GOVP1200104019

oM =5 Sl a5 7171X| astaxanthin®|
MAZH g 9 AMEs]
(Process Development for Astaxanthin

production by Microalgae)

=O£
02
4>
=
g

£89.7
s
vl






Ok

|

HIAME 'OMZ=F R IFIIJIA| astaxanthin®| AY

88 A MIAHE 2BZ=aM2 A

il

gt

£

E

ol

—_
[le]

oJ

.m.l.ﬂ..._

8l
o
K-

ki

Rl

0|

<r 3l kel R’ <
B &30 = Ok wWo

OH ol i ~E RO RO

ofl

M-

8l

ioH 750 0l mI B OfF
K0 &l
2 Wi« M
RO on
@r_._c_.l_
o X S W JORD

ol
K1

-
gl



4=y

=

v &5 e ZH717FA] astaxanthin®] A
i

=
—
Aol S

A

I.
II.

L
| -

429l carotenocide] oF. @A)

B

Astaxanthin® o,
Aek Fdo o9&

F ohAA

T8

.
(=]

FoA el 2

A5

<

sto], dof At 2T 1,00099] A

of AgelAE WL 5B, Ao, WD A ATA

S

yeast(Phaffia rhodozyma)®l )

Astaxanthin

o
tlo

<A
od
%

ES

ol

Hi oy yeastE A|EW astaxanthin =3 o]

, AR T2 2000

Fo A48  Ad+E nEE9 astaxanthin

dol wat £ AT microalgaed I
AHolgt & 4 A}t Astaxanthing TS YA a7}

J

e

?j_'

==
=]

8

4387 A

o

0

i

~
o

ol
Y

0

o

qr
M

1

%O

o

n_mo

0
ol
ZO

o

oy

%

G

[

;A.._

&

o

T

}71 " o2 10009 ¢ o)A

B0},
2147100 3

p=1

o}

T

p

Y =) of o}

A
T

know-how7} z¢o] 5

=

o}, wb# A astaxanthin®)
1l

7 Aoz wE A

(3]
AN
=

[}

=
7

.1

A
le}

al

5)8
j
XOP

o

™
T
ofn
H
ol



m. AoRgrel LS U He
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Summary

Optimal conditions, such as media composition, temperature, pH, and
light intensity for the growth of Haematococcus pluvialis were examined.
After a series of experiments, modified MBBM was selected as an optimal
médium for high concentration culture of Haematococcus pluvialis, and
optimal culture conditions for tempeature, pH, and light intensity were
found to be 25T, 75 and 60 ,uE/mZ/s, respectively. Maximum cell
concentration under the optimal condition was 1.86 g/L and maximum
astaxanthin accumulation in the cell was over 45 mg/L. In this process the
the composition of MBBM medium such as Ca, Fe, Mg, Na, K, and trace
elements were modified. The concentrations of Fe and Mg were found to
be more important than other medium components. Astaxanthin
accumulation and chlorophyll concentration under at 40 ;zE/mz/s were
higher than those under light intensities of 30 g#E/m%s or 60 xE/m%s.
Photobioreactors were applied to high-density Haematococcus pluvialis
cultures for scale-up and process development. However, microalgal cells
were relatively sensitive to the shear stress generated by impeller. As a
result, faster cell growth were observed under low agitation speed (150
rpm) than high agitation speed (200 rpm). On the contrary, astaxanthin
accumulation of the latter was higher than the former. The supplement of
monochromatic lights from LEDs(light-emitting diodes) did not show any
significant effect on cell growth, however, astaxanthin accumulation seemed
to be affected by colored lights. The observed change might have been
minimal because the light intensities of LEDs were very low. Further
experimental research is required to clarify the effect of colored lights on
cell growth and astaxanthin formation rate. One of the major problem
observed was cell attachment to the glass surface of flasks and
photobioreactors. Solving this problem will be the major objectives for the

second vear of the research.
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E3tste] FAE AlgFozA, W Ao 93t carotenoid WA FAS
ARt 3FE 985249 dAHAHEL Foled AFsA Hol, dE9 39
FAEEALE s1hel KOSEAM A 1999 @88 Y2d, stgdeld, 2707
2ASE sty A Al duE I sy

Astaxanthing] ¥ 3%o] g A5HE 7= AFAZHE HAFoHAEE BE
5o, SeAs JdEtade <3 E PAAA, dEIE ¥ FAGES =
S}Fw Ao oF TRrEAL dAste ZE, dedAgdS JAGE &
& =zt o3 FEAAHL WA 2E Fol don, uARLS s, 7

b
w
{of
“
4
il
o
A
_()‘L
H
I
k1
Lo
N
I

el B AT A e astaxanthin®g FDA T¢o] Y7l de 2000458 -+

QUM E BEE NSAHTER 4T 7154 HgEe) dmw FEF
@ oot

3. 4% @ oE

T EQH o] BAE UF ANHA o} A ggrort, doze AF,

=1
SHEE, AGLAR AMGHT AFRE Aoz dFdn.

