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Culture of Chiorella saccharophila and production of useful materials using

lignocellulosic and marine biomass hydrolysates

A-Ram Kim

Department of Biotechnology, The Graduate School,

Pukyong National University

Abstract

This study was culture of Chlorella saccharophila and production of useful
materials using lignocellulosic and marine biomass hydrolysates. First studied
optimization of C saccharophila culture medium. This study factor was
medium type, culture type, inoculum size, sugar kind and nitrogen source type.
Culture was conducted in a shaking incubator and the reaction temperature is
25C and agitated at 120 rpm. The used carbon sources tested in this study
were fructose, mannose, lactose, sucrose, xylose, galactose, glycerol and some
concentration glucose. Nitrogen sources were NHNO; urea, (NH,):SO., casein,
veast extract, peptone, corn steep solid and some concentration KNOs and
NaNOQs. The 30 g/L. glucose and 0.950 g/I. NaNQO; were found to be the best
carbon and nitrogen source and concentration. Experiment result, oil content
and chlorophyll content was 57.00% and 4.73% on 12 day. Used lignocellulosic
hydrolysates, not dried rapeseed straw oil content and chlorophyll content was
31.75% and 5.56%, and after activated carbon treatment rapeseed straw oil
content was 31.15% and barley straw chlorophyll content was 5.24% on 12
day. And wused marine hydrolysates, after activated carbon treatment U.

pinnatifida oil and chlorophyll content was 31.50% and 6.26% on 12 day.
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AEAE FEI FdSolH AV sE A RS WEd o5
FEI AA, 28 Zeed de At gA IFHL Sk o] E Ha F=, COy,
i, 25, pH 59 "A R vk o8 74 =30 gk H A3 A g
s a Ao (18],

grndds MAxEF 279 3 TR/
st 28] 220] ‘chloros’?t Atk 59 wHH
=9 Beterinkol] &) B aEqom A AQl o]FL ofuf
A= G547 23] o] FFAol rhestH, FFAE Tl A ol
7bsstth o] 5 ol&3te] LEDE &l das delstel SmAeke] wjdke] @ts
o Fol AL Ao
[19].

gzdele & g {4838 12 gloj gAdg Aakd ¢ Quli= Holr g
gzt Ag 55 204 lipids tF st ol& i wdstr] §
d o8 At A glon [20, 21, 22], Egk o]ZHH lipids 34, Al
= A9 =3 A5 v [23, 24, 25].

2o AgdM e feEds Adsr] fall mx2F JAEY 4 Chilorella
saccharophila (kruga) Miguas W&o 2 wjdstuxl F=2de}l A mA =19
#HAgle #e d4tE AYsIAY. C saccharophila® A FelA HeE]=HloH
glycerol& AFsk= Tl vkl &4 Sl lipidE =48t ve]le 4 A
Abo] JEL F15AE AAS ot [26]. I =5 98 C saccharophila
= ek WY wet 10~47%9 lipid %S 7HAH, A¥E9 glucosest
non-aerated ¢ " lipid o] S7ksebar ez vt [27].
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2. A% %Y
2.1 AbgE

BoAGd A&t E249el= Chlorella saccharophila (Kruger) Migula ©] ™,
S n) A 2723 (KMMCC-195)0l 4 #ite RS AH&359

B oAdge % Fd3 shaking incubator (Vision Scientific Co., Ltd, Korea)ll
6 shaking incubator 9] | &%= 25C, W% 120 rpm &

2 343 A AFEs Wl &7]= 250 ml  erlenmeyer flask (DURAN,
Germany)E AH&stR o™ Sl+4t= EFulE TUE AMEste] ol 24
2+9) preculture= 100 mL erlenmeyer flaskdl] PG medium< AR&3te] &h=n] A
ZF2NA HUdDEe O saccharophilas B %ste] Ao ARESE T BE W)

e z7vir 28 W wWFsgy A Adee AES Aol EAsgn,
23, W% WA 2 )
231 WA FF) 9

Fxdge wixd wE A ztols doprE it vhekgh wig wixE AR&sHe]
e STk AME WA= 27 PG, JM, JMS, BGII, /209, Ab&H mjx]9] =
AL Table 135 Table 59 Yelt, @902 glucoseS 10 g/ A715A

o HEF F 10497 WFAT PGE AE AT el 2ol wiHoln M,
JMS, BGI1 =8|35l /2= WAl 25 wjdel] 2 Aol x|,



