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SUMMARY

(5 8.oHE)

I. Title

Development of artificial cocoa butter for industrialization from canola oil by lipase-catalyzed

esterification

II. Objective and significance

Cocoa butter (CB) is expensive raw material used in the chocolate and confectionery
industry. Generally, it is composed of three main symmetrical triacylglycerols (TAGs):
1,3-dipalmitoyl-2-oleoyl-glycerol (POP) 16%, 1(3)-palmitoyl-3(1)stearoyl-2-oleoyl-glycerol
(POS) 39%, 1,3-distearoyl-2-oleoyl-glycerol (SOS) 26%, with oleic acid in sn-2 position of
TAG molecules. CB shows sharp melting point (melting fast and completely in mouth) and
desirable physicochemical properties because of predominant symmetrical TAG composition.
Typical fatty acid composition of canola oil (Ca) in mole percentage is: C16:0 4.1%, C18:0
1.9%, C18:1 60.9%, C18:2 19.4%, and C18:3 7.6%. Because of high content of oleic acid at
sn—2 position of Ca, it can be considered as a good potential source for CB-like fat (artificial
cocoa butter) production.

In this study, conversions of Ca to artificial cocoa butter in a batch reactor and a
packed-bed reactor were investigated, respectively. Immobilized sn-1,3 specific TL
IM-catalyzed interesterification of Ca with palmitic ethyl ester (PEE) and stearic ethyl ester
(StEE) was studied at various reaction parameters such as substrate molar ratio

(Ca:PEE:StEE, w/w/w), lipase amount, reaction time, and flow rate of substrates.

III. Contents and scope

1. Optimization of POS/SOS production by lipase-catalyzed reaction (Batch reaction) and
their characteristic study
(1) Optimization of lipase—catalyzed production of structured lipid containing similar composition
of triacylglycerols to cocoa butter from canola oil
(2) Optimization of POS produced by lipase-catalyzed esterification using response surface

methodology

2. Optimization of POS/SOS production by lipase—catalyzed reaction (Continuous reaction)
(1) Synthesis of artificial cocoa butter(POS/SOS reactants) in a continuous packed-bed reactor
(2) Properties of POS/SOS reactants synthesized in a continuous packed-hed reactor(fatty acid



composition, symmetrical triacylglycerol composition)

3. Fractionation and their physicochemical properties of POS/SOS reactants by

lipase—catalyzed reaction (Continuous reaction)

(1) Fractionation of POS/SOS reactants synthesized by lipase—catalyzed reaction

(2) Physicochemical properties of the fractionated POS/SOS reactants

3)

Fractionation and physicochemical properties of POS/SOS reactants produced by the

large-scale reaction

4. Large-scale synthesis and their refining process of palmitic/stearic ethylester

(1) Scale—up production of palmitic ethylester

(2) Scale—up production of stearic ethylester

5. Scale—up production of cocoa butter equivalent by lipase-catalyzed reaction in a batch

reactor and separation of TAG and Ethylester

6. Scale—up fractionation of refined artificial cocoa butter and their chocolate preparation

IV. Results and opinion

1. Optimization of POS/SOS production by lipase-catalyzed reaction (Batch reaction) and

their characteristic study

(1) Optimization of lipase—catalyzed production of structured lipid containing similar composition

of triacylglycerols to cocoa butter from canola oil

Synthesis conditions of cocoa butter equivalent were optimized using response surface
method (RSM) by interesterification of canola oil (Ca), palmitic ethyl ester (PEE) and
stearic ethyl ester (StEE). The reaction was catalyzed by immobhilized lipase (Lipozyme
TLIM) from Thermonyces lanuginosa to produce structured lipid containing similar
composition of triacylglycerols to cocoa butter.

Reaction conditions were optimized using D-optimal design with reaction factors as
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, 1:3:19, X1), enzyme ratio (2~6%, X2), and
reaction time (30~270 min, X3). The optimal conditions minimizing acyl-migration while
maximizing 1-palmitoyl-2-oleoyl-3-stearoyl glycerol (POS), 1,3-distearoyl-2-oleoyl glycerol
(SOS), and 1,3-dipalmitoyl-2-cleoyl 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 lipid was synthesized again under the same condition, showing 10.43 area%
of acyl-migration, 25.31 area% of POS/PSQ, 19.79 area% of SOS, and 11.22 area% of POP.

_10_



(2) Optimization of POS produced by lipase-catalyzed esterification using response surface

methodology

*  1(3)-Palmitoyl-2-oleoyl-3(1)-stearoyl (POS) glycerol enriched reaction products was
synthesized from camellia oil, palmitic ethyl ester, and stearic ethyl ester by
lipase—catalyzed interesterification. Response surface methodology (RSM) was employed to
optimize for the production of POS enriched reaction product (Y1, %) and content of
stearic and palmitic acid at sn-2 position due to acyl migration (Y2, %).

* Reaction factors were 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 due to no
signification lack of fit (0.128 and 0.237) and satisfactory levels of R2 (0.968 and 0.990,
respectively).

¢ The optimal conditions for reaction product for maximizing Y1 while minimizing Y2 were
predicted at the reaction combination of enzyme amount; 5.86%, reaction time; 60 min, and
substrate molar ratio; 1:3 (3 mole of palmitic and 3 mole of stearic ethyl ester). Actual
reaction was performed under the same condition above, and the resulted product contained
20.19% of TAG- P/O/S and 12.71% of saturated fatty acids at sn-2 position.

2. Optimization of POS/SOS production by lipase—catalyzed reaction (Continuous reaction)

(1) Synthesis of artificial cocoa butter(POS/SOS reactants) in a continuous packed-bed reactor

o Artificial cocoa butters were synthesized by the lipase-catalyzed esterification using canola
oil (Ca), palmitic ethyl ester (PEE), and stearic ethyl ester (StEE) in a packed-bed reactor.
Immobilized Lipozyme TL IM (sn-1,3 specific) was packed into the reactor. The effects of
reaction parameters (substrate molar ratio, lipase amount and flow rate) on the conversion
of canola oil were investigated.

¢ For synthesis of artificial cocoa butter in a continuous packed-bed reactor, substrate molar
ratios were 1:2:2, 1:2:4, 1:2:6, and 1:3:6 (Ca:PEE:StEE), and the amounts of TL IM-lipase
were 150 g, 125 g, and 100 g, respectively. The flow rates of substrates were 8 g/min and
13 g/min.

* In the result of triacylglycerol composition, the content of triolein(O0OQ) derived from
canola oil was reduced in POS/SOS reactants as increasing the content of palmitic
acid(C16:0) and stearic acid(C18:0) in TAG molecules of POS/SOS reactants.

¢ In the reactants synthesized in a packed-bed reactor, the contents of POS and SOS
increased when the reactions was carried out with high lipase amount, low flow rate, and
high ratio of StEE.

(2) Properties of POS/SOS reactants synthesized in a continuous packed-hed reactor(fatty acid
composition, symmetrical triacylglycerol composition)

¢ In the reactants synthesized in a packed-bed reactor, the increased contents of palmitic

acid and stearic acid were observed in reaction conditions with high lipase amount and low

flow rate. On the other hand, acylmigration was also observed in reaction conditions with

_11_



high lipase amount and low flow rate.

After removing the ethylesters (the by-products) from POS/SOS reactants, symmetrical
TAG composition was presented as SMS(Saturated—-Monounsaturated-Saturated) and
SSM((Saturated-Saturated-IVlono unsaturated). Typical SMS molecules are
SOS(1,3-distearoyl-2-oleoyl glycerol), POS(1(3)-palmitoyl-3(1)-stearoyl-2-oleoyl glycerol),
and POP(1,3-dipalmitoyl-2-oleoyl glycerol).

Low level of SSM molecule was observed in reaction conditions operated with low lipase

amount and high flow rate.

3. Fractionation and their physicochemical properties of POS/SOS reactants by

lipase—catalyzed reaction (Continuous reaction)

(1) Fractionation of POS/SOS reactants synthesized by lipase—catalyzed reaction

For the synthesis of artificial cocoa butter in a continuous packed-bed reactor, substrate
molar ratios were 1:2:2, 1:2:4, 1:2:6, and 1:3:6 (Ca:PEE:StEE), and the amounts of TL
IM-lipase were 150 g, 125 g, and 100 g, respectively. The flow rates of substrates were 8
g/min and 13 g/min.

Acetone fractionation was carried out to get the main POP/POS/SOS molecules from
POS/SOS reactants synthesized in a packed-bed reactor.

Fractionation was conducted in sequence at 25°C and 4°C, and then the last obtained solid
parts contained abundant POP/POS/SOS molecules.

Among the POS/SOS reactants, the yield (%) of the last obtained solid part was high

when it is produced at lower flow rate in a packed-bed reactor.

(2) Physicochemical properties of the fractionated POS/SOS reactants
¢ The contents of POP, POS, and SOS in cocoa butter were 10, 52, and 36%, respectively. In

the fractionated POS/SOS reactants synthesized at flow rate of 8 g/min with Lipozyme
TLIM of 150 g, the contents of POP, POS, and SOS in 1:2:6 molar ratio were 8, 34, and
52%, respectively. In addition, the contents of POP, POS, and SOS in 1:3:6 molar ratio
were 12, 43, and 36%, respectively. In the fractionated POS/SOS reactants synthesized at
flow rate of 13 g/min with Lipozyme TLIM of 150 g, the contents of POP, POS, and SOS
in 1:2:6 molar ratio were 7, 33, and 50%, respectively. Also, the contents of POP, POS, and
SOS in 1:3:6 molar ratio were 9, 42, and 422, respectively.

In the fractionated POS/SOS reactants synthesized at flow rate of 8 g/min with Lipozyme
TLIM of 100 g, the contents of POP, POS, and SOS in 1:2:4 molar ratio were 6, 33, and
46%, respectively. In addition, the contents of POP, POS, and SOS in 1:2:6 molar ratio
were 9, 36, and 43%, respectively. The contents of POP, POS, and SOS in 1:3:6 molar ratio
were 11, 41, and 33%, respectively.

In the fractionated POS/SOS reactants synthesized at flow rate of 13 g/min with substrate
molar ratio of 1:3:6 (Ca:PEE:StEE), the SMS contents of each reactant produced with 150
g, 125 g, and 100 g of Lipozyme TL IM were 90, 93 and 829, respectively. In those
condition, the SSM contents were 3, 2, and 3%, respectively. The low ratio of SSM/SMS
was observed in the fractionated POS/SOS reactants produced in high flow rate. And that

means low acylmigration.

_12_



(3) Fractionation and physicochemical properties of POS/SOS reactants produced by the
large-scale reaction

* The scale-up production (approximately 15 kg) of artificial cocoa butter was performed
with molar ratio of 1:2:2 (Ca: PEE: StEE, w/w/w) at flow rate of 8 g/min in a continuous
bed reactor packed with Lipozyme TLIM of 125 g.

* The POS/SOS reactant was refined to remove ethylesters and then fractionated by acetone
at three-step process (25C, 4°C, 6C). The vield (%) of the last obtained solid parts
(artificial cocoa butter) was about 13-14%.

e After fractionation, the contents of POP, POS and SOS in artificial cocoa butter were 13.4,
51.8, and 32.3%, respectively.

4. Large-scale synthesis and their refining process of palmitic/stearic ethylester
¢ Scale—up production of palmitc ethylester and steric ethylester were carried out in a 200-L

pilot reactor. Yields (%) of palmitc ethylester and steric ethvlester were 85.8%.

0. Scale—up production of cocoa butter equivalent by lipase—catalyzed reaction in a batch
reactor and separation of TAG and Ethylester
* The large-scale production of cocoa butter equivalent(CBE) was performed with weight
ratio of 56 kg 78 kg (High oleic oil: StEE) in a hatch type reactor with Lipozyme TLIM
of 2 kg.
* The ethylesters in POS/SOS reactants were successfully removed by high vacuum thin
film evaporator. Purity(%) of refined TAG molecules was over 99.5%.

6. Scale—up fractionation of refined artificial cocoa butter and their chocolate preparation
» The scale-up fractionation of POS/SOS reactants(1:2:2 molar ratio) was conducted
sequentially at 25C, 4C, and 6C by a three-step process. Finally, the refined artificial
cocoa butter of 635 g was obtained.
e Milk chocolate, white chocolate, and dark chocolate were prepared using the refined

artificial cocoa butter.
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Figure 1. Symmetric triacylglycerol (TAG) profiles in cocoa butters
POP(1,3-dipalmitoyl-2-oleoyl-sn—glycerol), SOS(1,3-distearoyl-2-oleoyl-sn-glycerol),
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=
L. ¥l @ POS/SOS 4 AX3 24 FPE R 2 54

24aA
AT (A 1A 334 A)

)

hobEesE ol 8@ saobME FAAY B2d 3 HH% AT

B Ao a = ZaolE et §AM triacylglycerol(TAG) 24 (5, POS, SOS, POPSF 2
of - xs-23A o r T4 Holx A Y TAGS 7H AFAAAE FdsH7]
f3le] sn-2 A oleic acid®] dr=Fo] =& Jl=El9F palmitic ethyl ester(PEE) %
stearic ethyl ester(StEE)E 7| &2 AFE3Lal sn-1,3 9* A¥A-S 717 Lipozyme TLIM
£ Fl® o] &ste AVFA whE @S| HH &, vk &, WAzl wE A ok
24 ssiotE o] i TAG

LY
£
BN

T

= 3
TXe e 1d E4HoR HAsskat. 1HH 59
dejold A hAS TAG EAE< POS, SOS, POPY A =S Ayugitt, oA, &4 vt
Lo UAE TAG o] nulA &l PSO, SSO, PPO Fo] AAE 4 9=, o]&9

ARNATE Lolry] 93}e]  acyl-migration(TAGS] sn-2 $ Ao F=A43F= palmitic

acid+stearic acid %)% &7 F&HEWHE= 183U
(1) ¥b& 3¥ 248 33 Iy FAF AFAAXAE 33 H4s8 A

D-optimal Al 8& o] &3k whE&xAFEA & FPstr] fste] dvlzxzds AAska
o AR AFEAEY TAG 24 H osn-2 A Aal 248 43 2
L3HCaPEESERE) S Wl &olA ssopmE et AR TAGOs) £4& YERWL
StEE®] H]&& PEERT 3R olwl Jh=sehfo trioleine] StEEZF © #ol 73%6}71
miol POSe SOSe] §Hd ko] POPEYE F7hshr] wiiolth. o] AiE g os & Hd¥
A= SHAF(X)E 71729 v & (CaPEE:StEE=1:1:3, 1:1.66:5, 1:2:6. 1:2.33:7, 1:3:9, Xy),
W& T A(2~6%, Xo)e ZH7F bRAZ FEst 3kl em, vhgAZH30~270 min, X3)& 4%
Az AAFAY. =3 FHS)WFE(Y,)  acyl-migration(Y:, sn-2 A9  palmitic
acid+stearic acid %), POS%(Y2), SOS%(Ys), POP%(Y)= 3o} 19719 AAE A& =7
oA W&e FH3h 7 AP POS, SOS, POPY area(%)S RP-HPLCOA @izl
T peak® area%E UEFH=T] 7 peaks AP TAG % obug}; vl TAGS
PSO/OPS/OSP, SSO, PPO 5% 238 4 9lal o]& tlF-# acyl migration W&ot} o]
S v A E TAGY %<& sn-2 Y22 palmitic acid®} stearic acid®] Foz #F53 4 2l
7] WjFo] o]Z Y, FH(WFS )W SR o] &g oy, ®E RSM A} Modde version 5.0
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software(Umetrics, Umea, Sweden)& ©]&3lo] A48ttt 2} o] & A=Y
s fst] A4 714 vlgol stF F40] = AAEetaaed @i, FaEzl v &9
Lipozyme TLIM-S &3 3}9] shaking water bath(Vision scientific co., Buchun, Korea)®l
A 220 rpm¥ 46T FHoz wrSAIMEE AHBE AFHEe] PTEF syringe filter(25
mm, 0.5 um)Z o343t Ys w#A3skevh

