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Abstract

Response surface methodology was used for monitoring and optimizing the extraction conditions of campesterol,
stigmasterol, B -sitosterol, and total sterols from the safflower seed. The conditions of phytosterol extraction were optimized
by using central composite design with the temperature(35~75T, Xj), the time (1~1lhr, X;), and the preheating
temperature(60 ~100C, X3) as three variables. The extraction conditions for maximum campesterol content were 59.017T(Xy),
2.88hr(X;), and 75.04 C(Xs). But stigmasterol, A -sitosterol and total sterols were not significantly different under designed
extraction condition in this study. Besides, oil was extracted from safflower seed at various conditions and yields were 23.44%
at 35T and 20.05% at 80T, respectively. Total tocopherol content increased from 0.172% to 0.207% as the extraction
temperature increased from 35T to 80T. A structured lipids(SL) was synthesized enzymatically by extracted safflower oil
and conjugated linoleic acid(CLA). After 24hr reaction, 31.79 mol% CLA was incorporated into the extracted safflower oil.
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28} 3HCompoitac)s] £5H= 3safflower, 87 Carthamus
tinctorius L) 1'd A BRo2 7|28 o] 29%F(EE H]
23 7|E8E Bl gidte AEE geiA sdon, &=, o
B, 3% TANAMe F2 48 £ A L2 Auyst
I QUTK12). 28 AREH 2L AJdNx 9 dA=Z o] 8
Ron, TIXNE FEMEFY 27 H8F AFHRLE AL
g3tk ZsFoll= 53] linoleic acid7} Th&F F-H-5of 9
o n¥s}, THA3, ASBY T £rAY G,
BU3%, Ful2ulE(cholesterol) Aste] Sdst aHE
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2HE A E2Q JEBA sterols TH2HEY FRIHO
Z % FA F2F 7HAY, 2 FHES campesterol, £
-sitosterol, stigmasterol 5] Atk 0|5 AEA sterolS AU
cholesterol ¥4 AH&dl= B%-S 7}AH, serum cholesterol
level#} LDL cholesterol level & A3} ZH-&o] H 115 ITH6).
FH, AEA FXE H4A)HHAE linoleic acid 2 tocopherol 9
T8 TEULRE ¥eA Utk AHEA RAE tocopherol %
22 At EAFS FA9] RS 2o e
Wk opet AA WA FAFEE Y B E A B
FEHRE 7D, =3 A8 Fof o £A31E linoleic
acide 337 EE wAEd] o3 wHloz oA
conjugated linoleic acid(CLA)E Asted o] YA, &
H2EE %3 A, P, B935S, FE AR F9
71548E 713 Ao g deiA ATHB9).

HT FAY FLHH EAE AN HEte TR
Ao gk A7}t Bol FHAL Atk FA9 EH ®
< 3 EAS uprAY 344, 4T 548 AL
3171 918te] triacylglycerole] At 24, EE AWAate] ¢
X (regiospecific position)E 2e}o] Al E(glycerol) £} QoA
e me EANEOR vl YUY DL ATA A
Atowred lipidolzh BT, AT ALe) FAS
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Aste MEHH 20}2) lipese7} 0189 F A B AT
ol 1= Rhizomucor mieheiZ25-E| -3t lipaseE macroporous
anion exchange resinol] NAZIAIZ] AAYL lipaseE: AL
o] &3t o] EAE wiacylglycerol®] ester AEE 7I5E
33t glycerold} fatty acid2 B33 F oA goz
esterification¥rAd 3= FEE 7MAH o] FEAE sn-l3
specific O 24 triacylglycerol #2}2] sn-13} 39] $Jx)¢] Eo)
Aoz gt 42E& 7HA UTKIL).

