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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

ULTRASONIC ASSISTED EXTRACTION OF THYMOL FROM Plectranthus 

amboinicus (Lour.) Spreng LEAVES  

By 

NUR AMIRAH ASIFA RAISHA BINTI ZAHARI 

November 2019 

Chairman : Luqman Chuah Abdullah, PhD 

Faculty : Institute of Tropical Forestry and Forest Products 

Plectranthus amboinicus is a medicinal herb with aromatic smells. They are commonly 

used in food processing and eaten as vegetables. P.amboinicus is also used to relief burn 

and control asthma. Scientific research on the leaves of this plant reveals that it possesses 

many beneficial bioactivities and its extract from leaves has a great potential to be used 

in developing commercial products. However, there is a lack of research on the 

processing aspects to process its bioactive extract. This research studied two main 

processes including drying of the leaves using tray dryer and solid-liquid extraction using 

ultrasonic assisted extraction (UAE). Drying kinetics and mathematical modelling on P. 

amboinicus leaves were studied. The durations for the drying process are 18, 46 and 74h 

for 55, 45 and 35 °C, respectively. Midilli and Kucuk model was found to be the most 

fitted model on the drying kinetic modelling with R2 of 0.998, 0.999 and 0.979 for 

temperatures of 55, 45 and 35 °C, respectively. The effective moisture diffusivity, Deff 

was calculated with values of 7.63 x 10-9 m2/s (55 °C), 2.29 x 10-9 m2/s (45 °C) and 

1.14 x 10-9 m2/s (35 °C). The activation energy is at 77.78 kJ/mol. The DPPH 

scavenging values are 80.63, 71.70, and 60 % for each sample dried at temperatures of 

35, 45 and 55 °C, respectively. Ultrasonic assisted extraction (UAE) was used as the 

extraction method to extract thymol concentration. The extraction kinetics and modelling 

were done at 3 different temperatures. The extracted thymol concentration is the lowest 

at 60 °C as compared to 40 and 25 °C. The Equilibrium-dependent solid-liquid extraction 

(EDSLE) model was chosen as the best-fitted model for the kinetic modelling. The R2 

values are 0.99, 0.95 and 0.93 for temperatures of 25, 40 and 60 °C, respectively. The 

optimum parameters for thymol extraction from P.amboinicus are at temperature of 

55°C, 23 min of extraction and ratio of solute to solvent (g/mL) at 1: 35. The mechanism 

of UAE was explained based on observation of the structure changes using Scanning 

Electron Microscope (SEM). The finding of this study suggested that, increasing of 

drying temperature will shorten the drying time using the tray drier. UAE is a suitable 

method to extract thymol from P. amboinicus leaves. © C
OPYRIG
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

PENGEKSTRAKAN TIMOL DARIPADA DAUN Plectranthus amboinicus 

(Lour.) Spreng DENGAN BANTUAN ULTRASONIK 

Oleh 

NUR AMIRAH ASIFA RAISHA BINTI ZAHARI 

November 2019 

Pengerusi : Luqman Chuah Abdullah, PhD 

Fakulti : Institut Perhutanan Tropika dan Produk Hutan 

Plectranthus amboinicus adalah herba perubatan dengan bau aromatik. Mereka biasanya 

digunakan dalam pemprosesan makanan dan juga dimakan sebagai sayuran. P. 

amboinicus digunakan untuk melegakan melecur dan merawat athma. Penyelidikan 

saintifik pada daun ini mendedahkan bahawa ia mempunyai banyak bahan bioaktif yang 

bermanfaat dan ekstrak dari daun ini mempunyai potensi besar untuk membangunkan 

produk kormesial. Walaubagaimanapun, terdapat kekurangan penyelidikan mengenai 

aspek pemprosesan untuk memproses ekstrak bioaktifnya. Penyelidikan ini mengkaji 

dua proses utama termasuk pengeringan daun mengunakan pengering dulang dan 

pengestrakan pepejal-larutan mengunakan pengekstraktor dengan bantuan ultrasonik 

(UAE). Pengeringan kinetik dan permodelan pada daun P. amboinicus telah dikaji. 

