
 
 

UNIVERSITI PUTRA MALAYSIA 
 

ANTI-PATHOGENIC ACTIVITIES OF Gracilaria changii (Xia et Abbott) 
AND EFFECTS OF ITS ASSOCIATED BACTERIA ON GROWTH 

PROMOTING PROPERTIES 

NURUL IZZATI MUTHAR

IB 2018 18



© C
OPYRIG

HT U
PM

ANTI-PATHOGENIC ACTIVITIES OF Gracilaria changii (Xia et Abbott)
AND EFFECTS OF ITS ASSOCIATED BACTERIA ON GROWTH 

PROMOTING PROPERTIES 

By

NURUL IZZATI MUTHAR 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Master of 

Science 

February 2018 



© C
OPYRIG

HT U
PM

COPYRIGHT 

All material contained within the thesis, including without limitation text, logos, 

icons, photographs and all other artwork, is copyright material of Universiti Putra 

Malaysia unless otherwise stated. Use may be made of any material contained 

within the thesis for non-commercial purposes from the copyright holder. 

Commercial use of material may only be made with the express, prior, written 

permission of Universiti Putra Malaysia.  

Copyright © Universiti Putra Malaysia



© C
OPYRIG

HT U
PM

i 

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

the requirement for the degree of Master of Science 

ANTI-PATHOGENIC ACTIVITIES OF Gracilaria changii (Xia et Abbott) AND
THE EFFECTS OF ITS ASSOCIATED BACTERIA ON GROWTH 

PROMOTING PROPERTIES

By

NURUL IZZATI MUTHAR 

February 2018 

Chairman: Natrah Fatin Mohd Ikhsan, PhD 
Faculty: Institute of Bioscience 

Seaweed contains various bioactive compounds that contributed to the pharmaceutical 

and food industries which demand high seaweed production. Limitation of healthy 

seedstock might lead to the reduction of seaweed production and the study of 

seaweed-bacteria interaction could potential enhance the growth of the organism. The 

interest in bacterial populations living in association with seaweed has increased 

during recent decades. Bacteria associated with seaweed secrete various beneficial 

compounds which can act as defense mechanism and also regulate the morphogenesis 

of seaweed. Thus, a study on the beneficial interaction between seaweed and bacteria 

especially on the growth promoting properties is crucial. The aim of this study was to 

determine the anti-pathogenic activities of Gracilaria changii and the effects of its 

associated bacteria on the growth promoting properties. The first study was to 

investigate anti-quorum sensing (anti-QS) and anti-biofilm activities from G. changii 
extracts. The anti-QS activities were screened using disc diffusion assay with mutant 

Chromobacterium violacein (CV026) strain as a quorum sensing (QS) biosensor 

strain. It was observed that only G. changii crude extracts at 240,000 ppm 

significantly (P < 0.05) inhibited the QS activity. Using thin layer chromatography 

(TLC), three out of six G. changii compounds separation showed significant (P <

0.05) QS inhibition zones after subjected to overlay assay. The results also showed 

that G. changii extracts inhibited (P < 0.05) the biofilm of pathogenic strain Vibrio 
campbellii BB120 at the concentration of 1 ppm after 24 hours incubated with G. 
changii extracts. In the second study, associated bacteria isolated from G. changii 
with anti-QS and anti-bacterial activities were characterized. A total of 28 different 

bacteria were isolated from G. changii in which 23 strains were epiphytic bacteria and 

the remaining 5 strains were endophytic bacteria. There was no anti-QS activity 

observed from bacteria associated G.  changii using both well plate and disc diffusion 

assays with CV026 as the biosensor. No anti-bacterial activity was also detected from 

all bacterial isolates towards the four tested pathogens; Vibrio campbellii (BB120), V. 
parahaemolyticus (ATCC17803), V. anguillarum (ATCC43313) and V. alginolyticus 
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(ATCC17749). The third study was conducted to determine the interaction between 