ol B e F3el T4 T A E (central
composite design)ol] wE Y-S EHEAY(Response Surface
Methodology, RSM)& ©]-8(12,13) F&&%, FEA17L, AA
g 71Eex 59 FExd wE
& dAFsigoen, ANt 24 4, tocopherol ‘““él% 'Ev‘
4 9 FHAG CLAT 0|88 ATA AR 44 A7E +
Farck

phytosterol %

e @ by

M=

B AgoA AR I3H= 2002 8¢ oA
A AN A3 F FAM, A, 243+ polyethylene film
of Yol 20T Wend AFstHA =2 AP o] 83A
. ATAH AE §HAde] AHE3F IM60 F4E Novo Nordisk
Biochemical(Danbury, USA)ol X T-<)8to AF&-3HSITh

& A2

2xslE i3 AEA
%Zz7d w2 F3HH phytosterol F&%#S ZHEF 3}
A Z=A18H4] 218 A B (central composite design)(12,13)] w
g} Zzte] zoAM F3HTE 53] phytosterol e ¥
A Agsigon, 4827 MEEHRZARME HiA
SAS(statistical analysis system) program-3 ©]-&-3}%c} o] )
phytosterol?] FYPHFER FZLEGB5~T5T, X)), F2AZ
(1~11A7E X)), A& 4 1411"4 7+E E(60~100T, X3)°]
, ol =@ L& Table 13} o] -2, -1, O,
1, 22 SeAZ Tin} 0}9&5} “t& FEE-HFYEA
£ campesterol(Y:), stigmasterol(Y;), [ -sitosterol(Ys) 2 total
sterol(Ys) 2 5}9.00, Table 2 2} 2& 16708 AAH =4
o2 A¥S HAANFAH
249 2342040 meshyE SHPEF AAY 78 &%
(60~100T, Xs)oll wel incubatorol] A 24A)13F FF 1%
% AE 40 go] AlZ o] 001%¢] BHT(unsei Chemical
Co., Ltd. Japan)i} n-hexane 50 mLE 713t 3 EYATF F&
25@35~75T, X)), FEAIZH1~11hr, Xo) 16719 HAE =
Ao g} FLmurF(Hanil Science Industrial, BS-21.
Korea)Z AHE-3l  175mpmollA] FE319ch o] F  rotary

FAZREEEIA A10E A2E (2003)

evaporator(EYELA, N-1000, Japan)?} N,Z o] 23} n-hexane
€ AAAF)2 sodium sulfate anhydrous(Junsei Chemical Co.,
Ltd. Japan) colummg- o] €3l & % BE4E-& A7y

Table 1. Levels for extraction conditions in experimental
design

Vadbles  Synbols —

Extraction temp.(C) Xi 33 45 5 6 75
Extraction time(hr) X 1 35 6 85 1
Preheating temp.(C) X, 60 70 8 0 10

Table 2. Experiment combinations according to codes of
experimental design at various conditions of extraction
temperature, extraction time, and preheating temperature

Variables Actual parameters

Teamet % % x Do Buin Pebeing

temp.(C) time(hr) temp.(C)
1 -1 -1 -1 45 35 70
2 1 -1 -1 65 35 70
3 -1 1 -1 45 85 70
4 1 1 -1 65 85 70
5 -1 -1 1 45 35 R0
6 1 -1 1 65 35 €
7 -1 1 1 45 85 20
8 1 1 1 65 8.5 %0
9 0 0 0 55 6 80
10 0 0 0 55 6 80
11 2 0 0 35 6 30
12 2 0 0 75 6 80
13 0 2 0 55 1 80
14 0 2 0 55 1 80
15 0 0 2 55 6 60
16 0 0 2 55 6 100

Phytosterol &zt 54
229 8% 01 go] 2N KOH(ethanol) 2 mLS test

tube25 mL)e] i 100C water bathollx] 1583t
saponificationdt & W3S ch test tubeol] 2 mLo| {4

