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Extraction, Purification and

Property of the lipid from Scenedesmmus sp.

Na-Young Kim, Sung-Ho Oh', Woon Yong Choi', Hyeon-Yong Lee’, and Shin-Young Lee*

Department of Bioengineering and Technology, Kangwon National University, Gangwon 200—701, Korea
'School of Biotechnology and Bioengineering, Kangwon National University, Gangwon 200—701, Korea

Abstract Lipid from Scenedesmus sp. was extracted, fractionated and purified by silicic acid column chromatography.
Total lipid content of extract was 21.38 + 1.03 wt%, and triacylglycerol, an index lipid for biodiesel production
was detected. Ten species of Cis~C2 with saturated and unsaturated fatty acid were identified showing the
very adequate fatty acid profiles for biodiesel production with a good flow property at low temperature. The
fractions of glycolipid, neutral and phospholipid were 52.64, 28.10 and 19.26% of total lipid, respectively. The
triacylglycerol of 12.63% and chlorophyll a of 49.47% was fractioned using stepwise elution of n-hexane-diethyl
ether (95 : 5, v/v) solvent. The high content of chlorophyll was considered as a potential source of value-added

co-product.
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B3P vAEo, dx) A, Tl A4 31 9 Aje]
FHEE Y RS 93 -8 AEARARAIZA dE]
A= ok [1,2]. 2 D7 AE 2 Akl 2
2 o §-8o] WAL AT HZol= mARF X2
Hlo| As o] HEEErl A FEEA Y [2-5].
ol MAMIZEFV) SRRERL B3 a-80] a1, A7)
W=, biomass2] AJiHdo] & B oplz}, 53] A A
o] Zolx 7% AEAEEY S HAT AWEE vl
3 o S0 30080 o)/, Tl 9ull o] de] FHojd A
A S ZE7] wjiFoltt [6-8]. 1 ER mARFe] A
AZHE 237 vlo|Q A8 2 FEHI = A 24U

ol et A4ke) B 857} el olFolAm gl 4
Aot} [8-13].
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SHAIRE mlA| 2R AEE FPAR] o8 =rt e vt
A SAHAAZRE vlo|edse] FAsT) He 9t
AZSHA] ¢ triacylglycerol (TAG)Y -2 FAA 2o
ol2= L3 NAF S ghi3ith wEbe rAZRFE
FH 9 vlo]le s /Y] A Bl =& AP (A
A3 x biomass A4AHd, mg/L/day)o]H, vlo] T|AlstE
Ak Zde] A &, Ak Alkedolet s xrt
27eh, =2 5 e FEAEY] A 155 A
sh= Aolzt

& Y [5,14].

Scenedesmus sp.= B 2 Ao G EE3I=
Chlorococcales E-2] Scenedesmaceae 3ol &38l= =525
otk =l wet AEFe U AEAYE S0l A
gelR=d [15,16], 159 Hate] o)sl x| @dlako)

16 ~40%4 =0 vlo]etjAl AARS 913 tiH 5
TFLe] s dHEAAr Y} [5,6,17]. SERIRE Scenedesmus
sp.2] Hlol oAl # A= TR w|A|IZRRFel Hlgke] vl
u|gsh, 53], =2 A S4d= B8l o5 AW
Z/doly A4 disiie H2 Bag vp) gith
wtr] B AL M= Scenedesmus sp.2] biomassS HO]
eoAe] Y82 ARSEAL o] AE LASE g A=
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o X
A FEEo] W EA1S TLCS} silicic acid®] column
chromatography & 5¢ &8 3 8A] A4S Fat] 2AL

AT,

[22]

Mz A
=

B Ao 75 Scenedesmus sp.©|H, ZHAH 273}
oA vjFet miFlS A4EE] (3000 rpm, 10 min)3te
TAE F3% F FAAESAL £ (100 mesh)& A=
Skl AT A 02 RE Al giol Aflol| AREStTh
FANFAIEE Y85t 4T Wi Ry A3
o ARE-skATh

