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Abstract — In this study, oil as a source of biodiesel from Nannochloropsis oceanica was extracted using organic sol-
vent. The oil extraction yield and efficiency from dry and wet microalgae were investigated. The initial fatty acids con-
tent of the N. oceanica was 317.8 mg/g cell showing a high oil content over 30%. The yield from dry microalgae was
higher than that from wet microalgae due to the inhibition of water. The yield by chloroform-methanol was the highest
and the yield by hexane was the lowest. However, the total fatty acids contents with the chloroform-methanol were
678.7 and 778.2 mg/g oil under dry and wet conditions, respectively. The high oil extraction yield by chloroform-meth-
anol reflected the fact that the extracted oil contained a high level of impurity. The hexane-methanol extraction from dry
N. oceanica showed high oil extraction efficiency, 82.6%. The chloroform-methanol extraction under wet condition also
showed high efficiency, 88.0%. While the hexane-methanol extraction from dry microalgae is desirable under low dry-
ing cost, the chloroform-methanol extraction from wet microalgae is desirable under high drying cost.

Key words: Microalgal Oil, Dry/wet Extraction, Solvent Extraction, Nannochloropsis oceanica, Biodiesel

=2

—_

1. M

sk T dRE S AL glok AA =y vleler

2 R, B L SR e T glom, ARe) o

TG DAARE AR ETHE wolorl A Ak Al By & Felel JEsha gl Agelth. meb] S oA ek &
SR oPkERATE T 420 B J1Ae] ofe) FEE ol wel Sl A0S o8 4 Sl Weke mig Weh glon
47 02 2715k vl 9Tl BERE A9 s o B

*To whom correspondence should be addressed.

E-mail: yearn@kier.re.kr

fo] =72 KAIST ¥A€ w4d el e 7Idale] Farsglch

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

88

oFo] AEfE Wew ek olefat AlFel 4 FALE Al 4
A1} 3 A0] gLt 290 AARge] 10~100) ol S PIAER
AR7 Tgaks 7o) Sl ofeh A AAK 0 Be 7

& 23 QIoh1-5].

it

o>



Nannochloropsis oceanica= €] Svl|FZ

v FERE Hlo] e AS k] Bl mMIERT v,
AT g 0 5 W vlo]er]A kel dAE AXA |
TH3]. Bl ml A 2 S50 99% o4kl okl Zof] Exjjakr
2, ek vMERE 3] SEiMe B 3 S e St
AxE vAEF ARE o4t 0 FE2 W2 A7) o] FoH
Aeh g 9 Az FAolE B olyA] vlgo] QW E H4
Jeelld 295 FEsh= Zlo] v sttt 7). mHEREREH 2
A& FE3b7] flete] SuiFE, aaAE, A, viela
23} o] g, ammoclay o] &M = tjokst 99] 2% THo] ATty

AL ATHS-11]. 2 FF1e] thate] vAETe] AEHE di
SR O RA AR U] Sl 2.9 9 mFo] BoleliAl=
71;“8 e, B3 E AEH O UL 2ol EAishs U

I TR A718E o889, 12,13].

teFst 2% FE2Y oA 7FE URb o= o] 8= gulnE
Ho v WA 2710] 7hdsl Akl A A-gr st Aol Q1A
9 AzE AR tigte] T2 A8E o] ghon, 7 o] ot
Aol e} 9 FEEo] AlE wett. SulFE el vekst f7]
|7} A8 ¢ glom, §me] 54 wt oY FEE| get
A A o7 7|thet.

B AFtANMi= Nannochloropsis oceanica@ -] 712] 4l 5241 %
Aoflx] guiFEH S o83l LYs FE3ta, ] EA oF
o fE 24 FEE W FF §8-8 v|wstR} sk 3 Sk
Uﬂ he, SEEEFE] A 7H] SullE HESR] F2] 2edA o

= 585 Y 7 e 89 20E Ak stk 358 v
*ﬂd—v LYEFE] FAF FullF 0|83t o~ 23] REE-S F3lo]
= 2] vl o)Al M3k 7hs S BRlagich

N. oceanica 5~

[o][]

2.4 o

2-1. A MHE
EAdsoflA wljeFste] 42818t Nannochloropsis oceanicas £
NS A LR ol 2SIk, A ool 92
—‘:‘r AASIL 2R N. oceanica®] 55+ 300 g/LE 52 24 &+
o5} o]sg»rt]o% ow, FAAZIA! BioBase, FD5512)8F Al
E‘: 712 29 FZFo) o] g it SuFEH ol o] & Sre o
AF(Junsei, 96%), HEkS-(Junsei, 99.6%), S =% X5 (Junsei, 99%)=
W e Eelo] AL,

