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Abstract For the biodiesel fuel production from microalgae, the lipid from wet and dry samples of green algae Scenedesmus
sp. was extracted by using various solvents and pre-treatment methods. Extraction yield of the lyophilized sample
was better than that of dry sample. Chloroform/methanol (2 : 1, v/v) and ultrasonication or homogenization
method were also selected as the most effective solvent and pre-treatment methods for lipid extraction,
respectively. Under these constraint conditions, optimization experiment of lipid extraction was investigated by
Taguchi approach using orthogonal matrix Lg (34) method. The optimum extraction conditions of lipid extraction
was obtained at pre-treatment of homogenization, extraction time of 5 hour, temperature of 35°C, and solvent
ratio of 1:20 (w/v). Yield of extraction at optimized condition was 20.55% and it was 96% of total lipid content

(21.38%) of Scenedesmus sp.
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Bo] 59, =Ao] Hi1 v 349 sh=E =2 ALY
3} 3| o] QT A2k bottleneck |2}k & 5= Ut} [10-12].
SeE TAERE FEe) vl 2T sE Felae B
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BV, Chlorococcales=2] Scenedesmaceae™}ol| &31=
Scenedesmus sp.©= BT L gl ] BX= 525+
24 X@gao] =ol (16~40%) Fo] nlo]etjAdle] o
HA9 34 FFAS] S LeAAL AT [13). AT
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AT} [9,10-12,14].

Expeller/Press'H2 F=8°] 70 ~75%°) £33pH, &
vjFEHY] 2oz HAIETE COE °]88t ZUAFA
FE2 2 FE2AE FAIsh] A8l Bash usPgA|
o] nl-go] PAEHA =obA 1 80| A, F= 1§
T 2 AL S PP 250k AR HE
-4 FEFANN FE2TE B EAAEEEE S
U 1 53k Ao ti#g-gelle] A8 olyx|HL
2 nggAoth akrETIME et B2 AFETE 9Al =
d FAo|a, ] 57|18 BRE o, AAFEHLS
B2 A Zghs 53 9 MlEE S sk B4
ARSI, o] 9L 45 B3R EX
o HIAAH et [10-12,15].

wEbA dAF o= MEo] FEHL b A E
Bl 2 FEFE (95~99%)S S 5 e -9
BujFEoltt [11,16]. F2 ARHE SlFE=H2 AlE
Bo] gl animal tissueol| X Q] A AFZo g FasHA
AHEE O] It} [17,18]. SHAIRE A EA XL} Scenedesmus sp.
9} 2+ microalgae= A B 0] Ex3}aL o]E°] SulFE
o] g2 ZE3lRE 8§87 FEo] o AR
AR 3 AT} [19]. wEbA] FRASHEXNE 28420 F=
S} dxg] Wy 2 olof] Y3t &3S 9IS =
Ao Zasgdo] wig- =2 Aol

25t F= AR oAM= she] HEE I8AIA
F1, & o] HEES A= " 7I= < one-
factor-at-a-time method [20]7} B8] AFE-HATE SHA]RE 0]
e MpEL] JEARe 9 F oSl tigh slXdo] Brks
stal ARASG7L w9 BolAle ©o] ok weba] FHZo
= olg WS S5 2g HA s WH O 24 Taguchi
H, WSS T SAA Ae] de] o] 85
o} o]z AuHjEHe] Y2lE ©]&3 Taguchi™H AFH
LA} AHIGTE =Y F Jom FE8119] Ve F A
STAE Al & F a1, HH FE2208 FHE = 9o,
A = HHse AES ool = [21.,22].

