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The objectives of this study were to evaluate in vitro antioxidant activity and total
phenolic screenings of eight species of Malaysia seaweeds (Kappaphycus alvarezii,
Eucheuma denticulatum, Halymenia durvillaei, Caulerpa lentillifera, Caulerpa
racemosa, Dicyota dichotoma, Sargassum polycystum and Padina spp.), determine
chemical composition of three selected edible seaweeds and investigate effects of these
seaweeds on antioxidative, cholesterol-lowering, and their effects on biochemical,
morphological and histological characteristics of selected tissues of rats fed on high-
cholesterol/high-fat (HCF) diets. In vitro antioxidant activities of the eight species of
seaweeds were evaluated using TEAC (trolox equivalent antioxidant capacity) and
FRAP (ferric reducing antioxidant power) assays. Total phenolic contents of these
seaweeds were determined using Folin-Ciocalteu assay. Red seaweed K. alvarezii, green
seaweed C. lentillifera and brown seaweed S. polycystum were selected based on their

high in vitro antioxidant activity, and further evaluated for their chemical composition,
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in vivo antioxidant activity and cholesterol-lowering effects in Sprague Dawley rats fed
with HCF diet for 16 weeks. Chemical analysis of seaweeds comprised of proximate
composition, dietary fiber, vitamin C, vitamin E (a-tocopherol), minerals, carotenoids,
chlorophylls, fatty acids and amino acids. Animal experimental diets comprised of eight
groups: normal diet (N, control group), HCF diet (HCF group), normal diet
supplemented with 5% seaweeds (N+KA, N+CL and N+SP groups), and HCF diet
supplemented with 5% seaweed (HCF+KA, HCF+CL and HCF+SP groups). Effects of
seaweeds in preventing hypercholesterolaemia and peroxidation in rats were studied via
assessing the plasma lipids and, plasma and organs malondialdehyde (MDA)
concentrations. Likewise, activities of antioxidant enzymes such as superoxide
dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT) were accessed
as indices of oxidative stress. Biochemical markers for liver, heart and kidney damage
such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), y-
glutamyltransferase (GGT), creatinine kinase (CK), CK-MB isoenzyme, urea, creatinine
and uric acid were measured. Somatic index and descriptive histological changes in the
liver, heart, kidney, brain, spleen and eye of the experimental rats were also performed,
while quantitative histology was restricted only to necrosis in the liver, kidney and brain.
The results showed that administration of K. alvarezii and C. lentillifera reduced
(P<0.05) plasma low-density lipoprotein cholesterol and triglyceride, and increased
(P<0.05) plasma high-density lipoprotein cholesterol thus improving the atherogenic
index of rats fed a HCF diet. These seaweeds were shown to reduce body weight gain in
rats fed a HCF diet in the following order S. polycystum>C. lentillifera>K. alvarezii.

However, K. alvarezii and C. lentillifera were more effective than S. polycystum in
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improving the antioxidant status by reducing (P<0.05) lipid peroxidation and increasing
(P<0.05) antioxidant enzymes in liver, heart and kidney of rats fed the HCF diet.
Histological examinations demonstrated consumption of all three seaweeds did not exert
any damage to the liver, heart, kidney, brain, spleen and eyes in normal rats. In
conclusion, K. alvarezii and C. lentillifera showed hypolipidaemic effects, improve
antioxidant status and exert a protective effect in mitigating the cardiac, hepatic, renal
and brain abnormalities in rats fed HCF diet. The presence of high dietary fiber
especially soluble fiber, omega-3 fatty acids such as eicosapentaenoic acid (C20:5w3),
and antioxidant compounds such as polyphenols, vitamin C, a-tocopherol, carotenoids
and selenium may probably contributed to the cholesterol-lowering and antioxidant

efficacy of these seaweeds.
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Fakulti : Sains dan Teknologi Makanan