2-2. AI%4 Ig-tl-l
F2 2 FEE 1 g8 PHEFE 239 33 mLAEE 0|85
Rom, 724 e FE22 1g9 FA1AXE A RS o83t &
b, SRR =7:3(vy), EREEEWRE=73wvV A 7R £
W& ARESle] @Y FEES vl nlMER o2 S| o]
5%(w/w)23.2.™, 1000 rppmollA 6417 B9t S5 wRket F 2dS
E3ehE S 3 7k (Genevac, EZ2 PLUS)3M] &
UHE' _'41:11—}\]7]_]__ %]_o]‘— 01 0 _]—,—o}—oﬂli]— t‘ﬂ]/k} I:ﬂ 61%]— u—]]E]—i\,Q
o] *‘5—0104 SEEXE-HEES o] 3kgolqltt.

i‘ﬁ FEF Y 2 FEE(vield that #2o] ARk it vl

A

W BANE o83 FEE 20U A FH(mgle

LN

A Z Ay
011) 4 %, 0 FEEN AL e wow ol & 58
(efficiency)= ANAFEFATE.

& o83 AR oY S 89

O]l === N—
S TEEC W e e e = A 95 X“’g)
A F=E 58 (%, w/w)f
_ Z 29 U = APAF d=mg/g oil
99 2Rt 3 000 mge ol )

v AEF @Yl vlo]er]d A3 TFeAS Elsl]
sto] Zateh kol wiekE T} 3tk FullE o] &-3ste] lAEH 23] vk
2 ST VAT 2] Rl Sgo] ot Al i

o] S & BPAk=1:1:0.1(WiwW)E 100 °C

o do

S35k 93-S A Esgitt. 2. gk
ol IARE HEGAIZITE SRTE A $ Ak vlo] er]Ae] A
WA vjEl of| Bl 2 (fatty acid methyl ester, FAME) sV 743}
STt

2.3, A1 Hp

AR 9 FEE RERF Ul T AL s S5
$18l =7 direct trans-esterification]& ARESIATH14]. 7% v
HLZ_-.ET 4 3% 2 717} 10 mge test tubeol] Wil SR2EEM|
B2 (2:1, vv) 2mLE ¥ F vortex mixer= 1057+ Aol Ui
J—ZF%XE]OL heptadecanoic ac1d-chlor0f0nn solution(Sigma-Aldrich,
500 ug/L) 1 mLS ¥ Wgke | mLe} 3 0.3 mLS o)
Vortex mixer. 1077+ 4101 ﬁ 100 °C =224 10%7F HP~A]
S A2ol|M] F23] AElETE A test tubedl] TFHT 1 mLS 3
7}6P 5 vortex mixer®? 577 41 5 2145271 (4,000RPM, 1(}{)011
A Aalitgstal SEld 8 T oS HAVIE Hal dHE
o]3} 3 vialell 1 mLS ¥ 7k~ A 2ukE 18] (Agilent 7890)%
WA} ol BFERE Mix RM3, Mix RMS, GLCS0, GLC70
(SUPGICOT“ ARgate] Arke] e EAls et
=9 AR 9 Fo R At e A7 Rel ojsk 2t
%"4% F51o] 574315tk A71i= EN ISO 661(Animal and vegetable
fats and oils - Preparation of test sample)2] W ©. 2 X33}, A
7} @ SE) A apat Skl thea) ko] AR QITH15,16].

Acid value = 260.11xVxe (C))
m

V =ARg3 KOH £919] 3] (mL)

c¢=KOH €9¢] & s (M)

m=A|52] A (g)

Free fatty acid(%) = - ><A01d value %)

nlo] QU] Al gk Wke- & WA vE o AH 2 (FAME): ¥
21271 EN 1410391 w24 8100H17]. 250 mg A 857k Ui 35

=742l methyl heptadecanoate-heptane solution(Fluka, 10 mg/g)
S5mLy} wRky & 7% S 2rkE 723 (Agilent 6890)% #2161t}
FAME?S] A& 4 725 918) AM8-3t A2 HP-INNOWAX capillary
column(30 mx0.32 mmx0.5 um)°|t}. Carrier gas®i= AF= A3t
8131, split mode®] split ratio= 45:1% s} o AF7|A 5
22 mL/min®] it 22-2] &= 250 °C7H] F7FebH, *1A1H <]
=5 250 °C, AE79] 5 275 °CR st

