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Abstract : The enzymatic interesterification was performed to produce structured lipids (SLs) with palm mid fraction (PMF)
and stearic ethyl ester (STEE) for 1, 3, 6, 9, 12 and 15 hr at 80°C. The reaction was catalyzed by Lipozyme TLIM
(immobilized lipase from Thermomyces lanuginosus, amount of 20% by weight of total substrates) in a shaking water
bath set at 180 rpm. The optimum condition for synthesis of asymmetric SLs were: substrate molar ratio 1:0.5 (PMF:STEE,
by weight), reaction time 6 hr, enzyme 20% (wt%, water activity=0.085) of total substrate and reaction temperature 80C.
After reaction at optimized condition, triacylglycerols (symmetrical and asymmetrical TAGs) from reactants were isolated.
POP/PPO (1,3-palmitoyl-2-oleoyl glycerol or 1,2-palmitoyl-3-oleoyl glycerol), POS/PSO (palmitoyl-oleoyl-stearoyl glycerol
or palmitoyl-stearoyl-oleoyl glycerol), SOS/SSO (1,3-stearoyl-2-oleoyl glycerol or 1,2-stearoyl-3-oleoyl glycerol) were
obtained by solvent fractionation. Finally, refined SLs contained stearic acid of 16.91%. Solid fat index and thermogram
of the refined SLs were obtained using differential scanning calorimetry. The degree of asymmetric triacylglycerol in
the refined SLs was analyzed by Ag-HPLC equipped with evaporated light scattering detector (ELSD). The refined SLs
consisted of symmetric TAG of 41.15 area% and asymmetric TAG of 58.85 area%.
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Table 1. Fatty acid composition (area%) of structured lipids at sn-2 position during the different water activity (Aw=0.085, 0.333,
0.513) and different reaction time (0, 1, 3, 6, 9, 12, 15 hr).

(Unit: area%)

Palm mid fraction(PMF)

: Stearic ethyl ester(STEE) = 1:0.5" (mole/mole). A,=0.085

Fatty acid Reaction Time (hr)
0 1 3 6 9 12 15
16:0 6.58£0.03”° 24374023  42.712024°  43.024037°  48.97+023°  49.65+020°  48.67+0.42°
18:0 0.53+0.00" 8.50£0.07°  16.56+0.06"  28.58+021°  20.58+0.14°  20.74+0.10°  21.13+0.08"
18:1 86.2120.04  62.03£025°  37.59+0.23° 262240217  28.05+024%  27.34+0.14°  27.84+0.20°
18:2 6.68+0.01° 5.10+0.04° 3.1440.04° 2.18+0.06° 2.40+0.13¢ 227+0.04d°  2.36+0.14d°
>SFAY 7.1140.03 32.87+0.30 59.37+0.30 71.60+0.58 69.55+0.37 70.3940.30 69.80+0.50
SUSFA”  92.89+0.05 67.13£0.29 40.73+0.27 28.40+0.27 30.45+0.37 39.61+0.18 30.20+0.34
Palm mid fraction(PMF) : Stearic ethyl ester(STEE) = 1:0.5, Ay=0.333
Fatty acid Reaction Time (hr)
0 1 3 6 9 12 15
16:0 6.58+0.03'  26.82+0.16°  44.05+021°  49.40+0.33°  49.04+045°  50.11£0.28"  46.17+0.30°
18:0 0.53+0.00" 9.43+0.10°  1820+0.08"  20.46+0.16°  23.06+0.24°  20.88+0.33°  25.48+0.13"
18:1 86.21+0.04"  58.90+0.21°  34.32+027°  27.79+0.14° 25594025 = 26.69+0.17°  26.10+0.31"
18:2 6.68+0.01° 4.85+0.04° 3.43+0.03° 2.35+0.03° 2.31+0.04° 2.32+0.13¢ 2.25+0.11°
SSFA 7.11+0.03 36.25+0.26 62.25+0.29 69.86+0.49 72.1020.69 70.99+0.61 71.65+0.43
SUSFA 92.89+0.05 63.75+0.25 37.75+0.30 30.14+0.17 27.90+0.29 29.01+0.30 28.35+0.44
Palm mid fraction(PMF) : Stearic ethyl ester(STEE) = 1:0.5, A=0.513
Fatty acid Reaction Time (hr)
0 1 3 6 9 12 15
16:0 6.58+0.03"  23.73:027°  42.002021°  48.32+038°  49.05£0.31™  50.64+028"  49.33+0.52°
18:0 0.53+0.00" 8.09+0.14°  17.27+0.07"  20.35+020°  21.46+0.11°  21.83+0.17*  21.29+0.30°
18:1 86.210.04  63.08£0.31°  37.52+0.17°  28.82+0.17°  27.16£0.28°  25.14+£0.18°  27.1120.35°
18:2 6.68+0.01° 5.10£0.10° 3210.11° 2.51+0.01° 2.33+0.14° 2.39+0.07 2.27+0.13¢
SSFA 7.11+0.03 31.82+0.41 59.27+0.28 68.67+0.58 70.51£0.42 72.47+0.45 70.620.82
SUSFA 92.89+0.05 68.18+0.41 40.73+0.28 31.330.18 29.49+0.42 27.53+0.25 29.38+0.48