Objektif-objektif kajian ini adalah untuk menilai aktiviti antioksidan in vitro dan
menyaring kandungan fenolik lapan spesis rumpai laut Malaysia (Kappaphycus
alvarezii, Eucheuma denticulatum, Halymenia durvillaei, Caulerpa lentillifera,
Caulerpa racemosa, Dicyota dichotoma, Sargassum polycystum dan Padina spp.),
menentukan komposisi kimia tiga rumpai laut terpilih yang boleh dimakan dan
menyelidik kesan rumpai laut ini ke atas antioksidan, penurunan kolesterol, dan kesan
biokimia, morfologi serta ciri-ciri histologi tisu-tisu terpilih tikus-tikus yang diberi
makan diet tinggi-kolesterol/tinggi-lemak (HCF). Aktiviti antioksidan in vitro lapan
spesis rumpai laut dinilai melalui ujian TEAC (kapasiti antioksidan equivalen troloks)
dan FRAP (kuasa antioksidan penurunan ferik). Kandungan jumlah fenolik rumpai laut
dinilai melalui ujian Folin-Ciocalteu. Rumpai laut merah K.. alvarezii, rumpai laut hijau
C. lentillifera dan rumpai laut perang S. polycystum telah dipilih berdasarkan aktiviti

antioksidan In vitro yang tinggi dan dinilai selanjutnya dari segi komposisi kimia,
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aktiviti antioksidan in vivo serta penurunan kolesterol ke atas tikus Sprague Dawley
yang diberi makan diet HCF selama 16 minggu. Komposisi kimia rumpai laut terdiri
daripada komposisi proksimat, serabut diet, vitamin C, vitamin E (o-tokoferol), mineral,
karotenoid, klorofil, asid lemak dan asid amino. Eksperimen diet haiwan merangkumi
lapan kumpulan: diet biasa (kumpulan kawalan, N), diet HCF (kumpulan HCF), diet
biasa ditambah 5% rumpai laut (kumpulan N+KA, N+CL dan N+SP) dan diet HCF
ditambah 5% rumpai laut (kumpulan HCF+KA, HCF+CL dan HCF+SP). Kesan rumpai
laut untuk mencegah hiperkolesterolemia dan peroksidaan dalam tikus dikaji melalui
ukuran lipid plasma, dan kepekatan malondialdehid (MDA) dalam plasma serta organ.
Begitu juga untuk aktiviti enzim antioksidan seperti superoksid dismutase (SOD),
glutation peroksidase (GSH-Px) dan katalase (CAT) telah dinilai sebagai penunjuk
untuk tekanan oksidatif. Penanda biokimia untuk kerosakan hati, jantung dan buah
pinggang seperti alanin aminotrasferase (ALT), aspartat aminotransferase (AST),
v-glutamiltransferase (GGT), kreatinin kinase (CK), isoenzim CK-MB, urea, kreatinin
dan asid urik telah disukat. Indeks somatik dan perubahan histologi diskriptif dalam hati,
jantung, buah pinggang, otak, limpa dan mata tikus kajian juga telah dilakukan,
sementara histologi kuantitatif dihadkan hanya kepada nekrosis dalam hati, buah
pinggang dan otak. Keputusan menunjukkan K.. alvarezii dan C. lentillifera menurunkan
(P<0.05) plasma kolesterol lipoprotein ketumpatan rendah dan trigliserid, serta
meningkatkan (P<0.05) plasma kolesterol lipoprotein ketumpatan tinggi, oleh itu
memperbaiki indeks atherogenik tikus yang diberi makan diet HCF. Rumpai laut ini
didapati menurunkan penambahan berat badan mengikut susunan S. polycystum>

C. lentillifera>K. alvarezii. Walaubagaimanapun, K. alvarezii dan C. lentillifera didapati
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lebih berkesan daripada S. polycystum dalam memperbaiki status antioksidan dengan
menurunkan (P<0.05) peroksidaan lipid dan meningkatkan (P<0.05) enzim antioksidan
dalam hati, jantung dan buah pinggang tikus yang diberi makan diet HCF. Pemeriksaan
histologi mendapati pengambilan K. alvarezii, C. lentillifera dan S. polycystum tidak
mengakibatkan kerosakan kepada hati, jantung, buah pinggang, otak, limpa dan mata
tikus-tikus normal. Kesimpulannya, K. alvarezii dan C. lentillifera didapati memberi
kesan hipolipidemik, memperbaiki status antioksidan dan kesan perlindungan dengan
meringankan ketidaknormalan kardiak, hepatik, renal dan otak tikus yang diberi makan
diet HCF. Kehadiran serabut diet yang tinggi khususnya serabut larut, asid lemak
omega-3 seperti asid eikosapentaenoik (C20:503), dan sebatian antioksidan seperti
polifenol, vitamin C, a-tokoferol, karotenoid dan selenium mungkin menyumbangkan

kesan penurunan kolesterol dan keberkesanan antioksidan rumpai laut ini.

viil



ACKNOWLEDGEMENTS

First and foremost | would like to thank the Almighty for his blessings and wisdom to

enable me to complete this thesis.