G. changii and the associated bacteria for growth promoting activities. Out of all the 

28 bacteria isolated from the seaweed, BP-SW/7 which was identified as Halomonas 
sp. significantly (P < 0.05) promoted the highest G. changii bud formation. The 

bacterial density of Halomonas sp. also significantly (P < 0.05) increased from 107 to 

109 CFU/mL after 15 days of co-culture with G. changii fragments. Moreover, the 

highest (P < 0.05) plant growth promoting hormone indole-3-acetic acid (IAA) 

production was also observed from the bacterial isolates BP-SW/7, Halomonas sp. 

after three days incubations. The results of this study showed that there is a symbiotic 

relationship between seaweed and certain associated bacteria particularly for growth 

promotions of both the seaweed and associated bacteria. Furthermore, G. changii 
could be an interesting source for biologically active compounds that may be applied 

for disease therapy instead commercial antibiotics.  
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Rumpai laut mengandungi pelbagai sebatian bioaktif menyumbang kepada industri 

farmaseutikal dan makanan yang menuntut pengeluaran rumpai laut yang tinggi.

Benih yang sihat yang terhad boleh mengakibatkan pengurangan pengeluaran rumpai 

laut dan kajian interaksi rumpai laut-bacteria berpotensi meningkatkan pertumbuhan 

organisma. Kepentingan populasi bakteria yang hidup bersekutu dengan rumpai laut 

telah meningkat dalam beberapa dekad kebelakangan ini. Bakteria yang dikaitkan 

dengan rumpai laut menghasilkan pelbagai sebatian bermanfaat yang boleh bertindak 

sebagai mekanisme pertahanan dan juga mengawal morphogenesis rumput laut. Oleh 

itu, satu kajian tentang interaksi yang bermanfaat antara rumput laut dan bakteria 

terutama pada sifat yang menggalakkan pertumbuhan adalah penting. Tujuan kajian 

ini adalah untuk menentukan aktiviti anti-patogenik oleh Gracilaria changii dan 

kesan bakteria yang berkaitan atas sifat yang menggalakkan pertumbuhan. Kajian 

pertama adalah untuk mengkaji aktiviti anti-kuorum penginderaan dan anti-biofilem 

daripada ekstrak G. changii. Aktiviti anti-kuorum penginderaan telah disaring 

menggunakan ujian penyebaran cakera dengan strain Chromobacterium violacein
(CV026) mutan sebagai biosensor kuorum penginderaan. Telah dilihat bahawa hanya 

ekstrak mentah G. changii pada kepekatan tinggi (P <0.05) menghalang aktiviti 

kuorum penginderaan. Menggunakan kromatografi lapisan nipis (TLC), tiga daripada

enam sebatian G. changii menunjukkan zon terencat kuorum penginderaan yang 

signifikan (P <0.05) selepas mengenakan ujian overlay. Hasilnya juga menunjukkan 

bahawa ekstrak G. changii menghalang (P <0.05) pertumbuhan biofilem patogen 

Vibrio campbellii BB120 pada kepekatan 1ppm selepas 24 jam dikultur bersama 

ekstrak G. changii. Dalam kajian kedua, bakteria yang diasingkan dari G. changii 

dengan aktiviti anti kuorum penginderaan dan anti-bakteria dicirikan. Sejumlah 28 

bakteria yang berbeza telah diasingkan dari G. changii di mana 23 jenis bakteria epifit 

dan 5 bakteria yang lain adalah bakteria endofit. Tiada aktiviti anti penginderaan 

kuorum yang diperhatikan dari bakteria yang berkaitan G. changii menggunakan 

kedua-dua plat pancang dan percikan resapan cakera dengan CV026 sebagai 
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biosensor. Tiada aktiviti antibakteria juga dikesan dari semua bakteria yang 

diasingkan ke atas empat patogen yang diuji; Vibrio campbellii (BB120), Vibrio 
parahaemolyticus (ATCC17803), Vibrio anguillarum (ATCC43313) dan Vibrio 
alginolyticus (ATCC17749). Kajian ketiga dijalankan untuk menentukan interaksi 

antara G. changii dan bakteria yang berkaitan dengan aktiviti yang menggalakkan 

pertumbuhan. Daripada semua 28 bakteria yang diasingkan dari rumpai laut, BP-SW / 