(2) At =24 8 TAG =4

Ft=e-(Ca)el F2 AWk oleic acid(C18:1)7F 64.35 area% = 7Fd =2 Wl &S
Bt o™ palmitic acid(C16:0)¢} stearic acid(C18:0)= Z+2Z} 4.439F 2.01 area% = palmitic
acid7b of 3m19] & S YERSTHTable 1). %3 HPLCE o83t TAG 4 <
w28 A Fig, 29 Table 194 tebio] 2l v}y o] A Wbibel A 71 & vj&& o
Bl oleic acid®Z o] F oA triolein®] 42 area%9 ¥ H&S yEWow ygom
1-linoleoly-2,3-dioleoly glycerol, LOO)°] 2651 area% ] tl. I olujE o] A|Hkab %
stearic acid®] §raFo] 37.83 area% = 7 mkow, tlL-o = 33.03 area%?] oleic acid®t
25.38 area% %] palmitic acide]d vl T FHPHE Y sn-2 YA XHAE AL oleic acid7}
88.68 arca%= 7Hd ko™ sn-1,3 #1418 A HAEE stearic acid 55.68 arca%= 7 3=
gtom & o ® palmitic acid 37.30 area%Z & H|&S YERHATE FFol BlH Y
TAGZEA 2 POS7F 50.79 area%, SOS7F 33.10%, POP7| 13.38%= el tH(Fig. 2, Table
1. &4, Fig. 3% 1:3:9(CaPEEStEE) ¥H&-7]2 ujgol| A g ou]dde] osle] A
A ATAAAEY] TAG FAo] Aot E Y TAG 43 FAMEE A3dE Hols
POS>SOS>>POP9 o2 TFAHEE A8 HoF3 g}t 1 o]f3i= StEEY WS-8 PEE
Ho}h of 3ujrbaF FolW, Caol ¢ TAG A9l trioleinel StEEZF A3 & 7|87 ¢ =
olA A POS$t SOSe Aol POPHU} F713 Aoz =g} olo wlg} PEE H.u}
StEE9] nv]go] ool A FH(Es-Ex8-¥31Qd TAGFAAE POSS SOS9 A&
A9 F Ao, WAk AojdagE Z3-ZI-ZIAERE S tE
TAG(ex, PSS, SSS )¢ = F7t5= AL & 5 ATk

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

Fatty acid Canola oil Cocoa butter Structured lipid"”
(area%s) Total sn—2 sn-1,3 Total sn-2 sn-1,3 Total sn—2 sn-1,3
16:0 4.43+0.08 0.79+0.07 6.26+0.15 20.38+0.03  1.54+0.08 37.30£0.01 | 13.01+£0.35  4.85x0.94 17.01+£0.42
18:0 2.01£0.05 0.30+0.03 2.86+0.06 37.83+0.01  2.13+0.11 00.68+0.07 | 36.27+1.64  5.58+0.28 49.26+0.06
18:1 64.35£0.84  56.98+0.09  68.03+1.22 | 33.03x0.04  88.68+0.40  5.20+0.15 309.99+1.78  65.54£1.82  20.72+£1.75
18:2 2097046  30.86+0.07  16.02+0.73 | 2.70+0.01 7.27+0.20 0.41+0.08 11.43£0.21  19.81+0.35  7.06+0.44
18:3(n3) 8.24+0.25 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+0.26 2.715£0.25
Total USFA” 9356 98.91 90.88 36.79 96.33 6.12 50.72 89.597 30.53
Total SFA? 6.44 1.09 9.12 63.21 3.67 93.88 49.28 10.43 66.27

LOO LOP 00O POO POP SOO |POO POP SOO Pos/ SOS SSS | LOP  POO POP  SOO Pos/ SOS
TAG (area%) PSO PSO

26,51 307 4200 445 014 147 |046 1338 083 5079 3310 055 |6.06 1456 1122 1283 2531 19.79

UStructured lipid was obtained from the reaction condition; molar ratio of substrate (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 (%)
Total saturated fatty acids (%)
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Fig. 2. RP-HPLC

chromatograms of canola oil (A),

40

cocoa butter (B) and

structured lipid (C) obtained from the condition; molar ratio of substrate={(canola

oil:palmitic ethyl ester:stearic ethyl ester)=1:3:9, enzyme amount=6% Lipozyme

TLIM, reaction time=40 min.
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Fig. 3. RP-HPLC chromatograms of structured lipids. (Reaction condition: molar

ratio of substrates=canola oil:palmitic ethyl ester:stearic ethyl ester=1:3:9,
amount=5% Lipozyme TLIM, reaction time=1 hr (A), 2 hr (B), 3 hr (C), 6 hr (D), 9 hr

(E).) P=palmitic, O=oleic, S=stearic, L=linoleic acid.

(3) D-optimal Al 8-S o] &3k HkgEH A

enzyme

Tt (Ca)el sn-2 YA 2= oleic acidE FAAZIHA sn-1,3 YA palmitic
acid®} stearic acid®] o] =2 Aoty tiA| A AL HE HAs wexds
zk7] 918k D-optimal Algel we} APES sk S8¥Es 7|49 vE
(Ca:PEE:StEE=1:1:3, 1:1.66:5, 1:2:6. 1:2.33:7, 1:3:9, Xy), ¥-& Z A2, 3.33, 4, 466, 6%,

Xz), §HA1ZH(30, 90, 180, 270 min, X3)o. = HAA s}t

247y 19719 AAE Aes Jest Ay FE5 (S )W acyl-migration(Yy,

=
=

sn-2 9

A 9] palmitic acid+stearic acid %), POS%(Y2), SOS%(Y3), POP%(Y,)2] Z3}+= Table 2
of AASHT. S EHEdHANA ANOVAY lack of fite] 0.05 o]l H-gof =23 o] &
FE Ao, g 1ol 7k #2445 2 Z3dS vebdth £ D-optimal A 8
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o wE AddA Yo B lak of fitS 0.176, R® S 0.972 oo ttl, Yool #af A lack
of fite] 0.055, R*¢] Frel 0953, Y39 lack of fite& 0.128, RS #& 0968 o), Y,
e A& lack of fite] 0.051, R*e] greo] 09322 =% A =S b}EMML Y1, Yo,
Y39 Y. B P<0.0052 93l Uep At w23k S wgk AT =
Table 3o vl on, o]& o] &3t vhga W A2 th&3 2l

0 H}J
e
i

o to

Y = Bo+ %‘.BiXi + zs‘nﬂiiXiz + 22‘. %‘.ﬂinin
i=1 i=1 i=1 j=i+1
Y1(Acyl-migration=palmitic acid+stearic acid % at sn—2 position)
=19.282+2.307X 1+ 5.351X2+10.150X3-1.182X1 X1+2.345X 1 X3+2.425X 2 X3+0.038X 3X3
Y2(POS, 9%)=27.116+2.780X,+2.876X2+4.811X35-2.637X1X-0.899X, X3-1.615X:X3-4.181X3X3
Y3(S0S, 2%)=24.013+2.502X,+3.197X2+5.770X3-2.574X,1X;-0.281 X1 X5-0.644X 2 X5-3.632X 3X 3
Y4(POP, 96)=11.319+1.278X1+1.288X2+2.057X3-1.033X1X1-0.400X1X3-0.803X2X3-1.688X3X3

5H ¥MEd 71H EHE&EX)H Ea9 %%, X)), ¥HEAIZHmIin, X3)E F  acyl-
migration¥} F Aol E ol FR TAG ZA 2 POS, SOS, POPe Ao ke vx= A
TE YolHdtHFig. 4, Table 3). %4 sn-2 A9 Ak ®WIE JlAL

acyl-migration< A¥tAd o2 WkgA| kel whE} 7P 2 FUHAE Blow, HhgE 4o 001:
I 1A =Znjge] M wolk ttA FUketeE EEs Xo| FATHFg. 3). ol#d A
e Xu 5(10)0] A3 Ao acyl-migrations WS A7 G490 v ud g}
= Bal g dAsE A3E dERlSI §H, POS(Y2)9F SOS(Ys), POP(Y.) el &
= X39 S7F M 2 9% 7AE ASE YERtHTable 3). wEkA 2 A@e A3t
o 4] acyl-migration< ¥k-g-A|Zbol] 7} & 97Fg wekar, o] & Hbga Ao o Ielal 7|
Aol Bl & ¢o8 d¥E weve As & F AU ol BawE bl wE A
TAA A shgko] 713k Lee 5(13)3 Senanayke 5(14)0] &

53, Yol Yz Z2fal Yum WHEAIREX)ol Eoiwel wEl o geol

min®| - A= AgE Z5 UERlaL, TR w6l E (Xl ﬂ%%HHE Nes =9
% F7bste A4S M § CaPEEStEE=1:2.3379] W&ol A FEH #aste 4%Fe B
CHFig. 4). B3k wh3a 0] k2, 4, 6%)°l upe} whe Ay Y]] g o] Wkl mE

8 |
acyl-migration é (Y1)} POS(Y3) 2] AAE TaMoe= YERY H 9T}
9] palmitic acid+stearic acid area %) WA A= AFEH Al
71 el v& (X)) Ee vEAIZHXg) o] ARl uhe} A e
mpebA] giE-Ee] 3 IO E iAIRQl CBEY 9o sn-2¢91A o] Es}X|ukiko] oF
10% A% EA317] Wil sn-2 92| palmitic acid®} stearic acid’} 2 o]% 10%E A~
godd whgEAe] o] 6%Y Aol wEAFE Aok 50 mind WX fofof

Acyl-migration{sn-2
o Fagko] 7S A

rE

acyl-migration& #4343t} ssopHE et FAR AW TAGEA S 7 A7AdAE &

ko
AL e Aok Ae A5 AT TFig. 5).

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

Factors” Responses 2
Exp.
Y, Y, Ys Y,

No. = = X Observed  Observed  Observed  Observed
1 1:1:37 2 30 242+0.26”  1.66+0.19 1.09+0.04 0.83+0.05
2 1:1:3 6 30 3.456+0.21 9.86+0.94 4.91£2.72 3.91+£1.11
3 1:3:9 6 30 8.21+0.40 19.26£0.36 156.31+0.37 9.25+0.58
4 1:1.66:5 2 30 3.83£1.51 2.78+0.93 2.33+x1.08 1.28+0.12
0 1:3:9 333 30 4.90+0.76 12.07£0.88 8.39£3.45 5.58+1.14
6 1:3:9 2 90 9.85+0.12 17.74£065 11.42+448 6.21+1.72
7 1:2.33:7 6 90 1594171  31.27£054 2517059 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 2390063 20.75+1.25 10.47+0.49
10 1:1.66:5 6 180 2475£1.84  27.69+£0.72 26.30+x1.83 11.49+£0.57
11 1:3:9 466 180 22.17£0.78  29.39£050 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 2871£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+396 12.21£1.24
15 1:3:9 6 270 4610057 2527046 26.12+1.27 9.84+0.A4
16 1:2:6 4 270 29.63£0.60 26.61£055 26.19+1.15 12.31£1.32
17 1:2:6 4 270 2846£1.04 29.11+£0.86 24.29+2.66 11.84%£0.83
18 1:2:6 4 270 32.30£0.01  27.77x0.37 26.52+¥1.67 11.69+0.61
19 1:2:6 4 270 3065165 2798+0.67 26.91£1.59 11.05+0.77

1>X1:Molar ratio of reaction substrates (Ca:PEE:StEE),

Xo=enzyme amount (%), Xs= reaction time (min)

Yi=sn-2 position of palmitic acid + stearic acid (%),
YZZPOS (%), Yg = SOS (%), Y4 = POP (%)

“Molar ratio=canola oil:palmitic ethyl ester:stearic ethyl ester

YResults are means of triplicateststandard deviation
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Table 3. Regression coefficients and significance of the second—order polynomials after backward elimination for Yi, Yy,

Ys, and Y,

Y14) Y25) Y36) Y47)
Variables ..

Coefficient (B) P value Coefficient () P value Coefficient (8) P value Coefficient (8) P value
Intercept 19.282 3.894x10 27.116 733221071 24.013 3.936x107" 11.319 7.780x107°
Xi’ 2.307 47764x107 2780 1.069x10™ 2502 6.150x10™" 1.278 2.572x107
Xy 5.351 4.332x10° 2.876 7.089x10™* 3.197 6.913x107° 1.283 2.117x10°°
Xs” 10.150 1.312x10°® 4811 1.618x107° 5.770 4.887x10" 2.057 9.472x10™
XXy -1.182 2.048%10 -2.637 9.850x107° ~2.574 3.906x107° -1.033 3.909x107
XiX3 2.345 3.416x10°° -0.899 1.684x107" -0.281 5.920x107" -0.400 2.348x10
XoX3 2.425 3.489x10 7 -1.615 2.692x107 -0.644 2.486x10™" -0.803 3.311x107°
X3X3 0.035 9.777x10™" -4.181 4503x107° -3.632 3525x107° -1.688 1.876x10™

V9% =molar ratio of substrates (canola oil:palmitic ethyl ester:stearic ethyl ester), Xs=enzyme amount (%), Xs=reaction time

(min)

Y0y =sn-2 position of palmitic acid+stearic acid (26); Y2=POS (%); Y3=S0S (%); Y4+=POP (%)
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Fig. 4. Prediction plot for Y, Yz, Ys and Y, (H, Yi; A, Y2; @, Ys; €, Y1) Y;=sn-2 position of palmitic acid+stearic acid
(%6); Y2=POS (25); Y3=SOS (%); Y4=POP (%).
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Fig. 5. Response contour plots for Y; (A) and Y: (B) at different enzyme amount of 2, 4, and 6%. Y;=sn-2 position of

palmitic acid+stearic acid (25); Y2=POS (9).
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(1) g EREYe] uhE szl A ATHARE G

7tEe(Ca)9t PEE, StEEE 7|22 3}al Lipozyme TLIM-E o] &3¢ ¥b-§-&
ol FAFoPHE 9 FAFSE TAG A4S 7HAl& ATAAAESE Fdst= Aolv =,
ol E 9] 70% o] TAGZ} (E3}(saturated)—8 3 3} (unsaturated)- ¥ 3} (saturated) 3 <]
AY x5 7FAI S Wi, v F osn-2 A AHAE 24 wEE o
acyl-migration(Y1)< Haz dojyol 3ty POS(Y:)9} SOS(Ys), POP(Y)+= H =
U 271e HAFHoF 3ty Modde 508 o]&3te] HAztd W&ol EHH|
CaPEE:StEE=1:3:19 ©o]glom, whggie] <& 6%, ®¥H&AI7HE 40 mino 24
acyl-migration(sn—-2 ¢ # ] palmitic acid+stearic acid %) 8.07%, POS9] =L 22.24%,
SOSY a2 16.64% 12]al POPe 352 9R7%= oA =FH v} A H 45 27
o S APt AAH AabE F43 A= Table 1o YERHATE. AA A AR
stearic acid 36.27¢} oleic acid”’} 3599 area% = YEIOW, YS9 = palmitic acid’}
13.01 area%® = W £S5 AAFAY. sn-2 A= oleic acid’} 6554 area%® 713
wol] &f5o] 2o m palmitic acidi= 4.85 area%, stearic acids 5.58 area% @ =X 314
ko]l 1043 area% = AT AT TAGS =4 POS9 ghaFo] 2531 area%= 7 3=
A HEeElg o, theo = SOSE 1979, POP+= 11.22 area% = YEFIU & TAGY x4
| &9l A ¥ 3Hsaturated)-% ¥ 3 (unsaturated)- ¥ 3} (saturated) & 2] th 2 & 517\ v &o] 3
56.32 area% = L}EFE o™, o= WA E TAGY FAo] 2 FAYFTE FAo HE
gk g3le Aol W= Ay vluste] & vk

&
M

O
2 o @ o & K oM

|

o,
2 Mo pO N

T

ol

L. Camellia oil25-8] POSE &3 ssobiy A e a4 3 A5 A+

Camellia oilS 743t A+ TAG 5 °F 70%0°]%4 0] triolein® & o] F o] 17| ul&of,
sn-1,3 A AgAo] vt &4y A Lipozyme TLIME Zw|2 o] &3}lo] palmitic
stearic ethyl esterE camellia oil3} o] ~H 248 F=3d3H POSE FAL 4 Ay &2
oA g0 A= camellia 0il¥} palmitic ¥ stearic ethyl esterE Lipozyme TLIMOS. 2 HF-$-3}o
CBe F2 TAG AHES POSE o] F#H3 ZAWMSEES WHSIFWHEAY W (response
surface methodology, RSM)e.2 A3} 3H4-& starzt st tl ol & 93l &4 & wtk

AZE 7189 EHEES 59 HER sto], F4 A Al g wbg 7 F4S o] &)
Gar, FEWHFEEN 4o FAYSEST TAG-P/O/S(palmitic, stearicd} oleic A ¥AHe 747}
1 B2 ol 9gAolddx] &3 TAG, & POS ¥ PSO/OSP/OPS/SPO)2] 34 & (Y,

Rl

b=

{‘E_&

%)% ol FATCH14). A, FA FAA-EE 2 acyl migrations ol €3] sn-2 $1A
of A3Ho]%)3F palmiticy} stearic acid®] % (P/S-sn-2, Y., %)< w37 93 HA3 *
Ax AdEgki, dojxl RSM o5 wh&2d& wel v A sted 774 TAG 4+
] %A% reversed-phase high performance liquid chromatography(RP-HPLC)Z 213}
Atk
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(1) ¥k& 3w 224 (response surface methodology, RSM) 2138 Al 7]