A} o] S22 chloroform-methanol 2381
X (18122 SISt =, 94%F (3 9o M=
|5 250 mLe] ¥4 FekaTdl] Hgs] AHaste] ¥l
chloroform : methanol (2 : 1, v/v) &1l 60 mLE 37}5}
W] A4 3 65C] FxoA 1AIXF B9t F53)
Atk F= T WAHOERY FeReAE Rl & &
3tallS- 2] (Advantec, No.2)E ]33k t}2- chloroform :
methanol (2 : 1, v/v) €9 5 mL=Z 33 A =
TFNE 65CE FAZE x4 &E SR F A
AElZ 25 mLE 71et] Tt UEF 15 g= H71sI
3187 EE] A F A oHE T2 D4R (3000
x g, 5w)stdch 1 % w|E] s Fete] & FEH
HAEEE Y 10 mLE FHsted 100~105TCe] HxE
of| A 30%7F AZ3IAAL desiccatorol] A 4587 WX]AZ]
F AxTHS 380t FES Ttk AW e
O 22 2oz Akt

=

T

=
=

NEFe g () - WD

o7 W AR gk Wi 3299 Az Fo) 9,
DE 32l (& APelrE 25 mL FollA 10 mLE 3}

Ro\Z 25)0l1, SE AEY FF (g)o|th

At 2438 o] F 7] W (Procedure A % B)S.
2 AZE A3kl GC (HP 6890 Series/Hewlett Packard,
US.A)E E43130ck o]u, columne HP-INNOWAX (30 m
x 0.25 mm x 0.25 um)E AM8-3}$3L, flame ionization

detector (FID)E AME3IG oM, &% 228 th5a
o] A5tk

150°C (4C/min) — 190°C (3'C/min) — 214°C (4*C/min)
— 2607C (10.5 min)

Procedure A. Acid calalyzed esterification
Folch % [18]°] W&} CHCl; : methanol (2 : 1, v/v)S &0
2 5o As FES F Dozl S o 2ol acid
catalyzed esterification3}$It} [19]. &, screw-capped glass
tube®l] Folch ¥ [18] 2.2 F&3F AFEE 10 mgS ¥l
BFs/methanol 1 mLE YoF%th Tube WHE Z4AZE
x8ksl & =748 2a1 100°C 2] heating blockollA] 907
HESAIATE BES & 202 Wy7st ths 57 1 mLe}
pentane 2 mLE 23l ¢F 1327} vortexing3}$.2H, 200 rpm
AiEE et S thy 4Eds FHste niel
ol &A ) o]E HATIAZ pentaneS A AT F SA]
n-hexane 50 pLZ =91 ths GCE FA4I3ITh

Procedure B: One step methylation

Sukhija®} Palmquist®] *H [20]9] @2}k 10~50 mge]
AS shshe AlEE F40] HIZE screw cap$l tube
o] €31 toluene 1 mL$} 5% methanolic HCI (acethyl
chloride : methanol (5 : 100, v/v))= YoFATE Tube WH-
5 24T X33 T TS 2o EF8k 70T 4239
A 2A17E S RESAIA Zd2oll A WZFstd A, 6% K,COs
5 mL%} toluene 2 mLE Eol53th 1,100 rpmO-Z 53
ARt s w2l8k3lal, organic S5 F8H
T2 vho]gel] &7 Tha NapySO4E 22 AAgH & GC

A AT

=k

Nile red g U H&sio|d &

xX OO - o

rd

n| 27 AEWY AT (lipid droplet)S AZE3}7]9)
3t A|XE Matsunaga 5 [21]9] ®WHo Wl Nile red
(9-(Diethylamino)-5SH-benzo[a]phenoxazin-5-one) A3}l
&3du)7 (Fluorescence microscope/Eclipe 50i, Nikon,
Japan) 0.2 #F3ILE &, TEANZS AEE A4
Seoll AEE (400 rpm, 12 h)3kal YAZ (5 mL)S F 3l
LAEE] (1500 x g, 10 min)3F TR FIAES A2 a4
2 o] ¥ AT AES Eslal A9 0.5 mL
2 7}ste] A8 o™, Nile red £ (0.1 mg/mL in
acetone) S A|E&EFA]] 718t (1 1100, v/v). 1087F
FAgk & PP Foz AREY st

