
 
 
 
 
 

PHYTOCHEMICALS AND ANTIBACTERIAL ACTIVITY OF PIPER 

RETROFRACTUM VAHL. AND PIPER ARBORESCENS ROXB. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NADYA PUTRI FABARANI 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNIVERSITI TEKNOLOGI MALAYSIA 
 

 
 
 

 



 

 

 

PHYTOCHEMICALS AND ANTIBACTERIAL ACTIVITY OF PIPER 

RETROFRACTUM VAHL. AND PIPER ARBORESCENS ROXB. 

 

 

 

 

 

NADYA PUTRI FABARANI 

 

 

 

 

 

A thesis submitted in fulfilment of the  

requirements for the award of the degree of  

Master of Science (Chemistry) 

 

 

 

 

 

Faculty of Science 

Universiti Teknologi Malaysia 

 

 

 

 

MARCH 2012 

 

 

 



iii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For my beloved father, mother, sister and grandmother 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

 
 
 
 
 

ACKNOWLEDGEMENT 
 
 
 
 
 I would like to express my deepest gratitude to my supervisor, Assoc. Prof. 

Dr. Farediah Ahmad for her guidance, patience, motivation, support and advices 

during my research. 

 
 
 I am grateful to the Ministry of Science, Technology and Innovation 

(MOSTI) Malaysia for financial support via vote number 79074.  I also thank the 

Department of Chemistry for the access of using the UV, IR and NMR instruments.  

Sincerely thanks to all lab assistants who helped me through these years. 

 
 
 Special thanks to my lab mates in the organic chemistry research laboratory, 

Della, Safina, Noraini, Saidah, Raihan, Athirah, Nuzul, Tarmizi, Syafiqah, Encik 

Samshul, Kak Shariha and Taysir, for their support and sharing to make the lab 

works meaningful.  I also thank the seniors, Pak Emrizal, Yau, Mala, Azlin, Syamil, 

Fariz and Salihin for their help and cooperation. 

 
 
 I highly express my appreciation for all my Indonesian friends, especially for 

the July 2008 intake and the KTF members, thanks for being so nice, friendly and 

made me have a family here. 

 
 
 Last but not least, special thanks to my father, mother and sister for their love, 

caring, spirits and encouragement in every single step I make.  I also thank to my 

beloved grandmother for every prayer she made for me.  All of you made everything 

possible for me.  Thank you.  

 

 



v 
 

 

 

 

 

 

ABSTRACT 

 

 

 

 

 The phytochemical investigations of the fruits of Piper retrofractum Vahl. 

and the stems and leaves of Piper arborescens Roxb. have been carried out.  The 

fruits of Piper retrofractum Vahl. were bought from a spice shop at Pandan, Johor 

Bahru and the methanolic crude extracts of stems and leaves of Piper arborescens 

Roxb. were obtained from UiTM Sarawak, Malaysia.  Samples were extracted with 

Soxhlet extractor using methanol as the solvent to give the crude extracts.  The crude 

extracts were fractionated using vacuum-liquid chromatography and then purified 

using several chromatographic techniques.  The isolated compounds were identified 

by analysis of various spectral data using infrared, 1D (
1
H, 

13
C and DEPT) and 2D 

(COSY, and HMBC) nuclear magnetic resonance spectroscopies and mass 

spectrometry.  Seven compounds were isolated from these plants.  The purification 

of methanol crude extract of the fruits of Piper retrofractum Vahl. yielded four 

compounds identified as piperine, oleic acid, N-isobutyl-2E,4E,14Z-eicosatrienamide 

and methyl piperate.  Another three compounds, characterized as sesartemin, 

diayangambin and 3-(3,4-dimethoxybenzyl)-4-(3',4',5'-trimethoxybenzyl)-

tetrahydrofuran-2-ol had been isolated from the methanol crude extract of the stems 

of Piper arborescens Roxb.  The hydrolysis of piperine was done using potassium 

hydroxide and ethanol to yield piperic acid.  The antibacterial test against Gram 

positive bacteria (Bascillus subtilis and Staphylococcus aureus) and Gram negative 

bacteria (Pseudomonas aeruginosa and Escherichia coli) were performed on the 

crude extracts and isolated compounds.  The crude extracts and piperine were found 

to show the strongest inhibition against both Gram positive bacteria with MIC and 

