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Chiorella as a Functional Biomaterial
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Chlorella contains a rich source of biochemical products with applications in the feed, food, nutritional, cosmetic,
pharmaceutical and even fuels industries. Chlorella is one of unicellular green algae and is mostly grown in fresh water such
as pond and lake. It grows in a manner of nonsexual reproduction so that it multiplies 4~16 times overnight. Large-scale
culture is conducted by open pond culture or pure culture using fermenter. Chlorella has various efficacies such as heavy
metal removal, degradation of toxic materials, control of arteriosclerosis, immunoprotective effects, anticancer activity and
growth-stimulating activity of intestinal bacteria. Chlorella can be used as a taste enhancer and foodstuff, as it has a plenty
of essential amino acids, polyunsaturated fatty acids, sterols and chlorella growth factor (CGF). Chlorella is a potential
organism which can be utilized for CO» removal and H, production in environmental area and energy production.
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Figure 1. Growth of chlorella.
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Table 1. Comparison of biochemical properties and composition of
chlorella, spinach, milk, and chicken egg (per 100 g)

Component Chlorella*  Spinach Milk Chicken egg
Protein 60.6 g 33g 29g 123g
Carbohydrate 37g 36g 45¢g 09¢g
Fat 128¢g 02g 32g 112g
Ash 45¢g 17g 07g 09¢g
Fiber 130¢g 35g - -
Vitamin A 58,900 IU 2,9001U 1,100 U 640 IU
Vitamin B1 1.29 mg 0.13mg 0.03 mg 0.08 mg
Vitamin B2 4.55mg 023 mg 0.15 mg 0.48 mg
Nicine 32.1mg 0.6 mg 0.1 mg 0.1 mg
Vitamin C 74 mg 65 mg Omg Omg
Vitamin E 228 mg 2.1mg 0.1 mg {.1mg
Energy 372 keal 25 keal 59 kcal 162 keal

*Chlorella made by pure culture using a fermenter
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Table 2. Comparison of amino acid composition of chlorella and beef
(per 100 g)

. . . Beef (Fat free) Relative Content (%)
Amino acids Chlorella [A] (B] [A/BX100]
Arginine 351 g 120 g 2925
Lysine’ 488 g 170 g 287.1
Histidine 1.16 g 075 g 155.0
Phenylalanine” 248 g 077 g 322.1
Tyrosine 164 g 0.63 g 260.3
Leucine’ 452 ¢g 1.60 g 282.5
Isoleucine” 1.04 g 0.88 g 1182
Methionine 120 g 022 g 545.5
Valine' 3.14 g 092 g 3413
Alanine 438 g 110 g 398.2
Treonine” 138 ¢ 089 g 155.1
Tryptophan 101 g 021 g 481.0
Cysteine” 071 g 076 g 93.4
Glutamic acid 6.60 g 290 g 227.6
Aspartic acid 486 g 1.80 g 270.0

“Essential amino acid
™ Chlorella made by pure culture using a fermenter

Rigar I
Agare A oA Aheln AN oig 7 4
4 J15e wHSD e a8 P4 grolt 229

O,

RN
of
©
_x
o
2

e Wzle 2%, Y, 999 39
| 93l P &9 s F24:8 F
9] %ﬁ?} AWAko 2= palmitic acid, wridecyclic acid %
carpic acid B3} 722 TPAE o] WA AR g
9] 71%E AAEH, oo nlgle] hd WEZ LaEn) ol
o} AxF FruG FEAZGMe BxstAste] HA
Aol 67%% AR FHH3I).

fr7mled S2ddte] EXFATAE FollA X eicosapentaenoic
acid (EPA)Y= 2o r= AE ASH A ¥Ed BsHd
oMt FzdelE 0%7F BEHAUTEGE3). EPAE
docosahexaenoic acid (DHA)?} @7 -3 Aoz d# A
gon], Azke T MM AikE Fsld dHs U
o A deld WF BAzUE FE A%, EdEDAY
ol FX A, 8% #dh ¥ 7T Z43 ¥ A
7t 5% 2L A9 7HA #f9% 5}%01 dH A ATH3I).
4 olf- 25 e DHASH EPAYL AR 9lov B o
FHZ o8ty ulHdzFY PAES o]E3 DHAS9L EPA9)
Aatel] B3 AF7F 3] o] Fojx 1 9tk DHAT A4
obge] A7 ’\1"‘511.134 TRPol glon, EPAE A5 S 7%
351 AIZA AARY FBAY Fash &5 #AY
ol Q)th34). Chlorella minutissima®] 733 EPA grgFo] A
A ake] 45%9) 2 th(33).

N

iy
o
ni,'\_‘,
offl
2

AHIE TN

Ao Mz EFERE B, $AF testosterone, estradiol I
cortisolZ} 22 AHZol= AHF L 73 Aedd &L vt
AT g0l HEHAT o]EE o8 YYFo R *]"&Ol
Tl ok 2R BE UAZF Fol AT
9 AHZo|EEAE  ergosterol, chondrillasterol, dehydro—

cholesterol S-0] 9lo AHZo|m 2R A Yy o
228 £ ok £9 widy Zdgdss C-59 & 79
BEXIEE AU XHEBo] 95.5%E AAXF wbA fFrHok
gzdglo e HEdA FE LHHE f-sitosterol 7} o] A}
epimer #Adl e clinoasterolo] 54.5%5 x}A|FTH33). &
2z 239 TR 2HB FHE A8 AYFE AR
4 2HE 959 YEHETHNA FAE (whole cel)Z
A o]§ 7F5/d0] Z1HETh3s, 36).

S2=228n} M& =X oI&} (chlorella growth factor, CGF)

Z2dgdE ikt 4% 31 2224 chlorella growth
factor (CGRZt= E‘O] 2350 glon, )AL A
FEE Qo s e i #AW EHoth £AF
5,000~10,0009] &< &-53 %ﬂ]ﬁﬁ,ﬂE}O]‘: (cleopeptide) 24
260 nno] TFA HU FFAE e EAR FYPoh
CGF= €24} &5 dv& dvsie 3o ©dEZ
2 ok

22 FEES FEUY 94 FEEER, 2297 ¢
S G (90T oPdellA g8t & g F
AdEE] 5o WRlez A FA B &
debris)& AA}I, o]F FFH TE BF 2T Aotk
2} FEEL opuil, ©uld, Jelols, B, HIE,
njdlg @ CGF §& sl Slth

CCFE #8591 Sle 2298 $29 $8% Ax F 3
U=z 4849 S-nucleotide adenosyl peptide complex & H]E
,] D]-HHZ\ ?}H x})\o g]HiJ,}_ 01]141]‘2 A(E}\]-O]..__ ]
Solele] $5 44 %ATOZA AZZ ABIHE 420
o oole F4FY 4% £, HAEF 4 2 G, WY g
} Z A 59 a3t itk 2 A= ¥iF
Apstd F AEAT o) Aol g8 AR

o

N
]I

merotx;_

= 2 #83lo o2
3 ;%1 °1~‘Jr %‘ﬂ 7Hd ARCEOYSE B 2 A
99 gw A7 £3EZ (growth promoting

3, 1 EAo] alanine, glutamic acide}
ZFIHelol=e] dFde] HIHHN3T.
AE 1-871¥E9 frole FAYE W, ¥
of mlef 63%<] ATF7t Aol Avkar B
s8] FoygMn gz Hisld 25

Ao = ZAEATH30).

