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Abstract: Three different types of extraction processes,
which used supercritical carbon dioxide (SCCO,) and organic
solvent, were attempted to improve the extraction yield of oil
from Chlorella vulgaris: cosolvent-modified SCCO, extrac-
tion, SCCO, extraction with ultrasonic sample treatment in
organic solvent, and static extraction with organic solvent fol-
lowed by dynamic SCCO, extraction. Among these, the last
SCCO, extraction process was found to be most effective in
the extraction of oil. Compared with pure SCCO, extraction,
the extraction yield of oil was observed to increase about 7
times.
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EA7F HAR Azl 2| i Q)= Aot £3], 34 5 9
AHE0 2 & E = 247 o) B E A 2dste}
o] 2 gt 7| Tzt AR A7 S A4k st
o, o Lo AARE FA] 2 Al Yol 2zdE A
o2 of|ZE a1 Qlr} [1]. o] 2 sl A AAH SR 1377}
FzAH o2 A&E Zo|gk= Ay OPECY 74, e
A A FE5 8 TS oY oldA =5 o4
Lo A oY 2] A S 3 ke nAEH Y = Y A4
o 2 5} 9ok [2.3].

A&EE 15712t 34 e d 9 A 7] SRSl tigh A
3% Q1A 9] Z7E A 22 thA oA Z] 9] Fiete] thgh T4l
o] Z7kstaL Qlom, Bt - ¥, T, 28, Y 59
A} of| A & &} vlo] @ of & (bio-ethanol) 2} HFo] €. T4 (bio-
diesel) &2 Hlo] . A= (biofuel)9] 7ol W2 FApe} A+
7F o] o)A 1L Qltt. E5], vpo] AR = A 7Hs gt HEol
Q ufj 2 (biomass)E F3l| AJAko] 7hs3 Bl opy2f W]
A TR A 1T uf o] Absteka o] vEAY o] A o] glckar T
4= Q7] el 27 A3t ol A& 15E Aoy A 2
FER it [4,5].

Hpo] @ g of gk ALE]H @77t AXof whel viol oA
B2 AARS QS YR gt ot A E A& o7 FI}
3131 Q= Aol ). vho] @t Al AYARS Q)5 1A o 2F 24| T
ol e i AR = §A, &, TF s 22 A&Ea 2
E 23} (Jatropha)$t 2 v A A4ES £ 4= 9t} [5,6]. ©]
23 A8 E = v A8 A5 Hlo] Qo A 0] 9 Al g ES
A 4= 9= A AR E Hio] @ A7 ARS8l AlFsloF
aFaL, o] &2 Qlsf = 9] 7H4 o] AFshe AR A%l #A1E oF
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718kl Tk [5]. whebA] F o= vho] @ A 8 AR $13H3
Al BRo] Quf AR w25 (microalgae)E ©]-8-5t#] =
T7F Es] JYE| AL glom, ol= S Aol B
7bs Aol Y o w2 A S AL L7
ot [5].
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e 7HAAL Ut [57]. sl 2o B¢ gedheE I
o] ol upol L of ek of Yito] F2 o] GE W, n]A| 27
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U 2R 2R PAtEE Lde vhelerdz o A
oty Wil mlE o] A AU 2 HHE
o} [8,9].
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cal carbon d10x1de, SCCOz)‘g
percritical fluid extraction) 7] <] o gt
a1 Qi) [10-14].
Z2UA A =2 7S =
A, 22 AR <

%
ot
by

re oo r—r‘

oo U BAHL &% 0o
TLNEREESEEIIES

Aekoll ot FEE o) A A £ 53 g2 29A A
O EA4E ol 8 7B A FEo) 9o e etiks | 23,
=7 A4S A, A= 5o vkt oA Aae, AE
4,22 s 22 Vel oges EY = e
7|

i)
o
o
=
_E

Z0A A 71l A 71 d e AFSE AL Q= 29U A o]
AFSFERA: O] 7 9- QU Al =9} QF o] 217} 31°CL} 7.3 MPa
H| w2 23513t 2 A A 2T 4= ¢lo] AR SaARS
F=o| vj$- Ay, F54, 54948, AET 7 59 &
A 7HA AL Qlom, 29} ¢y 59 34279 Hale}
B2l (cosolvent)®] AH&-& Fal & =0l et ot
et gaf =t A Hoid 4= qlok= AR S 7HA AL 9
ot [14].

