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A Study of the Enzymatic Interesterification Reaction for Producing
Palmitoyl-Oleoyl-Stearoyl Triacylglycerol from the Palm Mid Fraction

Seon-Mo Lee, Jung-Ah Shin, Soon-Tack Hong, and Ki-Teak Lee’

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

Abstract

Enzymatic interesterification was conducted with the palm mid fraction (PMF) and stearic ethyl ester for
1, 5, and 9 hr at 46°C. The reaction was catalyzed by Lipozyme TLIM (2, 3, and 4% by weight of total substrates)
in a shaking water bath at 180 rpm. As the reaction continued, oleic acid (C18:1) content at the sn—2 position
decreased, whereas saturated fatty acid (C16:0 and C18:0) content increased. In the high performance chromatog-
raphy analysis, 1,3-dipalmitoyl-2-oleoyl glycerol content decreased, whereas 1(3)-palmitoyl-2-oleoyl-3(1)-
stearoyl glycerol (POS) content increased up to the reaction equilibrium. The rate of acyl migration increased
with increasing molar ratio and enzyme load as well as reaction time. The optimal reaction conditions for max-
imizing POS content (53.5 area%) and minimizing acyl migration (23.1 area%) were obtained with a PMF : stearic

ethyl ester=1:2 (molar ratio), Lipozyme TLIM 3 wt%,

and a reaction time of 5 hr.

Key words: enzymatic interesterification, palm mid fraction, acyl migration, 1(3)-palmitoyl-2-oleoyl-3(1)-stearoyl

glycerol
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A F o} WE(cocoa butter)= ZZ3 AZ9} tlE] A
A Tl o] Fas 4EE o] &H3 Uok). ZFoF Y
B 9] 8 triacylglycerol(TAG) &A1& 1,3-dipalmitoyl-2—
oleoyl glycerol(POP, 13~19%), 1(3)-palmitoyl-2-oleoyl-
3(1)-stearoyl glycerol(POS, 36~42%), 1,3-distearoyl-2-
oleoyl glycerol(SOS, 23~29%)& thi-&-o] FE3}(saturated)-
X 3H(unsaturated)- X 8} (saturated)$! A E F2E 9]

ATH2). o8 B2 S WA FEE F2odA gt
PR A BRI, dbelA s me #8497 22
543 #do] Zoh(23). ¢, Z3oF HE = F 80
13 F5°] 850l S B R o]F thA|tr] Ak 3o}
H E] Eﬂ*q“zl(cocoa butter equivalents, CBE) 7§t ﬁ—_ﬁﬂ-
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FAAgol & 1FE FAE AXT F ATHO). E3F 1]
A 235 §ES Z 7oA o] FojXER oYX LH|7L F
o Fikg-o] dojuiA] 7] wiidl MG H o), 3|47}

golskel AALgol 715 oSl UTHO).
e 54E Z0)R @ o aH2 wsvge] WY 4
5 acyl migration #4ro] WAHTI L et ek, Awry

©° 2 TAGE sn-1,3 $1X°A sn-2 YXE acyl migration
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] AW AL sn-2 AANA sn-13 9A =2

YA @}, o]23}F acyl migratione G 8HZ ¢l Holm g
71} F83H e EHool & 84 W 252 YA
ATH10). T3 acyl migratione &3 a4 FJH dt
SAZE, 93719 FF R A Sl 9ot FFES wHA
Hed 53 A FRE e TR 3 Aol wES-
Fo £ 2 AaAYE 23y Rud 8k gD
Ff(palm oih)e 218, v7H, £EY S HIE3sto A7
AF Az e o] §51 e HFEAQL AF Aotk
o2 A EHfol vla] 28241 palmitic acid(C16:0)E <F
40% Frata Aol =& 1 7 s dPAAE AR
Aol §5Aolth(12,13). FE 7433 Jv F8& TAG 4
£ POPE ¢F 35~40%=% AA|3Far o HHH (fractio-

nation)< %3] POP7} 70~80% ¥ HZHf-(palm mid
fraction, PMF)& 2% & Jth(14). 79 —E-‘“é%"ﬁiiw