TLC (thin layer chromatography)

23 RS TLCE ZRIsIHTE & A 8x2e
HPTLC plate (10 x 10, Merck, Darmstadt, Germany)©l|
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¥FE4 (mono-, di- & tri-glyceride mix, Supelco., USA)
3} &7 spotting®}>] benzene : diethyl ether : ethyl acetate :
acetic acid (80 : 10 : 10 : 0.2, v/v)] Z7i8m2 27|71
< 9ot Ve WAE Aslal B Rkt
Hlwste] A @RS RS

T

4 xIE,

on

XIE Y elxfxe)

HI

53 A5 & Rouser?] W [22]90 ]3] silicic acid
column chromatography3tal S/3A14, G2 & Q1x]d =z
E 5} 100~200 mesh?] silicic acid (Sigma-Aldrich
Inc., USA)E SHTE 33 AlFsle F201=4 rlgxs
A A8k, methanolE 23] &3} 110Ce AZXQEq
A 12207 232 4381 silicic acid 10 g& 40 mL
9] chloroform©.Z slurryE THEaL 7|¥7F EYEA] 2
= 33X glass column (i.d. 20 mm x 40 cm)ol| -2
chloroform= Z24 SillewA] Al23tnk o] w), silicic
acid7} 719} FF53A] FEF 1 em FES] E0i7} 29
AEE -39

& AT 100~300 mge 2ol U3 F- 2~3 mL/min
9 &5 2 ZUEE FAHA FAXZL chloroform
250 mL, A E-E acetone 300 mL, 18] 3l Q1A ALE
methanol 250 mLZ §EA|A 3Tk

E3d 7o Al 40CoA FARAFFF7]
(EYELA rotary vacuum evaporator, N-N type, Tokyo
Rikakikai Co. Ltd.))Z &jE AAL FES FEA
T FEHel o3l 742t s ALkl

Hexane—diethyl ether 20HE o|2&t 23l

Hexane¥} diethyl ether 8V} E stepwiseZ S35to] A}
k= W 231 ol8dl FEE AE stk
%, silicic acid= 77 2o] EAsEIL 18 ¢
A #ks}la] hexane : ether (1 : 10, vv)ZE slurryS THS1th
o|2 7|E7} EYHA F== FHA glass column (i.d.
20 mm x 40 cm)®l| A-$-3L hexane= ZFH Sz HA
AAsFAAL, silicic acid7F F719F HESHA] =5 1 cm
Axo] g7t A JEF 2Pk Ad F=E 1 mL
(AZT% 320 mg)S Z=el FY3F F 2~3 mL/min<]
£ 8 S EE ZA3EPHA] hexaneol| ether &7
EFBT BT 1 (0%, 2%, 5%, 15% 2 100%)2 &8s}
At FFF ZH7o] AR 40CollA] FHZT-F557=
SHE AASIAL TS TAZ] T T 93] ol
dFS A7 ALlsiach
T3t triacylglycerol ¥HS 8&A1717] 23] triacylglycero
82812 n-hexane-diethyl ether (95 : 5, v/v)E ©]
3l 3~5 mL/min®] $52 5 mL ¥ 83l 7t &
H AxTEFS S &EEe A F=FS A

r> fo oo {0,

Chlorophylle| &2l

Chlorophyll®] &1 chlorophyllZ F4%= fraction
S 8Z81?] n-hexane-diethyl ether (95 : 5, v/v)Z 3]
Aale] 8B o2 &9al, o]F BFFEA (UV-Vis
spectrophotometer, Genesys 5, Milton Roy, USA)E ©|-&
3] 400 ~700 nmol|A] A} (scanning)dte] P& FgEx
HEH o 2 HE] Flaq]rh