7 yang dikenal pasti sebagai Halomonas sp. dengan ketara (P <0.05) menggalakkan 

pembentukan putik G. changii tertinggi. Kepekatan bakteria Halomonas sp. juga 

ketara (P <0.05) meningkat dari 107 hingga 109 selepas 15 hari dikultur bersama 

dengan keratan G. changii. Selain itu, hormon yang menggalakkan pertumbuhan 

tumbuhan asid indole-3-asetik (IAA) yang tertinggi (P <0.05) juga diperhatikan dari 

bakteria yang diasingkan BP-SW / 7, Halomonas sp. selepas tiga hari inkubasi. 

Keputusan kajian ini menunjukkan terdapat hubungan simbiotik antara rumpai laut 

dan bakteria yang berkaitan terutamanya untuk menggalakkan pertumbuhan kedua-

dua rumpai laut dan bakteria yang berkaitan. Tambahan pula, G. changii boleh 

menjadi sumber yang menarik untuk sebatian aktif biologi yang boleh digunakan 

untuk terapi penyakit selain antibiotik komersial.



© C
OPYRIG

HT U
PM

v 

ACKNOWLEDGEMENT 

I would like to express my utmost gratitude and appreciations to my supervisor, Dr 

Natrah Fatin Mohd Ikhsan for her supervision, assistance and inspirations to 

accomplish this project. Special thanks to my co-supervisor, Assoc. Prof. Dr. Mutah 

Harah Zakaraia @ Ya and Assoc. Prof. Dr. Yaya Rukayadi for their guidance, advice 

and support throughout my study.  

I would also like extend my gratitude and thanks to all the member of Bioproduct 

Aquatic Laboratory, Faculty of Aquaculture, kak Ain, kak Sherry, kak Chen, kak 

Arina, kak Izzah, Sarmilla, Daus, Aini, Tan and Atifa. Special thanks to my fyp 

student, Syamimi for her never ending help and support.  

My deepest thanks to my family especially my parent, Muthar B. Ibrahim and Che 

Yam Bt Rahman for their motivation and support in completing my master.  

My inmost appreciation my best friends Nik Suzana, Syaheerah, Atifa and Jennifer 

Ebit for their advice, support, motivation, late night company and wise words.  



© C
OPYRIG

HT U
PM

vii 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows:  

Natrah Fatin Mohd Ikhsan, PhD 
Associate Professor 

Faculty of Agriculture  

Universiti Putra Malaysia  

(Chairman)  

Muta Harah Binti Zakaria @ Ya, PhD 
Associate Professor 

Faculty of Agriculture  

Universiti Putra Malaysia  

(Member)  

Yaya Rukayadi, PhD 
Associate Professor 

Faculty of Food Science 

Universiti Putra Malaysia 

(Member)  

ROBIAH BINTI YUNUS, PhD 
Professor and Dean  

School of Graduate Studies  

Universiti Putra Malaysia  

Date: 



© C
OPYRIG

HT U
PM

viii 

Declaration by graduate student  

I hereby confirm that:  

� this thesis is my original work;  

� quotations, illustrations and citations have been duly referenced;  

� this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions;  

� intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012;  

� written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the 

form of written, printed or in electronic form) including books, journals, 

modules, proceedings, popular writings, seminar papers, manuscripts, posters, 

reports, lecture notes, learning modules or any other materials as stated in the 

Universiti Putra Malaysia (Research) Rules 2012;  

� there is no plagiarism or data falsification/fabrication in the thesis, and 

scholarly integrity is upheld as according to the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia (Research) Rules 2012. The thesis has undergone plagiarism 

detection software.  

