
CHAPTER I I I

RESULTS

G row th o f H. p lu via lis NIES 144

H. p lu via lis NIES 144 is a unicellular, motile, green alga that 
accumulated significant amounts o f astaxanthin under certain stress 
conditions as in fig. 5 The growth analysis o f / / ,  p lu via lis NIES 144 was 
determined by cell number counting with a haemacytometer and the 
specific growth rates (p) were determined as the slope on the exponential 
phase o f growth by least squares regression .

Figure 5 Vegetative green cell and red cyst cell o f H. p lu via lis  
NIES 144 ( X  200)
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Method Employed fo r the Extraction o f Astaxanth in and Chlorophyll 
from  H. p lu via lis NIES 144

1 - 3 ml o f H. p lu via lis NIES 144 cultures were extracted by 
two types o f solvent, dimethysulfoxide and 90 % acetone for astaxanthin 
and chlorophyll determination by spectrophotometry. The result indicated 
that the astaxanthin content by either dimethysulfoxide or 90 % acetone 
extraction was not different whereas the chlorophyll content by 90 % 
acetone extraction was slightly higher than that by dimethylsulfoxide 
extraction. Therefore, in later experiments dimethyl sulfoxide was 
employed as the solvent for astaxanthin and chlorophyll extraction.

1. Effect o f Environmental Factors on Growth o f H. p lu via lis
NIES 144

1.1 Type o f medium
Fig. 6 showed the 14 - day growth o f H. plu vialis  

NIES 144 in The Basal Medium, Medium fo r / / ,  lacustris ATCC 30453, 
and Bold Basal Modified Medium with various initial cell numbers o f 1,
5, 10, 15, and 20 X 104 cells per ml under 20 p mol m V 1 * * * 5 (12 h - dark ; 
12 h - light) illumination at 21- 23°c. It was found that น. p lu via lis NIES 
144 could grow best in The Basal Medium followed by Medium for 
H. lacustris ATCC 30453 and Bold Basal Modified Medium respectively. 
Fig. 7 showed growth analysis o f H. p lu via lis NIES 144 in terms o f 
specific growth rate (d '1) at the various in itial cell numbers o f three types 
o f media
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LOG CELL NO.
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LOG CELL NO.

—♦ — C E LL  N O  ( า X 1 0 4 c e lls /m l)  C E L L  N O  (5 X 1 0 4 c e lls /m l)
- ♦ - C E L L  N O  n  0X1 o 4 c e l ls /m l;  C E L L  N O  ( 15X1 o 4 c e lls /m l)
— C E L L  N O  (20X 1  o 4 c e lls /m l)

Figure 6 Growth o f H. p lu via lis NIES in three types o f media, 
The Basal medium (a), Medium for H. lacustns ATCC 30453 (b) and 
Modified Basal medium (c ) w ith various in itia l cell numbers
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■  BM Ei MFH EÜ BBM

Figure 7 Specific growth rates o f H .plm ’ia lis NIES 144 with 
various initial cell numbers in three types o f media
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1.2 Type and concentration o f carbon source
Cells were grown in three media as described in section

1. The modified medium was performed by changing the concentration o f 
carbon and used C 02 from air (no addition o f c-source) and Na2C 03 the 
same concentration o f carbon in the Basal medium. (1.2 g / 1).

Fig. 8 and 9 showed that the lowest growth occurred in 
three types o f media with Na2C 03. The cell growth was gradually 
decrease when grown in the medium containing C 02 as carbon source and 
slightly from that when grown in the range o f CH3COONa concentrations 
between 1.0 to 1.4 g /1 .
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LOG CELL NO.

TIME(days)
H------------ 1------------ 1------------ 1------------ 1------------ 1------------ 1------------

1 2 3 4 5 6 7 8

BM medium —■— BM mod.lmedium - A - BM mod.2 medium
BBM medium — BBM mod. 1 medium —• — BBM mod.2 medium

-H - BBM mod.3 medium MFH medium MFH mod.l medium
MFH mod.2 medium — MFH mod.3 medium

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

I  n r 9 y  m
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SPECIFIC GROWTH RATE (d ')

TYPE OF MEDIUM

BM BBM MFH
■  control E^MOD.l ฒ MOD.2 E3 MOD.3

Figure 9 Specific growth rate o f H. p lu via lis in three types o f 
media containing various concentrations o f carbon source
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1.3 Concentration o f nitrogen source
H. p lu via lis NIES 144 was grown in The Basal 

Medium, Medium for H. lacustris ATCC 30453 and Basal Modified 
Medium. The concentrations o f nitrogen in the Medium for H. lacustris 
ATCC 30453 and Bold Basal Modified Medium were adjusted to equal to 
that o f the Basal Medium. The cultures were incubated at 20 - 23 °c  
under 20 JL1 mol m 'V 1, 12 h - dark ; 12 h - light illumination for 8 days.