Astaxanthin®] =& A3 EF7g AEH/NE - AFQRZAEF To2 ALEHE
}.

A Aol vl & AFE AT Aoz 489t A7l astaxanthin
5

% Al—ﬂ]o]ui }\]X}—

Fe B2 WAl 71%5& FAAI I, virus, bacteria, fungiol ¥ FHES
X711, cytokine FE A oR® Adte] wWHY|FE E43iA7 L,

T-helper cell®] 7152 AA7]1, oxygen radical®] A|A] €3 cancer
initiation?} propagation®] RFE ALA A daGH HE F 49 AW A
W Z AL peroxidation 2. Z2HE B E3slel w3 WUxe] gyel AR AR



dae goste HE2AL AA, A £ B ey BHEE et
o2 6 AZAFAFEDAY A & AL, 4N AT ANT ARSI
AE Aol

Astaxanthin® @A AL AMGOA By S5 FishA], AT,
FdA T aHE A, FHFF L YAFoEMY AMEEF & =
MEE Uz Aot 2000d A A AETEHA Yoz A
astaxanthin®t 39} 5AT 2 (o 4o ol& o2 AEHH, vid 30%

ool NEAFel dgHn ek @A astaxanthing GAFHE pge
7)oz 10009 golae] FAUATHe Foz AFE AAAZ Aol
Be 299 54T NG M Ao WEA FaHold ATt
AEE Y



H 3 & de g g U 24
1A A3 g o Y2
1. Haematococcus pluvialis @52 A F QA A 2] A9

1-1. o2 74 wjAel Ao AEFsE 2 astaxanthin B4 53

H. pluvialis®] 15 % wWFE TH37] Aste] H2A wix]e =4 4o B g
stBE 7]&9 astaxanthin AAHS % vlA Z2F djgo] 29 HA Hong
Kong Medium (HKM), Modified Bold’'s Basal Medium (MBBM), Modified
Bristol’s Medium (MBM), Proteose-Peptone Medium (PPM), BG-11
Medium (BG-11), Chen Medium (CM), Optimal Haematococcus Medium
(OHM) 59 vst WA E ALgste] 2 AF3E vlagoz A ufr] | &4
d, 2oy mFds Fo] AxEe] BAFF astaxanthin F4to] viX & Y&

A A
2. MZAQA3} astaxanthin o] A7 A= 249 A

2-1. 443 Fx° 93 (Various Light Intensity)

H. pluvialis® 2373} carotenoid ¥4dol 4&FS F& AX F9 sud F=
T W gl mAE TS dolry st FH T

2, WA FF F& A3t 15 30, 60, 75, 90 £E/m’/sE AUTh AE

9 uEE MFe AT ALY ¥R s JFS DIHY

2-2. Mg 2x9 I

H. pluwialis®] #H# WY 58 AA37] 9184 Kobayashi, Fang 59 <
T Aol & ZAEY 20T, 25T, 30T 59 wjg 274 FHINFL
o, Sxo W AE Y F MA P vXe Ao diste] BAsH

o

ik wix]e] Z7] pHel G3FE ASH7] Ydhe] UTEXolA % we #F
o] wjA] Q1 proteose-peptone BIAISl %7] pH 6.3& 71%& &t pH 45, 6.0,
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(o,
o2 B

9 U)X =% dolrgrr) Wixl 2= BG, CHEN, MBBM, OHM<S AM&319

I Zn¥d B F 945 #HIME wiRG(HE FA) HIFEA &L #A(HE
FANZ Yol 1 9IS 2AEIYT 7] pHE 75, FEE 60 pE/mYs,
Ae ext BTE AP B9 £ 175 rpmol A 23S 3314