Signature: ________________________ Date: __________________  

Name and Matric No.: Nurul Izzati Muthar (GS 43957) 



© C
OPYRIG

HT U
PM

ix

Declaration by Members of Supervisory Committee 

This is to confirm that: 

� The research conducted and the writing of this thesis was under our supervision;

� Supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature :

Name of Chairman of 

Supervisory Committee : Natrah Fatin Mohd Ikhsan

Signature :

Name of Member of

Supervisory Committee : Muta Harah Binti Zakaria @ Ya

Signature :

Name of Member of 

Supervisory Committee : Yaya Rukayadi



© C
OPYRIG

HT U
PM

x 

TABLE OF CONTENTS 

         Page 

ABSTRACT        i

ABSTRAK        iii

ACKNOWLEDGEMENTS       v

APPROVAL        vi

DECLARATION       viii

LIST OF TABLES       xiii

LIST OF FIGURES       xiv

LIST OF ABBREVIATIONS      xv

CHAPTER 
1 INTRODUCTION 1

1.1 Background 1

1.2 Problem Statement 2

2 LITERATURE REVIEW 3

2.1 Seaweed 3

2.2 Potential Applications of Seaweed 4

2.3 Gracilaria changii 5

2.3.1 Nomenclature and Taxonomy 5

2.3.2 Life Cycle of Gracilaria sp. 5

2.3.3 Identification of Gracilaria changii 7

2.4 Anti-Quorum Sensing Activity from Seaweed Extracts 9

2.5 Seaweed-Bacteria Interaction 10

2.5.1 Anti-pathogenic Activities from Bacteria 

Associated with Seaweed

11

2.5.2 Growth Promoting Activity from Seaweed-

Bacteria 

15

3 DETERMINATION OF ANTI-QUORUM SENSING AND 
ANTI-BIOFILM ACTIVITIES FROM RED SEAWEED, 
Gracilaria changii 

16

3.1 Introduction 16

3.2 Materials and Methods 17

3.2.1 Glasswares and Instruments Preparation 17

3.2.2 Media Preparation 17

3.2.3 Gracilaria changii Extracts Preparation 17

3.2.3.1 Samples Collection 17

3.2.3.2 Collection of Gracilaria changii 
Crude Extracts

17

3.2.4 Anti-Quorum Sensing Activities from 

Gracilaria changii Extracts

18

3.2.4.1 Chromobacterium violacein 18



© C
OPYRIG

HT U
PM

xi

(CV026) preparation

3.2.4.2 Screening of Anti-Quorum Sensing 

Activity from Gracilaria changii 
Extracts

18

3.2.5 Anti-Quorum Sensing Compound 19

3.2.5.1 Partial Purification of the 

Gracilaria changii Crude Extracts 

using Thin-Layer Chromatography 

(TLC)