S=dalo| otEMut A5ty

Zzde} 91 424 FRFo] vy L& AEH. o
g 224 499 Fof 427 FoH
a7t 8= o] pheophorbide (FE22F E&|E, pyropheo-
photbideE E3H7} A o] JEiE FHASTHFg 2). g8
2 BEA 2 vlodlgd M 2ANA gEtEe] 548 ga1
chlorophylase (P&4 ®fFa)e FALeE 343 pheo-
phorbide7} # T} Pheophorbide= #3471 (photosensitivity) 3
He] fgle] HEZ A YEAFY F2dete YEIAY
gAlEsel ARAE H7IE F3| pheophorbide ¥
715 (160 mg/ 100 g ©]3he] A4 ATH3S).

mR



Pheophorbide®] 448 Akt e WAT BF 7]
o sl 2Edan AEE APAIA @1 85 dxde
Aolth. R 100T, 3% olde Ag 7td zANA A%
& BAELS 2845 AYE Aot W 4d slde
U} WA 9o Bt BN T @84, A pheo-

phorbide 22z} YT Zzdel Y ALRE — &
R - AN WeRE - w7 - LRz
A ) Aol £ Tk E= olgA 4P Lxdst A
2ol gl ATo] 5T ALL wusmz A
24 940l ¥ Hof £8140] AHUHTCE).

Chiorophylt a Pheophorbide a
HiC = CH CHs HiC = CH CHa
HEC 4 CH: CHy HC CHi CHa
_Mg
-phytol
HC \ / - CHy HC CHs
CH: ‘ CH:
| N\ ] N
C'Hx Co:CHs O Cha CO:.CHs 0
0=C 0=C
) t
[o] OH

ph;/tyl
Figure 2. Chlorophyll and pheophorbide.

S2ue} okl olAlet CHZMA 7|5
gedes BUAe TP oY JPaE EPHT Qo

FA&E7 B8 4R vst] the BB Ve @
Wd Y 2 2 JYHozA 5ol Jldsel stk

A AZARE o SdoN AlzHa SR At A7
T 3 F = JM7AFARE Fotad, 19519 IR =TT
g A2 A4 Tamiya 539l os) F2de] o
sy es WSk 19573 dR FaddTart 49
47 20 mo] 9 F WA E &Y SRR Y

& A7t E2AA0E AR

o ox mit 0
xS

. 0%

L N
)
2
= o rir

gast vk ged 2del 5 )
47 2ol B4 A% sHRE Hol7] AP ABAY
Aol oRIth AE, $4E, cotEome dHA &

ro

&

A kol o mt = b fn
o

A& B9 Chlamydomonas reinhardtiio) & 04 gL ©]
A 279 A5E YATCE Glade9} Maxey(40)=
57709] heterotropic HIMZFE =8 3 uf o o F

Ef
ZFo] nAEFe 4FE ERFAT e EE EAY A
(
o

Korean J. Biotechnol. Bioeng., Vol. 19, No. 1

-

52%0] B4R YRGS o|8F £ AT A
+& heterotropic "E3= mixotrophic BjFS 93 UBkE
adog A Al de] o]&H: Stk drH
AM AdsHe 2R gFEL 2ot X539
3}oll mixotrophic culture 2 A§AFEITH41-43).

o oo

|
o
off & Hd

(a) Open pond culture (b) Pure fermenter culture

Seed culture Seed culture
(test tube & flask) (test tube & flask)

l |

Seed culture

Seed culture

(jar fermenter)
| l
r Small-scale l l Small-scale |
! !
r Large-scale I [ Large-scale I
| !
( logflztggﬁgsh) Centrifugation

l |

I Centrifugation J [ Sterilization ‘

¢ !

| Sterilization | | Spray drying l

! l

I Spray drying | [ Chlorella powder l

l

| Chlorella powder l

Figure 3. Schematic diagram of (a) open pond culture and (b) pure
fermenter culture of chlorella.

ZoHj T A4 LE T HiHY

FEdel RS 2 (open pond culture) -4
BaZ 4% (pure fermenter culture)2] <Q1Ful ko) 2]af
AzH k. g4k FEE ajdgo] 19645 E H43}E
AR A Sl A2 AR HGAE AdE e &
dujoz AELE 1967 olgf FALAE YE o9
Soujgde]l AFE divh, QIEHlAol FoE oFEHoH
209 A%, EFAx7 &9, 229 Az g9 &

FIYNE F FY 5L ZPSE AFH T1ehgel o
Zzdre) Fdol FAHUT. e YIANL 9P
wge e 2.

Soljergel A 9 9% E (poohe] 24+ HolA

v FHcRRE 2
24 o)99] vAE, LFH, FEF, o2 29l A%
"ok ol FEAL d4del ¥ ol 100-200 meshZE
oA so] AAHAE 0.1 m o]ste] vl o] &AL AAFE
A& A9 27bssithFig. 3@). &g B Lk, ¢
F, AFHY 23¢ A9Hew 2 Qo] BrbEET
Aol o}y A=A ¥ AR Fo} Ytk o] Wl
2} £9] gFE AL ofdd) AelA e ol %
TH44-46).

9 gh LEZ ePlde 9 2E vAET 2o
T RN ¢4 vigstnz wd 1

A F YrhFig 3(0). F2Aet ol

iy e

Z a0



Kang, M. S., Chlorella as a Functional Biomaterial

QU AIBE, B vl BN ALY, B, 4
B4 obed, B F9 EDTA So| TFETL BAZ &5
4 2AE WMFEANN A4HoR AT Yol 7}

Sl B9 FHxdo] F2dY G IE
n2)7] & W, wEx g dF 2k A
FEFE LA Foug AY wiste R4 9T FHY

fEX ot off = AN b
_(?L

A A=

g 28 F e dgdo] 5 2 AF FHNA
AERae) g o]F A, w4
pheophorbide 8] S718 WA|go} gt} o]
AgAg Fsta] 10T o
71 oJg wwt F7\7b Pedtt) o]g feEjEelM 1
29484 9% BY5F - BAH - ¥
Zzde Ygage] 4=z ol EFAX (spray drying)
3l 2zde}l BEAEol A