4. = HZA 3
71&9 wixX Aol H. pluialis®] A3 7173 AEgsitu o AZIMBBM
<] A5 E A3 489S FRsAT. MBBM iAo H7tsEe da Fo
X Ca, Fe, Mg, Na, K, trace 59 94 ZA4HE WH3ANA Az A4H
astaxanthin &% %8 ZALe9ch. H 4 Ca, Fe, Mg, Na, K, trace®] %<
7 B ouid @u AFsAh 25E BCE AT 60 pE/mYse] F=

}\1 Zr 7V A F L}ﬁq

3

2

(@]
pv
flo
o
ki
2
X
K
=
b
o
0}'4_,
X
=¥

w

o
sV

ol

a

=
=3
o]

o
e
of
=
&l

oA 3P FE AN & FTolre] AE AAI astaxanthin
S Hwdy] st FoE MEE AA 2488 AL wA=
MBBM W}z & Al4359 0 5 5CE A3 1 30, 40, 60 xE/mYse) %

EollA ddstad

6. Scale upS $] 3 Photobioreactor® @ (lab-scale)

Microalgae® A% ol&2 93 AU ozE= &A pond, tanks, tubes,
photobioreactors &% ©]&3% wWiHo] dom FHToE flat panel type,
tubular type, flume type 5 &% % photobioreactor’} 47 Zol At
Photobioreactor= =4 open-air systemi closed system® HZ s <
Ak 4A- Y 71FRHEE e 8 diA e & 713Wge dx2ge A

[e}
o] 522 scale up® 7] YA E closed systemS A3 Fuld glvh

_11_



scale upol] JojA F23 AL photoreactor type Mt o}zl media, 2%,
pH, agitation, light source, light intensity, cost $©] T& ¥ ok 3} o]o] gt
= # A% photobioreactorS A ¥ FTAHSAIIE Uol 23 A &
< AAT. H pluvzalzs-»] S A3yl 998 A WHA photobioreactor
2¥& F%ATD. F 9] photobioreactorE °] &8 HFL FPsiH e,
total volumee] 7L<¢l photobioreactorell working volumeZ 5LE A A3} 4
d& FFAT UAGE AGeldte] EARH AN, AZLERZuE 7 A
ol A, 2 ¥ photobioreactors AEEA E5PL). AdzAL,
MBBM HjA & Al&8t9 3 vlg2EE 25Co2 HAsA.

WA H.pluvialis 7} shear stressoll Wz+g F¢ EAo] glomz oM HA
agitation speed® %7 9% AFS Yt R WA photobioreactor
(F-1)= 200 rpm, 283 Y =] 31}e] photobioreactor (F-2)% 150 rpmS.
2 agkEEE AP 28 L YUmx 2ASL flask AL B3 e

:
29 $AsA A &R

o}

7. LEDE °ol-8% 37 H. pluvialis®] A7) g3 I

Microalgae= #3/328& 3t di7]5e oJAgadaE {7182 A3AZ
o 2R B3] dg Fete AAAGNES FsA Hed ole 9
a, b, carotenoidll Al F38tAl "l oo uwlzl AP AANME 470 nm, 560
nm, 580 nm, 605 nm, 660 nm, 680 nm2] ZtZ+ v}t YAF HFFL U=
LED(Light Emitting Diode)E& ©l&3la H.pluvialis®] AAA w]x&= o
sl =Atete 2SStk viA 2= MBBM mediag AH83HS
20C #E£ 357404E/m”/s22 Faixom LED #EE 06xE/mYso =
ATH ol AL LEDANA v Fol e Hpluvialise] I81E 2 4 31817)
3 s &k,

B>

2 1

=l
rlo

L
a

© o

8. 79 AFA flask HH 9 coating &7}
AE ARG Al B F Aol Zojo ulel we ko] MEI} flaske] ¢F & o
2 npetel] 2 = A "ok wheb Az &A3 o wE astaxanthin A
Fo| da T EAIZF BAsA "ok oM o] EAE sy 9% Uy
o] SR flask WHE coating e AFL FaA5ATh WA flask o
5

el
2ol YT ARo] Fohul thg He B M o} 24 AT Fo

f A

L
ot
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FolFo] flask Wi FoldSAE 2% olEAL A3 AASIY. 2
d oS FHFFE Aol AxAA flask HEE sigmacoat® coating 3+
o 223 12 AR drying ovenoll Al REAIZ o 12 AIZF F<¢H 100T
vacuum ovenol A HZAIZTH 283 ©] coating B flaske} 218A Fe
flaskol A o] viFAE S F3t AX 2F9 AT E vwsign Axs=e