Tempoh bagi proses pengeringan ialah 18, 46 dan 74 jam untuk 55, 45  dan 35 °C. Model 

Midilli dan Kucuk didapati  paling sesuai untuk model pengeringan kinetik dengan nilai 

R2, 0.998, 0.999 dan 0.979 untuk suhu 55, 45 and 35 °C. Keberkesanan kekurangan 

kelembapan, Deff telah dikira dan nilainya adalah  7.63 x 10-9 m2/s (55 °C), 2.29 x 10-

9 m2/s (45 °C) and 1.14 x 10-9 m2/s (35 °C). Tenaga pengaktifan adalah sebanyak 77.78 

kJ/mol. Kadar pemusnahan DPPH adalah 80.63, 71.70, and 60 % untuk daun yang 

dikeringkan dengan suhu 35, 45 dan 55 °C. Pengestrakan dengan ultrasonik digunakan 

sebagai kaedah pengekstrakan untuk mengekstrak kepekatan timol. Permodelan kinetik 

ekstrak dilakukan pada tiga suhu berbeza. Kepekatan timol yang diekstrak adalah paling 

rendah pada 60 °C berbanding 40 dan 25 °C. Model EDSLE dipilih sebagai model 

terbaik untuk permodelan kinetik. Nilai R2 adalah 0.99, 0.95 and 0.93 pada suhu 25, 40 

and 60 °C. Parameter yang optimum untuk mengekstrak timol dari daun P. amboinicus 

ialah pada suhu 55 °C, 23 minit masa ekstrak dan nisbah pepejal dan pelarut (g/mL) 

adalah 1:35. Mekanisma UAE dijelaskan berdasarkan pemerhatian perubahan struktur 

mengunakan Mikroskop pengimbas electron (SEM). Hasil kajian ini mencadangkan 

peningkatan suhu pengeringan dapat memendekkan masa pengringan dengan 

mengunakan pengering dulang. UAE adalah kaedah yang sesuai untuk mengekstrak 

timol dari daun P. amboinicus. 
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1 

CHAPTER 1 

INTRODUCTION 

1.1 Herbal Medicine 

Herbal medicine is the oldest and still the most widely used system of medicine in the 

world today. The medicine is basically made exclusively from plant. It is used in all 

societies and is common to all cultures in the world. Nowadays, the plant-based 

medicines are most used in various field such as in public health practices and to maintain 

a good health. According to a report of World Health Organization (WHO), more than 

80% of world’s populations depend on traditional medicine for their primary health care 

needs (Swamy et al., 2011). Knowledge of the phytochemicals is desirable not only for 

the discovery of healthcare products, but also in disclosing new sources of economic 

materials like alkaloids, tanins, oils, gums etc. (Swamy et al., 2011). The use of herbal 

supplements has increased dramatically over the past 30 years. Herbal medicine is used 

to treat many conditions, such as allergies, asthma, eczema, premenstrual syndrome, 

rheumatoid arthritis, fibromyalgia, migraine, menopausal symptoms, chronic fatigue, 

irritable bowel syndrome, and cancer, among others. It is best to take herbal supplements 

under the guidance of a trained provider. For example, one study found that 90% of 

people with arthritic use alternative therapies, such as herbal medicine. Since herbal 

medicines can potentially interact with prescription medications, and may worsen certain 

medical conditions (Ernst, 2019). 

World Health Organization (WHO) estimates that the global market is approximately 

USD 83 billion annually. It is difficult to calculate the data regarding the usage of herb 

worldwide due to the varied ways which herbs are used, e.g. food products, energy 

drinks, multivitamins and raw form (Robinson & Zhang, 2011). The national survey 

conducted in year 2007 by the National Centre for Complementary and Alternative 

Medicine (NCCAM) showed that 17.7 % of adults have used natural products (primarily 

herbs) in a one-year period (Rivera et al., 2013).  In Western countries, the trend of using 

medical herb are involved by adding the herbs to energy drinks and weight loss and 

nutritional products. In some countries, herbs can serve as a major way of treating certain 

conditions or diseases more cost effectively, especially if the herb can be grown locally 

or regionally (Rivera et al., 2013).   

In the scientific community, they highly interest with the essential oils that found in the 

natural product. The essential oils are complex mixture rich in terpenes with different 

degrees of lipophilicity and relative hydrophilicity (De Lira Mota et al., 2012). Essential 

oils are aromatic liquid frequently obtained by steam distillation of the several plant 

materials. They commonly composed of volatile metabolites such as terpenoids and 

phenylpropanoid. Some report state that crude essential oils and their compound are used 

in folk medicine, indicating the pharmaceutical potential of the compound (Dos Santos 

et al., 2015). Essential oil is the essence from a plant which is important for 

pharmaceuticals. Thus, the concentration of essential oil is a vital element in this study. 
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An appropriate solvent is needed to maximize the amount of oils extracted (Kuok Loong 

et al., 2014).  