Fig. 10 and 11 showed that the specific growth rates o f 
H. plu vialis NIES 144 in The Basal Medium were better than both o f 
modified medium for H. lacustris ATCC 30453 and modified Bold Basal 
modified medium. The increase o f urea in Bold Basal Modified medium 
decreased the specific growth rate whereas the increase o f N aN 03 in 
Medium for H. lacustris slightly affected the specific growth rates.
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LOG CELL NO.

TIME (days)

0 1 2 3 4 5 6 7 8

—♦— BM medium — BBM medium —A— BBM mod.l medium
* -  BBM mod.2 medium MFH medium —•— MFH mod. 1 medium

—1— MFH med.2 medium

Figure 10 Growth o f H. p lu v ia lis  in three types o f media
containing various concentrations of nitrogen source
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■  control E2MOD.1 ร  MOD.2

Figure 11 Specific growth rate of H. p lu v ia lis  in three types of
media containing various concentrations o f nitrogen source



40

2. Effect o f Environmental Factors on Growth o f II. p lu via lis  
NIES 144 in The Basal Medium

2.1 Light intensity
H. p lu via lis NIES 144 was cultured in The Basal 

Medium with in itial cell number 5 X 104 cells per ml at 21 - 23°c . The 
light intensity was changed from 20 to 40 and 60 p mol m 'V 1 
respectively. Fig. 12 showed that the growth o f H. p lu via lis NIES 144 
was slightly different when grown in the range o f the light intensity 
between 20 to 60 p mol m 'V 1. So, in the later experiment, the light 
intensity for growth o f น. p lu via lis NIES 144 was fixed at 20 p mol 
m 'V 1, 12 h - dark and 12 h - light.
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LOG CELL NO.

20 (L molm'V ■ *— 40 |L moim zs 1 —A— 60 JL molm zs

Figure 12 Growth o f H. p lu via lis exposed to 20, 40, and 60 
JL mol m 'V 1
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2.2 Content o f carbon and nitrogen source
Cells were grown in The Basal medium with in itial cell 

number 5 X 104 cells per ml at 21 - 23 °c  under 20 |1 mol m 'V 1; 12 h - 
dark ; 12 h - light illumination. The concentrations o f CH3COONa were 
changed from 0.8 to 2.0 g / 1 and the concentrations o f yeast extract were 
changed from 2.0 to 3.0 g / 1. Fig. 13 and 14 showed that there were slight 
differences on growth when grown in the medium containing 0.8 to 2.0 g / 
1 o f CH3COONa whereas slightly higher growth rate occurred in the 
medium containing yeast extract 2.0 to 3.0 g /1.
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LOG CELL NO.

— BM mod. 1 —■— BM mod.2 — BM mod.3 —X— BM mod.4
—*É— BMmod.5 —•—BMmod.6 —I—BM mod.7 -----BM mod.8
-----BM mod.9 — BMmod.10 - «-BMmod.il -A-BM mod. 12

Figure 13 Growth o f H. p lu v ia lis  in The Basal medium
containing various concentrations of sodium acetate and yeast extract
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SPECIFIC GROWTH RATE (d‘‘)

Figure 14 Specific growth rate of H. p lu v ia lis  in The Basal
medium containing various concentrations of sodium acetate and yeast
extract
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2 . 3  I n i t i a l  c e l l  n u m b e r

H .  p l u v i a l i s  N I E S  1 4 4  w a s  g r o w n  i n  T h e  B a s a l  M e d i u m  

w i t h  i n i t i a l  c e l l  n u m b e r  5  X 1 0 4 c e l l s  /  m l  a t  2 1  -  2 3  ° c  u n d e r  2 0  Iน. m o l  

m ' V 1; 1 2  h  -  d a r k  ; 1 2  h  -  l i g h t  i l l u m i n a t i o n .  T h e  i n i t i a l  c e l l  n u m b e r s  w e r e  

c h a n g e d  b e tw e e n  1 0  t o  2 0 0  X 1 0 4 c e l l s  /  m l .  T h e  s p e c i f i c  g r o w t h  r a te s  

w e r e  s l i g h t l y  in c r e a s e d  w h e n  g r o w n  w i t h  i n i t i a l  c e l l  n u m b e r  1 0  a n d  1 5  X  

1 0 4 c e l l s  /  m l ,  t h e  s p e c i f i c  g r o w t h  r a t e s  w e r e  s l i g h t l y  d e c r e a s e d  w h e n  

g r o w n  w i t h  i n i t i a l  c e l l  n u m b e r  2 0  X  1 0 4 c e l l s  /  m l .  H o w e v e r ,  u n d e r  t h e  

c o n d i t i o n ,  t h e  g r o w t h  r e a c h e d  t h e  s t a t io n a r y  p h a s e  i n  d a y  4 .  M o r e o v e r ,  i t  

w a s  n o t i c e a b le  t h a t  a t  t h e  s t a t io n a r y  p h a s e  t h e  c e l l  n u m b e r  w e r e  s l i g h t l y  

d i f f e r e n t / F i g .  1 5  a n d  1 6 ) .