o
fru
f
i
_QL
fr
2
_E
offt
>
2
4
2

B
rit
=

fuju
KU
ne
Tl
=
00
¥
0=
]
=
olo
\J
r N

[<{0 OE‘
o
ol

!
rr

off L
2L
ofi
fo
_(?L
i)
b{l
o
)
rO

H o
n;?l_j
o
2

ok oo
tlo

R i

oo
R o

BN o
Hu
1o
=
ol
o
el
e
™
it
e
olo
N
1o
ot
Eul
i
rir
=)
5
ofl
rL
olo

$712 vk sk Al2" oA &9 )
= 29 A% (open pond)oli} & (raceway)E ©]-&3}
Mol WUy AENEIE dd Ee FHE T4
Jth43). 29 M%%71Z Maumoto F(48)2 v x7E 3H
WA Ao WjE7tAE o)Rete] F£Ru|Y (raceway culture)3}
of AAkgl plolQmiAE 1A A8E AMEEHUTE Lawse)
Berning(49)-& 29420 sk 729 Cyclotella cryptica
WAL WEVIAE ol gEle WF agsigch 9HE o)
e UAd e HEs 33 txRlez(l) gekEdl
AEuE2-7] (stirred tank reactor)ES W3 Hejg}a
9ItH43, 51).
WsjR WE7IZ Takano FGDE PATE BRD Fug
g 4@z PAZFE ARG o wEIIE FAH
(optical fiber)E A3 WH-=9 (internal illumination) ¥4
S Aagoss AAge Hs) F= ZHo] &olF Gl
AtK53). Fig. 4(b)= &8 #F3-37] (tubular photobioreactor)
2 Vel AR vAEFe HHE wWekEx & v wol
AHEHE wigolth54). 11 o= A Hio| s,
1A Mol golslar, A7t £o)d HE E F UTHSS).
o] 9o #g BHE-7) (thin-panel photobioreactor)9} 423
3 Wk37] o] AHEHI Qid8). F2Pe} wigels Yt
Hog Wi CO8 Fol pldEF FHd A4}
"ok T oujokr] Wao] ¥¥FHo R 3 (ligh)g AFHHOE

o
O
Qi e N

2l
Wi
O,

wt Rl oo%
T o
ot

)

[¢]
OJEFER sz Zol WS Fad YEHOE, wF Aol
Fu9 0e THH) A4 29 e 2o ol 2

cm ©]3tZ 3v] FEo go|w A

7% 7HAoF gk

r

5

2R $ 299 BAE Wi S TN & 2A
2 yeidth edoze tE 424 2FU 584 5%
28 Fo| foH, e sEdA FY=HAT WA 8
£ 2F9 432 Psd 2579 4E4 /g gol=d
ok &9 Wi i WY wpgae] ws) 87 wske
2999 fHez W7 el S frEsta B
24 Wlg 7hsAdel Atk

window

’4,1—:7-|ight emitting tube
K|z +—-beam
. fire ring

;‘ﬁber optical ringlight

lig/ht sdﬁ?ce

(a)

Air
supply

Flotm Bleed
Pump

Reservoir

(b)

Figure 4. Schematic diagram of bioreactor (a) photobioreactor with
optical fiber and (b) tubular photobioreactor.

A vlEF MYEe & #g (batch culture)el]
olEsla ey ot SUishEA REEEA Y (semi-
continuous culture)® A4 Bj9F (continuous culture)o) Sl
otk HRE A& wjke F7) Folld FYFHE 288 ¢
71 A% AYE g A AEE E8sla veke 34 J)e
HEsle] o]-gs8lar ¢ltk Rusch®} Christensen(58)2 ¢14:
ko] yol o EAE #4338 hydraulically integrated
serial turbidostat algal reactor (HISTAR)E Z7f& ul <lch
o] ¥Fe7|E= YR EJH|EAE (sealed turbidostats)® <& 7]
o] AR wg7e AFH FEE olFoA ot EEE
12710l ke £8 vAZRFEE AN R ol
Wi AAF WS A&Hoz Fgyol XA X
9 Az AAST. o)) go] HISTARE /g3 g

4

43 45 552 2Ad 299l 4L A

£ 4

o

rE

Jo to

~N
()

14



|]]!E
i}
lo
.H
o
3.
J:_

E.
E
éﬂ;tﬂ%%gl ’i!%% a %@Eél, 3 22, 3

g A7

2 Heoz Wgsy 3k oz Qs vy, wEwl
o] Z¥¥r] #A4 2= AU YA Boh webd, ¢

Fog el 49 4480 e Faso. w8 93

NRE Ao HAF PHOB Y oFE 92
b ed R s el 438 14
24 H2AS Fodt w0 dardN AYsT Aok

P dEA aAe 42 2zdot uu, vey, 95
obleite O gk drke A% DU U34S
23 gleke Aold AEA BAL oslm gtk gz
£ AEORY §EBT ohle 3E, GlGE, BRVA &
AN e e o A 2 Y

a4 S22 0|24l ALY HiE

Q7o EANE, EHsERY AL Bl o) He
dolSuf o8 #30d, 4Fegel 29w ok o

s 5& 3
o|g2lF 9 Astd F4d 119Jr AAZRE 9] W] &3 F
2, a1y, 34 opxe] I 2AL AFEo] 9
tf. 2249l AEY AR F5 d¥e gol8an F35y
o] &S AR wjEAY= LS ITH2Y. FHeA dol
S5 AFF A 3%5}% ldpd e B R A R
Zz4e), 534 ofE Hlug AYPdA, HEo ARE A
At A vzt 3§E“E¥~ 10%8 4 AlEE HHT
A7} 23~354 ¥ 5L TholRAlF WiE 52 Byodr).

o] AL Holdfel # 0}04 2 & Aes Holg Aol
.

A 225 =8 o L oy

257, Tl AT npelemzel T FFEHEY A
EFFol 049 379 HIEAE (detoxification)s} 24 B
AZHE 783 F5S dgste A5-H2THd ol 8E £
e 7FeR TS FEHD Atk o3 A9
d 2 iron(I)3} chromium(VI)o] ZZd o] F2EH, o] &
2rg o] oA R Langmuir &3 isothermel] o) 2 H3H
te Bavt J9s9). F2dee AA vd 384 5498
At wdsle 7lwe] itk 488 AF0 FEES F
osiir g2z} dolg AW A7, =§ F3le] 13.3-40%

91 Hjdo} Z/FETH22, 23). F=de &8 Z4, o}
A, oo, @A 5o ggkog AAdA W B4t
AAE T, F& AF A7 AT AR ME 2Zx =
AE FIANA 2 &3E %i}’\]i’_ﬁ}(m) Back ——(61)L
GPh)F 3 Zzdge A F93 23, AY &3
g 2o vgo] guhe A% cH&%Loﬂ Bla] <k 20% A=
2 dgton, o x2" ¢ 54 43E 93 Fzdzy
9] ML 2~5% FFo| vigAsctn K asigch
3ol 849 59 ¢

A 2EE & da @) A7l
WAL 9%E 2 23, 22U AAAAG gleld
sas BAVRG o 2 £3e Be ESS Urhitks

BT 1eH62).