2 mL9] n-hexaneS ¥il AA A n-hexaneZHS ET 3 F,
Al 2 mL¢ nhexaneS WU E2]¥ nhexaneF3
sodium sulfate anhydrous® FHAAA FES AASAG
B2 Algo] Internal standardZ 5-cholestane(l mg/l mL in
n-hexane) 100 LS Y& & Gas chromatographyE Al8-3}
phytosterol #2& s}tk GC= HP 6890 series(USA)YS A}
L35l 0o, Ultra 2(HP, USA)E, column
temperature= 285°C, injection temperatures= 300C, Z&7iv
FID(Flame Ionized Detector, 300T)E Al&3}¢1 0™, carrder
gas= Ny(25.0 mL/min)E AME-3}4AT).

column-&
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oiz{ F& oM el FER/X|, phytosterol T}
tocopherolg] &4

B8 F34 40 gol AlE 9| 001%9] BHT(Junsei
Chemical Co., Ltd. Japan)3} n-hexane 50 mLE 713+ ¥ &2
HHEZ(Hanil Science Industrial, BS-21. Korea)o] A 1, 3, 6
A7t @912 35T 175rpm oA FE3RT 80C FAs
dre 1, 3, 6 A7t B9 = soxhlet extractor(Daihan Labtech
Co., Lid. Korea)2 AF2-3le] E3NHE 22319}k Sterol
pae g0 A3 % FYasi

@,7,0tocopherol 3 = AHE BMS 93l Younglin
Acme HPLC 71718 AFE8Igem columne  LiChrosorb
DIOL(5imX3X100mm)E AHE-3}HTh  detector=  Younglin
Absorbance Detector(UV730D)2 Alg-3lom =3 wge
295mm°) ). n-hexane®} acetic acide] 1000thl H]-& &{ujE&
F4-& 05 mimino]H FA3}P 20 sample 9] FH& 10
pLolRth A& FHl= #X 006 g5 nhexane 10 mLoj| 3]
2 % PTFE syringe filter@5mm 0.2 zm, Whatman)& A}2-3}
o ARA|Z] & EAFH

At =4 24

Methylationg 98] A& (100 mg)ol] 6% H,SOs in methyl
alcohol 3 mLE Y3 Heptadecanoic acid(l mg/l mlL in
n-hexane) 10 L& Y& & vortexZ 31 100°C water bath
A 2087 FBE AZHT IF nhexane 2 mLE ¥olA
n-hexane%& 3] sodium sulfate anhydrousE EHA|AA 5
g AAA F8 AA § gas chromatography(GO)ol] 1
eLE Flstd At BHg o GC svle
Hewlett-Packard 6890 series(USA)S AR89 2™ column&
Supelcowax "-102 0] 2319l column &EE 100CHA 5
B FANZ F 27 4CH &3] 220THA 2083 #x
A Zth. Injection temperatures= 250C, Z&7]= FID(Flame
Ionized Detector, 260T)E A}E3l9Om, carrier gas=
N(52.5 mL/min)& A}-8-3}51t}.

FZ2E ZeREFE MFHXE| MHE A 24

%229 33802 99 CLA®0.1926 g)¢] 1 : 3 mol H-&
EFES test tube(25mL)e] ¥ n-hexane 2 mL¥} lipozyme
RM IM60(from Rhizomucor miehei, Novo Nordisk) €45 A
A sample SA9] 15%0.0589 g) L& T water sharking bath
oAl 55T, 175rpm ZZAE} oA} 10£, 208, 308&, 1A)7L, 24]
ZV, 3AIZE, 6AIZY, 24A1ZF ZpZE wRRAIZL ¥ A QA S
st ATAAE AR 248 BH3) AEtd
TLC(n-hexane, diethyl ether, acetic acid®} 50 : 50 : 1 33 H]
AL AHE AHE-3He] triacylglycerol®e 0.58) W e
33 9] AW 24 W3 22 methylation W3 GC

g g3t ATH AR AP 2SR

Zn ¥ nF

Phytosterol £& X3}

FARA AEAZ det & zdo] W campesterol
o] 2S¢ FAE AT Table 37 2Pty FE2LE(35
~75C, X)), FEATU~11AZE X)) 2 A89 AX 7}
¥ 2X(60~100T, X3)o] wWE campesterol FEZF<] taylor
second equation(14,17)& o}g-3} 7}