S o , i n  t h e  l a t e r  e x p e n m e n t s ,  t h e  o p t im u m  c o n d i t i o n  f o r  

g r o w t h  o f  H .  p l u v i a l i s  N I E S  144  i n  T h e  B a s a l  M e d i u m  w a s  2 2 ° c  u n d e r  

2 0  u  m o l  m 'V 1; 1 2  h  -  d a r k  ; 1 2  h  -  l i g h t  i l l u m i n a t i o n ,  i n i t i a l  c e l l  n u m b e r  

2 0  X  104 c e l l s  /  m l .
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LOG CELL NO.

10x 1 0 4 c e l ls /m l — 15x  1 o 4 c e l ls /m l —A —  2 0 x  1 o 4 c e l ls /m l
4 0 x 1 0 4 c e lls /m l.  —* —  8 0 x 1 0 J c e l ls /m l —• —  1 0 0 x 1 0 4 c e lls /m l
150x1  o 4 c e l ls /m l ---------  2 0 0 x 1 0 4 c e l ls /m l

F ig u r e  1 5  G r o w t h  o f  H .  p l u v i a l i s  i n  T h e  B a s a l  m e d iu m

c o n t a i n i n g  v a r i o u s  i n i t i a l  c e l l  n u m b e r s



4 7

SPECIFIC GROWTH RATE (d )
0.5

0 .4  

0 .3  

0.2 

0.1

INITIAL CELL NO.(X10'cells/ml)
10 15 2 0  4 0  SO 100 150 200

F ig u r e  1 6  S p e c i f i c  g r o w t h  r a t e  o f  H .  p l u v i a l i s  i n  T h e  B a s a l

m e d iu m  c o n t a i n i n g  v a r i o u s  i n i t i a l  c e l l  n u m b e r s
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3 .  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  A s t a x a n t h i n  C o n t e n t  i n  

H .  p l u v i a l i s  N I E S  1 4 4

3 .1  E f f e c t  o f  l i g h t  i n t e n s i t y

A f t e r  4  -  d a y ,  H .  p l m i a l i s  N I E S  1 4 4  c u l t u r e s  w e r e  

e x p o s e d  t o  v a r i o u s  l i g h t  i n t e n s i t i e s ,  i . e .  2 0 ,  5 0 ,  1 0 0 ,  1 5 0 ,  a n d  2 0 0  p  m o l  

m 'V 1 r e s p e c t i v e ly .  T h e  i l l u m i n a t i o n  p e r i o d  w a s  s w i t c h e d  f r o m  1 2  h  -  l i g h t  

, 1 2  h  -  d a r k  t o  c o n t i n u o u s  i l l u m i n a t i o n  a n d  t h e  c u l t u r e  w a s  in c u b a t e d  a t  

2 1  -  2 3 ° c

A t  o p t im a l  l i g h t  i n t e n s i t y  f o r  g r o w t h ,  20 p  m o l  

m 'V 1, t h e  c e l l  n u m b e r  w a s  c o n s t a n t  a t  55 X 105 c e l l s  /  m l .  A s t a x a n t h i n  

a n d  c h l o r o p h y l l  c o n t e n t s  w e r e  8.5 a n d  10.22 p g  /  c e l l .  A f t e r  8 -  d a y  

c u l t i v a t i o n ,  l i g h t  i n t e n s i t y  c o u ld  a f f e c t  t h e  a c c u m u la t io n  o f  a s t a x a n t h in .  

T h e  c e l l  n u m b e r s  w e r e  g r a d u a l l y  d e c r e a s e d  ( F i g .  1 7 ) .  T h e  a s t a x a n t h in  

c o n t e n t s  w e r e  in c r e a s e d  w h e n  e x p o s e d  t o  20, 50, a n d  100 p  m o l  m 'V 1 
a n d  s l i g h t l y  d e c r e a s e d  a t  150, a n d  200 p  m o l  m 'V 1. C o n c o m i t a n t l y  

c h l o r o p h y l l  c o n t e n t s  w e r e  s l i g h t l y  d e c r e a s e d  w h e n  e x p o s e d  t o  20, 50, a n d  

100 p  m o l  m 'V 1 a n d  s h a r p l y  d e c r e a s e d  a t  150 a n d  200 p  m o l  m 'V 1. 
M a x im a l  a s t a x a n t h in  c o n t e n t s  w e r e  12 p g  / c e l l  w h e n  e x p o s e d  t o  50 a n d  

