J Korean Soc Food Sci Nutr a2 3 of ok} 81 3] =)
40(10), 1430~1437(2011) http://dx.doi.org/10.3746/jkfn.2011.40.10.1430

Canola OIZ2FE{ FFOtHHE{2} FAFSH Triacylglycerol =4S
JHRl TR BAN B AXE} olF

Optimization of Lipase-Catalyzed Production of Structured Lipids from Canola
Oil Containing Similar Composition of Triacylglycerols to Cocoa Butter

Jun-Hee Moon, Jeung-Hee Lee, Jung-Ah Shin, Soon-Taek Hong, and Ki-Teak Lee'

Dept. of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Synthesis conditions of cocoa butter equivalents were optimized using the response surface method (RSM)
by interesterification of canola oil (Ca), palmitic ethyl ester (PEE), and stearic ethyl ester (StEE). The reaction
was catalyzed by immobilized lipase (Lipozyme TLIM) from 7hermomyces lanuginosa to produce structured
lipids containing a composition of triacylglycerols similar to cocoa butter. Reaction conditions were optimized
using D-optimal design with the three reaction factors of the substrate molar ratio of canola oil to palmitic ethyl
ester and stearic ethyl ester (Ca: PEE : StEE=1:1:3, 1:1.66:5, 1:2:6, 1:2.33:7, 1:3:9, X;), enzyme ratio (2~6%, X»),
and reaction time (30~ 270 min, X3). The optimal conditions that minimized acyl-migration while maximizing
1-palmitoyl-2-oleoyl-3-stearoyl glycerol (POS), 1,3-distearoyl-2-oleoyl glycerol (SOS), and 1,3-dipalmitoyl-
2-oleoyl glycerol (POP) were predicted, resulting in Ca: PEE : StEE=1:3:9, 6% of enzyme ratio, and 40 min of
reaction time. The reaction product of structured lipids was synthesized again under the same conditions, show—
ing 10.43 area% of acyl-migration, 25.31 area% of POS/PSO, 19.79 area% of SOS, and 11.22 area% of POP.
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€313 sn-13 Y% AL 717 Lipozyme TLIME Zvj
Z o] &3l Al 7FA] vk QRS (71 EHE, W a4 v
SAZD e g vk xus
slatdth. olm) FEAFEA ZFAOHE S tE TAG FH
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AHREATE SHH, G4 g Foll Ul E TAG <€) vty
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A S Lolr 7] Y3} acyl-migration(TAGS] sn-2 ¢ X
o] A3} palmitic acid+ stearic acid %)= A &9
F2 13T

O, o

Az o e

=

2 Ay 2189 Jl=Tf(canola oil, Ca)= Hunt-
Wesson(ConAgra Foods, Inc., Omaha, NE, USA) A &S
o] &3tH o™, 90% o]/ +==F 7} palmitic ethyl ester
(PEE)¢} stearic ethyl ester(StEE)+ (F)4] 2.1 7}FHDaejeon,
Korea)ol| Al AlF w2 A& AHESHTH A8 A 7hsehio
27 e} FakatEvEE Zh2 0.063 0.1011e.H, PEES] 4H7}
o} FA3FE 7= 0.359) 0.1, StEES] AH7s} AataErte
0.099} 0o}t ZHZoHE]E CAHSeoul, Korea)dll A #| &
wkorth. Interesterificatione 53l Al 74X 22 Aol A}