B AFoMe g 5272 A5 Scenedesmus sp.
TTE vloletAle] AR E AREEl| 98 ARE F53)
7] 918l obA FEol gl A @2 o] 7T
AA F2ol| X &84 F=80i9} AA HS T,
ZARI of&e], oldl ZASA 4821 (%, AL, &)
H], ultrasonication or homogenization) % 34 (level 1, 2,
3)2] Orthogonal matrix Lo(3*)¥-3 ©]&3}+ Taguchi®gol] 2l
HOY AAFES 45 F Jv F=HZsE AT

- =
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B 3] T Scenedesmus sp.©1H, ZEE Z245]00

A sl 94EE] (3000 rpm, 10 min) 2 FAS 83t
T SAAZ U5 24 (100 mesh) A& a4t

Sof 4°Ce] WHAle] niahEA Ao AL

FE8E RS S8 BullFE0A del AR
= 57FA] &9} (acetone, chloroform/methanol (2 : 1, v/v),
ethanol & hexane/ether (1 : 1, v/v), hexane)S AF&3}]
7b gl FErES S Th ARRE BEE Ak &
FA)eF (Special grade, Carlo Erba Reagenti Co. Ltd.)°] Atk
Age FA7x F B9 AxA s} A0 39 B4
AEE 8710 BaL S5l APEA FAIES] F7HA
E AR AFEL 2575 (1010, wiv)E AL0A]
A WHk7] (Digital hot plate/stirrer 046644-Series, Cole-
Parmer, Vernon Hills Illinois, USA)ll &Ja}] 12A|3F 5<t
WHE (400 rpm)3te] AoH, AEE A8 FEEFS
oF 67.9%°30th FE& TANIANE A (1 g 3E
2] FZ28700f Wi gujl 50 mLE Hrlste] AdeollA] 244]
Zr ERE WHE (400 rpm)st FE=3 F F= EFNS oA
(Advantec, No. 2)Z st AZTHS 4319 Th Al
et A8 Aee FEHEHS sl AlE dxTE
|ue] vl&o] 1150 (w/v)ol HEE AF5E ST U,
|UlE H7betal ol A 24417F BRLt aiRlele] 535 &
AAEE] (5000 x g, 20 min)3FFaL, A] (Advantec, No. 2)
2 A3t v AE2FHS S5 3, 239
<+ F=8u|2 XAA % chloroform/methanol (2 : 1, v/v) &1l
o} FE480] =W SAAX ARE ARESI A9 2
S o= 23] 9l 33 Wk FEalal Sl 55 54

sto] ATt
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2| el MH

Z>{2]= A1E-E- microwave, ultrasonication 2! homogenization
WS o]&ste] HAAES & ArHo R 13] §vi5=
3l 88 ZAFEFITE Microwave &)+ microwave oven
(Mr-216mr, Gold Star, Korea)S AF8-31] 5271% Alg &
o] Alzell FFHTE H7H (FRTF 524%)3F ARE ¥l
58 B2 A7 (2450 MHz)3}9%.2.H, ultrasonication *|&]=
sonicator (Bransonic 5210, USA)E ©]-83}4] conical tube
o Alget §riE AGRIE ¥ 5 1087F (47 kHz) A=t
At} &3k homogenization 2= ABE 132 7] (high
pressure homogenizer-mini 200, Micronox Inc. Korea)E

o]&3lod 1200 psie] FHFoz ] ste] ALgEIATh
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(5 min~24 h)i = TES & }*8}%‘@ olmj F==x1
2 A8 1 g5 BYs] Az & A7) oA HA8u=
17 ¥ chloroform/methanol (2 : 1, V/v) ] 30 mLS ¥

WHE7] (400 rpm) 2 WHISIGH O AF7]eh 2 m"ﬂ*.i
F=3IATE
Taguchitioll 2|§t X|ESo| 2[XSIAE M7

A W3Z2] #Z3}+= chloroform : methanol (2 : 1, v/v)
£ A3l 34 (low, medium and high level: 1, 2, 3),
8-01 (&%, A7k, 8vll8], ultrasonication®] *|ZJA|7F &
homogemzatlon«] €] Orthogonal matrix Lo(3)
oﬂ 13k Taguchi W= AHE-3ted A3}l (Table 1),
A HFS- Fig. 13} o] F&3)F the, 783 2A3ke] 24
stk o] w, Zwnlg, s 2 ‘:'*P:'H (ANOVA)
2 Taguchiol] 7]zt MINITAB® 15 software (Minitab
Inc.) & A3}