I would like to take this opportunity to express my deepest gratitude to my supervisor,
Prof. Dr. Suhaila Mohamed for her invaluable suggestions, guidance, motivation and
patience throughout the research. | would also like to express my special gratitude to
Assoc. Prof. Dr. Noordin Mohamed Mustapha and Assoc. Prof. Dr. Kharidah
Muhammad for their constant guidance, support, tremendous encouragement and

constructive comments.

Furthermore, I would like to thank the Dean of School of Food Science and Nutrition at
Universiti Malaysia Sabah (UMS), Assoc. Prof. Dr. Mohd Ismail Abdullah, for
providing additional research funding that assisted in the completion of my research
works, as well as for his constant encouragement. |1 would also like to thank the Ministry
of Science, Technology and Innovation of Malaysia (MOST]I) for funding part of this

research project, and also to Public Service Department/UMS for the SLAB scholarship.

Special thanks to all the staff of Faculty of Food Science and Technology, and Faculty
of Veterinary Medicine at Universiti Putra Malaysia (UPM) and National Institute of
Pharmaceutical and Nutraceutical, especially staffs of Animal House, Post Mortem
Laboratory, Histopathology Laboratory, Haematology and Clinical Biochemistry

Laboratory, and Food Biochemistry Laboratory who had contributed in one way or



another towards the success of this research. Also, | would like to thank Borneo Marine
Research Institute at UMS, and Sabah Fisheries Department for supplying the seaweeds
and Dr. Charles Vairappan for collection of seaweeds and technical assistance. Also,
thank you to Prof. Dr. Cheng Hwee Ming to allow me to use the facilities at the

Antioxidant Laboratory at University Malaya.

Special thanks to my friends, Radhiah, Siti Anarita, Imilia, Juliana, Intan, Syida, Yang
Hayati, Ooi Kock, Boon Kuan, Zailawati, Sanaz, Dr. Lee and Dr. Yasmin whose help,
suggestions, comments and moral supports have helped in the improvement and
completion of this thesis. Also thank you to everyone who had contributed in one way or

another to the success of this research.

Lastly but not least, my heartfelt gratitude goes to my husband, children and family for
their continuous encouragement, patience, understanding, support and unwavering love

throughout the years of my study.



| certify that an Examination Committee has met on 16 December 2008 to conduct the
final examination of Patricia Matanjun on her Doctor of Philosophy thesis entitled
“Chemical Composition, Antioxidative and Cholesterol Lowering Properties of
Selected Malaysia Seaweeds” in accordance with Universiti Pertanian Malaysia
(Higher Degree) Act 1980 and Universiti Pertanian Malaysia (Higher Degree)
Regulations 1981. The Committee recommends that the candidate be awarded the
degree of Doctor of Philosophy.

Members of the Examination Committee are as follows:

Mohd. Yazid Abdul Manap, PhD
Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Chairman)

Azizah Abdul Hamid, PhD

Associate Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Internal Examiner)

Maznah Ismail, PhD

Professor

Faculty of Medicine and Health Science
Universiti Putra Malaysia

(Internal Examiner)

Ibrahim Jantan, PhD
Professor

Faculty of Pharmacy

Universiti Kebangsaan Malaysia
Malaysia

(External Examiner)

BUJANG KIM HUAT, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:

Xi



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Suhaila Mohamed, PhD

Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Chairman)

Noordin Mohamed Mustapha, PhD
Associate Professor

Faculty of Veterinary Medicine
Universiti Putra Malaysia

(Member)

Sharifah Kharidah Syed Muhammad, PhD
Associate Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Member)

HASANAH MOHD. GHAZALI, PhD
Professor and Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

xii



DECLARATION

| declare that the thesis is my original work except for quotations and citations which
have been duly acknowledged. | also declare that it has not been previously, and is not
concurrently, submitted for any other degree at Universiti Putra Malaysia or at any other

institution.