A AgAlow melting)e] AA FEQ
olein)® 1184 (high meltmg)J
(palm stearin) &2 UFo] A
g2 o]ﬁ.gb} _LL/\Eﬂo].a,]
S F2 AR Yrids). %Hr—r%% cocoa butter
equivalents(CBE) A4kl o] 2 2| 9+9] &3 (blend-
ing)& B3l Z3o} HEIS FAMS B8 88t 548 7o
g 4 ATU6).

2 A s F8 TAG A4 E°] POPY PMF$} stearic
ethyl ester® 71342 TAGY 13-9 X Eo]Ho =z 2835}
= A3} 49 Lipozyme TLIMS o] 83+ o] ~8H| =2 w3t
&g AT 7139 & HE B 549 ¢ v AR
S AME 924 st ¥t AS W stearoyl”?] Adol| WE
POS9] 748 2 TAG 4 W39} &9 acyl migration
AEE golRS}th WgS B3l 45 5 Ue TAG FH
= 2 palmitic acid(C16:0, P), stearic acid(C18:0, S), oleic
acid(C181, O)&2 45 o] = & 722 POS2t SOS
2 %3t IS Ao st

Az o e

M=

B Ao AFEE PMF+= CAHSeoul, Korea)oll A A &1k
grom =57} 90% ©]4Fel stearic ethyl estere ()4 2.H)
7HDaejeon, Korea)olld AFwe AL ARSI

Interesterifications & A4 AF Fdo) ALEH &
A+ Lipozyme TLIMCO. & Thermompyces lauginosus= -
AN AL ZA
Novozymes Co.(Krogshoejvej, Bagsvaerd, Denmark)2] |
Fo AR AT AWA B4 AFE-E 10% BFs AlgE
L9 Supelco(Bellefonte, PA, USA)dA FY3A L

sn—2 position®] A|WAF ZA] EAo] AL-&H pancreatic li-

B #E53 lipaseE silica geldl

iR Ao IR P

pase(Type I, crude)= Sigma-Aldrich Chemical Co.(St.
Louis, MO, USA)o A Q43 AL AT 2 E 7]7]
B A= HPLC grade | AL&31 ).

POS EEf TAG 242 4% &4

7149 & HEH 84 FYF E At ©E vkg A
55 ol Y] 93] PMFS} stearic ethyl esterZ 1:1,
1:15, 1:2, 1:3 EH] &2 w33l H T} Screw-cap flask(250

mL)oll ZtZ+e] & W&o sjFete 7|AS ¥ T
NA FF A8l 2, 3, 4 wt%el Fste 1A} a4
Lipozyme TLIM(F® A E <0.1)& 93 FuikyEx
(46°C)oll A 180 rppme] =2 7Hg-3l T Azt whE ¥k
AFES Golry] 9319 1, 5, 9AZE G HES-ES 3
% PTFE syringe filter(0.5 ym)E ©]&-3lo] o1}3k 3 £
sttt