19

3.2.5.2 Thin-Layer Chromatography (TLC) 

Overlay Assay

19

3.2.6 Vibrio campbellii (BB120) Biofilm 

Inhibition by Gracilaria changii 
Extracts

19

3.2.7 Statistical Analysis 20

3.3 Results 21

3.3.1 Anti-Quorum Sensing Activities from 

Gracilaria changii Extracts

21

3.3.2 Anti-Quorum Sensing Metabolites from 

Gracilaria changii Crude Extracts

22

3.3.3 Vibrio campbellii Biofilm Inhibition from 

Gracilaria changii Extract

23

3.4 Discussion 24

3.5 Conclusion 26

4 EVALUATION OF Gracilaria changii ASSOCIATED 
BACTERIA WITH ANTI-PATHOGENIC ACTIVITIES

27

4.1 Introduction 27

4.2 Materials and Methods 28

4.2.1 Media Preparation 28

4.2.2 Anti-Quorum Sensing Activities from 

Bacteria Associated with Gracilaria changii
28

4.2.2.1 Isolation of Gracilaria changii 
Associated Bacteria

28

4.2.2.2 Chromobacterium violacein 
(CV026) Preparation

28

4.2.2.3 N-Acyl Homoserine Lactones 

(AHL) Degrader Strain

28

4.2.3 Anti-Bacterial Activities from Bacteria 

Associated with Gracilaria changii
29

4.2.3.1 Disc Diffusion Assay 29

4.2.3.2 Spot on Lawn 30

4.2.3.3 Cross Streak Assay 30

4.3 Results 30

4.3.1 Anti-Quorum Sensing Activities from 

Bacteria Associated with Gracilaria changii
30

4.3.2 Anti-Bacterial Activities from Bacteria 

Associated with Gracilaria changii
33

4.4 Discussion 34



© C
OPYRIG

HT U
PM

xii 

4.5 Conclusion 35

5 INTERACTION BETWEEN Gracilaria changii AND THE 
ASSOCIATED BACTERIA FOR GROWTH 
PROMOTING ACTIVITY

36

5.1 Introduction 36

5.2 Materials and Methods 37

5.2.1 Effects of Bacterial Cells on Gracilaria 
changii Protuberance Formation

37

5.2.2 Quantification of Indole-3-Acetic Acid (IAA) 

Production by Selected Bacteria

37

5.2.3 Plate Count Agar 37

5.2.4 Bacterial Identification 38

5.2.4.1 Gram Staining 38

5.2.4.2 Molecular Characteristic and 

Identification

38

5.2.4.2.1 DNA Extraction and 

Identification of 

Selected Bacterial 

Strains

38

5.2.4.2.2 Polymerase Chain 

Reaction (PCR)