43 Lipase TLIM2 Novozymes(Bagsvaerd, Denmark)A}
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ZHEH 7Y A& ARt eH, AFAEAES sn-2 9
o] Aaks B44317] 98 AFE-H pancreatic lipase(Type
I, crude)= Sigma-Aldrich Chemical Co.(St. Louis, MO,
USA)ZRE F93lAth Fatty acid methyl ester £FE2
& Nu-Check Prep, Inc.(Elysian, MN, USA)o|A T3+
AS AR o, BE 7714 ¢ AHEE 8wil= HPLC
gradeE ©]-&3t4t).
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274 2 sn2 9A9] Ak =4S BAE A7, 53] 139
(Ca:PEE:StEE)9] HI &0 X 3ol E et FAFE TAG
(%) 24 (.e. POS>SOS>>POP)& YER I o= StEE
o] &S PEERT 3u] A= Eo|H 7hs2kf9] triolein®]
StEEZ}F B Bo] ZAgsl7] wlF o POS$F SOS9] /8 4ol
POPET} 5713817 wiZolt), o] ZAE vlgo g B 43
Me SHRFXDE 7189 H1&(Ca: PEE: StEE=1:1:3,
1:1.665, 1:2:6, 1:2.3317, 1:3:9, X)), RFEE AR H2~6%, Xo)=
Z}zt SR A 2 F- 53} 6t e, vE-g-AZH30~270 min, Xs)
2 AHAZ AA3AT B FEHERFS)HFE(Y) acyl-
migration(Yy, sn-2 ¢ %] 2] palmitic acid+ stearic acid %),
POS%(Y>), SOS%(Ys), POP%(Y)E &to] 1970 A4 =
AR Z2094 ¥E-& Fs9th 2 A E POS, SOS,
POP9] area(%)& RP-HPLCo| A 4oA 3™ peak? area
%2 Ye A=l 2 peak= A E TAG ¥5F ol g} v
% 3d TAGY PSO/OPS/OSP, SSO, PPO 5% 233 &
il o]& hE-E acyl migration W Fo]t}. o] & HIHH 3
TAGE] %2 sn-2 9% 9] palmitic acid®} stearic acid®] %
S2 {FFT F V] Wi o] Y, FHOER)WHFE o] &
3o, = RSM A3+ Modde version 5.0 software
(Umetrics, Umea, Sweden)S ©]-&38F] #4319 24 =
A & AFEAAY] FAE H5te, VNHES G749
714 vl gol gtFo] 40| e AaEeEtaAd ¥, A3
A ®&9 Lipozyme TLIME &3} shaking water
bath(Vision scientific Co., Buchun, Korea)oll A 220 rpm¥}
46°Ce] Z=7o 2 REGAIZIERZ A EE AF3te] PTEF
syringe filter(25 mm, 0.5 1m)& o33t W& B A h

K[HFAF A B

=3 T

TAG T4 AWAre] =48 #4317 93t Al 100
uLE #H3lA 05 mLe hexaneol] 343} thin-layer chro—-
matography (TLC) silica plate(20x20 c¢cm, Merck KGaA,
Darmstadt, Germany)ol] &&= (petroleum ether:
diethyl ester : acetic acid=90:10:1, viviv)Z A7stAch A
A€ TLC platel Al TAG ¥#S 38kl 1.5 mLe] 05N
e FASIUGESF A4S ¥ 1831 vortexdte] 100
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°Ce] g2FxqA 583 TEAIZ F 30~40°CE Y2434
o} o710l 10% BF; #gh& &85 ¥il o] 100°Ce &
FZEA A 287 FERAIZ T 30~40°CE Y73t A
mL¢] iso-octane®} 1 mL2] X3} NaCl €942 Y3l vortex
3 & QAR 7](2000 rpm, 5 min)E Al&3sle] F o2

O, AT dEs A 0}04 sodium sulfate columns %3}
=& AASAT ol¢t 22 HAF
methyl ester e} 9] A4S gas
Chromatograph(GC)Oﬂ FYste AgAE 24
t}. GC(Hewlett-Packard 6890 series, Avondale, PA, USA)
o] B4 2702 columne SP™-2560(100 mx0.25 mm x
0.2 ym, Bellofonte, PA, USA)S A}&-3}1 3L, injectore] &
=+ 250°CZ 3}92.H, column?] 2%+ 150°Coll A 5&7F
4°C/mine. & 220°C7HA] &8 A 3087 523514
t}. Detectore= flame ionized detector(FID)S AF&-3}93 1L
LT = 260°CE 3}t Carrier gase= NoZ 1 mL/min &
stTh ol g EAZxACE A8 1 uLE GColl Y3t
A

