
OPTIMIZATION OF Plectranthus amboinicus EXTRACTION USING 

MICROWAVE-ASSISTED TECHNIQUE

NABILAH BINTI ABDUL SAMAD

A dissertation submitted in fulfillment of 

the requirement for the award of the degree of 

Master of Engineering

Faculty of Chemical & Energy Engineering 

Universiti Teknologi Malaysia

JUN 2018



iii

To my beloved family, supervisor and friends



iv

ACKNOW LEDGEM ENTS

In the name of Allah, the most gracious and most merciful.

I would like to express greatest grateful to Allah S.W.T, for giving the 

strength, inspiration and ease the journey to complete this project successfully. 

Alhamdulillah.

Special thanks to Dr. Dayang Norulfairuz binti Abang Zaidel for giving me 

the trust and be a part of the team to carry out this project. Besides, without her 

supervision, patient guidance, encouragement and advice throughout accomplishing 

this project. I have been extremely lucky to have a supervisor who cared so much 

about my work, and who responded to my questions and queries so promptly. The 

knowledge, time and advice that been given by you can only be repaid by the all 

mighty of God, Allah S.W.T.

Moreover, I would like to give my special thank you to my beloved parents 

for your love and support will always guide me through this life with your warm 

dua’s that gives me strength to move on. Besides, I would also like to thank all the 

staff members for the sharing all the experience and expertise to help me understand 

and apply a good practise in completing this dissertation. In particular, I would like 

to thanks Nor Azizah Mohammad, Noor Fadzilah Abu Bakar and Nurul Hazirah 

Hamidon for the guidance, supported and suggestions on this dissertation

To all my sibling and friends, thanks for the undivided support and encouragement 

for me. Without all your endless support this dissertation could not be completed. I 

am indebted to them for their help and support.

Thank you.



v

ABSTRACT

Plectranthus amboinicus (Lour.) Spreng is a medicinal herb with bioactive 
compounds which has been known to have pharmacological properties that can be 
found throughout the tropical countries and Middle East regions like India, Asia and 
Australia. It has an aromatic nature and has a capability in producing essential oil. 
Microwave-assisted extraction (MAE) has been known as a technique for extracting 
essential oil with lots of benefits such as decrease extraction time, less volume of 
solvent used, high yield of extract and lowered the environmental impact by emitting 
less CO2 in the atmosphere compared to other conventional extraction methods such 
as soxhlet extraction method. The objective of this study was to determine the 
optimum extraction condition of essential oil from P. amboinicus by using MAE. 
This study focused on the comparison of the optimum extraction of P. amboinicus 
using ethanol and water by maximising the essential oil yield using response surface 
methodology (RSM). From the optimum extraction condition obtained, analyses on 
phenolic content, refractive index, bioactive compounds and antioxidants activity of 
the P. amboinicus extract were performed. Result showed the optimum condition for 
ethanol extract was at irradiation time (2 min), ethanol concentration (30%) and 
solvent-to-solid ratio (30 ml/g) with yield of extract obtained at 39.81% w/w and the 
optimum condition for water extract was at irradiation time (10 min), microwave 
power (529.58 w) and solvent-to-solid ratio (16.95 ml/g) with yield of extract 
obtained at 31.89% w/w. Meanwhile, the result analysis of total phenolic content of 
P. amboinicus for ethanol extract was 12.22 ± 0.93 mg GAE/g FW and for water 
extract was 9.61 ± 1.56 mg GAE/g FW while the antioxidants of the P. amboinicus 
extract of IC50 value for ethanol extract was 4.63 mg/ml while the inhibition of 
DPPH radical scavenging activity was 5.48 ± 0.77 mg Trolox eq/g extract. Refractive 
index for P. amboinicus extract for ethanol extract was 1.3622 ± 0.0006 while for 
water extract was 1.3492 ± 0.0021 at 20°C. Analysis of bioactive in ethanol extract 
comprised of a-Terpinene, carvacrol, a-Terpineol, thymol, trans-a-Bergamotene 
whereas for water extract consisted of p-Cymene, a-Terpinene, a-Terpineol and 
thymol. The study has proven that MAE is a better alternative compared to 
conventional extraction method with 15% higher yield and the extract of P. 
amboinicus can be potentially applied in healthcare and pharmaceutical industry.
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ABSTRAK