Table 1. Experimental factors and their levels for orthogonal
array design

Temperature Time Solvent Ultrasonication Homogenization

Level ('c) (min) ratio (v/v) (min) (Frequency)
A B C D D
1 25 3 10:1 0 0
2 30 4 20:1 5 1
3 35 5 30:1 10 2

1 g of lyophilized biomass (Scenedesmus. Sp)
+

CHCl3: methanol (2 :

v

Filtration
'7 Magnetic stirring
(400 rpm)

Filtrate Filter cake

# 0.9% NaCl
(20%, v/v)
Centrifugation/fractionation (5000 x g, 20 min)

|
v v

Bottom phase Upper phase

Crude lipid

1, viv)

Fig. 1. Procedure for the extraction of lipids from the green
microalgae Scenedesmus. sp.

A ZF2] AEE AMSEE S0 2= benzene, ether,
cyclohexane, chloroform, acetone, methanol, ethanol 5©]1,
F2 0|5 ule) @ A EE F A1 oS P
A3t} [23]. ©] - hexane2 /‘4313]]0]_1_ vl #H
o}X]U]- 51‘!1‘-/] 71——5]. E/Ho] 01\:].. benzene—— %l%]-%;d 2
THEE =4°]™, methanol-> %/‘éo] IRE 53 94 5
"= ©do] vk wEbA ‘?é‘i”ﬁ.it Folch'] [17]¢]
chloroform : methanol (2 : 1, v/v) Swij7} ] AL&-Ho

2 AFoA = o] FollA 57HA &ull =, acetone,
chloroform/methanol (2 : 1, v/v), ethanol, hexane/ehter
(1 :1, v/v), hexane® AH&3t] SAUZXE A8 (T
F 5%) %} o] AT FAE (FETF 67.9%)9 F 7HA
Algol sl 2+

| FE7ES SR eH, 1 A3
= Fig. 29} 2t}

Table 2. Application of Lg(3*) orthogonal array design to the
lipid yield from Scenedesmus sp.

Lipid yield (%)

Run A B C D —— —
Ultrasonication Homogenization

No.1 1 1 1 1 5.65 £ 0.92 4.19 + 0.46

No.2 1 2 2 2 745 £ 1.77  20.04 + 0.52

No.3 1 3 3 3 9.55 £ 1.77 2216 + 0.98

No4 2 1 2 3 11.55 + 0.07 19.69 + 0.78

No5 2 2 3 1 1530 + 1.56  11.17 £ 0.41

No6 2 3 1 2 1455 + 049 17.49 + 0.66

No.7 3 1 3 2 12.55 + 049 20.41 £ 0.72

No8 3 2 1 3 15.75 + 0.78 17.41 £ 0.38

No9 3 3 2 1 1495 + 049 13.92 £ 0.55
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Fig. 2. Comparisons of lipid yield under the five different solvents
from lyophilized and reconstituted fresh Scenedesmus sp.
(A) Acetone, (B) Hexane, (C) Hexane/Ether, (D) Ethanol,
(E) Chloroform/Methanol. (2 : 1, v/v).
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A 85 YeERNRIAL, chloroform/methanol (2 : 1, v/v)
ﬁuﬂoﬂfﬂt 1436%= H15E&S Uehfo] HA 2 Ao
T2 oF 10819 zolE BAT A2 TAHARAEE
7 oA A FAFHT 2 78S BFoH, 53]
W =8 FE5E-8 99 chloroform/methanol (2 : 1,
viv)Ql 785, oF 38U B 2 FEES Y o9} 2
o) REARI} wARHDG B B3] FEFES Mol
AL g A7AEY oeii s BaEglon, oj= AER
trioﬂ Z=H o] T-__;q]-cl- 73_?_ _/rﬂ_?_o] ]Hoh,]._q }\]-§_ZLQ_ (l:l]—tﬂ—)
o=z Aoy &5 Walsh] wWEolet E 4 ok [24].