PATRICIA MATANJUN

Date:

Xiii



ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL
DECLARATION
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF ABBREVIATIONS

CHAPTER
1 INTRODUCTION
2 LITERATURE REVIEW

2.1  Seaweed

2.2  Kappaphycus alvarezii (Rhodophyta)

2.3 Caulerpa lentillifera (Chlorophyta)

2.4  Sargassum polycystum (Phaeophyta)

2.5  Chemical constituents of seaweeds and
potential use as functional food
2.5.1  Polysaccharides and dietary

fibers

2.5.2  Minerals
2.5.3  Vitamins
2.5.4  Proteins and amino acids
2.5.,5  Lipids and fatty acids
2.5.6  Polyphenols
2.5.7  Carotenoids
2.5.8  Chlorophylls

2.6 Hyperlipidaemia

2.7 Atherosclerosis

2.8 Free radicals and reactive oxygen
species

2.9  Lipid peroxidation

2.10 Antioxidant defense system
2.10.1 Superoxide dismutase
2.10.2  Glutathione peroxidase
2.10.3 Catalase

2.11 Oxidative stress and cardiovascular

disease

Page
iii
Vi

Xi
Xiii
Xviii
XXI
xXiii
XXVi

17

20
22
23
25
26
27
27
29
31
33

35
37
37
39
40
41

Xiv



ANTIOXIDANT ACTIVITIES AND
PHENOLIC CONTENT OF EIGHT SPECIES
OF SEAWEEDS FROM SABAH

3.1  Introduction

3.2  Materials and methods
3.2.1 Chemicals
3.2.2 Raw materials
3.2.3 - Preparation of extracts
3.24 Determination of in vitro

antioxidant activity

3.25 Total phenolic content
3.2.6 Statistical analysis

3.3 Results and discussion
3.3.1 Extraction yields
3.3.2 TEAC assay
3.3.3 FRAP assay
3.34 Total phenolic content
3.35 Correlations

3.4  Conclusion

NUTRIENTS CONTENT OF TROPICAL
EDIBLE SEAWEEDS, KAPPAPHYCUS
ALVAREZII, CAULERPA LENTILLIFERA
AND SARGASSUM POLYCYSTUM

4.1  Introduction

4.2  Materials and methods
4.2.1 Chemicals
4.2.2  Sample preparation
4.2.3  Proximate composition
4.2.4  Dietary fiber
4.2.5 Vitamin C (ascorbic acid)
4.2.6  Vitamin E (a-tocopherol)
4.2.7  Minerals and trace elements
4.2.8  Carotenoids and chlorophylls
4.2.9 Fatty acid profile
4.2.10 Amino acid profile
4.2.11 Statistical analysis

4.3  Results and discussion
4.3.1  Macro- and micro-nutrient

composition

4.3.2 Fatty acid profile
4.3.3 Amino acid profile

4.4  Conclusion

43
44
44
45
47
48

49
50
50
50
52
54
55
56
58

59
60
60
61
61
63
65
65
66
67
71
71
73
73
73

87
90
92

XV



EFFECT OF SELECTED SEAWEEDS
INTAKE ON PLASMA LIPID AND BLOOD
ANTIOXIDANT STATUS IN RATS FED
NORMAL AND HIGH-
CHOLESTEROL/HIGH-FAT DIET

5.1  Introduction

5.2  Materials and methods

5.2.1
5.2.2
5.2.3

5.24
5.2.5
5.2.6

Chemicals

Seaweed material

Chemical composition of animal
feeds

Animal and diets

Analytical procedures
Statistical analysis

5.3 Results and discussion

5.3.1
5.3.2
5.3.3
5.34
5.35

Body weight and food intake
Plasma lipids and atherogenic index
Lipid peroxidation