100 p  m o l  m 'V 1 ( F i g .  18,19).
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CELL NO.(x 104 cells/ml)

TIME (days)
0 2 6 8

—♦ — 20JLL molm'V - 50}i. mol ทา"2ร"1—A— ÎOOJI m o lm 'V -* -  150JJ, molm'V1- * — 200JJ, molm'V

F ig u r e  1 7  G r o w t h  o f  H .  p l w ’ i a l i s  i n  T h e  B a s a l  m e d iu m  u n d e r

v a r i o u s  l i g h t  i n t e n s i t i e s
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ASTAXANTHIN (pg/cell)
40

35 
30  

25 

20 

15 
10 

5

TIME (days)
0 2 4 6 8

H  20)1 molm'V É21 50)1 molm'V’ 100)1 molm’V  ÈÜ 150(1 m olm V  ÉH 200)lmolm 2S1

F i g u r e  1 8  E f f e c t  o f  l i g h t  i n t e n s i t i e s  o n  t h e  c o n t e n t s  o f  

a s t a x a n t h in  a n d  c h l o r o p h y l l  b y  D M S O  e x t r a c t i o n  a f t e r  8  -  d a y  c u l t i v a t i o n
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ASTAXANTHIN (pg/cell) 
40
35 
30 
25 
20 
15 
10 
5 
0

TIME (days)

■  20|X molm"2s 1 ES! 50[I moInrfV1 IS 100JJ. molm 2S1 ED 150(.l molm'V ES 200(J.molm 2ร

F ig u r e  1 9  E f f e c t  o f  l i g h t  i n t e n s i t i e s  o n  th e  c o n t e n t s  o f  

a s t a x a n t h in  a n d  c h l o r o p h y l l  b y  9 0 %  a c e to n e  e x t r a c t i o n  a f t e r  8  -  d a y  

c u l t i v a t i o n

CHLOROPHYLL (pg/cell)
25 -ๆ-------------------------------

0 2 4 6 8
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3 . 2  E f f e c t  o f  s o d iu m  c h lo r i d e

T h e  4  -  d a y  c u l t u r e  i n  T h e  B a s a l  M e d i u m  a t  la te  

v e g e t a t i v e  g r o w t h  p h a s e  w a s  s u p p le m e n t e d  w i t h  0 ,  0 . 2 ,  0 . 4 ,  0 . 8 ,  1 .2 ,  a n d

1 .6  %  พ  / v  N a C l  r e s p e c t i v e ly .  A f t e r  t h e  a d d i t i o n ,  t h e  l i g h t  i n t e n s i t y  w a s  

i n c r e a s e d  f r o m  2 0  t o  5 0 ,  1 0 0 ,  1 5 0 ,  a n d  2 0 0  f l  m o l  m ' V a n d  in c u b a t e d  a t

2 1 - 2 3 ° c .  F ig .  2 0  ( a )  t o  ( c  )  s h o w e d  t h e  g r o w t h  o f  H .  p l m ’ i a l i s  N I E S  1 4 4  

w h i c h  w a s  s h a r p l y  d e c r e a s e d  w h e n  a d d e d  w i t h  0 . 4  t o  1 .6  %  ( w / v )  N a C l  

a n d  e x p o s e d  t o  h i g h  l i g h t  i n t e n s i t y .  T h e  g r o w t h  w a s  i n h i b i t e d  i n  t h e  

p r e s e n c e  o f  N a C l .  A s t a x a n t h i n  w a s  l i g h t l y  in c r e a s e d  i n  t h e  p r e s e n c e  o f  0 . 2  

%  ( w / v )  N a C l  w h e r e a s  i t  w a s  s h a r p l y  d e c r e a s e d  a t  N a C l  c o n c e n t r a t i o n  

h ig h e r  t h a n  0 . 2  %  ( w / v ) .  T h e  c o n t e n t  o f  a s t a x a n t h in  w a s  1 6  p g . / c e l l  a f t e r  

8  d a y s  i n  c o m p a r i s o n  t o  9  p g . /  c e l l  o b t a in e d  u n d e r  t h e  o p t im a l  c o n d i t i o n  

o f  g r o w t h .  ( F i g . 2 1 )  O n  t h e  o t h e r  h a n d ,  c h l o r o p h y l l  c o n t e n t s  a t  l o w  

c o n c e n t r a t i o n  o f  N a C l  ( 0  t o  0 . 2  %  )  w e r e  n o t  d i f f e r e n t ,  b u t  s h a r p l y  

d e c r e a s e d  a t  h i g h  c o n c e n t r a t i o n  o f  N a C l .