sHA, FHolo] 2588 1R chloroform/methanol Q:1,
vV BIE ARESH FE3IGY] ST e Z%—’F‘%S
25 29k AR dehAE skort FE58S 19
F= Aol 71 =L 16.0%2 eI, 2§1 AM]
= 2.5%, 18]31 33] = Aldle 0.75%° B3t 5
o] ST WE &0 ST e FAIE e Zr\—%
oltt WA FE3g= 1371 A st B0 = ddsgith

weba] o)de] Ao uet Alse 40X As, 18al
FZ81= chloroform/methanol (2 : 1, v/v) Su& A1&3}
o 13] FE3Re 20| P AT Ao BRI,
olste] A3l -8tk

A2 vAIZRFe] MEERS SFAIA Al A
o #2523 Fol7] 91T o, AHgEE M) Py
ol = autoclaving, bead-beating, microwave, ultrasonication,

:LE]I’_ 10% NaCl -§H=- o]-&3F AFA 2 5o] &

2 9lth [14,25].

01‘?_}’9"3 SujFEo] e AL A7 HoARE o
o7 Jojupar FEEZo] HEUdA BIoZ o]FsH
t}. 3}A9F microwave A A= ARG EZAAHL T A o)

RS ‘ﬂ_‘nj}ﬂ‘”ﬂ’ﬂ ‘#O o]F0]A]7] “HT‘?: ] *Lu--% ZZO]
—irézf‘%«] s 7} ﬂ4 flaL, TE}‘]ZJ'T% A1zt 01’2}0]‘/}
‘ﬂr’_‘@ AUE FOoE HuEHIH [26]. 5 ], 5 [14]
2 microalgae?] lipid & A] o8] 7 ]'7(]
o] microwave BI'Ho] u]—qu E2 78S % T A
sheh = 7P g1
scale-up® <+ 3lof EHWXLEJ] HEho] 7hsgk Wol
2}l B sl

wepA] o FoN FE48e] 2l GFo] 2 Aoz
B 3% microwave, ultrasomcatlon g homogemzatlon A
S o]&3sle] 58, 20 ¥ 5AZE %?l’ Z3HAA FE7
= AL Plusilen, 1 73*]*— Fig. 33} 2t}

FE2AZo] STkt wet 7k AAYE FE5E0
xTHTh HRkzo=s #7}0}*‘ BFS B shA|RE
ultrasonication 2 microwave X T2 7ol H]3j

¢ wud FEFEY V1S HYS Bolgh whd,

r)J -Il
E
_&9
9
El
o

homogenization®] A &&= FH2 AI7F] 589 i%"ﬂ’ﬂ

7%, 13]*7 71 A|7¥Q1 SAI7Fe] FZOA] 11.4%9] =
FES HYoH, olF FHE no treatment, sonication ‘;-l

gl B3] 5% FEo|AE 5Hl, 5417

opdel FEFIE Hole Al

mlcrowave A 5-&
FZoX = oF 2.44)

15

O5min @20min = 5hr

aad

Treatment
Fig. 3. Comparison of lipid yields under four different treatments
from lyophilized Scenedesmus sp. (A) No treatment,
(B) Ultrasonication, (C) Microwave, (D) Homogenization.
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methanol (2 : 1, v/v) SUlE ARSI thS3} o] A3
St ﬁ, A2 HHSE gl FE2%, T2

|ufju] 2 ultrasonication -2 hOmogemzatlon 2] 4217}
sl 3 9] Lo(3%) orthogonal matrix t‘,j. 83} 9
A M)zl wel vhemrza o] sl 2AKY
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Fig. 4. Comparisons of lipid yields from Scenedesmus sp. by
solvent extraction.
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Ultrasonication 28] E 39S H| -ir%%i‘ﬂ FE
chloroform : methanol (2 : 1, v/v) Sufjo|A] Z} ¢
of wa} 5.65 + 0.92~15.75 + 0.78% = Z} 5_7401]7“1-4 T8
W7} Zick AMelzdel] wet of 3uj] & AolE HS
™ i 82 11.92 + 0.93%°]0c}. SFA|RF homogenization
AP E F ] FE5 782 o9 vE 29E B
t} A¥kA © F yltrasonication ZJEV\] BHO =2 488 2H
o 7z} Qi) 0l Wt 4.19 + 0.46~22.16 + 0.34%E
zt 17401]"1-4 TS} Zith Agjzddl| wet of sufe
FEAolE HYoH, Hi 82 16.28 + 0.54%°]Uc}.