R|EtA =M 24

A HFAE A4S 93ke] methylations 3+ & gas chroma-

o
tography(GC) #48& AA|5tH . Methylation<
25 mgS # 3} test tubedl] ¥ 15 mLe 0.5 N NaOH
g §AS 7Hek & F235] EFstdth o 100°C &2
Fxo|A 58 Bt WEAIZl T 1~28 WSt o™, 2 mL
9] 10% BFs W& &A48 71¢ & ThA] 287 9HEA1A
1~28 Wzstdh o719 iso-octane 2 mL¥ 1 mLe 3}
NaCl 895 Y1 83 uyt & 287 x5t F5AS
FAstaoh £33 A=AS anhydrous sodium sulfate col-
umnell BHAAIA FE 2 BEES AAT $ GC(Hew-
lett-Packard 6890 series, Avondale, PA, USA)E2 #413}4
o}, Column< SP™-2560(100 mx0.25 mm, 0.2 ym film
thickness, Supelco, Bellefonte, PA, USA)S o] &3l o™
A% 7]= flame ionized detector(FID)E Al&3}3( a1, &%
= 260°CE 2AA3FA ) Injectord] 2=+ 250°CE A3}
R, carrier gas= AA7F2E flow rate 525 mL/mini
A3t 28389 Y. Oven 2%+ 150°Coll A 583 4]
¥ 4 °C/min T2 220°0C7H A £2dte] 3087t vzl o}‘;a
3, AlEE 1 uLE F9dske] £418H2m split ratios 5011
o]tk TAGEAFY] X (sn-1,3% sn—2) AWk 24 &
A& 93} pancreatic lipase(Sigma-Aldrich Chemical
Cooell ot 7hE3E At Ald ol ¢F 7 mg]
A&} 1 M9 Tris-HCI buffer(pH 7.6) 7 mL, 0.05% &&4F

}\]E_ ok

A 175 mL, 2.2% CaCl; 0.7 mL<S 713k & A|89] k3
FY3 Y9 pancreatic lipased Y1l FE3] vortex st
F2FZ@ETC)NA 387 e F 18 5 F835] nRkst
gom o9 Ze HAGE 3~43] HESIHT Hkgo] Ed
A 2.9 diethyl ether® 4 mL #H7}sle] R gst g\, A=yt
F3t ¥ sodium sulfate column®l] SIAIA 8 &L ETE

2 A A3A A&l n-hexane : diethyl ether : acetic
acid®] 50:50:1(v/v/v)S& AF&3}e] TLC(20x 20 cm, Merck,



BFHHE o189 Y

Darmstadt, Germany) £4< F33t% 2™, TLC silica

plate2 % E 2-monoacylglycerol(MAG) band &%+ 33}

o kA 7]& 3 methylations ¢ F GC 45 AAISHAH:

A sn-1,39] A|WHAF 248 Fomuso9t Akoh(17)2] A4k

A& ol &g o, ALk e Zoh
sn-1,3(%)=[3 TAG(%)—sn-2(%)]/ 2

Reversedphase HPLCE 0|23t TAG £44

kS & 3k E 2 Ao TAG 24 WHIE dolRy] §3)
o] reversed-phase high performance liquid chromatograph
(RP-HPLC) #2415 A8kt SPI30D dual pump(Young-
lin, Seoul, Korea)9} A& 7|2+ Sedex Model 75 evapo-
rative light scattering detector(ELSD, Dedere, Alfortvill,
France)E 55°C9} 1.7 bar® AA3P S autosampler
(Marathon, Emmen, Netherlands)& ©]&3}o] #4418 43}
39th. Columne Nova-Pak® C18 60A 4 pum(3.9x 150
mm id., Waters, Milford, MA, USA)E A&-3l3oH, o5
A} o = solvent A(acetonitrile)2} solvent B(iso—propanol
‘hexane=2:1, v/v)& AF8-3}9 1 mL/min %22 S8 F
Aok 71&7] &2 ZA 80120 HI & =Z 45% Tt EEHFE H
54:46¢] vl &2 1587 EHFA oM 8012002 HISIAIA 65
A E8F F 108744 Bl&S FAAT A8 15 mg
S chloroform 20 mLel| =<1 & PTFE syringe filter(0.5
um)E o]-&3t A F 20 uLE FYI}A £ F re-
tention time(RT)%} partition number(PN) Alo] €] A 21-&

53 WA E T MEZE TAG 4 |5 43519 0H18).
Partition number (PN)=total number of carbons (CN)

—2xtotal number of double bonds (ND)

= N"ﬂoﬂ Eless 7]7é1i AH8-E PMF$} stearic ethyl ester
(StEE)9] A4k 242 Table 19 YEM AT Stearic