 

 

Extraction process is the process of separation of medicinally active portion of plant or 

animal tissue from the inactive or inert component by using selective solvent in standard 

extraction procedure. The aim of the extraction process is for the crude drugs are attain 

the therapeutically desired and to eliminate the inert material by treatment with a 

selective solvent. There are some general methods for the extraction of medical herb 

which are, maceration, infusion, digestion, Soxhlet, ultrasound extraction (sonication), 

and many more (Sukhdev et al., 2008). The extraction process is the key step to study of 

the medical plant, because extraction process is the step in the processing of the bioactive 

constituent from the plant material. Traditional methods such as maceration and Soxhlet 

extraction are commonly used at the small research setting or at Small Manufacturing 

Enterprise (SME) level. Some modification has been done in the processing of medicinal 

plants such as the modern extraction methods; microwave-assisted (MAE), ultrasound-

assisted extraction (UAE) and supercritical fluid extraction (SFE), in which these 

advances are aimed to increase yield at lower cost. Moreover, modifications on the 

methods are continuously developed with such variety of methods present (Azwanida, 

2015).  

 

 

1.2 Herbal Processing  

 

 

Herbs are mostly used in food and health industries. The presence of phytochemical 

ingredient gives a lot of beneficial effect to the human as in health improvement and 

beauty. The increase of popularity of herbal usage by the global market which also 

experience similar growth. Herbal medicine not only included the finished product but 

also need to look more such as the medicinal plant itself, herbal materials, and the herbal 

preparation. All these criteria are moving into the international commerce and the global 

trade arena, which indicate increase of economic value and importance. Hence the 

quality of herbal medicine of every stage production have been major concern to the 

health authorities, healthcare provider, the herbal industries and public itself (WHO, 

2018). The flow chart in Figure 1.1 shows the general step in herbal processing. 
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Figure 1.1: Flow chart of herbal processing. 

One of the popular methods for preservation is drying process. The process involving the 

removal of water content or moisture from the herb to the acceptable content for aim to 

marketing, storage or processing purpose. Conventional method of drying process 

usually is the oven drying method. Nowadays, there are lots of method have been 

introduced to herbal drying process such as using tray dryer. Tray dryer was said that to 

be mostly used because of it shape and economic design. The concept of tray dryer is by 

transferring the hot air steam across the tray where the sample have been put. A lot of 

sample can be dried at the same time since tray dryer can be loaded with extra tray for 

carrying sample in different level (Misha et al., 2013).  

After the drying process the next method is extraction process. Solid-liquid extraction 

(SLE) is the method for extraction process. Ultrasonic assisted extraction (UAE) is one 

of the SLE method. UAE has been stated that as a sustainable alternative compare to 

conventional method because it required low solvent and energy consumption. Besides, 

easy to handle equipment, safe, economic and can be operated at atmospheric pressure 

and ambient temperature are among other advantages of using this method. UAE process 

produces acoustic cavitation that damage the cell wall of the herbal sample which will 

cause the bioactive compound to be released to the solvent (Medina-Torres, N et al., 

2017). Once the bioactive compound had been released to the solvent, the solvent will 

be separated using rotary evaporator. The crude extract collected after the separation 

process will undergo certain analysis for bioactive compound determination. 

Planting and harvesting 

Drying process 

Extraction process 

Solvent removal 

Analysis 
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1.3 Problem Statements 

 

 

Herbal industries once an unpopular industry but has now grown over the years which 

give billion worth of benefits and wealth. There are lots of good quality product in the 

local market which is not enough to meet the demand of public desired. There are lots of 

way to develop and introduce new herbal product. 

 

 

P. amboinicus leaves is one of the herbal medical plant that found in Malaysia and it 

origin are found in in Africa and India. They also available in Asian country such as 

China, Indonesia, Thailand, Philipines, Vietnam, and Cambodia. Some are found in 

South Africa, Fiji, Cuba, Germany, Guyana, Puerto Rico, and USA (Arumugam et al., 

2016).  It contains many biochemical components. P. amboinicus leaves is not only 

valuable in medical aspect but also in food industry because of its pleasant smell. The 

active compound found in the P. amboinicus leaf which is thymol contributing to 

numerous benefits to human. Many analyses have been carried out on P. amboinicus leaf 

but there is limited research working on single active compound inside the leaves. P. 

amboinicus one of the alternative sources to provide thymol in Malaysia. Since lot of 

thymol are found in thyme which is not easy to find in Malaysia. The suitable conditions 

for extracting thymol from the leaves are yet studied. 