o o
Zot ¥ B

Scenedesmus sp.2| X|dtgtal U ZMX|dte| Elol

nAZFEHE 9] nlo]etjdsht x]de Ax)stE 91
= =2 7 U ge] LS Feke Ao] 45
ez o|t)y, WA Scenedesmus sp. B A|AEIA S
chloroform-methanol &] &&-81l] =1l o) AW-&
F=ohaL, A Ttk

A AeEke- 21.38 £ 1.03% (w/w, d.b)Z, Scenedesmus
quadricauda®] 1.9%Y Scenedesmus obliquus®] 12~14%
Ro= =0 Scenedesmus dimorphusA R 16
~40%<} vl 3RS e S gk oIl [6,17], B
T dASF 3ol FUI1EE TEYs aHgt &ty
e oA w2 gk Lol

A H2Fo) Hgh (23%) B, hEHQ) %
T LA vNZRFE SR dkistrodesmus sp., Dunaliella
spp., Isochrysis sp., Nannochloris sp. Nitzschia sp. ‘& U=
o] Ft AR (25%)°l Eek= gk eIl [5,25].

WA 0 B v ZRFY AL g I¢Fs
Bol W Aoz wuHt F= Ao s
X3 S0l 2EY 2 S stel A 2R el A
triacylglyceride®} 22 F4AA9] Moz AAAL]
o7k dolju} FAAAY AAF o] EolA= o2
R T} [14]. <= Matsunaga 5 [21]S S
0|83+ Scenedesmus .sp2] HWlFol A TA] W X2 55
o] e ol wt depAH, 53] uijA] W) FE
o] vhe 2EH 2 A W lipid®] F2o] &o}
Atk B3t Griffiths 2} Harrison [5]8 9Fo]
S W H2F APFES 13~-31%=E Hd 23%
I sek 2y Fdte] 2B ™ 28y SUsHaL
stk wEb 2 g AREEES FEA17171 feiA
= 2o Aoy 9537 214 T widxY AEV
Hujglol & Aoz YAk

st A =/ AAkste AWE ZA FAEAAE
(triacylglycerol, cholesterol 5)3 53 A& (phospholipids,
galactolipids) 2 WF©IA|™, ©] = biodiesel A2+ F2
YEEHZ o]&%= AL triacylglycerol©]T} [10,14].

A= TAG §ol &2 Zo] T3k, Nile red d4)

2

o ol

\r
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< FA wEt AlEg AE SolFog JAg 4 glo
hydrocarbong Egs}= Aol triglyceride = =24
o=, a8al SRS F2A0Z QAT o]
Fv|Aoly x2HAVAES B9
# itk [10,26].

o)
r
(

&
~
N
o,

web & APINE & F7) FE Fsw 4 A
T2 U e A oRE dohu] 98] #F

£ Nile red 4% F FFAvEoz BFsoH, 1

AR Fig. 19} 2o},

Fig. 1. Fluorescence microscopic image of Scenedesmus sp.
stained with Nile red.

AIE QB Bl 7-919] LF/P‘”J’} o A P HlTe
B 25 :@Lolgo] A&+ hydrocarbon2- :%_%LOI—— A|Hk
7} triglyceride ¥ SAAAES 25 Tl o= gl
g 7 ATk olE AERISH] I8l Scenedesmus. sp. =
RE F=E A TLC3CH, 1 23} Fig. 204 B
nke} 240], mono-, di- F triglyceride standard®] Ry 3}
B3-S W, mono-, di-acylglyceridex™ AE%A] 2%
O} triacylglycerol /32 HEL ARIF AT

IHBE 2 e SR Hik WY v =2
A 3= 7Fse 48 ATE o Seke A
o2 Hdsigt.