astaxanthin®] AJAk=Fe] xpol & ujws)] Bt wix) 2= MBBM3 CHEN Hj

9. Astaxanthin®] ZA €L AFEAH7|&E &9

9-1. & 712 xol= F HAu
S22 a8t by AEZE F5T F IEE AESLS Ya A AR
homogenizerg ©|-&3stal, AJX& 233 T 3000 rpmollA 10 B3 44
gl A H AEAE BFFEAE ol£35lY 663 nm, 645 nm o) A
ato] thg Aol o3te] Al4tst )
chlorophyll @ = (12.7 X Ags) - (269 X Ags)
chlorophyll 5 = (229 X Aes) - (4.64 X Ags)

URNE

AN
o

9-2. Astaxanthin % E47]& A%

Carotenoids®} astaxanthing Z7A3}7] Y3t AXE =3 & 1
== ¥ AA A2 homogenizerE o] &3te], M E7} Mol &
W7kA dAs g F 3000 rpmol A 1087 94 BN 5 AEde By
BEAE o] &3 475nm HFA ZHsH )

H 2 &, A4 43

L. 92 7} Ao A9 AXFE L astaxanthin A4 =7

7}E9] astaxanthin A& 9% vlAl =F wj%e] 2633 ™ Hong Kong
Medium (HKM), Modified Bold’'s Basal Medium (MBBM), Modified
Bristol’'s  Medium (MBM), Proteose-Peptone Medium (PPM), BG-11

_13_



Medium (BG-11), Chen Medium (CM), Optimal Haematococcus Medium
(OHM) 59 t}erst wjx& A3} Haematococcus pluvialis w59 4
22 Follle APLS FYsYT A ALEE wiX 9 2L X 1o

EF Lot

Table 1. Composition of Various Media for Haematococcus pluvialis.

HKM | PPM [BG-11M| CM [ OHM |[MBBM | MBM
Major mg/]
CaCl - 2H20 73.00]  25.00 36.00] 1838.00] 11000 24.99] 30.00
FeSOs - TH20 20.90 498
MgSOs - TH:0 2460 7500 75000  61.60] 24600 7395 80.00
NaH,PO, 195.00
Na;HPO4 1500.00 30.00
NaNOs 220.00] 2500  1500.00 2465
NaHCOs 1000.00
K2HPO, 4500 7500 40.00 749]  80.00
KH:PO4 40.00]  175.00 17557 180.00
NaCl 830  25.00 25.13] 3000
CHsCOONa 1500.00 1000.00
KNO; 500.00] 41.00 300.00
EDTA 6.70 18.60 4963  30.00
CsHgOr 6.00
FeCsHyO/N 6.00
Nas-EDTA 1.00
NazCOs 20.00
Trace mg/1

MnSOs - 5H:0 0.016 0.85 1.00
ZnS04 0.72
CuSOs - 5H:0 0.012 0.079 062 0.012 157 1.00
NasMoOyq - 2H,0 0.001 0.39 007  0.12 118]  1.00
CoCl; - 2H:0 0.05
CoCls - 6H0 0.011
H3;BO; 0.003 2.86 11.13]  2.00
MnClz - 4H,0 1.81 0.98 1.44
ZnS04 - TH:0 0.025 0.22 882 100
Co(NO3), - 6H20 | 088%10° 0.05 0.49 1.00
FeCsHs07 - HaO 262
Cra04 0.08
SeO; 0.01
MoOs 6.06
KOH 30.86
H.SO04 0.98
H: POy 0.12

A wMA 43 o2 HKM, MBBM, MBM, PPM, BG-11 medium 3ol A2 j

- 14 -



4& 539 Haematococcus pluvialis 2] TFE IS Y3 AZAZY

astaxanthin Aol 3] =AbstA .

