Korean J Food Preserv & ﬂﬁf ‘”5*' I‘l’g‘ %gll'gl

18(5), 721-728 (2011) The Korean Society of Food Preservation

Optimization of 1(3)-Palmitoyl-2-Oleoyl-3(1)-Stearoyl Glycerol Produced
via Lipase-catalyzed Esterification Using the Response Surface Methodology

Yun-Ik Hwang, Jung-Ah Shin, Jeung—Hee Lee, Soon-Taek Hong and Ki—Teak Lee'

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

Camellia QilZ25-H 1(3)-Palmitoyl-2-Oleoyl-3(1)-Stearoyl GlycerolS 3t
a4 AdvkeEe HAsE AT

_ - +
3-59] - Ao} - o] 48] - Fw - o] 7]
SEhstn Al ZZstnt
Abstract

1(3)-palmitoyl-2-oleoyl-3(1)-stearoyl-(POS)-glycerol-enriched reaction products were synthesized from camellia oil,
palmitic ethyl ester, and stearic ethyl ester via lipase-catalyzed interesterification. Response surface methodology
(RSM) was employed to optimize the production of the POS-enriched reaction product (Y1, %) and the stearic-
and palmitic-acid contents at the sn-2 position due to acyl migration (Y2, %). The reaction factors were the enzyme
amount (X1, 2-6%), reaction time (X2, 60-360 min), and substrate molar ratio of camellia oil to palmitic ethyl
ester and stearic ethyl ester (X3, 1-3 mol). The predictive models for Y1 and Y2 were adequate and reproducible
as no lack of fit was signified (0.128 and 0.237) and as there were satisfactory levels of R2 (0.968 and 0.990,
respectively). The optimal conditions for the reaction product for maximizing Y1 while minimizing Y2 were predicted
at the reaction combination of 5.86% enzyme amount, 60 min reaction time, and 1:3 substrate molar ratio (3 moles
of palmitic ethyl ester and 3 moles of stearic ethyl ester). Actual reaction was performed under the same conditions
as above, and the resulting product contained 20.19% TAG-P/O/S and 12.71% saturated fatty acids at the sn-2
position.

Key words : camellia oil, lipase-catalyzed interesterification, cocoa butter equivalent, 1(3)-palmitoyl-2-oleoyl-
3(1)-stearoyl (POS) glycerol, acyl migration, response surface methodology
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Y Qtoll Eol7bd FASH HeH, 2 ol 9 shue ZZEE v=et A= CBES 74 At TAG

CBE 748kl = 48 trlacylglycendes(TAG)-J Fej7t ZAL CBe IAEH FASIH CBY TAG AL ¢
¥ 3k(saturated) - H:J_’:_§]' unsaturated) ¥ 3}(saturated) A=+ 40% <] 1(3)-palmitoyl-2-oleoyl-3(1)-stearoyl glycerol(POS),
ko g FAE thA ¥ SUS FEjE 71A)7] wjEo]tk1). F 27% W<]9] 1,3-distearoyl-2-oleoyl glycerol(SOS), ~L&]3l
i CBZ "Hsolx & %—3— dotoll A H=)g g ‘*7& °F 20% W] 9] 1,3-dipalmitoyl-2- oleoyl glycerol(POP)¥} 2=
2%, By A, 784, WA T ZFo] 7]e} TAGE Holal §lom, tii CBY 73-9- POS7}
7P =S TS A dH@).
" < CBE /I A& 98] ARRE= 74 7H7lee
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ARl a49] &= Thermomyces lanuginosaZ -8 2] ¥
immobilized lipase from TZhermomyces lanuginosus
(Lipozyme TLIM)3} Rhizomucor micheiz5-El 2|3k
immobilized lipase from Rhizomucor miehei (Lipozyme
RMIM)5-°]tH(5-8). 3HH, camellia oilS TAI3tL A=
TAG ¥ <F 70%©]73°] triolein®. 2 o]F01#] 917] wjT-ol,
sn-1,3 992 AeAdo] gltka 4214 Lipozyme TLIMES &
v 2 ©]-8-3}] palmitic?} stearic ethyl esterE camellia oil 2}
o~ 2082 35H POSE F4T 4 Utk 1y
AREE 712 S0 skl e TRk AAEE st
POS ©]&Jd] T2 TAGEE T4 H ™, 53] acyl migrationd]
9]3} 1-palmitoyl-2-stearoyl-3-oleoyl glycerol(PSO)/1-oleoyl-2-
stearoyl-3-palmitoyl glycerol(OSP)/1-oleoyl-2-palmitoyl-3-
stearoyl glycerol(OPS)/1-stearoyl-2-palmitoyl-3-oleoyl glycerol
(SPO) 5% Z-2 HINAE TAGEAEE Yeld F Sith
=, sn-1,3 selective 421 Lipozyme TLIM®|| 2|3} POS7}
F2Z FAFATE FuES-2] acyl migrationol] 2]l A H
POS9] sn-1,3 |x]ol] ¥4 A palmitoyl#} stearoyl 7|5
o] sn-2 91X & ©]F3t] PSOS} OPS B 0|57 frAHH
T%E5 7HA< OSP, SPO 5% 742 & e Zlolth