AN

w

@O
M e

A B ‘
8

Fig. 2. TLC separation of lipid extract on HPTLC plate. (A) Monoolein
(18 : 1), (B) 1,2-Diolein (18 : 2), (C) 1,3-Diolein (18 : 2), (D)
Triolein (18 : 3).

Scenedesmus. sp.2|] FANZANEE S0jFE3}IaL o]
FE=S 7 7 ' Z, Procedure A E BS] WO
AAkS E—@IO}%{D} 1 A= Fig, 3JJr o o]=q
7% ZAHE Table 19 JeRARITE

Table 1. Comparison between fatty acid analysis of Scenedesmus
sp. using the two procedures

Fatty acid Procedure A (Area %) Procedure B (Area %)
16:0 19.08 15.63
16 : 1 1.93 0.38
16:2 19.19 21.88
18:0 0.29 0.30
18 : 1 cis-9 3.08 2.75
18:2 46.60 46.85
18 : 3 cis-9,12,15 2.37 2.22
20:0 0.27 0.08
20:1 0.26 0.25
22 : 1 cis-13 0.14 0.04
Saturated 19.64 16.01
Unsaturated 73.57 74.37

AP AdEgle] tIAIE AW standard 2 ARE-SH
8%% ZESE 1059 Ci~Crpo X3} ¢ B3} AAks
7519tk HEH peak T standarddl] &314] &2 5 )

-4 peak+ fatty acid standard®] GC &4 1= A
retention time-S Plagt Ay} 747} C16:2 H C18:2 A
A0l Ao 7 ol mi$- 7]/\]3:-7101;?-_ Z¥= 20 o}

o] RpAke- wlEke] B389 a1, EPA (eicosapentaenoic
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acid), DHA (decosahexaenoic acid)®} 22 ti/} E¥3}
A AEE SHEEA] 29Ut nio] etjAle)] AME-E= AEf
o] 7= F= Cl6 B Cl180]H, & 52| A o]9}
H|S=8Ea T [27].

(a) *A
500
4001
300

oS |

30 min

(b) *
500

4001
300
200

100 ]

5 1 15 2 % 2 min
etention time (min)

Fig. 3. GC chromatograms of FAMEs from Scenedesmus sp. (a) acid
catalyzed esterification, (b) one step methylation procedure.

Wiltshire [28]= Scenedesmus obliquus2] A4+ 223
2 Ciy~Cy9 23} & B3} ARk g3, C18:39]
SheFo] 7P =34AL oJojA] C16 : 07} C18 29 AIS
Btk & A7Z23E o]9} Hlulshd JA] M= Hls:
& 2 YUERiITE SRR de] 4= C18 2 >
Cl6:2>Cl16:0 > C18 :39] &£AE o] Ao)|5 H
A=l ol A8 =to]|E HeIth E3], linolenic acid
methyl ester (C18 : 3) ¥ polyunsaturated methylester (>4
double bonds) S 237} 2.37 2 0.27%= biodiesel 2]
Hi 8FEE TAsks F47124<l European standard
EN 14214 (AW 12 2 1%)°l v1-% Fgstdet [29].

S, Kinney % [30]2 wlo]etjAdle] E8]3}lstd E4
o] d5 W Aike] 24 9 22 RE {Ei%< methyl
ethere] Aol we} geixlvta Husidoh d& &
palmitic acid\} stearic acid$} 22 E3pA|Hito] Hol 3
fre d5Ed25E AFE vlo|etd e F9 A 5
o] YA, linoleic acid <= linolenic acid9} 22 &
23} APito 25 E AAAE vloletjde IR
Hlgl Akl )FgAdo] A8t "rkal ® gk vp Qltk

A Table 1914 ASE & APibs 23} 9 £3X514]
WAke 2 o] 11 SlES Al A3, acid catalyzed
esterification (procedure A) H#A]] EXEJIA AR L
SEAMAbol w13l oF 3.8 WL} WRAAL one step methylation
(procedure B)O.& AZ|Aloll= oF 4.6W19] B2 FFo=
AZEH A

ol ko] Aol Scenedesmus sp. ZHE] A Hfo] Q.
oAle B33} ARike] ghdo] ol A 5730 Fou
2kl P o] e wE Ao = A7