Enzyme antioxidants activity
Seaweed compounds

5.4  Conclusion

EFFECT OF SELECTED SEAWEEDS
INTAKE ON THE BIOCHEMISTRY AND
MORPHOLOGY OF RATS FED NORMAL
AND HIGH-CHOLESTEROL/HIGH-FAT

DIET

6.1 Introduction
6.2  Materials and methods

6.2.1
6.2.2
6.2.3

6.2.4
6.2.5
6.2.6
6.2.7

Chemicals

Seaweed material

Chemical composition of animal
feeds

Animal and diets

Analytical procedures
Histopathological studies
Statistical analysis

6.3 Results and discussion

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7

Liver

Heart

Kidney

Brain

Spleen

Lens

Seaweed compounds

6.4  Conclusion

93
95
95
96
96

97
101
105
106
106
112
121
124
128
131

133
135
135
135
135

135
136
138
138
139
139
156
170
189
196
199
200
202

XVi



7 SUMMARY, GENERAL CONCLUSION AND
RECOMMENDATIONS FOR FUTURE
RESEARCH

REFERENCES

BIODATA OF STUDENT
LIST OF PUBLICATIONS

204

209
253
257

XVii



Table

3.1

3.2

3.3

4.1

4.2

4.3

4.4

4.5

4.6

4.7

5.1

5.2

5.3

5.4

5.5

LIST OF TABLES

Extraction yield of seaweeds methanolic and diethyl ether
extracts on dry weight basis (DW)

Antioxidant activities of seaweeds methanolic extracts
determined by TEAC and FRAP assays

Total phenolic (TP) contents of seaweeds methanolic dry
extracts expressed as phloroglucinol equivalents (PGE)

Gradient program used for the separation of seaweed pigments

Nutrient composition of seaweeds K. alvarezii, C. lentillifera
and S. polycystum (mean + S.E.M., % dry weight of sample)

Calibration relations, method precision and retention times for
the different pigment standard analyzed

Carotenoids and chlorophylls content of seaweeds K. alvarezii,
C. lentillifera and S. polycystum (% dry weight of sample)

Pigment identified of acetone extract of S. polycystum by LC-
DAD-ESI(+) without standard available

Fatty Acid Content (% of total fatty acid content) of
K. alvarezii, C. lentillifera and S. polycystum

Amino Acid Content (mg/g dry weight of sample) of
K. alvarezii, C. lentillifera and S. polycystum

Ingredients of the experimental diets (1000g feed/batch)
Proximate composition and total energy (kcal/100g feed) of
the experimental feeds, and calories intake of rats from eight

experimental diets

Body weight gain of rats of all groups after 16 weeks of
experimental diet

Total cholesterol (TC) in plasma of rats during experimental
period

Low-density cholesterol (LDL-C) in plasma of rats during
experimental period

Page

o1

53

55

70

74

81

82

83

88

91

98

100

108

114

116

Xviii



5.6

5.7

5.8

5.9

5.10

5.11

5.12

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

High-density cholesterol (HDL-C) in plasma of rats during
experimental period

Triglycerides (TG) in plasma of rats during experimental
period

Atherogenic Index (LDL-C/HDL-C) of all groups at the end of
the experimental period

Malondialdehyde (MDA) level in plasma of rats during
experimental period

SOD activity in plasma of rats during experimental period

Glutathione peroxidase (GSH-Px) activity in plasma of rats
during the experimental period

Catalase (CAT) activity in plasma of rats during the
experimental period

Liver weight and hepatosomatic index (liver weight/terminal
body weight x 100) of rats at the end of the experimental
period

Quantitative histology in liver of experimental groups
(MeantS.E.M.)

ALT (U/L) in plasma of rats during the experimental period
AST (U/L) in plasma of rats during the experimental period
GGT (U/L) in plasma of rats during the experimental period

Malondialdehyde level and enzymic antioxidants activities in
liver of rats at the end of the experimental period

Heart weight (g) and cardiosomatic index (organ weight/body
weight x 100) of rats at the end of the experimental period

Quantitative histology scores of lesion in the heart of
experimental groups (Mean+S.E.M.)

Creatinine kinase (CK) of plasma of rats during the
experimental period

Creatinine Kinase-MB (CK-MB) isoenzyme of plasma of rats
during the experimental period

118

119

121

122

125

126

128

141

142

148

150

152

154

157

158

166

166

XiX



6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

Malondialdehyde level and enzymic antioxidants activities in
heart of rats at the end of the experimental period

Kidney weight and nephrosomatic index (kidney
weight/terminal body weight x 100) of rats at the end of the
experimental period

Quantitative histology in kidney of experimental groups
(MeantS.E.M.)