A1 A 8 A E (central composite face design) &2 factorol] ¥HS& A9 F(Xi= 2, 4,
38 Al 7HX = 60, 120, 360 min), camellia oilel ™3t stearic¥ palmitic ethyl ester
714 Ev&(Xs= 1, 2, 3 mo)S ZH7F AASaL, o] SHHTES -1, 0, 12 39A=Z 3
33k 3 (Table 4), 17718 AAA HE 7oA wheg 33T} olu, Xs9l camellia
oilel thdt 712 o] EHu|&S stearic¥ palmitic ethyl ester”] 2 ¢ E3tEo|mZ X3= 1o
T AL Table 49 AWE o]z A3} Zo] 1 mole?] camellia oilel tdk 1 mole?] stearic
3} 1 mole®] palmitic ethyl esters 27| gtt}. &4 My Y2 &4 NS EST vH&
palmitic, stearic¥} oleic XHAFS Z4zF 1 AR ol 9 FoldA T3 TAG A
(TAG-P/O/S)9] A E&(%)°la, Yoiu FWHS<l acyl migrations ol 23l AAdHE PSO,
OPS, OSP, SPO 59 sn-2 ¢l ZA3(o]#)3 palmitic¥} stearic acid®] WH(P/S-sn-2,
o0)o1A vk, 4 REg2 vt o]l IHHAT. Screw capel iz A flaskel T4 A
A Ao oaA Fo]A wk-& Ao wE} 7] 22l camellia oil¥} stearicd} palmitic ethyl
esterE Z+7Z+e] molar ratio(l, 2, 3, mol/mol)el %A &3ttt o]F Fgtd 7|Ae] &
Hyo AAdE vE&EZ Lipozyme TLIM-S #7psk & AAE dbSA7bE=Z dlg2 %9l
16CTE A&7t 200 rpmo 2 AAH shaking water bath(Vision scientific co., Korea)
= o] &35l Ztzbe] WSS AT WHSE2 syringe filter(0.5¢m, Toyo Roshi kaisha,
Japan)& o] &3} oﬂﬂro} =g

—l—

Table 4. Level of each independent variable for the central composite design

] Levels
Independent variables X
-1 0 1
Reaction enzyme amount (%) X 2 4 6
Reaction time (min) Xo 60 120 360
Molar ratio X3 1Y 2% 3¥

1)X3= 1 means 1 mole of camellia oil reacted with 1 mole of palmitic ethyl ester and 1 mole of
stearic ethyl ester

2)X3= 2 means 1 mole of camellia oil reacted with 2 mole of palmitic ethyl ester and 2 mole of
stearic ethyl ester

3)X3= 3 means 1 mole of camellia oil reacted with 3 mole of palmitic ethyl ester and 3 mole of
stearic ethyl ester

ke

H A

o

4 A

o] g vhg

2 =4

Ll
JI

Camellia oil¥} palmitic?} stearic ethyl esterE 7] 22 sn-1,3 Ao A&z oz de-3}
= Lipozyme TLIM-S ©]-&3}e] 1(3)-palmitoyl-2-oleoyl-3(1) stearoyl glycerol(POS)ZE 3t
13 a4 FANSES AR FAY. AT A (central composite face design)
S o] &3l EZHWFEN WS aAe FHXi= 2, 4, 6%), HFSA THX= 60, 120, 360 min),
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218 3l camellia oildll ™3k stearic¥ palmitic ethyl ester®] Z+zeo] 714 v]&(X3= 1, 2, 3
mol)& A3 Table 5). o]& ou] Agoz 3ol Ax} wkg g 49 o] 8-10%0]44 Y
49 POSY A F-ure<l acyl migrationo] & Z o2 Z7}slar, o]d 9o TAGY
sn-2 $FA o B 9k9 stearicol‘«} palmitic acid’} = A]8}:= PSO/OPS/OSP/SPO9| 4]

T e FANAY] WRoln, A olF B wgEe] ANFS HA2HH] st
AR g Eacl ol el YA B ARk mE e ATl 6A3 14 A%
fa GANEES] Tol BRI Wl WEALE GIAGH min) M Akl
vhool®A) A 177hA Zh7hel Aol I R FANLEF TAG-P/O/SS $F

vk
(Y1, 2%)3 acyl migrationel] 23t A= = & TAG EA&(d, PSO/OPS/OSP/SPO
)2 sn-2 Ao =AY 3= palmiticH stearic acid F(Y,, %) Table 5o YEeERH AT
Yi(E4A 3 vEE F TAG-P/O/SY 2 #)e 4% Hal 37.13%(REgE 8 Al HAi
19 79k (WS Do R YEson, BkgAglo] A4 R AREE HEaae] v&o] ¥
STFE, 28al 7|dh)go] 75 Y19 Fol AA= 7:‘%% et Sl 3, FASEA
Ade  ANOVA Z3 Yo thdh lack of fite] P=0.128=4 X ol A3 313, Yo tf
3k R*(coefficient of determination)zt-S 0.9680.% 5% ol o] +o5Fol A AAH AT} Yo

9] A% lack of fite] P=0.273, R*%k< 0.990¢] 9l th(data not shown). Y13 Yoo uldt 34
|7+ Table 69 YERUIL o] & FalA v 22 Hb&3d 328 39T

X

3 3 2 3
Y=Bo+ZBXi+ ZRiX+Z  ZEiXiX;

i=1 i=1 i=1 j=i+l

Y: (TAG-P/O/S, %) =
22.6276+4.99797X,+8.37231 X5+8.00771X5-1.39491 X ,°-5.11792X,"~
1.17297X5"-0.472498X 1 X5+1.60489X 1 X3+2.82856 X 2 X 5

Yo (S/P-sn-2, %)=
19.8898+5.36433X 1+10.0906 X2 +4.66936 X 5-0.560132X 1*~2.68534 X5~ 1.30038X5°+3.55166 X1 X2
+1.66767X 1 X35+3.01584 X2 X3

Camellia oil¥} palmitic ¥ stearic ethyl esterE 7]d = sn-1,3 Aol Eo]xg o= At

£3}= Lipozyme TLIMO Z wke g o} Y (&AL AN ES TAG-P/O/SY A #E)e

E2 FAE HoUAE Yo(Ea FAANEES sn-2 A £A5= palmitic?} stearic

acide] )&= ‘/‘*O}O]E A POSE 2&40=2 FAT 5 Arh Fig. 604 ¥H&E 49

FXpo] motdFE Yol Srkete A= SA X)) Y19 #AE W R

H¥ 200 min W}X] Yio] w438 F7kethrt 200 min o] FFEHE S7e2 HojHal 300
|

min °]$-oll= Y1 bl 2 WE7F BolA| agtrh i, YA W & (Xl EobAFE Y10
[e]

7ot AEE BT Yao A% ‘ﬂigf\]ﬂ WS g o] M, A 7| Ee] S
F= EY Yo vHder Ftete FAE BT, ol acyl migration® A =7}
ol£¥ wi-g- #Ao] 7] wiiEolvh Fig. 7TA% 7TBE Y19k Yob whg &AM &l wE whg
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627 F7P7F Slolm 2 V1% Yool e AEsE wgr]de) v

s} o)
= =
o] geolA® 2 o des HolFa 3tk 9, Table 6014+ SHHEFX9 X, Xs)
A5 7

S} EWE Y Vool B fode welFa gk Yool vishe] HAFX), WEA
H(Xo), 714 EWE(Xe] BF folAow dgg MAE Ao Uyt 1 FdAm
CEEER

Xo9h Xs7b S0 ol G BAdvh Yool tishol= Xy, X, X0 2HF
|

-

S dZ3] Bt Y& FH A3 minimize) A 7]= W
B2 Y9 FAE 10%Z A AsH-e u, Y Hus
of| Z0kexAS whegEHEA Z2 a3 (Modde Softwasre, version 5.0,
Umetrics)-2 ©]-&3Fo] 2439 v}t. upebA] Modde 5.0 optimizerE ©]-&3fe] wh&-=9 A
s HUZ A acyl migration®] TS 10%(Z3olHY A x]Q] CBEY 74 -9
sn—2 Aol E3FA|HHbo]l oF 10% A% &AL W) olWE Ay 93 XA ] ub
SxAE EAYXD= 59%, WA ZHX)= 60 min, Z2¥]3l 7] AR & (X3)= 1:3(1 mole?
camellia oil: 3 mole®] palmitic ethyl ester + 3 mole®] stearic ethyl ester)o| It} o] wje]
B4 RS ES TAG-P/O/Se FA (YD 188% ©| A3l acyl migration®] <3k &4
FARSE2] sn-2 YA EA3 = palmitic} stearic acid®] FH(Y2)E 104% = o =FHSA
UH(data not shown). ©]¢} Z& oZzAdgA &h FANEEC] AAFoz AFAFAL,
RP-HPLCE &% TAGEAES AA 43 TAG-P/O/Se] ¥ (Yy), Z28il sn-2 94

£ 2131 palmitic3} stearic acid®] %8 #2489t}

>

Table 5. Three—factors and three—levels of central composite design

Factors” Responses2>
Exp. Y1 Yo
No Xy Xo X3 Observed Observed
1 2 60 1 0.86+0.02 3.31+0.97
2 6 60 1 4.11+0.30 0.10+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
0 2 60 3 3.97+£0.21 4.79+1.10
6 6 60 3 20.05+1.49 9.92+0.18
7 2 360 3 29.35+2.86 21.40+2.61
8 6 360 3 37.13+0.66 44.07+2.26
9 2 210 2 13.32+1.40 13.19+£0.67
10 6 210 2 28.42+0.41 24.57x0.27
11 4 60 2 6.43+0.22 5.00+1.24
12 4 360 2 27.87£0.74 28.51+0.67
13 4 210 1 11.43+1.85 13.16+£0.64
14 4 210 3 30.76x0.05 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 21.65+2.42
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UX,= enzyme amount (2, 4, 6 %), Xo= reaction time (60, 120, 360 min), Xs= substrate
molar ratio of camellia oil to stearic and palmitic ethyl ester (1:1, 1:2, 1:3 mol:mol). See
Table 1.

“Yi= 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).

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

Table 6. Regression coefficients and significance of the second-order polynomials
for Y; and Y2

Y12> Y23>

Variables”
Coefficient () P value Coefficient () P value
Intercept 22.6276 4.493%x10”" 19.8893 1.352x10°®
X, 4.99797 1.128x107° 5.36433 1.338x10°°
Xs 8.37232 4.680x107° 10.0906 1.830x10°"
X3 8.00771 6.243x10°° 4.66936 3.341x10°
XiX4 ~1.39491 4.692x107" -0.560132 5.800x107"
XoXo -5.11792 2.625x107° ~2.68584 2.722x107°
XX ~1.17297 5.405x107" ~1.30038 2.200x107"
Xi X -0.472498 6.678x10°" 3.55166 3.827x10™
X1X3 1.60489 1.720x10™! 1.66767 2.038%107°
XX 2.82856 3.149x10°* 3.01584 1.011x107"

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

Y= 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).

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

(3) Reversed—phase HPLC®} | ulab #4

19

1

o N
N

Figure 6 A3} 3ol 2oz wkg 0] B AU(Xy)= 5.9%, WHEAZHX)= 60 min, L
213l 7] AN & (Xs)= 1:3914 g E W-8E-S reversed-phase HPLC = #4443 A3 & 1}
Bl 2ot} v E 93 7| A2 AR camellia oil® $HA 48 3. Camellia oil
9] F2 TAG %42 POL/PLO, PLP/SLP, OO0, POO, SOO 5914 H3le], FA4H ukg

iy

2 LOO, POL/PLO, PLP/SLP, 000, POO, POP/PPO, SO0, POS/PSO(.e.

rEO
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TAG-P/0O/S), SOS/SSO(P= palmitic acid O= oleic acid, S= stearic acid, L= linoleic acid)
o] Fo]z] 2t} Table 7 camellia oild H & W& ZAA doj &4 FANEE
o] TAGE area %= UERNIL 9t} Camellia oile POL/PLO(6.27%), PLP/SLP(1.79%),
000(74.59%), POO(1547%), SOO0(1.88%)°]aL, B4 FAATEELS LO00.94%),
POL/PLO(1.83%), PLP/SLP(0.54%), 000(%14.24), POO(31.66%), POP/PPO(12.24%),
S0O0(13.88%), POS/PSOG.e. TAG-P/O/S, 21.07%), SOS/SSO(3.59%) %2 T4 %o stk
Camellia 0il®] 4% PN=48%] TAGE©°] 90% T HAow &4 FANESES PN=483%
PN=50°A] 90% ] sHas HATH ¥hg BWH #4e of3t HAs A dojid 4
PAARESEo] WAl 248 B4319 Table 8% o] YelAY. &4 FAANSES] F
QAL oleic  acid(C18:1, 54.56%)°]%1 3L, palmitic acid(C16:0, 23.29%), stearic
acid(C18:0, 17.66), linoleic acid(C18:2, 4.49%)7} &A1& Gt}t. Sn-2 Aol A2 X ukil 24
ANAE oleic acid(C18:1, 8042%)= AL o] yeltar, palmitic acid(C16:0, 7.70%),
stearic acid(C18:0, 5.01%), linoleic acid(C18:2, 6.86%) o= YERES ™, sn-1,3 ¢ A ol A]
o] XMk o A= oleic acid(Cl8:1, 41.64%6)¢F palmitic acid(C16:0, 31.08%) L&t
stearic acid(C18:0, 23.97%)7} & ©|F3 479 linoleic acid(C1&:2, 3.31%)7} L}EFSL

Tm EAS E3 ool POSE mLAom e
ioo]‘(XD— 5.9%, WH&A]ZHX2)= 60 min, 183l 7]

3 mole®] palmitic ethyl ester + 3 mole®] stearic
ethyl ester)o]1ar, o]ef uwhe} %“éﬂ W= 2] TAG-P/O/S(palmitic, stearic¥} oleic *| "+
Ahg A7E 1 A o YA olH A 3 TAG, & POS 2 PSO/OSP/OPS/SPO)9] 3
AAE&L 2019% ol o, oAl 188%9 1.3%<9] *}o]lE KA o|d acyl migrations

of 93Fe] sn-2 YA A¥H(o]%5)3 palmitic¥} stearic acid®] F(P/S-sn-2)< 12.71% =
of| Z 2|91 10.4% ¢}t 2.31% 0] & P oH, dSEdoA] dojxl Aafpghat {AFSHS T
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Fig. 6. 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 (I 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 7.

Table 7. Triacylglycerol compositions (area%) of camellia oil and the reaction

product
Peak number”’ PN? Compoundsg) Camellia oil Reaction product4)
1 46 LOO - 0.94
2 46 POL/PLO 6.27 1.83
3 46 PLP/SLP 1.79 0.54
4 48 000 74.59 14.24
5 48 POO 15.47 31.66
6 48 POP/PPO - 12.24
7 50 SO0 1.88 13.88
8 50 POS/PSO - 21.07
9 52 SOS/SSO - 3.59

UPeak numbers are from the Fig. 6.
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YPN: 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.

YProduct 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 8. Composition %f total and positional fatty acid (sn-2 and sn—1,3 positions)
in the reaction product

Fatty acid(area %6) Total sn—2 position sn—1,3 position
C16:0 23.29%+1.53 7.70+1.10 31.08+£2.61
C18:0 17.660.60 5.01+0.11 23.97+0.88
C18:1 54.56+1.57 80.42+1.16 41.64£2.71
C18:2 4.49+0.29 6.86+0.34 3.31+0.31
SUSFA? 59.05+0.99 87.29+0.67 44.95+1.62
SSFAY 40.95+0.99 12.71£0.67 55.05£1.62

UProduct 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

“The sum of total saturated fatty acid
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Fig. 6. Prediction plot Y; and Y: (AY:, B Y:). Y1 = TAG (%) containing each one mole of palmitic, stearic and oleic

moiety at any sn-position. Yo = Fatty acid (26) of palmitic and stearic acid at sn—2 position of TAG.
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Fig. 7(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—positiorn.
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Fig. 7(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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PAEE PILOT M= &1}

NSO Total @ 226. 7kg [OlURRZ VAN Total @ 199.8kg
PaA 100 ko
FOH © 72k3 —*

SLFA : 2.4kg £
. 4

4 & | —— EtOH(Trap): 2.4kg

4
— | 45 1 25.3kg
EtOH (&) 1208 kg
H:0 : 20 kg $ [g,-% HEE : 4.5kg
NaOH : 1.3kg — EtOH (8/4) : 6.3 kg
21.3 kg o ' =2 MEE 408 kg
Bl SR | — | Hiea : 47.1kg

4

dUER | — EtOHE2
h

HeO : 15 kg —b —-» HeO : 14.8 kg

\ 4

HO: 15 kg —» —P He0O @ 14.9 kg
¥

MgSOs © 1.0 ki —s 2252 |[— MgS0as 1.1 kg
4

h 4
—b STEE : 94.2kg

=& ! 85.8%

g
=

PAA : Palmitic Acid (256g/mal}

EtOH : Ethanol (48g/mol}

SLFA : Suliric acid

PAEE : Slearic acid Elhyl Esler(284g/mol)
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STEE PILOT M= &1}

NIVAl Total : 177.7kg ORIV Total : 174.3kg
STA : 75 kg
O : 48 kg

SLFA : 2.4Kkg .