2 AAEo ol =Y Ay A+ [15]9] AP Axte] 9
S 2 Q1A o] Abstet At o] & '3]'04 nA2FERH 2 Y
= 350 A 718 S0l vl v - R F=E 58

o] Lhetyttt. o]of] & Aol A= 2 UA oAt AE o] &
Sko] T n| M| 2501 Chlorella vulgaris (C. vulgaris) 2 5-E]

L UAS F5t= 30 A M e Ao R 7] 8 E
A7rste 5 AaS P78 = A =E sHelH 414
O 2 {7187t A7 2UA olatsteA &4 7]
gullo] 27t 4718012 o] ¢ 283 AL, AH 2%
A7} (static extraction time) 59 &4 He7F nA2HF oY
o 23] U)X 9T 2AA Tt

2. MATERIALS AND METHOD

2.1.AQPA =

A oA 278 Covulgarise ()34 22 AE =

et om, Aol naa 5 As Ao iaq&ﬂ

il
Sttt 2 U4 FARE &% 99.5%9] o]Atgtek2 ()5
WSS, RS A SO0, B4 3l S5 A4
% 8-7]-8ulj = Fisher Scientificol| /| EA S0 &2 J1915}9]
B o4 HA) glo] ALt} #3280l EahE e ole] A
A BAo|l = 22 #EE3 (fatty acid methyl ester (FAME)
mixtures; C4-C24, 99.9%, Supelco, USA)S- heptaneo]] &3j| A]
A ARSI FEE U &Y T B4 918 potassium
hydroxide (KOH, 85%, §AFE3t1}1-8}, 3l =)2} methanol

(Fisher Scientific, USA)2 ¢ 5o AF-&-3}4th.

2. 71897t At 294 o|AggA &

2 Aol A8 E AT A FE 2ol A $ERA 7
S5 Fig. 19] epjsion) ol teteinel s gy ae 2
A% 4 S A S ARSI 29 $A FEEA
o|AtSlEl 4 o FF2S 95t 19 HAHZ (EL-1, Lewa, Ger-
many), 37|80 & 553+7] 912 A HZ (Prep Pump, Ch-
rom Tech. Inc., USA), A3 oF2lS $A|5}17] 98t Q)
2 24 7] (back-pressure regulator, 26-1700, Tescom, USA),
cartridge”} A2H% £ 7] (extractor), - 47| (metering
valve), 258 4715 502 FARTE QYo RS
cartridgeo]] J 3L Al & 7F WAL = 2 & WHA|8E7] $15ke]
5] (glass wool) & 217}310] 22 7] ol 42Fe ek, o)
Ae o] o] ABhek A S TSt WL Foke F A7
T A Pt o] S & & 25 APS a5t
At

A3l A P e e 71800 271
ES 2 74] OI*PQEFé = ’él?%‘% Feystgint. A HA By o

A ’bP (phase) ]UL T U AGEY F7]EHE R
o = 20174] Ol*}ﬂ‘i}*oﬂ TYAA L HYE 2 A o]
Areter g ol gl & AS ST WA o
1L of 8‘:'7P Hzgmj= Wy H 2QA olitstetas

=7] 5ol 35ote] ¥ohe o= 7HE F 244 o]
AofErae) B UOE B1 B2 guE A8 §7189
£ I mL/min®] §40 2 oF 287 &7 YHZ2 712 F
Atk T 57180 FHUDE ol A A7 B AH 2
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Fig. 1. Schematic diagram of the supercritical fluid extraction apparatus; (1) pressure gauge, (2) valve, (3) circulator, (4) high-pressure
liquid pump, (5) back pressure regulator, (6) temperature indicator, (7) metering valve, (8) line filter, (9) gas meter, and (10) extractor.