B Aol A= camellia oil?} palmitic 2 stearic ethyl ester
£ Lipozyme TLIMS.Z HM-3-3l] CBY] 8 TAG J&<!

POSE Bo| i3t BN ES W HEA M (response
surface methodology, RSM) 2.2 43} §H4d-8 slaiA} 31
o} o5 flste] &4 ¢ RESAIRE 7189 BHIES 59
W alo], £4 G A%l o Wk wH 24S ol
393, FEHFEN 5a FNESEZFT TAG-PO/S

(palmitic, stearic¥} oleic A4S ZH2; 1 EAPH o= $]4]
o7 353k TAG, = POS % PSO/OSP/OPS/SPO)9] &4
(Y1, %)S =o|1A} FATHY). HA, 4 FAATEE2
acyl migrationgoll 28t sn2 Xl AI(elE)SH
palmitic¥} stearic acid®] %P/S-sn-2, Y2, %)< WF7] ¢35k
HA 3t 2% AHKESkAL, BojZl RSM oS WH3-2S
et oAl At 74 TAG #AEY 2A8S
reversed-phase high performance liquid chromatography
(RP-HPLO)E #4351t

R

Al
=

M=
A& o) AR camellia oll & A1F A FH8IROH,

rr 1%

90%°1/de] ==& 7FAAL U= stearic ethyl ester9} palmitic
ethyl ester= (F7) W 2H7}llA A|3-& #tth W3S =
+ Lipozyme TLIMS Novozymes A/S (Bagsvaerd,
Denmark) 2 78] 3ted AREIATE FAIA159] sn-2 ¢
2 At 248 #29317] 913 pancreatic lipase (Type
I, crude)= Sigma Chemical Co (St Louis, MO, USA)®J| 4|
Tt o]e]e] 7]7] EAe AREgE Aok B A
| 532k ARSI

284348 A & (central composite face design) S Z
factoro]] HH3-E4 9] H(Xi= 2, 4, 6%), HHAHX= 60,
120, 360 min), camellia oil®l| W3} stearic?} palmitic ethyl
ester 7] EH]&(Xs= 1, 2, 3 mol)S 717} AAE} a1, o]
EYHFES -1, 0, 12 3TA|Z K383 3(Table 1), 1778
o] AAE A3 A WS ST o), Xs<l
camellia oilol] T3t 712 9] EH]E-2 stearic?} palmitic ethyl
ester7| 29 EFEO|ER X3= 10]2H= AL Table 191 A7
o]z A 7+0] 1 moled] camellia oilo] ™3t 1 mole?]
stearic®} 1 mole®] palmitic ethyl esterS 2|0|3tt), £
HE Y2 84 PG EFT 1S F palmitic, stearic?}
oleic A/WAMS 242 1 BAM o)== f1x]o]dA] -3 TAG
EAHTAG-P/O/S)2] FAE(%)°laL, Y= HHES? acyl
migrations-ol] 2]3}e] A4 H PSO, OPS, OSP, SPO 52
sn2 91X A (©]F)S palmiticT} stearic acide] %
(P/S-sn-2, %)°I AT} 2t vh-g-2 th33} Zo] ZeP=| Qo)
Screw cap©] A= 42t flaskoll FAIRMS A FAI Gl <A
Fo]Z Wk-g-Z A0 whg} 7182 camellia oil# stearic?
palmitic ethyl esterS Z}Z}2] molar ratio (1, 2, 3, mol/mol)°il
gA STt o) £ 7148 F Fujo] AXH
H|- S Z Lipozyme TLIMS ¥7}3F 3 A4 wh-S-A|7HH
2 93250 46TCE FAS7IY 200 rpmo.E AR
shaking water bath (Vision scientific Co, Korea)S ©]-&-3}¢]
2y7}+9] WEg-S a3t W52 syringe filter (0.5 ym,
Toyo Roshi kaisha, Japan)E ©]-83}o] oJ3}5}9Th

