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ABSTRACT 

The objective of the study was to detennine pro-vitamin A (~-carotene), vitamin BlI 
vitamin ~ and vitamin 63 in three Sabah edible seaweeds namely red seaweed, 
Kappaphycus alvarezi;, green seaweed, cau/erpa /entillifera and brown seaweed, 
Sargassum polycystum. Pro-vitamin A (~-carotene), vitamin B1 and vitamin ~ were 
identified and quantified using High Perfonnance Uquid Chromatography with reversed 
phase C1S column. Vitamin ~ was identified by using Uquid Chromatography - Mass 
Spectrometry for shorter analysis time and better accuracy. K. a/varezii was found to 
contain J3-carotene (2.33 ± 0.25 mg/lOOg of dry weight), vitamin 61 (1098.40 ± 46.79 
mg/lOO g of dry weight) and vitamin ~ (67.63 ± 5.15 mg/100 g of dry weight) which 
were significantly higher (p<0.05) for vitamin 61 and ~ among the three seaweeds but 
significantly lower for f3-carotene among the three seaweeds. Meanwhile, C /entillifera 
contained ~carotene (112.36 ± 0.28 mg/100 g of dry weight) with higher significant 
difference (p<0.05) among the three seaweeds, vitamin 61 (15.57 ± 0.25 mg/100 g of 
dry weight) which Is significantly lower than the vitamin B1 content In K. alvarezli and 
vitamin ~ was detected. S. polycystum was analysed to contain ~carotene (49.29 ± 
0.52 mg/100 g of dry weight) which is significantly higher than the J3-carotene content 
in K. alvarezl/ and vitamin ~ was detected as well. However, there were no significant 
differences (p>0.05) between C lentillifera and S. po/ycystum in vitamin 61 content. In 
conclusion, K. alvarezii contained the highest content of vitamin B1 and B2 while C 
lentillifera contained the highest amount of ~-carotene among the three seaweeds. 
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ABSTRAK 

PENEN7UAN VITAMIN A DAN 8 DALAM TIGA SPESIS RUMPAI LAUT SARAH YANG 
BOLEH DIMAKAN 

Tujuan kajlan Inl adalah untuk menentukan Pro-vitamin A (p-karoten), vitamin 8b 

vitamin 82 and vitamin 83 di dalam tiga rumpai laut Sabah yang boIeh dimakan iaitu 

rumpai laut merah, Kappaphycus alvarezi~ rumpai laut hiJau, OJulerpa lentillifera and 
rumpai laut perang, Saryassum po/ycystum). Pro-vitamin A (fJ-kerotin), vitamin 81 and 
vitamin 82 telah dikenalpasti dan ditaksir dengan penggunaan Kromatografi Cecair 
Prestasl T1nggl dengan kolum C18 fasa berballk. Vitamin 83 pula dikenalpasti dengan 
Kromatografi Cecair - Spektrometri Jisim untuk pemendekkan masa analisa dan 
ketepatan. K. alvarezii didapati mengandungi /3-karoten (2.33 :t 0.251T1Q1100Q berat 
kerfng), vitamin 81 (1098.40:t 46.79 mgjl00 9 berat kerfng) and vitamin 82 (67.63:t 
5.15 mg/l{)() 9 berat kering) dengan perbezaan lebih tinggi yang signifikan (p<0.05) 
bagi vitamin 81 dan 8] tetapi perbezaan signifikan yang lebih rendah (p<O.05) bag; p
karoten antara ketiga-tiga rumpai laut. Sementara itu, C lentillifera mengandungi fJ
karoten (112.36:t 0.28 mg/l00 9 berat kering) dengan perbezaan signifikan yang 
tinggl (p<O.05) antara ketiga-tiga rumpallaut, vitamin 81 (15.57 % 0.25 mg/l00 9 
berat keting) and vitamin 83• S. po/ycystum telah dianalisa mengandungi fJ-karoten 
(49.29 :t 0.52 mg/l00 9 berat keting) dan vitamin 8l . Akan tetapi, didapati tiada 
perbezaan yang slgnlflkan (p>0.05) antara C lentlllifera dan S. po/ycystum dalam 
kandungan vitamin 81• Kesimpulannya, K. alvarezii mengandungi kandungan vitamin 81 

dan 8.1 yang paling tinwi manakala C lentil/item mengandungi kandungan p-karoten 
yang paling tinggi di antara ketiga-tiga rumpai laut. 