Korean J. Biotechnol. Bioeng., Vol. 19, No. 1

A=Y SZo MEsH Folet HeEe 335 MA

Antifouling§ #AES} #HEA| B biocideo] dE| AHEHE
E42l tributylin (TBT)2 Chlorella vulgarisol 2|3} Z73o]
o 22 dibutyltin® monobu tyltin®. 2 27~41%9] AE&
E A HA4stdoty BuHItH24). Tam$(63)e S22t
dople Az ozt Folgles AFME TBTE
85~90% o] A AsIFTL HtslE et v&=3g o2 benzal-
dehyde, monochlorobenzaldehyde$} dichlorobenzaldehydes} 2+
£ Wk Uu| S| =7} Chlorella minutissima 52 v M| 27l
9] primary alcohol2 #UF= HH3-0] BuE ul gluked).

A zEE ol oled OF 73 L AT 9o

F

o Qg Fad fUER He FY /II1ES o8¥% F
Aok 2o Sagy Hede S5 AAN AT A

B9 Alz=dle] AdH ‘3} UTH57). Travieso 5(65)2 5
49 AAE st Z g vARFE RSl =
WE To 22EL 109 9 945% AT AAFE pilot
TR AEWR7] AJ2EQl  biofilm reactor for algae
immobilization (BIOALGA)E A|ot3t u} 9)ew, Bashan 5
(66)2 alginate beadd]] 3143}¥ C. vulgarisE o]&5ta] ¥4
of EAjslE UEF ol F84 At olg TEFHo=E

AASATL Birstdt

oHZA5| gl Z1E Rtoflo] 24|

Soizs) 9
g2 go| 1A Halslo] AT WEEE
il 2dgie 7}z BlE}”J

71Ad = H]

> 2
rJ
£
o
_Q,

il

—_ o |, o
dF XAlgF (sublethal dose) 4522 Listeria monocytogenes

(1 x 10%animaol] ©j3) ZLE Fo] 22U} 22EL ¥
APS o WP e FEOE Ao FAHIUG 2 9
= 298 FEE0] L monocytogenesd) 7F2H FE2
o)A  granulocyte macrophage colony forming unit
(CFU-GM)9| o] REZHo=z 7|o3lr]  ufio]tier).
Konish 5(68)2 cyclophophamideQ] T4 ¥WY A" ¥
Aol g2del 2323 RoResH o ) HaTe &
A7t 22 FE2EE FASA ¥ xwol Blste] 2|
ol wzA IEHe AL EAPnE0), FEHHG dF
FZEL2 L monocytogenesS} Escherichia coliol] 2|3 7+ 3}
79 o] Fgol et &3 Wol HAYZE Eole
710l SAthe9, 70). R FEFEL vhaRdopA| 9
interleukin-12 (IL-12)2} v-interferon (YIFN) mRNA @& 43
S 293 L monocytogenes 7FY ¥ murine retrovirus
induced aguired immunodeficiency syndrome (MAIDS)E Zt=
Hek B #ol WA (spleen) 715E FFAIZITHL B g
o1 ATH28). =g FEdete] HHAZ ARIukgo) dle] &
immunogloblin E (IgE) W3] Ao 4274

Age] Ago FEE & Aok Big uf JokTl).
ZzdgzYy Fg¥ glyceroglycolipid?l monogalactosyl

diacylgycerol®] UFo] FFE AASt Hid ul ot



Kang, M. S,, Chlorella as a Functional Biomaterial
@n. 2zded 99 T3 g9 WG R FAF 9%
8= helper-T A|¥E 7254 €436t 48477 2n
zae #2}

v Qlomy(72, 73), 8 F o3 T4
60,000~70,0008] YT AR T FEE ZHEQATE 90%
AAsaL ek o el 54 W

2, ‘féimoﬂ %**01 0%6} flo} AER vjFo] 229

tu oft it mlo

g JYAE 2Asete] & Hol AAEAES YepiER
s)o} y__,_xﬂ 2 593 988 & Aoz 7HHrkes, 74-76)

B MT 220 0jRE & X Mxe| FEEHE

2248E dFNA 47 %?} AR F AW A F
© 05% A7 743%7} Ay, 1.0% A7 81%7)
Zastgon, AdudA FRG in viro FT AFIME
g2 s ot vdEY BE A 2P l Eo
(30). AA Fro F2e} FoAT SFAA FAT A
o AN g RS ARG K83 AT AW 4%

S Bl AeE Z7 FAAE ez g9l ¥ 4 YTk
CGFe] FA4EQ gavd 2o ugZseo}l 243 oy
2 (ATP) AAHg 38A7)3, AZ Yo titEs AL
A &4 Az AYS A oy 24 F
259 A ngdgos Fda FEHEL IAE Y=

ARZE 7= STH30).
AlEo 20| g4t 3 2550
AFo 2o AMEE e RUEE AEFY e 1
of g ZEshed AR glth 2EIetE Wl %
= HEE AZT A4S FE BT FUeY AR 93
A Gol FAFATR0)
: Stationary
Fossil . ) . CO2 . Post
Fuel Combustion Removal Process
System J
I CO:2 Supply

- Commaercial
P.hoto- — Algae ., = products
bioreactor Separation " _ a4 Crabon

for Sequestration

Figure 5. Concept for microalgal-based CO, capture and sequestration
scheme.

OlAtElEks TR
Agiste] AT vEo] #Hxdpl BEHe Coe AT
sl FAE oI o AT sl 42 sy
2 uiEqe dFgnde 58 ¢ Atk 34 deERH
A oL A3 AN CAEFE oj&sh: 73
SItkFig. 5). MAZRFE o
@ AEAEY 5849 FFAE EE AHH Cop A
2o} edo] & & QUrk77). Oh F(56)2 vlAlxFo o)
Fatel ti7] F9 CO, F=E FAA7IA, F4b H
Aast A 22 FYEFY v=E A
Ba PG 2AE ‘H@Q F 315}3 Bt
2=dgE

o2 d
o

fu ofN
x 1o o

Yun 5(78)&

Bastgon, Sung (792 & 7ZE W7l (H7 2
cm)oll A FZAHE o4 CO, TS HFA 1.097
g/L-day®] ®& ulolomiA QaAS Bt ul gl

u]Z o1 A4 (Department of Energy, DOE)2 #&{@raAi
ERE WA "= 7lae] ofatsigde] AA CO; 1 ton F
2k $35-2649] wl-&-S Faketnh mlNRF AL ©tE
vpo]Quj4 1 ton B $10 ool AR, wlAZFel g J1A|
Je BAEY AYaroz FAHY FAAAE FHIA o)4t
slekho] A AREE $10 o|stZ Utk Aot
2).

wE

El7}A AlAD) 3tAN S}

uAzFE 2 /A HJ‘@% Zald drg Qs £ gtk
(80, 81). WNZFE & A A e tAE AJ4ts)
TED), BUAE B FATRE BATEY. TAER
OAFS dAsy] A8 AdsEe Ade 22 229 @
S 7HAok shedl durAQ) wik 27t AiEe AAL
18~21 kJjge] Z=22] gS etk ol tidel 42 kifgol H
& e Folh 2y mAz %91 HIFAl Aagde] e
AelolM w& AR AL FHEY £ Urki4, 84).
Zdgle] M E Airdo] *e AL 58%7A 1@3
=23 ub 9ITHS)).

