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Abstract The culture condition of growing Chlorella minutissima was optimized to produce biodiesel for fed-batch
cultivation. First, under heterotrophic cultivation, the optimum level of glucose was determined to be 10 g/L for
20 days. After, three cultivation conditions were operated: autotrophic, heterotrophic, and mixotrophic growth.
The lipid level and the maximum cell concentration from the fed-batch heterotrophic process were 32.0 (%, v/v)
and 15.0 (g-dry wt/L) in 20 L flask, respectively. In addition, since the relatively constant specific lipid
production rate was observed as 0.040 (% lipid/g-dry wt./day) at the latter period of cultivation time, the
fed-batch process could maintain continuous lipid production. Fed-batch process is higher than those values
from the batch process. The lipids from the fed-batch process contained over 38% of Cis, known as the
suitable composition for the biodiesel application. For mixotrophic and heterotrophic growth under fed-batch
condition, glucose was proved to be an appropriate carbon source for a large scale outdoor cultivation. For
fed-batch cultivation, the feeding rate of seawater medium containing glucose was decided to be 0.5 L/day.
The mixotrophic cultivation maintained maximum cell concentration of 24 (g-dry wt./L) and the lipid level of
43 (%, wiw). The lipid composition from this process was also proved to be suitable for the biodiesel
production. The fatty acids from the mixotrophic growth contains 18% of C47 and 49% of Cis, implying It also
tells that C. minutissima is a suitable resource of biodiesel. Especially, the mixotrophic cultivation with fed-batch
process might be useful for the large scale cultivation for the biodiesel production.
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EHE AE Ad A5 g 72 1980t FH
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o ¢ Chlorella minutissima V| A|ZHS 7R 2
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A Holl M= /‘gﬂ‘} AL 7, T3 wHEF A4
Eo] FL 43 8 24 F 4HA carotenoids, ¥ 18]
BT HHX] —71‘—*6“1& O Fo IR, T WA Y7 YA
Ho) 3o} F24 U7 ol 7F5elh 1eh} ok
C. minutissima UW]ZEE O]%- =H 9% (autotrophic),
YUY (heterotroph1c) E39%Y (mixotrophic)ol] 2|3k

A7 el sl Wk A7k Adl Wit e AT

oAM= ];‘1 o] R3O LBA C. protothecoides
HAZRFE 73 AP, E4509F (heterotrophic)
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AAITKS, 10, 11), A& ﬂ%bl Hsll] gk A7 2
e He oy, = g AFAE C sorokiniana=
o]-gate] W oA} glucoseE AM&31H Chlorella 722
v AZEF2] 3RS (mixotrophic) A7 B3o] gl o
7} AL dek(12). ol=idt EHE (mixotrophic) HiSF
o W xFY FAHE Yol fxdle Aoz ol &
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2 ATl AL sl vA 2R/ C minutissima
(UTEX, USA)S. 2 5B £ ol o]& jgon =
% % (autotrophic), %9 (heterotrophic), 33
(mixotrophic) RS A A 2 A A gk

TE TR MY MAE aEdr] (337171

]z} HK-AC120, Korea)E ©]83] 121TC, 1587+ 719t
2t Enrichment Solution (NaNO3(4.7 g/2 L), sodium
glycerolphosphate (SH>O) (0.7 g/2 L), ES Fe Solution
(325 mL/2 L), P-Il Metal solution (325 mL/2 L), HEPES
buffer (6.5 g/2 L), Vitamin B12 (3 mL/2 L), Biotin

Vitamin solution (3 mL/2 L), Thiamine Vitamin solution
(3 mL/2 L)T} 045 pm AR A7 & S5