X|ate| X|H =4 2M

TAG 2AH ] A4 #12(sn-2, sn-13)8 =4S &
B 7] $J3}9] pancreatic lipaseZ ©]&3}e] 7tEHS A

= e
T &

/lé o)o
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AT AES APl 242 7 me¥ Y F 7 mLe 1
M Tris-HCl buffer(pH 76)}F 0.05% FFEALHE §H4S 175

1.

mL, 2.2% CaCl, &9 0.7 mL, pancreatic lipase 7 mg<
747]—0}@@ EFES 187 vortex 3F 3 37°Coll A 3% 7}
T OA 30x AEE 2~33] HEES o2 4 mLY] diethyl
etherE #7138t 4 NS H3 F sodium sulfate column
o2 FiE 9 BEES AASIAT ol & FuH] A&
(hexane : diethyl ether : acetic acid=50:50:1) ©] &3}
TLC silica plateo] @A7R8tdt. A7 259 TLC silica
plate25FH R¢ gte] 0.03¢] 2-monoacylglycerol(MAG) ¥
AHS F3sk 10% BF; Wl&2 8948 ©]83)| methylation

of - F=d - o1 71¥

gt & GCol o3t A 24 £4& HAASA T Eg
sn-2 $1x1 9] AHFrtel A sn-1,3 Yx|2] R|HAF 24 A4l
u 59 o AL S A AT2).
sn-1,3 (area%)=[(3 x fatty acid composition of total
TAG)—fatty acid composition of sn-21/2

Reversed-phase HPLCE 0|26t TAG =& 4

TAG 2AE59 A& LolH 7] 93t reversed—phase
high pressure liquid chromatograph(RP-HPLC, Younglin,
Anyang, Korea)E ©] &3}t #49] AH85 HPLC= 93
d SPI30D F¥ B =X} sedex 75 evaporative light scatter—
ing detector(ELSD, Seder, Alfortvill, France)”7} &2 o]
AT o] FF-E 71& 78 2H &l Alacetonitrile) 9} &
Wl B(iso-propanol : hexane=2:1, v/v)& #+<% 1 mL/min®. 2
EHF YT 2L Nova-Pak® C18 column(4 pm, 150 x 3.9
mm Ld., Waters, Milford, MA, USA)°]t}. A|EE 20 mg
A 3 & 10 mLe chloroformo] =<4 PTFE syringe
filter(0.5 pm, Advantec, Tokyo, Japan)& ©]-&3}e] o3} F
E20] A|ZtEE Su) A9} BE F3H] 80:20 v &=Z EE]7]
Al x}—s}oq A58V A] 54460 7 WBIAZ § 1587F S35
o 2 % & A%} &vif B FIH|E 541469 A 657714
80:202. W3 A7l F T0E7IA Ao zH B8 nbx
t}. TAGS] Z42 retention time(RT)<} partition number
(PN) Abole] thg #AXS B3t B4 Ath13).

Partition number (PN)=total number of carbons
(CN)—2 x total number of double bonds (ND)

= G
Tt (Ca)2 —Zr& A HARE oleic acid(C18:1)7F 64.35
area% =2 718 =& Vel ™| palmitic acid(C16:
0)¢} stearic acid(C18: 2} 7y 4439} 2.01 area% = pal-

Fll‘ ru[o

Table 1. Fatty acid compositions and triacylglycerol (TAG) compositions of canola oil and cocoa butter