Table 1. PG medium composition

(Unit : mg/L Distilled water)

Component Contents
KNO:3 1900
CaCl2-2H20 440
MgSO4-7H20 370
KH2PO4 170
MnSO4+H20 16.9
ZnS047H20 8.6
H3BO: 6.2
KI 0.83
NazMoOs-2H20 0.25
CuS04+-5H20 0.25
CoCl2:6H20 0.25
FeSO47H20 37.3
EDTA-Na2 27.8
Myo-inositol 10
Glyceine 0.2
Nicotinic acid 0.05
Pyridoxine HCl 0.05
Thiamine HCI 0.1
Glucose 10g




Table 2. JM medium composition

(Unit : mg/L Distilled water)

Component Contents
Ca(NO3)2:4H20 20
KH2PO4 12.4
MgS047H20 50
NaHCO:s 15.9
EDTA-FeNa 2.5
EDTA-Na2 2.5
H3BO3 2.48
MnCl2-4H20 1.39
(NH4)6Mo07024-4H20 1
Vitamin B12 0.04
Thiamine HCI 0.04
Biotin 0.04
NaNO3 80
NaHPO4 12H20 36




Table 3. JMS medium composition

(Unit : mg/L Filtered natural seawater)

Component Contents
Ca(NO3)2:4H20 20
KH2PO4 12.4
MgS047H20 50
NaHCO:s 15.9
EDTA-FeNa 2.5
EDTA-NA> 2.5
H3BO3 2.48
MnCl2-4H20 1.39
(NH4)6Mo07024-4H20 1
Vitamin B12 0.04
Thiamine HCI 0.04
Biotin 0.04
NaNO3 80
NaHPO4 12H20 36




Table 4. BG11 medium composition (Unit : mg/L Distilled water)

Component Contents
NaNOs3 1500
K2HPO4 40

MgS04,7H20 75

Citric acid 36

Arnrponium ferric 6
citrate green

CaCl2,2H20 6

EDTA-Naz
Na2CO3 20
H3BO:3 2.86

MnCl2,4H20 1.81

ZnS04,7H20 0.22

Na:Mo0O4,2H20 0.39

CuS04,5H20 0.08

Co(NO3)2,6H20 0.05




Table 5. f/2 medium composition (Unit : mg/L Filtered natural seawater)

Component Contents
NaNOs3 75
NaH2P04-9H20 50
Na2Si03-9H20 30
FeCl3-6H20 3.15
Na2zEDTA-2H20 4.36
CuS0s4+5H20 9.8
NazMoO4-2H20 6.3
ZnS047H20 22
CoCl2:6H20 10
MnCl2-4H20 180
Vitamine Bi2 0.0065
Biotin 0.0065
Thiamine HCI 0.1
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Fig. 1. Effect of medium kind of the grwoth of C. saccharophila.

_‘|4_



WS AFR3E autotropholl A ©rE T i FeEo
g/L), 7] AEFA AuR&

o
zaE) A7E GEd=olH, gado] gle FAoA FeARter AL Jhe

2
ﬂ
L
by
2
=)
[\
N}
I+
o
(]
(@]

[e] ® 5 = R
2 FA% 5 U o= B F

dede digk 2as 1S

B A R R B I E
@ W ek o B P

Ak 2E FAE AT @ @
38l heterotrophd] A= o= AR =

o] = &9 autotroph (0.22+0.00 g/L)3 ¥l S o] RHT}E BAe A F o
=4 widd 2w ¢ $8% dojgtn A= FEolv. e

5 E5 AlF g mixotroph (5.83+0.66 g/L)lA &Q1a = Jom 371 wg 2
do} vjuge w 2 Fzde wgd s Fdolrt

T A BT AFd o HE 80 =2 Ae® dddt)h Cell growth rate &
& (453072 day ) FFHE A& FAsA o