T h e  l i n e a r  m o d e l s  p r o c e d u r e  a n d  D u n c a n 7ร 

m u l t i p l e  r a n g e  t e s t  s h o w e d  t h a t ,  l i g h t  a n d  s o d iu m  c h lo r i d e  a f f e c t e d  

a s t a x a n t h in  c o n t e n t .  A d d i t i o n  w i t h  0 . 2  %  N a C l  a n d  i l l u m i n a t i o n  w i t h  5 0  

t o  1 0 0  p  m o l  m ' V 1 g a v e  a  h ig h  a s t a x a n t h in  c o n t e n t  a s  s h o w n  in  

a p p e n d ix  5  .
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CELL NO. (xlQ4 cells/ml)

0 2 4 6 8

CELL NO. (xio4 cells/ml)

0 2 4 6 8



54

CELL NO. (xio4 cells/ml)

0 2 4 6 8

CELL NO. (x-104 cells/ml)

0 2 4 6 8
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CELL NO. (xio4 cells/ml)

0 2 4 6 8

0% w/v 0.2% w/v 0.4% w/v X  - 0.8% w/v —-Sf— 1.2% w/v 1.6% w/v

F ig u r e  2 0  G r o w t h  o f  H .  p l u v i a l i s  i n  T h e  B a s a l  M e d i u m  

c o n t a i n i n g  d i f f e r e n t  s o d iu m  c h l o r i d e  c o n t e n t  r a t i o s  a t  2 0  ( a ) ,  5 0  ( b ) ,  1 0 0  

( c  ) ,  1 5 0  ( d ) ,  a n d  2 0 0  ( e )  p. m o l  m ' V 1



56

CHLOROPHYLL (pg/cell)

■  0%w/v ^  0.2% w/v ^  0.4% w/v ร  0.3% w/v HE 1.2%w/v SÜ 1.6% w/v

F ig u r e  2 1  E f f e c t  o f  v a r i o u s  N a C l  c o n c e n t r a t i o n  o n  t h e  c o n t e n t s  

o f  a s t a x a n t h in  a n d  c h l o r o p h y l l  b y  D M S O  e x t r a c t i o n  a f t e r  8  -  d a y  

c u l t i v a t i o n
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3 . 3  E f f e c t  o f  c a r b o n  a n d  n i t r o g e n

3 .3 . 1  E f f e c t  o f  C / N  c o n t e n t

T h e  4  -  d a y  c u l t u r e  o n  T h e  B a s a l  M e d i u m  w a s  

s u p p le m e n t e d  w i t h  s o d iu m  a c e ta te  a n d  s o d iu m  n i t r a t e  s o  a s  t o  a d ju s t  t h e  

C / N  c o n t e n t  o f  t h e  m e d iu m .  T h e  a c e ta te  c o n c e n t r a t i o n  s u p p le m e n t e d  t o  

t h e  c u l t u r e  w a s  f i x e d  a t  4 3 . 8  m M ,  w h i l e  s o d iu m  n i t r a t e  c o n c e n t r a t i o n s  

w e r e  a d ju s t e d  t o  0 ,  2 1 . 9 ,  a n d  4 3 . 8  m M .  T h e  c u l t u r e s  w e r e  c u l t i v a t e d  a t  2 1  

- 2 3 ° c  u n d e r  2 0 ,  5 0 ,  1 0 0 ,  1 5 0 ,  a n d  2 0 0  p  m o l  m 'V 1 c o n t i n u o u s  

i l l u m i n a t i o n .  T h e  a lg a l  c e l l  n u m b e r  w a s  d e c r e a s e d  a s  s h o w n  i n  F ig .  2 2 .

A s t a x a n t h i n  a c c u m u la t io n  w a s  in d u c e d  b y  t h e  h i g h  C / N  

c o n t e n t  a s  s h o w n  i n  F i g . 2 3 .  U n d e r  t h e  h i g h  C / N  c o n t e n t  ( C / N = 4 3 . 8 : 0 )  t h e  

a s t a x a n t h in  c o n t e n t  w a s  in c r e a s e d  r e a c h in g  2 8  p g .  /  c e l l  a f t e r  4  d a y  

s u p p le m e n t a t i o n  u n d e r  5 0 ,  1 0 0 ,  a n d  1 5 0  p  m o l  m 'V 1 c o n t i n u o u s  

i l l u m i n a t i o n  w h e r e a s  u n d e r  t h e  l o w  C / N  c o n t e n t  a s t a x a n t h in  a c c u m u la t io n  

w a s  n o t  d i f f e r e n t  f r o m  t h a t  w i t h o u t  a d d i t i o n  o f  c a r b o n  a n d  /  o r  n i t r o g e n .  

I n  t h e  c a s e  o f  c h l o r o p h y l l ,  u n d e r  h ig h  C / N  c o n t e n t  a n d  /  o r  h i g h  l i g h t  

i n t e n s i t y ,  t h e  c h l o r o p h y l l  c o n t e n t  w a s  d r a s t i c a l l y  d e c r e a s e d .  C o n s e q u e n t l y ,  

t h e  r a t i o  o f  C / N  = 4 3 . 8 : 0  w a s  u s e d  f o r  t h e  l a t e r  e x p e r im e n t s .