3 A2 HE AW 3531 methyl ether3}3t acid
catalyzed esterification®l] VI3l A5 A2} methyl
ether3}= FA]o| 2|3} one step methylation®] X4k
S Hlawel] B, A W] A9 Apike] T Eheol
93.21%%] ¥HA, B WHoIME 90.38%2 wulslht A W
o2 XSRS wo] ALt o] tha w3t

webr] B A Scenedesmus sp. T U UHZF
of vlaj Adghgo] wa1, yAste] dast % 7l
TARAE Frsin, At AR - 2 AR (= C20)
o] Apike FHR8EAl odal C18:39] Fado] W Cle &

A= Fo| ARLFO vl Folr 7] 914 silicic
acidol] ]38} column chromatography3}al chloroform, acetone
2 methanol 2 =S S7MIA §E3te] Ao 2R E
FRAA, BAE 2 JAAS Fgsiant 24k Iz
TE7I1Z SE AAST F Lozl 7 £ F A T

e Feler, 1 A¥k= Table 294 20t

Table 2. Contents of lipid fraction from Scenedesmus sp. extract.
eluted by chloroform, acetone and methanol

Lipid fraction Contents (%)

Neutral lipid 28.10

Phospholipid 19.26
Glycolipid 52.64
Total lipid 100

ZA o] F Ao w2 2z} B89 ke Fx|Ho]
52.642%= 7P =9k, SR F AREL 27 28.10%
2 19.26%°] 31t}

FARAAEL AZAAR] whd, T H XL A x|
3 FRAERIY], 5 5= 9 vAEe S474 1
&2 60~85%°1t} [31]. Wb B 759 TAAA vlE
28.1%= HlulA] =& o, 1AE e nHEFE
&3 I galbana (26.5%)\} P. tricornutum (23.2%)X.CF
O =2 AS & 4= A [32,33]. AT 2F X2 9] TAG
A% Sofl o3l T8RS FFE =Y dav) Advka
Az [14].

et 7t 8S TLCE A3 (Fig. 4), LM £ 5= 3
= v} 2ol, TAAA B SAHAE ol9)e &
sIghEo] EAlske Ao] TR Kates [31]9 <Jshd
o] chloroform &-Z%2]o|l= hydrocarbon, 2§24~ (carotenoid,
chlorophyll), sterol, F2]A|¥4F So] Ef-Hk

b}
o
N
N o

>

=

rr
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TG -

Fig. 4. TLC separation of lipid fraction on HPTLC plate eluted by
chloroform, acetone and methanol from Scenedesmus sp.
extract.

]94' 2ol AFEES] A o] EHEE #F
Hlou® 7F S Eelsh] -HsH YA silicic acid column
chromatography 3}al hexane-diethyl ether 3812 &%
stk 1 23 854 B2 4 £89] TLC A2rkET1d
< Fig. 59 2tk

-
L
‘ .
o °
A B D E
20
15
1=
i
g 10
=
5 D
C E
0 VN — VR o ¥ . O o
40 60 80 100
- 0% '—2% -'—5% :-1-:—15% '14—100% ‘-|

Tube number

Fig. 5. Chromatographic separation of lipid from Scenedesmus sp.
and TLC separation of each lipid fraction on HPTLC plate
by varying concentrations (v/v) of ether in hexane.