Plectranthus amboinicus (Lour.) Spreng merupakan tumbuhan perubatan 
dengan sebatian bioaktif yang dilaporkan mempunyai sifat-sifat farmakologi yang 
boleh didapati di seluruh negara tropika dan rantau Timur Tengah seperti India, Asia 
dan Australia. Ia mempunyai sifat aromatik dan mempunyai keupayaan 
menghasilkan minyak pati. Pengekstrakan kaedah bantuan ketuhar gelombang mikro 
(MAE) telah dikenalipasti sebagai satu teknik untuk mengekstrak minyak pati 
dengan mengandungi pelbagai manfaat seperti pengurangan masa pengekstrakan, 
kurang isipadu pelarut yang digunakan, hasil ekstrak yang tinggi dan mengurangkan 
kesan alam sekitar dengan mengeluarkan kurang CO2 di berbanding kaedah 
pengekstrakan konvensional yang lain seperti kaedah pengekstrakan soxhlet. Kajian 
ini bertujuan untuk menentukan keadaan optimum pengekstrakan minyak pati dari P. 
amboinicus dengan menggunakan kaedah MAE. Fokus kajian ini adalah untuk 
membandingkan pengekstrakan optimum P. amboinicus menggunakan etanol dan air 
dengan memaksimumkan hasil ekstrak minyak pati dengan menggunakan kaedah 
permukaan tindak balas (RSM). Daripada kondisi optimum pengekstrakan yang 
diperolehi, analisis bagi jumlah kandungan fenolik, indeks biasan, sebatian bioaktif 
dan aktiviti antioksida bagi ekstrak P. amboinicus telah dijalankan. Keputusan 
menunjukkan keadaan optimum untuk ekstrak etanol adalah pada iradiasi masa (2 
min), kepekatan etanol (30%) dan nisbah pelarut kepada pepejal (30 ml/g) dengan 
hasil ekstrak yang didapati 39.81% w/w dan optimum ekstrak air adalah pada masa 
iradiasi (10 min), kuasa gelombang mikro (529.58 W) dan nisbah pelarut kepada 
pepejal adalah (16.95 ml/g) dengan hasil ekstrak yang didapati 31.89% w/w. 
Sementara itu, hasil analisis bagi jumlah kandungan fenolik P. amboinicus untuk 
ekstrak etanol ialah 12.22 ± 0.93 mg GAE/g FW dan bagi ekstrak air ialah 9.61 ± 
1.56 mg GAE/g FW manakala antioksidan daripada ekstrak P. amboinicus untuk 
nilai IC50 bagi ekstrak etanol adalah 4.63 mg/ml manakala perencatan aktiviti 
penipisan radikal DPPH adalah 5.48 ± mg 0.77 Trolox eq/g ekstrak. Indeks refraktif 
P. amboinicus untuk ekstrak etanol ialah 1.3622 ± 0.0006 manakala ekstrak air ialah 
1.3492 ± 0.0021 pada 20 ° C. Analisis bioaktif dalam ekstrak etanol terdiri daripada 
a-Terpinene, carvacrol, a-Terpineol, thymol, trans-a-Bergamotene manakala bagi 
ekstrak air terdiri daripada Cymene, a-Terpinene, a-Terpineol dan thymol. Kajian ini 
telah membuktikan bahawa MAE adalah alternatif yang lebih baik berbanding 
kaedah pengekstrakan konvensional dengan hasil ekstrak 15% lebih tinggi dan 
ekstrak P. amboinicus berpotensi digunakan dalam industri penjagaan kesihatan dan 
farmaseutikal..
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Malaysia is located at Southeast Asian country where the land is covered by 

tropical rainforest. There are plenty of herbs that can be found in Malaysia either as a 

medicinal herbs or culinary herbs. This is due to the Malaysia’s perfect climate which 

is hot and humid throughout the year. However, some herbs have not been 

scientifically studied for their properties, but the old folk had been using it as part of 

remedies in their daily life.

In Malaysia, Plectranthus amboinicus are known with various names such as 

pokok bangun-bangun, bebangun, sedingin or hati-hati hijau (Sabrina et al., 2014). It 

is an indigenous plant that can be eaten raw or used as flavouring in dishes as it have 

a pleasant aroma with distinctive and refreshing odour. (Arumugam et al., 2016). 

Besides, P. amboinicus is among the most cited species in the family Lamiaceae 

mainly for its medicinal properties (Lukhoba et al., 2006) such as for digestive 

condition, skin condition, respiratory condition, infections and fever as well as genito

urinary conditions (Morton, 1992). This indicates that P. amboinicus have a
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pharmacological properties, which is suitable for curing disease like cardiovascular, 

respiratory, skin, oral, digestive and urinary diseases.

Traditionally, the extraction of P. amboinicus is done by using 

hydrodistillation and soxhlet extraction method. It is commonly used as a standard for 

a comparing between different extraction method to extract and recover oil from 

natural products. Soxhlet extraction requires up to 16 hours of extraction time and uses 

more than 300 ml of solvent (Hadkar et al., 2013). Therefore, an alternative extraction 

method is required to overcome the problem. Microwave extraction process was 

proven to reduce extraction time and solvent usage as well as improved extraction 

yield as it uses microwave energy to heat solvents rapidly and efficiently with an 

ability to have a homogeneous heating of natural product and solvent (Jain et al., 

2009).