S5t

kD
X
Ao
o
()
ok
flo
=
X

e
=

QO

s

=
il

_‘|5_



Fig. 2. Effect of light and dark condition on the growth of C saccharophila.
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Fig. 3. Effect of inoculum size on the growth of C saccharophila in mixotroph

with light source.
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Fig. 4. Effect of inoculum size on the growth of C saccharophila in hetero-

troph without light source.
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glucose (5.48+0.00 g/L)7} =& A4S HYth ol ¥ F=xdely} drdi 29l
glucose Bt} AE 229 fructoseE AEdE Ae Bosvh T3 o &
QoA 129 Axo Aol ZAased o} galactose (4.4020.00 g/1)8 B¢ &
sle Aol w5ske sle BT ol S22t 109 o]F Al AE wa
99 galactoseE ©o]-&38l7] 98l diauxic growth7}F A#&d Aoz HojAT
Productivity (Fig. 6(b)ol X = vk o2 Yedido), a8y & Ao
AAX Wy F2dete] AAS u#dte] fructose”’l ot glucoseE: ©AHo
= Adsgl

o
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TFig. 5. Effect of sugar kind on the growth of C. saccharophila. (a) Cell growth

curve, (b) Productivity.
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B>
(o

= =
ogpa

2o FRd we SEd g TS dotr ] HE PG WA ¢l glucose
= 7Z+7} 10 g/L, 20 g/L, 30 g/L, 40 g/L A7lsle] WA Z A L8t o, HEHS
3% 3le] FRdets 1297 wjdstgel mek A7 Fig. 6(a)d] Yl o
WAA o2 glucose?] F=7F TUHErE AFE JA SUteks FAlE EATh

42074 g/1)oA = 2318 30 g/l (8.89+0.87

g/ EY Aol v S FAdd 4 dsdr}t. o]AL cell growth rate (Fig.

Fzdel wUdA =& FE9 glucose’t 7]

AAsE dovl= Aow AZdr weps & AN e 7P 22 AdEs 2
=]

o] 30 g/Lol A Hist= Ao
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Fig. 6. Effect of glucose concentration on the grwoth of C saccharophila.

(a) Cell growth curve, (b) Productivity.
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=

B
e,
1o
of\
!
0

ko we Sxdel wjg dFE dotir] el 30g/Le
glucose® EFsHE PG WA 974 Ax9s A2 HArlste A& A#eHA
i, FREEE 3% gEete] 8Y mstAdnt (Fig. 7). #7hgh A49de 7=
NHNQs, urea, (NH4)2SQ4, casein, yeast extract, peptone, corn steep solid, KNQOs
T2 3l NaNOzol™, KNOs# NaNOs& 27HA &% (095 g/L, 1.90 g/l)= A3 st
Aok wg AI NaNOsE 095 g/l d7Fsk w4 (8.45+0.00 g/L)ollA E=Aete
kol 7 &L ASRE YENTE Productivity®] Z#iEZ<l Fig. 7(b) A
730000 day ‘2 7 Eokrh. KNOs9 NaNOpolA =& Fw<el 190 g/L
(1.91+0.24 g/L<} 2192001 g/L)AA e3le el Zaste 3oz Hof g4
7 FLIA 71EAE A8 ke ez BHorh wek 190 g/LE HUbs &

Aag A¥HET NaNOzollA| F&o] Fonm ALY T7/FE NaNOs2 g4
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Fig. 7. Effect of nitrogen source kind and concentration on the grwoth of

C. saccharophila.
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Fig. 8. Effect of nitrogen source concentration on the grwoth of

C. saccharophila.
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38. HA zolM =} wj

e AY 23E FFet wiA 219 HAHIE stoH, & 43 xAow
2985 1297 Mdsd e 2 4= Figo 99 vepith dd 23 Al 7o)
A Wl 298l cell density, 283l productivitys Z7}8F= FA19 0
109 ol % ZAaskank. Loy ol Y Afdle 1297404 SUtske A
glek = Stk ol E ARLE 109 o] F WA e Pl - A HUA

HAsH= S 2EH 2] 7|98 oile] gl e3]E Tk Aom wWiln
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Fig. 9. Effect of optimization condition medium on the growth of

C. saccharophila. (a) Cell density, (b) Products.
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= mixotrophl H AUk 27 HEY A4 AFHE At ¥ 2T 9
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Chapter II

Chlorella saccharophila Y %



L A&

AL AR At o] gl digk Ahow A A e Adomi
B dsterd B Awdd 48 g 9 veleiae sehAEE Aate
AR s Azt ololAa gtk A Jhet Al o e A 37 R v
ol & 1AHN, 2418, 3AIE] whel e eparte FEvh 1A whe] Ml 2=ql A At
TEARFIY S5, T 5o dodEgAdoy Hefs 283 Aok