vi 



TABLE OF CONTENT 

TITLE 

DECLARATION 

CERTIFICATION 

ACKNOWLEDGEMENT 

ABSTRACT 

ABSTRAK 

CONTENTS 

UST OF TABLES 

UST OF FIGURES 

UST OF ABBREVIATIONS 

UST OF SYMBOLS 

CHAPTER 1: INTRODUCTION 

1.1 Background Of Study 
1.2 Objectives 

CHAPTER 2: LITERATURE REVIEW 

2.1 Seaweeds In the wor1d and Malaysia 
2.2 aassification of seaweeds 

2.2.1 Chlorophyta 
2.2.2 Phaeophyta 
2.2.3 Rhodophyta 

2.3 Vitamins 
2.3.1 VItamins In foods 
2.3.2 Vitamins in seaweeds 
2.3.3 Provitamin A (l3-carotene) 
2.3.4 VItamin Bl (ThIamin) 
2.3.5 Vitamin 82 (Riboflavin) 
2.3.6 Vitamin ~ (Niacin) 

2.4 Application of LC-MS In vitamin analysis 

CHAPTER 3: MATERIALS AND METHODS 

3.1 Samples Collection and Preparation 

vii 

Pages 

I 

ii 

III 

iv 

v 

vi 

vII 

ix 

x 

xii 

xlii 

1 
5 

6 
8 
9 
11 
14 
17 
17 
17 
19 
20 
21 
23 
24 

26 



3.2 Determination of Provitamin A using HPLC 
3.2.1 Extraction 
3.2.2 HPLC Separation of ~-carotene 

3.3 Determination of Vitamin 81 and ~ using HPLC 
3.3.1 Extraction 
3.3.2 Quantification of Vitamin B1 and ~ 

3.4 Determination of Vitamin ~ using LC-MS 
3.4.1 Extraction 
3.4.2 Identification of Vitamin B.3 on LC-MS 

3.5 Statistical Analysis 

CHAPTER 4: RESULTS AND DISCUSSION 

26 
26 
28 
28 
28 
29 
30 
30 
30 
31 

4.1 Provitamin A (~-carotene) Content 32 
4.2 Vitamin B1 (Thiamin) and Vitamin B2 (riboflavin) Content 38 
4.3 Presence of niadn (nicotinamide) 43 

CHAPrER 5: CONCLUSION AND SUGGESTIONS 

5.1 Condusion 
5.2 Suggestions 

REFERENCE 

APPENDIX 

viii 

53 
53 

55 

61 



UST OF TABLES 

Page 

Table 4.1 Provitamin A (J3-carotene) content of three species of 
Sabah seaweeds. 33 

Table 4.2 Beta-carotene content of other green, brown and red 
seaweeds. 34 

Table 4.3 Vitamin B1 and vitamin 8:2 content of three species of Sabah 
seaweeds. 19 

Table 4.4 Vitamin B1 and vitamin 8:2 content of other green, brown 

and red seaweeds. 40 

Table 4.5 The stiltu& of vitamin ~/& availability in variou& 5&aweeds 52 

Ix 



UST OF FIGURES 

Page 

Figure 2.1 caulerpa lentillifera 11 

Figure 2.2 Sargassum poIycystum 14 

Figure 2.3 Kappaphycus alvarezii 16 

Figure 4.1 Molecule structure of ~carotene. 32 

Figure 4.2(a) Chromatogram of f3-carotene standard at the concentration 
of 1000 ppm. Peak 1: f3-carotene compound. 36 

Figure 4.2(b) Chromatogram of C lentil/ifera species after extraction. 
Peak 1: f3-carotene compound. 36 

Figure 4.2(c) Chromatography of S. polycystum after extraction. 
Peak 1: f3-carotene compound. 37 