YMolar ration of palm mid fraction with stearic ethyl ester.

YAll values are mean+SD (n=2)

*Means in the same column with different letters significantly different (p<0.05)
“Total saturated fatty acid(%) = C16:0(%) + C18:0(%)
Total unsaturated fatty acid(%) = C18:1(%) + C18:2(%)

92.89 area%= o|F= AL

migration ¥H&-

2l oleic acid(C18:1)¢} linoleic acid(C18:2)9] gto] oF 81t} WhH palmitic acidE A|93t stearic acid2]
ghelstict, dubE o & acyl TR AT 11 gho] 28,58 area%ol|A] 21,83 area%=

o R0 SRR BOSE F Aol 202 1ok S ez, ozl delons

U= Ao& U84 tXu and Balchen, 1998). & 413 80CY| &2 Hkg 27t A3k n|H LS Aolgt dAfe 4=
A} GA| npR7IA 2 49 +REAET] 0085004 Q1ItHYang et al., 2005), & Lo A= stearic acid?)
0.5137}A] Z7}3kof w2} sn—2 positiono)| 42l acyl mi— 3leFo] 28,58 area%® 7P =01 palmitic acid®} stearic

gration®] ©J&}o] palmitic acid®} stearic acid®] & &= acid®] &gFo] 71.60 area%?l 6A]7HAL=0.085)2

°] 71,60 area%el X 72,47 area®%7MA T7Voh= A& &l RoE St AdS Ayt

_,,1 A
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2. RP-HPLCE 0]83% TAGO] £ 84 area% =, 0 area%°l|A 17.03 area% =, 0 area%o°lA]
0.09 area% 2, 0 area%o)|A| 4,47 area% = Z7}oF A-S
Hh3ol AREE 71, 3 AFEAA, HEAEEY A T 4 Ut o] sn—1,3 positiond]] So]H oz
AG %L reversed—phase HPLC(RP-HPLC)E ©]-& 2851 = TLIM 849 Hk-2-o]| 9J&) stearic acid”} POP9|
sto] ZAsIGl e 4 AiE Fig, 12 S8 Uehfich A3}l wheh POS/PSO, SOS/SSO 59 TAGZF AU
kS 712 AMEE PMFO 38 TAG RAS POP/PPO 11, 0] acyl migrationo] 23 PPS, PSS, SSS 02
(1, 3—palmitoyl—2—oleoyl glycerol or 1,2—palmitoyl—3—oleoyl A HFALo] Qe E WA TAGE] ZAJo] H3lE AHolzt A}
glycero) 24 F 92 21 area%s AA|5}51.0H, 11 9] PLP, ¥, RP-HPLCE 53t ZA¥tel ohA Adst sn-2
POO, POS/PSO(L: linoleic acid, S: stearic acid)®] TAG position®] GC &4 A= E3)] 7R A9 TAG FA
ZAL 7= AL FOlsk 4= QJit) SHH, a4 inter— L POP, SOS &89 jAF J-AHr}= PPO, PSO, SSO
esterification Whg-= Fot0] &/JH A4 AE TAG T HIHAE +A7F 2 TAG ¢l Zha 2e1d 4= Uitk
ZAS BAS A3t 38 TAG A& POP/PPO, PPP,