Table 1. Fatty acid compositions of palm mid fraction (PMF)
and stearic ethyl ester (StEE) (Unit: area%)

Fatty StEE PMF
acid Total” Total sn-2 sn-1,3
C14:0 nd? 0.8+0.1 04+01Y  1.0%0.1
C16:0 58+0.1 572401 107+01 805%0.1
C180  94.2+0.1 6.0+0.1 09+0.1 86+0.1
c18:1 nd 328401 81.8+0.1 83+0.1
C182 nd 31+0.1 6.3+0.1 15+0.1
SSFAY - 100+0.1 641401 119+01 90.2+0.
STUSFA” nd 359+0.1 88.1+0.1 9.8+0.1

DTotal fatty acid composition.
?Not detected.

YAll values are mean+SD (n=2).
YSum of saturated fatty acids.
Sum of unsaturated fatty acids.

3 Palmitoyl-Oleoyl-Stearoyl Triacylglycerol®] &42 4 ¥+ A 1115

ethyl ester®] A|WAF ZAL 94.2 area%Q stearic acid
(C18:0)¢} 5.8 area% 9] palmitic acid(C16:0)&2 o] F o] H o
o, PMF9 2% F2 XA palmitic acid(C16:0)7} 57.2
area%, oleic acid(C18:1)7} 32.8 area% 2 UEFG T} AA]| A
WA 5 AT S 641 area%ol o™, AAE A
WA 24 24 A7 sn-2 YA ol tiFEe] C18:1(81.8
area%)2 FAF O] AFS FAT = YA =S vk A
PMFe] & ¥3xukAabo] 11.9 area% E3HE o] dow o]
E9 &2 Cl16:00 AT

= HIE, AlZit 2420 e fAE Alad =4
=

i Qj—/\% H
Golusl 31l 27pe

2 w85 9] acyl migration A =S

HES71-2 e B & 10, 1015, 102,
L:3(PMF : StEE)ell 4] &4 F &2 vh-3-A]3to)] uh& sn-2
ARE A 24S E48IATHTable 2, 3). &40 43
kS AlZbo] L& w) & H]8 7o wE palmitic acid
(C16:0)¢} stearic acid(C18:0), oleic acid(C18:1) gr&Foll= <F
7te] ZpolE BT o & W 479 Wk &, ¥Hg-&E sn2
HA9] C160 FFe T4Y 4 wtds, /H-5AI17F 9A1ZH] =2
o] 4T Ao w71 E Y & HlEo] L1dA] 1115 2
S 74l wat zhz} 22,99} 205 area% S UYERAIOH &
Hlgo] 1:29} 1:391 A& 1863 17.9 area% S FA3FATh
C18:09] ZAf-ole 1:2014 1:30.2 & H| o] EolxHA
15,1014 19.2 area% = S 7FstAth E3 3 wt%<] §Mk
T 5A1ZE] Hhgell A 9] C1811 a2 WHE-7]1A ] & Hl&o]
1:1oA 1:30.2 F71ste] wat oF 75 area%7bA] A3
67.7 area% S UYERATE A, 835 sn-2 922 C18:1
e B Ao AgH wrgxoA 1:39 & H&
(PMF : StEE), 4 wt%9] &A%, 2831 9A|7Fe] Wh-S-of A
7 B8 574 area% THS HJ=d o= A 712
PMFY] sn-2 ¥x)2] C18:1 gFzFo 2 X e oF 244 area% 7

N Bd G TSAL W sn2 X T Agael
T Wake T2 5403 943 Wl A Rk w71
o] & Hl&o| 1:1o]a 9AZE Wk Alol] &A%k l 2wt/°ﬂ7~1

4 wt%E Z7}3Hd wel §kg-
59 area% =7}l ar, C18:12
At C1809 F#Fe & HlE 1:1.50]3 5AI17F ¥HgolA &
290l 3 wt%olA 4 wt%Z Z7H8S wl <F 1.98 713k
11.4 area% S YERY A Th. ;‘3] 3-8 sn-2 $1319] C16:0
7 C180 Ate]9] 3t Wste 2 AFoA 8 vkg =4

