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Abstract — Microalgae have the advantages of being able to utilize the solar energy and culturing at a low cost. In par-
ticular, microalgae have a great potential in the production of biodiesel due to the high lipid content. Lipids produced
from microalgae are converted to fatty acid methyl ester (FAME) by trans-esterification reaction and FAME is called a
biodiesel in general. In addition, microalgae can also be utilized as a substrate for ethanol fermentation after sacchari-
fication reaction. In this study, three types of microalgae (Nanochloris, Dunaliella tertiolecta, Tetraselmis) were cultured
and their lipid contents were compared. In addition, the effects of lighting period on the growth rate and lipid content
were studied. Finally, the amounts of glucose produced from each saccharified microalgae were investigated. As a result,
we demonstrated that D. tertiolecta has 43.6% higher lipid content and 22% higher glucose conversion than two others.
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JF ofu 2, lignino] EASHA] ok} H2A] nio] Qv e] Bsl 7
Skt Bk & olet & ¢ Q9] BESE A Amr il
2] dgste] Al el 2 A, waru dlae mEola Bl o
UAS R = gle A @olM = A A5t A, v
T 5ol e, A, T, gl e AklE o = o] 3l
= AA A EAE EE0la St A Vs He wde
AR A Qv A SollM Tas s A A EA
71 7Fs7dol etk & = Qlvk. obae AT Uil AAke] 7
o] A|&52Q1 ARR ARgo] 7Fsd Rt ohet Al57HA] 283t
A S Fleel Ao Aol ket e A ulg-e] et
7} a1, o] AkstekA: Farifo] A wie] Qe o] Tuljofl Eelr]
ool th7] - olakshekas w i A aaprt vkl & ¢ vk
[2,10,11].
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+ 8=
&3 vlol et AAF F 2 gAE o] 8-3te] vlo] 2 ogkE:
Hgho] 7hssithe S 7HA AL QlTH12]. YW O & xR
celluloses T/JHE- O 2 o]FolA ¢lom, Z4FF{H+= galactans T3
B0 7 o]FoA it} o] 3t tYldF(cellulose, galactan)y= F3} 1k
& &3 9T (glucose, galactose) = 2] ko] 7153kl thA]
Saccharomyces cerevisiaeS} 22 478 it 45 85t g
= Foll vpol 2 ofeh-2] ko] Zhseiti12,13].

Tt ml Al ETROlA AL vlo] e T 7142 Al AT Al
Il o) o ® AR o] FEeithE AR = SA T 14]. o1
vztellA] ksl A5 B3 o] wAIE Fdste 2 et JARE
u] M| Z5F Hlo] erjAlo] AR © F 4 slE]= A7 20201 o]
2 APETH7,13]. o8t v A Z=R/E iAoy ], nfo] o o] Al= A
Lglal7] flaire 8 vAIERT S 2 AT Al mAIRR
o] EEARI Mk Zh= Flo] B I} & < Qlrl15,16].

B AFrollA = m AR mlF Al S-Eluetell A H A slE A
25 TS AEE] 8l 1514580 AL (AIRDY I =
A A st} o] AP IR Gefste] vAlRRE
¥} Y. Nanochloris, Dunaliella tertiolecta, Tetraselmis2] X2
FE AAEE 71507 Z42F 30%, 23%, 20% EE7 3ds]
tha ] glom o] AAERE o AHE Aolukg-S Fal vt
LS A& UTH17]. o Al F2] mMEFETE] T3ke)
FE 33l vio] @ ok ES Ahket] $18l FEk - Adke x e
Y ASE oA FEE SAst] nAZRF 352 vlo] e~z A 2
Ay o5 dekstaA) sk

1 KU oX
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Table 1. Composition of f/2 medium
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2-1. O|MIZ=F HHF

u| M| Z 5 Nanochloris, D.tertiolecta, Tetraselmis= 2.5 3t af oF
HAEF S KMMCC)OIA] skt o, dlo] AR gl A}
28 248 5= Q)= k7| (JISPC-200C, ISR, 35 oG-l i