Fatty acid Canola oil Cocoa butter Structured lipid”
(area%) Total sn-2 sn-1,3 Total sn—2 sn—-1,3 Total sn-2 sn-1,3
16:0 443+0.08 0.79+0.07 6.26+0.15 2538+0.03 154+0.08 37.30£0.01 13.01+0.35 4.85+0.94 17.01+0.42
18:0 2.01+0.05 0.30+0.03 2.86+0.06 37.83+0.01 213+0.11 55.68+0.07 3627164 558+0.28 49.26+0.06
18:1 64.35+0.84 56.98+0.09 68.03+1.22 33.03+0.04 83.68+0.40 520+0.15 3599+1.78 6554+1.82 20.72+1.75
18:2 20.97+0.46 30.86+0.07 16.02+0.73  2.70+0.01 7.27+020 0.41+£0.08 11.43+0.21 19.81+0.35 7.06+0.44
18:3(n3) 824+025 11.06+0.21 6.83+0.28 1.07+0.00 0.37+0.02 1.41+0.00 3.30+0.13 4.22+026 2.75+0.25
Total USFA” 93.56 98.91 90.88 36.79 96.33 6.12 50.72 89.57 30.53
Total SFA”Y 6.44 1.09 9.12 63.21 3.67 93.88 49.28 10.43 66.27
LOO LOP OO0 POO POP SOO POO POP SOO POS/ SOS SSS  LOP POO POP SOO POS/ SOS
TAG (area%) PSO PSO

2651 3.07 42.00 445 014 147

046 1338 0.83 50.79 33.10 0.55

6.06 14.56 11.22 12.83 25.31 19.79

YStructured lipid was obtained from the reaction condition; molar ratio of substrates (canola oil : palmitic ethyl ester : stearic ethyl
ester)=1:3:9, enzyme amount=6% Lipozyme TLIM, and reaction time=40 min.

%)Total unsaturated fatty acids (%).
YTotal saturated fatty acids (%).
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mitic acid7} °F 3u}9] &2 S YE AT (Table 1). A WAL stearic acid 55.68 area%E 71 E=gom theo

T3 HPLCE ©] 83t TAG 24< #43% 2 Fig. 1%
Table 1914 eR o)X upe}l o] Agake A 714 &
H &S YER oleic acidZ o] F1 3 triolein®] 42 area% <]
EL HE&S el oy, g2 22 1-linoleoyl-2,3-dioleoyl
glycerol, LOO)®] 2651 area% ] ATh T o E ] X uAt
Z4& stearic acid®] o] 37.83 area% = 71 =ko ™,
22 2 33.03 area% <] oleic acid®} 25.38 area% <] pal-
mitic acido] A, ZFHOIHE 9] sn-2 X XA AL
oleic acid’} 88.68 area% % 7} E=%o ™ sn-1,3 ¥ X9

2 palmitic acid 37.30 area% 2 =< H&S YeEAL.
Zzol WE 9 TAG ZAL POS7F 50.79 area%, SOS7}
33.10%, POP7} 13.38% 2 UElskth(Fig. 1, Table 1).
39 Fig. 2 1:3:9(Ca: PEE : StEE) ®H3-7]2 H] &0l A
FE AR AGd ot FAR AFAAAE TAG 24
o] 3ot ES] TAG A FAFgE eSS Hol= POS>
SOS>>POPe] o2 FAHE RS BTl th 1 9
£ StEEQ] HI&S PEERT ¢F 3971 =o]H Caol 9
TAG A2 triolein®] StEE7} 2%E 7]3]7} ] FolAA
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e
I /\/\\/\, - ~ : — e N R
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\ v " Y
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By N T ANA /\'/ /< Fig. 2. RP-HPLC ch
J ig. 2. chromatograms of
A N AN SN - - structured lipids. Reaction condition:
molar ratio of substrates=canola oil :
v .. _ .
m eop {l;gg/ Sof }sp }SS (E) Eal'n?ltlc ethyl ester: steilrloc ethyl ester
0 S00 ops 1:3:9, enzyme amount=5% Lipozyme
SR VAPN: TLIM, reaction time=1 hr (A), 2 hr (B),
R - R 3 hr (C), 6 hr (D), 9 hr (E). P=palmitic,
O=oleic, S=stearic, L=linoleic acid.
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POS¢ SOSE] Aol POPRT Z713F Aoz F=4
olol we} PEEXR. T StEES] H]&¢] Eolof th 4 & (23}
T3-ZF)Q TAG FoIME POSS} SOS9) AHS %
F ARy, §EEAIZre] Aol A4S 25X 3 -X 31X
AEZ FAAFHA 2 TAG(ex, PSS, SSS 5)9 4
F7E e Ae B 5 U}y