125.4 kg
4
— EtOH(Trap) : 2.4kg
&

BAERD| | —» | E4E 1 20.5kg
EtOH (&%) 115.8 kg

H:0 20 kg A B2 RS : 45kg
21.3 kg 57 8E :35.8kg

¥

— | b5 : 42.1kg
&

—— EiOH2/4 : 5.35kg

h 4

H:O: 15 kg —» —r H:O : 14.8 kg

\ 4

H:O: 15 kg — —r Hz0 : 14.9 kg

MgS0s 1.0 kg —»

AHH7 |—> MgS0s 1.1 kg

h 4
- STEE : 73.2kg

=& ! 85.8%

5TA . Stlearic Acid {284g/mol)

EtOH : Ethanol {46g/mal}

SLFA : Sulfric acid

STEE : Siearic acid Elhyl Eslar{312g/mol)

1§ 12, Z2HoFR-AE o H o 2=

)
o
ok
o
»
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A 2 A 223 TP 9 POS/SOS g HA st =1 FH(AE
4) % e A% o G4 2 AAY By

1. 2% FWel 9 & POS/SOS A AA3s =7 3¢ (d54
(A 1A - A )

A

7t A Z2 dE-g-7](packed-bed reactor) & ©|-83% I HoMHE FARY 44 A AT

7= 9 palmitic ethyl ester(PEE) % stearic ethyl ester(StEE)E 7|2 & AF&3}o]
Lipozyme TLIM &47F 2150 & AHA6E7|d A Il E fAAE A3
A2 g7 = olFAA LR Hojglo] Fegxe o 50CE f-A8te] vkg-3 T

(1) A2 dbg7)e Al 43k vkg+9] triacylglycerol 74

Lipozyme TLIM ©.2 Z}7} 100 g, 125 g, 150 g2 25 o] A2 uk&r|o A 1=
f-(Ca)2} palmitic ethyl ester(PEE), stearic ethyl ester(StEE)E 7] 2 EH] & (Ca:PEE:StEE,
1:2:2, 1:2:4, 1:2:6, 1:3:6)H = wh&3tt) ojuf 7} 7]ZH 9 f32 8 g/mindt 13 g/minl =
AR L] Wk AT E reversed—phase HPLC #42 F33te] AHu gkt TAGY AL
retention time(RT)¢} equivalent carbon number(ECN)AFo] 9] t}& #A 28 E3dte] 22435}
At} ofzf 2ol ECN2 TAGS glycerold A ©4a5E AL xWitse] A @i
(CN)E YEHl™, DN& F oled%e 5 e

Equivalent carbon number (ECN)=total number of carbons (CN)-
2xtotal number of double bonds (DN)

7+E87(Ca)2t palmitic ethyl ester(PEE), stearic ethyl ester(StEE)e] 7]# EH|&&
1:2:2(w/w/w)Z 3] Lipozyme TLIM®] (100 g, 125 g, 150 g)¥ 7] & F @ g/min, 13
g/min)e| WE TAG ZAE Table 99 YAt} 7t=8k+9 F2 X EARE oleic acid(Hh
2 60%) 2.2 triolein(O00, ECN 48)2] 3hafo] 42 area%ol At 1:2:2¢9] 7|d f3Fo] 8
g/min ¢, Lipozyme TLIM &E47F 279 d£2] bkg7]oaA TLIM 150 go & ¥-& &}
A& "W 0002 dEe 339%°]en, TLIM 125 go= w3 39S u 0009 e
5.38%°]1e™, TLIM 100 go.2 wkg 31%& uwf 0002 3haFo] 7.62%°| A tH Table 9). 5
sko1:2:29] 713 f-3Fo] 13 g/min¥€ ], TLIM 150 goll4l& 0002 grzFo] 8.28%°]% 0.1,
TLIM 125 gt TLIM 100 go.2 w-& 39-& uf 0009 =2 ZH7; 10929 14.84%°] A
t} REgEoA 0009 FHaFe] &= PEE/StEESFS] whgo] ©] APFHUSS & 5 9l
Atk wetA It EFE FEE 0009 area% 7t Zb BAHE fEFo] WS4 E A4S
= A4S YeEdAY vESEo A 9] POP/POS/SOSS] WA ES AHrw, 1:2:29 714
o] 8 g/min €wl TLIM 150 gol4l= POP 13.82%, POS 19.32%, SOS 5.05% °]% o+,
TLIM 125 geollA4li= POP 11.36%, POS 15.65%, SOS 3.70%, TLIM 100 geol*+<= POP
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8.21%, POS 10.76%, SOS 3.90% ©lAtt. A% vbg7|oA FxH o] = Bae do] =
7% AAGE = POP/POS/S0SS &afol mobAle Ade detiiglth 1229 712 7%
°] 13 g/min ¥ TLIM 150 gelAl+= POP 827%, POS 11.43%, SOS 2.99% o] o,
TLIM 125 gell A+ POP 7.25%, POS 9.27%, SOS 2.47%, TLIM 100 gel A& POP 4.37%,
POS 6.78%, SOS 1.67% ©] At

Table 9. Triacylglycerol species and equivalent carbon number (ECN) of structured
lipids synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w).

TAG TL IM, 150 g TL IM, 125 g TL IM, 100 g

BN species 8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min

46 LOO 2.99+0.38 6.54+0.14 4.34+0.20 7.88%0.53 7.33£1.00 11.08+0.39
LOP 11.61£1.33  13.65+0.42  12.28+0.18  13.38+0.03  14.95+1.65  12.45+0.76
PLP/SLP  3.83+0.76 2.09+0.19 2.91+0.16 2.30+0.14 3.06+0.23 1.13+£0.16

48 000 3.39+£0.41 8.28+0.18 5.38+0.81 10.92+1.16  7.62+0.35 14.84+0.23
POO 21.56+x0.64  28.02+0.00 26.42+0.16 28.15+0.36  26.72+0.82  28.02+0.90
POP 1382059  8.27+0.59 11.3620.63  7.2520.06 8.21+0.18 4.37+0.28

50 SO0 10.35+092  14.27£0.04  12.23+x0.10  12.34+0.37 11.43£056  12.81+1.00
POS 19.32+1.16 1143034  15.65+0.78  9.27+0.76 10.76x1.06  6.78+0.32
PPS 1.34+0.23 0.31+0.05 0.47+0.05 0.30£0.0 - -

52 SO5 5.06+0.35 2.99+0.44 3.70+0.29 2.47+0.04 3.90+1.68 1.67+0.28
SSP 1.16+0.06 - 0.6220.03 0.20£0.0 0.31£0.0 -

54 595 0.45£0.36 - - - - -

Structured lipids were synthesized at two flow rates(8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 ¢ and 100 g), respectively. Abbreviation in

TAG species: L: linoleic acid; O: oleic acid; P: palmitic acid; S: stearic acid.

b= 7-(Ca)2t PEE, StEE9] 714 Ev]&S 1:24(w/w/w)E 3t9] Lipozyme TLIME] <k
(100 g, 125 g, 150 g)3} 71 A {38 g/min, 13 g/min)ol|l W& TAG Z/d-& Table 10 e}
WAt 1:2:42) 712 F3o] 8 g/min €|, Lipozyme TLIM &4V} 3 H A2 k87
oA TLIM 150 g = wh& 3t3l& w 0009 = 0.72%°1ew, TLIM 125 g2 gb
< 39S u 0009 T2 136/01};«.#“% TLIM 100 go.2 w8 39S u 0002
2 3.63%°]AtHTable 10). ®E3F 1:2:149] 7|2 fF39°] 13 g/min¥ ], TLIM 150 goll A=
000¢ 3taFo] 3.19%°|%oH, TLIM 125 g TLIM 100 golAli= 000¢% 3tzFo] 7}t
A779F 10.03%°] At 7hESFE5E fFHE 0009 area% T 7 BEAYEE fEFo] e
= Aashs A% dEhAT Nkg=el A 9] POP/POS/S0S9] A ES A uw, 1:2:4
714 5ol 8 g/min ¥l TLIM 150 goll A= POP 11.09%, POS 27.94%, SOS 18.65% ©]
gow, TLIM 125 golA& POP 10.97%, POS 26.06%, SOS 17.49%, TLIM 100 gol A+
POP 876%, POS 1846%, SOS 10.10% o]l &4e ol &5 AAHE

jud
=

B XA
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POP/POS/SOS®] jHeFol wolAl& 43ks deplidTh 1:2149] 714 f#e] 13 g/min ¥
TLIM 150 gol A= POP 9.64%, POS 20.65%, SOS 11.75% ollow, TLIM 125 goll A=
POP 8.45%, POS 17.95%, SOS 10.63%, TLIM 100 gol#= POP 5.16%, POS 12.65%, SOS
7.12% o] A th

Table 10. Triacylglycerol species and equivalent carbon number (ECN) of structured
lipids synthesized with substrate molar ratio of 1:2:4 (Ca:PEE:StEE, w/w/w).

TAG TL IM, 150 g TL IM, 125 g TL IM, 100 g

BN species 8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min

46 LOO 0.80+0.0 2.02+0.52 1.01+0.28 3.47+0.05 3.40+0.05 6.04+0.01
LOP 5.35£0.07 7.88+1.36 6.63+0.11 9.06+0.22 10.22+0562  8.85+0.16
PLP/SLP  2.19+0.01 1.48+0.31 2.22+0.26 1.81+0.27 1.7520.21 0.96+0.11

48 000 0.72£0.17 3.19+0.24 1.36+0.08 4.77+0.66 3.6320.35 10.03+0.29
POO 1250066  21.47+£1.48  15.19+041  21.54+0.09 23.49+£1.36  25.10+0.09
POP 11.09+0.41  9.64+0.08 10.97£0.10  8.4520.08 8.76x0.05 5.16+0.05

50 SO0 11212056 19.10£0.42  13.38x0.67  18.05£0.07 16.67+£0.78  19.88+0.58
POS 2794023 2065067 26.06x0.06  17.95+£0.21  18.46+0.01  12.65+0.67
PPS 1.35+0.22 0.42+0.0 0.79+0.12 0.2920.02 - -

52 SOS 18.65+0.35  11.75+£0.03  17.49+044  10.63+0.18  10.10£0.45  7.12+0.08
SSP 4.81+0.01 1.08+0.05 2.82+0.40 0.94+0.23 0.55%0.10 0.331£0.0

54 SSS 2.30£0.0 0.56+0.0 1.40+0.29 0.41+0.01 - -

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 ¢ and 100 g), respectively. Abbreviation in

TAG species: L: linoleic acid; O: oleic acid; P: palmitic acid; S: stearic acid.

b= 7-(Ca)2t PEE, StEE9] 714 Ev]&S 1:2:6(w/w/w)E 3t9] Lipozyme TLIME] <k
(100 g, 125 g, 150 g)3 7] A 738 g/min, 13 g/min)ol] WE TAG A& Table 119 e}
folch 1:2:69) 712 F#0] 8 g/min YW, Lipozyme TLIM 150 g& & vH& 31518 wjo=
0007} HEH A ¢gkew, TLIM 125 g9 TLIM 100 go.= ¥-8 39S W 0009 3+
2 247y 0.54%9F 1.83%°] AAtHTable 11). %3k 1:2:69] 7|2 f3o] 13 g/min¥d|, TLIM
150 goll A= O00¢] shaFo] 1.19%0]o.w, TLIM 125 gt TLIM 100 g¥dw 0002 &=
& 77 2.33%9F 3.62%°] AT

HES-Z o4 2] POP/POS/SOSe AAHdES AHHwW, 1:269 71d f=Fo] 8 g/min ¥
TLIM 150 goll A= POP 9.13%, POS 26.76%, SOS 30.28% ©|$ow, TLIM 125 goll A+
POP 10.56%, POS 27.99%, SOS 26.029¢, TLIM 100 geolA+= POP 8.99%, POS 24.209,
SOS 20.96% o|Ath &AC] o] &% A E= POP/POS/SOS9 Frefo] HolbA|+= 74
& veEbdSlth 1:2:69] 71 f-7Fe] 13 g/min I TLIM 150 gell A= POP 9.89%, POS
23.38%, SOS 23.43% °]ov, TLIM 125 goll A& POP 7.98%, POS 21.14%, SOS 20.66%,
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TLIM 100 gellAl+& POP 6.97%, POS 14.13%, SOS 12.39% ©] it}

Table 11. Triacylglycerol species and equivalent carbon number (ECN) of structured
lipids synthesized with substrate molar ratio of 1:2:6 (Ca:PEE:StEE, w/w/w).

N TAG TL IM, 150 g TL IM, 125 g TL IM, 100 g
SPECIes 8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min

46 LOO 0.16£0.0 0.94+0.16 0.39+0.12 1.61£0.01 1.19+0.26 4.74+0.13
LOP 2.14+0.19 5.65+1.32 3.61+0.58 6.29+0.27 5.12+0.52 10.67x0.72
PLP/SLP 1.29+0.12 1.41+0.03 1.5520.21 1.57+0.19 1.28+0.66 1.48+0.16

A3 000 - 1.19+0.36 0.54+0.19 2.3320.32 1.83+0.46 3.62£0.28
POO 5.60£1.12 14.49+£3.97  9.81£0.29 16.18£0.95  1567£0.21  23.58%0.10
POP 9.13+£0.60 9.89+1.66 10.56£048  7.98+0.67 8.99+0.37 6.97+0.49

50 S00 6.82+0.45 15.00£1.75  10.63x0.04 1780043 1666+1.650  17.13x1.73
POS 26.76£0.34 2338428 2799073  21.14x093  24.20+1.17  14.1320.09
PPS 1.32+0.03 0.40+0.0 0.8320.11 0.27+0.05 0.50+0.22 -

52 SOS 30.28+1.87 2343057  26.02£1.25  20.66+1.20 20.96x0.87  12.39£0.57
SSP 3.09+£0.59 2.05£0.50 4.42+0.45 1.6520.21 1.7320.06 0.59+0.14

54 SSS 8.34+0.08 2.19£0.29 3.46+0.23 1.50+0.15 1.60+0.19 0.52£0.14

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 ¢ and 100 g), respectively. Abbreviation in

TAG species: L: linoleic acid; O: oleic acid; P: palmitic acid; S: stearic acid.

FhEdki(Ca)9t PEE, StEES] 714 &EW] &S 1:3:6(w/w/w)Z 39 Lipozyme TLIM®S] <
(100 g, 125 g, 150 g)3 7)1 AF#(8 g/min, 13 g/min)el W& TAG %A% Table 12¢] U}E}
YAtk 1:3:62] 714 F&Fe] 8 g/min Yuol= Lipozyme TLIM 150 g, 125 g, 100 go.&
WS- 39S W 0007F A& A &UtH(Table 12). 3 1:3:69 712 f#o] 13 g/min ¥
ul, TLIM 150 golAE 0009 &aFo] 0.56%°1em™, TLIM 125 g9t TLIM 100 g
000¢] eake 747} 0.87%9F 5.24%0°] At} ¥ o] A9 POP/POS/SOSe A ES A
B 1:369 712 %] 8 g/min €Wl TLIM 150 gelAE POP 13.25%, POS 32.89%,
SOS 22.92% olgie™, TLIM 125 goll A= POP 13.10%, POS 35.52%, SOS 21.00%, TLIM
100 gol A= POP 12.24%, POS 24.25%, SOS 12.69% ©]Atl. & A9 %ol HS42 AAY
= POP/POS/SOS®] & :olx& AES YeAdh 1:369 714 %] 13 g/min ¢
W TLIM 150 golAli= POP 12.66%, POS 29.74%, SOS 21.40% ©]lo™, TLIM 125 goll A
= POP 12.85%, POS 28.65%, SOS 20.89%, TLIM 100 golAli= POP 8.49%, POS 16.97%,
SOS 8.38% ©]ATh.
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Table 12. Triacylglycerol species and equivalent carbon number (ECN) of structured
lipids synthesized with substrate molar ratio of 1:3:6 (Ca:PEE:StEE, w/w/w).

TAG TL IM, 150 g TL IM, 125 g TL IM, 100 g
BN species 8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
46 LOO - 0.36+0.03 - 0.50 1.57+0.13 4.28+0.05
LOP 2.18+0.29 4.63+0.40 1.92+0.79 4.84+0.21 7.81+1.28 9.64+0.49
PLP/SLP 2.22+0.08 2.3320.30 2.42+0.4 2.63+0.71 2.68+0.16 2.27+0.12
48 000 - 0.56+0.22 - 0.87+0.10 - 5.24%0.78
POO 5.74+0.06 10.94+0.70  3.30+0.65 12.39+0.49  20.14£0.20  24.88+1.77
POP 13.25£0.63  12.66+£0.51  13.10+0.17 12.86+0.36  12.24+0.30  8.49+0.24
50 S00 5.65£0.38 11.03£0.30  5.01+£0.98 12.13x0.74  13.59+£0.06  16.58+1.49
POS 32.89+1.32 2974057  3552+551  2865+1.17  2425+1.20  16.97+0.52
PPS 2.12%0.16 0.84+0.07 2.95+1.39 0.74+0.06 0.45+0.28 0.21£0.0
52 SOS 2292+¥1.07 2140114  21.00£256  20.89+1.70  12.69+0.27  8.38+0.09
SSP 8.47+0.45 3.62+0.06 3.98+0.62 2.48+0.29 1.87+0.26 0.53£0.03
54 595 4.48+0.18 1.78+0.16 5.81+0.24 1.41+0.14 0.84+0.39 -

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 ¢ and 100 g), respectively. Abbreviation in

TAG species: L: linoleic acid; O: oleic acid; P: palmitic acid; S: stearic acid.