T3 wiAE o813 2™, mixotrophic Wi ¢} -
carbon sourceZ 10 g/L2] glucoseE 7}l wj s}

ATk, 13)
T

B 28L& shaking incubator (JS Research Inc. JSSI-
100T(C)E ol83t, 27| B2 & C minutissimas
F53}17] 98, 500 mLe] EEk2~=9) 90 rpm, 35C ol
A fed-batch WS F3to], dAIE 2 F, 20 Ly
(3H=2-4 7], KF-20L control panel)E ©]-83] <] vk
WHE 3] HsH(Flg 1), 32 (batch) Wi F712]
(fed-batch) BRS- carbon source ZH glucosed WolFe
heterotrophic 1} %7:7401]/\1 459 <}t HjoFElsich HSF
Z718 190 rpme] Wk £%91 35T E FAglerH, 27|
53] 4 L7MA] viRAE FF38ke] ARlen, 1 o]f AdgH
HiRZ 0.5 L/iday = 459 S<F 353 H% v} & 2y
14 L7} H5%E sto] ujdS AAJE] A5 A28 vlas)
4t o] &, fed-batch ¥ BPH-S- 531 autotrophic WS-
¥ carbon sourceEX CO,E o]&8)] wjoksh= Wo
2 2 A7) 40 W fluorescent lamps 22 10 w/m’S]

3¢ (light intensity)2 A4y ZA} (illumination)3PH, 5%<]
COzE 0.3 L/'ming] £%E2 3731 53]t} HeterotrophicS
autotrophic®] W= ge] FAo A} gle &g &
v 2704 carbon sourceZ CO,HAl 10 g/LZE glucose
9] FEE sl FF3FATh Mixotrophic B4 carbon
source ZX CO,¢} 7, 10 g/L glucoseE FH3h= WH
© 2 40 W fluorescent lamps 2.2 10 W/mz«] ¢ (light

intensity)& Z2A} (illumination)3}AT}.

Fig. 1. A photograph of a 20 L photobioreactor for growing
Chlorella minutissima in enriched seawater medium.
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Fig. 2= 500 mL flaskE &3}, 20¥ &<t fed-batche]
heterotrophic 2318 &3, glucose”} specific growth rate<}
Hio] @uj 2t Aol o= w JES mHex] do} B
A} 3 A= glucose 2715 EE A0 R WA v
g 235 et 28 2 4 5 Q% glucose 27
5 10 gL7HAE 7P w11 943 el specific growth
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7P BEAQ 20U ER1 # S glon, o33l B
< A713lH&u, carbon chain length7} 718l o]
FH7E AR F5Eo] 3528 oy AR
HoAshs 540 GRS SURA FA) 8o B3
=, A Addel a0AER gador BEd A
< glycolipid®] §Hdell Bo] o]-8Eo] & @ AAjeko]
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Aol Me Age] AAQoNA glucosert G320 o] g
Hlom], Aikelzgd ) ke ookl Ueldthe A

A7t ATH20). olAY, Ere] 1A K-S 5o X4

AL Fol7] 93l Batch} fed-batcholl 23} heterotrophic
ZA00X v C minutissima®] oA AT W =|A
RS Table 19 ERAITE 2} wljof w2 25 20 L
HI7 )5 B35k Ay 27dollA 10 g/L glucoseE EH31H,
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Table 1. Comparison of cell growth and lipid production in a 20 L
photo-bioreactor under two different cultivation conditions

003

cultivation maximum Total lipid Fatty acid composition
cgnditio(r)]s cell density concentration  (%of total fatty acids)
(g-dry wt/L) (%, wiw) Ciz1 Cig1r Cigz Cagn
Batch 10.9 19.7 16% 20% 20% 20%
Fed-batch 15.0 32.0 18% 25% 24% 17%
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Fig. 2. Effect of initial glucose concentrations on specific growth
rate and lipid production from Chlorella minutissima in
fed-batch cultivation for 20 days.
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AR AFoA FES] #A4 AL A% HEH 2|EE
7} 10 g/LYE 2831, CO,tHA glucose (10 g/L)E £-7)
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Fig. 3. Cell growth and total lipid production of Chlorella

minutissima in fed-batch cultivation in a 20 L
photobioreactor for 45 days.
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Fig. 4. Specific lipid production rates from Chlorella minutissima
in fed-batch cultivation under three different cultivation
conditions.