Z (static extraction)o] o] 2 o] 4= Q=& 31 H
AA ol itstgtaE o] g5t T4 & AP )
apRuf Al A o A= w A 27 Az A f7]
L& £33 3 283} (VCX 130, Sonic & Materials Inc.,
USA)= A 23t ths % cartridgeol] §of &3 2 U A
o|AIBtE A E o] G5l =& AP st o] Al 7t

o>
Iy
o\

oxt )
o,
ol

o 38 %
o

7187t H7he BE 2 AA oAStEA & A A
AR F2EE 259 F 29 2 FEFHS o]
ZA3} AT 2 Ao A 2 UL Holo| AH 25 HESS 5
3l FAMEC 2 H3el 4= Ql= A A& daly, 5 242 1]
N2 F2EE F29 A4 FE2ES AR B3t =5 5
2 A A Y nA2F AR B gju] Az &5
o] SHH|E AASIA T FEES A4 SV 2 553
5 60°ColA Tt Axsto] 2529 F A2 F& =45k

31,012 o] g3 & A1) £2E Aot

232 XA} RAJE 4]
MAER FEE 59 A 243 PFE 24317] 919
Y5 2252 2 methyl nonadecanoateE 1 mg/mLe] 5=

heptaneo] 83 A| A A&+l (stock solution)S AFE-31 Tt 5=
=5 50mgo] A SmLE ol &3)AX t3 KOH-Me
OH2N €9 0.05 mLE H7lste] F2&E W 24-S Aol
AH 235} vh3-2 E3) FAMES. 2 A3 & GC/FID (Gas
Chromatography/Flamed Ionized Detector, 5890 Series II, Hew-
lett Packard, USA)E o]-8-5Fo A|H4ibe] kg2 E4 831t
e AR 2ol Sl AE #F=4 (FAME mixtures;
C4:0-C24:1, 99.9%, Supelco, USA)2- o]-&5}o] HA31% .01,
Apare) 2AE AzetEaY Aol AEE WY B2
EREER R LR ERE ER R Pl AR e
(area fraction) 2 A =5} Th B4 2+ © 2 = DB-1 (60 m x
0.25 mm x 0.25 um, Agilent J&W Scientific, USA)E A}-&-3}
Fow, QEo 2= 50°Co A 287 F-A] A1 F 200°C
7FHA] 5°C/min8] £&E & 42 A]7] 11, 250°C7FA] = 2°C/min2]
SRR 58470 T 2087 LEE §A5h0] BASAL,
ol s} BE 4 V|AE ARSI AL, Al EE T uLE 79
3191 0.1, split ratio= 50:12 3}k E3F FYH} HEH
o] &&= 747} 250°C9} 300°CR 5] 3 9d o

3. RESULTS AND DISCUSSION
2 Ao r R RREE 2 dS FET W 2UA o]
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2 ool A et o2 g o 2 2907 o|Alstel
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A7kstel 1 BB BoskaA st 57180 W7o
A 25 0900] 2917 ol sheta 2o v & e =
AFBE7] S13) 2 AAFE ] ofa) e A AT [16]9] A
£ nejstol, elat 2= 217} 40 MPax} 8°CE 314 3fo]
F2 AP Y On], o BT A 542 9 Limin® 2