Cultivation
Bioactivity screen
Purification Derivatization

Culture loNol Yo oS08 0e®
—
Collection ses00

® 000
Compound
Library

Figure 6. Compound library using microalgae culture collection.

=

HIO[2AH A4t

HAZEL FAEL vis) Zo gk &ldd AE &
A, A oj4A T AHES AT o] Ak A
o] §-83 Aoz g ALsa ook wHEFAE A
TFde] & Hojglx] o APAE o)l &g A4} NG &
e dAfdel @3] JPH AYAS A7 R
AgEgE drc AEA P sheide] Erhe Helthse).
& Zo] m=9 Aok 3]A}2) Mera Pharmaceutic als= 39}
o] P8} (University of Hawaii, UH)o] ®ZE F< 2000
29| Cynobacteria (BZF) TFEFE A=2E IES A
date d7E A9 Fo stk UHY| F3HToRE oy
1007] o] AEA EAFol 2z:YHAT, drld &
oA AEHEIES olfde & FEF ’"““ ol A
A EAA 2 ZVNA T 84, A 549 oA 5
S A Aekoz Afwaly] 9gh gtol2eeE &8st
tH2). Fig. 6 o] 7/l'd-g d9sta Ak

Zzdgls g2 o qE2Fe @A AELA AL Alade
g2 ggo] =4 v|ojget 2 3 o2 carotenoid= vitamin A
o AT AEA ) AHH U WG Wbeln Pats)
HAzZA Bl ZulEx U=, o] carotenoide] HEFA RS
A o5 A A= F st Co owdgarisolth C

o

¥ ox



vulgaris®] B713Q HAZ 8, A9 5o o AEH
W33, UG %% o33 & QUTHET).

FZAgoA FFHe 92 A Z astaxanthine p
-carotein, lutein, zeaxanthin, cantaxanthin 5¢] 33}3lAlHch
gk 104}, a-tocoferol .t} 5008] 73+ dFakzlalS Holw,
‘super vitamin E’2} E-&]+& nutraceutical 552 EZo]TH88).

22} FEF (Chlorella extract) Y CGF] 8%

gzdele &5 ZZ4E AXE AR BUsis 4TS
AA = HYo R e AT CGFE “JvO}% ZF=z4g
5 FEF0| AAAFOEA o|&HI A3 HZ AWAE,
AFF, ANE TR o8 Ui Ue FAo|tHTable
3). 229l FEEL HAE HriHe Regy ¥R &
e FAANINVE gt oiF njAEY A, WAFY A5

3, BYAEY 484 2 a7 BAAul EH AEA
2% ol&H1 gt

Table 3. Uses of chlorella and chlorella extract

Application area Specific uses

g‘fl‘g&gg{‘;}t Food additive  Drink
Created Valueadded
Colorful
Bread, Cookie,
Ice-cream,
Chinese noodle,
Can, Alcohol, Rice,
Soybean paste
iz:;hzer, Promote growth
Other Cosmetics  Cell revival
application
Microbial Lactic ferments,
promotion yeast, fungus
Environment Water
application purification

CORE AE7lss WHE AFs) AEdued 4%
% o2, A% A, SHE A, TAE (AT £,
GEF % AN i A A% F08, HEER 4T

& 5ol ol§HT Utk AYRZAE EE 4EENESRA
o g2Us uz ¥2 U 2Rdl £3E 458 B0 4

il

HEW Table 49} o) W, W, &8, A2 7, d2g 59|
S8 F gon, I3F 1 VT4 AEIAE g E59
Aoz sz vk 1 8& d2A, F2dgE FEAZ

3
o=

Arkste] FRAzY &, ALA, HEA (texture)7}t F7}s)
HAME vy ES Y&l E#dﬂi AAHAGE BRavt
th(19).

CGFe #49, 7¢2%, Hlghdl, vz 5 A =524

w7, EE vEQAY 27 59 ARsAFos oed
T glom, Wk WE, W 59} A7 ADL s Aol
= $.

SzaNalo| AJZ siEt
1990358 Z2Ate] F£87F g3 FiEo] ot

Oll

Korean J. Biotechnol. Bioceng., Vol. 19, No. 1

Aol 2ol AL AAHYT ol7le] 1996 B
B FPoIANE 1000 tonjyears] A4 FHoZ AR 219)
sl A F A4k 5Ee 2000 HAA A7 2 5,000 ton
o o=k,

AAHLRE 71548 AA9 AFe
I 4FEs Y o2 AErtee dAYsta o 28y,
715 aAe kA 2HeE 714, ﬁ?ﬂ*éﬁr TEAE
E3te &A1 Ve f4A g ‘3&‘5
] ARl CGFE HIE3}o] opv|x %‘r‘?}‘i‘v‘é, H]g}el
7154 %él% gHrahar Al°‘11 A&7, A933),
2E To FEAH el AL 2=
Foed o) FFE AFLE AEH HAEN
i), FF IS AAZY ARG A wg- Bk
E‘r F2E9 CGFr 242 npriA 2 4453
ofug WAFZ, =3dAl, NEEE, FE&T 873
EE gAet AW wWE TY ZIsHE TS5
83 7154 Mg & 4 AHE0).

THAME FE2Aee] 754 o A7 € F2deE
o] &gt o]f2, oJHe] AYA, HEHINE, 7158 £5, 7
=4 AT 9 AEAdo] APH T YA gk, FFE ol
oA gL F2deld 71 Uit At A&Hez
dodlcty FdEe dA4 B A7Ee olA7A EA 9l
A Fd AYEAoE vy 24, AT A 7o
A Ao tigte] B2t vl glvk®9, 90). £=2de}
Hjckel s AAE vielewliEs 1 AHEAM 7154 &
9] Hiolr|x 3pAF Ao AP FEE o83t o
7}A &§HEe) MEA3I) (biotransformation)S 93 A EuLL-
7] (bioreactor)E o] &8 4 UTH3S, 36). FF o] Holo of
3 A7 A ez dud.

—

=

e

o[ﬂ

)

@mmm
S
X
B
>,
2 lob HE My wlo rr

fodl e X g
ol

)

kO
jie]

ZEdele AEIGH JEES THSA st el
A AEEHoR Atrvt HFLR o|&H SLE, ooFE,
Aol dg2x ogHn vt F2Aes HE ARy
I 5 ErelM ASsin, 73 DAzt e A
Aoy 7o) 4~16W2 FAth. SR Ao FAULS
AT B A ST TEx wgHer YHnh
g2deks I ofnl=ita AAd o7 7k AH TlE
S FFsle Auiba AHE, Ak AR =2 Yo BF
o1 chlorella growth factor (CGF)9) 550} glor], 44 U
A FuL wEIs, SAHEEY ¥, s €
Fohe) A, Wgrs Bk Y &4, A FaATY F
2 F3, A fr-4 0 F R BREER 59 VIsAde 7

(o3

F

=

=
5% H9E, o § 22§89 5 2 ol
e} elustgias) 2
el v A



Kang, M. S., Chlorella as a Functional Biomaterial
REFERENCES
1. Kim, S. J. (2002), Marine bioindustry development, J. Microbiol.