D-optimal A=l 0[&¢8t YIEETHEM

Ca2l sn—2 Y9 U= oleic acidE FAA71HA] sn—1,3
=19l palmitic acid®} stearic acid®] g#o] F& FF ol
H oA AT8AEY 34 HH 3wk 2] st
D-optimal Al gd e} AFE 3ttt SHHFE 7129
H]&(Ca: PEE : StEE=1:1:3, 1:1.66:5, 1:2:6, 1:2.33:7, 1:3:9,
X)), ¥ & A %(2, 3.33, 4, 4.66, 6%, X2), ¥F-3-A]7H(30, 90,
180, 270 min, X5) 0.2 24354}

m{mﬂ

Prl oL 1o

M

&
(e}
Z1&

gob - Td - 01719

Zvzy 1978 AR E A
acyl-migration(Y1, & sn-2 $13 9] palmitic a01d+stearlc
acid %), POS%(Y2), SO 'V(Ys) POP%(Y4)9] Z¥+= Table
200 AAISFF . vESEEE A H A A ANOVASY lack of fit
°] 0.05 O]”"J 9o Fo] Hg Aoln] R 19
I FALFE F2 RP Y-S YERIT £ D-optimal

A 8ol tﬂr% AN A Yioll B lack of fit 0176, R°ghe
0.97201910.7, Yool #34 lack of fito] 0.055, R*S] ko]
0.953, Y39 lack of fit& 0.128, R*9] #-< 0.9680]910.H,
Yol tilAE lack of fite] 0.051, R*9] ko] 09328 »5F
A3 28-S YeRL, Y, Yo, Y9 Vi 25 p<0.0052

S A3 A7 L)

ol 28 Yel Atk (data not shown). 3 F4H
Zo] B3 F AA S E Table 39] JEFYOH, o] & o] &3
Ll AL R RARC R = s =

Table 2. D-optimal design arrangements and the observed responses

Factors” Responsesm
Exp. Y Y. Y. Y
No. Xi X, X L 2 3 4

Observed Observed Observed Observed
1 1:1:3Y 2 30 2.42+0.26" 1.66+0.19 1.09+0.04 0.83+0.05
2 1:1:3 6 30 3.45+0.21 9.86+0.94 4914272 391+1.11
3 1:3:9 6 30 8.21+0.40 19.26+0.36 15.31+0.37 9.25+0.58
4 1:1.66:5 2 30 3.83+151 2.78+0.93 2.33+1.08 1.28+0.12
5 1:3:9 333 30 4.90+0.76 12.07+0.88 8.39+3.45 558+1.14
6 1:3:9 2 90 9.85+0.12 17.74+0.65 11.42+4.48 6.21+1.72
7 1:2.33:7 6 90 15.94+1.71 31.27+0.54 25.17+0.59 13.08+0.21
8 1:1:3 333 90 8.68+1.60 11.35+0.95 8.28+1.12 3.27+2.03
9 1:2.33:7 2 180 12.79+0.83 23.90+0.63 20.75+1.25 10.47+0.49
10 1:1.66:5 6 180 24.75+1.84 27.69+0.72 26.30+1.83 11.49+0.57
11 1:3:9 466 180 22.17+0.78 29.39+0.50 27.85+2.69 12.93+0.07
12 1:1:3 2 270 13.26+0.50 16.74+0.75 15.34+1.19 7.31£0.70
13 1:1:3 6 270 28.71+0.41 21.92+0.96 22.05%0.60 10.67+1.99
14 1:3:9 2 270 22.80+0.28 28.33+0.92 24.64+3.96 12.21+1.24
15 1:3:9 6 270 46.10+£0.57 25.27+0.46 26.12+1.27 9.84+0.54
16 1:2:6 4 270 29.63+0.60 26.61+0.55 26.19+1.15 12.31+1.32
17 1:2:6 4 270 28.46+1.54 29.11+0.86 24.29+2.66 11.84+0.83
18 1:2:6 4 270 32.30+0.01 27.77+0.37 26.52+1.67 11.69+0.61
19 1:2:6 4 270 30.55+1.55 27.98+0.67 26.91+1.59 11.05+0.77