In microwave assisted extraction (MAE) requires only 10 to 20 ml of solvent 

and 30 to 45 seconds of extraction time depending on the natural product used for the 

extraction (Hadkar et al., 2013). Study by Wang & Weller (2006) has reported that 

MAE is a comparable extraction technique to other technique such as subcritical water 

extraction, supercritical carbon dioxide extraction and ultrasonic assisted extraction 

(UAE). This is because of the process simplicity, faster, more effective and low cost. 

Moreover, previous study by Garofulic et al. (2013) has proven that MAE was able to 

produce higher concentration of sour cherry polyphenol extracted with more efficiency 

and faster compared to conventional extraction method.

Essential oil of P. amboinicus contains high amount of bioactive compounds 

such as thymol, carvacrol , p-cymene, a-terpineol , P-caryophyllene, a-humulene, y- 

terpinene and P-selinene (Hussein, 2017; Senthilkumar & Venkatesalu, 2014; 

Manjamalai et al., 2012; Lima et al., 2011) . Study by Arumugam et al. (2016) stated 

that the presence of thymol and carvacrol indicates that the P. amboinicus extract has 

an antioxidants properties against stress-created in cell line-induced lung cancer either
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for (in vitro and in vivo) models. Moreover, work by Bhatt & Negi (2012); Manjamalai 

et al. (2012); Khanum et al., (2011); Kumaran & Joel karunakaran (2006) also claims 

that the presence of carvacrol and thymol show a significant inhibition in DPPH free 

radical formation. This shows that P. amboinicus has a good potential to be use in the 

formulation for healthcare and pharmaceutical industry application.

1.2 Problem Statem ent

Extraction is a crucial step in producing essential oil therefore finding the most 

suitable method that can produces a high yield and the desired active compound 

composition is a must. There are plenty of extraction methods available and the most 

commonly used by researchers and for commercialization are hydro distillation, steam 

distillation and soxhlet extraction. Commonly, it took 3 to 4 hours for extracting P. 

amboinicus by hydro distillation method using a Clevenger type apparatus while 

soxhlet extraction require up to 16 hours of extraction time and uses more than 300 ml 

of solvent with the small amount of yield produced. Hence, most conventional method 

took longer extraction time, this will affect the large scale production when the 

essential oil to be used for commercialization.

The application of microwave in extraction process was proven to decrease 

extraction time, volume of solvent used and lowered the environmental impact by 

emitting less CO2 in atmosphere (Ferhat et al., 2007; Lucchesi et al., 2004), high yield 

of extract obtained and it also required a small amount of energy as compared to 

conventional extraction methods (Farhat et al., 2017).

P. amboinicus contains valuable bioactive compounds where it can be widely 

applied in both traditional and modern therapies for improving human health with
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relatively none or less effects. Antioxidants are minerals and vitamins that occur 

naturally in foods and can also synthesised by human bodies (Hopkins & Huner, 2008). 

It consists of important compounds which maintains our health and has the capability 

to reduce the risk of disease Adom et al., (2005) as well as avoid from oxidative 

damages by neutralizing the free radicals before they can attack the cells and avoid 

damage to lipids, proteins, enzymes, carbohydrates and DNA (Fang et al., 2002).

Therefore, this study aims to focus on optimization of the extraction process of 

P. amboinicus using microwave-assisted extraction method and characterization of the 

total phenolic content, refractive index, bioactive compounds and antioxidants activity 

of the extract. Thus, research on it need to be done to show an alternative extraction 

method besides to shows the antioxidants activity in P. amboinicus.

1.3 Objectives of The Study

This study embarks on the following objectives:

1. To optimize the yield of essential oil extract from P. amboinicus by using 

microwave-assisted extraction.

2. To analyze the properties of P. amboinicus in terms of its total phenolic 

content, refractive index, bioactive compounds and antioxidants activity.
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1.4 Scope of the study

1. Optimization of essential oil yield extracted from P. amboinicus using ethanol 

at different operation condition of irradiation time (2 -10min), solvent 

concentration (30-80%) and solvent-to-solid (10-30 mL/g) using MAE by 

Response Surface Methodology (RSM).

2. Comparison of percentage yield extract using water at optimum condition. The 

optimum condition was obtained by optimization of P. amboinicus water 

extract at different operation condition of irradiation time (10-30 min), 

microwave power (400-700 W), and solvent-to-solid (10-30 mL/g) using MAE 

by RSM.

3. Determination of the essential oil characteristics in terms of the refractive 

index, bioactive compounds, total phenolic content and antioxidants activity of 

P. amboinicus extract from the optimized condition.

1.5 Significance of the study

The significance of this study is to provide an alternative to conventional 

extraction method by identifying the optimum condition of extraction using MAE. The 

optimum extraction condition of P. amboinicus extract could be one step to produce a 

high yield product with less extraction time and less solvent used. Besides, the 

characteristic of P. amboinicus extract such as its refractive index, bioactive compound 

and antioxidants activity will be analysed from the optimum condition obtain. Hence, 

with the information at hand, the study of using MAE could be used for the future 

reference in extraction method as well as for the commercial production of P. 

amboinicus extract.
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