71 #7186 9%
He FEohet ool 2UA oitete
& 55 T80 B2 A5 ol & AsH ¢
Hom dAFY F718mME 2UA FAl ol H71sto
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718 E HE 82 A ojitstetae] H7be A
718w o] H7F7E mlA| 2ol S 5 A A2 U9
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Fig. 2. Effect of cosolvent (DCM:MeOH, 1:2, v/v) flow rate on the
extraction yields of total lipid and oil from C. vulgaris.
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A A5t uket 2o caking @/Foll 71913 A o= ket
[18]. A A F& A7to] B4 gh& 2asto] A zFolA &
2 gAtE o e FE= dol B2 B A FE T
54 FF0| A= E B 2AA oAzt Ad o) oY
o] £& o] Urte SrHh 2 QA ojAtsietA Ao R o
F718m o] FHo] o3 LU T FEEO| HA 2R Al
o} T AWt L2 SAEHE L7} o wa7] o &

3% g0l gadts Aoz Az

A 2E 7S 30802 AT Aol A & 2=
U 525 &9 WSk Fig 40 thebigleh. 1o
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Al = AF-E 5 Tang 5 [19]9] A+ 23] wp=
AN Z5F 2 HE 3235t docosahexaenoic acide] 82 A%
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R STk o]o] 1 Aol Az 2917 o] Aksheiae) w
$12 A8 4 9l Y 9718 7) (MOH = EIOH)S
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total lipid and oil when C. vulgaris samples were pretreated with
EtOH at an ultrasonic power of 15 W for 15 min.
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Fig. 8. Effect of ultrasonication time on the extraction yields of
total lipid and oil when C. vulgaris samples were pretreated at an
ultrasonic power of 15 W with a sample/EtOH ratio of 1:2.

Fig. 73} 82 A| 29} EtOHES 129] Ffu] 2 233t 7 22
uhe AT uf 25 uHe] ekt A} A7) 12 - X
At @ YO] & &0 HStE BojFa Qloh 1o Ve
W A3 ol AR A A 2guke] He g} 24} A7kl
71l et 25 82 038 gAste IS B

. Oil
[ Total Lipid

% Extraction Yield

y I
0 T T

With Cooling

Without Cooling

Fig. 9. Effect of cooling on the extraction yields of total lipid and
oil when C. vulgaris samples were pretreated at an ultrasonic
power of 60 W for 15 min with a sample/EtOH ratio of 1:2.

2 AHe)E AR o] A9 ARl 3HE ©.910] Fero] A3
2|57 ke AlZof EFE Z 92 tiu] oF 36%= A3
Uro 7_] o) z].o]tﬂ—/k 01041:]_ o]‘— zvtl_q_ ZA].oﬂ —4°H 201
o] tt2 22 ABE| AL} Baj5 o] FAMEC 2 Hehd

28 AR W 25 £80] T4 AL HASI Hl Sl 229 3 4ol o] el Ao
o 297 o AbBtEr: F5 F o b ARE 71 GE  [2021] £, 237 2AL] oo FRHOR uj9 o
o]-gsto] thA] F&5to] MM 2ol 28HE F 2 Ay =7 WA Hof caking Aol WAYSHA HaL AnpA o
H] 3L ZE A5Gl T 2 M| 27 A 7Y 53 d4Fo] ASHA ol & a0l
A3y AL [15]0] o5t §-7] 80 =& (DCM/MeOH (1:  ZHAsSH Ao 2 AzH= ) [18].
2, vVIV))Z 08319 C. vulgaris2 5 € 18471 59t i"“fs} 4 o]t Aut=Z Q18| Table 19 A ]3t Ay} Zro] B33} %]
I} oF 4.6 wt%2] 2 U o] C. vulgarisol o5 of AT & Wato] Gofl oJaff el =] 7] tiizel] B oY & &0 ¢
Toll A A=} EtOHE 1:29] H| 2 33t 5 15 W9 i%ﬂr oAl = Ao g wEy, o]&F 22 S o AsH] flel =
2607 AA 2ot & 2 QA ol AbS A E o] &5kl & Sl Y3 AR AA 2 Al e = R EY S 2 ast
RF AT 0.96 wt%l] e o] FEE oW, FE T HS AR 5H7] I8 YA 7IE ol&5to] 10°CY koA 60 WOl 25
£ 7182 A &8 2 0.73 wi%l] e do] FEH TR ISENARE AA S T & APS Y6kt 1
AE BT 4 dgleh. ol 4ke] A AT 71870k 22wt A Fig. 9ol Lebdl A% 2ol WHE A9 £% &0
Table 1. Effect of ultrasonic sample treatment with EtOH on the fatty acid composition of oil extracted from C. vulgaris
. Composition (mg)