a : Autotrophic growth.
b : Heterotrophic growth.
¢ : Mixotrophic growth.
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RS I3 822 i Y E dEse Adet fAt
517(23), whebd o wlekS A% o Hi Al B4
Aglo] 714 F2%S & 4 Aok Fig. 39 w4 HS
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15 (g-dry wt/L), 24 (g-dry wt/L)2] ) 7AHZS Ho
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Wtk 3 7A4 A5 A F AF L vlas] 2
HieF 3. 0.5 L/day 2] fed-batch ¥jQF AAZ 4| AAJ7o]
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heterotrophic®] Z-9-9A] 104 ©|F IAs TA & H] A4t
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A zrasle, 109 olF 1.58 (% lipid/g-dry wt./day)2]
HAI2E &5 JR8I3TE Heterotrophic, mixotrophic B %
R autotrophic BlFe] A-¢-HT} Fom, ¢k ujde] A9
4R oA TEE FAshE A5 AEHA AE Aol
7Veehe HAFE o= C minutissimas ©)831] &%
o] Fe Bol we 9] wige] Ay gue 2= 21
W AR Eohd, TAEEY FA bR 2 AE
o] vl A EEE B 59 i vk B3 vlojorAl
ikl 7Fsdhs BT A9E AlsEch

Table 2+ 7} & #A) WS- Hol= fed-batch®
Zh v 2700 W A ¥ ST} 2 F ZA8E YEl
WET), autotrophic®] 73 0.032 (1/day)<] Bl ASEEE
ERATE GlucoseE 5 BAYOE A3 heterotrophic 2
735 0.04 (1/day)2] Bl AS<45E VeI 2, mixotrophic
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Table 2. Comparison of specific growth rate and lipid concentration
in Chlorella minutissima according to different cell
culture conditions under fed-batch cultivation for 40 days

Cell  Specific Total
Cultivation  density growth lipid
conditions (g-dry  rate (%,
wtil) (1/day) wiw) Cizi Cigr Cigz Cugy

Fatty acid composition
(%of total fatty acids)

a’Autotrophic 9 0.032 15 13% 16% 20% 17%
“Heterotrophic 15 0.040 32  16% 20% 18% 16%
“Mixotrophic 24 0.047 43 18% 25% 24% 17%

a) Autotrophic :
b) Heterotrophic
¢) Mixotrophic :

24 h light and CO: (5%, 0.3 L/min).
: dark and glucose (10 g/L).
24 h light and glucose (10 g/L).

2 o

B AT ok 270049 AES A% C minutissima
9] 500 mL flask®] & #jde B8 aery #5 A5
=, 7 2EAA mF $2L BQl fed-batchES B3
autotrophic, heterotrophic, mixotrophic Z3}ollA Hlo]S
A8 A8 Aire] A wjek 21L Folokt), WA,
fed-batch ] Heterotrophic ¥l A] £-7] €4 9O&E glucose
o 7 B339 S 2715571 10 gL g BT
o} 5, 20 L Hi%7|S ©]83} batch, fed-batch®] heterotrophic
Hio¥oll A fed-batch BIYFe] 74-9- A2 AAdko] 1.628] Hx
o =%em, Ao TAF 94 4 (gdry wt/L)AE o,
3 A AEZ A3 Ci59] A A 49%014 2R
shof, Z9] i A Al RrlekAh oz HH3) glucose
9] o]l &5 BT E2HR HIPYHAS ¢ F Utk o] 2
A= vlRO 2 glucoseE F 3 MAIZ 0.5 Liday 2 5
ste 7 A HkS: 7 wllF 27300 wel vl AAFCh
1 27} mixotrophic®] 79~ ThE njoF A< wls) 22t
24 (g-dry wt./L)2] Hd] A =} A 43 (%, wiw)d
T2 A S BT 53 AAEE A 2240
oA & vlole Tl oFdo) XA AAjo] sl

T3 fed-batch B ©1F 0.047 (% lipid/g-dry wt./day)<]
H) Azt £58 FA8H, YA 3 58 AR 2
T AEAQ AE o] 7Fs e HAFAUTE ol Al
712 WY 2EeIA AE FES B AP 24
A E. A3} mixotrophic BJF 3lof tjAdlgo g 2 U
7l Cyy, Cis8] AR 292 47 18%%} 49%9] A4S
HojF=ik
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