Figure 4.2(d) Chromatography of K. alvarezii after extraction. 
Peak 1: f3-carotene compound. 37 

Figure 4.3 Molecule structure of thiamin. 38 

Figure 4.4 Molecule structure of riboflavin. 38 

Figure 4.S(a) Chromatogram of vitamin B1 and vitamin ~ standard. 
Peak 1: vitamin Bl ; 2: vitamin B2• 41 

Figure 4.S(b) Chromatogram of K. alvarezii after extraction. 
Peak 1: vitamin Bl ; 2: vitamin ~. 42 

Figure 4.S(c) Chromatogram of C lentillifera after extraction. 
Peak 1: vitamin B1• 42 

Figure 4.S(d) Chromatogram of S. polycystum after extraction. No detection. 43 

Figure 4.6 Molecule structures of vitamin ~ (nicotinamide). 44 

Figure 4.7(a) Chromatogram and mass spectrum of nicotinamide standard at 
1000 ppm. Peak 1: nicotinamide. 4S 

x 



Figure 4. 7(b) Mass spectrum of nicotinamide standard (1000 ppm) at S.33e3. 
Peak 1: nicotinamide molecular mass. 46 

Figure 4.7(c) PDA absorption spectrum of nicotinamide standard (lOOOppm). 
Peak 1: nicotinamide. 47 

Figure 4.8( a) Chromatogram and mass spectrum of vitamin ~ extract from 
C lentil/itera. Peak 1: vitamin 8.3. 48 

Figure 4.8(b) Mass spectrum of nladn extract from C lentll/lfera at 659. 
Peak 1: vitamin ~. 49 

Figure 4.8(c) PDA absorption spectrum of nladn extract from C lentll/lfera. 
Peak 1: vitamin ~. 50 

xi 



AACC 

ADP 

ATP 

API 

BKT 

DCM 

DNA 

ESI 

FAD 

FMN 

HN-APCI 

HPLC 

KOH 

LC-MS 

MeOH 

NAD 

NADP 

PDA 

PI 

PlFE 

RNA 

THF 

UPLC 

UV-Vls 

UST OF ABBREVAnON 

American AssocIation of Cereal Chemists 

Adenosine diphosphate 

Adenosine triphosphate 

Atmospheric Pressure Ionisation 

Butylated hydroxytoulene 

Dichloromethane 

Deoxyribonucleic acid 

Electrospray ionization 

Flavin Adenine Dinucleotide 

Ravin mononucleotide 

Heated nebulizer-atmospheric pressure chemical Ionization 

High Performance Uquid Chromatography 

Potassium hydroxide 

Uquid Chromatography- Mass Spectrometry 

Methanol 

Nicotinamide Adenine Dinucleotide 

Nicotinamide Adenine Dinucleotide Phosphate 

Photodiode array 

Positive ion 

Polytetrafluoroethylene 

Rlbonudelc acid 

Tetrahydrofuran 

Ultra Performance Uquld Chromatography 

Ultraviolet-visible spectrophotometry 

xli 



UST OF SYMBOLS 

°C Degree Celsius 

< Less than 

:l: plus or minus 

mg milligram 

ml mlllliltre 

% percentage 

nm nanometre 

~g microgram 

a alpha 

J3 beta 

m/z mass to charge ratio 

M molar 

m metre 

vlv volume to volume ratio 

V Volt 

eV electronvolt 

N normal 

ppm parts per million 

ppb parts per billion 

ReF relative centrifugal force 

RE retinol equivalent 

psi pounds per square inch 

xiii 



CHAPTER 1 

Introduction 

1.1 Research background 

Seaweed has been a food source for populations in Asia since the beginning of time 

speclflcally In Japan and China. In China, seaweed was regarded as a luxurious 

delicacy for the king and the most honourable guest during 600 B.C. Meanwhile, in 

Japan, It has been used In cooking ever since the eighth century (Olapman and 

Chapman, 1980). BesIdes being a food source for humans, seaweeds were utilised in 

many other ways such as the source of agar, alginate, carrageenan, fertilizers, animal 

feed, as biomass for fuel, cosmetics, Integrated aquaculture and waste water 

treatment. Today, the seaweed Industry are produdng a wide range of products with 

the estimated total value of US$ 5.5-6 billion whereby food products for human 

consumption conbibute US$ 5 billion of the total estimated value (McHugh, 2003). A 

total of 7.5-8 billion tonnes of wet seaweed which are harvested from naturally 

growing and cultivated seaweed have been used In the Industry annually (McHugh, 

2003). 

