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Seaweed communities are considered as important component in the coastal
ecosystems and able to produce a great variety of secondary metabolites for
biological activities. The coastline of Bintulu geographically surrounded by rocky
shore areas and some reef areas provide favorable natural habitat for seaweed
communities. Rapid development and anthropogenic disturbance near the shorelines
may give negative effect to the organism in the coastal ecology and some seaweed
species might have great potential for biological activities. However, no clear
information was reported on seaweed distribution and status of seaweed species from
the Bintulu coastal waters and none of the study reported on potential of seaweed
species for biological activities. Therefore a study was conducted to determine the
species composition of seaweed communities from Bintulu coastal waters and to
determine the antioxidant and antimicrobial activities of dominant seaweed species.
A total of 54 species of seaweeds were identified from six different study areas of
Bintulu coast by using NaGISA Protocol; in which 23 species were from
Rhodophyta (11 families), 15 species were from Phaeophyta (2 families) and 16
species were from Chlorophyta (10 families). The abundance of seaweeds was high
in the rocky substrate, while Rhodophyta (11 families and 23 species) was the
common and highest group of seaweeds found in this coastal area. This study
recorded 12 species of seaweeds which can be commonly found in Bintulu coastal
waters (Chaetomorpha sp., Ulva intestinalis, Padina minor, Padina australis,
Gracilaria salicornia, Hydropuntia edulis, Hypnea cervicornis, Hypnea spicifera,
Acanthophora spicifera, Laurencia sp., Chondrophycus papillosus and Laurencia
similis). Interestingly, the present study recorded high numbers of seaweed species
when compared to the previous studies conducted at Bintulu, Sarawak and most of
the new species recorded from fringing reef area. The extracts obtained from 20
species of seaweeds were evaluated for their antioxidant and antimicrobial activities.
Antioxidant properties from methanolic extracts were evaluated according to the



total phenolic contents by using Folin-Ciocalteau method and free radical scavenging
activity determined by standard 2, 2-Diphenyl-1-picrylhydrazyl (DPPH). High level
of antioxidant properties was recorded from Lobophora variegata, Padina boryana
and Acanthophora spicifera. Both Lobophora variegata and Padina boryana showed
greater antioxidant properties than the control. There was high correlation between
concentration of phenolic contents and antioxidant properties by the DPPH
scavenging activity. Antimicrobial activity was examined using disc diffusion
method. The samples were subjected to solvent extraction using chloroform, acetone,
methanol and ethanol. Maximum inhibition activities were shown from crude extract
of Chaetomorpha sp. and Chaetomorpha antennina. Both chloroform crude extract
of Chaetomorpha antennina and acetone crude extract of Chaetomorpha sp. showed
greater antibacterial activities than the control against Streptococcus gallolyticus.
Present study recorded no correlation between antimicrobial and antioxidant
activities. Bintulu coastal waters are abounding in seaweed species which provided
suitable environment for the marine ecology and present study recorded some
seaweed species contain potential active compounds for antimicrobial activities and
antioxidant properties. Therefore, study recommended for further monitoring on the
seaweed diversity and isolates the active compounds from the high potential seaweed
species.
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Komuniti rumpai laut adalah dianggap sebagai komponen yang penting untuk
ekosistem persisir laut dan mampu untuk menghasilkan pelbagai metabolit sekunder
yang penting untuk aktiviti-aktiviti biologi. Kawasan persisir pantai Bintulu
mempunyai geografi yang dikelilingi oleh kawasan pantai berbatu dan beberapa
kawasan terumbu karang memberikan habitat semulajadi yang baik untuk komuniti
rumpai laut. Pembangunan yang pesat dan gangguan antropogenik berhampiran
kawasan pesisir pantai bolen memberikan kesan negatif kepada organisma dalam
ekologi pantai dan beberapa spesies rumpai laut mungkin mempunyai potensi yang
besar untuk aktiviti biologi. Bagaimanapun, tiada maklumat yang jelas dilaporkan
terhadap taburan rumpai laut dan status spesies rumpai laut daripada perairan pantai
Bintulu dan tiada kajian melaporkan spesies rumpai laut yang berpotensi dalam
aktiviti biologi. Oleh itu, kajian telah dijalankan untuk menentukan komposisi
spesies kumpulan rumpai laut dari perairan pantai Bintulu dan untuk menentukan
aktiviti antioksidan dan antimikrob daripada spesies rumpai laut dominan. Sejumlah
54 spesies rumpai laut telah dikenalpasti dari enam kawasan kajian yang berbeza di
sekitar persisir laut Bintulu dengan menggunakan Protokol NaGISA; di mana 23
spesies daripada Rhodophyta (11 famili), 15 spesies daripada Phaeophyta (2 famili),
16 spesies daripada Chlorophyta (10 famili). Taburan rumpai laut adalah tinggi di
substrat berbatu, manakala Rhodophyta (11 famili dan 23 spesies) adalah yang biasa
dan kumpulan rumpai laut yang tertinggi dapat dijumpai di kawasan persisir pantai
ini. Kajian ini telah merekodkan 12 spesies rumpai laut yang biasanya boleh
dijumpai di perairan pantai Bintulu (Chaetomorpha sp., Ulva intestinalis, Padina
minor, Padina australis, Gracilaria salicornia, Hydropuntia edulis, Hypnea
cervicornis, Hypnea spicifera, Acanthophora spicifera, Laurencia sp.,
Chondrophycus papillosus dan Laurencia similis). Menariknya, Kkajian ini
mencatatkan bilangan spesies rumpai laut yang tinggi apabila dibandingkan dengan