T h e  l i n e a r  m o d e ls  p r o c e d u r e  a n d  D u n c a n ’ s  m u l t i p l e  

r a n g e  t e s t  s h o w e d  t h a t ,  l i g h t  i n t e n s i t y  d i d  n o t  a f f e c t  a s t a x a n t h in  c o n t e n t  

w h e r e a s  C / N  c o n t e n t  d i d .  S u p p le m e n t a t i o n  w i t h  4 3 . 8  m M  s o d iu m  a c e ta te  

a n d  w i t h o u t  s o d iu m  n i t r a t e  g a v e  h i g h  c o n t e n t  o f  a s t a x a n t h in  a s  s h o w n  i n  

a p p e n d ix  6 .
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CELL NO. (v 10 cells/ml)

TIME (days)
0 2 4 6 8
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TIME (days)

TIME (days)

0 2 4 6 8
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CELL NO. (x 104 cells/ml)

TIME (days)
0 2 4 6 8

• — 43.8:0 —A— 43.8:43.8 - * -  43.8:21.9

F ig u r e  2 2  G r o w t h  o f  H .  p l u v i a l i s  i n  T h e  B a s a l  M e d i u m  w h e n  

s u p p le m e n t e d  v a r i o u s  C / N  c o n t e n t  a t  2 0  ( a ) ,  5 0  ( b ) ,  1 0 0  ( c  X  1 5 0  ( d x  a n d  

2 0 0  ( e )  JJ. m o l  m ' V 1
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CHLOROPHYLL (pg/cell)

20 50 100 150 200

LIGHT INTENSITY 
( J lm o l m 2 ร 1)

■  0:0 M  43.8:0 @3 ■ 43.8:43.8 01 43.8:21.9

F ig u r e  2 3  E f f e c t  o f  C / N  c o n t e n t  o n  t h e  c o n t e n t s  o f  a s t a x a n t h in  

a n d  c h l o r o p h y l l  b y  D M S O  e x t r a c t i o n  a f t e r  8  -  d a y  c u l t i v a t i o n
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3 . 3 . 2  E f f e c t  o f  s o d iu m  a c e ta te  ( p H  7 )

T h e  4  -  d a y  c u l t u r e  o n  T h e  B a s a l  M e d i u m  w a s  u s e d  t o  

t e s t  t h e  e f f e c t  o f  s o d iu m  a c e ta te .  T h e  c u l t u r e s  w e r e  c u l t i v a t e d  a t  2 1  -  2 3 ° c  

u n d e r  t h e  s a m e  c o n d i t i o n  a s  s e c t io n  3 . 3 .  A s  s h o w n  i n  F ig . 2 4 ,  t h e  c e l l  

n u m b e r  w a s  s l i g h t l y  d e c r e a s e  w h e n  s u p p le m e n t e d  w i t h  0  a n d  2 1 . 9  r a M  

a n d  g r a d u a l l y  d e c r e a s e d  w h e n  s u p p le m e n t e d  w i t h  4 3 . 8  a n d  8 7 . 6  m M  o f  

s o d iu m  a c e ta te  u n d e r  a l l  l i g h t  i n t e n s i t y  r e g im e s .

T h e  B a s a l  m e d iu m  s u p p le m e n t e d  w i t h  2 1 . 9  m M  o f  

s o d iu m  a c e ta te  a c c u m u la t e d  a s t a x a n t h in  a s  h i g h  a s  3 0  p g . / c e l l  u n d e r  5 0 ,  

1 0 0 ,  a n d  1 5 0  fj. m o l  m ' V  C o n t i n u o u s  l i g h t  i l l u m i n a t i o n .  O n  t h e  o t h e r  

h a n d ,  c h l o r o p h y l l  c o n t e n t  w a s  n o t  a f f e c t e d  b y  s o d iu m  a c e ta te  a t  l o w  l i g h t  

i n t e n s i t y  a t  g r a d u a l l y  d e c r e a s e d  a t  h i g h  l i g h t  i n t e n s i t y  ( F i g .  2 5  ) .