[e}
ZolA 71 2 WS 7)1 d9 B HS(13) 2 UM Be aa
(4 wt2%)d o gH-gA|zte] do]AFE C16:0E T C18:09]
7]

o 22 gFS A A HFig. 1). ol C18:02 ¥H-3- 712
2l PMF2] sn-2 9194 09 area%E R o1} 9A|7F w3
Fo = ¥8-E sn-2 YX 19.2 area%ﬂ}Z] Z718 AL
& = AT (Table 3). ©]9} 22 A= stearic ethyl ester
o] EHl-&o] 1194 1-3(PMF.StEE)9_E EolAHA PMF
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Table 2. sn-2 composition of reaction product from palm mid fraction (PMF) : stearic ethyl ester (StEE) (1:1 and 1:1.5) at
the different enzyme amounts and reaction time (Unit: area%)

PMF : StEE (1:1)Y

Lipozyme TLIM 2 wt%?

Lipozyme TLIM 3 wt%

Lipozyme TLIM 4 wt%

iititiy Reaction time (hr) Reaction time (hr) Reaction time (hr)
1 5 9 1 5 9 1 5 9
C14:0 0.4+0.1% 0.4=0.1 04=x0.1 04=x0.1 04£0.1 0.4%0.1 0.4=x0.1 05x0.1 0.4£0.2
C16:0 11.7+0.1 14.2+0.1 17.0+0.1 13.3£0.1 14.4+0.1 19.9+0.1 12.9+0.1 18.3+0.1 229%0.1
C18:0 1.6+£0.2 3.3+0.1 6.5+0.4 2.0+0.1 53+0.1 87+0.1 26+0.2 59+0.1 11.9+0.2
C18:1 80.4+0.1 75.8+0.1 70.6+0.1 78.3%0.1 75.2%+0.1 65.71+0.1 78.2%0.1 69.1+0.1 62.2%+0.1
C18:2 59+0.1 6.0=0.1 55*0.1 6.0%+0.1 4.7+0.1 5.3%0.1 59+0.1 6.220.1 46%0.2
ZSFA{ 13.7£0.1 179+0.1 23.9%+0.2 156=0.1 20.1+0.1 29.0+0.1 16.0£0.1 247%+0.1 35.2+0.2
SUSFA”  86.3+0.1 81.8+0.1 76.1+0.1 84.4+0.1 799+0.1 71.0+0.1 84.0+0.1 75.3%+0.1 64.8+0.1
PMF : StEE (1:1.5)”
- Lipozyme TLIM 2 wt%? Lipozyme TLIM 3 wt% Lipozyme TLIM 4 wt%
aactiiiy Reaction time (hr) Reaction time (hr) Reaction time (hr)
1 5 9 1 5 9 1 5 9
C14:0 04+0.1 05+0.1 04+0.1 04+0.1 0.4+0.1% 05+0.1 0.4+0.1 05+0.1 04+0.1
C16:0 13.2+0.1 145+0.1 17.8+0.1 135=%0.1 14.8+0.1 18.7+0.1 13.7£0.1 18.2+0.1 205%0.1
C18:0 22+0.1 5.0%0.3 88*0.1 26*0.1 6.1+0.1 9.3+0.1 3.3%£0.1 11.4+0.1 13.5%0.1
C18:1 77.8+0.1 74.6+0.1 67.3+0.1 77.2%0.1 73.2%+0.1 65.6+0.1 77.7%+0.1 65.8+0.1 60.2+0.1
C18:2 6.4+0.1 55%0.2 56=*0.1 6.2+0.1 55+0.2 59+0.1 49+0.1 41%0.1 53+0.1
>ISFA? 159+£0.1 19.9+0.1 27.0%£0.1 165%0.1 21.3+0.1 31.5+0.1 174+£0.1 30.1+0.1 34.4+0.1
SUSFAY  84.1+0.1 80.1+0.1 73.0+0.1 83.4+0.1 78.7+0.1 68.5+0.1 82.6+0.1 69.9+0.1 65.6+0.1

"Molar ratio of palm mid fraction (PMF) with stearic ethyl ester (StEE).