kajian sebelum ini yang telah dijalankan di Bintulu, Sarawak dan sebahagian besar
spesies baru direkodkan di kawasan terumbu karang. Ekstrak yang diperolehi
daripada 20 spesies rumpai laut telah dinilai untuk aktiviti antioksidan dan
antimikrob mereka. Sifat-sifat antioksidan daripada ekstrak metanol telah dinilai
mengikut jumlah kandungan sebatian fenol dengan menggunakan kaedah Folin-
Ciocalteau dan aktiviti perencatan radikal bebas ditentukan daripada piawai 2, 2-
Diphenyl-1-picrylhydrazyl (DPPH). Tahap antioksidan yang tinggi telah dicatatkan
daripada Lobophora variegata, Padina boryana dan Acanthophora spicifera. Kedua-
dua Lobophora variegata dan Padina boryana menunjukkan sifat antioksidan yang
lebih baik daripada kawalan. Kajian mencatatkan korelasi yang tinggi di antara
kepekatan sebatian fenol dan sifat antioksidan daripada aktiviti perencatan radikal
DPPH. Aktiviti antimikrob telah dinilai dengan menggunakan kaedah penyebaran
cakera. Sampel telah melalui proses pengekstrakan pelarut dengan menggunakan
klorofom, aseton, methanol dan etanol. Aktiviti perencatan yang maksimum telah
ditunjukkan daripada ekstrak mentah Chaetomorpha sp. dan Chaetomorpha
antennina. Kedua-dua ekstrak mentah Chaetomorpha antennina daripada kloroform
dan ekstrak mentah Chaetomorpha sp. daripada aseton menunjukkan aktiviti
antibakteria yang baik terhadap Streptococcus gallolyticus berbanding kawalan.
Kajian ini mencatatkan tiada korelasi di antara aktiviti antimikrob dan aktiviti
antioksidan. Perairan Bintulu mempunyai banyak spesies rumpai laut di mana
menyediakan persekitaran yang sesuai untuk ekologi marin dan kajian ini
mencatatkan beberapa spesies rumpai laut mengandungi sebatian aktif yang
berpotensi terhadap aktiviti antimikrob dan sifat antioksidan. Oleh itu, kajian
mencadangkan untuk pemantauan lanjut terhadap kepelbagaian rumpai laut dan
membuat pengasingan sebatian aktif daripada spesies rumpai laut yang berpotensi.
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medulla cell, Scale bar specimen equal to 1 cm

A: Fresh specimen of Scinaia furcellata, B: Closed up view cross
section of Scinaia furcellata, C: Fresh specimen of Solieria sp., D:
Closed up view cross section of Solieria sp., cc: cortical cell, mc:
medulla cell, Scale bar specimen equal to 1 cm

Negative correlation of total phenolic contents and DPPH radical

scavenging from selected methanolic seaweed extracts where r= -
0.602 significantly at p<0.005
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CHAPTER 1
INTRODUCTION

Seaweeds are macroscopic plants which are divided into three divisions namely
Chlorophyta, Phaeophyta and Rhodophyta. Generally, they grow and attach to the
solid substrata along the tidal zone worldwide and uptake nutrients from the
environment. Seaweeds respond to light which make them vary in color; red, green
and brown algae because of different pigments for photosynthesis process (Chapman,
1979). Seaweeds have a multicellular plant-like body structure known as thallus
which typically consists of a root-like holdfast for attachment at the substrates and
stem-like stipe which support the leaf-like blades (Campbell and Reece, 2005).
While seagrasses are considered as vascular plant which posses roots to uptake
nutrients from the sediment, produce flowers, seeds and fruits, seaweeds are unique
taxonomically group as protists grow attached to the hard substrates and their life
forms are categorize into rhizophytic, lithophytic, epiphytic, epizoic and loose-lying
or floating near the shorelines (Muta Harah et al., 2006).

Sarawak has a land area which represents 38% of Malaysia's land mass with a
coastline length of approximately 1000 km. Tidal range along the Sarawak coast is
generally large, up to 6 meters. The coastal waters are enriched with nutrients
leached from the land and all these support a highly diverse flora and fauna including
the seaweed communities. The coastline of Sarawak is surrounded by rocky shores,
sandy areas, coral reefs, mudflats and mangroves with high humidity. Due to this
favorable natural habitat and rich of organic matter, seaweeds tend to grow and
inhabits on the various substratums along this coastline. Most of the seaweeds tend to
grow well at the protected area and some are limited distribute depending on the
adaptation ability in different environmental condition like temperature, rainfall, tidal
range and wave-exposed (Fisheries Research Centre, 2000).

In Sarawak, marine protected areas covering 206 344 ha and seaweed communities
are considered as important component in the coastal ecosystems providing nursery
ground to the other marine organisms especially marine fishes, marine molluscs, sea
turtles and other marine mammals (Ministry of Natural Resources and Environment,
2009). Seaweeds are important as primary producer and as the base of the food chain
in the marine ecosystems, provides protection and shelter to other marine creatures,
prevent erosion in the coastal areas and protect marine environment from pollution
(Julie, 2013). Seaweed communities have important relationship among species
composition, biomass, anthropogenic pressures and physical or biological
environmental factors (Juanes et al., 2008). It also can be a good ecological indicator
in the coastal environment. Seaweeds diversity in the coastal area provides important
information for the coastal management in which different adaptation among
seaweed species in the habitat may refer to the different ability to growth against the
environmental pressure (Prathep et al., 2011).



Besides ecological importance, biologically seaweeds contain high fiber, minerals,
protein, lipids, vitamins and other valuable natural components for human
consumption. They are considered as a source of bioactive compounds and able to
produce a great variety of secondary metabolites for biological activities. Seaweeds
have been screened extensively to isolate life saving drugs or biologically active
substances worldwide including pharmacological components (Vallinayagam et al.,
2009). These compounds have been purified as antioxidant, antiviral, antifungal and
antimicrobial components where in small concentrations they can cause a
physiological effect for inhibiting or stimulating specific function against some
diseases (Cox et al., 2010; Chew et al., 2008).

Numerous of novel compounds have been isolated from seaweeds and most of these
active compounds demonstrated interesting biological activities especially
antioxidant and antimicrobial activities. Generally, active compounds which
responsible for antioxidant properties are considered as major component in the
therapeutic treatments against various diseases and these active substances especially
phenol compounds and polysaccharides inhibit activity of many bacterial species
(Raja et al., 2013; Chojnacka et al., 2012). Seaweeds are valuable sources produce
diverse natural products were broadly effective and safe with less adverse effect for
human consumption and most of the synthetic chemicals are toxic to human
(Chojnacka et al., 2012). There were highly used of commercialized synthetic
components in the market such as butylated hydroxyaniselo (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG) and tertiary butylhydroguinone (TBHQ)
where were reported to be toxic for human and suspected to be carcinogenic (Tariq et
al., 2011). Some pathogenic microorganisms genetically have an ability to become
more resistance to therapeutic agents, therefore isolation of new drugs from natural
resources in contrast to using the synthetics components are highly recommended.