T h e  l i n e a r  m o d e ls  p r o c e d u r e  a n d  D u n c a n ’ s 

m u l t i p l e  r a n g e  t e s t  s h o w e d  t h a t ,  l i g h t  i n t e n s i t y  d i d  n o t  a f f e c t  a s t a x a n t h in  

c o n t e n t  w h e r e a s  s o d iu m  a c e ta te  d i d .  S u p p le m e n t a t i o n  w i t h  2 1 . 9  m M  

s o d iu m  a c e ta te  g a v e  h i g h  c o n t e n t  o f  a s t a x a n t h in  a s  s h o w n  i n  a p p e n d ix  7  .
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TIME (days)
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- 4 — 0 mM —•— 21.9 mM —±-43.8mM -X-87.6mM

Figure 24 Growth of H . p lu v ia l is  in The Basal Medium when 
supplemented various concentration of sodium acetate at 20 (a), 50 (b), 
100 (c ), 150 (d), and 200 (e) JI mol m V 1



66

CHLOROPHYLL (pg/cell)

20 50 100 150 200
LIGHT INTENSITY7 

(flmol m2 ร-1)

■  OmM ^  21.9 mM E3 43.8 mM E0 87.6 mM

Figure 25 Effect of sodium acetate concentration on the 
contents of astaxanthin and chlorophyll by DMSO extraction after 8  - day 
cultivation
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3.4 Effect of temperature.
3.4.1 Effect of temperature and light intensity, 
supplemented with sodium chloride 
The 4 - day of H . p lu v ia l is  NIES 144 on The Basal 

Medium was added with 0.2 % w/v NaCl and then cultivated at 22, 25, 
30, and 3 5 ° c  under 5 0 ,  100, and 140 p mol m'V Continuous 
illumination. The cell number was gradually decreased as shown in 
Fig. 26.

For the astaxanthin content, it was gradually decreased 
when the cultures were cultivated at high temperature and high light 
intensity. There were no differences in astaxanthin content when cultured 
on similar condition at temperature 2 2  and 2 5 ° c  but slight decrease 
occurred when cultivated higher than 30°c. Furthermore, chlorophyll 
contents were decreased when the cells were exposed to high temperature 
and high light intensity (Fig. 27 ).

The linear models procedure and Duncan’s multiple 
range test showed that, light intensity did not affect astaxanthin content 
whereas temperature did. optimum temperature was 22 ๐c as shown in 
appendix 8.
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CELL NO.(xlQ4 cells/ml)

0 2 4 6 8

CELL NO.(xl04 cells/ml)
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'♦— 22 - * -  25 —*-30 -«-35

Figure 26 Growth ofH . p lu v ia l is  in The Basal Medium on 0.2 % (w/v) 
NaCl supplemented culture at various temperatures under 50(a), 100(๖ ), 
and 140(c ) p mol m'V1
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ASTAXANTHIN (pg/cell)
40 -1------------------------

CHLOROPHYLL (pg/cell)
20 -1------------— -----------

15 —

LIGHT INTENSITY
50 100 140 (JlmolmV)

■  22 ^  25 ^  30 ฒ 35

Figure 27 Effect of temperature on 0.2 % (พ/v) NaCl supplemented 
culture on astaxanthin and chlorophyll by DMSO extraction after 8 - 
day cultivation
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3.4.2 Effect of temperature and light intensity, 
supplemented with sodium acetate 
The 4 - day culture of H . p lu v ia l is  NIES 144 on The 

Basal Medium was supplemented with 21.9 mM CH3COONa and then 
was cultivated at 2 2 ,  2 5 ,  30, and 3 5 ° c  under 50, 100, and 400 
p mol m'2s'Continuous illumination. The cell number was decreased as 
shown in Fig. 28

After 8 days of cultivation, astaxanthin from the 
cultures cultivated at 22°c under 50, 100, and 140 p mol m'Weached 
30 pg./cell whereas those cultivated at 30 and 3 5 ° c  were decreased. 
Furthermore, the chlorophyll contents were slightly different (Fig. 29 ).

The linear models procedure and Duncan7ร 
multiple range test showed that, light intensity did not affect astaxanthin 
content whereas temperature did. optimum temperature was 22 ° c  as 
shown in appendix 9.
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CELL NO.(xlC)4 cells/ml)

0 2 4 6 8
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CELL NO.(xl()4 cells/ml)

♦ — 22 -*-2 5  —*— 30 -X- 35

Figure 28 Growth of H . p lu v ia l is  in The Basal Medium on 21.9 raM 
supplemented culture of sodium acetate at various temperatures under 50
(a), 100 (b ), and 140 (c ) jj. mol m'V1
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■  22 ^  25 ฒ 30 0  3*

Figure 29 Effect of temperature on 21.9 mM sodium acetate 
supplemented culture on astaxanthin and chlorophyll by DMSO 
extraction after 8 - day cultivation
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3.5 Effect of ferrous sulphate
The culture on The Basal Medium was initially 

supplemented with sodium acetate at 21.9 and 43.8 mM and cultivated 
under 20, 40 , and 60 p mol m'V1 light illumination. Then 0, 225, 450, 
and 900 P M of ferrous sulphate were further supplemented and 
incubated at 22°c under 140 p mol m'V1. As shown in Fig.30 and 32, 
cell number was slightly decreased in both of the experiments.

