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ABSTRACT 

C.nutans also known as Belalai Gajah have distributed widely in tropical Asia and have 
recognized as famous folklore medicinal properties. The poor aqueous solubility is a 
challenging property in the pharmaceutical industry. There is no scientific report 
regarding the solubilization of C.nutans extracted oil encapsulated with sago starch and 
gum arabic as wall material. Moreover, sole encapsulating agent as reported by other 
researchers do not provided unique features such as high solubility, low viscosity and 
good emulsifying agent. This study aims to characterize and determine the solubility of 
essential oil from C.nutans leaves encapsulated with sago starch and gum arabic. 
Encapsulating agent in encapsulation process of C.nutans oil using freeze drying 
method. While, the C.nutans oil was extracted using Soxhlet extraction method with 
ethanol as a solvent. The solubility parameter was determined using calculation of 
residual percentage of microparticle after and before drying process. Respectively, the 
encapsulation process is based on three different core-to-coating ratios that are SE1 (300 
mg essential oil: 300 mg sago starch), SE2 (100 mg essential oil: 300 mg sago starch) 
and SE3 (60 mg essential oil: 300 mg sago starch). The finding indicates that the 
phenolic content was decreased from SE3 to SE2 and SE1 at 2.81 ± 0.18 mg of gallic 
acid equivalent (GAE/g) of the extract to 2.48 ± 0.10 mg of GAE/g of extract and 2.32 
± 0.29 mg of GAE/g of extract respectively. The highest encapsulation productivity was 
obtained at 61.49% for SE3. Based on the thermal profile, the endothermic transition 
was increased from SE1 to SE3 with the value of 67.8 °C, 72.6 ºC, and 77.3 °C. For 
particle size analysis, as the core to coating ratio changed from SE3 to SE1, the Sauter 
mean diameter (D42) values increased from 211.160 µm to 221.244 µm and 229.025 
µm, respectively. The effect of gum arabic (G) to sago starch (S) ratio was evaluated at 
GSE1 (200 mg gum arabic: 100 mg sago starch), GSE2 (100 mg gum arabic: 200 mg 
sago starch), GSE3 (160 mg gum arabic: 140 mg sago starch), and GSE4 (140 mg gum 
arabic: 160 mg sago starch). The finding show that GSE1 gave the higher phenolic 
content at 3.76 ± 0.10 mg of GAE/g of extract than the control sample (sago starch), 
SE3 (2.81 ± 0.18 mg of GAE/g of extract). For particle size, the sample with gelatinized 
sago starch, SE3 has a bigger size (211.160 µm) than the combination of gum arabic 
and sago starch, GSE1 (53.736 µm). SE3 also shown the lower endothermic 
temperature, 77.3 ºC, than to the combination of wall material between sago starch and 
arabic. For the morphology analysis, when proportion of starch higher than gum arabic, 

(%w/w) gum arabic provides high emulsifying properties. For solubility studies, the 
combination of wall material gave the highest solubility (87.9%) as compared with 
single-wall material, SE3 (60.8 %). The research indicate that the combination of wall 
material between sago starch and gum arabic gave higher encapsulation efficiency, 
higher total phenolic content, increases endothermic transition, gave better protection 
and retention of C.nutans oils, smoother surface of microparticles and also increases 
solubility performance.   



v 

ACKNOWLEDGEMENT 

In the name of ALLAH (s.w.t), all praise is due to Him, the only creator, Who bestowed 
us the knowledge, strength, and perseverance to bring this work to fruition, and may 
His blessings be upon His Prophet Muhammad (s.a.w), peace be upon him. 

I want to express my sincere gratitude to my supervisor, Dr. Fazlena Binti Hamzah, for 
his encouragement, invaluable guidance and endless support throughout my research. 
This study would not be possible without his help. I express my special thanks to 
Universiti Teknologi MARA, especially School of Chemical Engineering, UiTM for 
providing a good research environment during these years. My sincere thanks go to all 
the staffs in the school for their kind help and contribution in this study. My sincere 
thanks to my Co-Supervisor. Pn. Shareena Fairuz Binti Abdul Manaf (School of 
Chemical Engineering) for helping me in throughout this research.   

 Shah Alam) for 
providing financial support during my study in UiTM. Most of all, my deepest gratitude 
goes to my wonderful family and people who involved for their sacrifice and their 
support during these years and during my collection of samples.  

My appreciation goes to the all staff laboratory in UiTM Shah Alam (School of 
Chemical Engineering), UiTM Sungai Buluh (School of Dentistry), Uitm Puncak Alam 
(School of Pharmacist) who provided the facilities and assistance during sampling and 
analysis. Special thanks to my colleagues and friends for helping me with this project.  

Finally, this thesis dedicated to the loving memory of my very dear late mother and my 
father for the vision and determination to educate me. This piece of victory dedicated 
to both of you. Alhamdulillah. 

 

 

 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

 iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES ix 

LIST OF FIGURES xi 

LIST OF PLATES xiii 

LIST OF SYMBOLS xiv 

LIST OF ABBREVIATIONS xv 

LIST OF NOMENCLATURE xvi 

CHAPTER ONE INTRODUCTION 1 

1.1 Research Background 2 

1.2 Problem Statement 4 

1.3 Objectives 5 

1.4 Significance of Study. 5 

1.5 Significance of Research 6 

CHAPTER TWO LITERATURE REVIEW 7 

2.1 Overview of Herbal Medicinal Plants 7 

2.2.1 Chemical Constituent of Clinacanthus nutans (Belalai Gajah) 9 

2.3 Extraction Method of Bioactive Compound 13 

2.3.1 Maceration, Infusion, Percolation, and Decoction 14 

2.3.2 Hydrodistillation 16 

2.3.3 Supercritical Fluid Extraction 18 

2.3.4 Microwave-Assisted Extraction (MAE) 21 

2.3.5 Soxhlet Extraction 23 

2.3.6 Summary of Extraction Method 27 


