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ABSTRACT

The essential oils and the phytochemicals of the rhizomes of Kaempferia
rotunda cultivated in Malaysia and Indonesia have been studied. Hydrodistillation of
the fresh rhizomes of K. rotunda gave 0.09% and 0.23% oils respectively. These oils
were analyzed by GC (Kovats Indices) and GC-MS. The main constituents found in
the rhizome oil of Malaysia were bornyl acetate (9.6%), benzyl benzoate (8.4%) and
camphor (5.6%), while the rhizome oil from Indonesia was rich in benzyl benzoate
(87.7%) and n-pentadecane (4.2%). Extractions by soxhlet apparatus were carried
out on the dried samples to get the crude extracts. Fractionation and purification on
the crude extracts resulted in the isolation of three new cyclohexane oxides and ten
known compounds, comprising of cyclohexane oxides, esters, carboxylic acid,
labdane diterpene, and flavonoids. @ Two new compounds identified as 2-
(benzoyloxymethyl)phenyl  (3-O-acetyl)-B-glucopyranoside and 3-debenzoyl-
rotepoxide A, together with seven known compounds, -crotepoxide, 4-
benzoyloxymethyl-3,8-dioxatricyclo[5.1.0.0**]octane-5,6-diol S-acetate, 1,6-
desoxypipoxide, curcumrinol C, 2'-hydroxy-4,4',6'-trimethoxychalcone and
naringenin 4',7-dimethyl ether were isolated from the Malaysian species, while a new
compound identified as 3-acetoxy-2-benzoyloxy-1-(benzoyloxymethyl)-cyclohexa-
4,6-diene with the seven known compounds namely crotepoxide, 4-
benzoyloxymethyl-3,8-dioxatricyclo[5.1.0.0**]octane-5,6-diol S-acetate, 1,6-
desoxypipoxide, 6-acetylzeylenol, trans-docosyl ferulate, benzyl benzoate and
benzoic acid were isolated from the Indonesian species. The structures of all
compounds were established based on spectral studies using MS, IR, UV and NMR
spectroscopies.  Naringenin 4',7-dimethyl ether, curcumrinol C, trans-docosyl
ferulate, and benzoic acid were found for the first time from K. rotunda and also the
genus of Kaempferia. Antibacterial and antioxidant screening assays using disc-
diffusion method and 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) method,
respectively were carried out on the crude extracts and essential oils. The crude
extracts and essential oils of K. rotunda from Malaysia and Indonesia did not show
activities on antibacterial and antioxidant assay.
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ABSTRAK

Kajian terhadap komposisi minyak pati dan fitokimia ke atas Kaempferia
rotunda yang ditanam di Malaysia dan Indonesia telah dilakukan. Sebanyak 0.09%
dan 0.23% hasil minyak pati masing-masing diperolehi daripada penyulingan hidro
terhadap rizom segar K. rotunda. Minyak pati ini seterusnya dianalisis dengan
menggunakan KG kapilari (Indeks Kovat) dan KG-SJ. Sebatian utama dalam
minyak pati rizom dari Malaysia terdiri daripada bornil asetat (9.6%), benzil benzoat
(8.4%), dan kamfor (5.6%), manakala minyak pati rizom dari Indonesia didapati
kaya dengan benzil benzoat (87.7%) dan n-pentadekana (4.2%). Pengekstrakan
soxhlet telah dijalankan terhadap rizom kering untuk mendapatkan ekstrak mentah.
Pengasingan daripada ekstrak telah menemukan tiga sebatian baru dan sepuluh
sebatian yang telah diketahui, merangkumi sebatian sikloheksana oksida, ester, asid
karboksilik, diterpena labdana dan flavonoid. Dua sebatian baru yang diasingkan
daripada spesies Malaysia dikenali sebagai 2-(benzoiloksimetil)fenil (3-O-asetil)-f3-
glukopiranosida dan 3-debenzoilrotepoksida A, bersama dengan tujuh sebatian yang
diketahui, iaitu krotepoksida, 4-benzoiloksimetil-3,8-dioksatrisiklo[5.1.0.02’4]oktana-
5,6-diol  5-asetat, 1,6-desoksipipoksida, kurkumrinol C, 2'-hidrosi-4,4',6'-
trimetosikalkon and naringenin 4',7-dimetil eter. Satu sebatian baru dikenali 3-
asetoksi-2-benzoiloksi-1-(benzoiloksimetil)sikloheksa-4,6-diena, manakala sebatian-
sebatian yang telah diketahui, iaitu krotepoksida, 4-benzoiloksimetil-3,8-
dioksatrisiklo[S.1.0.02’4]0ktana—5,6—di01 5-asetat, 1,6-desoksipipoksida, 6-asetil-
zeilenol, trans-dokosil ferulat, benzil benzoat dan asid benzoik telah diasingkan
daripada spesies Indonesia. Struktur bagi semua sebatian telah dikenalpasti secara
spektroskopi melalui MS, IR, UV dan NMR. Naringenin 4',7-dimetil eter,
kurkumrinol C, trans-dokosil ferulat, dan benzoik asid telah ditemui pertama kali
daripada K. rotunda khususnya daripada genus Kaempferia. Ujian antibakteria dan
antioksidan melalui teknik pembauran cakera dan radikal bebas DPPH telah
dijalankan ke atas ekstrak mentah dan minyak pati. Ekstrak mentah dan minyak pati
K. rotunda dari Malaysia dan Indonesia didapati tidak menunjukkan perencatan
aktiviti terhadap bakteria dan radikal bebas DPPH.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