Table 1. Level of each independent variable for the central
composite design

Levels
Independent variables Xi 1 \(;e I
Reaction enzyme amount (%) X 2 4 6
Reaction time (min) X 60 120 360
Molar ratio X3 1 2 ky

])X3= 1 means 1 mole of camellia oil reacted with 1 mole of palmitic ethyl ester
and 1 mole of stearic ethyl ester
X;= 2 means 1 mole of camellia oil reacted with 2 mole of palmitic ethyl ester
and 2 mole of stearic ethyl ester
3)X;= 3 means 1 mole of camellia oil reacted with 3 mole of palmitic ethyl ester
and 3 mole of stearic ethyl ester
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NEES) AP 2AL BA] PN the
o] £4o] FHH A MA Wk A5 100 uLE FeiA
5 mL hexane®l] ]2}t ¥ thin-layer chromatography (TLC)
silica plate (10 % 20 cm, Merck, Germany)l| petroleum ether:
diethyl ether: acetic acid (90:10:1, v/v/v)Z T Z7)-8-ull
2 FAAEAE A7 stk o] % #El® TAG 727t
< F3k 05 N NaOH #&hE 84 15 mLE 7}t 100T
oA 587 7k Foll 25ColM Wztetdch o1 10%
BFs;-methanol 2 =33} 3t 3o Xt EAL gas
chromatograph (GC, Hewlett packard 6890 series, Avondale,
PA, USA)E ©]-&3to A8k tHT7). 41 %712 Table 2
o eIt ¥H-g-8 AR 5] sn2 91X At 24
S Yolr 7] 91314 pancreatic lipaseE ©]-8-3Fe] 7F4E3l
St Screw cap®] 29 test tubeo] WHSE F 7 mg2
FAE 2438}, 7 mLY tris-HCI buffer (pH 7.6), 1.75
mL2] 0.05% bile salt €42} 0.7 mLe] 2.2% CaCl, §4-&
B WE 22 F 9] pancreatic lipase 7 mgS 3}
ATk 1387F F83] vortex § 37CE A5 = 2530
HF-S-H test tubeEs ¥l 3EZF U] ¥HEEE T o] 28]
HHE3) 3 4 mL9] diethyl etherS 718} FH3] vortex
5 BASHATE wEE SRS F8te] anhydrous sodium
sulfate columns FHAA FES AAT ¥, TLC plate
(silica gel 60 Fasy, 20 x 20 cm, Merck KGaA, Germany)®l|
ZN8IAT) ojul] ARE-E 7)) 8- n-hexane: diethyl ether:
acetic acid (50:50:1, vjv/v)elloH, 2/l & A} =
2-monoacylglyceride - 5hs F st Skol] At o=
ARAHE EAEATE BE B4 23] I ATK10).

Table 2. Gas chromatograph operating conditions for analysis of
fatty acid composition

Items Conditions
GC (HP 6890 series, USA)

SP™.2560
(Supelco, 100 m x 025 m x 02 gm film thickness)

Instrument

Column

Detector Flame ionization detector (FID)
He (0.7 mL/min)
100C (4 min) — 3 Cfmin — 240°C (15 min)

Injector temperature  225°C

Carrier gas

Oven temperature

Detector temperature  285°C
Sample load 1 uL

RP-HPLCEZ 0|&%t TAG =4 &4

TAGEAFZ2] H2]E 913} reversed-phase HPLC +4
< AT A4 AFE-E 7]7]= Younglin SP930D
dual pump (Younglin, Anyang, Korea)®ll evaporative light
scattering detector (ELSD, SEDEX Model 75, Sedere,