Rapid development and anthropogenic disturbance near the Bintulu shorelines may
give negative effect to the organism in the coastal ecology. Coastal development and
environmental degradation are directly affect on the seaweed communities in terms
of species composition, habitat and distribution because of sediment deposition
decrease light penetration, disturbance for physiological processes and habitat
destruction. However, after a few years the baseline information on seaweed species
from Bintulu coastal waters which is remains abundance with some defense
mechanisms in any particular situation and tolerant to the environmental condition
need to determine, therefore the comparative between previous studies on seaweeds
diversity need to be evaluating for better knowledge in the seaweeds biology and
ecology. Hence, due to the abounding seaweed communities recorded previously
from Bintulu coastal waters and some seaweed species have develop a variety of
natural defense mechanism against environmental pressure to remains abundant, is
there any species could probably have potential in antioxidant and antimicrobial
activities?



1.1 Objectives of the Study
The objectives of the study are:

1. To determine the species composition of the seaweed communities in the
Bintulu coastal waters.

2. To determine the antioxidant properties of the dominant seaweed species
from Bintulu coastal waters.

3. To determine the antimicrobial activities of the dominant seaweed species
from the Bintulu coastal waters.



REFERENCES

Abbas, A. and Shameel, M. (2013). Morpho-anatomical studies on the genus
Padina (Dictyotales, Phaeophycota) from the coast of Karachi, Pakistan.
P. Pak. Acd. Sci. 50: 21-36.

Aisha, K. and Shameel, M. (2012). Occurrence of the genus Lobophora
(Dictyophyceae, Phaeophycota) in the coastal waters of Karachi. Pak. J.
Bot. 44: 837-840.

Al-Zereini, W. (2006). Natural Product from Marine Bacteria. Unpublished
doctoral dissertation, University of Kaiserslautern, Germany.

Arunkumar, K. and Sivakumar, R. (2012). Seasonal influence on bioactivity of
seaweed against plant pathogenic bacteria Xanthomonas axonopodis pv.
citri (Hasse) Vauterin et al. African J. Microbiol. Res. 6: 4324-4331.

Astill, H., Walker, D., Kilminster, K. and Forbes, V. (2010). Macrophytes and
macroalgae in the Swan-Canning estuary. River Sci. 20: 1-12.

Au, T.S., Yusof, M.Y., Wiart, C., Hassan, H., Hanifah, Y.A. and Kamaruddin,
M.Y. (2003). Antibacterial activity of Annona squamosa Linnaeus
(Annonaceae). Investing in Innovation. 3: 7-10.

Awang, S.M., Wan Nadilah Adibah, W.A., Fatimah Afifah, A., Vaani, M. and
Nur Suraya, A. (2010). Antioxidant properties and fatty acids analysis in
Gracilaria fisheri. http://wwwumkeprints.umk.edu.my/549/.

Bansemir, A., Blume, M., Schréder, S. and Lindequist, U. (2006). Screening of
cultivated seaweeds for antibacterial activity against fish pathogenic
bacteria. Aquaculture. 252: 79-84.

Black, J.G. (2005). Microbiology: Principles and explorations (6™ edition). USA:
John Wiley Sons.

Boonchum, W., Peerapornpisal, Y., Kanjanapothi, D., Pekkoh, J.,
Amornlerdpison, D., Pumas, C., Sangpaiboon, P. and
Vacharapiyasophon, P. (2011). Antimicrobial and anti-inflammatory
properties of various seaweeds from the Gulf of Thailand. Int. J. Agri.
Biol. 13: 100-104.

Borbon, H., Harrera, J.M., Calvo, M., Trimino, H., Sierra, L., Soto, R. and Vega,
H. (2012) Antimicrobial activity of most abundant marine macroalgae of
the Caribbean coast of Costa Rica. J. Asian Sci. Res. 2: 292-299.

Bouhlal, R., Hassane, R., Jose, M. and Nathalie, B. (2010). The antibacterial
potential of the seaweeds (Rhodophyceae) of the Strait of Gibraltar and
the Mediterranean Coast of Morocco. African J. Biotechnol. 9: 6365-
6372.

Bourgougnon, N. and Stiger-Pouvreau, V. (2012). Chemodiversity and
Bioactivity within Red and Brown Macroalgae Along the French coast,

133



Metropole and Overseas Departments and Territories. In S. Kim.
Handbook of Marine Macroalgae: Biotechnology and Applied Phycology
(pp. 58-90). United Kingdom: Wiley-Blackwell.

Branco, C.C., Krupek, R.A. and Peres, C.K. (2008). Seasonality of macroalgal
communities in a subtropical drainage basin in Parana state, southern
Brazil. Brazil J. Biol. 68: 741-749.

Campbell, N.A. and Reece, J.B. (2005). Biology (Seventh Edition). San Franciso:
Pearson Benjamin Cummings.

Chapman, A.R.O. (1979). Biology of Seaweeds, Level of Organization.
Baltimore: University Park Press.

Chew, Y.L., Lim, Y.Y., Omar, M. and Khoo, K.S. (2008). Antioxidant activity of
three edible seaweeds from two areas in South East Asia. J. Food Sci.
Technol. 41: 1067-1072.

Chiao-Wei, C., Siew-Ling, H. and Ching-Lee, W. (2011). Antibacterial activity
of Sargassum polycystum C. Agardh and Padina australis Hauck
(Phaeophyceae). African J. Biotech. 10: 14125-14131.

Chojnacka, K., Saeid, A., Witkowska, Z. and Tuhy, L. (2012). Biologically
active compounds in seaweed extracts — the prospects for the application.
The Open Conf. Proc. J. 3: 20-28.

Choudhury, S., Sree, A., Mukherjee, S.C., Pattnaik, S.C. and Bapuji, P. (2005).
In vitro antibacterial activity of extracts of selected marine algae and
mangroves againts fish pathogens. Asian Fisheries Sci. 18: 285-294.

Coppejans, E., Richmond, M.D., and Clerck, O.D. (1997). Marine Macroalgae:
Seaweeds. In M.D. Richmond. A Guide to the Seashores of eastern
Africa and the Western Indian Ocean Islands (pp. 70-95). SAREC: Sida
Department for Research Cooperation.

Cox, S., Abu-Ghannam, N. and Gupta, S. (2010). An assessment of the
antioxidant and antimicrobial activity of six species of edible Irish
seaweeds. Int. Food Res. J. 17: 205-220.

Demirel, Z., Yildirim, Z.D. Tuney, I., Kesici, K. and Sukatar, A. (2012).
Biochemical analysis of some brown seaweeds from the Aegean sea.
Botanica Serbica. 36: 91-95.

Demirel, Z., Yilmaz-Koz, F., Karabay-Yavasoglu, U.N., Ozdemir, G. and
Sukatar, A. (2009). Antimicrobial and antioxidant activity of brown algae
from the Aegean Sea. J. Serbian Chem. Soc. 74: 619-628.

