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Department of Analytical Chemistry, Nutrition and Bro-
matology, Faculty of Chemistry, University of Santiago de
Compostela, 15782 Santiago de Compostela, Spain

Taek-Jeong Nam
College of Fisheries Science, Pukyong National University,
Busan 608-737, Republic of Korea

Bhaskar Narayan
Department of Meat, Fish & Poultry Technology, CFTRI,
Mysore 570 020, India

Dai-Hung Ngo
Marine Biochemistry Laboratory, Department of Chem-
istry, Pukyong National University, Busan, Republic of
Korea

Thanh T. Ngu
Department of Chemistry, The University of Toronto,
Toronto, Ontario, Canada

Phuong Hong Nguyen
Department of Marine Life Science, and Marine Life Re-
search & Education Center, Chosun University, Gwangju-
501759, Republic of Korea

Yoshimi Niwano
New Industry Creation Hatchery Center, Tohoku Uni-
versity, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi-
9808579, Japan

Sudha Narayanan Parapurath
Department of Chemistry, DKM College, Thiruvalluvar
University, Vellore - 632 001, Tamil Nadu, India

Enrique J. Peña-Salamanca
Applied Plant Biology Research Group, Department of Bi-
ology, Universidad del Valle, A.A. 25360 Cali, Colombia

Elena Peña-Vázquez
Department of Analytical Chemistry, Nutrition and Bro-
matology, Faculty of Chemistry, University of Santi-
ago de Compostela, 15782 Santiago de Compostela,
Spain

Jiang Peng
Key Laboratory of Experimental Marine Biology, Chinese
Academy of Sciences at Institute of Oceanology, Chinese
Academy of Sciences, Qingdao 266071, China

Mahinda Senevirathne
Marine Bioprocess Research Center, Pukyong National Uni-
versity, Busan 608-737, Republic of Korea

Valerie Stiger-Pouvreau
College Doctoral International de I’ Universitity, Euripenne
de Bretagne (UEB), Directrice du College Doctoral de l’ Uni-
vesit de Breagne -Sud (UBS), Laboratorie de Biotechnologie
et Chimie Marines, France

Upadhyayula Suryanarayana Murty
Bioinformatics Group, Biology Division, Indian Insti-
tute of Chemical Technology, Tarnaka, Hyderabad-500607,
Andhra Pradesh, India

Vitor H. Pomin
Complex Carbohydrate Research Center, University of
Georgia, 315 Riverbend Road, Athens, GA 30602, USA
and
Federal University of Rio de Janeiro, Medical Biochemistry
Institute, Rio de Janeiro, RJ, Brazil

Ramya Ramamurthy
Research Scholar, Department of Chemistry, Manonma-
niam Sundaranar University, Tirunelveli, Tamil Nadu,
India

Ana Lucia Rengifo
Applied Plant Biology Research Group, Department
of Biology, Universidad del Valle, A.A. 25360 Cali,
Colombia

A. Malshani Samaraweera
Department of Animal Science, Faculty of Agriculture, Uni-
versity of Peradeniya, Peradeniya-20400, Sri Lanka

Cristina Garcı́a Sartal
Department of Analytical Chemistry, Nutrition and Bro-
matology, Faculty of Chemistry, University of Santi-
ago de Compostela, 15782 Santiago de Compostela,
Spain



JWST079-LOC JWST079-Kim August 27, 2011 5:43 Printer Name: Yet to Come

xx CONTRIBUTORS

Qin Song
Key Laboratory of Experimental Marine Biology, Chinese
Academy of Sciences at Institute of Oceanology, Chinese
Academy of Sciences, Qingdao 266071, China
and
Yantai Institute of Coastal Zone Research, Chinese Academy
of Sciences, Yantai 264003, China

Martin J. Stillman
Department of Chemistry, University of Western Ontario,
London, Ontario, Canada

Dhanarajan Malli Subramaniam
Jaya College of Arts and Science, Thirunindravur, University
of Madras, Tamil Nadu, India

Rosna Mat Taha
Institute of Biological Sciences, Faculty of Science, Univer-
sity of Malaya, Kuala Lumpur 50603, Malaysia

Sivalingam Thambidurai
Department of Industrial Chemistry, School of Chem-
istry, Alagappa University, Karaikudi-630003, Tamil Nadu,
India

Noel Vinay Thomas
Marine Biochemistry Laboratory, Department of Chem-
istry, Pukyong National University, Busan 608-737, Repub-
lic of Korea

Takayuki Tsukui
Faculty of Fisheries Sciences, Hokkaido University, 3-1-1
Minato, Hakodate, Hokkaido 041-8611, Japan