N AMss BN ol NsEist 3RS B oAsws ngom A

—|—‘_|_‘

flo

AHge ALE ymA HAEAEEolH, o5 ML AT A AR A4
S d A8l [6-8]. ZAA ulo]en]E lignocelluloseic biomass#ilx 3w
FHAQ cellulose, hemicellulose L83l HF3FE FFHAQ lignino =
o] 2t} Cellulose, hemicellulose”’} ester %% ether 2% 9% lignine] @&t
of o [9], ol BFE A=A 29 MAAH 24 HudE #
ANAFE AoR HAe B7|7F ol
vpolom s o] AqaAl GeEg v} whEbA HA A uo] Qw2
o] &st7] el wlade] AAXEIE o] o] FolHr. o] &=
g 3t8H4 AA Y Fol ow, FAA EE dHomE A B fV]E ol&
g A 2F dAe sol vk [10-16].
glado] AAY H4A vto] v 2= cellulase®t hemicellulaseE AFE3F G4
Tt s FE SEAE dEy FEHR 2o vlolu #Hge o] &o] JbF
stk aEy 24 sbpEeA] BAstE A2 59 o'd 52 vlejomjs
wao] glo] A AES ofr|ste] &8-S FAhAZ|IER olE S FstiiAl sk A

o] olsr7t HaL vt [16].

=
=
o 59 gade AEFHeR Eas]
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Table 1. Chemical composition of seaweed in Korea [20] (Unit : % dry weight)

Componet Brown Red Green
Enteromorpha compressa
S : Porphyra tenera Ulva lactuca
. Undaria pinnatifida phy
Specific i i
Laminaria japonica Gelidium amansii Monostroma nitidum
name iziki .
Hizikia fusiforme Gracilaria verrucosa Codium fragile
Capsosiphon fulvescens
Water (%) 86-91 70-91 88-92
Carbohydrates
36-60 40-75 41-53
(%0)
Protein (%) 6-20 2-39 17-23
Lipid (%) 13 0-2 0-1
Cellulose (%) 10-13 3-9 5-10
Cellulose Cellulose
Al . Cellulose
. inate an
Main . i Y Mannose
dohvd Fucoidan Mannan X1
cardo. rate an
Y Laminarin Agar i
] Starch
Mannitol Carrageenan
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Ado] ALEE ZAA vlolewmlax B (barley straw), W2 (rice straw)
k=1

st 2stel Aol A3t

22, AxFH vo]e A

ALESE sl owlolevlaRE AFxE v (Undaria pinnatifida), ©HA0F
(Laminaria japonica), 3} (Enteromorpha intestinali) 183l A 2 71 (Gracilaria

verrucosa) s 354 A& ALLs 4
2.3 Hpol oA AAE] H 54T}
231, A7 o] ol A e

24 ulolewfzel Hads AAs] fg AAe= dEe] AAe=A
79% NaOHZE A3t o™ 1 L bottle (DURAN, Germany)oll A A st <&
Ze] AAEYE 719 FANE AFES =S Faste] 7.9%9 NaOHE AHE-s)
R, g =1L 684C, 55 AZE WEESHA T S/L ratiow 111082 3§53 o,
shaking water bath (SciLab, Korea)ell 4] 150 rpm© 2 wwukste] wb-2-S- R 3PA A
th AdA g o]F e Ab&ste] o] AAE wpo]louj st fulE EEst o
H, THFTE ol FoldtE NaOHE A AT pH 7714 TFHTE AHEsHY

=335l 2 9 85C Y dry ovendllA 297F Axdl [28].
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232, | &F wlolen]x HA g
2.3.2.1. Sulfuric acid pretreatment

Bh b FEE 2oyl Sal xR volewjaEs #Ake ARESte] A
Adlet Rty vAleh, 1, aeja A Hr|E AREskel o, Al AREe Sk
o] X%t 100 mM=E Hlo]Quf~E total volume®] 13% (w/v)E H7lstdt). o]
% autoclaveE AHE3IS] 90% FoF 130CE WHSSIATE AALs B dE2F
vpo] @ uj 2~ Ao A FEs] A5 a4 Fatd] A&7 98] pH 489 02 M
citrate buffer®} SHFF5 435 A7lsd