Malaysia's geographical settings provide habitats that encourage the 

proliferation of seaweed in the country. According to Phang (2006), Malaysian marine 

algae had reached the total of 375 specific and Infraspeclflc taxa consisting 

Chlorophyta, Rhodophyta, Phaeophyta and Cyanophyta. Seaweed or benthic marine 

algae Is mainly categorized Into three major groups which are Phaeophyta (Brown), 

Rhodophyta (Red) and Chlorophyta (Green) according to its pigmentation. The main 

uses of brown, red and green seaweed are as food and the extraction of hydrocollolds. 



The difference between the seaweed Is the type of hydrocolloid extracted such as 

alginate, agar and carrageenan (McHugh, 2003). 

Sabah has a wide range of edible seaweeds with substantial benefits to human. 

Kappaphycus alvarezii (Rhodophyta), caulerpa lentillifera (Ollorophyta) and Sargassum 

poIycystum (Phaeophyta) are edible seaweeds found In the waters of Sabah (Zemke

White and Ohno, 1999; Phang, 2(06). Besides having the common nature as the 

source of food, C. lentlllifera has medldnal value In lowering high blood pressure 

(Trono, 1999). According to Darcy-Vrillon (1993), seaweeds are rich sources of non

starch polysaccharides, minerals and vitamin. Seaweeds contain vitamin A, vitamins 

from group B induding vitamin B12, vitamin C and vitamin E (Olapman and Olapman, 

1980; Burtln, 2003). Brown and green seaweed provide an average amount between 

500 to 3000 mg/kg of dry matter for vitamin C which is equivalent to the level in 

parsley, blackcurrant, and peppers, whereas red seaweed contains 100 to 800 mg/kg. 

In addition, it was dalmed that brown seaweeds contain higher levels of vitamin E 

than green and red seaweed (8urtln, 2003). 

The nutritional composition of seaweeds had been the Interest of many 

researchers recently. Based on the research done by McDermid and Stuercke (2003) 

on 22 species of edible HawaIIan macroalgae comprising of 6 O'Ilorophyta, 4 

Phaeophyta and 12 Rhodophyta, provitamin A (f3-carotene) was the only constantly 

detectable vitamin measured by spectrophotometer, followed by vitamin C which 

displayed detectable level through high performance liquid chromatography analysiS, 

while vitamin 811 vitamin ~ and vitamin ~ were rarely detectable under the same 

method of analysis. C lentillifera was found to contain high amount of vitamin E with 

moderate quantity of provitamin A (f3-carotene), vitamin 811 vitamin ~ and vitamin ~ 

(Ratana-arpom and Chirapart, 2006). According to a more recent research by 

Matanjun et at. (2008) on three tropical edible seaweeds found In the waters of Sabah, 

there were no signlflcant differences of vitamin C level among Eucheuma cottonii (K. 



a/varezil), C /entillifera and S. poIycystum. It was also found that S. polycystum has 

the highest level of vitamin E (a-tocopherol) compared to C /entillifera and E. cottonii. 

