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The strain selection and culture of Dunaliella salina!yielding
high beta-carotene were carried out in four steps, i.e. [1] field survey
and water sampling in Chon Buri, Chachoengsao, Chanthaburi and Samut-
Songkhram province for the clone selection, [2] selection of the clones
yielding high beta-carotene, [3] optimizing the culture condition for
beta-carotene production in laboratory and [4] outdoor mass culture.

It was found that nitrate and phosphate concentrations of salt pond

water samples increased with increasing sal&nity and decreasing pH.

The number of D. salina was highest (1.5x10 cell/ml) at 300 ppt. :
Six clones of D. salina were isolated from salt ponds in Samut Songkhram
by the single cell isolation technique and clonal culture were made in
ESM medium. Thereafter, the selection process was conducted by .culturing
the cells in three levels of galinity,.e. 10, 20 and 30% NaCl (w/v) in

J/1 medium at 20,000 lux light intensity. The isolated clone DS91008 was
selected. This clone produced the highest carotenoid content (80.4 pg/cell
in 30% NaCl).

Growth rates of D. salina were not different at three light
intensities (5,000, 10,000 and 15,000 lux). The carotenoid contents
increased with increasing light intensity and the cells colour changed
from green to orange. The growth rate was reduced by the decreasing nitrate
concentration. Increasing the light intemsity and reducing nitrate
concentration affected the rising carotenoid content which consisted merely
beta-carotene (98%). At KNO, 0.1 g/1 (10% of J/1 medium) and 20,000 lux
light intensity, D. salina could accumulate carotenoid up to 137.2 pg/cell
or 12% beta-carotene (ash free dry weight (AFDW)). The phosphate
concentration and initial pH affected growth rate but did not significantly
change the carotenoid content. 2

The outdoor mass culture of D. salina was conducted in 9.1 m
raceway pond with a paddle wheel for the water circulation. The cultivation
provided specific growth rate of 0.15 gr the doubling time of 4.62 days.
The maximum biomass was 12.04 g-AFDW/m~ at day 22. Algal cells were
harvested and dried by the freeze dry method and oven drying method (70°C)
The freeze dried algal powder contained significantly higher beta-carotene
content (5.9% /AFDW) than the oven dried method (1.9% /AFDW) .
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ﬂ”l‘iﬂﬂlﬂﬂﬂﬁ’mmﬁuﬂ”ﬂ‘liI.W’lul.gﬂsl Dunaliella salina w’lwwanamumﬂﬂimu
'muuqaamﬁu L ?Jumuﬂa (1) n’msmswmﬂﬁmnuﬂ"Lnumamqu"mnmmaa‘luaqmﬂﬁam
autaqwm auvnﬁ uagdamIsansn (2) ﬂﬂLﬂﬂﬂﬂﬁﬂwuﬁw‘lﬂwﬂwﬂﬂl‘lJﬂ’lﬂ'ﬁiVluﬁ\'l (3) naa
ﬂﬁﬁﬂ']’]"ﬂ'ﬁm'\uLgﬂxl‘VIl.'MN’l"ﬁuﬂaﬂ’liL’-)‘imllﬂ minaﬂmmﬂ'ﬂiwu‘luvmﬂgum'ﬁ uay (&)
n'ﬁLm%gﬂqmmﬂwanmmm wm'\mamwmﬂu‘luu'nnaam%u Ul asnuaswedL Wa
‘luma"quﬁu'lu?Jm i pH anae Uz IuLYed D. salina um'\uvm'muuaqdﬂ (1. 5x104
cell/ml -) MATMLAN 300 ppt mnmsuﬂnﬁwwuﬁ D. salina LWEJﬂ'\‘iLW’\”Lgil\lQ’Iu’Ju 6
mﬂwuﬁqqnuﬂmLnaa'«l\iwdﬂﬁuwsmﬂi'\uﬂ'zmﬁ single cell isolation uWJJ'ILW'l”LgﬂQ
WU monoclonal culture Tuaﬂﬂ'\itgﬂuﬁaﬁﬂ‘s I/1 7 3 TERUAMNLANAD 10, 20 URY
30% NaCl (w/v) AL RGNS 20, 000 &nd wm'\muwuﬁ DS91008 ‘lmsmmm‘[ivmauﬂ
ﬂqwﬁﬂ 80.4 pg/cell AANL Ay 30% NaCl

mivwmaqmmﬁ’msmwm'\mﬂmm 5,000, 10,000 WUAY 15,000 and wunn
D. salina uam'm'ﬁLQim“lmmnmqnuum'smcuﬂﬂ‘muaam”qu?zfuLuaﬂ’nmﬁuuﬁqmwua"
Lgndaziuasuiuddn Tusos vnmiamimm'lume"m’lﬁ’amﬂmimmaﬂaquavuimmﬂﬂi-
wuaﬂmwu%u 31 a3 eimuInAn T STaEALDBUNA (98%) fauanan e NssfuamL fufuea
KNO, 0.1 g/1 (10% 283gns 3/1) uagamiLduuge 20,000 And D. salina §WNI0RTEN
anlsmineflfee 137.2 pg/cell win 12% Lumﬂﬂimmumummwﬂs'm'mLt‘h (ash
free dry weight (AFDW)) FMIuUIuamad L Wause pH unaﬂaam'mﬁiLqmum"luuwﬂm <
USunannTsawd