’

;%

POS/PSO, PPS o2 eI Qlal, 11 ¢ PLO, PLP, 3. Solvent fractionation¥ columnS 0]2%t
000, POO, SO0, sos(sso), PSS 59| TAG 3} Bholsh AMTAXRIR] AR

2= ololth ¥R AT} Bk T0] TAG 2A)S H|wat A}

BES-X|7to] Z713tol| wle} POP/PPOS] EHFS- 92,21 area% 2|2 A 2HoA Polrd AT YA ELS v R TAG

of|A] 27.86 area% 7HA| 7A8F O | stearic acidS E (1,2—disaturated—3—unsaturated glycerol)® o]z} tj
sksl SO0, POS/PSO, PPS, SOS/SSO, PSS 9 gk 7_1 A& 9] TAG(1,3—disaturated—2—unsaturated glycerol)

ZF 0 area%o| Al 2.72 area%=, 5.75 area%ol|A 22. 9 PPS, PSS, SSS(P: palmitic acid, S: stearic acid) 5
mV 5 mV 5 8
(A) ) B)
6
4
1
MAG DAG . KJ '&
8 1 |“|
_ _ — 4 S | _,\’.___JLJ‘-—-"’_'—”M‘W \
mV ] mV 5
©) . D)
8
4
MAG, DAG L 1 10 MAG, DAG ‘
> R L | S > J 10
NI S————— - ~ s NN
my 5 Retention Time (min)
8 (E)
Removed
«—> 1}?

Retention Time (min)

Fig. 1. Chromatogram from the reversed-phase high performance liquid chromatography separation of A: palm mid fraction (PMF),
B: structured lipids (PMF:STEE=1:0.5, lipozyme TLIM 20 wt%, 6hr). C: after acetone fractionation at 18°C, D: after acetone
fractionation at 6°C, E: after remove MAG, DAG and fatty acid. 1: PLO, 2: PLP, 3:000 4: POO, 5: PPO (POP), 6: PPP, 7: SOO
8: PSO (POS), 9: PPS, 10: SSO/SOS, 11: PSS.
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Fig. 2. Differential scanning calorimetry (DSC) endothermic
and exothermic heating curve of cocoa butter (CB), palm mid
fraction (PMF) and final product.

Table 2. Fatty acid composition of palm mid fraction (PMF) and final product that reaction during 6 hours.

(Unit: area%)

Palm mid fraction

Fatty acid Final product
TAG sn-2 sn-1,3 TAG sn-2 sn-1,3

16:0 57.01+0.13" 6.58+0.13 73.33£0.25 46.85+0.30 44.35+0.21 48.10+0.55
18:0 5.40+0.03 0.53+0.01 3.85+0.04 16.91+0.16 11.14+0.08 19.80+0.19
18:1 34.57+0.08 86.21+£0.31 20.83+0.28 34.36+0.27 42.01+0.33 30.54+0.57
18:2 3.02+0.01 6.68+0.17 1.99+0.06 1.87+0.13 2.50+0.03 1.56+0.21
>SFA? 62.41£0.16 7.11£0.14 77.18+0.29 63.76+0.46 55.49+0.29 67.90+0.74
S USFA? 37.59+0.09 82.89+0.48 22.82+0.34 36.23+0.40 44.51+0.36 32.10+0.78

YAll values are mean+SD (n=2)

ITotal saturated fatty acid(%) = C16:0(%) + C18:0(%)

“Total unsaturated fatty acid(%) = C18:1(%) + C18:2(%)
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Fig. 3. Chromatogram from the Ag-HPLC separation of A: cocoa butter, B: final product, C: 10% final product + 90% cocoa butter,
D: 20% final product + 80% cocoa butter, E: 30% final product + 70% cocoa butter, F: 40% final product + 60% cocoa butter.
1: S (Saturated fatty acid)-U (Unsaturated fatty acid)-S, 2: S-S-U, 3: S-U-U, 4: U-S-U.
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