Seaweeds provide a wide range of vitamins which Indudes provitamin A «(3-
carotene), vitamin BlI vitamin ~, vitamin ~, vitamin C and vitamin E (Chapman and 

Chapman, 1980; McDermid and Stuercke, 2003; Burtin, 2003). For provitamin A «(3-
carotene), it is benefidal to the humans' vision (Combs, Jr., 2008). Meanwhile, 

vitamins of group B generally support and Increase the metabolism rate, maintaining 

skin health, strengthen the immune and nervous system, preventing anemia by 

promoting cell growth and division and redudng the risk of pancreatic cancer 

(Grosvenor and Smolin, 2002). As for vitamin C, it has benefits such as strengthening 

the Immune system, trapping free radicals, regenerates Vitamin E, encourage the 

absorption of iron in the intestine, forming conjunctive tissue and protidic matrix of 

bone tissue (Burtln, 2003). According to Burtin (2003), vitamin E has a role In 

preventing cardiovascular disease by Inhibiting the oxidation of low density lipoprotein 

(LDL). BesIdes that, It prevents the formation of prostaglandins and thromboxan in 

arachidonic add chain. 

Generally, seaweeds contain various types of vitamins that have potentials In 

food and pharmaceutical industries. Vitamins are required In the body for various 

physiological functions that are Important to life such as enzyme cofactors, biological 

antioxidant, cofactors for metabolic oxidation-reduction reactions, hormones and 

photoreceptive cofactor In vision (Combs, Jr., 2008). At the present time, consumers 

and the food industry has develop a huge interest on products which are commonly 

known as functional foods that can promote health and well-being (Sloan, 1999). 

Therefore, seaweeds have good potential as natural sources of functional ingredients 

due to the content of many bloactlve compounds that may have antioxidant for 

example vitamin C and vitamin E, antibacterial, antiviral and anticarcinogenic 

properties (Plaza et aI., 2008). 



Sabah is one of the largest producers of seaweed In Malaysia especially red 

seaweed (Biusing and Hashim, 2009) with high income profit to Malaysia if these 

resources were utilised especially in food and phannaceutical industries. Analysis of 

seaweeds' nutrient contents especially in vitamin contents had been well documented 

in a number of regions in the world but unfortunately, there are no comprehensive 

vitamin analysis report been done on local edible seaweed found in the waters of 

Sabah. 

The stability of vitamins Is the major concern In the usage of vitamin In food, 

diet supplements and as phannaceuticals. In most cases, fat soluble vitamins, vitamin 

C, vitamin ~, and biotin have weak stability against oxidation while some vitamins are 

prone to degradation by reaction with different factors during storage and preparation 

of sample (Combs, Jr., 2008). Thus, Identification and quantification of vitamin of 

seaweed through analysis will encourage proper handling during storage and 

processing in food and phannaceutical industries in order to preserve different vitamins 

in the products. 
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1.2 Objectives 

The objective of this study was to identify, quantify and compare provitamin A (P
carotene), vitamin 81 and ~ in red seaweed, Kappaphycus alvarez/i, green seaweed, 

OJulerpa lentillifera, and brown seaweed, Sargassum polycystum, from Sabah waters 

by using High Perfonnance Uquld Chromatography. Another objective was to Identify 

vitamin ~ in the three edible Sabah seaweeds by using Uquid Olromatography - Mass 

Spectrometry. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Seaweeds In the world and Malaysia 

seaweeds are distributed widely in all oceans of the world, but utilised in limited areas 

as food and as soli conditioners for centuries. With the Inventions from time to time, 

the extractions of extracts from seaweed have been made possible in the industry 

(Mclachlan, 1985). Seaweeds for the purpose of food are derived mainly from Ollna, 

Japan and Korea, with roughly 94% attained by cultivation. Meanwhile, alginophytes 

are harvested In 15 countries but six of these countries account for more than 80% of 

the total harvest; all are from natural stocks except for a great quantity of Laminaria 

cultivated In China. Natural carrageenophytes, from 12 countries, now account for only 

20% of the total harvest; the remainder is cultivated Eucheuma species, 99% of which 

Is produced In only two countries, the Philippines and Indonesia. Of the four categories 

of commercial resources of seaweeds considered, agarophytes are spread more evenly 

over a greater number of countries; they come from 20 countries (McHugh, 1991). 