Demirel, Z., Yilmaz-Koz, F.F., Karabay-Yavasoglu, N.U., Ozdemir, G. and
Sukatar, A. (2011). Antimicrobial and antioxidant activities of solvent
extracts and the essential oil composition of Laurencia obtusa and

134



Laurencia obtusa var. pyramidata. Romanian Biotechnol. Letters. 16:
5927-5936.

Devi, J.S. and Bhimba, B.V. (2012). Anticancer activity of silver nanoparticles
synthesized by the seaweed Ulva lactuca invitro. Scientific Reports. 1:
242.

Devi, K.N., Kumar, T.T.A., Dhaneesh, K.V., Marudhupandi, T. and
Balasubramanian, T. (2012). Evaluation of antibacterial and antioxidant
properties from brown seaweed, Sargassum wightii (Greville, 1848)
against human bacterial pathogens. Inter. J. Phar. Pharma. Sci. 4: 143-
149.

Devi, K.P., Suganthy, N., Kesika, P. and Pandian, S.K. (2008).Bioprotective
properties of seaweeds: In vitro evaluation of antioxidant activity and
antimicrobial activity against food borne bacteria in relation to
polyphenolic content. BioMed. 8: 1-11.

Diaz-Pulido, G. and McCook, L. (2008). Macroalgae (Seaweed). In A. Chin. The
State of Great Barrier Reef On-line (pp. 14-66). Townsville: Great
Barrier Reef Marine Park Authority.

Dimitrios, B. (2006). Sources of natural phenolic antioxidants. Trends Food Sci.
Technol. 17: 505-512.

Dobson, M. and Frid, C. (2009). Ecology of Aquatic Systems: Second Edition:
Oxford University Press.

Febles, C.I., Arias, A., Hardisson, A. and Lopez, A.S. (1995). Antimicrobial
activity of extracts from Canary species of Phaeophyta and Chlorophyta.
Phytotherapy Res. 9: 385-387.

Fisheries Research Centre, (2000). Seaweed Resource of Sarawak,
http://www.fri.gov.my/friswak/seaweed.htm

Gamal, A.A.E. (2012). Biological Importance of Marine Algae. In S. Kim.
Handbook of Marine Macroalgae: Biotechnology and Applied Phycology
(pp. 3-27). United Kingdom: Wiley-Blackwell.

Gan, M.H., Siti Aishah, A., Nur Wahidah, A., Amyra Suryatie, K. and Noraien,
M.P. Diversity of Seaweed in the Vicinity of Johor: With Emphasis on the
East Coast Peninsular Malaysia Expedition 1l 2006. Paper presented at
meeting of Universiti Malaysia Terengganu International Annual
Symposium, Terengganu, Malaysia, July 11-13, 2011.

Geraldino, P.J.L., Liao, L.M. and Boo, S.M. (2005). Morphological study of the
marine algal genus Padina (Dictyotales, Phaeophyceae) from southern
Philippines: 3 species new to Philippines. Algae. 20: 99-112.

Gonzalez, D.V.A,, Platas, G., Basilio, A., Cabello, A., Gorrochategui, J., Suay, 1.,
Vicente, F., Portilo, E., Jamenez, D.R.M., Garcia, R.G. and Pelaes, F.
(2001). Screening of antimicrobial activities in red, green and brown
macroalgae from Gran Canaria (Canary Island, Spain). Int. Microbial. 4:
35-40.

135



Guerra-Gracia, J.M., Cabeza, M.P., Baeza-Rojano, E. and Garcia-Gomez, C.
(2010). Spatial patterns and seasonal fluctuations of intertidal macroalgal
assemblages from Tarifa Island, Southern Spain: relationship with
associated crustacea. J. Mar. Biol. Assoc. United Kingdom. 91: 107-116.

Guiry, M.D. and Guiry, G.M. (2014). Algaebase. World-wide electronic
publication, National University of Ireland, Galway.
http://www.algaebase.org

Heo, S., Cha, S., Lee, K., Cho, S.K. and Jeon, Y. (2005). Antioxidant activities of
Chlorophyta and Pheophyta from Jeju Island. Algae. 20: 251-260.

Heo, S., Cha, S., Lee, K., Cho, S.K. and Jeon, Y. (2006). Antioxidant activities of
red algae from Jeju Island. Algae. 21: 149-156.

Holdt, S.L. and Kraan, S. (2011). Bioactive compounds in seaweed: Functional
food application and legislation. J. Appl. Phycol. 23:543-597.

Ibtissam, C., Hassane, R., Jose, M., Francisco, D.S.J., Antonio, G.V.J., Hassan,
B. and Mohamed, K. (2009). Screening of antibacterial activity in marine
green and brown macroalgae from the coast of Morocco. African J.
Biotechnol. 8: 1258-1262.

Ismail, A. (1995). Rumpai Laut Malaysia. Malaysia: Dewan Bahasa dan Pustaka.

Ismail, A. and Hong, T.S. (2002). Antioxidant activity of selected commercial
seaweeds. Mal. J. Nutr. 8: 167-177.

lyer, R., Clerck, O.D., Bolton, J.J. and Coyne, V.E. (2004). Morphological and
taxonomic  studies of Gracilaria and Gracilariopsis species
(Gracilariales, Rhodophyta) from South Africa. S. Afr. J. Bot. 70: 521-
539.

Juanes, J.A., Guinda, X., Puente, A. and Revilla, J.A. (2008). Macroalgae, a
suitable indicator of the ecological status of coastal rocky communities in
the NE Atlantic. Ecol. Indic. 8: 351-359.

Julie, T. (2013). The importance of seaweed in marine ecology,
http://www.science360.com/index.php/the-importance-of-seaweed-in-
marine-ecology-561/

Karleskint, G., Turner, R. and Small, JW. (2010). Introduction to Marine
Biology: Third Edition: Brooks/Cole Cengage Learning.

Kayalvizhi, K., Subramanian, V., Anantharaman, P. and Kathiresan, K. (2012).
Antimicrobial activity of seaweeds from the Gulf of Mannar. Int. J.
Pharm. Appl. 3: 206-314.

Kelman, D., Posner, E.K., McDermid, K.J., Tabandera, N.K., Wright, P.R. and
Wright, A.D. (2012). Antioxidant activity of Hawaiian marine algae.
Mar. Drugs. 10: 403-416.

136



Khan, W., Rayirath, U.P., Sowmyalakshmi S., Jithesh, M.N., Prasanth, R.,
Hodges, D.M. and Balakrishan, P. (2009). Seaweed extracts as
biostimulants of plant growth and development. J. Plant Growth Reg. 28:
386-399.