FhEek(Ca)9t palmitic ethyl ester(PEE), stearic ethyl ester(StEE)S] 7]Z En]&(1:2:2,
1:2:4, 1:2:6, 1:3:6, w/w/w)oll w2 &2 dk&-7)o A A3 WH&-E¢ POP/POS/SOS2 A
A ES A HHFig. 13-15). Figure 139 4]+ Lipozyme TLIM 150 gl & S35 )=
AL S 8 g/min®t 13 g/mine = FHEUe W 74 VHAER FAH=
POP/POS/SOS®] AAES AdEUTE F#o] 8 g/min e 7|ZE9 FH| &l A
StEE®] 7]d wv]&o] F7FEFE POSe SOSY &&Fo] F7hsle A3dE Yeudnt ®3
frEFol 13 g/min¥Weol= 8 g/min @ Huhe WANL StEES] 71d v &o] FUMESE
POS$t SOS9| el F7hste daks YehdT
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g | T POP-#POS-+-505 L5 glenm) ~+-POP -#-P0S +50S (13 g/min)
¢ 35.0

30.0 ——.//- | 300 /I

— :
10.0 _ \\./ 10.0 ’o——o/‘

[
o
=
=
th
=

Content (%0)

Content (%)
= =

e
5.0 5.0
0.0 0.0
1:2:2 1:2:4 1:2:6 1:3:6 1:2:2 1:2:4 1:2:6 1:3:6
Molar ratio (Ca:PEE:STEE) Molar ratio (Ca:PEE:STEE)

Fig. 13. Effect of substrate ratio on POP, POS and SOS formation in a packed-bed

reactor with 150 g of Lipozyme TL IM. Flow rates were 8 and 13 g/min,
respectively.

Figure 14°| A& Lipozyme TLIM 125 go & =75 o] g AE2uler)oA FHs 8

g/min® 13 g/min®.Z F319-& o 7k 7|A- = AAH = POP/POS/SOSS] AHES 4
HEGT o] 8 g/mingd o= TLIM 150 g3} vpzl7[X| 2 7] 252 1| &oA StEES
712 Hl&o] FUESE POSS SOSe #aFo] Frbste A4S vERATE f=Fe] 13
g/mingd o= 8 g/min¥ W W rlE kA e StEES] 712 u]go] F7lEE POSeE SOS
o] draFo] FvtsheE AEES VeI

wy TPOP -#POS 4505 (8g/min) +-POP #POS 505 (13 i)

25.0
20.0
15.0

10.0 ¢ ¢ v 10.0 —‘_J
—

5.0

Content (%)
Content (%)

0.0 0.0

Molarratio (Ca:PEE:STEE) Molar ratio (Ca:PEE:STEE)
Fig. 14. Effect of substrate ratio on POP, POS and SOS formation in a packed-bed

reactor with 125 g of Lipozyme TL IM. Flow rates were 8 and 13 g/min,
respectively.
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Figure 15°| 4% Lipozyme TLIM 100 g0 2 =% xo] 9 A&Auke7)oA FHFS
g/min®} 13 g/min®.2 83198 w 7 7|A¥ 2 AAHE POP/POS/SOSY WA ES
Huokth 7ol 8 g/min FuldlE V1AES] EuEolA SEEY 71 u]&o] Frtd
POS9} SOSe] o] F7tste A4S YAt 3] 13 g/min €= 8 g/min
Wl BT SekA v, SEES] V1A W&ol SheaE POSeE SOSe] ghbe] Sbehs A
& YERAT TLIM 100 g2 ¥-8 stal-sws TLIM 125 g3 TLIM 150 go = A}&
A& wWrT= POP/POS/SOS® AdEo] Hlwa ve Aas et

—?aogémgiwmioo

Content (%)

3‘ --POP -#POS -+S0S (8 g/min) - ~4-POP #P0OS +S0S (13 g/min)
30.0 300
25.0 o 250
o~
20.0 2 200
3
o
15.0 g 150
0
100 —0———0/ 10.0
’__.__- N
5.0 5.0 ‘,___.-/
0.0 0.0

1:2:2 1:2:4 1:2:6 1:3:6 1:2:2 1:2:4 1:2:6 1:3:6
Molar ratio (Ca:PEE:STEE) Molar ratio (Ca:PEE:STEE)

Fig. 15. Effect of substrate ratio on POP, POS and SOS formation in a packed-bed
reactor with 100 g of Lipozyme TL IM. Flow rates were 8 and 13 g/min, respectively.

(2) &4 g7l FAT whe=o ARt 24 W3

Lipozyme TLIM ©.2 7Zt7} 100 g, 125 g, 150 g2 F75 o] 42 ukg7)o) A Jhise)
f-(Ca)2} palmitic ethyl ester(PEE), stearic ethyl ester(StEE)E 7] 2 EH] & (Ca:PEE:StEE,
1:2:2, 1:2:4, 1:2:6, 1:3:6)H=E w+8-3dc}. oju zZF 7149 f#<S 8 g/min¥ 13 g/minl =
A A sle] hA sl H-S-E o] x| Hkal 2AL BA3519 0 Table 13-169A4 % ZF ¥1-8 7| A 59
d 2 F AYAEAS YER Y. HEgE Al palmitic acid(C16:0, P)%} stearic
acid(C18:0, S) g#o] F7tetE 7l ekaol Al palmitic acid®} stearic acide] &)
7hers yEeRdAT 71" S0 81022, 1:2:4, 1:2:6, 1:3:6, Ca:PEE:StEE)o| A & A %ko] @S-
2 ada 712 fEo] @RS+ E palmitic acid®} stearic acid®] A Eo] FolA = AHITS
UEFH ST 1:2:29] EH] & AE % 8 g/mindl A BA%o] 150 g¥wl, palmitic acid®t
stearic acid(P+S)2] A £0] 44.819% o]l e, 125 gl 39.65%, 100 gLl 35.56% °]%
HTable 13). % 13 g/min°l A& &4 %0] 150 g ul, palmitic acid®} stearic acid(P+S)
o] &0l 3447% olRow, 125 gdul 33519, 100 g¥ul 29.209¢ o] At (Table 13).
1:2:49] EH] &A= 73 8 g/minoll Al EAado] 150 g, 125 g, 100 g €9, palmitic acid<}
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stearic acid(P+S)¢] A &o] Z7F 54.20%, 50.429%, 42.42% ©11o ™, % 13 g/minol Al
E0%%0] 150 g, 125 g, 100 g L, palmitic acid®} stearic acid(P+S)2] st go] 27
42.88%, 41.47%, 34.71% ©]AtHTable 14). 1:2:62] EW]| L&A= FF 8 g/minolA ZAY
o] 150 g, 125 g, 100 g 4, P+S¢] 3d &) 247y 61.74%, 56.09%, 49.14% °©]h o™, -3
13 g/mindl A &gl 150 g, 125 g, 100 g dd, P+Se] g &o] ZH7t 50.19%, 47.73%,
40.73% o] A TH Table 15). viA| = o 2 1:3:69] EH] &A= 3 8 g/minolA] &4 %] 150
g, 125 g, 100 g €, P+S9 &0 27 62.32%, 64.58%, 48.30% olloH, & 13
g/minell A EAYgo] 150 g, 125 g, 100 g Lul, P+Se 3HAd&o] Zh7} 54.26%, 51.65%,
40.26% ©]1tH(Table 16).

—

Table 13. Total fatty acid composition of structured lipids synthesized with substrate
molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 21.60+£0.08  17.43+0.01 19.51+0.05 16.66+0.23 18.00£0.06 15.08+0.08
C18:0(S) 23.21£0.18  17.04=0.09 20.1520.02 16.85+0.11 17.56£0.16 14.13+0.08
C18:1(0) 36.87+0.06  43.76x0.02 40.53+0.23 45.27+0.08 43.19+0.01 48.6620.07
C18:2(L) 1327004  15.20+0.04 14.32+0.12 15.41+0.02 15.06£0.12 15.66+0.08
C18:3n3(Ln) 5.056+0.01 6.01+0.08 5.51+0.04 5.86+0.02 5.93+0.13 5.89+0.02
p+s? 4481+0.11  34.47+0.11 39.65+0.07 33.51£0.12 35.56+0.09 29.20£0.00

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

Table 14. Total fatty acid composition of structured lipids synthesized with substrate
molar ratio of 1:2:4 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 17.67£0.03  14.7420.05 16.41+0.02 14.03+0.07 14.66+0.02 12.45+0.08
C18:0(S) 36.53£0.04  28.15+0.02 34.02+0.02 27.44+0.16 27.76x0.07 22.27+0.01
C18:1(0) 29.81+0.01  37.88+0.11 32.28%0.01 38.70=0.07 37.790.13 44.04+0.06
C18:2(L) 11.27+0.01  13.53+£0.01 12.14£0.01 13.98+0.10 13.78+0.0 14.91+0.08
C18:3n3(Ln)  4.26+0.01 5.1520.06 4.60+0.01 5.38+0.08 5.43+0.04 5.74+0.06
p+sY 54.20+0.01  42.88+0.03 50.42+0.00 41.4720.23 42.42+0.09 34.71+0.08

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).
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Table 15. Total fatty acid composition of structured lipids synthesized with substrate
molar ratio of 1:2:6 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 1477£0.01  13.36£0.40 14.96+0.04 12.13+0.01 12.74+0.06 11.15+0.04
C18:0(S) 46.97£0.16  36.83x0.30 41.13+0.28 35.60+0.08 36.40+0.06 29.58+0.04

C18:1(0) 24.32+0.01  32.29+0.39 28.1620.08 34.49£0.07 32.8920.18 39.46+0.02
C18:2(L) 9.790.08 12.30+0.19 11.06£0.12 12.64+0.04 12.56£0.02 13.86+0.06
Cl18:3n3(Ln)  3.69+0.09 4.69+0.13 419+0.12 4.6020.01 4.85+0.08 0.35%0.03

p+SY 61.74+0.18  50.19+0.10 06.09+0.32 47.73+0.09 49.1420.11 40.73+0.08

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

Table 16. Total fatty acid composition of structured lipids synthesized with substrate
molar ratio of 1:3:6 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 20.38£0.52  17.83x0.00 19.73+0.04 16.84+0.13 16.45+0.02 14.03+0.11
C18:0(8) 4194054  36.43+0.29 44 .85+0.44 34.81+0.28 31.85+0.34 26.23+0.17

C18:1(0) 2401022 30.07+0.02 22.49+0.10 31.34£0.06 33.74+0.23 40.22+0.05
C18:2(L) 9.71+0.11 11.26+0.05 9.16+0.21 11.91+0.24 12.65+0.06 13.87+0.03
Cl18:3n3(Ln) 3.50£0.16 4.03+0.04 3.32+0.19 4.64+0.22 4.83+0.04 0.07+0.08

p+SY 62.3220.02  54.26+£0.29 64.58+0.48 01.65+0.40 48.30+0.32 40.26+0.06

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

Table 17-200 4= 7F w8 7|24 &9 4 =709 sn-2 YA A Y bz A-s e
ik wh-s=9] XUk Ao A palmitic acid(C16:0, P)9} stearic acid(C18:0, S) &=
o] Z71et4E FlEdkfol Al palmitic acid®} stearic acide] Ao =718S ERdTH v
S=o A sn-2 A ol A palmitic acid®} stearic acid®] 3 E&o] F7F8H2 acyl migration®.
2 Qs AeZ oFEHIUTE AL wkgT]e] FHE EAY 4 BeETE, 1gal 7|49
8= aeyl migration® Z Q13F sn-2 Aol A palmitic acid®} stearic acid®] ¥
Z7}eHS Felstgtt. 72 Eu)&5(1:2;2, 1:24, 1:2:6, CaPEEStEE)ol A= 714
7V das 254 Frbeke A4S UERIATE 12169 Ev]EolA % 8

it
o
=
o o]
s
o|\
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g/minol Al &A%o] 150 gL, palmitic acid®} stearic acid(P+S)¢] $HAd&-o] 35.36% ©] 3
o, 125 g 25.22%, 100 gdw 17.13% ©]AtH(Table 19). #%F 13 g/minol = FAY
o] 150 g¥w, palmitic acid®} stearic acid(P+S)e] A &o] 18.23% o] o, 125 gl
17.46%, 100 gddl 10.74% ©]AtHTable 19). 1:3:6¢] FH] &A= FFF 8 g/minol ] &4
ol 150 g, 125 g, 100 g Hu], P+Se] &2 ZH7F 30.10%, 31.619%, 16.70% ollem,
T 13 g/minolA = EAaUo] 150 g, 125 g, 100 g <, P+Se] FAELS 242 19.66%,
17.55%, 9.88% ©|tH(Table 20).

Table 17. Fatty acid composition at sn—2 position of structured lipids synthesized with
substrate molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 9.69+0.30 4.96+0.01 6.79=0.01 5.08+0.21 4.96=0.06 3.56£0.03
C18:0(S) 9.34=0.23 4.94+0.03 6.67+0.01 4.58+0.03 4.81+0.03 3.28£0.08

C18:1(0) 4466+1.42  51.49+0.18 49.29+0.04 00.65+0.45 01.71+0.37 02.85£0.28
C18:2(L) 23.11+048  27.73+£0.06 25.7020.06 27.37£0.13 27.80%0.16 28.98+0.19
Cl18:3n3(Ln) 8.84+0.05 10.75+0.10 9.96+0.03 10.40+0.09 10.60£0.16 11.23+0.21
p+s” 19.03£0.53  9.90+£0.01 13.46£0.02 9.66+0.18 9.77+0.04 6.84=0.11

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

Table 18. Fatty acid composition at sn—2 position of structured lipids synthesized with
substrate molar ratio of 1:2:4 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 9.2320.46 4.65+0.01 7.54=0.23 5.10£0.12 6.09£1.90 3.54£0.06
C18:0(S) 18.03£0.28  8.67+0.04 18.00£3.30 9.31£0.09 11.01+3.71 6.48+0.08

C18:1(0) 41.53+0.20  49.92+0.16 42.78+2.28 48.51£1.51 47.56+2.43 01.27+0.08
C18:2(L) 21.03+x030  26.54+0.08 21.93+1.15 20.42+0.26 25.76+1.62 27.91£0.07
Cl183n3(Ln) 7.75+0.16 10.08+0.10 8.00+0.13 9.10+0.22 9.01+1.47 10.68+0.0

p+s” 27.26x0.74  13.31£0.03 25.54+3.03 14.40+0.21 17.09+5.61 10.02+0.15

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

_61_



Table 19. Fatty acid composition at sn—2 position of structured lipids synthesized with
substrate molar ratio of 1:2:6 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 8.71+0.09 4.90+0.04 6.97+0.05 4.66+0.38 4.68+0.15 3.18+0.06
C18:0(S) 26.66+£0.52  13.33+0.03 18.26£0.15 12.80+0.63 12.45£0.08 7.57+0.05
C18:1(0) 34.11£1.46  46.48+0.29 42.22%0.19 46.9920.40 46.86+0.05 50.0220.18
C18:2(L) 18.07+0.88  25.28+0.07 22.07+0.04 24.67£0.52 25.74+0.08 28.06+0.01
C18:3n3(Ln) 6.77+0.27 9.85+0.13 8.23%0.18 9.05+0.20 10.11£0.10 11.08+0.08
p+sY 35.36+0.61  18.23x0.07 25.22%0.20 17.46+1.01 17.13+£0.23 10.74+0.11

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
U P+S : Sum of palmitic acid (P) and stearic acid (S).

Table 20. Fatty acid composition at sn—2 position of structured lipids synthesized with
substrate molar ratio of 1:3:6 (Ca:PEE:StEE, w/w/w).