SZ253S 94 A~E9] 57 3o =E = 4 AATH
0% ether SufollX] 8% peak A, B £8L& TLCZ 91
gt A3}, triacylglycerolo] HEEHATE Ly 2~15%9)

ether 82 829 23 (O)dHE B peakS KO
U Adehge w9 wgith WhA, 100% ether -0l A]
4=% peak D ¥ E9] £8-2 triacylglycerol JE-2 2%

X giskort olele] Aol HEH Ak
w2bA] AEEZ2] triacylglycerol TS E-E7A|5}17] 150
n- hexane—dlethyl ether (95 : 5, viv) §UlE ARESl F=H
AWEE- silicic acid column chromatographydhal #3313

om, 7 A¥= Fig. 67 T

TG* -

Milliggram
o 3,

en

0 5 10 15 20

Tube number
Fig. 6. Chromatographic separation of chlorophyll and triacyl-glycerol
fraction from Scenedesmus sp. and TLC separation of each
fraction on HPTLC by n-hexane-diethyl ether (95 : 5, v/v)
solution.

Al 7 29 (A, B, O)°] folxlon, F59 Ao h
B X2 AZo] T F 71R] o] £Y=Ak =, tube
No. 2~39] fraction Ax & ZEM2S HQl vbH No. 7~
99] fraction Bv= =g =Qltk TLCSH 23, 94| Fig. 6
oA Hi= vle) o) AREZQ] trlacylglycerol o 13 Boj
tube No. 7~90) 4%t Zolx|Qom, 1 3t 12.63%0°)
Atk BHAH, 22545 s He 78 (A)2 H“J’%Eﬁ]
Z 400~700 nmol| A FA} (scanning)3}R-S- ] Fig. 794
o} o] 430 2 680 nmollA Hd F+E HERHITE o]
st 554 8 Trurnit [34]7} 3313} chlorophyll a9} 2
ABFAaL, 1 G wlg- FobA] oF 49.47%°]0TE. M,
=22 == triacylglycerol £3& (B)oll A= p-carotene
9] v’—XH_:_ 1= =, Sanchez 5 [28]%= Scenedesmus
almeriensis Z5-E] Lutein, B-carotene®} & carotenoid
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Ao Fraction 2,3
Fraction 7,8

Absorbance

0 L L e Ik il
400 450 500 550 600 650 700
Wavelength (nm)

Fig. 7. UV absorption spectra of fractions eluted by n-hexane-diethyl
ether (95 : 5, v/v) solvent from Scenedesmus sp. extract.

Hu 5 [14]& Y7 &8 ¥AHE 5.9 co-product (A
EALEAL Tl o, A4 F) 0] AL vlo| L824
o] 277} zt= A AReletal st

b wj9- = chlorophyll®] 3tk (¢F 50%)<S ©]
chlorophyll®] &2 A|A 2 &-g1iete] 7F7tol wje} 7
A o]dE 7HAE 7 Aokl A=A 1EE A
chlorophyll> 23537 ()Y WAAIAAZ AR
o} [35-37]. HZoll= ibs] Aol gk 2
A% s FEELN o] [38-41], AR A FHER
A ARTPHR] EE 7R Tt o= TdiEd

g2 E

B A= vHZFQ Scenedesmus sp.ol 23+ nfo] o.t]
A gl QA LAs) Aol Loz o] dFERE §uiX]
WS 3231931, silicic acid®2 2 A EnlE 1238}
8, At Tk F2H AW TRt d A
o] 24 9 BEA & AL 9] AFE 4t

Scenedesmus sp.Z-E] chlororoform-methanol <318
ol ofel] ApgE FEslaL e T A TR 2138 +
1.03% (w/w, d.b.)o|t} o] F TLCO 2J5) biodiesel AAH]
T8 YF5EHRI triacylglycerol©] mono- ¥ di-acylglyceride
o] A=glo] A= F=H Ad-S GCE FA4I¢E 2y,
1059 Ci6~Cxp 23} 2 BX3} AR e, 1
ghko) -4 C18 12> C16:2 > C16 :0 > CI8 32 Ho]
Lojde] FATE At AR EEE YERIICH
FE BEXsAMAte] Z3ERTL] HIs) 3.8 ~4.6u19] B2
s B AR o 43 FgAo] Tt e
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