1.
1.1
180, 200 220 ppt
4.1 3
0.18, 0.16 0.14 4.2 3.91, 4.37
4.87
( 95%) 3
(exponential growth phase)
25.59, 32.91 33.86 pg/cell ( )
(stationary growth phase) 25.29, 30.20 33.47 pglcell 4.3
10.89, 10.47 9.96
pg/cell 10.22, 9.87 9.96 pg/cell
4.4 v
B4 2.72,
3.57 3.901 g/g ' 2.79, 3.44 3.86 g/g

4.5 "

[ 3
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‘Time (day)

IJ o J = ) s J
Eﬂ‘ﬂ 4.1 msmifgﬂmmmmqmaLaam‘lum?:mmLﬁuszﬂumq |

220

Salinity (ppt)

38



Specific growth rate

4.2

Salinity

(ppt)

39



Carotenoid content (pglcell)

4.3

Salinity

(ppt)

Phase of growth

40



Chlorophyll-a content (pglcell)

4.4

Salinity

(ppt)

Phase of growth

41



(919)

Carotenoid/Chlorophyll-a content ratio

4.5

20

Salinity

(ppt)

vl

Phase of growth

42



1.2

121
15,000 20,000 4.6
3 0.19, 0.20 0.16

3.75, 3.53

23.58 32.44 py/cell
pg/cell 4.8

10.31 pg/cell
4.9

2.18, 2.60 3.59 g/g
2.57 3.48 gig 4.10

10.69, 10.50

43

10,000

4.7

950/0)

4.37

20.86,

18.85, 22.71 30.33

11.16, 10.84
9.84 pg/cell

2.02,



(cell/ml)

Cell concentration

4.6

(lux)

Light intensity

44



Specific growth rate

4.7

Light intensity

(lux)

20,000

45



Carotenoid content (pglcell)

4.8

Light intensity (lux)

20,000

Phase of grow th

46



Chlorophyll-a content (pglcell)

4.9

vl

Light intensity

(lux)

20000

phase

Phase of growth

47



(glg)

Carotenoid/Chlorophyll-a content ratio

4.10

Light intensity (lux)

2000

vl

phase

Phase of growth

48



1.2.2

12
411
0.16

38.31 pg/cell
4.13
24

pg/cell

3.59

4.78 glg

12: 12

12
0.07
12
(
4.37 9.99
W
4.73 glg

4.15

49

(diurnal cycle)

24

4.12
12 (12:12 )
24
95%)

32.34

30.33 39.48 pg/cell

12:12

10.31 9.53

9.84 9.97 pg/cell 4.14

24
12:12

3.48

24



Cell concentration (cell/ml)

1.0E+06

1.0E+05

24:00 hr.

12:12 hr.

10

Time (day)
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Period of light

(light:dark)

50



Specific growth rate

4.12

Diurnal cycle (light:dark)
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Carotenoid content (pg/cell)

4.13

12:12 hr.

Diurnal cycle (light:dark)

24:00 hr.

exp. phase

sta. phase

Phase of growth
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Chlorophyll-a content (pg/cell)

4.14

12:12 hr.

Diurnal cycle (light:dark)

24:00 hr.

exp. phase

sta. phase

Phase of growth
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phase

(6/6) onel s1u02 e-|jAydoiojyd/plouslore)d

24:00 hr.

Diurnal cycle (light:dark)

vl

4.15



1.3 pH
1.3.1
pH 7.5
pH
( 25 )
17 pH
pH
7.8 25
(pH 7.5 )
vJ
4.16

0.22

pH
pH
17
pH 8.31
pH
8.1
pH
7.5 17
pH
pH
17
pH

Vi

3.15

55



4.16

pH

Time (hour)

56

30

25

15 |

0 A ~pHw/ocell
—>(r'— pH with cell

- Temp, w/o cell

® - Temp, with cell




57

1.3.2 pH
pH 6.5, 7.0,
7.5, 80 8.5 4.17
pH 5 0.11, 0.13, 0.16, 0.05 0.06 4.18
pH
pH 7.5 pH 7.0,
6.5, 8.0 8.5 (
95%) 6.06,
5.35, 4.37, 12.75 12.66 pH 5
36.53,
32.27, 32.91, 32.60 40.15 pg/cell 36.49,
31.83, 30.23, 32.16 39.27 pglcell 4.19
pH
8.5, 6.5, 8.0, 7.0 7.5
10.66, 10.54,
10.47, 10.39 11.28 pglcell 10.74, 10.46, 9.86,
10.52 11.20 pg/cell 4.20 ]
1 pH 8.5, 6.5, 8.0, 7.0
7.5 ,
3.88, 3.60, 3.57, 3.66 4.07 glg
3.85, 3.54, 3.46, 3.59 4.03 glg 4.21

pH 8.5, 6.5, 8.0, 7.0 7.5



1.0E+05

Cell concentration (cell/ml)

1.0E+04
6.5

Time (day)
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8.0

8.5

pH
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alel ymoub oyoads

pH

pH

4.18
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(1199/6d) 1u81U092 ploudloie)

ymolb Jo aseyd

pH

pH

4.19
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(1199/6d) uaiu09 e-jlAydoiolyd