Alfortville, France)S “&2Hsle] o] FoJ Xt} ELSDS] 2=
£ 40CE 3, B A" ZHE 0ODS 4 um
Nova-Pak C18 (150 % 3.9 mm, Waters, Milford, MA, USA)
o]t} BAL1= (A) acetonitrile®} (B) iso-propanol :
hexane = 2:1(v/v)& AHESFA O M, 27] A9} BY| &l HI&
2 80:20(v/v)2.Z 45487 &8I} 54: 46(viv)©] HEF
linears}A] SEFUT) o] F 54:46(v/v)e] £HIE 1587
FrAIgE &, oAl A9 B 8] &7} 80:20(v/v)ol HE
£ 527t linearstAl Z#FHA 527t fFAI8k 271318t
Aot EXAIFE(SF 10 mg)E 20 mL2] chloroformdl] =]
20 L& HPLCo)| Y3331, ¥Hg-E-2 retention time (RT)
9} partition number (PN) Alo]2] A28 o]&-3}o] TAG
HHE FF3tATh ol 2lolA CNe TAGY] A ghaF
£ YUehiH, NDe F |43 5 etk

Partition number (PN) = total number of carbons (CN)
- 2 X total number of double (ND)

Zn o D

SHEY AHEE 0|88t HIS EHEY

Camellia oil®} palmitic¥} stearic ethyl ester® 7]ZZ
sn-1,3 YA Ao 2 uk-3-3}+= Lipozyme TLIME- ©]
23} 1(3)-palmitoyl-2-oleoyl-3(1) stearoyl glycerol (POS)
E R 54 NS ES At skt SAY
23 7 & (central composite face design)S- ©]-8-3t] SHWHSF
ER WS ER] HXi= 2, 4, 6%), FHEAIZHX= 60, 120,
360 min), ~12]31 camellia oil®l] T3} stearicz} palmitic ethyl
ester®] Ztzhe] 71 BlE&(Xs= 1, 2, 3 mol)S A TH
(Table 3). o= olH] Ao = &1 A} §EgE A9 Yol
8-10%°1’¢Y 73-9- POSS] §H/3A] F-9H8-<l acyl migration
o] & F0=2 F7tstal, o]ol| ot TAGY sn-2 913
Be 49 stearico|U palmitic acid”} EA|3k= PSO/
OPS/OSP/SPO°| AT & Ao &Rt 7] wZolH,
wbA o]E F Whg-=o] AYHES HAaskl] Hlste] ARE
2 g8 ae] o] 6%01d AR FA stk TS B
A7) 6A17F o] 7% EA FdNke=o FAdol E3
= 7] W&ol WHgAI7HS 6417K360 min) ©JUZ “F3HH
ok o]2 A Gl 17744] Z47he] Aol gk a4 gt
SE% TAG-P/O/S2] A 3K(Y1, %)¥} acyl migrationol] <]
3lo] AAE 4= = TAG EAHS(¢ll, PSO/OPS/OSP/SPO
)9 sn-2 YA EA)3}= palmitic?} stearic acid H(Ya,
%)< Table 3o YT Y(ELE 94 W= T
TAG-P/O/S¢] EA3H 9] 7% Hal 37.13%(HHH S 8)0l)
A HA 1% PRERSHE Do Yehto ) Hhe-A]7to]
AFE, AFE a4 Hgo] =545, agla V|E
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Hl&o] 25 Y9 #ol AXE AES YeRdnk kg,
FATA AZe] ANOVA Z3} Yol th3} lack of fito]
P=0.1282% X8| A3} a9, Yol th3+ R® (coefficient
of determination)Zt-2 0.968 2.2 5% oW 9] 2ol A
AR AT} Y, A$ lack of fito] P=0.273, R*ZE 0.990
o] tHdata not shown). Y, Yol t3t 3] A4+ Table
4o JePIRIIL o] & F3lA a3 22 ¥hgEH 394
< T3tk
3 3 2 3