FOATE, uljoel] A8k vl <) = QlFsllrol] vl T4 2 HlES

A7Vt 2 WA E ARE-EFL O (Table 1), T8 PA|IZ=H-E2 100
mL AHZEek = glol] At E 2 uiA] 45 mLE 3715 5 v)A %
FE 5mLE AFsa 25°CE A E wk7] UM Orbital
shaker(SH30, FINE PCR, $t=1)E ©]-83l0] WHIA|AFT O A Ff
Hl| % (seed culture)S XY 3FITE 747 il F 5 kAl A 2st 500
mL2] 953 vielr] tell 250 mLe] £2 WA & A7t H S vl
&E s v AIZTT 50 mLE 71 24 scale-up A 8-S X135t
Ak o] 2APZ|zre] Wk 7] Sl uidr] kel iRke-at oF
WS-8 WsIA A W) whe] 3138 A3l 2577 vllo) T 200 mL
2] vfjekels wilar, 200 mLe] Hie 2 viXE # wljfr]el thA]
7Vl WHE- 5712 vl 9K (repeated fed-batch) A3 534813t} 31 W )
ol 494 - 169 w513t ml Y UV-vis spectrophotometer (CARY
100, Agilent Technologies, "]=)& &3l A 4 £=&5 57 3}
s,

HjoF7] QFe] &= 25°C, 2 6000 lux, FFHjE7] W) 3719
A A 13- (volumetric flow rate of air)= 25 cc/min®. 2 T3} L,
Hlo] ZAPZ|ZRE 39 o] - 3 AEH o] AXARE whgsl 7}
ZH 1458703 TAEe = 7SIt

O

0

O

2-2. GCE 0|S¢et X|HLh 2A

¥ g2 v v RS FEste] Setkal s A
B At 257 Wi Nanochloris, D. tertiolecta, Tetraselmis
Hjokels- 4231510 Q2] (Supra 22K, 3+, $h=1) & SHSE 53]
A& o] wl Y92 7] 12000 rpm, 10 min, 4 °C ZA O
7HESFATE Al A 5 G5 80 °Col A w55 W37k 5 s A %]
(Bondiro, YA, $H=1)E o] g-8lo] T A8} o] glA| Aojxl
AZAE 0.01 g & acetyl chloride 2} methanol= 1:20(v/v)Z A %
g9 20 mLE 7hatar, 217 (Sseriker, 435, E=1)01A1 24
7}, 65°C, 120 rpm®] 7 0.2 WH-SA| 7] UhS hexaned} S F+5
247} 1 mLA 718t vortex® 30%7F 4]0l & 57 P4l
(4°C, 12000 rpm)3te] 2] A5 1 mLE F 8t 2HE A<

Artificial sea water /2 Trace metal solution /2 Vitamin solution
g/L g/L solution g/L solution
NaCl 23.926 FeCl;-6H,0 3.15 Vitamin B, 0.001
Na,SO, 4.008 Na,EDTA2H,0 4.36 Biotin/L 0.001 0.5 mL/L solution
KCl 0.667 CuSO,-5H,0 0.0098 Thiamine HCI 0.2
NaHCO, 0.196 Na,MoO,-2H,0 00063  OmLL
solution
KBr 0.098 ZnSO, 7H,0 0.022
H;BO; 0.026 CoCl, 6H,0 0.01
NaF 0.003 MnCl,-4H,0 0.18
MgCl,-6H,0 10.831
CaCl,-2H,0 1.519
SrCl,-6H,0 0.024
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ZZ % Nanochloris, D. tertiolecta, Tetraselmis2] | ¥}FAF2- gas
chromatography (7890A, Agilent Technologies, 7]=)% ¢33l 7
737 43381t Gas chromatography 2] 2-HF 7}~ AR 5F
2, column-> capillary column, detectori= FIDE AF-3}31 T} &
I 120 °ColA 5ERE AN F, 2 2°C ) 2R E EolaL

240714 S F 1087F fA3l0] B 20583 ST,

2-3. Y5MHISH HPLCE 0|8%t &M

oA 25 AZAE 1 géll 0.1 M Sodium acetate buffer (pH 4.5)
1.8 mL 2} Viscozyme (Novozymes) 0.2 mLS 3718t & 16417}, 46 °C,
250 rpm O 2 GRS A]F 01, o] F 4°C, 12000 rpmol| 4] 15
1A ko] s v #SESITE ©]F 0.005 N H,S0,&
L2 3}, 35°C, 5% 0.6 mL/min, Aminex HPX-87H column®]|
2 HPLC(YL-9100, &, 3F=)E o]g3f & 415 319t