? Amount of Lipozyme TLIM (wt%) was obtained by the weight of substrate mixture.

YAll values are described as mean+SD (n=2).
YSum of saturated fatty acids. Sum of unsaturated fatty acids.

Table 3. sn-2 composition of reaction product from palm mid fraction (PMF) : stearic ethyl ester (StEE) (1:2 and 1:3) at the
different enzyme amounts and reaction time

(Unit: area%)

PMF : StEE (1:2)"

Lipozyme TLIM 2 wt%?

Lipozyme TLIM 3 wt%

Lipozyme TLIM 4 wt%

F;ititdy Reaction time (hr) Reaction time (hr) Reaction time (hr)
1 5 9 1 5 9 1 5 9
C14:0 0.4+0.1% 0.4+0.1 0.4+0.1 0.4+0.1 0.4+0.1 0.4+0.1 04+0.1 0.5+0.3 0.4+0.1
C16:0 12.2+0.1 13.8+0.1 16.0+0.1 145+0.1 15.2+0.1 17.2+0.1 12.9+0.1 17.0+0.1 18.6+0.1
C180 23+01 47402 101+02  32+02 74401 121401  34+01 114103 15101
CI&1  794+01 754+01 682+01  754=0.1 716+01 654+01  774+01 65501 609+01
182 56+01  58+01  53+01 6401  54+01 51402  59+01  56+01  50+01
>SFAY 150+0.1 188+0.1  265=*0.1 18.1+0.1 231+01  295+0.1 16.7+0.1  289+02  34.0+0.1
SIUSFAY 850401 812+01 735+0.1 819+01 769+01 705*0.1 83.3+0.1 71.1+01 66.0+0.1
PMF : StEE (1:3)"
F Lipozyme TLIM 2 wt%? Lipozyme TLIM 3 wt% Lipozyme TLIM 4 wt%
aitig Reaction time (hr) Reaction time (hr) Reaction time (hr)
1 5 9 1 5 9 1 5 9
C14:0 0.4+0.1 0.3%+0.1 0.4+0.1 0.4+0.1 04+017  05+0.1 04+0.1 0.4%0.1 04+0.1
C16:0 12.1£0.1 13.3£0.1 15.7+0.1 12.9=+0.1 159=+0.1 16.8+0.1 129+0.1 15.7+0.1 179=0.1
C18:0 25%0.1 53%0.1 11.4=+0.1 3.2%0.1 10.2+0.1 14.2+0.3 37%0.1 12.4+0.1 19.2+0.1
C18:1 785+0.1  75.0+0.1 66.9+0.1 771101 67701 635+0.1 76.8+0.1 663+01 574+0.1
C18:2 6.4+0.1 6.1+0.1 5.6+0.1 6.4+0.1 5.8+0.1 5.0%0.1 6.24+0.1 52+0.1 52+0.1
ZSFA{ 15.1+0.1 18.9+0.1 275+0.1 165*0.1 26.5%0.1 31.5+0.2 17.0x0.1 28.4+0.1 37.4+0.1
SIUSFA” 849401 811+01 725+0.1 835+0.1 735%£0.1 685%0.1 83.0+£0.1 716+01 626=*0.1

YMolar ratio of palm mid fraction (PMF) with stearic ethyl ester (StEE).

? Amount of Lipozyme TLIM (wt%) was obtained by the weight of substrate mixture.

YAll values are described as mean+SD (n=2).
YSum of saturated fatty acids. Sum of unsaturated fatty acids.
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Fig. 1. The relationship between reaction time and the con-
tent of each fatty acid at the sn-2 position of the reaction
product which was obtained under the reaction condition of
molar ratio (PMEF : stearic ethyl ester=1:3) and enzyme
amount (Lipozyme TLIM 4 wt% based on the weight of sub-
strate mixture).