Y=Bo+ZRXi+ ZRiXi+X = BiXiX;

i=1 i=1 i=1 j=irl

Table 3. Three-factors and three-levels of central composite design

Factors” Responsesz)
~ X % X% kL ke

Observed Observed
1 2 60 1 0.860.02 3312097
2 6 60 1 4.11£0.30 5.10£0.43
3 2 360 1 8.51£1.35 11.19£1.38
4 6 360 1 16.28+0.30 23.86+1.44
5 2 60 3 39740221 4.79£1.10
6 6 60 3 20.05+1.49 9.92+0.18
7 2 360 3 29.352.86 21.40+2.61
8 6 360 3 37.130.66 44.07+2.26
9 2 210 2 13324140 13.19+0.67
10 6 210 2 28424041 24574027
11 4 60 2 6.4310.22 5.00£1.24
12 4 360 2 27.8740.74 28.51%0.67
13 4 210 1 11.43£1.85 13.16%0.64
14 4 210 3 30.7620.05 23.12+1.54
15 4 210 2 23.22+0.40 20.10£1.59
16 4 210 2 21.77+0.03 19.73+0.54
17 4 210 2 24.34£0.96 21.6512.42

"X,= enzyme amount (2, 4, 6 %), Xo= reaction time (60, 120, 360 min), X=
substrate molar ratio of camellia oil to stearic and palmitic ethyl ester (1:1, 1:2,
1:3 mol:mol). See Table 1.

oy,= TAG-P/O/S (TAG % containing each one mole of palmitic, stearic and oleic
moiety at any sn-position; ie. POS and PSO/OSP/OPS/SPO would be produced
through acyl migration).

Y= P/S-sn-2 (Fatty acid % of palmitic and stearic acid at sn-2 position of TAG).

<

Y, (TAG-P/OJS, %) =
22.6276+4.99797X,+8.37231X,+8.00771X;-1.39491X,%-5.1
1792X,%-1.17297X52-0.472498X, X»+1.60489X, X5+2.82856
XX

Y, (S/P-sn-2, %)=
19.8898+5.36433X+10.0906X,+4.66936X3-0.560132X,-2.
68584X,°-1.30038X52+3.55166X, X2+ 1.66767X X3+3.01584
XX

Camellia o0il®} palmitic 2 stearic ethyl esterE 7|2 &
sn-1,3 $1X]0) Eo]¥ o7 HH-3-3}+= Lipozyme TLIMS 2
WS S o, Y (&4 FANEEF TAGP/O/SS =S
E2 FXE Ho|HME Yy(EA FAAHS-E2] sn2 X0l
FE A 8= palmitic} stearic acid®] W)= Srolof Bl QI
POSE &7 02 AT 4 Ut Fg. 1004 ¥-3-84-9]
FXpol ZoHFE Yio] TV AEFS B, WA
HX) T Y19 BAE WHEE715-E 200 min 7R = Y0
743] S7F8th7E 200 min ©]HEE 7S Holxal
300 min °]F= Y, S/t 2 WshyF Bolx] it
ShA, 718HE(Xs) 0] ZHRAFE Y 0] U S
BT Y, AF, vhSAIZE v B A4S B, Al V)
ARl go] T7IEFE T3 L& HlEH R FTlskE A
£ B, °]= acyl migration?] TG T} o] £ ¢
o] Ql7] wiiEolth Fg. 2A9} 2B Y19} Yo7} §HE-E4
H&o] W& w17 w7189 vl BAIE T34
o2 Jepd Ao, vk v E g0 2% A 6% =
S7P7F Hole 22 Y18} Y, e AR RSV
Hl-go] Ho|A| 1, W7k ol IS F US5S B
o531 Utk $HH, Table 4914= SHHAFKT Xo, Xa)9F
TEAT YT Y, Aozt oS BoFa gk
Yool thate] BAHX)), TH8AITHX), 718 EHE(X3)©]
B oA oz ks vA= Ao R YETE 1 Fll
ME X94X7F £ F94Q1 S Bt Yool tiste
= Xi, Xo, X30] BF ¥ o2 JFS vx|=d], 1 Sl
ME X7t 7P 19391 Ao Z YERTh g, o]} o]
dojxl ¥hg W 4 AHE o] g3l x3-Exs}l-xs)
AH2ES 71 133 POSE 88302 AT & e
HAsl v 208 dSFd BT Y.& HAs) Al7|e
W20 A Y19 ghol vl HARER Y, FAE
10%= AR AS w, Yis HsA7]7] f1g 58k
ZAL W EHEA I Z a3 (Modde Softwasre, version
5.0, Umetrics)< ©]-&3le] 2235149 th weba Modde 5.09)
optimizerE ©]-83tc] HHE-E2] AAJS HUZ SHHA acyl
migration®] S 10%(Z32oPHE A %] CBE®] 73-%-
of sn-2 YAoll FZ3pAFAFe] oF 10% A= EA87] WE)
olyiZ AAlsly] §sk HA 9 WS BAYX)=
5.9%, W32 7HX2)= 60 min, L1231 71 2] &(X5)= 1:3(1
mole?] camellia oil: 3 mole2] palmitic ethyl ester + 3 mole2]
stearic ethyl ester)°]t}. ojwje] a4 FAAMSES
TAG-P/O/SY] T3 5H(Y1)> 18.8% ©]%1 3L acyl migration®l]
o3t G4 FANHSE9] sn2 $X| ol EA3F= palmitic T}
stearic acid®] SH(Yy)= 104%Z =% AtHdata not
shown). ©]9} 22 o SZ7olAM &4 FAUSE o] A
Ho g AU, RP-HPLCS £3F TAGEAE 2] A
A 737 TAG-P/O/SS] K(Yy), LE]aL sn-2 f=|ol] ER)s}
+ palmitic?} stearic acid®] &S E43FA
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Y1