Kim, ILH. and Lee, J.H. (2008). Antimicrobial activities againts methicillin-
resistant Staphylococcus aureus from macroalgae. J. Industr.
Engineering Chem. 14: 568-572.

Kim, S. (2011). Advances in Food and Nutrition Research, Marine Medicinal
Foods: Implications and Applications, Macro and Microalgae. San
Francisco: Academic Press.

Kim, S. and Li, Y. (2011). Medicinal Benefits of Sulfated Polysaccharides from
Sea Vegetables. In S. Kim. Advance in Food and Nutrition Research,
Volume 64, Marine Medicinal Foods: Implications and Applications,
Macro and Microalgae (pp. 391-402). San Francisco: Academic Press.

Kim, S. and Pangestuti, R. (2011). Biological Activities and Potential Health
Benefits of Fucoxanthin Derived from Marine Brown Algae. In S. Kim.
Advances in Food and Nutrition Research, Marine Medicinal Foods:
Implications and Applications, Macro and Microalgae (pp. 111-123).
San Francisco: Academic Press.

Kim, S.K. and Karadeniz, F. (2011). Anti-HIV Activity of Extracts and
Compounds from Marine Algae. In: S.K. Kim. Advances in Food and
Nutrition Research, Marine Medicinal Foods: Implications and
Applications, Macro and Microalgae (pp. 255-265). San Fancsico:
Academic Press.

Koivikko, R., Loponen, J., Pihlaja, K. and Jormanlainen, V. (2007). High-
performance liquid chromatographic analysis of phlorotannins from the
brown alga Fucus vesiculosus. Phytochem. Anal. 18: 326-332.

Kolanjinathan, K., Ganesh, P. and Govindarajan, M. (2009). Antibacterial
activity of ethanol extracts of seaweeds againts fish bacterial pathogens.
European Rev. Medic. Pharmacol. Sci. 13: 173-177.

Konar, B. (2007). Rocky Shore Ecology. In P.R. Rigby., K. lken. and Y.
Shirayama. Sampling Biodiversity in Coastal Communities (pp. 13-16).
Japan: Kyoto University Press.

Konar, B., lken, K., Cruz-Motta, J.J., Benedetti-Cecchi, L., Knowlton, A., Pohle,
G., Miloslavich, P., Edwards, M., Trott, T., Kimani, E., Riosmena-
Rodriguez, R., Wong, M., Silva, A., Pinto, I.S. and Shirayama, Y.
(2010). Current patterns of macroalgal diversity and biomass in Northern
hemisphere rocky shores. PLoS ONE. 5: e13195.

Kubanek, J., Jensen, P.R., Keifer, P.A., Sullards, M.C., Collins, D.O. and
Fenical, W. (2003). Seaweeds resistance to microbial attack: a targeted
chemical defense against marine fungi. PubMed. 12: 6916-6921.

137



Kumar, V.P., Neelam, S.C., Harish, P. and Rajini, M. (2006). Search for
antibacterial and antifungal agents from selected Indian medicinal plants.
J. Entnoparmacol. 107: 182-188.

Lalitha, M.K. (2008). Manual on Antimicrobial Susceptibility Testing. Australia:
NCCLS Publication.

Lee, A.C,, Liao, L.M. and Tan, K.S. (2009). New recorded of marine algae on
artificial structures and intertidal flats in coastal waters of Singapore. The
Raffles Bul. Zoology. 22: 5-40.

Lima-Filho, J.V.M., Carvalho, A.F.F.U., Freitas, S.M. and Melo, V.M.M. (2002).
Antibacterial activity of extracts of six macroalgae from the northeastern
Brazilian coast. Braz. J. Microbiol. 33: 311-313.

Loeffler, J. and Stevens, D.A. (2003). Antifungal drug resistance. Clin. Infect.
Dis. 36: S31-S34.

Luo, H., Wang, B., Yu, C., Qu, Y. and Su, C. (2010). Evaluation of antioxidant
activities of five selected brown seaweeds from China. J. Med. Plant Res.
4: 2557-2565.

Maldonado, M.C., Ronco, R.S. and Navarro, A.R. (2005). Isolation,
identification and antifungal susceptibility of lemon pathogenic and non
pathogenic fungi. Rev. Iberoam. Micol. 22: 57-59.

Manikandan, S., Ganesapandian, S., Manoj, S., Sangeetha, N. and Kumaraguru,
A.K. (2011). Antimicrobial activity of seaweeds against multi drug
resistant strains. Int. J. Pharmacol. 7: 522-526.

Marinova, E.M. and Yanishlieva, N.V. (1997). Antioxidative activity of extracts
from selected species of the family Lamiaceae in sunflower oil. Food
Chem. 58: 245-248.

Mashan, N.I. (2008). Antibacterial Activity of Seawees Extract and Its Effects on
The DNA Sequence of Essential Genes Staphylococcus aureus.
Unpublished doctoral dissertation, Universiti Putra Malaysia.

Matanjun, P., Suhaila, M., Noordin, M.M., Kharidah, M. and Ming, C.H. (2008).
Antioxidant activities and phenolics content of eight species of seaweeds
from north Borneo. J. Appl. Phycol. 20: 367-373.

Mayakun, J. and Prathep, A. (2005). Seasonal variations in diversity and
abundance of macroalgae at Samui Island, Surat Thani Province,
Thailand. Songklanakarin J. Sci. Technol. 27: 653-663.

McHugh, D.J. (2003). A Guide to the Seaweed Industry. FAO Fisheries
Technical Paper 441. Rome: Food and Agriculture Organization of the
United Nations.

Ministry of Natural Resources and Environment. (2009). Fourth National Report
to the Convention on Biological Diversity. Malaysia: Government of
Malaysia.

138



Misurcova, L. (2012). Chemical Composition of Seaweeds. In S. Kim. Handbook
of Marine Macroalgae: Biotechnology and Applied Phycology (pp. 173-
186). United Kingdom: Wiley-Blackwell.

Moreau, J., Pesando, D. and Caram, B. (1984). Antifungal and antibacterial
screening of Dictyotales from the French Mediterranean coast.
Hydrobiologia. 116/117: 521-524.

Murugan, K. and lyer, V.V. (2012). Antioxidant and antiproliferative activities of
marine algae, Gracilaria edulis and Enteromorpha lingulata, from
Chennai Coast. Int. J. Cancer Res. 8: 15-26.