10 aseyd

pH

4.20
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(6/6) onel usiu09 e-|lAydoiojyy/piousloie)d

ymolb jo aseyd

sta. phase

exp. phase

pH

421

pH



1.4

1.4.1 pH
pH
15
7.6 17
pH 7.8
) pH
7.7 pH
pH
pH 7.6
7.8 25
(pH 7.4 )
pH
pH
7.9 30
pH
30 pH
pH
4.22
2.67 pH

(1.5

pH
pH
( 25
1.5
17
pH
pH
17
1.5
pH
6.4
7.3 24
1.5
0.26
)

63

pH

pH

7.3

4.23



oX

4.22

84

82

80

78

76

74 4

pH

7 1w |

Time (hour)

L 111

8
§

64

wrg &=

Q —A— pH wi/o cell
—X— pH with cell
—e&— Temp, w/o cell

—a— Temp with cell

15



9.0

4.23

pH

Time (hour)

65

25

20

15 g
|
]

k— pH w/o cell

w— pH with cell

m— Temp, w/o cell

m— Temp, with cell

15



66

1.4.2
0.0, 0.5, 1.0 15 (ml/min
Cco02 4.24
4 0.16, 0.19, 0.20 0.21 4.25
( 95%)
4.37, 3.66, 3.50 3.24
4
32.09,
32.75, 34.78 35.73 pgl/cell 30.36, 32.20,
33.34 35.29 pg/cell 4.26
10.30, 10.67,
10.97 11.40 pg/cell 9.85,10.49,10.81 11.16
pg/cell 4.27
3.56, 3.47, 3.46 3.36 g/g

3.48, 3.47, 3.40 3.41 g/g 4.28
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(urwyjw) syes mopy 20D

(Jwy129) uonenUddU0D 18D

4.24



Specific growth rate

4.25

CO02 flow rate (ml/min)
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69

(1199/6d) 1ua1u02 plouslose)

ymoib jo aseyd

CO02 flow rate (ml/min)

4.26



70

phase

(199/6d) 1us1u09 e-Aydoiolyd

ymoib jo aseyd

10

15

CO02 flow rate (ml/min)

4.27
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ymwolb Jo aseyd

(6/6) 1ud1u09 e-||Aydoiojly/ploualore)d

CO02 flow rate (ml/min)

4.28



12

2 (semi-continuous
cultivation)
2.1
6 5, 10,
15, 20, 25 30 (50, 100, 150, 200, 250
300 ) 4.29
! 6
0.23, 0.23, 0.29, 0.30, 0.32 0.34 4.30

3.04, 3.05, 2.42, 2.34, 2.16 2.01

(50, 100, 150 , 200, 250 300 ) 266,050,

432,950, 419,350, 494,200, 266,350 328,300
242,950,

379,000, 339,950, 406,000, 185,650 196,300
8.68, 12.46, 18.93, 17.85, 30.30 40.21

4.31
!
(10, 15, 20, 25 30 )

-155.4, -105.4, -101.7, -59.2, -23.9 +11.8
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alel ymolb oiyoads

4.30



4.31

Percent of fixed harvesting volume

75



6
28.03, 26.14, 26.92, 28.97 26.96 pg/cell 4.32
16.60, 17.86, 17.84, 16.18 14.48 pg/cell 4.33

vJ )

1.66, 1.70, 1.47, 1.51, 1.81 1.94 glg

76

31.61,

19.62,

4.34



Carotenoid content (pg/cell)

4.32

10%
1B% D

Percent of fixed harvesting volume

%

I

77



Chlorophyll-a content (pg/cell)

4.33

vJ

10%
1B% D

Percent of fixed harvesting volume

%

I

78
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(6/6) onres wa1u09 e-|lAydoiolyy/piouslored

I

%

%

B%

10%

Percent of fixed harvesting volume

4.34



80

2.2
4.35
4.36
0.11 0.14 6.42
4.85 4.37
104.2
240 130,850
172,681.8
118,658 139,068.2
( ) 9.32 9.73 4.38
30.91 32.74 pglcell 10.71
10.20 pglcell 3.14
3.68 g/g 4.39, 4.40 4.41
2
2
( 95°/0)
2



(celliml)

Cell concentration

4.35

1.0E+06

1.0E+05

1 2 3 45 6 7 8 9 101 12 13 141516 17 18 19 20 21

Time (day)

81



(celliml)

Cell concentration

4.36

1.0E+06

1.0E+05

n 13

Time (day)

15

17

19

21

23

62



Specific growth rate

0.10

0.05

0.00

4.37

everyday

Semi-continuous han/esting

every 2 days

83



4.38

Semi-continuous harvesting

84



Carotenoid content (pglcell)

4.39

Semi-continuous harvesting

85



Chlorophyll-a content (pglcell)

4.40

Semi-continuous harvesting

every 2 days

86



Carotenoid/Chlorophyll-a content ratio

441

Semi-continuous

harvesting

every

2 days

87
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