1 Cell concentration

18 |
— 16 }
d
314}
5
'4§ 1.2 |
§ 1
£ 08 |
Q
§ 06
04
0.2 |
0
0 5 10 15 20
Day
| —e—HKM —a—MBBM —e—PPM —o— MBM —a—BG-11
(b)
Astaxanthin
7 e
6 {
pary
557
£
LS4y
i g
L E 3+
8
i 8 2+
1 L
0
0 5 10 15 20
Day
L—o—HKM —+—MBBM —o— PPM —o—MBM ——BG-11|

Figure 1. Cell Growth of H. pluvialis in Various Media.
(a) cell concentration (g/L);

(b) astaxanthin concentration (mg/L)

Fig. 114 & < 3Uxol sixo] wapx Axe] w7t Huzxd] o2& Azt

o] ttFatA JEFRET astaxanthin®] A FS wjd A} 8 - 104 THE F

_15_



2

ol
o\}i

sl AL ¢ 4 AJo. AEX FE=F HKM, PPM, MBM, BG-11,
MBBM¢Y o=z @gton (Fig. 1(a), l_%”/] A E F astaxanthin® =T
MBBM, BG-11, MBM, HKM, PPM9| o= vYgt(Fig. 1(b). o] = Hx
MEFTE=E 1.86 g/L, 1 astaxanthin FEE 6.14 mg/L ot} wetA A
% ¥%9 astaxanthin FHFEL ste] WINEL vudHS o
Haematococcus pluvialis 779 f218 six1 2+ MBBM, BG-11 Medium<.
2 Nz
T A A¥e R HA AP X Haematococcus pluvialis 5 Wl
gléttt wdhE MBBM, BG-11 Medium¥ CM, OHM %9 A2 uix g}
st HA o] WAE Foldle ATE FHsAT. Fig. 2904
+ CM, MBBM, OHM, BG-11 <olx (Fig. 2(a)),
£ CM, MBBM, BG-11, OHM®| #°2 yelgd (Fig.
20)). o] Wl A3 MEFEE145 g/L, A3 astaxanthin FE+ 3454 mg/L
olAT. oA ME  AHAF  astaxanthin FHFE ¥ AIIE o
Haematococcus pluvialis @59 wlYA A9g w2+ CM3 MBBMo =
AzZEd. 28u CM WA E Az oA A"dEo] & A7z g2 vz}
= ©EA C source?! CHsCOONaZ} Eoj7t2z2, ¥X 9 C sourceE AzHst
A Fd oA g2 dae 20T o]Fol X Fo HH wixE
Fovls dPEAd e 2EHA @vn Az a2z F354 ujx] y
d29 24& t2A 3 wAE HAHZ AL o GA dFE Y5}
MBBM #i#] ¢} vl d8E& £ & oFoln gdozE ALIA N2 )
AE A ol AgARe vlawstel HA wjAE = ATE AL F
B Aot AAHoz B HAFPIA A4 HAF HEL Haematococcus
pluvialis #5FE 4T wole= ME A& astaxanthin A2 FE 12 3o
MBBM ®j#|7} A38E o 4 ddch

rlr

astaxanthin %

_.16_



(a)

Cell concentration (g/L)

0 5 10 15 2 25 30
Time {day)

tfp—akﬂ —=— CHEN —a— MEBM —o—OHM |

(b)

40

Asta. conc.{mg/L)

0 5 10 15 20 25 30
Time (day)

—o—BG-11 —8— CHEN —&— BB —o— O |

Figure 2. Cell Growth of H. pluvialis in Various Media.
(a) cell concentration (g/L);

(b) astaxanthin concentration (mg/L)
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2. A3 astaxanthin Aol A7l 9= A9 Ay

2-1. 443 Bx o 4 ¥F(Various Light Intensity)

2 AR AR ARG FHERLIE EUS FFFY Fo A, wa

Ao} F7 5 2Fsd FEZS 15 30, 60, 75, 90 pxE/m¥Ysz AAFn o

g FAST B AFNE FE7 AT 1FE LGS 9% AEY B
£ 9

006 +

o o o ©
B 8 R &

Cell concentration(g/L)

o
=4

o

40 &0 & 10
Light intersity(UE/nT/s)

(=]
B L

Figure 3. Effect of Light Intensity in Cell Concentration

Fig. 391M AE9 ¥=& F7H71E 1944 692 wUstgd e o, ctierst
BLEE TET 2 AEY sxE 27 00195 g/L, 0041 g/, 0054 g
0.05 g/L, 0.055 g/LE Ytk ol& 15 30 xE/m¥/se] $e FEo|A wo
60, 75, 90 wE/m’/se Fmolx MEst o @ R ARES BdFu Yi
60, 75, 90 pE/m’/s9] ME FEst Ao wzslmz AX AFS 9
o FEE 60 - 90 pE/mYsolH, FE LA Aol ME 60 xE/mYse Fx7t
Z 13

I

rr

<

2

& EEE A7) 918kl Kobayashi, Fang 59
20C

, 25T, 30T <29 uj et ZzAS —’F%‘E‘]—%\ﬂ

[o

_18_



H, 250 w2 AX A 2 AL HAd ux= Axtd sty BEEAT
(Fig. 4(a)).