6
2 3 4 5 6 100 200 300 1.00 1.50 2.00 2.50 3.00
Enzyme amount(%) Reaction time{min) Substrate molar ratio

Fig. 1. Prediction plot Y; and Y> (AY:, l Y2).

Y1 = TAG (%) containing each one mole of palmitic, stearic and oleic moiety at any sn-position.
Y2 = Fatty acid (%) of palmitic and stearic acid at sn-2 position of TAG.

30 |z7s 30 30
0 248+ 0 248+ 0 248+
T 25 T 25 T 25
[ [ [
w2 w2 w2
o o o
3 2.2 3 2.2 3 2.2
E 2.0 f 204 f 204
v
Y Y Y
© © ©
B 154 B 154 B 154
- - -
E 1.4+ E 1.4 E 1,44
[,D] 1.2 [,D] 1.2 [,D] 1.2
1.0 T T T T T T 1.0 T T T T T T 1o T T T T T T
50 106 150 200 25 300 380 5 100 {50 200 2% 300 350 50 100 {50 200 2% 300 350
Reaction time(min) Reaction time{min) Reaction time{min)
Enzyme amount 2% Enzyme amount 4% Enzyme amount 6%

Fig. 2(A). Response contour plots for Y; at different enzyme amounts (2, 4, and 6%).

Y, = TAG (%) containing each one mole of palmitic, stearic and oleic moiety at any sn-position.

1.04+——
0100

L B S T T T T T T T T T T T T T T T T T T
150 200 250 00 30 50 100 150 200 250 0 30 50 100 150 200 250 00 350

Reaclion time{min) Reaclion time(min) Reaction time{min)
Enzyme amount 2% Enzyme amount 4% Enzyme amount 6%

Fig. 2(B). Response contour plots for Y; at different enzyme amounts (2, 4, and 6%).
Y, = Fatty acid (%) of palmitic and stearic acid at sn-2 position of TAG.
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Fig. 3. Chromatograms of the reversed-phase HPLC (A) camellia oil and (B) product containing 1(3)-palmitoyl-3(1)-stearoyl-2-oleoyl glycerol
(POS) which was obtained from the interesterification with camellia oil, palmitic ethyl ester, and stearic ethyl ester.

The reaction conditions; substrate molar ratio = 1:3 (1 mole of camellia oil: 3 mole of palmitic ethyl ester + 3 mole of stearic ethyl ester), reaction time = 60 min, and

enzyme amount = 5.9%. Peak number is explained in Table 5.