Janak K. Vidanarachchi
Department of Animal Science, Faculty of Agriculture, Uni-
versity of Peradeniya, Peradeniya-20400, Sri Lanka

Thang-Sang Vo
Marine Biochemistry Laboratory, Department of Chem-
istry, Pukyong National University, Busan, Republic of
Korea

M. Airanthi K. Widjaja-Adhi
Faculty of Fisheries Sciences, Hokkaido University, 3-1-1
Minato, Hakodate, Hokkaido-0418611, Japan

Isuru Wijesekara
Marine Biochemistry Laboratory, Department of Chem-
istry, Pukyong National University, Busan 608-737,
Republic of Korea

Wijesinghe W.A.J.P
School of Marine Biomedical Sciences, Jeju National Uni-
versity, Jeju 690-756, Republic of Korea

Bin Yang
Key Laboratory of Marine Bio-resources Sustainable
Utilization/Guangdong Key Laboratory of Marine Materia
Medica/Research Center for Marine Microbes, South China
Sea Institute of Oceanology, Chinese Academy of Sciences,
Guangzhou 510301, China

Xian-Wen Yang
Key Laboratory of Marine Bio-resources Sustainable
Utilization/Guangdong Key Laboratory of Marine Materia
Medica/Research Center for Marine Microbes, South China
Sea Institute of Oceanology, Chinese Academy of Sciences,
Guangzhou 510301, China

Irina M. Yermak
Pacific Institute of Bioorganic Chemistry Far-East Branch
of Russian Academy of Sciences, pr. 100-letya Vladivostoka
159, Vladivostok-690022, Russia

Xue-Feng Zhou
Key Laboratory of Marine Bio-resources Sustainable
Utilization/Guangdong Key Laboratory of Marine Materia
Medica/Research Center for Marine Microbes, South China
Sea Institute of Oceanology, Chinese Academy of Sciences,
Guangzhou 510301, China



JWST079-Preface JWST079-Kim August 27, 2011 5:14 Printer Name: Yet to Come

Preface

Marine environment becoming the most explored habitat
because of its chemical and biological diversity. Recently,
marine floral and faunal exploration and exploitation be-
coming a great deal of interest which is the key to combat
various diseases. Among the marine sources, algae or sea-
weeds are the more valuable sources of structurally diverse
bioactive compounds. Even though, seaweed salads have
been supplied as a regular diet, much information is not
available whether the algal food has any significance on hu-
man health. For example, the beneficial effects of seaweeds
and their bioactive substances like phlorotannins, sulphated
polysaccharides, peptides and carotenoid pigments extend
their applications from eco-biotechnological to the indus-
trial standpoint. Hence, the utilization of marine macroalgal
substances as potential biological and industrial products
should be well established worldwide to gain various health
and medical benefits. Although Asians consume seaweeds
because of the known importance in their daily lives, many
of the westerns might not think of the ‘seaweed’ as a nutri-
tional or a daily supplement in their food. It is because of
the term ‘weed’, which generally represents the unwanted
plants in any ecosystem. Hence, I would like to introduce a
more appropriate term “sea-vegetables” in this book, which
could bring a positive notion in human beings to think
‘algae’ or ‘seaweed’ as consumable vegetables from sea.

The present book “Handbook of Marine Macroalgae:
Biotechnology and Applied Phycology”, describes the char-
acteristic feature of marine macroalgal substances, source
species, types, production and applications (biological,
biotechnological, industrial). There are four discriminat-
ing parts present in the present book: Part-I deals with an
overview of introduction and prospects of marine macroal-
gal introduction, their eco-physiological and biochemicals
importance along with various aspects of macroalgal biodi-
versity; Part-II provides a general and complex aspects of

isolation, extraction and physicochemical properties of var-
ious marine macroalgal compounds; Part-III discusses var-
ious biological and biomedical applications; Part-IV deals
an over view on the in vitro cultivation other biotechno-
logical prospects of marine macroalgae; and Part-V pro-
vides the information on the industrial utilization of ma-
rine macroalgae with their resource management strategies.
Each part is a collection of comprehensive information on
the past and present research of marine macroalgae, com-
piled of proficient scientists worldwide. Although signifi-
cant activities and applications of marine macroalgal de-
rived substances have been shared by various chapters, spe-
cific and unique biological, biomedical and industrial ap-
plications have been covered individually. Functional foods
I personally intended to mention that the present findings
and the recent information in this book will be helpful to the
upcoming researchers to establish a phenomenal research
from wide range of research areas.