10.

11.

12.

13.

16.

17.
18.

19.

20.

Biotechnol. 15, 16-18.

Miguel, O. (2003), Commercial development of microalgal
biotechnology: from the test tube to the marcketplace, Biomol. Eng.
20, 459-466.

. Bajguz, A. (2000), Effect of brassinosteroids on nucleic acids and

protein content in cultured cells of Chlorella vuigaris, Plant
Physiol. Biochem. 38, 209-215.

. Kazumasa, H., Y. Sayaka, D. Susilangsih, I. Osamu, M. Aparat,

P. Jirapatch, and M. Kazuhisa (2003), Bioactivities of nostocine
produced by a freshwater cyanobacterium Nostoc spongiaeforme
TISTR 8169, J. Biosci. Bioeng. 95, 512-517.

. Metting, B. and J. W. Pyne (1986), Biologically active compounds

from microalgae, Enzyme Microbial. Technol. 8, 386-394.

. Golueke, C. G. and W. J. Oswald (1963), Power from solar

energy-via algae-produced methane, Solar Energy 7, 86-92.

. Brown, M. R. and S. W. Jeffrey (1992), Biochemical composition of

microalgae from the green algal classes Chlorophyceae and
Prasinophyceae, J. Exp. Marine Bio. Eco. 161, 91-113.

. Fuentes, M. M. R., J. L. G. Sanchez, J. M. F. Sevilla, F. G. A.

Fernandez, J. A. S. Pérez, and E. M. Grima (1999), Outdoor
culture of Porphyridium cruentum in a tubular
photobioreactor: quantitative analysis of the daily cyclic variation
of culture parameters, J. Biotechnol. 70, 271-288.

continuous

. Mustafa, M. G. and H. Nakagawa (1985), A review: Dietary

benefits of algae as an additive in fish feed, Isr. J. Aquacuit. 54,
155-162.

Mendes, R. L., B. P. Nobre, M. T. Cardoso, A. P. Percira, and
A. F. Palavra (2003), Supercritical carbon dioxide extraction of
compounds with pharmaceutical importance from microalgae,
Inorg. Chim. Acta 356, 328-334.

Carvalho, A. P. and F. X. Malcata (2000), Effect of culture
media on production of polyunsaturated fatty acids by Paviova
lutheri, Cryptogamie Algologie 21, 59-71.

Nash, G., I. G. Aderson, M. Shariff, and M. N. Shamsudin
(1987), Bacteriosis associated with epizootic in the giant sea
perch, Lates calcarifer, and the estuarine grouper, Epinephelus
tauvina, cage cultured in Malaysia, Aquaculture 67, 105-111.
Kim, Y. H., M. K. Park, B. D. Yun, H. S. Kim, H. H. Seo, H.
M. Oh, and S. J. Lee (1998), Advanced treatment of swine
wastewater by a green alga, Scenedesmus quadricauda, Algae 13,
227-233.

. Piorreck, M., K.-H. Baasch, and P. Pohl (1984), Biomass production,

total protein, chlorophylls, lipids and acids of freshwater green and
blue-green algae under different nitrogen regimers, Phytochem. 23,
207-216.

Costa, J. A. V., L. M. Colla, and P. F. D. Filho (2003),
Improving Spirulina platensis biomass yield using a fed-batch
process, Bioresource Technol. 328-333.

Karuss, R. W. (1962), Mass culture of algae for food and other
organic compounds, Am. J. Botany 49, 425-435.

Atsushi, M. (1999), What is Chlorella, Food Ind. 9, 122-138.
Becker, E. W. (1994), Microalgae-biotechnology and microbiology, In
Cambridge Studies in Biotechnology Vol. 10, ]. Baddiley, N. H.
Carey, 1. J. Higgins and W. G. Potter, Eds., p293, Cambridge
University Press, Cambridge.

Kim, S.-S., M.-K. Park, N.-S. Oh, D.-C. Kim, M.-S. Han, and
M.-J. In. (2003), Studies on quality characteristics and shelf-life
of chlorella soybean (Tofu), Kor. J. Soc. Agric. Chem.
Biotechnol. 46, 12-15.

Park, M. -K., J. -M. Lee, C. -H. Park, and M. -J. In (2002),
Quality characteristics of Sulgidduk containing Chlorella powder,

21

22.

23.

24.

25.

26.

27.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kor. J. Soc. Food Sci. Nutr. 31, 225-229.

Pore, R. S. (1984), Detoxification chlordecone poisoned rats with
Chlorella and Chlorella derived sporopollenin, Drug Chem.
Toxicol. 7, 57-71.

Nagano, T., Y. Watanabe, T. Honma, Y. Suketa, and T. Yamamoto
(1978), Asorption and excretion of cadmium by the rat
administered cadmium-containing ~ Chlorella, Kagaku 24,
7182-7186.

Hagino, N. (1975), Effect of Chlorella on fecal and urinary
cadmium excretion in “Itai-Itai”, Jap. J. Hyg. 30, 77-83.

Tsang, C. K., P. §. Lay, N. F. Y. Tam, and Y. S. Wong
(1999), Biodegradation capacity of tributyltin by two Chlorella
species, Environ. Pollut. 105, 289-297.

Wilkinson, S. C.,, K. H. Goulding, and P. K. Robinson (1990),
Mercury removal by immobilized algae in batch culture system,
J. Appl. Phycol. 2, 223-230.

Singh, A., S. P. Singh, and R. Bamezai (1998), Perinatal influence
of Chlorella vulgaris (E-25) on hepatic drug metabolizing enzymes
and lipid peroxidation, Anticancer Res. 18, 1509-1514.

Morimoto, T., A. Nagatsu, N. Murkami, J. Sakakibara, H. Tokuda,
H.  Nishino, and A. Iwashima (1995), Anti-tumour-promoting
glyceroglycolipids  from the green alga, Chlorella vulgaris,
Phytochem. 40, 1433-1437.

Hasegawa, T., Y. Kimura, K. Hiromatsu, N. Kobayashi, A.
Yamada, M. Makino, M. Okuda, T. Sano, K. Nomoto, and Y.
Yoshikai (1997), Effect of hot water extract of Chlorella vulgaris
on cytokine expression patterns in mice with murine acquired
immunodeficiency ~ syndrome  after with  Listeria
monocytogenes, Immunopharmacol. 35, 273-282.

Hasegawa, T., K. Tto, S. Kumamoto, Y. Ando, A. Yamada, K.
Nomoto, and Y. Yasunobu (1999), Oral administration of a hot

Eisei

infection

water extracts of Chlorella vulgaris rteduces IgE production
against milk casein in mice, Int. J. Immunophamacol. 21,
311-323.

Han, J. G, G. G. Kang, J. K. Kim, and S. H. Kim (2002), The
present status and future of Chlorella, Food Sci. Ind. 6, 64-69.
Barclay, W. R,, K. M. Meager, and J. R. Abril (1994), Heterotrophic
production of long chain omega-3 fatty acids utilizing algae and
algae-like microorganisms, J. Appl. Phycol. 6, 123-129.