MBC values of 225 µg/mL.   
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ABSTRAK 
 
 
 
 

 Kajian fitokimia ke atas buah Piper retrofractum Vahl., batang dan daun 

Piper arborescens Roxb. telah dijalankan.  Buah Piper retrofractum Vahl. dibeli 

daripada kedai rempah di Pandan, Johor Bahru dan ekstrak mentah metanol daripada 

batang dan daun Piper arborescens Roxb. diekstrak di UiTM Sarawak, Malaysia.  

Sampel telah diekstrak menggunakan Soxhlet dengan metanol sebagai pelarut untuk 

mendapatkan ekstrak mentah.  Ekstrak mentah diperingkatkan menggunakan 

kromatografi cecair vakum dan kemudian ditulenkan dengan menggunakan beberapa 

teknik kromatografi.  Sebatian tulen dikenalpasti dengan analisis data pelbagai 

spektrum iaitu spektroskopi inframerah, 1D (1H, 13C dan DEPT) dan 2D (COSY, dan 

HMBC) resonans magnet nukleus dan spektrometri jisim.  Tujuh sebatian telah 

dipisahkan daripada tumbuhan kajian ini. Penulenan ekstrak mentah metanol buah 

Piper retrofractum Vahl. menghasilkan empat sebatian tulen yang dikenalpasti 

sebagai piperina, asid oleik, N-isobutil-2E,4E,14Z-eikosatrienamida dan metil 

piperat.  Tiga sebatian yang dicirikan sebagai sesartemin, diayangambin dan 3-(3,4-

dimetoksihidroksibenzil)-4-(3',4',5'-trimetoksibenzil)-tetrahidrofuran-2-ol telah 

dipisahkan daripada ekstrak mentah metanol bahagian batang Piper arborescens 

Roxb.  Hidrolisis piperina dilakukan dengan menggunakan kalium hidroksida dan 

etanol untuk menghasilkan asid piperik.  Ujian antibakteria terhadap bakteria Gram 

positif (Bascillus subtilis dan Staphylococcus aureus) dan bakteria Gram negatif 

(Pseudomonas aeruginosa dan Escherichia coli) telah dilakukan ke atas ekstrak 

mentah dan sebatian tulen.  Ekstrak mentah dan piperina didapati menunjukkan 

perencatan terkuat terhadap kedua-dua bakteria Gram positif dengan nilai MIC dan 

MBC 225 µg/mL.   
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CHAPTER 1 
 
 
 
 

INTRODUCTION 
 
 
 
 

1.1 Background 
 
 

Today, although science and technology are very advanced, many diseases still 

trouble us and even threaten our lives.  During the process of understanding and treating 

diseases, humans have discovered a variety of plants with therapeutic value.  Many of 

these medicinal plants have been used for thousand of years by significant fraction of 

population and are still applied to health care, either alone or in combination with 

modern medicines.  Indeed, it is estimated that about 25 percent of the drugs prescribed 

worldwide come from plants and 60 percent of antitumor/anti-infectious drugs already 

on the market or under clinical trial are of natural origin [1].  For people from 

developing countries, medicinal plants are popular because their products are safe and 

widely available in low cost [2].  Medicinal properties of plants can be utilized for blood 

refining, alleviate blood pressure, heart diseases, diarrhea, cough and fever [3].   

 
 

The family Piperaceae consists of 10 genera and about 2000 species of tropical 

plants of which about 30 species are medicinal plants and used in Asia-Pasific region.  