Urea (mmol/L) in plasma of rats during the experimental
period

Creatinine (umol/L) in plasma of experimental rats during the
experimental period

Uric acid (mmol/L) in plasma of rats during the experimental
period

Malondialdehyde level and enzymic antioxidants activities in
kidney of rats at the end of the experimental period

Brain weight and encephadosomatic index (organ
weight/terminal body weight x 100) of rats at the end of the
experimental period

Quantitative histology in brain of experimental groups
(MeantS.E.M.)

Malondialdehyde level and enzymic antioxidants activities in
brain of rats at the end of the experimental period

Spleen weight and splenosomatic index (organ weight/terminal
body weight x 100) of rats at the end of the experimental
period

Malondialdehyde level and enzymic antioxidants activities in
spleen of rats at the end of experimental period

167

170

171

179

181

183

186

190

192

194

196

199

XX



Figures

2.1

2.2

2.3

24

2.5

2.6

3.1

3.2

4.1

4.2

4.3

LIST OF FIGURES

Photograph of various colour strains of K. alvarezii and one strain
of Eucheuma denticulatum (place middle top) cultivated in Banggi
Island, Sabah

Photograph illustrated seaweed cultivation using floating long-line
system which works well in deep water areas. Farmers harvesting
seaweed that grows on nylon line (located at Semporna waters,
Sabah)

Photograph illustrated another seaweed cultivation method using
the floating raft method made from square bamboo timber frame
and seaweeds attached to the rope (located at Banggi Island,
Sabah)

Photograph of Caulerpa lentillifera or also known as “lato”
collected from Semporna waters, Sabah

Photograph of Caulerpa racemosa collected from Kota Kinabalu
waters, Sabah

Photograph of Sargassum polycystum collected from wild
population at Kota Kinabalu waters, Sabah

Correlation of FRAP and TEAC values of seaweed methanolic dry
extracts from (1) Kappaphycus alvarezii, (2) Eucheuma
denticulatum, (3) Halymenia durvellaei, (4) Caulerpa lentillifera,
(5) Caulerpa racemosa, (6) Dicyota dichotoma, (7) Sargassum
polycystum, (8) Padina spp, (9) BHT and (10) Quercetin

Correlation of FRAP and TP content of seaweed methanolic
extracts from (1) Kappaphycus alvarezii, (2) Eucheuma
denticulatum (3) Halymenia durvellaei, (4) Caulerpa lentillifera,
(5) Caulerpa racemosa, (6) Dicyota dichotoma, (7) Sargassum
polycystum and (8) Padina spp.

LC-ESI(+)-MS chromatogram of acetone extract from K. alvarezii
(1) lutein (RT =12.63 min), (2) chlorophyll a (RT = 27.38 min)

LC-ESI(+)-MS chromatogram of acetone extract from C. lentillifera
(1) lutein (RT = 12.62 min), (2) chlorophyll b (RT = 22.03 min), (3)
chlorophyll a (RT = 27.42 min), (4) phaeophytin a (RT = 42.55 min)

LC-ESI(+)-MS chromatogram of acetone extract from S. polycystum
*(1) fucoxanthin (RT = 6.95 min), *(2) dinoxanthin (RT = 8.42 min),
(3) zeaxanthin (RT = 12.57 min), (4) chlorophyll b (RT = 22.00 min),
(5) chlorophyll a (RT =27.37 min), * means tentative identification

Page

11

11

14

14

16

57

57

79

80

80

XXi



4.4

4.5

4.6

4.7

4.8

4.9

5.1

5.2

5.3

6.1

6.2

On-line UV-vis spectra of fucoxanthin as obtained by LC-DAD
analysis of acetone extract of S. polycystum

Mass spectra of fucoxanthin via ESI(+) interface

On-line UV-vis spectra of dinoxanthin as obtained by LC-DAD
analysis of acetone extract of S. polycystum

Mass spectra of dinoxanthin via ESI(+) interface

Molecular structure of fucoxanthin

Molecular structure of dinoxanthin

Body weight of rats fed with normal (N) and high-
cholesterol/high-fat (HCF) diets with and without seaweeds

supplementation for 16 weeks

Photograph showing HCF rat (top) had higher amount of adipose
tissue as compared to N rat (bottom)

Photographs showing HCF+KA (top) rat, HCF+CL (middle) rat
and HCF+ SP (bottom) rat had less amount of adipose tissue
compared to HCF rat