Fatty Acid Name oW 5W 5w 0 W
Cl14:1n5 Mpyristoleic acid 0.205 0.205 0.156 0.146
C16:1n7 Palmitoleic acid 0.193 0.214 0.186 0.176

C16:0 Palmitic acid 0.055 0.065 0.049 0.044
C18:3n6 -Linolenic acid 0.062 0.020 0.007 0.007
C18:3n3 a-Linolenic acid 104.174 101.705 96.445 77.132
C18:2n6t Linolelaidic acid 11.425 11.135 10.519 8.440

C18:1n9¢ Oleic acid 5.366 4.777 4.784 3.324
C18:1n9t Elaidic acid 1.767 1.743 1.686 1.255

C18:0 Stearic acid 0.049 0.004 0.009 0.015
C20:3n6 cis-8,11,14-Eicosatrienoic acid 0.222 0.082 0.077 -
C20:2n6 cis-11,14-Eicosadienoic acid 0.284 0.231 0.248 0.158
C20:1n9 cis-11-Eicosenoic acid 0.222 0.214 0.243 0.165

C20:0 Arachidic acid 0.128 0.061 0.036 0.072

Total 124.152 120.455 114.445 90.932




104

Korean Society for Biotechnology and Bioengineering Journal 29(2): 98-105 (2014)

Table 2. Comparison of fatty acid compositions of oils extracted from C. vuigaris by three different supercritical CO, extraction methods

Composition (%)

Modified SCCO,

Modified SCCO,

Fatty Acid Name Cosolvent-modified extraction with extraction with
SCCO, extraction® . b . s
ultrasonic pretreatment static extraction time'
C10:0 Capric Acid - - 0.238
Cl4:1n5 Myristoleic acid - 0.222 -
C16:1n7 Palmitoleic acid 0.196 0.124 0.125
Cl16:0 Palmitic acid 0.081 0.053 0.018
C18:3n6 -Linolenic acid 0.009 0.048 0.047
C18:2n6¢ Linoleic acid - - 0.097
C18:3n3 a-Linolenic acid 85.499 79.280 82.628
C18:2n6t Linolelaidic acid 9.881 13.322 8.309
C18:1n9¢ Oleic acid 3.084 4.786 5.771
C18:1n9t Elaidic acid 1.142 1.308 1.701
C18:0 Stearic acid 0.001 0.122 0.238
C20:2n6 cis-11,14-Eicosadienoic acid 0.084 0.283 0.304
C20:1n9 cis-11-Eicosenoic acid 0.021 0.383 0.330
C20:0 Arachidic acid - 0.071 0.071
C22:0 Behenic acid - - 0.065
C24:0 Lignoceric acid - - 0.060
Total 100 100 100

*SCCO, extraction modified with 1 mL/min DCM/MeOH (1:2, v/v) at 80°C and 40 MPa for 3 h with a CO, flow rate of 9 L/min.

®SCCO, extraction at 80°C and 40 MPa for 3 h with a CO, flow rate of 9 L/min from a C. vulgaris sample pretreated with EtOH at an ultrasonic
power of 60 W for 15 min.

“SCCO, extraction at 80°C and 40 MPa for 3 h with a CO, flow rate of 9 L/min after static extraction with DCM/MeOH (1:2, v/v) for 30 min.
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