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I High growth rate o f H . p lu v ia l i s  NIES 144 was accomplished by culturing cells in

The Basa(l Medium containing 0.12 g/1 sodium acetate and 2.0 g/1 o f yeast extract under 12-h
dark, 12-jh light and 20 น mol m V 1 at 22° C. High content o f astaxanthin was obtained by

■
supplementation o f various concentrations o f sodium chloride and sodium acetate to the late 
vegetative growth phase. At 0.2% (พ/v) NaCL astaxanthin content was slightly increased to 15 
pg/cell aî d with acetate supplementation at 21.9 mM. astaxanthin content reached 31 pg/cell 
under 10(0 p, mol m'2 ร'1 continuous illumination. At temperature higher than 30° c  after

i
supplementation, a decrease in astaxanthin content was observed. With supplementation o f 
sodium I acetate and ferrous sulphate at light intensity 20 to 60 p. mol m‘2 ร'1, the 
astaxanthin content was not increased. The analysis o f the obtained astaxanthin by HPLC on 
reverse phase c  18 column with acetonitrile : H20  and ethvlacetate solvent system showed that 
the majority o f astaxanthin existed in the ester forms. Red cyst cells o f H . p lu v ia l i s  NIES 144 
contained 1.27% (พ/พ) as compared to 0.70% (พ/พ) in the green cells.

I
I
I

i
I
I
I

I
I
I
i

I
I
I
I

I
I
II
I
I

I
I
II

____________ !___________________________________________________________ ________________________________ _______________________

ภาควิชา..........................................  ลายมือช่ือนิสิต '1WJ..........Wifluviff li ........
สาขาวิชา.....ห.è .กฐ.tiTiMfilulot/Moงชวnriw  ลายมือช่ืออาจารย์ท่ีปรึกษา..... ^ ^ ^ . . . . .

ปีการศึกษา......,?54.9..........................  ลายมือช่ืออาจารย์ท่ีปรึกษาร่วม....................... ........



ACKNOWLEDGEMENTS
I  w o u l d  l i k e  t o  e x p r e s s  m y  d e e p e s t  g r a t i t u d e  t o  m y  a d v i s o r ,  

A s s o c i a t e  P r o f e s s o r  A r a n  I n c h a r o e n s a k d i ,  f o r  h i s  e x c e l l e n t  i n s t r u c t i o n ,  

g u i d a n c e ,  e n c o u r a g e m e n t  a n d  s u p p o r t  t h r o u g h o u t  t h i s  t h e s i s .  W i t h o u t  h i s  

k i n d n e s s  a n d  u n d e r s t a n d i n g ,  t h i s  w o r k  c o u l d  n o t  b e  a c c o m p l i s h e d .

M y  g r a t i t u d e  i s  a l s o  e x t e n d e d  t o  D r .  S u m a t e  T a n t r a t i a n ,  

D r .  S o m k i a t  P i y a t i r a t i t i v o r a k u l  a n d  D r .  S i r i r a t  R e n g p i p a t  f o r  s e r v i n g  a s  

t h e s i s  c o m m i t t e e ,  f o r  t h e i r  v a l u a b l e  c o m m e n t s  a n d  a l s o  f o r  u s e f u l  

s u g g e s t i o n s .

T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  a  g r a n t  f r o m  T h e  N a t i o n a l  

S c i e n c e  a n d  T e c h n o l o g y  D e v e l o p m e n t  A g e n c y ,  M i n i s t r y  o f  S c i e n c e ,  

T e c h n o l o g y  a n d  E n v i r o n m e n t .

S i n c e r e  t h a n k s  a r e  e x t e n d e d  t o  D r .  B u s s a b a  

R e a k u m n o u y c h o k e  a n d  a l l  m e m b e r s  o f  C y t o g e n e t i c  U n i t  o f  P a t h o l o g y  

D e p a r t m e n t ,  F a c u l t y  o f  M e d i c i n e ,  R a m a t h i b o d i  H o s p i t a l  f o r  

m i c r o s c o p i c  p h o t o g r a p h s  o f  H .  p l u v i a l i s  N I E S  1 4 4 .