2.3.2.2. Citric acid pretreatment

19 &8 =ol7] s el citric acidE AH&sta] A=A &89
. ARE8E citric acid®] FE+& 0.1 Meol® vfo]euj~o] S/LL ratior 111002
Attt o] % autoclaveE AR&3Ee] 130T oA 90& &<t W&t A7t £
Sl=f ulolemjas AdM FEE A8 pH 482 NaOHE Abgste] 88l

i
ol

& %

Looye 0
fol
_OL

.ﬁ

233 24 T3

H5AA "lelevas Axd AAZES AHESR e, 84 T34 pH 489

ol ez A

==
jud]
-

0.05 M citrate buffer (S/L ratio®= 1:110)5 AF&3}AT) dA=F
g & F3td dde vt ddES AFESEAT g2 50C ¢ shaking water
bath (SciLab, Korea)ol4 150 rmpmo = 2947+ Agstdnt. AH¢ &7]= 1 L
bottle (DURAN, Germany)s AH&stATh G4 gol| AMEst a47 C-Tec2¢t
H-Tec20]™, C-Tec2$} H-Tec2E 1:0.1 V&2 #4434 £33 a4 =3

g
Ahasteh mae) FE AEFFL J)FOE 5% (vw)E Agstgion, 9 27
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Ak

& B8 Az Foh ZAA 5E

i
o
ne
§4%
fnf

24, "polo s vz A = wjek =A

ol Qw2 Mg ES E2d o w2 AREsHr] 93
T2 A&t AedE Fgsiia, o/ DNS Mow ddwds S5
a8 Zhzbe] ZhpEEES autoclavedl A 121CAlA 15 min HFSAI A 7hE-3)
ol Holdde BaEs WA Ut ES AUlstr] A EREuy A4S
Aafste Ed4E AAG] & GAddoR oA JheaE e 5%
gAes HU1star 25C ¢ shaking water batholA 150rpmo 2 241 7F HE-S-51 %1
st dA kS AAste] Zhzh e S e S s3la Table 29
Table 3o Z#& Yetgivh, Ze]al Chapter 19 A3d d3E vfgo= PGH)
A AES A4 JhalEel AUbeta kR E A E Al AL
o shdTe Fvt BF vHERE Hsg g@ad
dst7] 8l FRTE A48 HArtste #A9e w7 10 g/L7 RS

At 7lFo] HE 10 g/Le S92 =5 glucoses H71e w9 T

)
L
il
e
>
"
Ak

BN

]
A

ok
i

ol
ol

i
uiti)
2

Chapter 19 glucose ¥ AFES H3s3rt o] autoclavedl A 121°C

T %93 shaking incubator (Vision Scientific Co., Ltd, Korea)®l
A APstF o, vjdF 2= 25T, wWHERE 120 rpmo®2 w et AF&St

¥ &7]= 250 mL erlenmeyer flask (DURAN, Germany)E AR&31 o, 947t

F2989 preculture= 100 mL erlenmeyer flaskel PG medium-g AF&3F9 3L,
B n) A 2 F2 8o A AU Chiorella saccharophila (Kruger) Migula (Strain
number KMMCC-195)% & 23 A&t on, 27 JETHES A9 3% 4
s HEAT BT WS vt} 23] wrESIFon dA A7ttt AEE

Aste] BAe vhS gz e
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AxEE ko] cell debrisE A7 gt} o] % chloroform® DWE 1:1¥]& (6 mL:6
mL)2 A7Fsle] 587 vortexing 3 thA] 2000 rpmell A 1087 QA S 8o
FiEE gt Lipide ol F9 chloroforms 3|ate] A&l 4 2

g S48t AL FAS vuste] % of dew (LYFA/AZFH1000S 7

L

&

Ao

254 2229 F= 4 =4
M ks BEAE7] 98] methanol 10 mLol] B4 #AZx% C saccharophila
AR 10 mgs A7 g8 gdstA EFstgeh 60C A 30 min 7+ £EA 7

F 666 nmo} 653 nmel A FHEE SY3ke] A4S Agae] Mo Fe AN F

Chlorophyll (mg/L) = 255 * Agss + 4 * Agss
olu} AE absorbance® &#xolH 6533 666> Zz+e] uAk-S- ojnldlt),

Ao X8 DNS methodS AHEEE oW, glucoseE EFEAZ AFREY
o} [31]
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Table 2. Results of hydrolysis of lignocellulosic biomass