TL IM, 150 g TL IM, 125 g TL IM, 100 g
Fatty acids

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
C16:0(P) 0.82+0.04 6.75+0.01 10.32+0.12 5.93+0.08 6.32+0.28 3.63+0.13
C18:0(8) 20.28+0.08  12.91+0.09 21.30=1.11 11.62+0.01 10.39+0.05 6.25+0.11

C18:1(0) 4050020 45.772+£0.22 38.0320.73 46.81+0.41 47.30+0.23 00.31£0.30
C18:2(L) 21.39£0.11  24.9620.01 21.66+0.27 20.85£0.07 25.80%0.06 28.45+0.02
Cl18:3n3(Ln)  7.99+0.10 9.52+0.09 8.18+0.25 9.77£0.25 10.02+0.04 11.26+0.07
p+s” 30.10+0.04  19.66=0.11 31.61+1.23 17.55+0.09 16.70£0.23 9.88+0.23

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with different Lipozyme TL IM amounts (150 g, 125 g and 100 g), respectively.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

Z2) Wh&7)(packed-bed reactor)E ©] &3 FFOFME fA}A ¢ symmetrical 54 ¢

(1) A2 dbg-7)o A A3 ¥ke-5-9] symmetrical triacylglycerol{ TAG) %4

A Mg EoA TAGES AubxAS ¥ 3H(Saturated)-+ ¥ 3HUnsaturated)— X 3}
(Saturated) A|Witoz FAH ol d=AF #1387 $3+%] normal-phase HPLC £4-=
TR B Al ¥ columne CPS hypersil column®. = TAGS SUS(E3-& ¥ 3}-



23} Ao} SSU(Es-X 3-8 ¥ 3 Wihoz Fesarh ueha 2 AdFoAe= v
EE28YH FAERZ AAYE ethylestersS 7S 8t AAS & v doJd TAG
5% Figure 16-20 o YEAY. T/7E FdS v-sE5L2 7| du]& 1:12:49] 100 g &40
S 71EN & 12639 1:3:69 150 g, 125 g, 100 g9 EA4Ys 7R3 HES-3 HES =5 9]

ATt FAHE<Q] ethylester = A A 5 5 dofzl TAGE 9] -85S
SMS(Saturated—Monounsaturated—Saturated) &+ SSM{Saturated—Saturated-Mono

unsaturated) &= FE3ATE iEA A SMS Fee] TAGA = ZFoPHEAA g 58 2
A3 SOS(1,3-distearoyl-2-oleoyl glycerol)/POS(1(3)-palmitoyl-3(1)- stearoyl-2-oleoyl
glycerol)/POP(1,3-dipalmitoyl-2-oleoyl glycerol) & € = it} 7] & 1:2:49] Ev] &A=
100 g9 EaolA 8 g/min¥ ] SMSE 40% U2l o] o, SMM<2 41%u] ] o] At} o 4
¢l SMM 3¢ TAGe|&= SO0 POOE & 4 AvHFig. 16). olul acylmigration®] 2] 3l
A48 4 g)E SSM2 4%u9] oflth 71d 1:2:49] EH| &A= 100 go FAA 13
g/mingdw SMSE 23%u9e]len, SSML 2%ul e oIl m2la SMM2 54%u]<] o
AtHFig. 16). =] &5 A E = SENA SMSY &2 Folx ¥, SMMe] 3
HFe dasteE AWs vt
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Fig. 16. Triacylglycerol structures of structured lipids synthesized using 1:2:4 (Ca: PEE:

StEE, w/w/w) substrate ratio in a packed-bed reactor with 100 g of Lipozyme TL IM.

Flow rates were 8 and 13 g/min, respectively. The ethyl esters in these structured lipids were

removed by distillation. Abbreviation in TAG structures: S saturated fatty acids; M:

monounsaturated fatty acids(ex. oleic acid).

714 1:2:69] EH] &AM E F3Fo] 8 g/min EuWl¢} 13 g/min F 9] & 4AU¢(150 g, 125 g,
100 g)oll W& ¥r&EoA] symmetrical TAGEA W3E Fig. 17-18°] YErHA T F o)
8 g/min ¥u] &AW 150 g, 125 g, 100 g Ldu] SMSe] AL Z7} 46%, 52%, 51% ©|
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o SSMe] 242 8%, 6%, 5%E eI THFig. 17). %3, SMM<2]
2196, 309% o]t} SSMell gk SMSe] H]-&(SSM/SMS ratio) & Al4HsH
12.7%, 105%% YENAT ¥EgstE @49 o] ZE&FE SSMe
SMMe] x4 F7hske 43S YErlSY. 2ol 13 g/min W &4
100 g €ul SMSe] A2 Zhzy 499%, 46%, 38% o|$lom, SSMe =42 7Hzy 5%, 5%,
3%E e, SMME 242 Zh2F 309, 349%, 43%E YEFHSITHTFig. 18). SSMefl t
gk SMS9] H]&(SSM/SMS ratio)E AAFSE A3t 7} a4 HE 11.49%, 11.7%, 95%%
EFUITE. SSM/SMS ratio®] %2945 acylmigration®. @ Q1&le] A= SSMe] gefol
sholA s & & AT V1A fFo] FEFEH, HI AMEE Al o] EEF
acylmigration®. 2 <13l A= SSMe e Folx|m, SMMe| e volg&
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Fig. 17. Triacylglycerol structures of structured lipids synthesized using 1:2:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150 g, 125 g, 100 g). Flow rate of a packed-bed reactor was 8 g/min. The ethyl esters
in these structured lipids were removed by distillation. Abbreviation in TAG structures: S: saturated

fatty acids; M: monounsaturated fatty acids(ex. oleic acid).
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Fig. 18. Triacylglycerol structures of structured lipids synthesized using 1:2:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150 g, 125 g, 100 g). Flow rate of a packed-bed reactor was 13 g/min. The ethyl
esters in these structured lipids were removed by distillation. Abbreviation in TAG structures: S:

saturated fatty acids, M: monounsaturated fatty acids(ex. oleic acid).

714 1:3:68] B &A= FEe] 8 g/min w9} 13 g/min Fwie] FA%150 g, 125 g,
100 g)o W& wk&Eo| A symmetrical TAG 4 W3EE Fig. 19-20°] vebSlch & 2o)
8 g/min Y] A% 150 g, 125 g, 100 g &2 ¥kE &39S of SMSe AL 7+7 509%,
55%, 49% ollem, SSMe] 4L 6%, 4%, 4% S e THFig. 19). %3 SMMe %
2 b7 13%, 10%, 34% oAtk SSMell gk SMSe] H|&(SSM/SMS ratio)& A4k
Ay, A7 12.19%, 7.2%, 85%% YERNALE F3Fo] 13 g/min gl 4% 150 g, 125 g,
100 g &2 wkg 3FS o SMSe 242 Z47F 50%, 54%, 37% ©lslom, SSMeo| =4
77y 5%, 4%, 3%E YWERNAL, SMMe| 442 747t 29%, 27%, 46%E UERUSITH(Fig.
20). SSMel ™3d SMSe H]&(SSM/SMS ratio)E A4 Ayt 2+ 49 ¥2 9.0%,
8.1%, 7.3%E YEIHAT. SSM/SMS ratio©] Y& % acylmigration® 2 lste] A==

SSMe] garo] wobdg & % v,

H]
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Fig. 19. Triacylglycerol structures of structured lipids synthesized using 1:3:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150 g, 125 g, 100 g). Flow rate of a packed-bed reactor was 8 g/min. The ethyl esters
in these structured lipids were removed by distillation. Abbreviation in TAG structures: S: saturated

fatty acids; M: monounsaturated fatty acids(ex. oleic acid).
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Fig. 20. Triacylglycerol structures of structured lipids synthesized using 1:3:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150 g, 125 g, 100 g). Flow rate of a packed-bed reactor was 13 g/min. The ethyl

esters in these structured lipids were removed by distillation. Abbreviation in TAG structures: S:
saturated fatty acids, M: monounsaturated fatty acids(ex. oleic acid).
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2. 4 o FEA dA"HE wx P R @y e FH
A (TFE, High Vacuum Thin Film Evaporator)& ©]-§3% TAG/Ethyl
ester?] ¥ (A1 -53Al)

B2 0L 7oA 7] A3} kAo A el o] A 33 Stearic ethyl ester(StEE)E 72
FANE v&0G6 kg ¢ T8 kg)E 49 20 kgs s 45TelA 1043F =t 23] vl
AEE AAskan. 7334 POS/SOS7F A A 9 frAFgH @%k% ds T AT o A=

[e)

Table 21. 200 Liter ¥ 3|#2] &4 vh&of 93t o AH 2 wxgA A}
WS- 2} 4 vhg TGl (POS/SOS) =4 "] 3L

98 : STEE % 714 :
134kg POS/PSO : 25 area AAE 7o}

1 B4 20 ke SOS : 18 area%, o
ﬂPv%E 45C POP : 11 area%. o
HES-AIZE © 10 AIZE
95 : STEE % 7]1# :
134kg POS/PSO : 25 area% AAE Az

2 a4 020 kg SOS [ 18 area%, f/\}ﬂ =
HPS %E 45°C POP : 11 area%. o

HEG-AIZE 110 AIRE

N I4FAl Total : 136.0kg

STEE : 56.0kg
High Oleic TG : 78.0kg -
A : 2.0kg
136.0kg -
t g

(o) — same
)

1¥ 21. Batch?] &4uH8-S o]&3 ojzghA

o
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% 22 dlZ~HE wApgkE-7] (200 Liter, = 3}AT-9)

. @y vt =5 FA(TFE, High Vacuum Thin Film Evaporator)& ©]-&3%

TAG/Ethyl ester®d] &2

EaE o]&3 o2 o 2RE AF A AEZL Egola FglAgte]l=
(TGt A4l ol ~H Z(FAEE) 331&¢ E3==5H TAG ¢ FAEEE 313¥ woE
FAE o] &d #E =
2 A5E FYste] 1391 kgd] ¥Hg EFEE v /3l TAG 754 kg ¥ EE 637 kg
Belat=d AEstgtl. B4 TAGE £%7F 995% o]dolqdrt ol 4e] A= the

o 3 2 ol A ey e uheks

[
=
)
&3
oo

F A9 Abzlelt),

Table 22. 3133 bt 744 & o] 83 TAG/EES] #2423}

And AA =71 4 H] 3L
ZROT 1290V
AFE ~
TFEﬂ = 2.00 ilOO mmtorr 9Ee : 1391 ke
(g FHEE 60T Residue(TG) : 754 | & EE 05% 1]gt
S e Sl Ol 2 30T Distillate(EE) : 637 |
7w 70) Wzbe 252 (9F) 40T ‘ o
A8 F92r 5 Liter/h
[ 5 Literh 7% 3148 #et 25445 o] 43 TG/EES e 7]#]
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7% 23w eSS A (5 Liter/h R, @5 38 AT<D)
of G4l 9t FE2 o 2d"HZE WA YEHFAH 9 nE wet FR/ X (TFE, High
Vacuum Thin Film Evaporator)& ©]-&3% TAG/Ethyl estere] &2 434

(1) &2 93 TAG/EE b 34 W (3|524) A} @of

M

[ 200 Liter T+% Pilot 9+&7]]

HE-S- 2= Ll TAGS POS/SOS =4 H| a1
¥E : STEE ¥ 7] :
134kg POS/PSO : 25 area% A
UURS Ale Az}
1 84 2.0kg SOS : 18 area%, OE}\]_a
HEE2% 1 45T POP : 11 area%. e
HES-AIZE 0 10 AZE
A% : STEE ¥ 714
134kg POS/PSO : 25 area% .
RS Ale Az}
2 84 2.0kg SOS : 18 area%, OE}\]_ﬂ
HEE2% 1 45T POP : 11 area%. e
WA 10 A%
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(2) BT vt FHFAE o] 43 TAG/EES #e A} aof

[ 5 Liter/h 7= 33 o SFHEAE o]&3 TG/EEY #e 7|F]
A v] g AAZA A 1} W) 31
THEE 0 220C
TFE ZAF%E 1 200~400 mmtorr | 1E2F 1 139.1ke
1XF | FYE 60T Residue(TG) : 75.4 %% EE 0.5% mwt
SR | Wb 251 (W) - 30C | Distillate(EE) : 63.7
Wb 222 (9F) 1 40T
A3 of
714 134 kg(RE INPUTD) ] ¥H& EFES 9o 7oz uap F /{3l 56% 2]
TE7F 99.5% o3 TAG ¥H&E(OUTPUT)S #2389 &

A 3 A BLaAH F

a4A FR@As2A) o ste A S ubS-E o] A A H (fractionation) 2
354 54 A (A1AN-3A])

7 . B FRASEA) ] oske] A S W52 A A M (fractionation)

Lipozyme TLIM °.& Z+7} 100 g, 125 g, 150 go 2 & Ho] = 2] dkg-7]o A
Ttk (Ca)9t palmitic ethyl ester(PEE), stearic ethyl ester(StEE)E 7]7 E1]8(1:2:4,
1:2:6, 1:3:6, Ca:PEE:StEE)E = Wk-g3l Tt ojuf 7} 7]d e #{3FL& 8 g/minyt 13 g/mine.
2 AAF Y A wEEES MR SFE 7339 ethylester® A ABFAL,
triacylglycero(TAG)E & 53+ 3 acetone fractionations 53+ AAS 434330t} Acetone
fractionationg& &3l WHEEZHFH IIotHYE 9 triaylglycerol X3} fASE
POP/POS/SOS7} ¥ TAG xA4o] HEE AASS Y Acetone fractionation2 25T /\1
T85 T oA liquid T& v 4Tl £3e FHE] solidess F53AT
o] 4T solid £8& Z= POP/POS/SOS7E v SHH e Aoz o =39 ‘jr Za s
£ 9] acetone fractionations F83lo] FH& Aoj FFoHYE FAA Y yield(%)E Table

23-259 ER ST

e

HJ

712 1:2:49] Bv]go) A= 100 g9 EAlA 8 g/mind 13 g/min ¥H&E-S #33F A
Z}Zy 18.89%%F 10.94% 9 & (vield, %)E AU ol 7] doA] 1:2149] 714 v &= 34
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ol 100 g ol7] witel nwad e 588 YeldE 2ld ¢ A (Table 23). ¥k-&-
o] vA woky] wi-o] 25T solid #8 =29 vieldi= ©ko ™, 4T liquid #3859 yield
= Hug & AgE el SY

Table 23. Yield (96) after solvent fractionation of structured lipids synthesized with
substrate molar ratio of 1:2:4 (Ca:PEE:StEE, w/w/w).

TL IM, 100 g

8 g/min 13 g/min
25C Solid(%) 2.68+0.32 0.44+0.03
4C Solid(%) 18.89+1.69 10.94+1.41
4C Liquid(%) 62.09+1.16 75.81+2.95
Total 83.93+0.84 87.19+1.651
Loss 16.07+£0.84 12.81£1.51

Structured lipids were synthesized at two flow rates (8 and 13 g/min) in a packed-bed reactor
with Lipozyme TL IM of 100 g, respectively. The refined structured lipids were fractionated
sequentially at 25C and 4°¢C.

714 1:2:69 HH]&
wel g B S-S
240 YERUATE ol
4C solid &9] yield(%)= 2z
%k 150 g, 125 g, 100 g o2 whg3l 3 2y =
989%. 16.28% o|2th. 7|2 fro] 1o

o 71E fFFol =&FE 4T liqui

gol A= TA%A50 g, 125 g, 100 g)ol W& 7|2 F%(8 g/min, 13 g/min)dll

538 5 acetone fractionations 43Jsle] Aoz —/F (vield, %)& Table
8 g/min vl &4% 150 g, 125 g, 100 g & &3 3
= 3.18%6, 24.70%, 27.08% ©]%

04017“ 4C solid

[UO

O

71—7_1'—

Table 24. Yield (96) after solvent fractionation of structured lipids synthesized with
substrate molar ratio of 1:2:6 (Ca:PEE:StEE, w/w/w).

TL IM, 150g TL IM, 125g TL IM, 100g

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
25C Solid(%)  20.73£1.68 5.47+0.78  9.77x0.89 5.08+0.24 6.53+0.42  2.10+0.30
4°C Solid(%) 23.18+1.85 22.00£0.19 24.770£2.20 2891+0.92 27.08+1.61 16.28+£3.16
4C Liquid(%) 37.11x0.48 51.70£8.12 47.49%4.63 50.56+1.82 34.12£1.42 58.20£7.88
Total 81.02+0.65 79.17+£7.53 83.74+1.59 83.90+£1.76 80.50+£0.43 75.86%12.37
Loss 18.98+0.60 20.83+7.53 16.26+£1.59 16.10+1.76 19.50+£0.43 24.14+12.37

Structured lipids were synthesized at two flow rates(8 and 13 g/min) in a packed-bed reactor
with different amounts(150 g, 125 g and 100 g) of Lipozyme TL IM, respectively. The refined
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structured lipids were fractionated sequentially at 25°C and 4°¢C.

714 1:3:69] & &l A=
wel g NEEES FHI

Table 259 YEFHSTE F3©] 8 g/min
o]z 4T solid Z9] yield(%)=
W EAS 150 g, 125 g, 100 g ©& whgd
22. 72%, 19.15%, 20.50%

solid <+

ETRe 2!
o kel
T

Tg

959

=0
3T

Table 25.