“g
o o
J%

Table 3. Analysis of extraction factors on lipid yield from
Scenedesmus sp. with orthogonal array design

Ultrasonication Homogenization
A B C D A B C D
Ki 22.65 29.75 35.95 35.90 46.39 44.29 39.09 29.28
Ko 41.40 38.50 33.95 34.55 48.35 48.62 53.65 57.94
Ks 43.25 39.05 37.40 36.85 51.74 53.57 53.74 59.26
ki1 7.55 992 11.98 11.97 1546 14.76 13.03 9.76
k2 13.80 12.83 11.32 11.52 16.12 16.21 17.88 19.31
ks 14.42 13.02 1247 12.28 17.25 17.86 17.91 19.75
R 6.87 3.10 1.15 0.77 178 3.09 485 9.99
Optimal level 1 2 3 4 4 3 2 1

=5 lipid yield at A, k* = K13, R = ma x {k”} - min{k/}

Ultrasonication

Pretratment
0,

Solvent ratio
8%

Time
29% Temperature
59%
Homogenization
Temperature
9%
Time
16%
Homogenation
50%
Solvent ratio
25%

Fig. 5. Comparisons of order of effects of factors.

Orthogonal matrix ol 2J8] Z} X592 3= Axksk
A3}= Table 33 2o}, AAEH] Z27] £HE Huo
Zpo]7kS Hol= Rkoll 93l AR yltrasonication *2]
AJOll = extraction temperature > extraction time > solvent
ratio > pre-treatment] A Z FE0| JES wFTh W
™, homogenization *Z]A]ol= pre-treatment > solvent
ratio > extraction time > extraction temperature 2] TAZ
FEE A AS & F YTk Fig. 5= ol At
A5 vlES Ve Zii ultrasonication *]2]A]ofl=
FELE 59%, FEAIZF 29%, SH] 8%°)aL, HAE
FIH= 4%°) E34319t) SEA|TE homogenization *]2] A]ol|
= AAHEIT} 50%, SH] 25%, FEAIZE 16%, F=
o5 w2 A Aab e ERUE HAD

o]#]3}+ homogenization®] & Hx]g] &= A EH 9

FEI e} FHEEE AR AZEA, Suljn|e] 3k
"]E«] S AEEe AoE AU & =
TEol tigh gulrle] JF AE 1 gol tigt &uinlrt =
oMATE TEE STV, AESRIAE Gto 8lH]
of WE UAFEE AyE Ao, Gulul7} e 10 119
e A8 T3 ($F) d4e] BEEE v, Surt =
oMATE AR S0l HojH A5 SHE Fdo] BH
o] HlE 25t FETES 7&5\—"]7]—‘& Zo=z Azt
Aok ?4_‘1}75..‘2& Lo/ A Y] F7he aA|eF AAY
Abele] FETHIE ¢ —:’-71] sted Fick 2o w2t E43
ey % SRR &S 7MY AL BaEdT [27].

3H, Table 39] Abgol At FAZ] Akl 713
7y A AR} AE-ATe]9] intuitive analysis 23
Fig. 67 T},

Homogenation3t 74-¢- 25 2 AIZbEF9] 712 A

o] Z7& EAoH JQ“UHH]‘Jr ;F?—a‘fﬂrgl A BF<= T

ARt O w2 oA 789 S HolA| &%k
t}. whA, ultrasonication®] 73+ XAzt }O]Ur Sujju] o]
S7Fredl WE &0 WPl A9 glglal, 25 A7k
A= srEolde] FEolA ’\017}* Holz] ¥k
o} wEbA o]E AkE I Table 39 k' gho2HE 7+ At
o] HHFES 1A AH optimal level S F 714 7&%}
glo|x BT TE%}J:— 35C, F2AIF 5417, QUHH] 30 :
(V/V)Z, ultrasonication 2]E dHA] & 14F 2ﬁ«]
homogenization F*]g]GellA] 1= Qi)