YIARELLINELAEY D. salina Tula L ABEMI wnaN U aan 9.1 m’  A7NaN
20 . u‘luwvmuumuum‘luua‘lmuﬁmu adad LNty 1#aanTIn1T1a3R L HERaN
gMIWIINY 0.15 ma'l%h 81 L.62 1u‘1ummuuﬁamﬁuﬁaum 'lﬁwawama'mswmaﬂ
12.0L4 NIN/ATY. ‘lmuw 22 ‘ZlEl\lﬂ’]iLW'\"Lgﬂxi LLﬂ"v‘.ﬂl‘UiﬂuWIE]'LJ'Jﬁﬂ’]iVl’\E‘i"mﬁ'mLMQﬂ’JH’Jﬁ
freeze dry Uag 1mm"hJauv1 70°C WU'J")ﬁ'M‘i"IHlI.VIxW\N"lUﬂ’]‘i freeze dry R:NUSHIMUAN
A1199M 5.9% (AFDW) ‘lu‘llm.,VIﬁ'MT\HVIBULWNuUiJJ’IEUI.U?\’lﬂ"\T‘iVluLWEN 1.9% (AFDW)

MY MEIENERAIAIIED e awlovonan ... al

UM ‘?}ﬂwmmqwma ....................................... Muiloroininm:

P
I 15ANHT 2535 e Mooy iMYSnEIN



Vi

O R
) A
!‘%,’/riq"“"‘a\u\\ 3
SOIY

ACKNOWLEDGEMENT NP
I would like to express my deepest gratitﬁde to my
advisor Prof. Piamsak Menasveta and Asst. Prof. Suchana Wisessang
for their advices and supports throughout this research, Dr.
Somkiat Piyatiratitivorakul and Dr. Wilaiwan Utoomprurkporn

kindly serve as the thesis committee.

My acknowledgment 1is also expressed to Dr. Aran
Incharoensakdi, Dr. Sanha Panichjayakul, Dr. Padermsak
Jarayabhand for their useful suggestions; Dr. Avigad Vonshak
kindly gave me opportunity to attend the algal biotechnology
training course in Israel; Prof. A. Ben-Amotz, Prof. R.W. Hoshaw,
Dr. M.A. Borowitzka and Ms. Haydee Montoya kindly supplied me the

information of Dunaliella.

I would like to thank you Mr. Supot Sophachai, Miss Jira
Promjaroen, Miss Saranya Phunpruek, Miss Pouranee Limpisut, Miss
Busaya Apichaisathaienchote and friends in Marine Science
Department for their help in laboratory works and, moreover,
Mr.Tui, Tum and saa, staff of Angsila Marine Biological Station

for the mass culture work.

Last but not 1least, the greatest gratitude to my
parents, father, mother and grandfather for their understanding

and encouragement.

This research was supported by National Center for
Genetic Engineering and Biotechnology, Ministry of Science,

Technology and Environment.



TABLE OF CONTENTS

Bngligh AURETACE .  rishieis s coainds Sx e e Sa AP i Y
Thai RDELEREL i b gur oo rbhonnesseasfineesdas ks \'4
Acknowledgement ...}........................‘........... vi
Hist Of HADLe8 <. uesves MRS o S Ot e |

LIGE Of PLOMERE Vs v vs Gas b Sl b s an s 6n a6 008 sin alnpie bh¥ oot X

Chapters
I. Introductionswr., s St biv e s s s ssicas el
1l Materials Epd MOENOAS SS6c i se'a oo RS 1)
ITE. ROBUILE o Al o s d s Ny sv s s nls S oo ¥ o B8 29
IvV. DisSCUSBLIONS ./, ekl asd s b« o W e e o5 D s 70
V. Conclusion and recommendation ............ 84
References ., ...ceeeeceiesasssy R R R s s oenons
Appendix ..... D PRPS . 2 - s iia 0 s st e 0 e s s

Biographical data of autBlor—rrrrerie. M. .. o's srEnaa ens s 119



Table

viii
LIST OF TABLES

Page
Location and characteristics of water samples.... 30
Percent servival of the isolated D. salina
in different salinity of ESM medium.......co000+ 31

Some environmental parameters in salt ponds

at Samut Songkhram Province.......ceceeeeee AT < |
Environmental condition during the outdoor
culLIvation . .« o R0 » c 454 B i S B8

Effect of drying methods on Beta-carotene

content in D. SALENAA/.ees o5 RTINS e O R "