3. 480 & o

31 8% &5 53 4y

A5 vkt Y] A|3E 5 51= UV-vis spectrophotometers ©|-&-
sto] mld S798kI Tt AFH Sl Mg sample] %> 1 mLE 1L
A3kelaz, 500 nm g2 HlS ZAFSIGS W] 1E3 1 mLee]
A FEEE vlwste] FEE ARSIt 271 1597H4= 7
AZFE D527 23A717] 18l AR sk 4]
SLIL, 15UFE 22971 B shFell TARE 2ARSIAAL, 71 5
T 14571 S 2Atato] Wle] AR | be)] mhE A EA GRS
2fol 5 WS THFig. 1). Al 7HA] MM & B 743 Bk
Hle] AL 71710] 145471 o] 237go] o] 2 o] FolA|= S &)l
sk 2= Tt TAI T A} A A= D. tertiolecta®} Nanochloris7}
ALl Hszet A =S Bl Wb, 14543 AL 2 A=
D. tertiolecta?} Tetraselmis®l| B]3l 38%, Nanochloris®l) B3l 14% =2
7Eo] Yehde 1e 5 QU Wb D, tertiolecta}t THE
i Foll vt} o] A} 717to] Fhelel whet A o) A5t
] F7F RS S & 5 U, o= A A S5 SHelA
HES wf] Az & 715l A get Foletar It = Qlgint.
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Fig. 1. The effects of lighting period on the cell growth rate.
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0.15 U2 palmitic acid (C16:0)
o B3 palmitoleic acid (C16:1)
E ° ST stearic acid (C18:0)
S R linoleic acid (C18:2)
I i "Q'Q 0.1167
=
= g g
S i

0.10 4

300934

7 H0.0918

0066
7PH00813
00716

/g dry cell

0.05 <

A

Nanochloris 14.5 hr

Tetraselmis 7 hr D.tertiolecta 7 hr

Tetraselmis 14.5 hr D.tertiolecta 14.5 hr Nanochloris 7 hr

Fig. 2. The effects of lighting period on the lipid production.

3-2. K| 3 24 2ot

U AT Foll whE wel Al AR F Aakeks Aake] S
2 T BskE Avn7] fjsto] Fd A Hxdo 2
Ak FET ), GCE o] &8l At Sk A8kl A

(palmitoleic acid, palmitic acid, stearic acid, linoleic acid)®] &
=7d3I1tHFig. 2).

"l o] ZAL71710] 14.541%F A W= D. tertiolecta, Nanochloris,
Tetraselmis®) 3 A A 3FFo] 0.2324, 0.2358, 0.1993 (g/g dry cel) =
ERE O, o= D. tertiolecta’} Nanochloris®l 813l 2.6%, Tetraselmis
ofl Blal 18.3% F &= sz A dRe Hol= 2102 RIEIT &
gk TAIRE ZAF 210l M e & A RkRko] Zb2} 02235, 0.1731,
0.1556 (g/g dry cell)= 2] A} 7|10 14.54]7F Lo} v]wste] A
A 072 XAghero] v|S3 AU W AT E B, D. tertiolecta
7} NanochlorisS} Tetraselmis®l BI3l 212} 29.1%, 43.6% T} =2 A
AgeS BTt meba] 9le] A} 7|3l #AILe] D. tertiolecta?
Al Sk wE 1 A S ol thE 7 Foll vlgto] ¢
Tkt 2 g1 = AISITh BEgh, B nA AR FellA
stearic acid®] F#o] A = A& & 5 AL, E3} A AL
(palmitic acid & stearic acid)2] J1FeFo] B33} X WK (palmitoleic
acid & linoleic acid)®] AJAFFR T} 453] 2 & = AT

2
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33. OMER 93t Al =29 NMEE
HPLCE 53l J3le nAlxFo x4 4=E e A2 0] X%
& A B o, nAEF T8 259 T A A=
Table 20 EAEFITE. D. tertiolectal) 73-%- EEHC 2] A$E9]
0.2851(g glucose/g dry cel)Z 7} =8k 0™, ©]= Nanochloris,
Tetraselmis ©)| B3] 272} 1%, 22% =2 X2 A2 Yeld
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Table 2. Glucose conversion yields of 3 different microalgae after

saccharification
Microalgae Glucose (g/g dry cell)
Nanochloris 0.2820
Dunaliella tertiolecta 0.2851
Tetraselmis 0.2338
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