(a)

0.35
030+
Asta. Conc. 0251
(mgil)
0.20}
0.15
0.1()t E
0.05
0.00
(b)
Heeting Bfect
20
-
5D
E
¢ 1B ¢
c
S1m
&
»n 50|
<
Q0
| Qrtd Hedirg
L

Figure 4. Cell Growth in Combination of Temperature and pH.

(a) effect of temperature and pH; (b) heating effect

30Tl X = aplanospore®] FA4L ZA = Axo) Yol wje o]&@w 201

@)

o

o 25CAME ML QB3 M Yyo Aol Wi dehte A2 na

g 7 OAIL, 2lelE AEAG] D@ 20T, 25TolA gt} AT

_.19_.



of o] ol Ax o]FolF F 30TE U7 vdste] heating &# & F
W astaxanthin AJ4boll EFHH AL 4 4 YA (Fig. 4(b)).

2-3. 7] pHY 943

Bl wixlel 7] pHY 9&E ZA}eH7] 95te] UTEXClM £ ute ma=
°] #|=]2] proteose-peptone WX X
759 Mo 2NN AFS PP}
Fig. 4(a)°ll A9} o] pH 459 WM E AT W5 Mie] MAre] A
23R, pH 6.0% 759 HNE AT AP A HZa B9 A%
T Aao] Aato] pH 75904 714 $48t17] Wi o] 2AL HA9 z7)
pH 7o = AAs 4.

3. 34 ujXo] A2 Aro HAiF

AR W EA Y wRo] So] AT BAo] Q= Yaz

Zn, B 59 947t HAE MX A3 astaxanthin Ao ojw oste
PIASA dopr ] 918 o] F 925 AL wix 9 (Figs. 5 and 69 (+)2
EA) 2%A && v (Figs. 5 and 60 ()2 EANZ Yol 7 g =
AFSEATh vl X 2& BG-11, CM, MBBM, OHM %9 ®jA& Al&391 3=
b 25 T AEEAL Loy 2L Ao BAdeA HLsy)

AZ AelME CM HiXAA 718 =4 Yegz (Fig. 5), astaxanthin?]
AAFANME CMI MBBMe] 22 9
i AHelMe & & gRol 2AE A} Zn, Be 94 %7}6} A7
BA Be A Bot ME YA astaxanthin A Z M BE wjxjo] A =7
HERA T (Figs. 5 and 6). 53] MBBM Hlxlol = 1 2pol7} tha x| o)A
Hoh 852 4 F AU oldge AT Zn B 5L oJAAA LA b

e

&

ot g, AXEe 443 astaxanthin®] QAL wHasl = 54 EH-olylnrt
© 2388 FE3 9498 & & 9t
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Cell concentration

Maximum concentration{g

BG{ +)
BG(~)

CHEN(+)
CHEN(-)
MBBM(+)
MBBM(~)

Figure 5. Cell Growth of H. pluvialis in Zn, B deficient Media.

- cell concentration (g/L)

‘ Astaxanthin

Maximum concentration(mg/L)

ocndoBRBRSE

BG(+)

BG(-)

MBBM( +)

MBBM(-)
OHM ‘

[ CHEN(+)

Figure 6. Cell Growth of H. pluvialis in Zn, B deficient Media.

- astaxanthin concentration (mg/L)

4. WjA 9o A3}

71Eel MiAdgeA MdEE MBBM iAo HAsE s, wixle] HrtHe
A FolM nyx WEFS 93 Ax] Aol dFE vxE disd ds)
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o Z4z} I 2AE WA ATE A
4 % Ca, Fe, Mg, Na, K, trace 59 92 =%
F& ZAEA Y. Ca, Fe, Mg, Na, K, traced]
A g2 A fdefe] MBBM HlA] 243 vlw ¥ty

astaxanthin

%7

(a)
1.0
08
i
5 06
=
£
H
g 04
]
=
S
3
O 02
0.0
0 5 10 15 20 25 30 35
Time (day)
—e—control —m—x2Ca ——x2 Mg,ﬁ]
—&—x2 Na —+—x2 K ——x 2 trace |
50
)
g
g
i~
L7
I
n
-«