Figure

10

1

12

13

LIST OF FIGURES

Page
Picture of DUDALABLIR SPD:. vovevsTanmenss sisie sonns 7
Postulated pathway of all-trans and 9-cis
Beta-carotene biosynthesis in D. bardawil........ 11
Electron micrograph of a section through
Beta-carotene-rich D. bardawil......ccceeeeecacen 12
Map of the study sites.........cccieuuvne o e ik G 20
Rotary shaker illuminated with 8 white
fluorescent lamps, at 80 rpm shaking speed....... 23

Construction design of the outdoor raceway pond.. 27
Photomicrograph of orange D. salina cultured in
20%NaCl J/1 medium, 20,000 lux light intensity...
Greenish stage of D. salina cultured in 20% NaCl

J/1 medium, 4,000 lux light intensity.......... .. 32
D. viridis cultured in 20% NaCl J/1 medium at

15;000 lux light intenBrty. .. .t . civeesansnccsns 33
Correlation between pH and salinity in salt

ponds at Samut Songkhram pYRUVEBSITY | .. .o il 34
Bubble graph represent correlation between

salinity, nitrate concentration and the number

of D. salina in salt evaporation ponds........... 35
Correlation between salinity, phosphate
concentration and number of D. salina in salt
evaporation ponds....ccecececscsrsenossccscsccsoons 35
Specific growth rate of D. salina clones

cultured in J/1 medium at salinity 10% NaCl...... 37

ix

32



Figure
14

15
16.
17
18
19

20

21

22
23

24
25
26

27

Page
carotenoid content of D. salina clones
cultured in J/l medium at salinity 10% NaCl...... 37
Specific growth rate of D. salina clones
cultured in J/l medium at salinity 20% NaCl...... 38
Carotenoid content of D. salina clones
cultured in J/1 medium at salinity 20% NaCl...... 38
Specific growth rate of D. salina clones
cultured in J/1 medium at salinity 30% NaCl...... 39
Carotenoid content of D. salina clones
cultured in J/1 medium at salinity 30% NaCl...... 39
Specific growth rate of D. salina culﬁured
in three light iptenSities....Ws.coceeciscesevises 41
Carotenoid, Beta-carotene and Chlorophyll-a
content of D. salina cultured in three light
InEEnS It Ies . . i v o TR IRR S & & st iy s o o o 41
Absorption spectra of D. salina cultured in
different light™IntenBIIOE T T ™ . . (o voni v nndio éo o 42
HPLC overla& CHromategranr oD ERling i eiee . 43

HPLC chromatogram of B-carotene isomer separation

of greenish stage D. SaliNA¢ccecececccsssnnvncess 44

HPLC chromatogram of B-carotene isomer separation

of orénge s8tage D. SALINE. ieosvnssiwpmecabiois dvis 45
Discriminant analysis for cell length and width of
D. salina cultured ip four light intensities..... 47
Effect of KNO; concentration in J/1 medium on
specific gfowth rate OFf D. BALIDA v cordoisnmscs os 48
Effect of KNO; concentration in J/1 medium on

carotenoid content of D. salina



Figure

28
29
30
31
32
33
- 34
35
36
37
38

39

40
41

42
43

Page
Effect of KNO; concentration in J/1 medium on
chlorophyll-a content of D. salinad....ccececeeeses 50
Effect of KNO; concentration on carotenoid to
chlorophyll-a o T VT AN DA e PO L S 51
Effect of KH,PO, concentration in J/1 medium on
specific.-growth rate of D. 8aliNg. . cosivesascsss 53
Effect of KH,PO, concentration on
carotenoid content of-D. galinad. . - cecaccerecinoes 54
Effect of KH,PO, concentration on
chlorophyll-a contefit of Di-salina......ccoccecee 55
Effect of KH,PO, concentration on carotenoid to
"chlorophyll—a b5 o T BT i~ i NI N BRI FGE O <~ SN 56
Effect of pH on specific growth rate of
D. salina...............; ........................ 57
The pH variation throughout experiment .......... 57

Effect of pH on carotenoid content of D. salina.. 58
Effect of pH on chiorophyll—a content of |

D BRRIE L X e e S AT S e S e ek 59
Effect of pH on carotenoid to chlorophyll-a ratio

o o R ¥ 0D R (- SNy | N St N T SR I 60

Correlation between cell number and AFDW

OFf D BBLIRE: v s s34 s s s aased vnor b I e e 6458 6 anh s « 53
D. salina outdoor raceway pond......... v Cee vew 63
Four blade paddle wheel driven by moter and

reducing gear for the water circulation.......... 63
Growth curve of D. salina outdoor cultivation.... 64

Scatter plot of culture medium temperature and

air temperature during the outdoor experiment.... 65

xi



Figure

44

45

46

xii

Page
Plotting between light intensity and dissolved
oxygen in algal culture pond.....cccceocececcevcscs 66
Green D. viridis (small cell) contaminated
InD. BhlinE Mats CUlbure DARd. . s e naneiie 68

D. salina was eaten by the protozoé. The algal
cell could be seen as an orange spot inside

the el il i o i v o S e e i e s R %

. 68



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

