A) and authentic viridiflorene
(B) by GC-MS
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