Murty, U.S. and Banerjee, A.K. (2012). Seaweed: The Wealth of Oceans. In S.
Kim. Handbook of Marine Macroalgae: Biotechnology and Applied
Phycology (pp. 36-43). United Kingdom: Wiley-Blackwell.

Muta Harah, Z., Japar Sidik, B., Raesah, A., Suzalina Akma, A. and Hisao, O.
(2006). Marine macrophytes: Macroalgae species and life forms from
Golden Beach, Similajau National Park, Bintulu, Sarawak, Malaysia.
Coast. Mar. Sci. 30: 243-246.

Muta Harah, Z., Siaw Chia, W., Japar Sidik, B., Arshad, A. and Ogawa, H.
(2007). Macroalgae diversity and life forms of inter-tidal rocky shores.
Mar. Res. Indonesia. 32: 163-168.

Nagi, A.A., Nurmas, .M. and Mariana, N.S. (2009). Anticabterial activity in
marine algae Eucheuma denticulatum against Staphylococcus aureus and
Streptococcus pyogenes. Res. J. Biol. Sci. 4: 519-524.

Nor Afifah, S., Sarah, I., Shades, F.S., Mohd Jain, N.M. and Nurul, A.Z. (2010).
Antimicrobial activity of various extracts of tropical Chlorophyta
macroalgae, Halimeda discoidea. J. Appl. Sci. 10: 3007-3013.

Nurridan, A.H. (2004). Seaweed and Seagrass Communities of Pulau Layang
Layang, Malaysia. In Mohamed Pauzi, M. Marine Biodiversity of Pulau
Layang-layang Malaysia (pp. 1-14). Malaysia: Marine Research Station
LayangLayang (MARSAL).

Nurul Aili, Z., Darah, 1., Shaida Fariza, S. and Nor Afifah, S. (2011). Assessment
of antioxidant activity, total phenolic content and in-vitro toxicity of
Malaysian red seaweed, Acanthophora spicifera. J. Chem. Pharm. Res.
3:182-191.

Nurul, Z.A., Darah, I., Shaida, S.F. and Nor, S.A. (2010). Screening for
antimicrobial activity of various extracts of Acanthophora spicifera
(Rhodomelaceae, Ceramiales) from Malaysia waters. Res. J. Biol. Sci. 5:
368-375.

Ogawa, H., Nanba, N., Azkab, M.H., Muchtar, M. and Kiswara, W. (2000).
Seagrasses and Seaweeds. In K. Matsuura, O.K. Sumadhiharga and K.
Tsukamoto. Field Guide to Lombok Island: Identification Guide to
Marine Organisms in Seagrass Beds of Lombok Island, Indonesia (pp.
393-433). Tokyo: Ocean Research Institute, University of Tokyo.

139



Omar, H.H., Shiekh, H.M., Gumgumjee, N.M., El-Kazan, M.M. and EI-Gendy,
A.M. (2012). Antibacterial activity of extracts of marine algae from the
red sea of Jeddah, Saudi Arabia. African J. Biotech. 11: 13576-13585.

Pan, I. and Goh, S.C. (2013). Ideally SCORE. BorneoTalk. 27: 12-27.

Park, P.J., Jung, W.K., Nam, K.D., Shahidi, F. and Kim, S.K. (2001). Purification
and characterization of antioxidative peptides from proteins hydrolysate
of lecithin-free egg yolk. J. Am. Oil Chem. Soc. 78: 651-656.

Patra, J.K., Rath, S.K., Jena, K., Rathod, V.K. and Thatoi, H. (2008). Evaluation
of antioxidant and antimicrobial activity of seaweed (Sargassum sp.)
extract: a study on inhibition of Glutathione-S-Transferase activity.
Turkish J. Biol. 32: 119-125.

Payet, B., Sing, A.S.C. and Smadi, J. (2005). Assessment of antioxidant activity
of cane brown sugars by ABTS and DPPH radical scavenging assay:
determination of their polyphenolic and volatile constituents. J. Agric.
Food. Chem. 53: 10074-10079.

Phang, S.M. (2006). Seaweed resources in Malaysia: Current status and future
prospects. Aquatic Ecosys. Health Manage. 9: 185-202.

Phang, S.M., Lim, P., Ooi, J.L.S., Yeong, H., Ng, W. and Kupper, F.C. (2008).
Marine algae of Perak Island, Jarak Island and the Sembilan Group of
Islands in the Straits of Malacca. Malaysian J. Sci. 27: 47-60.

Phang, S.M., Wong, C.L., Lim, P.E., Yeong, H.Y. and Chan, C.X. (2005).
Seaweed diversity of the Langkawi Island with emphasis on the
northeastern region. Malaysian J. Sci. 24: 77-94.

Prasanna Lathna, D and Hema Latha, K.P.J. (2011). Antimicrobial activity of the
chloroform extracts of the chlorophycean seaweeds Enteromorpha
compressa and Chaetomorpha antennina. Int. Res. J. Microbiol. 2: 249-
252.

Prathep, A. (2005). Spatial and temporal variations in diversity and percentage
cover of macroalgae at Sirinart Marine National Park, Phuket Province,
Thailand. Sci. Asia. 31: 225-233.

Prathep, A., Pongparadon, S., Darakrai, A., Wichachucherd, B. and Sinutok, S.
(2011). Diversity and distribution of seaweed at Khanom-Mu Ko Thale
Tai National Park, Nakhon si Thammarat Province, Thailand.
Songklanakarin J. Sci. Technol. 33: 633-640.

Radhika, D., Veerabahu, C. and Priya, R. (2012). Antibacterial activity of some
selected seaweeds from the Gulf of Mannar coast, South India. Asian J.
Pharm. Clinical Res. 5: 89-90.

Raja, A., Vipin, C. and Aiyappan, A. (2013). Biological importance of marine
algae. Int. J. Curr. Microbiol. App. Sci. 2: 222-227.

140



Rajapakse, N. and Kim, S. (2011). Nutritional and Digestive Health Benefits of
Seaweed. In S. Kim. Advances in Food and Nutrition Research, Marine
Medicinal Foods: Implications and Applications, Macro and Microalgae
(pp. 17-28). San Francisco: Academic Press.

Rajasulochana, P., Dhamotharan, R., Krishnamoorthy, P. and Murugesan, S.
(2009). Antibacterial activity of the extracts of marine red and brown
algae. J. American Sci. 5: 20-25.

Ramalingam, A. and Amutha, C. (2013). Antibacterial activity of four seaweeds
collected from Thondi Coast, Tamilnadu, India. Int. J. Res. Biol. Sci. 3:
60-64.