Table 4. Regression coefficients and significance of the second-
order polynomials for Y; and Y-

1 Y12) Y23)
Variables”
Coefficient (8) P value  Coefficient (3) P value
Intercept 0626 4493x107 19.8898 1352x10°
X 499797 1128x10° 536433 1.338x10°
X, 837232 4680x10° 10.0906 1.830x10”
X 8.00771 6.243x10° 466936 3.341x10°
XX 139491 4692x10"  -0560132  5.800x10°
XoXo 511792 2625107 268584 2722107
XX -L17297  5405%107 -130038  2.200x10°
XX, 0472498 6.678x10" 355166 3.827x10°
XiXs 160489 1.720x10" 1.66767 2.038x10°
XX 2.82856 3.149x10” 3.01584 1.011x10°

"X,= enzyme amount (2, 4, 6%), X,= reaction time (60, 120, 360 min), X;= substrate
molar ratio of camellia oil to stearic and palmitic ethyl ester (1:1, 1:2, 1:3 mol:mol).
See Table 1.

oy,= TAG-P/O/S (TAG% containing each one mole of palmitic, stearic and oleic
moiety at any sn-position; i.e. POS and PSO/OSP/OPS/SPO would be produced
through acyl migration).

Y= PjS-sn-2 (Fatty acid% of palmitic and stearic acid at sn-2 position of TAG).

Reversed-phase HPLC2} X|HtAt HA
Figure 3= #3238} 3t dojxl w270 TAHX)=

5.9%, WF-A17HX,)= 60 min, 2] 7] A H]E&(X;)= 1:39]
A 39 HH-S-E-S reversed-phase HPLC 2 #4413 A¥E
yehd adolt) vl E $s] 712 = AFE-H camellia oil =
3 AL 31T Camellia oil®] F8 TAG ZAL
POL/PLO, PLP/SLP, OO0, POO, SOO 51t H|&}od, A
¥ ¥W$-E2 LOO, POL/PLO, PLP/SLP, 00O, POO,
POP/PPO, SOO, POS/PSO (i.e. TAG-P/O/S), SOS/SSO (P=
palmitic acid O= oleic acid, S= stearic acid, L= linoleic acid)
Z o]Fo]A At} Table 5+ camellia oil¥ HZ w2
ZA0M dojd Ea FANSE2] TAGE area %= LE}
Wi 9t} Camellia oil-& POL/PLO (6.27%), PLP/SLP
(1.79%), 000 (74.59%), POO (15.47%), SOO (1.88%)°] 1L,
A2 FAYREE-S LOO (0.94%), POL/PLO (1.83%), PLP/
SLP (0.54%), 000 (%14.24), POO (31.66%), POP/PPO
(12.24%), SOO (13.88%), POS/PSO (ie. TAG-P/OS,
21.07%), SOS/SSO (3.59%)Z T4 o] AAT}. Camellia
0il9] 73-%- PN=482] TAGE°] 90% THS HIom g4
A HHS-E-S PN=487} PN=50°14] 90%°|4 S H Y
oh ¥ W A0 o3t HA gl oA dojzl a4
ARES=o] AL 23S EA38t Table 63 o] UE}
Wtk &4 FIEEY F AR oleic acid (C18:1,
54.56%)°] 131, palmitic acid (C16:0, 23.29%), stearic acid
(C18:0, 17.66), linoleic acid (C18:2, 4.49%)7} ZA3FS3th.
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Sn-2 YR A ] AHAaE ZA oAM= oleic acid (C18:1,
80.42%)=2 A|Y o] YENEI, palmitic acid (C16:0,
770%) stearic acid (C18:0, 5.01%), linoleic acid (C18:2,
6.86%) =22 UERE O, sn-1,3 1|0l A e] Ak
01]/\11: olelc acid (C18:1, 41.64%) %} palmitic acid (C16:0,
31.08%) 1]l stearic acid (C18:0, 23.97%)7} & °1F %
1 2% linoleic acid (C18:2, 3.31%)7} WElStT}.

Table 5. Triacylglycerol compositions (area%) of camellia oil and
the reaction product

Peak number’ PN’ Compounds’ Camellia oil ~ Reaction product”
1 46 LOO - 0.94
2 46 POL/PLO 627 1.83
3 46 PLP/SLP 179 054
4 48 000 74.59 14.24
5 4 POO 1547 31.66
6 48 POP/PPO - 1224
7 50 SO0 1.88 13.88
8 50 POS/PSO - 21.07
9 52 SOS/SSO - 359

Peak numbers are from the Fig. 3.

