
 

UNIVERSITI TEKNOLOGI MARA 

NATURAL DYE  

FROM SARGASSUM SP.  

SEAWEEDS  

AND ENHANCING  

ITS DYEABILITY  

THROUGH  

SURFACE MODIFICATION  

OF TEXTILE SUBSTRATES 

 

  

MUHAMMAD ISMAIL BIN AB KADIR 

 

  

Thesis submitted in fulfillment  

of the requirements for the degree of 

Doctor of Philosophy  

(Textiles Coloration) 

  

Faculty of Applied Sciences 

  

February 2021



iii 

AUTHOR’S DECLARATION 

I declare that the work in this thesis was carried out in accordance with the regulations 

of Universiti Teknologi MARA. It is original and is the results of my own work, unless 

otherwise indicated or acknowledged as referenced work. This thesis has not been 

submitted to any other academic institution or non-academic institution for any degree 

or qualification. 

I, hereby, acknowledge that I have been supplied with the Academic Rules and 

Regulations for Post Graduate, Universiti Teknologi MARA, regulating the conduct of 

my study and research. 

 

Name of Student  :  Muhammad Ismail bin Ab Kadir 

Student I.D. No.  :  2012108245 

Programme  : Doctor of Philosophy (Textile Coloration) – AS950 

Faculty  :  Applied Sciences 

Thesis Title :  Natural Dye from Sargassum sp. Seaweeds and 

Enhancing Its Dyeability Through Surface 

Modification of Textile Substrates 

   

Signature of Student :  …………………………………………….. 

Date  :  February 2021 

 



iv 

ABSTRACT 

This study was conducted to determine the percentage crude yield of natural dyes 

obtained from Sargassum sp. seaweed using different solvent and extraction methods 

as well as to characterise the extracted natural dyes. At the same time, the application 

of surface modifier of Cetyl trimethyl ammonium bromide (CTAB) and 

poly(amidoamine) (PAMAM) dendrimer on cotton, silk and polyester fabrics with 

regards to the zeta potential and the dyeability towards the natural dye extracted from 

Sargassum sp. were explored. Apart from that, the toxicity of the extracted dyes from 

Sargassum sp. seaweed was also examined. The ground powder of dry Sargassum sp. 

was extracted in methanol and acetone solution using maceration and ultrasound. The 

percentage yield in the form of crude from each extraction procedure was compared. 

The extracted dye was analysed using UV-vis Spectrophotometer, FTIR and Q-TOF 

LCMS to determine the compounds present. Prior to dyeing, the cotton, silk and 

polyester fabrics were treated with CTAB and PAMAM dendrimer as surface modifiers. 

Zeta potential of these surface-modified fabrics was then measured using a SurPASS 

Electrokinetic Analyzer. Exhaustion dyeing with simultaneous mordanting using 

vinegar, alum and iron was carried out on the untreated and treated fabrics. The dyeing 

was executed at 850C for 40, 60 and 80 minutes. Later, cytotoxicity and neurotoxicity 

tests were performed on the natural dyes in the form of liquid and dyed silk fabrics, 

respectively. Fibroblast cells from mouse embryonic cells and cell lines from SH-SY5Y 

were used to investigate the cytotoxicity test. Neuro-like cells obtained from retinoic 

acid-treated SH-SY5Y were used to conduct neurotoxicity test. MTS assay method was 

carried out to the entire cells to evaluate the toxicity of the dye. The highest percent 

yield was obtained from maceration procedure with methanol at 600C for 48 hours. The 

extracted fucoxanthin and chlorophyll compounds from Sargassum sp. were 

successfully applied as natural dyes for dyeing cotton, silk and polyester fabrics.  The 

zeta potential of the surface-modified fabrics gave less negative charges in comparison 

with untreated fabrics thus improve their dyeability as well as % exhaustion and K/S 

values. The fastness properties of the dyed fabrics gave ratings from good to excellent 

except light fastness which was rated as poor. Toxicity tests confirmed that the extracted 

dye is toxic-free. Thus, it can be suggested that the natural dyes from Sargassum sp. 

extract is suitable to be used for textile dyeing. 

 

 

 



v 

ACKNOWLEDGEMENT 

         

Syukur Alhamdullilah to Almighty Allah swt for giving me the courage to start the PhD 

journey many years back; as well as the motivation, strength and perseverance along 

the course to complete this thesis. It is not an easy episode for me but with Your 

continuous Love, Guidance and Blessings I was able to overcome all the hardship. PhD 

has taught me the concept of continuous and borderless exploration of knowledge upon 

which nothing is comparable to Allah, Most Knowledgeable.  

I would like to take the oppotunity to thank University Teknologi MARA for giving me 

the opportunity to further my studies. The financial and numerous infrastructurial 

supports given to me are highly appreciated as without them I would not be able to 

advance and enhance my academic qualification.  

I would like to express my special appreciation and thanks to my master, Professor Dr 

Wan Yunus Wan Ahmad who provided invaluable guidance and assistance at the 

beginning of my studies. My sincere thanks and deepest appreciation are also conveyed 

to Associate Professor Ts Dr Mohd Rozi Ahmad and Dr Asmida Ismail for their brilliant 

comments, tremendous advice, constant guidance and continuous encouragement 

throughout my PhD studentship. Not to forget my colleagues and lab staff at the Faculty 

of Applied Sciences for the great help, support and encouragement in various ways. 

A special thank to my family especially to my beloved wife, Habibah binti Abdul 

Jabbar. Words cannot express how grateful I am to her for all the sacrifices and patience 

that she has given me. Your support and prayer for me was what sustained me up to this 

end. To my beloved children Muhammad ‘Akif Aiman, Muhammad Akif Ammar and 

Nur Iman Widad; thank you for all your patience in handling your student dad. I know 

it was not an easy time for us. Not forgetting to my late father and mother Haji Ab Kadir 

bin Daud and Hajah Selamah binti Idris as well as my father and mother-in-law Haji 

Abdul Jabbar bin Mohamed and Hajah Zakiah binti Abdul Rahman; all of you are my 

inspiration and strength who have been a driving force throughout my PhD journey. I 

am very privileged to have all of you in my life. 

Last but not least, I would also like to thank to all my siblings, nephews and nieces who 

are/were in this journey together. Despite all the challenges and struggles we have gone 

through jointly, it was an ever stimulating and wonderful moment. 

YaRabb....Alhamdulillah. 

 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES xi 

LIST OF FIGURES xiii 

LIST OF PLATES xvi 

LIST OF SYMBOLS xvii 

LIST OF ABBREVIATIONS xviii 

LIST OF NOMENCLATURE xxi 

CHAPTER ONE: INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statements 3 

1.3 Objectives 4 

1.4 Scope and Limitation of the Study 5 

1.5 Significance of the Study 5 

CHAPTER TWO: LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 An Overview on Seaweeds Industry in Malaysia 7 

2.2.1 Studies on Sargassum Seaweeds in Malaysia 10 

2.3 Brief History of Natural Dyes 12 

2.4 Advantages and Disadvantages of Natural Dyes 13 

2.4.1 Advantages of Natural Dyes 13 

2.4.2 Disadvantages of Natural Dyes 14 

2.5 Sustainability of Natural Dyes 15 

2.6 Studies on Natural Dyes 17 