39

5.2.4.2.3 Sequence Analysis 40

5.2.5 Statistical Analysis 40

5.3 Results 40

5.3.1 Effects of Bacterial Cells on Gracilaria 
changii Protuberance Formation

40

5.3.2 Quantification of Indole-3-Acetic Acid (IAA) 

Production by Selected Bacteria

43

5.3.3 Bacterial Plate Count 44

5.3.4 Identification of Indole-3-Acetic Acid (IAA) 

Producing Strain

44

5.4 Discussion 46

5.5 Conclusion 48

6 SUMMARY, GENERAL CONLUSION AND 
RECOMMENDATIONS FOR FUTURE RESEARCH

49

REFERENCES 51

APPENDICES 66

BIODATA OF STUDENT 68

PUBLICATION 69



© C
OPYRIG

HT U
PM

xiii 

LIST OF TABLES 

Table Page

2.1 Aquaculture Pathogenic Bacterial Strains 9

2.2 Bacteria Associated with Seaweed 12

3.1 Biofilm Assay with and without Gracilaria changii Extracts at 

Different Concentration

20

3.2 Inhibition zone (mm) of Anti-Quorum Sensing Activity from 

Gracilaria changii Extracts using Disc Diffusion Assay

22

3.3 Rf Values of Gracilaria changii Compound 22

3.4 Effects of Gracilaria changii Extracts on Vibrio campbellii
(BB120) Biofilm after 24 h Incubation

23

4.1 Epiphytic Bacterial Strains Isolated from Gracilaria changii 31

4.2 Endophytic Bacterial Strains Isolated from Gracilaria changii 32

5.1 Effects of Epiphytic Bacterial Strain on Number of Protuberance 

Formation of Gracilaria changii after 4 Weeks Culture

41

5.2 Effects of Endophytic Bacterial Strain on Number of 

Protuberance Formation of Gracilaria changii after 4 Weeks 

Culture

41

5.3 Concentration of Indole-3-Acetic Acid (IAA) Produced by 

Selected Bacterial Strains

44

5.4 Colony Forming Unit (CFU) of the Inducing-Protuberance 

Formation Strain BP-SW/7 after 15 days Co-Culture with 

Gracilaria changii Fragment

45

5.5 Similarity Values for the Closest Relatives of 16S rRNA Gene 

Sequences Retrieved from Isolates

46



© C
OPYRIG

HT U
PM

xiv 

LIST OF FIGURES 

Figure Page

2.1 Life Cycle of Gracilaria sp. 6

2.2 Cystocarp Formation on Female Gametophyte 7

2.3 Gracilaria changii Physical Morphology 7

2.4 Common Gracilaria sp. 8

2.5 Overview of Beneficial (green) and Detrimental (red) 

Interactions between Seaweed and Bacteria

11

3.1 Clear Zone Indicates Anti-Quorum Sensing Activity 

Inhibition Zone from Gracilaria changii Extracts using Disc 

Diffusion Assay

21

3.2 Rf Values from Thin Layer Chromatography (TLC) Overlay 

Assay for QS Inhibition from Gracilaria changii Crude 

Extracts

23

4.1 Different Colour of Bacterial Cultures Isolated from 

Gracilaria changii
30

4.2 Clear Zone Indicates Anti-Quorum Sensing Activity 

Inhibition Zone from Gracilaria changii Associated Bacteria 

using Disc Diffusion Assay

32

4.3 Clear Zone Indicates Anti-Quorum Sensing Activity 

Inhibition Zone from Gracilaria changii Associated Bacteria 

using Well Plate Assay

33

4.4 Anti-Bacterial Activity from Gracilaria changii Associated 

Bacteria against Different Treatments

33

5.1 Schematic PCR Amplification using Two Sets of Primers 39

5.2 Protuberance Formation of Gracilaria changii at Different 

Treatments

42

5.3 Indole-3-Acetice Acid (IAA) Standard Curve 43

5.4 Colour Changes of Different Indole-3-Acetic Acid (IAA)

Concentration

43

5.5 Gram Staining of Indole-3-Acetic Acid (IAA) Producing 

Bacterial Strains, Halomonas sp. BP-SW/7 under 1000X 

Magnification

45

5.6 The Agarose Gel Electrophoresis of PCR Amplified DNA 

Product of 16S rRNA Gene

45



© C
OPYRIG

HT U
PM

xv

LIST OF ABBREVIATIONS 

AHL N-Acyl homoserine lactones

BLAST Basic Local Alignment Search Tool

CFU Colony Forming Unit

DoF Department of Fishery

EPS Extracellular Polymeric Sunstances

FAO Food and Agriculture Organization

FeCl3 Iron (III) chloride

HHL N-hexanoyl-L-homoserine lactone

IAA Indole-3-Acetic Acid

LBA Luria-Bertani Agar

LBB Luria-Bertani broth

HCIO4 Perchloric acid

ppm parts per million

psu Practical salinity unit

QS Quorum Sensing

QSI Quorum Sensing Inhibition

RAPD Rapid Amplified Polymorphic DNA

sp. Species

TBE Tris/Borate/EDTA

TLC Thin Layer Chromatography

TSA Tryptic Soy Agar

TSB Tryptic Soy Broth



© C
OPYRIG

HT U
PM

1 

CHAPTER 1 

INTRODUCTION 

1.1 Background 

Seaweed cultivation is growing worldwide and expanding at 8% per year in the past 
decade (FAO, 2014). Scientist and entrepreneurs have created great interest in the use of 

high-quality agar and agarose extracted from Gracilaria changii (Phang et al., 1996). 

These agars are known as substitution for gelatin in food, cosmetic, and pharmaceutical 

applications. In the last two decades, seaweed production has increased and became a 

potential economic resource in the Asia-Pacific region, including Malaysia (Phang, 

2006).   

Nowadays, 96% of the world seaweed supply comes from aquaculture with 
approximately over 23 million tons of seaweed (dry weight) were produced in 2012 from 
aquaculture, worth over US$6 billion (FAO, 2012; 2014). Seaweed industry in Malaysia 
contributed to the revenue of RM66 million in 2012 which is mainly from Sabah (DoF, 
2012). This reflects that seaweed can be a profitable business for the country. 
Encouraged by this output, the government introduced seaweed mini-estate program to 
increase the seaweed productions through a more organized and integrated system in 
ensuring high quantity and quality seaweed production (PEMANDU, 2010). 