For astaxanthin content, supplementation with ferrous 
sulphate did not affect astaxanthin accumulation. Astaxanthin contents 
reached 31 pg / cell. On the other hand, chlorophyll content was not 
different when initial light intensities were 20, 40, and 60 p mol m'V1 
(Fig.31 and 33).The wavelength were scanned from 300 to 800 nra as 
shown in fig 34.

The linear models procedure and Duncan’s multiple 
range tested showed that light intensity did not affect astaxanthin content 
when supplemented with 21.9 and 43.8 mM sodium acetate. Ferrous 
sulphate affected astaxanthin content when supplemented with 21.9 mM 
sodium acetate but not with 43.8 mM sodium acetate. Addition of 225 
pM ferrous sulphate gave high astaxanthin. In addition, initial light 
intensity from 20 - 60 pmol m'V1 did not affect astaxanthin content as 
shown in appendix 10.
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CELL NO. (x-104 cells/ml)
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0 fiM  - • -  225 gM —A— 450 |jM  900 pM

Figure 30 Growth of H . p lu v ia l is  in The Basal Medium initially 
cultivated at 20, 40, and 60 p mol m'V1 and with 21.9 mM of sodium 
acetate at day 4 with various concentrations of ferrous sulphate under 140 
JJ. mol m'V1 at 22°c
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ASTAXANTHIN (pg/cell)

LIGHT INTENSITY7

20 40 60
(flmol m ร )

■  0  |x M  æ  2 2 5  [ iU  E3 4 5 0  fx M  a  9 0 0  |x M

Figure 31 Effect of ferrous sulphate on 21.9 mM sodium acetate 
supplementation after cultivated under 20, 40, and 60 JI mol m'V1 at day 
4 and following cultivated at 140 fl mol m’V 1 for 4 days on astaxanthin 
and chlorophyll by DMSO extraction after 8 - day cultivation
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CELL NO. (x 104 cells/ml)

TIME (days)
0 2 4 6 8
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CELL NO. (xio4 cells/ml)

TIME (days)

■ OjiM — 225|J,M —A—450)J,M 900(iM

Figure 32 Growth of H . p lu v ia l is  in The Basal Medium initially 
cultivated at 20, 40, and 60 fl mol m V 1 and with 43.8mM of sodium 
acetate at day 4 with various concentrations of ferrous sulphate under 140 
|L mol m'V1 at 22°c
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ASTAXANTHIN (pg/cell)

CHLOROPHYLL (pg/cell)
20 -|------------------------------

15 —

10 —

20 40 60

LIGHT INTENSITY 
(Jimol m2 ร)

■  OgM æ 225(iM ร  450(J,M 01900|iM

Figure 33 Effect of ferrous sulphate on 43.8 mM sodium acetate 
supplementation after cultivated under 20, 40, and 60 p mol m'V1 at day 
4 and following cultivated at 140p mol m'V1 for 4 days on astaxanthin 
and chlorophyll by DMSO extraction after 8 - day cultivation
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Figure 34 Absorbance of DMSO extraction of H . p lu v ia l is  on growth at 
day 0 (a), 2 (b), 4 (c ) and after acetate supplementation at day 6 (d) 
and 8 (e)
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4. Partial analysis of astaxanthin from น . p lu v ia l is  NIES 144 
by HPLC method

0.01 g of lyophilized น . p lu v ia l is  NIES 144 cell was 
extracted with acetone. Chromatography was carried out by HPLC on a 
reverse phase c 18 column. Samples were injected into a 40 pi loop. The 
solvent system included acetonetrile ะ H20 (9:1) solvent A, and 100 % 
ethyl acetate - solvent B. The pigments were separated by a step gradient 
between solvent A and B for 30 min as follows : 0 - 10 min, 0 - 60 % B ; 
10-20 min, 60 - 100 % ; 20 - 30 min, 100 % B. Area under the peaks 
were integrated against peak of known quantities of standard astaxanthin.

As shown in Fig. 35, peaks were identified by typical 
retention time with standard astaxanthin at 12 min. The sharp peak of 
astaxanthin was observed. We calculated the astaxanthin and its ester 
contents by integrating peak 12 to peak 16. The value of 0.70 % (พ/พ) 
and 1.27 % (พ/พ) was found for green cell and red cyst cell of น . 
p lu v ia l is  NIES 144 respectively.
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astaxanthin (12.67)

Figure 3 5 HPLC chromatogram of standard astaxanthin (a), 
astaxanthin and its esters in green vegetative (b) and red cyst cell (c ) by 
acetone extraction using reverse phase Cl8 column with acetonitrile : H20 
and ethylacetate solvent system
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Figure 36 Cultures (a) and lyophilized products (b) of vegetative green 
cell and red cyst cell o f น .  p l u v i a l i s  NIES 144
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