S i n c e r e  t h a n k s  a r e  a l s o  e x p r e s s e d  t o  a l l  f r i e n d s  a n d  m e m b e r s  

o f  t h e  B i o c h e m i s t r y  a n d  B i o t e c h n o l o g y  D e p a r t m e n t  f o r  t h e i r  a s s i s t a n c e  a n d  

f r i e n d s h i p .

F i n a l l y ,  t h e  g r e a t e s t  g r a t i t u d e  i s  e x p r e s s e d  t o  m y  p a r e n t s  a n d  

m y  t h r e e  s i s t e r s  f o r  t h e i r  u n l i m i t e d  l o v e ,  s u p p o r t  a n d  u n d e r s t a n d i n g .



CONTENTS

P a g e

T H A I  A B S T R A C T ........................................................................................................................... I V

E N G L I S H  A B S T R A C T .............................................................................................................. V

A C K N O W L E D G E M E N T S ............................ . ...................................................................  V I

C O N T E N T S ................................................................................................................................................ V I I

L I S T  O F  T A B L E S .............................................................................................................................  X I

L I S T  O F  F I G U R E S ........................................................................................................................... X I I

A B B R E V I A T I O N S ..........................................................................................................................  X V I I

C H A P T E R  I  I N T R O D U C T I O N .......................................................................  1

C H A P T E R  I I  M A T E R I A L S  A N D  M E T H O D S ........................... 1 5

1 E f f e c t  o f  E n v i r o n m e n t a l  F a c t o r s  o n

G r o w t h  o f / / ,  p h m a l i s  N I E S  1 4 4 .....................  1 9

1 . 1  T y p e  o f  M e d i u m .......................................................... 1 9

1 . 2  T y p e  a n d  C o n c e n t r a t i o n

o f  C a r b o n  S o u r c e ............................................................  1 9

J . 3  C o n c e n t r a t i o n  o f  N i t r o g e n  S o u r c e . . . .  2 1

2  E f f e c t  o f  E n v i r o n m e n t a l  F a c t o r s

o n  G r o w t h  o f  H .  p l u v i a l i s  N I E S  1 4 4

i n  T h e  B a s a l  M e d i u m .......................................................... 2 1

2 . 1  L i g h t  I n t e n s i t y ......................................................................  2 2

2 . 2  C o n t e n t  o f  C a r b o n  a n d  N i t r o g e n

S o u r c e ..............................................................................................  2 2

2 . 3  I n i t i a l  C e l l  n u m b e r .......................................................... 2 3



V I I I

3 Effect on Environmental Factor on 
Astaxanthin Content in H. p lu via lis  
NIES 144......................................................  23
3.1 Effect o f L ight Intensity.......................  24
3.2 Effect o f Sodium Chloride................... 25
3.3 Effect o f Carbon and N itrogen...........  25

3.3.1 Effect o f C/N Content.................  25
3.3.2 Effect o f CH3COONa

(pH 7 )...........................................  25
3.4 Effect o f Temperature.............................. 25

3.4.1 Effect o f Temperature 
and Light Intensity,
Supplemented w ith NaC l...........  25

3.4.2 Effect o f Temperature 
and Light Intensity,
Supplemented w ith CH3COONa. 26

3.5 Effect o f FeS04.7H20  (pH 1.5)...........  26
4 Partial Analysis o f Astaxanthin

from 77. plu via lis NIES 144 by High 
Performance Liquid Chromatography
Method...........................................................  26

CHAPTER III RESULTS....................................................... 30
1 Effect o f Environmental Factors on

Growth o f H. p lu via lis NIES 144..............  30
1.1 Type o f Medium .....................................  30
1.2 Type and Concentration

o f Carbon Source......................................34
1.3 Concentration o f Nitrogen Source........  37



2 Effect o f Environmental Factors on
Growth o f H. p lu via lis NIES 144 
in The Basal Medium .................................  40
2.1 Light Intensity........................................  40
2.2 Content o f Carbon and Nitrogen

Source.....................................................  42
2.3 In itia l Cell Number................................ 45

3 Effect o f Environmental Factors on
Astaxanthin Content in H. p lu via lis  
NIES 144....................................................... 48
3.1 Effect o f L ight Intensity........................  48
3.2 Effect o f Sodium Chloride....................  52
3.3 Effect o f Carbon and N itrogen............. 57