Day, J. G. and A. J. Tsavalos (1996), An inverstigation of the
heterothrophic culture of the green alga Tetraselmis, J. Appl
Phycol. 8, 73-77.

Kim, Y. H. (1999), The effect on bioactivities of Chlorella, Food
Ind. 19, 122-128.

Kores, R., E. J. Schaefer, R. A. Squire, and G. M. Williams
(2003), A review of the safety of DHA 45-0il, Food Chem.
Toxicol. 1433-1446.

Pollio, A., G. Pinto, M. D. Greca, A. Fiorentino, and L.
Previtera (1996), Biotransformations of progesterone by Chlorella
Spp., Phytochem. 42, 685-688.

Greca, M. D., A. Fiorentino, G. Pinto, A. Pollio, and L.
Previtera (1996), Biotransformation of progesteron by the green
algal Chlorella emersonii C211-8H, Phytochem. 41, 1527-1529.
Kanno, T., K. Shinpo, M. Masada, and G. Tamura (1996),
Growth-promoting factor for an extract of Chlorella vulgaris
CK-5, J. Ferment. Bioeng. 81, 159-162.

Atsushi, M. (1999), Technology on quality control in Chlorella
production, Food J. 9, 82-97.

Tamiya, H., T. Iwamura, K. Shibata, E. Hase, and T. Nihei
(1953), Correlation between photosynthesis and light-independent
metabolism in the growth of Chlorella, Biochim. Biophy. Acta.
12, 23-40.

Gladue, R. G. and J. E. Maxey (1994), Microalgal feeds for
aquaculture, J. Appl. Phycol. 6, 131-141.

Tasukada, O. and T. Kawahara (1997), Mass culture of chlorella



10

42.

43.

45.

46.

47.

48.

49.

50.

S

52.

53.

54.

55.

56.

57.

58.

59.

61.

in asian countries, In Biorogical Solar Energy Conversion, A.
Mitsui, S. Miyachi, A. SanPietto and H. Tamija, Eds,
pp363-366, Academic Press, New York.

Soong, P. (1980), Production and development of Chlorella and
Spirulina in taiwan. In Algae Biomass, G. Shelef and J. Soeder,
Eds., pp97-113, Elservier, Amsterdam.

Richmond, A. (1990), Large scale microalgal culture and applications,
In Phycology Research for 1990, Proc. Phycology Research
Conference 1990, ppl-€2.

. Richmond, A. (1987), The challenge confronting industrial microalgal

colture:  high photosynthetic
Hydrobiol. 151, 117-121.
Weissman, J. C., R. P. Geobel, and J. R. Benemann (1988),
Photobioreactor design: mixing, carbon utilization and oxygen
accumulation, Biotechnol. Biveng. 31, 336-344.

Richmond, A. and A. Vonshak (1991), Preface of the special
issue, Bioresource Technol. 38, 83-84.

Oh, H. M, J. 8. Kim, and S. J. Lee (1998), Biological fixation
for global warming gas of microakgae, Kor. J. Environ. Biol. 16,
291-297.

Matumoto, H., N. Shioji, A. Hamasaki, Y. lkuta, Y. fukuta, M.
Sato, N. Endo, and T. Tsukamoto (1995), Carbon dioxide fixation
by microalgae photosynthesis using actual flue gas discharged
from a boiler, Appl. Biochem. Biotechnol. 51, 681-692.

Laws, E. A. and J. L. Berning (1991), A study of the energetics
and economics of microalgal mass culture with the marine
chlorophyte  Tetraselmis implications for use of
powerplant stackgases, Biotechnol. Bioeng. 37, 936-947.
Watanabe, Y., D. L. J. Noue, and H. Do (1995), Photosynthetic
performance of a helical tubular photobioreactor incorporating the
cyanobacterium Spirulina platensis, Biotechnol. Bioeng. 269-330.
Pit, S. J, Y. K Lee, M. R. Walach, M. W. Pirt, H. H. Balyuzi,
and M. J. Barzin (1983), A turbular bioreactor for photosynthetic
production of biomass from carbon dioxide: design and performance,
J. Chem. Technol. Biotechnol. 35-58.

Takano, H., H. Furu-Une, J. C. Burgess, E. Manabe, M. Hirano,
M. Okazaki, and T. Matsunaga (1993), Production of ultra fine
calcite particles by Coccolithophorid algae grown in a biosolar
reactor supplied with sunlight, Appl. Biochem. Biotechnol. 39,
159-167.

Csogor, Z., M. Hermrenbauer, 1. Perner, K. Schmidt, and C.
Posten (1999), Design of a photo-bioreactor for modelling
purposes, Chem. Engin. Proc. 38, 517-523.

Miron, A. S.,, A, C. Gomez, F. G. Camacho, E. M. Grima, and
Y. Chisti (1999), Comparative evaluation of compact
photobioreactors for large scale monoculture of microalgae, J.
Biotechnol. 70, 249-2770.

Lee, C. G. (1999), Large-cultre of microalgae, Mirobiol Ind. 12,
22-29.

Oh, H. M,, L. S. Kim, and S. J. Lee (1998), Biological fixation
of CO, by microalgae, Kor. J. Environ. Biol 16, 291-297.
Scragg, A. H., A. M. Illman, A. Carden, and S. W. Shales
(2002), Growth of microalgae with increased calorific values in a
tubular bioreactor, Biomass Bioenergy 23, 67-73.

Rusch, K. A. and J. M. Christensen (2003), The hydraulically
intergrated  serial  turbidostat algal (HISTAR) for
microalgal production, Aquacuit. Eng. 27, 249-264.

Aksu, Z. and A. Unsal (2000), Modelling of a single-staged
bioseparation process for simultaneous removal of iron (III) and
chromium (VI) by using Chlorella vulgaris, J. Biochem. Eng. 4,
229-238.

efficiency in large-scale reactors,

suecica:

reactor

. Singh, A., S. P. Singh, and R. Bamezai (1999), Inhibitory potential

of Chiorella vulgaris (E-25) on mouse skin papillomagenesis and
xenobiotic detoxication system, Anticancer Res. 19, 1887-1892.
Baek, S. H, S. J. Kim, J. H Han, and J. W. Heo (2001),

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Korean J. Biotechnol. Bioeng., Vol. 19, No. 1

Detoxification of lead poisoned rats with Chlorella, Proc. The 3
International Symposium on Chlorella, pp65-77, Korea.

Cho, L-K., S.-H. Kim, D.-C. Kim, H. J. Chae, N.-S. Oh, D.-H.
Kim, and M.-J. In (2001), Comparison on chilorine removal
characteristics of Chlorella vulgaris and green tea in aqueous
solution, Kor. J. Soc. Food Sci. Nutr. 30, 344-349.

Tam, N, F. Y, A. M. Y. Chong, and Y. S. Wong (2002),
Removal of tributyltin (TBT) by live and dead microalgal cells,
Marine Pollut. Bull. 45, 362-371.