Malaysia with its tropical forest is blessed with high biological diversity,
which enclosed over 10% of the world’s total number of species, with some of them
are unique only to Malaysia. Among more than 7,000 species of angiosperms and
600 species of ferns in Malaysia, about 12 to 18% of trees, shrubs and herbs are
reported to have medicinal properties [1]. The usage of medicinal plant products has
attracted interest since the past decade. The beneficial medicinal effects of plant
materials typically result from the secondary products in the plant [2]. Many
biologically active plant-derived compounds were discovered as a result of chemical
studies through isolation of active compounds from traditional medicine [3]. Our
Malaysian flora represents a huge, barely untapped reserve of natural resources
which is believed to contain substances with therapeutic potentials that yet to be

explored.

Research projects related to the natural products carried out in Malaysia
included: the chemistry and technology of palm oil, natural pesticides, natural
flavours and pharmalogical testing of medicinal plants [4]. Development of organic
chemistry has been closely associated with the chemistry of natural products. Many
techniques of extraction, separation, structure determination and synthesis have been
developed to understand the structural variation among the natural products.

Research in this area has certainly led to better understanding of the structural



requirements for a variety of physiological activities, leading to the synthesis and

modification of several lead compounds and analogues.

The study of bioactive natural products constituents is the first step in drug
discovery programs, while the eventual outcomes of blockbuster drugs may not be
that easily realised in view to the high cost and research effort [5]. Despite all these,
natural products drug discovery programs are developed all over the world, mainly
because of the high chemical diversity from natural products as compared to
synthetics. The potential of these natural products is largely unknown and
endangered plants have added the urgency for more vigorous screening programs.
With the currently available tools of extraction, chromatographic separation and
structure identification, a fresh look at the well-studied plants may also be rewarding.
In Malaysia, local universities and research institutes are embarking on their own
programs which involve a concerted multidisciplinary approach in the discovery of
bioactive agents from plant-derived natural products. Certain novel strategies have
been carried out based on the expertise and funds available. The screening programs
implemented and administered are aimed to discover new compounds from the
Malaysian flora for use in the pharmaceutical and related industries. This in turn,
will help in the development and transfer of technology, which can be achieved

through collaborative programs.

1.2 Objectives

Phytochemical studies reported in the literature review are mostly carried out
on the Kaempferia species of Thailand. Literature search revealed only a few reports
on the studies of K. rotunda compared to other species. Therefore, this research will
focus on the chemical compositions of essential oil and chemical constituents the
rhizomes of K. rotunda cultivated in Kempas, Johor and Indonesia. In addition,
antioxidant and antimicrobe activities of the rhizomes of K. rotunda will also be

investigated.



The first objective is to extract the essential oils from the fresh rhizomes of
Kaempferia rotunda and to analyze the chemical compositions of the essential oils.
The second objective is to extract phytochemicals from the dried rhizomes, to purify
and identify their structures. The third goal is to evaluate the antioxidant and
antimicrobe activities of the essential oils, crude extracts and the pure isolated

compounds.

1.3 Scope of Study

This research focuses on the study of the essential oils compositions of the
fresh rhizomes and phytochemicals from the dried rhizomes of Kaempferia rotunda
from Malaysia and Indonesia.  The fresh rhizomes will be extracted by
hydrodistillation technique to obtain the essential oil. The dried rhizomes will be
extracted using soxhlet with different polarity of solvents. The crude extracts will be
fractionated by using vacuum liquid chromatography (VLC), followed by
purification of the fractions using gravity column chromatography (CC) or
chromatotron or versa-flash column chromatography and or recystallization to obtain
the pure compounds. The compositions of the essential oils will be analyzed using
GC and GC-MS, while the chemical constituents from dried samples will be
characterized using spectroscopic methods including MS, IR, *H NMR, *C NMR,
2D NMR (COSY, HMQC, HMBC) and UV. The biological activities such as
antioxidant and antibacterial will be carried out on the crude extracts, essential oils

and the pure isolated compounds.