Y, = -0547732 + 0.032992X; + 0.0346237X, - 0.003132X; -
0.000227X, - 0.000336X,X;- 0.002494X,> -
0.000069375X,X3 - 0.0000055X,X; + 0.00004825X5"

Table 3. Extraction yields of campesterol, stigmasterol, B
-sitosterol, and total sterol from safflower seed

(unit : % weight)

Variables Responses

Xi X ®B v v v W
Tt cion Bction Prebeaing Canpe_ Sigma_ st Todd
temp(C)  time(l)  temp() steol sterol sterol  sterol

I 4 () 35 () T (1) 035 068 LR 160M
26 () 35 () 0 () 030 016 1085 1551
36 (D) 85 () 0 () 046 0147 08908 12865
46 () 85 () 0 () 02604 0141 0365 1369
545 (D) 35 () %0 () OBE 01 LIS 16588
6 6 () 35 () % () 09 02B 136 1R
745 () 85 () % () 03 0151 LITB L6
86 () 85 () % () 02549 01610 080 1300
9 5 O 6 © ® (© 0NN 0% LI LIS
0 %5 © 6 © 0 © 032 00N LY LIS
L% (@ 6 O 0 © 021 027 0750 16N
LB @ 6 @ 0 (O 05 0l L0 1450
B © 1 () 0 (@ 034 002 1BB LB
M5 O 1 @ 0 O 0% 04D 02 16H
5% © 6 O O (D 035 008 122 L8
6 5 © 6 © 100 @ 035 0085 108 L4

R-Square= 0.87940]12.8) 9| 8&-& 00339 ot A
4 e Axe =PdSs ¥9 71§02 FF -2 S (Extraction
temp, X)), FZAl7H(Extraction time, Xz) ¥ A5 AHAd
7}E &S (Preheating temp, Xa)7} Ztzh 59.01°C, 2.88A17F,
7504T oln, 38 ¥k & 03579%°ltt. &E B
Ae Ao o, FHEN FI FELE, FEANT L
Ng9Y AME 71 L= 747 54.69T, 4.02A13Y, 9837T
°]AE W campesterol & Ho| gk 0.3852%°0.2 oS5
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Ak APy @2 contour map # ¥HEHEH(15,16)S B
A campesterol FEFE FELE 55T F2M FEAT
o] #x AA &=/t FNEFE HY FEES EAH
EF B-sitosterol, stigmasterol 2 total sterol 3§ vH-EW
Bao gol 27t gtk Table 32 EPWF wle £
WEe A groloh

SEM T FE

35C 1, 3, 6At 332704 389 A2 282
7} 2331%, 23.35%, 23.65% °]|.om, 80T 1, 3, 6A17F 4
ZANA 3282 2tz 18.83%, 19.72%, 21.61% ©]Sith
SHrE 35C AL FEM & FE28E BP0 F34
7o W F7) Fole AL ez vyt Fuie F
ZAZH 250 E FE4EL Table 49 UM AT-

_o}d'n.%_ﬁ

Table 4. Extraction yield of safflower seed oil at various

conditions {unit: % weight)
. Extraction time
Temp.(C) =3¢ 3 hr 6 br
35 2331 2335 2365
Safflower seed ¢ 18.83 1972 21.61

Tocopherol Xzt

7t %% 279 WE a,7, 8 tocopherol e Table 5
Jd Yehigith &8 I3 E HPLC AHS3tY a,7,6
-tocopherol A% A7} o-tocopherol ko] y -tocopherol &
% wtd 24 Jelhgon  §-tocopherole FAEdHA E31
t}. 35C, 80C FEZA\M  g-tocopherol $HeF2 {ALELA|
Vet on y-tocopherol 80C & ZANA FFo] EA
EAE%th. ¥ tocopherol ?:}Ekg 80C, 6A13t & =9
A 023%2.2 HCH e Jelgor 35TxAR 80T