Korean Chem. Eng. Res., Vol. 52, No. 1, February, 2014



90 vz - olAIel - 718
3. 4yt 9 nE
3-1. N. oceanical| K|2At &H2F 23
N. oceanica®] AHAF 5 BX 5 Table 19 YERASITE N,

oceanica® T AWA FHL 317.8 mg/g cellZ2A 7% T7F tiv]
cell 3 2F 31.8%2] Ak gfalal Qs A o= ERIE QT o=
N. oceanica®) ¥10] 2U)A A%} 7153k AdE0] 31.8% E5E o] Qo=
Z& oulsht, At el =2 734 palmitic acid(32.3%)2}
palmitoleic acid(28.3%)31t}. Oleic acid E0| =S5 nlo] T
Al o] Abslebd ] 7} A28 0) ==, N oceanica®] 735
oleic acid’} 8.7%% S HolTH18]. Othersell= & 7l19] ®hA
T Ao Earsl AgS vhEF E?: t ZpkEe] sk

=}
1__1__

32. OMIZ=E 2 FEE
'Q‘EH‘/] == 1:!] /\1:1 O:]_,_Oﬂ 1;[}.»__ ] ﬂ _(EO —i,—%%% Table
200 chefulsiet. 591 ool chstel 742 B 454 218 s

A2 Z7oA] = 9Ql 2=5 S
o] il Clalf AshE
oA A0 2y} o] HEo]

eRigIc). web gz
i HIE o, 4 4

o] SJaq AsEgi) &

R 15709 FtelMs w2 0 FEES ol Qluh o=
H|SA 9] ke T2 A S8iA7)7] wieelei19]. St
HlekE E9F Bulloll e wigheo] 1 Aol oJal] A o
9] AF R L o] FE 7Fsste] o ﬂ%@go] sk RO w
Holw, A=A4JQl SRR E'JJr =749l wigkselie o B 4
kgt A o] guligow FEHH aﬁ*-ﬂﬂﬂ% AREA]
24 FEE°] 100% Xk lﬁ7ﬂ 2 AL vlol o)A A3l 7lsst
ARk A ofell A=At Gafel] geliE= theE A ARl X
FHelo] Q55 Qulsty, ¢ 9] T Ak Fks wAIR
oy 999 ¢=inE AAsl Koo gtk At GufjelA = 5413t
2ol 6.7 9] & 2jol 7k b, thi-frél 22 S732=e] @
A FEolle Ado] ARE- 7hs e, kst A1 A 23tk
A AT 52 Aol o e FEelle ni=Adel ke
T sk skt 1z AlRe) tisiAe Aatel] 57320 ek
& S8l FEES 90.1%7H ST = QISITE 54 23
M Antlehs e 0] A A8 07 48.4%90] e FES B
Table 1. Fatty acids contents and compositions of N. oceanica

Fatty acid mg/g cell Content (%)
Myristic acid C14:0 1.0 0.3
Palmitic acid C16:0 102.8 323
Palmitoleic acid Cle:1 89.9 28.3
Stearic acid C18:0 22 0.7

Oleic acid C18:1 27.6 8.7
Others 94.3 29.7

Total 317.8 100.0

Table 2. Oil extraction yields by room-temperature organic solvents
from N. oceanica

Extracted oil amount (%) Oil extraction yield (%)
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Table 3. Total fatty acids contents of extracted oil from N. oceanica
Total fatty acid content (mg/g oil)

Dry Wet

953.2 998.5

916.9 936.0

678.7 778.2

Solvent

Hexane
Hexane-methanol
Chloroform-methanol
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Table 4. Oil extraction efficiencies of V. oceanica by solvent extraction

Oil extraction efficiency (%)

Solvent

Dry Wet
Hexane 56.4 8.7
Hexane-methanol 82.6 453
Chloroform-methanol 77.8 88.0

Table S. FAME contents of biodiesel after esterification of microalgal
oil

Solvent Dry Wet Dry Wet Condition Dry Wet

Hexane 18.8 2.8 59.2 8.7 Solvent Hexane-methanol Chloroform-methanol
Hexane-methanol 28.7 154 90.1 48.4 Free fatty acid (%) 19.5 30.5
Chloroform-methanol 36.5 36.0 114.7 113.1 FAME (%) 95.4 (distillation) 93.3 (distillation)
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Fig. 1. Microalgal oil (a), biodiesel (b) and distilled biodiesel (c).
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