In Malaysia, Gracilaria species is among the attractive species candidate for intensive 

culture (Norizan, 1999). However, maintenance of healthy seedstock continuous supplies 
is a critical issue in seaweed cultivation nowadays. To date, the seaweed seedstock has 
been supplied from the wild (Buschmann et al., 2008) and due to the physical variations, 
the seaweed is exposed to the various diseases. This make it more challenging to control 
the seed quality which may leads to a serious drop in the seaweed production (Rafael et 
al., 2015). 

Interestingly, seaweed associated bacteria had been known to play an important role in 

the growth, development, morphogenesis and reproduction of the seaweed (Singh et al., 

2011a). Seaweed-associated bacteria has been found could enhance the development and 

morphogenesis of seaweed compared to the axenic seaweed culture (Singh et al., 2011a) 

by producing bioactive compound and plant growth regulators (PGRs). This suggested 

that seaweed that cultured with associated bacteria will grow healthily and mature faster 

than seaweed which is left untreated. Hence, application of associated bacteria seems 

promising alternative to control and increase the production of seaweed.

Besides that, disease-related problem is also a major constraint to the aquaculture 

organisms thus threatens the development of the aquaculture industry (Bondad-Reantaso 

et al., 2005) as well as in seaweed production. Various solutions have been proposed for 
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the development of alternative strategies in disease control such as anti-bacterial and 

anti-quorum sensing (QS). Quorum sensing (QS) is the communication among bacteria 

for the expression of virulence factor which possess in most of aquatic pathogens such as 

Aeromonas hydrophila, Vibrio campbellii (Defoirdt et al., 2004), V. anguillarum (Milton 

et al., 1997), V. parahaemolyticus (McCarter, 1998) and Aeromonas salmonicida (Swift 

et al., 1997).

In pursuance of combating aquaculture diseases, anti-bacterial compounds have been 

used widely. However, anti-bacterial compounds have been criticized for the spread of 

antibiotic resistant bacteria in aquaculture environment. Thus applications of anti-QS 

compounds could be an alternative solution to antibiotics against aquaculture diseases. 

The pathogenicity of bacterial strain is depending to the QS mechanism, hence the 

compound or organism that able to interrupt the QS mechanism will suppress the 

virulence gene expression of pathogenic bacterial strain. Compound extracted from 

seaweed has been suggested as another alternative to the antibiotic as a study found that, 

furanone extracted from red seaweed, Delisea pulchra inhibited QS mechanism in Vibrio 
harveyi strain (Manefield et al., 1999). A study by Romero et al. (2010) also found that 

the bacterial strain isolated from seaweed able to interrupt the QS activity. This showed 

that the organism or compound that can degrade the QS molecule without the growth 
interference could be a potential biocontrol agent in aquaculture. 

1.2 Problem Statement 

Farmers used various types of chemical fertilizers to promote the growth of seaweed 

hence, increase the production of seaweed. These fertilizers sooner or later will harm the 

aquaculture environment as well as to the consumers. This showed that there is a need to 

find a new solution to the chemical fertilizers. Given that there are some studies found 

that seaweed associated bacteria able to promote the growth and development of 

seaweed, thus, in this study we focused on the growth promoting properties of the 

seaweed associated bacteria. 

To our knowledge, the information on the symbiotic interaction between G. changii and 

associated bacteria especially on growth and defense mechanism are limited. There is no 

study describing the beneficial effects of associated bacteria toward G. changii especially 

on the growth promoting properties. Furthermore, anti-QS activity from both G. changii 
and associated bacteria were also investigated. Therefore, this study was conducted to 
achieve the following objectives:

1. To determine anti-quorum sensing and anti-biofilm activities from Gracilaria 
changii extract

2. To evaluate bacteria isolated from Gracilaria changii with anti-pathogenic activities.
3. To study the interaction between Gracilaria changii and the associated bacteria for 

growth promoting activities.
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