I express my sincere thanks to all the authors, who have
contributed in this book and their relentless effort was
the result of scientific attitude and immense perseverance
descended from their present and past experiences. I am
grateful to the experts, who have provided state-of-the-art
contributions that are included in this book. I also thank
the personnel of Wiley-Blackwell publishers for their
continual support, which is essential for the successful
completion of the present task.

I hope that the fundamental as well as applied contri-
butions in this book might serve as a potential research
and development leads for the benefit of humankind. Alto-
gether, algal biotechnology will be the hottest field in future
towards the enrichment of targeted algal species, which
further establishes a sustainable oceanic environment. The
present book would be a reference book for the emerging
students in the academic and industrial research.

Se-Kwon Kim
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PART I
Introduction to Algae and

Their Importance
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1
Biological Importance of Marine Algae

Ali A. El Gamal*
Department of Pharmacognosy, College of Pharmacy, King Saud University, KSA

1.1 Introduction
Marine organisms are potentially productive sources of
highly bioactive secondary metabolites that might repre-
sent useful leads in the development of new pharmaceutical
agents (Iwamoto et al. 1998, 1999, 2001). During the last
four decades, numerous novel compounds have been iso-
lated from marine organisms and many of these substances
have been demonstrated to possess interesting biological
activities (Faulkner, 1984a,b, 1986, 1987, 1988, 1990, 1991,
1992, 1993, 1994, 1995, 1995, 1996, 1997, 1998, 1999, 2000,
2001, 2002).

Algae are very simple, chlorophyll-containing organ-
isms (Bold and Wynne, 1985) composed of one cell or
grouped together in colonies or as organisms with many
cells, sometimes collaborating together as simple tissues.
They vary greatly in size – unicellular of 3–10 μm to giant
kelps up to 70 m long and growing at up to 50 cm per day
(Hillison, 1977). Algae are found everywhere on Earth: in
the sea, rivers and lakes, on soil and walls, in animal and
plants (as symbionts-partners collaborating together); in
fact just about everywhere where there is a light to carry
out photosynthesis.

Algae are a heterogeneous group of plants with a long
fossil history. Two major types of algae can be identified:
the macroalgae (seaweeds) occupy the littoral zone, which
included green algae, brown algae, and red algae, and the
microalgae are found in both benthic and littoral habi-
tats and also throughout the ocean waters as phytoplank-
ton (Garson, 1989). Phytoplankton comprise organisms

∗Department of Pharmacognosy, College of Pharmacy Mansoura Uni-
versity, Egypt

such as diatoms (Bacillariophyta), dinoflagellates (Dino-
phyta), green and yellow-brown flagellates (Chlorophyta;
Prasinophyta; Prymnesiophyta, Cryptophyta, Chrysophyta
and Rhaphidiophyta) and blue-green algae (Cyanophyta).
As photosynthetic organisms, this group plays a key role in
the productivity of oceans and constitutes the basis of the
marine food chain (Bold and Wynne, 1985; Hillison, 1977).

The true origins of compounds found in marine inver-
tebrates have been a subject of discussion. They may vary
from compound to another, but there are strong hints that
dietary or symbiotic algae are one of the participants in the
production of these metabolites. For example, as early as
1977, the blue-green algae, Lyngbya majusula was recog-
nized as the source of aplysiatoxin 1 found in the sea hares
Aplysia that feed on this alga (Mynderse et al., 1997). Simi-
larly, a series of highly active antitumor compounds, dolas-
tatin 2 and 3, isolated from sea slugs are considered to be
of blue-green algal origin (Shimizu, 2000). Also, eukaryotic
algae and various dinoflagellate metabolites are found in
shellfish and other invertebrates as toxins (Shimizu, 2000).
Brevetoxins 4, ciguatoxins 5, and dinophysistoxins-1&2 and
6 and 7 are well known examples of paralytic shellfish toxins
(Hall and Strichartz, 1990).

Handbook of Marine Macroalgae: Biotechnology and Applied Phycology, First Edition. Edited by Se-Kwon Kim.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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4 BIOLOGICAL IMPORTANCE OF MARINE ALGAE

1.2 Interesting natural products
and their biological activities
from macroalgae (seaweeds)

Marine macroalgae or seaweeds have been used as foods
especially in China and Japan and crude drugs for treat-
ment of many diseases such as iodine deficiency (goiter,
Basedow’s disease and hyperthyroidism). Some seaweeds
have also been used as a source of additional vitamins,
treatment of various intestinal disorders, as vermifuges,
and as hypocholesterolemic and hypoglycemic agents.
Seaweeds have been employed as dressings, ointments and
in gynecology (Trease and Evanes, 1996).

Macroalgae can be classified into three classes: green
algae (Chlorophyta), brown algae (Phaeophyta) and red
algae (Rhodophyta) (Garson, 1989).