Ramaiya, S.D., Bujang, J.S. and Zakaria, M.H. (2014). Assessment of total
phenolic, antioxidant and antibacterial activities of Passiflora species.
Sci. World J. 2014: 1-10.

Rao, P.S. and Parekh, K.S. (1981). Antibacterial activity of Indian seaweed
extracts. Botanica Marina. 24: 577-582.

Rigby, P.R., lken, K. and Shirayama, Y. (2007). Sampling Biodiversity on
Coastal Communities: NaGISA Protocol for Seagrass and Macroalgal
Habitats. Japan: Kyoto University Press.

Rizvi, M.A. (2010). Comparative antibacterial activities of seaweed extracts from
Karachi coast, Pakistan. Pakistan J. Pharmacol. 27: 53-57.

Ruangchuay, R., Lueangthuwapranit, C. and Pianthumdee, N. (2007). Apparent
characteristics and taxonomic study macroalgae in Pattani Bay.
Songklanakarin J. Sci. Technol. 29: 893-905.

Ruperez, P. Antioxidant activity of sulphated polysaccharides from the the
Spanish marine seaweed Nori. Paper presented at the COST 916
European Conferences on Bioactive Compounds in Plants Foods, Canary
Island, Spain. April 2001.

Sadati, N., Khanavi, M., Mahrokh, A., Nabavi, S.M.B., Sohrabipour, J. and
Hadjiakhoondi, A. (2011). Comparison of antioxidant activity and total
phenolic contents of some Persian Gulf marine algae. J. Med. Plants. 10:
73-79.

Sade, A., Ali, I. and Ariff, M.R.M. (2006). The seaweed industry in Sabah east
Malaysia. Jati. 11: 97-107.

Saito, Y. and Atobe, S. (1970). Phytosociological study of intertidal marine
algae: 1. Usujiri Benten-Jima, Hokkaido. Bulletin of the Faculty of
Fisheries Hokkaido University. 21: 37-69.

Salvador, N., Garreta, A.G., Lavelli, L. and Ribera, M.A. (2007). Antimicrobial
activity of Iberian macroalgae. Scientia Marina 71: 101-113.

Sasidharan, S., Darah, I. and Mohd Jain Noordin, M.K. (2009). Screening
antimicrobial activity of various extracts of Gracilaria changii. Pharma.
Biol. 47: 72-76.

141



Sengul M., Yildiz H., Gungor N., Cetin B., Eser Z. and Ercisli S. (2009). Total
phenolic content, antioxidant and antimicrobial activities of some
medicinal plants. Pak. J. Pharm. Sci. 22: 102-106.

Shaalan, E.A.S., Canyon, D., Younes, M.W.F., Abdel-Wahab, H. and Mansour,
A.H. (2005). A review of botanical phytochemicals with mosquitocidal
potential. Environ. Int. 31: 1149-1166.

Shanab, S.M.M. (2007). Antioxidant and antibiotic activities of some seaweeds
(Egyptian isolates). Int. J. Agri. Biol. 9: 220-225.

Shanmughapriya, S., Manilal, A., Sujith, S., Selvin, J., Kiran, G. S. and
Natarajaseenivasan, K. (2008). Antimicrobial activity of seaweeds
extracts against multiresistant pathogens. Annals Microbiol. 58: 535-541.

Shilpi, J.A., Gray, A.l. and Saidel, V. (2010). Chemical constituents from
Ludwigia adscendens. Biol. Syst. Ecol. 38: 106-1009.

Silberfeld, T., Bittner, L., Fernandez-Garcia, C., Cruaud, C., Rousseau, F.,
Reviers, B., Leliaert, F., Payri, C.E. and Clerck, O.D. (2013) Species
diversity, phylogeny and large scale biogeographic patterns of the genus
Padina (Phaeophyceae, Dictyotales). J. Phycol. 1-13.

Siriwardhana, N., Lee, KW., Kim, S.H., Ha, JW. and Jeon, Y.J. (2003).
Antioxidant activity of Hizikia fusiformis on reactive oxygen species
scavenging and lipid peroxidation inhibition. Food Sci. Technol. Int. 9:
339-347.

Siti, A.B., Sri, R., Djagal, W.M and Iwan, Y.B.L. (2012). Antioxidant activity
from brown algae Sargassum species extract from the coastline of Java
Island. American J. Agri. Biol. Sci. 7: 337-346.

Soltani, S., Saadatmand, S., Khavarinejad, R. and Nejadsattari, T. (2011).
Antioxidant and antibacterial activities of Cladophora glomerata (L.)
Kutz. in Caspian sea coast, Iran. African J. Biotech. 10: 7684-7689.

Souza, B.W.S., Cerqueira, M.A., Martins, J.T., Quintas, M.A.C., Ferreira A.C.S.,
Teixeira, J.A. and Vicente, A.A. (2011). Antioxidant potential of two red
seaweeds from the Brazilian coasts. J. Agric. Food Chem. 59: 5589-5594.

Stirk, W.A., Reinecke, D.L. and Staden, J.V. (2007). Seasonal variation in
intifungal, antibacterial and acetylcholinesterase activity in seven South
African seaweeds. J. Appl. Phycol. 19: 271-276.

Sun, Z., Hanyuda, T., Lim, P.E., Tanaka, J., Gurgel, C.F.D. and Kawai, H.
(2012). Taxonomic revision of the genus Lobophora (Dictyotales,
Phaeophyceae) based on morphological evidence and analyse rbcL and
cox3 gene sequences. Phycologia. 51: 500-512.

Swamy, M.L.A. (2011). Marine Algal Sources for Treating Bacterial Diseases. In
S.K. Kim. Advances in Food and Nutrition Research, Marine Medicinal
foods: Implications and Applications, Macro and Microalgae (pp. 255-
265). United States: Academic Press.

142



Tarig, A., Ara, J., Sultana, V., Ehteshamul-Haque, S. and Athar, M. (2011).
Antioxidant potential of seaweeds occurring at Karachi coast of Pakistan.
J. Appl. Bot. Food Qual. 84: 207-212.

Thirunavukkarasu, R., Pandiyan, P., Balaraman, D., Subaramaniyan, K., Gnhana
Jothi, G.E., Manikkam, S. and Sadaiyappan, B. (2013). Isolation of
bioactive compound from marine seaweeds against fish pathogenic
bacteria Vibrio alginolyticus (VAQ9) and characterisation by FTIR. J.
Coast. Life Medic. 1: 6-13.