3.3.1 Effect o f C/N Content..................  57
3.3.2 Effect o f CH3COONa

(pH 7 )...........................................  62
3.4 Effect o f Temperature...........................  67

3.4.1 Effect o f Temperature 
and Light Intensity,
Supplemented w ith NaC l...........  67

3.4.2 Effect o f Temperature 
and Light Intensity,
Supplemented w ith CH3COONa. 71

3.5 Effect o f FeS04.7H20  (pH 1.5)....................  75



X

4 Partial Analysis o f Astaxanthin
from H. p lu via lis NIES 144 by High 
Performance Liquid Chromatography
Method........................................................  83

CHAPTER IV  DISCUSSION................................................ 86
CHAPTER V  SUMMARY................................................... 96
REFERENCES............................................................................  98
APPEND IX ................................................................    104
BIOGRAPHY.............................................................   129



LIST OF TABLES

Page

Table 1 Carbon and nitrogen content for carbon modified
in three types o f media.......................................................... 20

Table 2 Carbon and nitrogen content for nitrogen modified
in three types o f media.......................................................... 22

Table 3 Sodium acetate and yeast extract content for The Basal
modified medium.................................................................... 22



LIST OF FIGURES

Page

Figure 1 Acyclic C40FI56 structure (I), carotene structure ( I I ) ....... 2
Figure 2 Structure o f six synthetic carotenoids..............................  3
Figure 3 Three configurations o f astaxanthin...............................   7
Figure 4 Proposed pathway for astaxanthin

biosynthesis in H. plitvialis', (A ) related 
carotenoids, which do not take part in this
pathway, are given in (B )..................................................  13

Figure 5 Vegetative green cell and red cyst cell o f
H. p lu via lis NIES 144 (X  200).......................................  27

Figure 6 Growth o f น. plitv ia lis NIES in three types o f 
media, The Basal medium (a), Medium for 
H. lacustris ATCC 30453 (b) and Modified Basal
medium (c ) w ith various in itia l cell numbers................ 31

Figure 7 Specific growth rates o f H .pluvialis NIES 144 w ith
various in itia l cell numbers in three types o f media.......  33

Figure 8 Growth o f H. plu vialis in three types o f media
containing various concentrations o f carbon source...... 35

Figure 9 specific growth rate o f H. p litv ia lis in three types 
o f media containing various concentrations o f 
carbon source....................................................................... 36



X I I I

Figure 10 Growth o f H. plu via lis in three types o f media
containing various concentrations o f nitrogen source... 38

Figure 11 Specific growth rate o f// , plu via lis in three types 
o f media containing various concentrations
o f nitrogen source..............................................................  39

Figure 12 Growth o f H. plu via lis exposed to 20, 40, and 60
p m o lm 'V 1 ........................................................................  41

Figure 13 Growth o f// , plu via lis in The Basal medium 
containing various concentrations o f sodium
acetate and yeast extract....................................................  43

Figure 14 Specific growth rate o f H. p lu via lis in The Basal 
medium containing various concentrations
o f sodium acetate and yeast extract.................................  44

Figure 15 Growth o f H. p lu via lis in The Basal medium
containing various in itia l cell numbers...........................  46

Figure 16 Specific growth rate o f H. p lu via lis in The Basal
medium containing various in itia l cell numbers...........  47

Figure 17 Growth o f H. p lu via lis in The Basal medium
under various light intensities...........................................  49

Figure 18 Effect o f light intensities on the contents o f
astaxanthin and chlorophyll by DMSO extraction
after 8 - day cu ltiva tion .....................................................  50

Figure 19 Effect o f ligh t intensities on the contents o f 
astaxanthin and chlorophyll by 90% acetone 
extraction after 8 - day cu ltiva tion .................................  51



X I V

Figure 20 Growth o fH. p lu via lis in The Basal Medium
containing different sodium chloride content ratios at 20 (a),
50 (b), 100 (c ), 150 (d), and 200 (e) JU mol m 'V 1.......  53

Figure 21 Effect o f various NaCl concentration on the
contents o f astaxanthin and chlorophyll by DMSO
extraction after 8 - day cu ltiva tion ..................................  56

Figure 22 Growth o f H. plu via lis in The Basal Medium when 
supplemented various C/N contents at 20 (a),
50 (b), 100 (c ), 150 (d), and 200 (e) p mol m 'V 1.......  58