WEbA 1 S FEFRE UL 4 e FUEAS
homogenization 23] Xi\ﬂ/\]eE Q-UHH] 1:30 (Wv)eZ
35CelA 5AIZF B9t T3k AoE AU kAT
homogenization 2] A] optimal level2 243} 3549
A Fgake)7 A9 0193\51 Suju] A 257} 3552
zte)7} wlmlste] Fgul-8-8 AJ2H-S uf homogenization
135] ] 2 8wju] 20 : 1 (W/V)i ZBacty S 9

o)ie] &40l U3 ANOVA 4 Z27= Table 4
Nx BE u}g} 32o], P < 005914 F-o/45 Bo] BAZRI
frejAde] ATk
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Fig. 6. Intuitive analysis of the relationships between experimental factors and lipid yield with pre-treatment of ulrasonication (a)

and homogenization (b).

Table 4. Variance analysis for lipid yield and component contents
Ultrasonication

Variance ~ Sum of deviation Degree of Mean

source square (SS)  freedom (V) square (MS) F P
Temperature 97.237 2 48.619 19297 0.005
Time 23.634 2 11.817 46.90 0.021
Solvent ratio 2.404 2 1.202 477 0173
Error 0.504 2 0.252

S = 0.501941, R? = 99.59%, R*@adjustment) = 98.37%

Homogenization

Variance ~ Sum of deviation Degree of Mean square

F P

source square (SS)  freedom (V) (MS)
Time 14.374 2 7.187 2.94 0.254
Solvent ratio 47.403 2 23.701 9.71 0.093
Pre-treatment 191.326 2 95.663  39.17 0.025
Error 4.884 2 2.442

S = 1.56269, R® = 98.11%, R*(adjustment) = 92.43%

AAZ chloroform : methanol (2 : 1, v/v)S S1iZ AR
ate] ool dolxl HZH FZE23 =, homogenization
2] B gun] 1120 (wv)OZ 35T 5A7 &
g A3, Ao = FEEke 20.55%°1UH o] e
Scenedesmus sp.2] A|WFglaFo] 21.38%0| 22 ShF-A]Hk9]

FE (96.1%)S F=T F JoS & & ATk

2 E

E A= vMZEFR] Scenedesmus sp.ol 213k vlo] 2.X]
Ao] AT Yjko 2 o] FFEHE Y] AFES S
BE7 §uje] A8, 250} a1t Es)t B vlo]aE g o]
B Aget 22 dxe] adE FAFSIATE 3 Taguchi
Holl ogt AAF=9] HASE Ao, ts9] 2
7E 4ok

57FA] 81} (acetone, chloroform/methanol (2 : 1, v/v),
ethanol, hexane/ether (1 : 1, v/v) ¥ hexane)E A5}
FAES} AXA| 5 AWFETES AL, s40x
A]& 9 chloroform/methanol (2 : 1, v/v) SWlE 2} =
Al 9 B2 AASIATE AR Al & ofs =
&Y PHEHoR BHo=E 3% X (microwave,
ultrasonication & homogenization)S AF&-3}e] AJ7te] 743}
o) W& FETES AHTEA| Fe A5 &7 Hlast
of A2 sFA] ¥ 2], ultrasonication & microwave
ATEY oF 24~59) o]}y E2 FEFESTVRE B
homogenization *'H-& AAg] WHOZ MGt o5
AN FE22%, FEAIZE £9H] 2 ultrasonication S
homogenization®] 4$12}ell 3l 35752] Lo(3*) orthogonal
matrix'H (Taguchi method)ol 2J3] X|AFE2] HH3}=
AAEATE 1 A3, #HA FE2712 homogenization 13]
e, Alge] 8] 1 120 (w/v)2Z 35ColA] 5AIZF &2t
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FE3e Aotk HAZAEY] FEFEL 20.55%2
Scenedesmus sp.2] & ASFEF (21.38%)2] °F 96%E F=

¥ & gk

A =
AT AXAEAR] Aho=m g o]l
SIS A7+E=IYT (2008-N-BL-HM-E-06).

A 020109 19 269, AAS 20103 8¢Y 25¢
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