0 10 20 30 40
Time (day) -
—e— control —a—x2Ca —e—x2 Mg, Fe:

—&—x 2 Na ~——x2 K —»—x 2 trace |

Figure 7. Cell Growth of H. pluvialis in various modified MBBM

(a) cell concentration (g/L);

(b) astaxanthin concentration (mg/L)

Legends: control (standard MBBM), 281¢] Ca, 2819 Fe/Mg,

2919] Na, 2819 K, trace: 2¥19] trace element
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Fig. 714 AZx s 7]|&uAdd Fe, Mg 2] A7Fst A3 2u)9] K& #
7}3t modified MBBM#EI Aol A 7]&<] MBBMul ARt} 2ui A= =4 eyt
1 (Fig. 7(a)), chlorophyll®] %% ©E modified ¥ wWx Bttt =74 ey
o ol AZ Fedt MgZt A=zt A% & wf A9 tiAle}, FF4L & w 2
8% chlorophyll$ AAE o Fa3A &3t Yiol7] wEojdh

% astaxanthin 5232 Fedt Mgg 28] do& MBBMulA A 713 ®o
449 Ze® JEYT (Fig. 7(b). AL AE = EL5E YA
astaxanthin®] ¢& BobA]7] w&ojtl 28y Nag F HlE %

Me Axe] A3} astaxanthin® AAbgFo] oh2 Z 7oA
= (Fig. 7((a),(b)), Na°o] ME Ageo] % Ha3 YiolAg ¥

& o 233 MXE A astaxanthin®] S WastE AYLS ¢ F Yok

s

o)
Y
o
ofd
i
2
X
Lo
=
b
o
O}r‘u
A
oV
2
ot}
ol
2V
=
(s
e
=
o
22

%
R=J
&

(o]
e FmoMe] AE AAI astaxanthin® AAFES ¥ wEls] 95t

MBBM %2 Abg-3te] 30, 40, 60 ¢ E/m?%/se] FEd A ads9rc}
= 7+

AE FTE 40 pE/mYsNA 026 g/l & O BxoA woh ozt =4 U
o & AolE Rolxle= gttt (Fig. 8(a)). Astaxanthing A ZFE 40

pE/m¥/sel A 2631 mg/l 2 Adiddh 98 BxdA Bk 219 - 1377 mg/l
o’ Bol &4 E& ¢ & AU (Fig. D). 28|22 Astaxanthin® %3
e BE 40 pE/mYsolA e Bxoa Bl okt gElsitin B 4 9t}
AZe A A 60 pE/mYsollde vk A= 159 £EE Mol z2 A
A wao g wWay] ARPL 307 40 pE/mYslME 1 2o 39 AE
2 ds) AFREAY. 13 E uge Y= M Eo Aztol
o FAHE Aol fEEZ 40 pE/m%Ys A wlx =A
278 WA A o B ddo] dasivtn AlgdEd. oy

e Brol e 60 pE/mY/soll Al B} chlorophylle] ool o] e AHo= 1}

O

Ebtrh ol ME Ao Hod FFAHL 98 e FEoME ¢ ge
2e o857 A3 60 uE/M® oA woh dugAoz o 2 chlorophyllol
Zedty] WFoletn Alg g
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0.8 |
07 |

| 5 06|

5 oosf

| E o4

! c

]

1 [x]

I8

8

%
O
) 5 10 15 20 25 30

| Time(day)

| —— B T30-1 —m— 2 £30-2 —a— 2+ E40-1

; B TA02 % T T60-1 —e— 2 560-2)

(b)

30 |
25 I
2t

Asta. conc. (mg/L)
5 o

(=) |

Time(day)

—— 25301 —=—2T302 —a—2T401
—— H5F402 —— HTE0-1 —e— TTOE02

IFFigure 8. Cell Growth of H. pluvialis in various light intensity
(a) cell concentration (g/L);

(b) Astaxanthin concentration (mg/L)

6. Scale up2 $1 3 Photobioreactor®d (lab-scale)
“ tHe] photobioreactor (7L)& A+&3 1 Fig. 99 2y L axoz 1}
Bl HAE84L2 flaskd ol 22 g (MBBM media, 25C)0 2 A3

Hom 4 HZA agitation speedE 7] Y3 AL a3}
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Figure 9. Photobioreactor

AowA FAEWNEY) (F-DE 200 rpm, 283 YA s F-2E 150
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