Some of the genera are Piper, Arctottonia, Micropiper, Peperomia and Manekia.  The 

best known genus is Piper.  Piperaceae can be recognized by three main features: 

articulate stems, asymmetrical or cordate leaves and axillary spikes of little round berry-

like fruits [4]. 
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Plants belonging to the family of Piperaceae are reputed in the Indian Ayurvedic 

system of medicine for their medicinal properties and in folklore medicine of Latin 

America and West Indies. In particular they are useful to cure asthma, bronchitis, fever, 

pain in abdomen, as stimulant and in haemorrhoidal afflictions [5]. Plants from the 

family of Piperaceae have many promising phytochemicals with insecticidal activity, 

among of them are from Piper nigrum, Piper guineense  and Piper tuberculatum [6]. 

The genus Piper has been an important source of secondary metabolites which are used 

for medicinal purposes in various manners [7]. 
 
 
Several Piper species from India, Southeast Asia and Africa are of economic 

importance since they are used as spices and traditional medicines [8]. The antibacterial 

and fever-reducing activities of Piper extracts are well known from ancient Asian 

medicinal practices in South Asia as well as in other parts of the world [9].  

 
 
The most famous species of Piperaceae is Piper nigrum.  The fruit of Piper 

nigrum (black pepper) is widely used in many physiological activities i.e., stimulation of 

the central nervous system, analgesic, and antipyretic activities [10]. The leaves and 

fruits are also used as a cough remedy and the seeds for treating stomach-aches [11]. 

Various uses which include abortifactants, antibiotic, arrow or fish poisons, diuretic, 

toothache remedy, tobacco snuff substitute and insect repellant, and treatment of anxiety 

and epilepsy were reported from this plants [12].  As the spice, black pepper has been 

traded world-wide for many centuries and represents a highly important cash crop for 

many tropical countries including India, Indonesia, Vietnam, Malaysia and Brazil [8] 

and so it is called the “King of spices”. It is an important spice, appreciated for both its 

aroma and its pungency. It is one of the oldest spices used for both culinary and 

medicinal purposes [13, 14].  

 
 

Some species such as Piper clusii, Piper longifolium, Piper longum, and Piper 

aduncum have been used in several countries on a small scale as substitutes for pepper. 

Piper methysticum and Piper medium are widely used in the Pasific and tropical 
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America respectively as ceremonial and social non-intoxicant drinks. The leaves of 

Piper betle have been traditionally used for chewing puposes throughout the Southeast 

Asian region. In peninsular Malaysia some species such as Piper nigrum is used 

traditionally as ingredients in dart-poison owing to their sufficiently strong irritant 

properties [15]. Several Piper species are taken internally as tonics, indigestion mixtures 

and postnatal medications [16]. 

 
 
 
 
1.2 Problem Statement 
 
 

It is reported that only 10% of the Asian tropic Piper species have been 

investigated for their phytochemicals and biological activities.  Based on this statement, 

this research is focused on the chemical investigation and antibacterial activity of 

phytochemicals from Piper arborescens Roxb. which has not been investigated 

thoroughly by other researchers and reinvestigation of the phytochemicals of Piper 

retrofractum Vahl. 

 
 
 
 
1.3 Research Objectives 
 
 

The objectives of this research are to isolate and characterize the phytochemicals 

from Piper retrofractum Vahl. and Piper arborescens Roxb.  In addition, the crude 

extracts and characterized phytochemicals are screened for antibacterial activity. 

 
 
 
 

1.4 Scope of Study 
 
 

 The phytochemicals from Piper arborescens Roxb. and Piper retrofractum Vahl. 

will be extracted by Soxhlet apparatus using methanol as the solvent.  The crude extracts 
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will be fractionated into several fractions based on the solvent polarity by petroleum 

ether, chloroform, ethyl acetate, acetone and methanol using vacuum liquid 

chromatography technique and further purified by multiple column chromatography, 

preparative thin layer chromatography, and centrifugal preparative thin layer 

chromatography using chromatotron to get pure phytochemicals.  The structures of the 

pure phytochemicals will be characterized spectroscopically by using IR, NMR (1D and 

2D) and MS.  The crude extracts and pure phytochemicals will be screened for 

antimicrobial activity by using disc diffusion method with Bascillus subtilis and 

Staphylococcus aureus as Gram positive bacteria and Escherichia coli and Psedomonas 

aeruginosa as Gram negative bacteria. 
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