Photograph of a liver of rat from HCF group. The liver appeared
much paler than normal, soft, mottled and fatty

Photograph of liver of rats from HCF+CL (left) and HCF+KA
(right) groups respectively. Both livers although were slightly pale
but were less fatty
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LIST OF PLATES

Photomicrograph, liver of rat from N group at necropsy showed
normal hepatic cells with well-preserved hepatic cords and devoid
of evidence of degenerative cells and inflammation [H&E, x200]

Photomicrograph, liver of rat from HCF group at necropsy showed
severe and extensive fatty changes and foci of inflammation [H&E,
x200]

Photomicrograph, liver of rat from N group at necropsy. Necrotic
and Kuppfer cells are within normal limits [H&E, x400]

Photomicrograph, liver of rat from HCF group at necropsy.
Vacuolations occur and loss of normal hepatic architecture. Note
the presence of foci of inflammation within the portal triad [H&E,
x400]

Photomicrograph, liver of rat from HCF+KA group at necropsy.
Normal parenchymal structure with occasional intracytoplasmic
vacuolation. Histological features of the hepatocytes almost bear
resemblance to that of the N group [H&E, x400]

Photomicrograph, liver of rat from HCF+CL group at necropsy.
Histological features of the hepatocytes bear resemblance to that of
the N group [H&E, x400]

Photomicrograph, liver of rat from HCF+SP group at necropsy.
Note the presence of intracytoplasmic vacuoles within the
hepatocytes but less extensive compared to that seen in the HCF
group [H&E, x400]

Photomicrograph, heart of rat from N group at necropsy. Note that
the size and orientation of the myocardial fibers are within normal
limits [H&E, x100]

Photomicrograph, heart of rat from HCF group at necropsy. Note
that most of the myocardial fibers are homogenously pinkish, lacks
nuclei and hypertrophied. Note the presence of fibroblastic
infiltration between muscle fibers (arrows) [H&E, x100]

Photomicrograph, heart of rat from HCF group at necropsy
depicting numerous intracyoplasmic “lipid” vacuolation (L)
interspersed within myocardial fibers [H&E, x400]
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6.20

6.21

Photomicrograph, heart of rat from HCF group at necropsy. In
some areas, fibrosis (F), inflammation (I), intracytoplasmic
vacuolation (V) and necrosis (N) are also evident [H&E, x400]

Photomicrograph, heart of rat from HCF+KA group at necropsy.
Note myocardial fibers are within normal appearance with
histological features bearing resemblance to that of the N group
[H&E, x100]

Photomicrograph, heart of rat from HCF+CL group at necropsy.
Note myocardial fibers are within normal appearance with
histological features bearing resemblance to that of the N group
[H&E, x100]

Photomicrograph, heart of rat from HCF+SP group at necropsy.
Note that although the orientation of muscle fibers are that of
normal appearance but the individual cardiac muscle appeared
slightly enlarged [H&E, X 100]

Photomicrograph, heart of rat from HCF+SP group at necropsy.
Note marked loss of cardiocytic mass and the heavy infiltration of
the loss areas by fibrous tissue (F). Furthermore, the remaining
cardiomyocytes are either enlarged or depicting degenerative or
necrotic changes [H&E, x400]

Photomicrograph, kidney of rat from N group at necropsy. Note the
glomeruli and tubules of kidney are within normal appearance
[H&E, x100]

Photomicrograph, kidney of rat from HCF group at necropsy. Note
the presence of mononuclear inflammatory cell infiltration (1) and
thickened glomerular basement membranes (arrow) indicating
glomerulopathy [H&E, x100].

Photomicrograph, kidney of rat from N group at necropsy at higher
magnification shows a normal structure of glomerulus and tubules
[H&E, x200]

Photomicrograph, kidney of rat from HCF group at necropsy. The
loss of whole glomerus (G) and tubular dilation (T) were observed
[H&E, x400]

Photomicrograph, kidney of rat from HCF group at necropsy. Note
the expansion of mesangium (A) [H&E, x400]

Photomicrograph, kidney of rat from HCF group at necropsy. Note
the foamy appearance (arrows) in the tubular epithelial cells [H&E,
x400]

160

161

161

162

162

172

172

173

173

174

174

XXiv