Statistics of the resources of seaweeds worldwide are just an approxtmate 

because accurate surveys are difficult, time-consuming, and costly and can usually be 

justlfted only when IndustJ1al exploitation Is being considered. However, these 

Informations have been useful in guiding industJ1al attentions to expected locations for 

harvesting (McHugh, 1991). At the present time, there are approxtmately 221 species 

of seaweed which comprises of 32 chlorophytes, 125 rhodophytes and 64 phaeophytes 

being utilised worldwide. An estimated number of 145 species (66%) are use for food 

which includes 79 rhodophytes, 28 chlorophytes and 38 phaeophytes. More than half 

of the rhodophytes and phaeophytes are use for phycocollold production; 41 species 



for algi nates, 33 for agar and 27 for carrageenan. 24 species are use In traditional 

medidnes. About 25 species are use in agriculture, induding animal feed and fertiliser, 

while at least 2 species are use In the production of paper in Italy (Zemke-White and 

Ohno, 1999). 

The extensive ranges of products manufactured by the seaweed Industry have 

an approximated annual value of US$ 6 billion. Besides 83% of the total revenue 

contributed by food products, the remaining sum was made up by seaweed 

hydrocolloids, fertilizers, animal feed addictlves and others. The industry utilises 

appro>dmately 7.5 - 8 million tonnes of wet seaweed annually that were harvested 

from wild and cultivated seaweed. Commerdal harvesting takes place in roughly 35 

countries between the Northern and Southern Hemispheres, from cold, through 

temperate, to tropical waters (McHugh, 2003). 

Malaysia has a widespread coastline of the total 3432 km, with 418000 km2 of 

continental shelf bordered by many islands, providing various habitats for the growth 

of seaweeds. These Islands form groups along the coastlines of Peninsular Malaysia, 

and east Malaysia which includes Sabah and Sarawak (Phang, 2006). Rocky shores and 

sandy bays with mudflats and mangroves alternately, Islands with coral reefs offer 

habitats for the wide range of seaweed species found in Malaysian waters (Phang, 

1998). Equatorial dlrnate controlled by monsoon wind systems, with the Northeast 

Monsoon blowing between the period of November and March, while the Southwest 

Monsoon brings rain from May to September affects the tropical seaweed In Malaysian 

waters (Phang, 1998). The saline level of Malaysian waters range between 28 and 34 

ppt, while surface water temperature range between 27°C and 29°C. Seml-dlurnal 

tides occur on the west coast Peninsular Malaysia, while the east coast experiendng a 

mixed tidal system. Mixed tidal systems take place In Sabah and Sarawak (Phang, 

2006). 
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Malaysian marine algae had reached the total of 3'75 speciflc and Infraspedfic 

taxa consisting of 102 taxa of Chlorophyta, 182 Rhodophyta, 72 Phaeophyta and the 

remaining taxa of Cyanophyta (Phang, 2006). BaSically, seaweeds In Malaysia were 

used for the purpose of food, animal feed, fertiliser and traditional medidne (laneveld, 

1959; Hooper, 1960; Burklll, 1966; Phang, 1984). Seaweeds were harvested and 

consumed either as raw or added into salads indude the Rhodophytes, Grad/aria 

changll, Grad/aria tenulspitatiJ, E1Jcheuma (KappaphycuSj species and the 

Chlorophytes, C lentil/ifera and caulerpa racemosa. Coral/ina (Amphiroa) is mashed 

and fed to children to expel worms In the Intestines meanwhile broth made up of 

Sargassum and Turbinaria is a source of iodine and 'cools' the body system, 

traditionally used by the Chinese (Phang, 2006). Most of the seaweeds here were not 

cultivated except Eucheuma species in Sempoma, Sabah for the extraction of seml

refined carrageenan with the monthly production of 60 to 100 tonnes dry weight and 

the harvested seaweeds were sun dried on the platforms of houses constructed on the 

reefs and sold at RM1.10 (US$l = RM3.80) per kg dry weight with the moisture 

content of 32 to 35% (Phang, 2006). 