Trono, G.C. (1998). Seaweeds. In K. E. Carpenter. and V. H. Hiem. FAO Species
Identification Guide for Fishery Purposes, The Living Marine Resources
of the western Central Pacific (pp. 20-99). United Nations: Food and
Agriculture Organization of the United Nations.

Trono, G.C. (1999). Diversity of the seaweed flora of the Philippines and its
utilization. Hydrobiologia. 398/399: 1-6.

Tsutsui, 1., Huynh, Q.N., Nguyen, H.D., Arai, S. and Yoshida, T. (2005). The
Common Marine Plants of Southern Vietnam. Japan: Japan Seaweed
Association.

Tuney, 1., Cadirci, B.H., Unal, D. and Sukatar, A. (2006). Antimicrobial activities
of the extracts of marine algae from the coast of Urla (Izmir, Turkey).
Turkish J. Biol. 30: 171-175.

Vallinayagam, K., Arumugam, R. and Raja Kannan, R.R. (2009). Antibacterial
activity of some selected seaweeds from Pudumadam coastal regions.
Global J. Pharmacol. 3: 50-52.

Vijayavel, K. and Martinez, J.A. (2010). In Vitro antioxidant and antimicrobial
activities of two Hawaiian marine Limu: Ulva fasciata (Chlorophyta) and
Gracilaria salicornia (Rhodophyta). J. Med. Food. 13: 1494-1499.

Wang, T., Jonsdottir, R. and Olafsdottir, G. (2009). Total phenolic compounds,
radical scavenging and metal chelation of extracts from Icelandic
seaweeds. Food Chem. 116: 240-248.

Wijesekara, I., Senevirathne, M., Li, Y. and Kim, S. (2012). Functional
Ingredients from Marine Algae as Potential Antioxidants in the Food
Industry. In S. Kim. Handbook of Marine Macroalgae: Biotechnology
and Applied Phycology (pp. 398-401). United Kingdom: Wiley-
Blackwell.

Wong, K.H. and Cheung, P.C. (2001). Nutritional evaluation of some subtropical
red and green seaweeds. Part Il. In vitro protein digestibility and amino
acid profiles of protein concentrates. Food Chem. 72: 11-17.

143



Wong, S.C., Muta Harah, Z., Japar Sidik, B., Arshad, A. and Ogawa, H. (2008).
In Macroalgal Communities of Intertidal Rocky Shores around Bintulu,
Sarawak. Proceeding of the International Symposium, Kuching,
Sarawak, Malaysia, November 19-21, 2008. Manurung, R., Abdullah
Z.C., Ahmad, F.B. and Kuek, C. (Ed.); Sarawak Biodiversity Centre:
Sarawak, 2010.

Wong, W.H., Goh, S.H. and Phang, S.M. (1994). Antibacterial Properties of
Malaysian Seaweeds. In S.M. Phang., Y.K. Lee., M.A. Borowitzka. and
B.A. Whitton. Algal Biotecnology in the Asia-Pasific Region (pp. 75-81).
Malaysia: University of Malaya, Kuala Lumpur.

Yangthong, M., Hutadilok-Towatana, N. and Phromkunthong, W. (2009).
Antioxidant activities of four edible seaweeds from the southern coast of
Thailand. Plant Foods Hum. Nutr. 64: 218-223.

Zbakh, H., Chiheb, H., Bouziane, H., Sanchez, V.M. and Riadi, H. (2012).
Antibacterial activity of benthic marine algae extracts from the
Mediterranean coast of Morocco. J. Microbiol. Biotech. Food Sci. 2: 219-
228.

Zubia, M., Payri, C. and Deslandes, E. (2008). Alginate, mannitol, phenolic
compounds and biological activities of two range-extending brown algae,
Sargassum mangarevense and Turbinaria ornate (Phaeophyta: Fucales),
from Tahiti French Polynesia. J. Appl. Phycol. 20: 1033-1043.

144



BIODATA OF STUDENT

The student, Mohd Hafizbillah Zawawi was born on 19" April 1987, raised in
Kemaman, Terengganu. He had his primary education at Sekolah Kebangsaan
Kampung Air, Kemaman from 1995 to 1999. His secondary education was at
Sekolah Menengah Agama Al-Falah, Kemaman from 2000 until 2003, after PMR he
attended Kolej Sains Pendidikan Islam Negeri Terengganu, Kuala Terengganu from
2003 to 2004. After completing SPM, he continues the education at Kedah
Matriculation College for a year, his university education at Universiti Putra
Malaysia from 2006 to 2010 and graduated with a Bachelor’s Degree in Science
Bioindustry. He has work experiences in pasture management, fruit crops research
and post harvest technology, research and development of hybrid rice varieties,
demonstrator and research assistant. In 2010 he continues his Master studies at
Department of Animal Science and Fishery, Faculty of Agriculture and Food
Sciences, Universiti Putra Malaysia.

151



LIST OF PUBLICATIONS

Zawawi, M.H., Idris, M.H., Abu Hena, M.K. and Wong, S.K. (2014). Seaweed
composition from Bintulu coast of Sarawak, Malaysia. Pakistan J. Biol. Sci. 17:
1007-1014.

Hafizbillah, M., Idris, M.H., Abu Hena, M.K., Wong, S.K. and Musa, H. In
Seaweed: Community, Composition and Potential Used. Proceeding of the 1%
International Fisheries Symposium, Kuala Terengganu, Malaysia, October 3-5,
2011. Azmi Ambak, M., lbrahim, S., Musa. N., et al. (Ed.), Penerbit UMT:
Terengganu, 2011.

Idris, M.H., Hafizbillah, M. , Abu Hena, M.K. and Wong, S.K. In Diversity of
Seaweed from Bintulu Coastal Water. Proceeding of PRPI 2012: UPM’S
Research and Innovation, Serdang, Malaysia, July 17-19, 2012. Ku Baharom,
K.I.M. (Ed.); UPM Press: Serdang, 2012.

Hafizbillah, M., Idris, M.H., Wong, S.K. and Abu Hena, M.K. In
Antimicrobial Activities of the Marine Macroalgae in the Coastal Waters of
Bintulu, Sarawak, Malaysia. Proceeding of 9" International Symposium on
Antimicrobial Agents and Resistance, Kuala Lumpur, Malaysia, March 13-15,
2013. Shian, L.S. (Ed.), Malaysian Society of Infectious Diseases and
Chemotherapy: Malaysia, 2013.

152



	CHAPTER 2
	LAST CHAPTER
	APPENDICES
	LAST APPENDICES