PN partition number that was described in material and methods.

ITAG containing acyl moiety in which P = palmitic acid, O = oleic acid, S =
stearic acid, L = linoleic acid.

“Product containing POS which was obtained from the interesterification with camellia
oil, palmitic ethyl ester, and stearic ethyl ester. The reaction conditions; substrate
molar ratio = 1:3 (1 mole of camellia oil: 3 mole of palmitic ethyl ester + 3
mole of stearic ethyl ester), reaction time = 60 min, and enzyme amount = 5.9%.

Table 6. Composition of total and positional fatty acid (sn-2 and
sn-1,3 positions) in the reaction product1

Fatty acid(area %) Total sn-2 position  sn-1,3 position
Cl6:0 2329153 7.70£1.10 31.08:2.61
C18:0 17.660.60 5.01£0.11 23.97+0.88
Cl8:1 54.56£1.57 8042£1.16 4164271
C182 449029 6.86£0.34 3312031

SUSFA? 59.05:0.99 87.290.67 4495162
SSFAY 40.9520.99 12.7120.67 55.05£1.62

"Product containing POS which was obtained from the interesterification with camellia
oil, palmitic ethyl ester, and stearic ethyl ester. The reaction conditions; substrate
molar ratio = 1:3 (1 mole of camellia oil: 3 mole of palmitic ethyl ester + 3
mole of stearic ethyl ester), reaction time = 60 min, and enzyme amount = 5.9%.
The sum of total unsaturated fatty acid
IThe sum of total saturated fatty acid

shH, T4 9 Aol «l‘ - ¥ B8 53 4o
X POSE §83F0=F A 9,1% HA3} 24L v
ZAL FAMX)=59%, L£A17 (X2)= 60 min, L&) Il

71284 &(X3)= 1:3(1 mole®] camellia oil: 3 mole<] palmitic
ethyl ester + 3 mole2] stearic ethyl ester)©] 1L, ool w2}

A HE-S-E-9] TAG-P/O/S (palmitic, stearic®} oleic A|%
AE A7 1 BA o= f1X]o1dA] $HE TAG, = POS
2 PSO/OSP/OPS/SPO)2] 314382 20.19% ]A}\—J:q d=
Q1 18.8% %} 1.3% 4] #to]E& H. T} o]uf acyl migration
5ol &l3le] sn-2 Yo A3H(°]5) et palmiticH} stearic
acid®] OK(P/S-sn-2)E& 12.71%2M =22 10.4%9}
231%Atol5 HoH, dSRdA doj At
frAst AT

o of
i =

Camellia oil¥} palmitic, “12] L stearic ethyl esterS 7|2
= 3}al Lipozyme TLIMS Zvl 2 ©]-8-3}o] interesterification
< 53 POSE ©o] i3 vh-ES HAdskaAl shith
Ll _71:74( ?E/\H] &, SREAIZE 7129 vl S S
T 4 A4 71”§]°ﬂ ok ¥hg EW A4S Fot
POS9] &3 =0]al, sn-2 position?] acyl migrationS- S5+
ol st HZ st 218 AU POSE Wol 3
H-=9] §4 HAs 20 v EA%UX)= 59%, WS

A 7HXo)= 60 min, 18] 7]AHS(X5)= 1:3(1 moled]
camellia oil: 3 mole2] palmitic ethyl ester + 3 mole®] stearic
ethyl ester)°] 3t} o]9} 22 2702 I5%H HA &4
Hk-8- 314 & 2] TAG-P/O/S(palmitic, stearic¥} oleic A| %4k

71—71— 1 *x}w 011— ] ]t—];q ’6]-0 6} TAG, = POS
2l PSO/OSP/OPS/SP0)S] EH-8-(Y1)E 20.19% 0] Q1L, ]
uf acyl migration 5o 2]5}¢] sn2 Ao AjH(e]F)3H
palmitic} stearic acid®] ¥(P/S-sn-2)% Y= 12.71% ©]
At
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