2.2 Classification of seaweeds 

Seaweeds are known as attached, macroscopic marine algae that are classified 

according to Its pigmentations of green (Chlorophyta), brown (Phaeophyta) and red 

(Rhodophyta) (Sumlch and MOrrissey, 2004). Brown seaweeds are generally large In 

size with different varieties whereby giant kelps are usually 20 m long, thick, leather 

like species ranging from 2 - 4 m in length and small,er species with the length of 30 -

60 an. As for the red seaweeds that occasionally exist In purple or brownish red 

instead of red most of the time are normally smaller size with the range of few 

centimetres to approximately a metre In length. Meanwhile, the green seaweeds are 

particulariy small in size with a similar range of sizes to the red ones (McHugh, 2003). 
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2.2.1 Chlorophyta 

Chlorophyta is one of the main groups of algae and comprising several selected marine 

orders and ganera from the tropical regions (Amsler, 2009). Chlorophyta consists of 

the second highest number of taxa in Malaysian waters with 13 species and seven 

varieties of caulerpa have been documented, primarily In coral reefs. CUrrent 

collections signify that eight of these that are still generally found are C lentil/itera, C 

peltata, C racemosa, C scalpelllfonnls, C serrulata, C sertularlodes, C tax/folia and C 

vertidllata. The coral reefs are also dominated by species of Halimeda (H. discoidea, H. 

opuntia, H. tuna), the erect coralline algae which contribute towards reef building with 

the caldum carbonate retained in their cell walls. Other green seaweeds inhabiting 

coral areas Indude Anadyomene pl/cata, Boodlea montagne~ Oadophoropsls species, 

Dictyosphaeria cavemosa, Valonia aegagropi/a, Oadophora fasclcularis, Bryopsis 

pennata, Codlum species, Udotea javensls, UdoteiJ Rabellum, Tydemmanla expedltlonls, 

8ometel/a species and Neomeris species. Several species of Enteromorpha and Ulva 

are found in the nutrient rich shores and mudflats. Enteromorpha Intestlnalls, E. 

chlathrata, Ulva lactuca and U. fasclata are commonly seen covering small rocks, 

stones, driftwood and sandy patches along beaches which are frequently visited by 

people (Phang, 2006). 

The basic characteristics of Chlorophyta are: the natural habitat Is mainly fresh 

water but it can also be found in salt water and humid land areas, the flagellate cells 

are lsokont In which the flagella are similar In structure even though they have 

different length, the chloroplast is endosed by the double membrane of the chloroplast 

envelope without additional envelope of the endoplasmic reticulum, the thylakolds 

within the chloroplast are grouped to fonn lamellae, the chloroplasts are green in 

colour due to the uncovered chlorophyll by the accessory pigments, only chlorophyll a 

and b are present in Chlorophyta, they have a characteristic set of accessory pigments 

such as xanthophylls lutein, zeaxanthin, violaxanthln, antheraxanthln and neoxanthln, 

the storage polysaccharide is starch that exists as grains, the drcular molecules of 

chloroplast DNA are concentrated In numerous small nudeolds that are widely 
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distributed in the chloroplast. All the characteristics above are also shared with higher 

plants or at least the higher plants with flagellates stages in their life cydes (Hoek et 

aI., 1995). 

caulet'pil lentlllifera (Chlorophyta) 

Classification: 

Empire Eukaryota 

Kingdom Plantae 

$ul1kinlKl9m ViriQ.~~p.I~n~~ 

Phylum Chlorophyta 

Class 8ryopsidophyceae 

QnI~ B 'd I - ryQP'~ ~.~ ~ 

Family caulerpaceae 

Genus caulerpa 

$~~ I tUrfi ~n ... ! . ~~ 

Source: Guiry and Guiry, 2009 

caulerpa lentillifera (Figure 2.1) Is an edible green algae utilised widely In fresh 

salad and it is also known as sea grapes or green caviar. Olulerpa lentil/itera has 

delicate taste and soft, succulent texture (McHugh, 1991). It naturally grows on sandy 

or muddy bottom in shallow protected waters (Barsanti and Gualtieri, 2006). 

It Is small In size, exists In loose mats on coral rubbles and rocks, to 30 mm 

tall; the terete stolon widespread, to 2 mm in diameter, bearing long, descending 

branches, to 20 mm long, with laxly branched, filiform rhizoids at the ends; the few, 
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