9] sn-1,3 A9 stearoyl?]e] Ago] Z7}gF Fd acyl
migrationZ <13} stearoyl”]7} sn-2 9| X & ©] &3} 7]
wj ol C18:00] W88 sn-2 YAl F7t=o] Yelhd Aol
o} HbH 2 Ao P whs A4 Fo A 7P & Hke
7149 B HE13) B 7MY B2 B4 wtX) & o 94
Fole ¥-&E9] sn-2 $A o EAlete C1819] F
RE W 27 7heuelA HA 44
BRen, vg d PMF sn-2 93 & 818
area% %} Bl 3 S wol= oF 244 area% 7} 43 A=
BAt 53], sn-2 XA 9] C18:0% C16:09] o] F
7he B Hlgoly A4 vlE)] vhE AlTtel tisted o &
WHels Bk Zhzbe] B ulg(11, 1115, 12, 1:3)ol A &4
ol 4 wtnd A, 9§ A PMFY sn-2 9 x]A] 81.8
area%°] U™ C181 -2 5A7Fe 2 Jh-gA|7ho] F 7} e
wal 655~69.1 area% = StolR AL, o] F uh-g-o] 9A|ZH7}HR]

O
y=

& Palmitoyl-Oleoyl-Stearoyl Triacylglycerol®] &A% 34

g AT 1117

So] WAy Pol g} 57.4~622F ©]S otz o] wk
AlZke] S7hg el me} acyl migration®= S7Fete] W&
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Table 4. Triacylglycerol (TAG) species of the 1-hr reaction product from palm mid fraction (PMF) : stearic ethyl ester (StEE)

at the different substrate ratio

(Unit: area%)

PN TAG PMF Lipozyme TLIM 2 wt9%” Lipozyme TLIM 3 wt% Lipozyme TLIM 4 wt%
species” 117 115 12 1:3 1 115 12 1:3 1 115 12 13
46 PLP 1.2 1.8 0.8 16 1.1 1.2 - 1.1 1.0 1.7 0.8 - 05
48 POO - 11 0.3 12 13 1.0 0.5 0.6 05 19 11 11 0.6
POP/PPO 924 825 816 753 706 783 794 719 630 723 791 649 519
PPP - 09 0.4 0.9 0.6 0.9 0.4 06 0.6 12 - 0.7 05
50 S00 - 0.2 0.1 0.3 - - - 0.1 0.2 05 11 - 05
POS/PSO 644 123 154 180 227 165 179 225 288 194 162 281 369
PPS — 0.4 0.4 0.6 0.7 0.6 0.4 05 0.8 1.0 0.6 12 12
52 SOS/SSO — 0.8 12 1.8 27 14 14 2.3 438 16 12 41 75
PSS - - - 0.2 0.4 - - 0.3 0.3 0.3 - - 0.4

54 SSS - - - - - - - - - - - - -

UPN (partition number)=total carbon number (CN)—

2 X total number of double bonds (ND).

:Z)TAG species contain fatty acids of L=linoleic acid, O=oleic acid, P=palmitic acid, S=stearic acid.
Y Amount of Lipozyme TLIM (wt%) was obtained by the weight of substrate mixture.

“Molar ratio of palm mid fraction to stearic ethyl ester.
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Table 5. Triacylglycerol (TAG) species of the 5-hr reaction product from palm mid fraction (PMF) : stearic ethyl ester (StEE)

at the different substrate ratio

(Unit: area%)

PN TAG . PMF Lipozyme TLIM 2 wt%” Lipozyme TLIM 3 wt% Lipozyme TLIM 4 wt%
species 1Y 1115 1:2 1:3 1:1 1:15 1:2 1:3 1:1 1:15 1:2 1:3