})Xleolar ratio of reaction substrates (Ca:PEE : StEE), Xz;=enzyme amount (%), Xs=reaction time (min).
'Z’lesnf2 position of palmitic acid+ stearic acid (%), Y2=POS (%), Y3=SOS (%), Y4+=POP (%).

IMolar ratio=canola oil : palmitic ethyl ester : stearic ethyl ester.

YResults are means of triplicates + standard deviation.

Table 3. Regression coefficients and significance of the second-order polynomials after backward elimination for Y1, Y2, Y3,

and Yy
] Ylv1) Y 5) Y36) Y47)
Variables - — = — - — - —
Coefficient (8) P value Coefficient (8) P value Coefficient (8) P value Coefficient (B) P value

Intercept 19.282 3.894%10°® 27.116 7.332%x10°"° 24.013 3936x10" 11.319 7.780%107°
X, 2.307 4764%10°° 2.780 1.069%10° 2.502 6.150x 10" 1.278 2572x10°
X5 5.351 4332%10° 2.876 7.089%x 107" 3.197 6.913%x107 1.288 2.117x107°
X4Y 10.150 1.312x 107 4811 1.618x10° 5.770 4.837x107 2.057 9.472x107°
XX, -1.182 2.048 x 10" -2.637 9.850%107° -2574 3.905%107° -1.033 3.909x 10
X X3 2.345 3.416x107° -0.899 1.684x10* -0.281 5920%10°! -0.400 2.348% 10!
XoX3 2.425 3.489%10° -1615 2.692x102 -0.644 2.486x10" -0.803 3311x10°
X5X;3 0.035 9.777%x 10 -4.181 4503%107° -3.632 3525%107° -1.688 1.876x 10

9%, =molar ratio of substrates (canola oil : palmitic ethyl ester : stearic ethyl ester), Xs=enzyme amount (%), Xs=reaction time (min).
4Dy =sn-2 position of palmitic acid+ stearic acid (%); Y2=POS (%); Y5=SOS (%); Y4=POP (%).
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Yi(acyl-migration=palmitic acid+ stearic acid % at
sn—2 position)=19.282 4 2.307X; +5.351X>+ 10.150X5—
1.182X1 X1 +2.345X1 X3+ 2.425X X3+ 0.038X5X3

Y2(POS, %)=27.116+2.780X; +2.876X>+4.811X3—2.637
X1 X;—0.899X,X5—1.615X5X3—4.181X5X3

Y3(SOS, %)=24.013+2.502X,+3.197X+5.770X3—2.574
X Xi— O.281X1X3 —0.644XoX3— 3‘632X3X3

Y4(POP, %)=11.319+1.278X;+1.288X5+2.057X3—
X1X;—0.400X:X3—0.803X2X35— 1.688X3X3

1.033

59 "1 7129 EHEX)T 549 F(%, Xo), B
AlZH(min, X3)E % acyl-migration®} I IOPHE Q] FQ
TAG 249 POS, SOS, POPS] fzw o] Gope MAE Yx

E dolR }H(Fig. 3, Table 3). 4 sn- 2 A A9 A Hkak
H3EE 714 9= acyl-migration % Atz o g2 vk A7k
w7 2 FUHAE BYen, vk ii«] FH 7149
EH)&o] 71 o= tha 57};}5 2ES Ho Ao
(Fig. 3). ©]1& %k A3 Xu 510)°] A7 AZFAA acyl-
migratione WHg A7 §49] HE Yy Ra