[eYie]
=3

3k

& LHER

X0
3T

ol At

BAKA50 g, 125 g, 100 g)ol W& 7]

% acetone fractionation-g-
dof] §4% 150 g, 125 g, 100 g
Zyz} 3271%, 20.22%, 28.38% o]t} &
dolzxl 4T solid &

71%1 1:2:69) Evlgol N} ppAbAR 712 Fpe] e 251
T

& HERSleH,

T B2y <

Rl S o

]741

fel ¥

3T

A
s ¥

(o]
T8
Aozl
o

=

[o)
, T

o
&

2] yield(%) =

EREY)

J’“?lﬂfe

©] 13 g/min

4T liquid 3%

2}

g/min, 13 g/min)<l
F&(vield, %)

e _i}i we, o m]o

==

Ol

Yield (%) after solvent fractionation of structured lipids synthesized with
substrate molar ratio of 1:3:6 (Ca:PEE:StEE, w/w/w).

TL IM, 150g TL IM, 125g TL IM, 100g

8 g/min 13 g/min 8 g/min 13 g/min 8 g/min 13 g/min
25C Solid(%)  2345%172 10.61£391 24994522 889+0.79 4.97+x0.40  1.14+0.08
4°C Solid(%) 32.71£5.22 227722283 2022159 19.16+3.86 28.38+1.42 20.50+5.88
4C Liquid(%)  27.31£0.76 47.42+1.48 3575355 52.44+1.25 44.81%£2.23 59.29£0.03
Total 83.48+2.73 80.75+0.41 80.95+7.11 &3.33+£1.76 70.09+9.20 80.93£5.83
Loss 16.62+2.73  19.25+0.41 19.05£7.11 16.67£1.76 2991+9.20 19.07+5.83

Structured lipids were synthesized at two flow rates(8 and 13 g/min) in a packed-bed reactor
with different amounts(150 g, 125 g and 100 g) of Lipozyme TL IM, respectively. The refined
structured lipids were fractionated sequentially at 25°C and 4°¢C.

U 4% TS 93te] 34 3 A A (fractionation) 3 WHE-Eo] EA oG
A2 WSV E Fio] FAZ WSES ST ethylester® A A & Ao
triacylglycero( TAG)E 53+ & aeetone fractionations F3ste] dojz WHe&EEo E

[}
e et 2ol AFsha.

(1) & (acetone fractionation) ¥ % Aozl W& 9] triacylglycerol %73

Figure 24| 4+ Lipozyme TLIM &4A7F 150 g 2250 9= &2 uk&7]o A 7] 2 9
HH| & 11269 1:3:69 EHH)&S %8 g/min, 13 g/min)dl] Wt s LB ES =73

$- acetone fractionations Fa3le] dojx Aol E [FAAEY triacylglycerol(TAG)
ZA A POP/POS/SOS ZA1](area%)E F 5o} E (cocoa butter, CB)e] FAlu] e} v]a
3t @A HE(CB)2] POP/POS/SOS x4 247 10%, 52%, 36% o|Av}t. #3o] 8
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Figure 24. Effect of substrate ratio on POP, POS and SOS formation of fractionated

structured lipids synthesized in a packed-bed reactor with 150 g of Lipozyme TL IM. Flow

rates were 8 and 13 g/min, respectively. The refined structured lipids were fractionated sequentially

were

in cocoa butter (CB)

SOS)

POS,
compared. Abbreviation in TAG species: O: oleic acid; P: palmitic acid; S: stearic acid.
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Figure 25. Effect of substrate ratio on POP, POS and SOS formation of fractionated
structured lipids synthesized in a packed-bed reactor with 125 g of Lipozyme TL IM. Flow
rates were 8 and 13 g/min, respectively. The refined structured lipids were fractionated sequentially

at 25C and 4TC. Symmetrical triacylglycerols (POP, POS, SOS) in cocoa butter (CB) were
compared. Abbreviation in TAG species: O: oleic acid; P: palmitic acid; S: stearic acid.

Figure 269141 Lipozyme TLIM EA7F 100 g 250 & A2 wkg7]od A4 7149
EHE 1024, 1:269 1:3:69 EH &S F%® g/min, 13 g/min)ol| we} FAI EEES 5
3k 2 acetone fractionations 83l Ao FFolHE [FAXES TAG Z4 /‘1

POP/POS/SOSe] =AW (area%)E F Ao E (cocoa butter, CB)2] ZAw]| e W] w3k},
ZFo] 8 g/minollA] POP/POS/SOS FAo] A3 1:2:49] Enj&oME 27 6%, 33%, 46%
ojlem 112168 EH| oAM= ZF7F 9%, 36%, 43% oldoH, 1:3:69 EHH|goliE 7zt
119, 419, 33% oAtk W3k fFo] 13 g/minol Al POP/POS/SOS FAo] A3k 1:2:49 &
v g0l M= 242} 49, 22%, 43% o]lom, 1:2:69] En|&o A= Zhzt 6%, 30%, 55% ©] e
), 1:3:69] =H] &A= ZH7 8%, 32%, 39% ©] AT
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Figure 26. Effect of substrate ratio on POP, POS and SOS formation of fractionated
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structured lipids synthesized in a packed-bed reactor with 100 g of Lipozyme TL IM. Flow
rates were 8 and 13 g/min, respectively. The refined structured lipids were fractionated sequentially
at 25C and 4TC. Symmetrical triacylglycerols (POP, POS, SOS) in cocoa butter (CB) were

compared. Abbreviation in TAG species: O: oleic acid; P: palmitic acid; S: stearic acid.
(2) 2 (acetone fractionation) 3+ ¢ A7 ¥H-&E 2] symmetrical triacylglycerol(TAG)

A vk &SS9 HH(acetone fractionation) S E3te] AolW FFOPHE] FAA]
59 symmetrical TAG Z24-& &213l7] flste] tha¥ 2ol 43t 7 +9&
g5 FOPHE FAX = 7] ZAu & 1:2149] 100 g BANe 7)1 Au) & 1:263 1:3:
g, 125 g, 100 g9 BAYE 7FX i ¥k HgEE=Z5Y 539t TAG A&
SMS(Saturated-Monounsaturated-Saturated) £} SSM(Saturated-Saturated-Mono
unsaturated) &= TEIATE FEA N SMS Hee] TAGO = ZAHE A dFES 2
A= SOS(1,3-distearoyl-2-oleoyl  glycerol)/POS(1(3)—palmitoyl-3(1)-stearoyl-2-oleoyl
glycerol)/POP(1,3-dipalmitoyl-2-oleoyl glycerol) & € 4 At} Figure 27-31 oA+ <
7, w83 & dojxl ZIoH Y FAAES symmetrical TAG 2438 UERY ME‘r.
717 1:2:49] Eu] L&A= 100 g8 44 8 g/mine @ HE-S-3 & &5 I3 m730}
HE] fFAFA S SMS 248 77% Welollem, SSME 3% oo, SMM2 5% W9 o
AT SSMel thgk SMSe] H]£(SSM/SMS ratio) = A 4kek A5} 39%0] 2 tH(Fig. 27).

[4‘1

100

o [ @ 8 g/min

~ 0
o O
T

60

Relative proportion %
|0 L B SO ]
o © o O

[—
o

o

SSS SMS SSM SMM MMM SSM/SMS
ratio <X 100
Triacylglycerol structure
Figure 27. Triacylglycerol structures of structured lipids synthesized using 1:2:4 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with 100g of Lipozyme TL IM. Flow
rate of a packed-bed reactor was 8 g/min. The refined structured lipids were fractionated
sequentially at 25C and 4°C. Abbreviation in TAG structures: S! saturated fatty acids; M:

monounsaturated fatty acids(ex. oleic acid).
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718 1:2:69] EH]E&oAE 3] 8 g/min €W}t 13 g/min e &AUA50 g, 125 g,
100 g)o wWE weES =3 ¥H(acetone fractionation) 3 & o]z sl E FAFA|
£ 9] symmetrical TAGEA W3E Fig. 28-29¢] Yetiglch 712 f#0] 8 g/min 4w &
A% 150 g, 125 g, 100 g € SMS2] Z/‘é% 2y 7y 849, 90%, 87% ol ow, SSMe] *=
3L 10%, 7%, 5%E YEMI A tHFig. 28). B3, SMMe] 242 7H7F 29, 1%, 5% ©] A th.
SSM/SMS ratioe- 150 g, 125 g, 100 g L] 7474 12.3%, 75%, 5.3%% YEtUALE 7124
o] 13 g/min Yul] T4Y% 150 g, 125 g, 100 g Lol SMSe] =42 Z7; 8594, 8494, 88%
ojRom, SSME xS 4%, 5%, 2%E UWEFATHEFg. 29). olwf SMM<e] x4& 77}
3%, 6%, 3% ©°] 3L, SSM/SMS ratio= 150 g, 125 g, 100 g €u Z+2}+ 529%, 6.1%, 2.6%
olAtt. 71F Fako] F4E, a3 AFEYH &40 9ol FS F£E SSM/SMS ratio”’} wrol
A= e BAth o= & acylmigrationo] Yol & vtk

100

B150gB125¢gN100g (8 gmin)

L
=
T

60

Relative proportion %o

(S
=
T

i

SSS SMS SSM SMM SSM/SMS

Triacylglycerol structure ratioX 100

Figure 28. Triacylglycerol structures of structured lipids synthesized using 1:2:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150, 125g 100g). Flow rate of a packed-bed reactor was 8 g/min. The refined

structured lipids were fractionated sequentially at 25°C and 4°C. Abbreviation in TAG structures: S:

saturated fatty acids, M: monounsaturated fatty acids(ex. oleic acid).
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Triacylglycerol structure

Figure 29. Triacylglycerol structures of structured lipids synthesized using 1:2:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150, 125g 100g). Flow rate of a packed-bed reactor was 13 g/min. The refined
structured lipids were fractionated sequentially at 25°C and 4°C. Abbreviation in TAG structures: S:

saturated fatty acids, M: monounsaturated fatty acids(ex. oleic acid).

714 1:3:69] EH| &AM E F3Fo] 8 g/min EuWl9} 13 g/min F 9] & 4AU¢(150 g, 125 g,
100 g)o wWE weES =3 ¥H(acetone fractionation) 3 & o]z sl E FAFA|
£ 9] symmetrical TAGEA W3ZE Fig. 30-319] Yetiglch 712 f#0] 8 g/min 4w &

A% 150 g, 125 g, 100 g €uf] SMSe] A2 72t 89%, 92%, 78% o] o, SSMe] ==

42 5.2%, 4.6%, 55%F WERH AT, 30). B3, SMMS| x4 z+7y 3%, 0%, 7% ©]
Atk SSM/SMS ratio2 150 g, 125 g, 100 g E”H ZyZ}y 5.8%, 5.0%, 7.0%% YE AT
71 A o] 13 g/min Y] &A% 150 g, 125 g, 100 g <o SMSe =42 77 909,
93%, 82% ol ov, SSMe x4 3%, 2%, 3%E YEMAtHTFig. 31). oldl SMM<e] =

e A2y 39%, 1%, 6% ©|la, SSM/SMS ratioe 150 g, 125 g, 100 g <o 22+ 3.3%,
2.2%, 3.3% o|dtt. 1:269 7A¥| &AM et v AR H o]l FF 5 SSM/SMS

ratio”} oA = AEE B ow o= & acylmigrationo] RolR-S o] 7] 33T,

11

O
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Figure 30. Triacylglycerol structures of structured lipids synthesized using 1:3:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150, 125g 100g). Flow rate of a packed-bed reactor was 8 g/min. The refined
structured lipids were fractionated sequentially at 25°C and 4°C. Abbreviation in TAG structures: S:

saturated fatty acids, M: monounsaturated fatty acids(ex. oleic acid).
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Figure 31. Triacylglycerol structures of structured lipids synthesized using 1:3:6 (Ca: PEE:
StEE, w/w/w) substrate ratio in a packed-bed reactor with different Lipozyme TL IM
amounts (150, 125g 100g). Flow rate of a packed-bed reactor was 13 g/min. The refined

structured lipids were fractionated sequentially at 25°C and 4°C. Abbreviation in TAG structures: S:

saturated fatty acids, M: monounsaturated fatty acids(ex. oleic acid).
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(3) #F(acetone fractionation) ¥ ¥ Ao WHEES] melting and crystallization

behavior +29

A1 2] melting profile?} crystallization profiles W iLd}7] ¢35} differential scanning
calorimetry(DSC) 245 3313tk S/ 88 433 ZFoMHY FAX = 7] du&
1:2:42] 100 g &4Wkg3 7] 2] & 1:2:69 1:3:69 150 g, 125 g, 100 g9 EAUY¢S 7R3
&gk S EE2 5 539t 34 vheES TR (acetone fractionation)S
Z3le] Ao FFHME FAFREQ melting profiled}t crystallization profiles Figure
32-36 o e AT

100 g9 BAE 7FA AL w8 7]A 11249 ZH&S 7 F2E(@ g/min, 13 g/min)E
melting profile¥} crystallization profiles Figure 32| YeEWSITY Melting profilel] A
cocoa butter®}=  UEA 454TC9  482TA  endothermic peakE  YERI AT
Crystallization profiledl] 413= 29.3C ¢} 31.4C 9] exothermic peakZE EFU ST

2
e Cocoa butter
_— 124-100g-8 g/min
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=) 18.%-'21' | 454 jas2
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Figure 32. Melting and crystallization thermograms of cocoa butter and structured lipids
synthesized using 1:2:4 (Ca: PEE: StEE, w/w/w) substrate ratio in a packed-bed reactor
with 100g of Lipozyme TL IM. Flow rate of a packed-bed reactor was 8 g/min and 13 g/min.

The refined structured lipids were fractionated sequentially at 25T and 4°¢C.

714 1:2:69] BHEE 8 g/ming 7] fEFelA 7 B4AY%A50 g, 125 g, 100 g)E=E b
W3k melting and crystallization profiles Figure 33| WERATE Melting profileo] 4 =
2~ 150 g, 125 g, 100 g€ ul Z}Z} endothermic A3 peakE 23.97T, 226TC, 186TolA 4
B AT ZAoMHE A= 247TC¢ endothermic 3 peakE MY Crystallization
profiled Al &A% 150 g, 125 g, 100 g9l Z+7} exothermic AF peakE 13.5TC, 1357,
10.6Col A YerAr. oty ol E 86T 9 exothermic AZA peakE Hyth 72
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1:2:69] =H|&=Z 13 g/ming 7|2

frgol A 7zF Ea
melting and crystallization profiles Figure 34°| YERHSATY Melting profiled] 4] &
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Figure 33. Melting and crystallization thermograms of cocoa butter and structured lipids

synthesized using 1:2:6 (Ca: PEE: StEE, w/w/w) substrate ratio in a packed-bed reactor

with different amounts

(100, 125, 150g) of Lipozyme TL IM. Flow rate of a packed-bed

reactor was 8 g/min. The refined structured lipids were fractionated sequentially at 25C and 4<C.
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Figure 34. Melting and crystallization thermograms of cocoa butter and structured lipids
synthesized using 1:2:6 (Ca: PEE: StEE, w/w/w) substrate ratio in a packed-bed reactor
with different amounts (100, 125, 150g) of Lipozyme TL IM. Flow rate of a packed-bed

reactor was 13 g/min. The refined structured lipids were fractionated sequentially at 25C and 4.

712 1:3:69] EH]E&EZ 8 g/min® 71& FHFAA ZF G450 g, 125 g, 100 g)HE = H]
W3k melting and crystallization profiles Figure 35| WERATE Melting profileo] 4 =
2~ 150 g, 125 g, 100 g€ ul Z}Z} endothermic A3 peakE 20.7C, 23.5TC, 202TCelA 4
ERi 21T}, Crystallization profileo| /] &A% 150 g, 125 g, 100 g@ ] Z}7Z} exothermic A 3

peakE 12.2°C, 14.0C, 87TCelA YeWAr 714 1:3:69 EH L= 13 g/ming 7|4 %
oA Z} FAYIS0 g, 125 g, 100 g)¥E ¥ 3 melting and crystallization profileS

£

Figure 36¢] YeERHSITE Melting profiled] A &A% 150 g, 125 g, 100 gdw 2}
endothermic A3 peakE 21.47T, 21.8T, 19.2TCelA vEeEFHAT}. Crystallization profileol] 4]
4% 150 g, 125 g, 100 g Z+Z} exothermic A3 peak® 11.27T, 11.2T, 96T~
Eb it
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Figure 35. Melting and crystallization thermograms of cocoa butter and structured lipids
synthesized using 1:3:6 (Ca: PEE: StEE, w/w/w) substrate ratio in a packed-bed reactor
with different amounts (100, 125, 150g) of Lipozyme TL IM. Flow rate of a packed-bed

reactor was 8 g/min. The refined structured lipids were fractionated sequentially at 25C and 4<C.