Figure 23 Effect o f C/N contents on the contents o f
astaxanthin and chlorophyll by DMSO extraction
after 8 - day cultivation.....................................................  61

Figure 24 Growth o f H. p lu via lis in The Basal Medium when
supplemented various concentration o f sodium acetate at 
20 (a), 50 (b), 100 (c ), 150 (d) and 200 (e) p mol m 'V I63 

Figure 25 Effect o f sodium acetate concentration on the
contents o f astaxanthin and chlorophyll by DMSO
extraction after 8 - day cultivation................................... 66

Figure 26 Growth o f H. p lu via lis in The Basal Medium on
0.2 % (w /v) NaCl supplemented culture at various 
temperature under 50 (a), 100 (b ), and 140 (c )
p mol m 'V 1.........................................................................  68

Figure 27 Effect o f temperature on 0.2 % (w /v) NaCl 
supplemented culture on astaxanthin and 
chlorophyll by DMSO extraction after 
8 - day cu ltiva tion .............................................................  70



X V

Figure 28

Figure 29

Figure 30

Figure 31

Figure 32

Growth o f H. p lu via lis in The Basal Medium on 
21.9 mM supplemented culture o f sodium acetate 
at various temperature under 50 (a), 100 (b ), and
140 (c ) p mol m 'V 1.......................................................... 72
Effect o f temperature on 21.9 mM sodium 
acetate supplemented culture on astaxanthin and 
chlorophyll by DMSO extraction after 8 - day
cultivation.........................................................................   74
Growth o fH. pluvialis in The Basal Medium  
in itia lly  cultivated at 20, 40, and 60 p mol m 'V 1 and 
w ith 21.9 mM o f sodium acetate at day 4 w ith various 
concentrations o f ferrous sulphate under 140
p mol m 'V 1 at 22 °c ...........................................................  76
Effect o f ferrous sulphate on 21.9 mM  
sodium acetate supplementation after cultivated under 
20, 40, and 60 p mol m 'V 1 at day 4 and follow ing 
cultivated at 140 p mol m 'V 1 for 4 days on 
astaxanthin and chlorophyll by DMSO extraction
after 8 - day cu ltiva tion .....................................................  78
Growth o f H. p lu via lis in Basal Medium in itia lly  
cultivated at 20, 40, and 60 p mol m ' V 1 and w ith  
43.8 mM o f sodium acetate at day 4 w ith various 
concentrations o f ferrous sulphate under 140 
p mol m 'V 1 at 22°c 79



X V I

Figure 33

Figure 34

Figure 35

Figure 36

Effect o f ferrous sulphate on 43.8 mM  
sodium acetate supplementation after cultivated under 
20, 40, and 60 fi mol m 'V 1 at day 4 and follow ing  
cultivated at 140p mol m 'V 1 for 4 days on 
astaxanthin and chlorophyll by DMSO extraction
after 8 - day cultivation....................................................  81
Absorbance o f DMSO extraction o f H. p lu via lis on 
growth at day 0 (a), 2 (b), 4 (c ) and after
acetate supplementation at day 6 (d) and 8 (e).............  82
HPLC chromatogram o f standard astaxanthin (a), 
astaxanthin and its esters in green vegetative (b) and 
red cyst cell (c ) by acetone extraction using reverse 
phase C l8 column w ith acetonitrile :H20  and
ethylacetate solvent system..............................................  84
Cultures (a)and lyophilized products (b) o f
vegetative green cell and red cyst cell
o f  H. p lu via lis  m E S  144..................................................  85



ABBR EV IAT IO N S

°c degree celcius
p mol m '2 ร'1 photon density (ligh t intensity)
% percent
พ/V weight by volume
ml. m illilitre
mM m illim olar
fiM micromolar
M- specific growth rate
g gram
pg picogram (10 '12 gram)
rpm revolution per minute
min minute
nm nanometre
m metre
X wavelength o f the light
C/N ratio carbon per nitrogen balance
F1%X-* lcm the specific extinction coefficients
A absorbance
lb pound
in2 square inch
พ watt
BM The Basal medium
BBM The Basal modified medium
MFH Medium for H. lacustris

ATCC 30453
ร second
|X E m 'V 1 photon density(light intensity)
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