. Hook, I. L., S. Ryan, and H. Sheridan (1999), Biotransformation

of aromatic aldehydes by five species of marine microalgae,
Phytochem. 51, 621-627.

Travieso, L., A. Pellon, F. Benitez, E. Sanchez, R. Borja, N.
O’Farrill, and P. Weiland (2002), BIOALGA reactor: preliminary
studies for heavy metals removal, J. Biochem. Bioeng. 33, 87-91.
Bashan, L. E. D., M. Moreno, J.-P. Hemandez, and Y. Bashan

(2002), Removal of ammonium and phosphorus ions from
synthetic wastewater by the microalgae Chlorella vulgaris
coimmobilized in alginate beads with the microalgae

growth-promoting bacterium Azospirillum brasilense, Water Res.
36, 2941-2948.

Queiroz, M. L. S, A. P. O. Rodrigues, C. B. C. A V.
Figueiredo, and S. Malacrida (2003), Protective effects of
Chlorella vulgaris in lead-exposed mice infected with Listeria
monocytogenes, Immunopharmacol. 3, 889-900.

Konishi, F., K. Tanaka, S. Kumamoto, T. Hasegawa, M. Okuda,
I. Yano, Y. Yoshikai, and K. Monoto (1990), Enhanced
resistance against Escherichia coli infection by subcutaneous
administration of the hot-water extract of Chlorella vulgaris in
cyclophophamide-treated mice, Cancer Immunol. Immunother. 32,
1-7.

Konishi, F., K. Tanaka, K. Himeno, K. Taniguchi, and K.
Nomoto (1985), Antitumer effect induced by a hot water extract
of Chiorella vulgaris (CE): resistance to meth a tumor growth
mediated by CE-induced polymorphonuclear leukocytes, Cancer
Immu. Immunother 19, 73-78.

Tanaka, K., T. Koga, F. Konishi, M. Nakamura, K. Mitsuyama,
and K. Nomoto (1986), Agumentatin of host defense by a
unicellular green alga, Chlorella vulgaris, to Escherichia coli
infection, Inf. Immun. 53, 267-271.

Hasegawa, T., K. Ito, S. Kumamoto, Y. Ando, A. Yamada, K.
Nomoto, and Y. Yasunobu (1999), Oral administration of a hot
water extracts of Chlorella vulgaris reduces IgE production
against milk casein in mice, Immunophamacol. 21, 311-323.
Noda, K., N. Ohno, K. Tanaka, N. Kamiya, M. Okuda, T.
Yadomae, K. Nomoto, and Y. Shoyama (1996), A water soluble
antitumor glycoprotein from Chlorella vulgaris, Plant Med. 62,
423-426.

Konishi, F., M. Misuyama, M. Okuda, K. Tanaka, T. Hasegawa,
and K. Nomoto (1996), Protective effect acidic
glycoprotein obtained from culture of Chlorella vulgaris against
myelosuppression by S-fluouracil, Cancer Immunol Immuno. 42,
268-274.

Hasegawa, T., Y. Yoshikai, M. Okuda, and K. Nomoto (1990),
Accelerated restoration of the leukocyte number and augmented
resistance against Escherichia coli in cyclophophamide-treated rats
orally administered with a hot water extract of Chlorella vulgaris,
Immunopharmacol. 12, 883-891.

Ibusuki, K. and Y. Minamishima (1990), Effect of Chlorella
vulgaris extracts on murine cytomegalovirus infections, Nat.
Immun. Cell Growth Regul. 9, 121-128.

Hasegawa, T., K. Tanaka, K. Ueno, S. Ueno, M. Okuda, Y.
Yoshikai, and K. Nomoto (1989), Agumentation of the resistance
against Escherichia coli by oral administration of a hot water
extract of Chlorella vulgaris in rat, Immunopham. 11, 971-976.

of an



Kang, M. S,

77.

78.

79.

80.

81.

82.

83.

Chlorella as a Functional Biomaterial

Brown, L. M. and K. G. Zeiler (1993), Aquatic biomass and
carbon dioxide trapping, Energy Conv. Manag. 34, 1005-1013.
Yun, Y. -S,, J. M. Park, and J. -W. Yang (1996), Enhancement
CO: of tolerance of Chlorella vulgaris by gradual increase of
CO: concentration, J. Chem. Tech. Biotechnol. 10, 713-716.

Sung, G. D, J. S. Lee, C. S. Shin, M. S. Kim, S. C. Park, and
S. W. Kim (1998), CO- fixation by Chlorella HA-1 cultured in
bubble columns, Biotechnol. Bioeng. 10, 401-405.

Calvin, M. and S. E. Taylor (1989), Fuels for algae, In Algal
and Cyanobacterial Biotechnology, R. C. Cressell, T. A. V. Rees
and N. Shah, Eds.,, ppl38-160, Harlow: Longman Scientific and
Technical Publishers, England.

Kosaric, N. and J. Velikonja (1995), Liquid and gaseous fuels
from biotechnology: challenge and opportunities, FEMS Microbiol.
Rev. 16, 111-142.

Kang, C. M. and B. T. Kim (1996), Degradation characteristics
and microbial behavior of microalgae in methane fermentation, J.
Kor. Solid Wastes Eng. Soc. 13, 138-144.

Melis, A., L. Zhang, M. Forestier, M. L. Ghirardi, and M.
Siebert (2000), Sustained photobiological hydrogen gas production
upon reversible of oxygen evolution in the green alga,
Chlamydomona reinhardtii, Plant Physiol. 122, 127-135.

84.

85.

86.

87.

88.

89.

90.

11

Ratledge, C. (1989), Biotechnology of oils and fats, In Microbial
Lipids 2, C. Ratledge, S. G. Wilkinson, Eds., pp567-688,
Academic Press, London.

Borowitzka, M. A. (1988), Fats, oils and hydrocarbons. In Micro-algal
Biotechnology, M. A. Borowitzka and L. J. Borowitzka, Eds.,
pp257-287, Cambridge University Press, Cambridge.

Zahner, H. and H. P. Fiedler (1995), Fifty years of antimicrobials, In
Past Perspectives and Future Trends, P. A. Hunter, G. K. Darby,
and N. J. Russell, Eds., Cambridge University Press, Cambridge.
Gouveia, L. and J. Empis (2003), Relative stabilities of microalgal
carotenoids in microalgal extracts, biomass and fish feed: effect of
storage conditions, Innov. Food Sci. Emerg. Technol. 4, 227-233.
Miki, W. (1991), Biologial functions and activities of carotenoids,
Pure Appl. Chem. 23, 141-146.

Kang, M. S., S. J. Sim, and H. J. Chae (2004), Partial purification
of bioactive proteins from Chlorella hydrolysate, Kor. Soc. Food
Eng. (in press).

Kang, M. S. and H. J. Chae (2004), Biological efficacy assay of
Chlorella hydrolysate, Kor. Ins. Indus. Technol. (in press).