WEHE dXste 2FAE HERAT. A, POS(Y2) ¢}
SOS(Ys), POP(Y) 9] # % X39 S717t 718 & 43S 71X
= Ao Z YEst(Table 3). WEtA £ A A3 A
acyl-migration& WH2-A|7kol 714 & S Wokal o] &

‘3‘3—}1\—‘4 01: 1‘1]_]__ 7]11\9] _‘1]:] %,] {‘_EOE ofﬂ: Hr=

o=E Tt

o

K

[o

= AS & 5 JoTh ol E4AFE SV weE ATA
A& $teko] Z7}3l= Cho 5(14)3 Senanayke®} Shahidi
(15)7F A7 U&7 = X9t 53], Y. Y 181
Yie SHEAIZEHXg)0] ool wel 1 ghEo] sttt
ok 180 min ©]¥ FHAste A¥S BT UEA, 714d 9
%H]%(Xﬂf’ﬂ QEME &S EUFE S8t AF%S
B2l ¥ Ca:PEE:StEE=1:2.33:79] ¥l &P H 743}

T A%E HAh(Fig. 3). T3 ALY K2, 4, 6%)°]
whe} 9k A17E Y 712 o] v]g9] Wle] wE acyl-migration
AE=(Y)S POS(Y2) 2] #ASE Saxez YeR Rt Acyl-
migration(sn-2 ¢ X] 2] palmitic acid + stearic acid area %)
o] A A& AMEE WS G40 e A 71E ] )
X)) B H]'Q‘}\V}(XQO] AR wet =4 et m
A o FR] g ZFopHE A ARl CBES] 7 -9-°l
sn-2 913 °ﬂ FeA o] oF 10% BT EAI3H7] W iol
sn—-2 $ X ol palmitic acid®} stearic acid’} Ho= 10%=

92 Fosy v ano] o] 6% Aol v

Holx 50 mine @A golof acyl-migrations # 4-3}5}¢]
IAFoPHE S} FAME A E TAG 24L& 713 AFAAE
S AT F IS Aolgte HS A5 & AR (Fig. 4).
BISEHEAM0| [E FTFOMHE! RAF AIFMX|RS| &
Ca$} PEE, StEEE 7|2 = 3}a Lipozyme TLIME ©]&
st Hh-3-& g 4 o] ZIAOIHE QY fFAMSE TAG &
A& 7HAE AFZAZAES ke Aol &, I3 oIHEH
9] 70% ©]4+2] TAG7} ¥E3}H(saturated)-E 3 3H(unsaturated)

~-¥ 3}(saturated) B ] A EF FZE 7IA 7] Wil
WS F sn-2 YA AW 2449 WHEE o= acyl-
migration(Y1)2 HAZ dojyof 3 POS(Y2) 9 SOS(Ys),
POP(Yy e HUZ dojue 20& HAHFs|ofF gt
Modde 50< ©]-&3t HZAsH vHE-7]4d9 E0]&2 Ca
: PEE: StEE=1:3:190] 121, §k-3- 8 49 42 6%, HH5-A]
He 40 mine. X o]uol acyl-migration(sn-2 9X] 2]
palmitic acid+ stearic acid %)= 8.07%, POS9] & 22.24
9%, SOS9] a2 16.64% 18] POPY 3+ 987% =
A SE AT 4, HA s 26 wet FAEE st
A Ak £4% A= Table 19] e AT A
A2+ stearic acid 36.27% oleic acid’} 35.99 area% %
yelytom, o8- 2 palmitic acid’} 13.01 area% 2 =2
H &S 2R3 sn-2 Xl & oleic acid?} 65.54 area%
2 7 #o] $fH ol

AR 2™ palmitic acidE 4.85 area
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Fig. 4. Response contour plots for Y; (A) and Y2 (B) at different enzyme amount of 2, 4, and 6%. Y;=sn-2 position of palmitic
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