Rapeseed straw Barley straw Rice straw

7.9% sodium hydroxide

Pretreatment . .
(68.4°C, 5.5 hr, S/L ratio 1:10)

pH 4.8, 0.05M citrate buffer

Enzymatic hydrolysis
“ o4 Y (50°C, 48 hr, S/L ratio 1:10)

Not dried 10.40 12.97 19.98

Before

activated

Reducing 64.90 84.62 90.42

carbon
sugar

(g/L) Dried treatment

After
activated 4928 67.71 84.64
carbon (75.94%) (80.01%) (93.61%)

treatment
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Table 3. Marine hydrolysates reducing sugar with pretreatment types and enzymatic
hydrolysis

U. pinnatifida L. japonica G. verrucosa E. intestinalis

0.1 M
citric acid
100 mM sulfuric acid
Pretreatment (130C,
(130°C, 90 min, 13%(W/v))
90 min,

S/L ratio 1:10)

Enzymatic 0.2 M citrate buffer (pH 4.8) pH 4.8
hydrolysis (50°C, 48 hr) (50°C, 48 hr)
Before
activated
19.97 20.84 43.31 31.67
carbon
Reducing
treatment
sugar
(gL) After
activated 18.69 17.75 35.70 21.40
carbon (93.60%) (85.17%) (82.42%) (67.59%)
treatment
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ol w2~ AATYE (Fig. 1, not dried), 1% vfo]oujx 7FidEdd S-S
A e)stA] &2 A (Fig. 3(a), before activated carbon treatment), Z8]3l 7AZF
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Y=o wde Bl (7.72£0.17 g/L)7t Aol Al Ae & 4 AT o=
HTHom Z2 o AT E JHAES e v A AolE Kol
= AoR HE w43 A dAYS 5a vkeEs AAE AXNAT HFH
ow AAEE g TR = vEe 7Y 7

FZF AAE9 oil#} chlorophyll2 A2 t2 42 ey, AdxHA &
ol uj 2~ ARES A9 g (31.75+3.15%)9] ol T FHo] sHF =orow
chlorophyll®] &% m=& #A0 (55620.25%)7F 7F4 =9 (Fig. 2(b). 18]
A4S AYYPE AE ol FEFL glucosedld 7FF =33 (41.2610.69%),
chlorophyll®] =2 E=ld (5624£1.03%)A4 73 =22 & 4+ A9 (Fig.
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a2 Fig. 3(b)ollA glucose 1ef3ze} 3744 7hpisEe] efize] ko]t
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1A 7 =& 43S Hole wWdo] Fig. 3(hdA 7HE @& 44& Holx

stk o)A BAA woleviz AR glo] A@e AHgo) ode W

flo

lo

_47_



Fig. 1. Effect of not dried lignocellulosic hydrolysates on the growth of C
saccharophila. (a) TRS is total reducing sugar, and CD is cell density

(b) Products. Barley straw (B), rice straw (Rice), rapeseed straw (R).
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Fig. 2. Effect of not dried lignocellulosic hydrolysates on the growth of C
saccharophila on 12 day. (a) Cell growth rate and productivity, (b)

Products.
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Fig. 3. Effect of lignocellulosic hydrolysates on the growth of C. saccharophila
on 12 day. (a) Before activated carbon treatment, (b) After activated

carbon treatment.
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Fig. 4. Effect of after activated carbon treatmentlignocellulosic hydrolysates on
the growth of C. saccharophila on 12 day. (a) Cell growth rate and

productivity, (b) Products.
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Fig. 5. Effect of before activated carbon treatment marine hydrolysates on the
growth of C. saccharophila on 12 day. Undaria pinnatifida (U), and

Laminaria japornica (L), Enteromorpha intestinali (E), and Gracilaria

verrucosa ().
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Fig. 6. Effect of after activated carbon treatment marine hydrolysates on the
growth of C saccharophila. TRS 1is tatal reducing sugar, and CD is
cell density. (a) Undaria pinnatifida (U), and Laminaria japonica (L),

(h) Enteromorpha intestinali (E), and Gracilaria verrucosa (G).
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Fig. 7. Cell growth rate and productivity of after activated carbon treatment
marine hydrolysates on the growth of C. saccharophila on 12 day. (a)
Cell growth rate and productivity, (b) Products. Undaria pinnatifida
(U), and Laminaria japonica (L), Enteromorpha intestinali (E), and

Gracilaria verrucosa (G).
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