46 PLP 1.2 05 1.1 — — — - - — 0.9 — — —
48 POO - 2.6 1.9 0.9 0.9 2.1 1.9 16 1.3 33 32 1.3 1.3
POP/PPO 924 690 639 568 376 566 430 260 149 453 330 207 199
PPP - 14 1.6 0.4 0.8 19 1.3 0.9 05 19 1.8 1.0 05
50 SO0 — - - — 0.8 1.1 1.0 1.1 1.7 1.1 16 16 14
POS/PSO 644 242 279 370 453 334 411 535 513 381 449 554 502
PPS - 0.9 1.2 1.0 2.0 2.0 3.4 2.7 3.8 3.4 43 33 3.0
52 SOS/SSO - 15 2.3 40 109 3.0 69 127 216 47 87 144 203
PSS - - — — 1.7 - 15 16 4.0 1.3 2.7 2.3 29
54 SSS - - — — — - - - 0.9 — — — 05

PN (partition number)=total carbon number (CN)—2x total number of double bonds (ND).
ITAG species contain fatty acids of L=linoleic acid, O=oleic acid, P=palmitic acid, S=stearic acid.
¥ Amount of Lipozyme TLIM (wt%) was obtained by the weight of substrate mixture.

“Molar ratio of palm mid fraction to stearic ethyl ester.
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Fig. 2. Chromatograms from the reversed-phase high per-
formance liquid chromatographic separation of palm mid
fraction (A) and reaction product of palm mid fraction : stea—
ric ethyl ester=1:2 (molar ratio), Lipozyme TLIM=3 wt%, and
reaction time=1 hr (B), 5 hr (C), 9 hr (D). Peak number 1, PLP;
2, POO; 3, POP (PPO); 4, PPP; 5, SOO; 6, POS (PSO); 7, PPS;
8, SOS (SS0); 9, PSS; 10, SSS; TAG species contain fatty acids:
L=linoleic acid, O=oleic acid, P=palmitic acid, S=stearic acid.
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Table 6. Triacylglycerol (TAG) species of the 9-hr reaction product from palm mid fraction (PMF) : stearic ethyl ester (StEE)

at the different substrate ratio

(Unit: area%)

PNV TAG ) PMF Lipozyme TLIM 2 wt%” Lipozyme TLIM 3 wt% Lipozyme TLIM 4 wt%
species 1Y 1115 1:2 1:3 1:1 1:1.5 1:2 1:3 1:1 1:1.5 1:2 1:3

46 PLP 1.2 - — — — - — - - — — — -
48 POO - 34 1.7 25 1.7 29 3.8 1.3 0.6 42 36 3.0 0.9
POP/PPO 924 498 283 258 133 302 270 120 8.6 264 185 124 5.3

PPP - 16 15 15 0.7 2.0 16 0.8 05 2.7 1.7 1.6 -
50 SO0 — 1.3 1.1 1.2 2.4 14 29 2.1 2.3 1.9 33 36 2.8
POS/PSO 644 374 477 492 478 475 472 510 453 441 468 409 411
PPS - 39 6.0 5.1 43 56 52 5.2 56 96 7.8 8.6 5.8
52 SOS/SSO - 26 109 116 234 77 100 215 274 73 120 179 314
PSS - — 2.8 31 53 2.8 2.4 5.2 8.7 3.8 55 97 104
54 SSS - - - - 1.1 — - 1.0 1.1 - 0.9 2.3 24

PN (partition number)=total carbon number (CN)—2x total number of double bonds (ND).
ITAG species contain fatty acids of L=linoleic acid, O=oleic acid, P=palmitic acid, S=stearic acid.
¥ Amount of Lipozyme TLIM (wt%) was obtained by the weight of substrate mixture.

“Molar ratio of palm mid fraction to stearic ethyl ester.
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Fig. 3. The relationship between the content of 1(3)-palmitoyl-2-oleoyl-3(1)-stearoyl glycerol (POS) and degree of acyl migra—

tion in the reaction product.
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