 

 

P. amboinicus leaf is perishable and therefore always subject to quick spoilage and lead 

to become waste product. The resulted spoilage is from dehydration, fungal infection, 

dechlorophyll and others.  There are many actions taken to resolve this problem such as 

drying process, chemical treatment, various way of storage, packaging method and 

materials. Extraction of essential oils will provide a way to resolve the leaves from 

becoming waste product. Usually drying process was done using conventional method 

such as oven method or sundried method, however some of other methods are more 

convenient, faster and hygiene compare to conventional. In this study, tray dryer was 

used instead of conventional method.    

 

 

There is limited research on the extraction process of P. amboinicus leaf. Therefore, 

study needs to be carried out to obtain the optimum process parameters to maximize the 

quality of extract of the P. amboinicus leaf. The usage of ultrasound energy in laboratory-

based technique for assisting the extraction from plant materials is widely published. The 

ultrasonic assisted study (UAE) has been recognized for potential in industry application 

for Phyto-chemical industry for wide range of herbal extraction. There is also limited 

research reported on the UAE for P. amboinicus leaf extract. The conventional methods, 

such as maceration and Soxhlet, are commonly used for herbal processing. However, 

there are certain advantages and disadvantages of these methods. By using UAE, some 

improvements can be achieved in the extraction process, such as to shorten the extraction 

duration and the solvent usage.   
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1.4 Objectives 

 

 

1. To investigate effect of temperature (35, 45 and 55 °C) on drying of P. amboinicus 

leaves using tray dryer, its drying kinetic and effect of drying temperature on antioxidant 

activity.  

 

2. To determine the extraction kinetic and applying mathematical model on thymol 

extraction from P. amboinicus leaves using UAE. 

 

3. To determine the optimum process parameters including the temperature (40 to 60 

°C), time (20 to 40 min) and solid to solvent ratio (1:30 to 1:40) for thymol extraction 

from P. amboinicus leaves using UAE. 

 

 

1.5 Thesis outline 

 

 

This thesis is divided into five chapter. The thesis starts with introduction in Chapter one, 

which include on the herbal medicine and processing, problem statements, objectives, 

thesis outline and the scope of study. 

 

Chapter two present the overview of the P. amboinicus herbs and it benefits. This chapter 

also present on drying and extraction process along with their kinetics modelling. 

 

 

Chapter three describe the methodology flow chart of this research. Firstly, on the drying 

process of the P. amboinicus leaves using the tray dryer. Mathematical model and fitting 

model were described. Antioxidant activity method was described. Secondly, the 

extraction kinetic part where the extraction kinetic modelling was described. Third, the 

optimization part where the design of experiment was done using Design expert 

software. Lastly the analysis of the P. amboinicus leave surface structure using Scanning 

Electron Microscope (SEM). 

 

 

Chapter four present the result of drying and extraction kinetic and their mathematical 

modelling. Optimization result as given by Design Expert software and analysis of leaves 

surface structure was shown. The results presented in graphical form, table, and 

statistical analysis. 

 

 

Chapter five present the conclusion for the research together with recommendation for 

future study  
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1.6 Scope of Study 

 

 

The scope of this work covered two process involved in producing bioactive extract of 

P. amboinicus leaves namely drying of raw material and ultrasonic assisted extraction, 

UAE. Drying of raw material is the first post-harvest step to keep the quality of the dried 

leaves for the extraction process. The effect of the drying temperature on the quality of 

the leaves and drying kinetic were studied in order to determine the optimum drying 

temperature and the time of drying. Thin layer models were used to describing the drying 

process.  

 

 

The effectiveness of UAE is done by numbers of parameters. The parameters that were 

considered to be use in the extraction process are the solid to solvent ratio, extraction 

temperature and the time of extraction. The suitable duration was determined by studying 

the extraction kinetic. Mathematical models were proposed for predicting the extraction 

process. The influence of the parameters listed were optimized using Central Composite 

Design (CCD) of the Respond Surface Methodology (RSM). 
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