& =dAM = t000pher01 g Jehlle AEE B
Ao

Table 5. @, y and §-tocopherol content of extracted
safflower oil at various conditions (unit : % weight)
Temp.('C) Time(hr) a Y é Total

1 0.105 0.050 - 0.155

35 3 0.131 0.079 - 0.210

Safflower 6 0.102 0.050 - 0.152
seed 1 010 0068 - 0177
80 3 0.123 0.093 - 0.216

6 0.124 0.106 - 0.230

Rlgat EA B4 9 KT XS] CLA Bt 24
AWk 24 B4 A3 palmitic acid(16:0), stearic acid(18:0),

oleic acid(18:1), linoleic acid(18:2) & linolenic acid(18:3)7} Z+
z} 7.90, 2.88, 13.12, 70.24, 3.80 mol% .2 EAFHUT: d#
AZE 92 2 ZH2HE = At AWGHE /A
£ linoleic acid7} 7024%2 T-E AEA F-A5 vl
A8 =4 depdch 2 F(1)2 A FSAH &
L& %3249 linoleic acid &&Fo] z+z}t 74.00%, 69.10% ©)
g Busiged 2 AFH AR AEE B £2F
$3re] & BXFA At ke 87.16% "iE- 2 AL

2 BN

AlZi 8 A7 AR gE CLA s £43e
Az} 108, 208, 302 147 ¥he AFA A" A= 0.86,
0.87, 235, 2.13 mol% 2 8 F7}8t4 1 2, 3, 6, 24X &
ot ¥k2 Aldl= Z+Z}; 6.52, 8.61, 21.59, 31.79 mol% 2.2 CLA
ghego] whgAIZEe] Ftell wheh ol FIFEUT. 208
A 30R0E WhgAIZle] FUEAA o AR F7HEol
87%Z 71} ®L Z7H8S BYon CLA #3e z7pt
SRE 6AAAE Al CLA mol% Z7H8°] Z7)sith
I3 ta Zadlke FAHAE BEAh 244 7R 260N
CLA gao] 31.79 mol%] A+4 A2E& T4 & + AN
ok Z3ho A 24 AFe} wRgAITe] wE AT
AA9 CLA ##ishe Fig 19 HelAh

70.24

mol%
5

16:0 1601 18:0 18:1 18:2 18:3 2000 205

35 31.79

mol%

0.2k 0.3hr  0.5hr 1hr 2hr 3hr Bhr 24hr

®)
Fig. 1. Fatty acid compositions of extracted safflower oil(A)
and CLA content in produced structured lipids(B).
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HRSRAR Mo o5l T3 FE22H0] W campesterol,
stigmasterol, £ -sitosterol 2 total sterol?] & HH3}E &
HY 3gon, FE525035~75T, X)), FEAI(1~11A]7E,
X)), A8 AXE 71E LX(60~10T, X)) HeE &
FAFAAAY 2 F2210¢ 3} &4tk campesterol 3
A FEYYE FELE, FEANT € ANRY AAME T
L7} 747}y 59017, 288417 75.04 T o]tk 23y B
-sitosterol, stigmasterol @ total sterol F&§& WS EHEAL
a7t ek ¥ ¥3}e] 35T /A FE5EL BT
23.44% o|em 80T FEZ M= HT 2005% ©JUTh
%2257} 35ColM 80T Eobdol we} F37o F52
To] e HF & tocopherol T} 0.112% oA 0207%0
2 Z/E90 A B4 A3 linoleic acid®] &R
7024%012k. 359t CLAE o83 AT AF F4
Ad 244 Bg AFAE AFe 8 CLA &3 3179
mol% °] Atk

=2 Q0

ZAtel 2

°o] =EL 2002dE FFAA T FH|E AT (AY
%3487 AQAI], ROS200200000039 4002 AT
Az old A =gy
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