2
_— Cocoa butter
A 136-100g-13 g/min
————— 136-125g-13 g/min
e — 136-150g-13 i
24.7 g i
11 A
9
=
8 o0 A
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3 T =
T : 1325
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Figure 36. Melting and crystallization thermograms of cocoa butter and structured lipids
synthesized using 1:3:6 (Ca: PEE: StEE, w/w/w) substrate ratio in a packed-bed reactor
with different amounts (100, 125, 150g) of Lipozyme TL IM. Flow rate of a packed-bed

reactor was 13 g/min. The refined structured lipids were fractionated sequentially at 25C and 4.
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ol @47 FR@AE2)d 9ste] st Ad E A A(fractionation) 3 RFEEo] EA oA

714 1:2:2(Ca: PEE: StEE, w/w/w) =4 & Lipozyme TL IM &4 125 go.2 &3
o] A+ packed-bed reactorellA] oY thA| Ao o ZF3HA :
packed-bed reactor®] WF-S2%= 50T oler, 7|AES] F#e 8 g/minez = 7|2
A7F 2 15 kgAEE W&

S 93l acetone fractionation =7 FH

iz

(1) O P W E

714 1:2:2 EHEZ g A wSEolE S Table 263 #o] vl
triacylglycerol(TAG) Z4-& YEeERH dTh ]Cfﬁ POP/POS/SOSZ FAH A& o
7] e 8 x271S SHE] Hste] uhdd 2749 yield(%) ¥ triacylglycerol A
S A H Gk

Table 26. Triacylglycerol species and equivalent carbon number (ECN) of scale-up
structured lipids synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w).

TL IM, 125 ¢
ECN TAG species
8 g/min
46 LOO 4.89
LOP 14.31
PLP/SLP 4.50
48 000 5.76
POO 23.85
POP 13.36
50 SO0 9.66
POS 16.65
PPS 1.36
52 SOS 4.36
SSP 1.31
A SSS -

The scale-up structured lipid was synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE,
w/w/w) at flow rate of 8 g/min in a packed-bed reactor with 125 g of Lipozyme TL IM.

i e WE=S 25T 4T A 72 7o o s F3330s ), =R
]ﬂ

UEhH = chromatograme Figure 379 WeEFW AT 25T 4T A #3835 =& cocoa
butter?} Bl W3S W o] B H A FUdeS A3
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Figure 37. Triacylglycerol chromatogram of the scale-up structured lipid after
fractionation (A) and cocoa butter (B). The scale—up structured lipid was synthesized with
substrate molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w) at flow rate of 8 g/min in a packed-bed
reactor with 125 g of Lipozyme TL IM. The scale-up structured lipid was fractionated
sequentially at 25C and 4°<C.
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Figure 38. Triacylglycerol

chromatogram of the

scale-up

structured

lipids after

fractionation (A) and fractionation (B). Fractionation A was carried out sequentially at

25°C and 7C(A). Fractionation B was carried out sequentially at 25C, 7C and 4°C(B).

=

A FEE EFol7] YEe] wEE-S 25T 4T, 6C(three-step fractionation)el]l 4] &

200 oY

100.00§

4g 283 ARE Figure 399 EHIGTE oW B ol AEG samolmy §4174 9
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Figure 39. Triacylglycerol chromatogram of the scale-up structured lipids

after acetone

fractionation. Fractionation was carried out sequentially at 25T, 4C and 6C.
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(2) & A3 WHSES acetone fractionation 3 ¥ 53 FFolHE FAX Q] EA
A

gk A W5 15 kgs SFE %519 ethylester® A A3 3 o)A triacylglycerol

HS-2-2 U=k 6 kg A% 5394, oS & H4E acetone fractionations 3 317] ¢13}

o] 25T ¢ 4T, 6 C(three-step fractionation)o| 4] ek 2AIYZ £35S 3 & AA 54

5ot Y FARAE AsEATE Al & doj3l oy fFAAE tEF 635 g €5
3ttt Table 27941+ W& 8 wh&E9 # ¥ (acetone fractionation) 3}7] A3 #&
o] TAG =4 ®¥gE vehydeh #9385 POP/POS/SOS9 FHaFo]l 747} 13.4%, 51.8%,
32.3%% YEFR T Figure 40014+ e 43k vkg&Eo £¥ AA)Y #3¥ =B), 1
2] 3L cocoa butter(C)2e] chromatograme WEFATE 1 & e w&E9 TAG X

AL cocoa butter®} HAFeHS 21319t}

O

Table 27. Triacylglycerol species and equivalent carbon number (ECN) of the scale—up

structured lipid before fractionation and after fractionation.

Scale-up structured lipid

ECN TAG species ) ) ) )
Before fractionation After fractionation
46 LOO 4.89
LOP 14.31
PLP/SLP 4.50
48 000 D76
POO 23.85
POP 13.36 134
50 SO0 9.66
POS 16.65 51.8
PPS 1.36
52 SOS 4.36 32.3
SSP 1.31
Sy SSS - -

The scale-up structured lipid was synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE,
w/w/w) at flow rate of 8 g/min in a packed-bed reactor with 125 g of Lipozyme TL IM. The
scale-up structured lipid was fractionated sequentially at 25T, 4C and 6C by a three-step
process. Abbreviation in TAG species: L: linoleic acid; O: oleic acid, P: palmitic acid, S: stearic

acid.
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Figure 40. Triacylglycerol chromatogram of cocoa butter (C) and the scale-up structured
lipids before fractionation (A) and after fractionation (B). The scale-up structured lipid was
synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w) at flow rate of 8 g/min in
a packed-bed reactor with 125 g of Lipozyme TL IM. The scale-up structured lipid was
fractionated sequentially at 25°C, 4C and 6C by a three-step process.

Table 2894+ & A3 wH&E2] £33 (acetone fractionation)dr $-9o A|Hkak A28
Ueb vl ¥ 5 palmitic acid, stearic acid, oleic acid®] dr#e ZHzF 21.829%, 42.23%,
42.23% ©] At}
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Table 28. Fatty acid composition of the scale—up structured lipid after a three-step

fractionation
Fatty acids Scale—up structured lipid Cocoa butter
C16:0(P) 21.82 25.38
C18:0(S) 42.23 37.83
C18:1(0) 42.23 33.03
C18:2(L) 3.72 2.70
C18:3n3(Ln) 1.25 1.07
p+sY 64.05 63.21

The scale-up structured lipid was synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE,
w/w/w) at flow rate of 8 g/min in a packed-bed reactor with 125 g of Lipozyme TL IM. The
scale-up structured lipid was fractionated sequentially at 25T, 4C and 6C by a three-step

process.
Y P+S : Sum of palmitic acid (P) and stearic acid (S).

Figure 41914+ = A3 wk-g-E 9] ¥ 3 (acetone fractionation)3dr 2] melting profile
3} crystallization profiles WEFHSI T ¥ & melting profiledl 4] endothermic A% peak
£ 245C%E cocoa butter® 24.7C2 AT Crystallization profileo] /4 £ 3
exothermic A% peakE 10.5TCol A YEFHSI S M, cocoa butters 8.6C ©] At}

2
Cocoa butter
————— Scale-up structured lipid
24.7
1= \
24.5
=2
3 o . - Al
o
8
1 7
255
14 ]
8_|6 10.5
-2 T T T T —T ¥ T L— T L I —T — | —
-80 -60 -40 -20 0 20 40 60 80
Exo Down Temperature (°C)

Figure 41. Melting and crystallization thermograms of cocoa butter and

100

the scale-up

structured lipid after a three—step fractionation. The scale—up structured lipid was synthesized
with substrate molar ratio of 1:2:2 (Ca:PEE:StEE, w/w/w) at flow rate of 8 g/min in a packed-hed
reactor with 125 g of Lipozyme TL IM. The scale-up structured lipid was fractionated sequentially

at 25C, 4C and 6C by a three-step process.
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ol 1229 /1A BHIES M e G ke T A, B
FARA e BREE 5o xabstelon], ol ol &3te] HEATIIBA £
gk FE, AF AAES F9A9 A AgetE SRS SPsE

F-213Fo] H M (Capillary 3-8 o] #3F melting point =4, Table 29).

<Capillary #-& ©] &3 melting point 4>

Table 29. Solid fat index of the scale-up structured lipid after a three-step fractionation

Temperature (C) Scale—up structured lipid Cocoa butter

10 96.9 94.6
15 93.1 89.0
20 82.7 67.5
25 47.6 21.5
30 18.5 0.7
35 9.8 0.0
40 4.6 0.0
45 1.6 0.0
20 0.1 0.0
Melting point (C) 42 30

The scale-up structured lipid was synthesized with substrate molar ratio of 1:2:2 (Ca:PEE:StEE,
w/w/w) at flow rate of 8 g/min in a packed-bed reactor with 125 g of Lipozyme TL IM. The
scale-up structured lipid was fractionated sequentially at 25T, 4C and 6C by a three-step

process.
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. SIS o83 TAGH W 2w Sads} 8o

[ 50 Liter & &4 E)E o83 TG d& &

Aan AA 22 A 3 H)
12 3% 25T
50 L (71 4ok E=51 kg:40 kg) dE8F 51 kg
Glass 2z B3 AT Ren:l! : 40 kg =28 A=Az
Reactor (g A 9) CBE : 635 g
328 16T

oo tE S F Aol mAobY FAAE o83 2EE Ax

Table 30. Mixing ratio for chocolate preparation

Chocolate Artificial cocoa butter — Sugar Cocoa E(Ijixizvnclieinﬂk 7] e}
Dark 16 35 45 0 4
Milk 25 35 25 15 -
White 35 35 0 95 5

Azd 3% 22 (DA 229, BolE 228, 33 22 8)S Figure 45-479] ek
Arh. ol A ek wiz vheh ge] 228l Axsigvh

P

Figure 45. Milk chocolate prepared using synthesized artificial cocoa butter.
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Figure 46. White chocolate prepared using synthesized artificial cocoa butter.

Figure 47. Dark chocolate prepared using synthesized artificial cocoa butter.
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1) Scaled-up production of zero-trans margarine fat using pine nut oil and palm stearin,
Food Chemistry, 2010, 119, pl1332-1338&.

Food Chemistry 119 (2010) 1332-1338
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Scaled-up production of zero-trans margarine fat using pine nut oil and palm stearin
Prakash Adhikari®, Xue-Mei Zhu 9, Anupama Gautam 9, Jung-Ah Shin?, Jiang-Ning Hu*?,
Jeung-Hee Lee?, Casimir C. Akoh P, Ki-Teak Lee ®~

2 Department of Food Science and Technology, Chungnam National University, Daejeon 305-764, South Korea
b Department of Food Science and Technology. The University of Georgia, Food Sdence Building. Athens, GA 30602, USA

A RTICLE I N F O ABSTRACT

Article history:

Received 6 March 2009

Received in revised form 24 June 2009
Accepted 3 September 2009

An interesterified structured lipid was produced with a lipid mixture (600 g) of pine nut oil (PN)and palm
stearin (PS) at two weight ratios (PN:PS 40:60 and 30:70) using lipase (Lipozyme TLIM, 30 wt.%) as a cat-
alyst at 65 'C for 24 h. Major fatty acids in the interesterified products were palmitic {35.1-40.4%), oleic
(29.5%), and pinolenic acid (cis-5, cis-9, cis-12 18:3; 4.2-5.9%). a-Tocopherol (1.1-1.3 mg/100 g) and -
tocopherol (0.3-0.4 mg/100 g) were detected in the interesterified products. Total phytosterols ([campes-
terol, stigmasterol, and p-sitosterol) in the interesterified products (PN:PS 40:60 and 30:70) were 63.2
and 49.6 mg/100 g, respectively. Solid fat contents at 25 "C were 23.6% (PN:PS 40:60) and 36.2% (PN:PS
Palm stearin 30:70). Mostly ¥ crystal form was found in the interesterified products. Zero-rrans margarine fat stock
I teresterificaition, with desirable properties could be successfully produced from pine nut oil and palm stearin.

DsC © 2009 Elsevier Ltd. All rights reserved.
Phytosterol

Keywords:
Pine nut oil

2) Lipase—catalyzed interesterification of high oleic sunflower oil and fully hydrogenated
soybean oil comparison of batch and continuous reactor for production of zero
trans shortening fats, LWT-Food Science and Technology, 2010, 43, p458-464.
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Lipase-catalyzed interesterification of high oleic sunflower oil and fully
hydrogenated soybean oil comparison of batch and continuous reactor for
production of zero trans shortening fats

D. Li? P. Adhikari?, J.-A. Shin?, J.-H. Lee ?, Y.-]. Kim 3, X.-M. Zhu #, J.-N. Hu 2, J. Jin®, C.C. Akoh P, K.-

2 Deparoment of Food Science and Technology. Chungnam National University, Daejieon 305-764. South Korea
P Department of Food Science and Technology. The University of Georgia, Food Science Building. Athens. GA 30602, USA

ARTICLE INFO ABSTRACT

Article history:

Received 21 March 2009
Received in revised form

31 August 2009

Accepred 3 September 2009

Keywords:

Lipase—catalyzed interesterification
Fully hydrogenated soybean oil
Solid fat content

Melting point

rriacylglycerol

Lipase-catalyzed interesterification of high oleic sunflower o0il (HO) and fully hydrogenated soybean oil
(FHSBO) at different weight ratios (55:45, 60:40, 65:35 and 70:30, HO: FHSBO) was carried out in both
a batch-type reactor (BA) and a packed-bed reactor (PBR) to produce zero trans shortening. Inter-
esterified products in both PBR and BA consisted of 34-46 g/100 g saturated fatty acids (SFA) (mainly
stearic acid) and 54-66 g/100 g unsaturated fatty acid (USFA) (mainly oleic acid). After interesterification
the physical characteristics such as melting point and solid fat content (SFC) were changed in each
product. The differential scanning calorimetry (DSC) result showed that SFC content in PBR was higher
than that in BA at each measured temperature. Decrease in tocopherols was also observed, however, the
PBR product contained much higher amounts of tocopherols than BA product.

© 2009 Elsevier Ltd. All rights reserved.
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stearin to produce low-trans spreadable fat, Food Chemistry, 2010, 120, pl1-9.
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Enzymatic interesterification of anhydrous butterfat with flaxseed oil
and palm stearin to produce low-trans spreadable fat

Jung-Ah Shin?, Casimir C. Akoh P, Ki-Teak Lee **

* Department of Feod Science and Technology, Chungnam National University, Daegjeon 305-764, Republic of Korea
* Department of Food Science and Technology, The University of Georgia, Food Science Building, Athens, GA 30602-7610, United States

ARTICLE INFO

ABSTRACT

Article history:

Received 21 March 2009

Received in revised form 10 September
2009

Accepred 16 Seprember 2009

Keywords:

Anhydrous butterfat

Differential scanning calorimeter
Equivalent carbon number

Lipase-catalysed interesterification was performed to produce low-trans spreadable fat { LTSF) with anhy-
drous butterfat {ABF), flaxseed oil (FSO), and palm stearin (PS) using biocatalysts {Lipozyme RM IM and
Novozym SP435). The reaction was carried out for 24 h at 60 °C in a shaking water bath (180 rpm). Seven
substrate blends for the production of LTSF were prepared: 12:6:2, 10:6:4, 9:6:6, 8:6:6, 6:6:8, 6:6:9, and
4:6:10 (ABFPS/FSO, by weight). After 24-h interesterification, decreased saturated fatty acid {SFA) con-
tents in LTSFs were observed with ranges from 67% to 41%. LTSFs exhibited low atherogenic index {Al)
with ranges from 2.8 to 0.8, compared with 3.3-4.7 Al of butter fat. Equivalent carbon number (ECN)
42-46 in the newly produced triacylglycerol {TAG) increased according to rearrangement of FAs on
TAG backbone. The m-linolenic acid contents (mol%) of each LTSF were 5.6% (12:6:2), 10.7% {10:6:4),
15.1% (9:6:6), 15.8% (8:6:6), 20.8% (6:6:8), 22.4% (6:6:9) and 26% (4:6:10). The trans fatty acids in the

Flaxseed oil LTSFs was not more than 2%. Melting point ranges of LTSF were from 37 (9:6:6) to 32 °C (4:6:10).

Enzymatic interesterification © 2009 Elsevier Lid. All rights reserved.
Melting point

4) Production of diacylglycerols from glycerol monooleate and ethyl oleate through free
and immobilized lipase—catalyzed consecutive reactions, New Biotechnology, 2011,
28, p190-195.

New Biotechnology = Volume 28, Number 2 -February 201 1

ELSEW

Production of diacylglycerols from
glycerol monooleate and ethyl oleate
through free and immobilized
lipase-catalyzed consecutive reactions

Juan Jin', Dan Li', Xue Mei Zhu', Prakash Adhikari’, Ki-Teak Lee' and Jeung-Hee Lee?®

? pepartment of Food Science and Technology, Chungnam MNational University, Daejeon 305-764, South Korea
Zpepartment of Food and Nutrition, Chungnam Mational University, Daejeon 305-764, South Korea

The ability of free and immobilized lipase on the production of diacylglvcerols (DAG) by
transesterification of glycerol monooleate (GMO) and ethyl oleate was investigated. Among three free
lipases such as lipase G (Peswicilfivernn cyclopitern), lipase AK (Pseudormmorras fTuorescernrs) and lipase PS
(Psendoinonas cepacia), lipase PS exhibited the highest DAG productivity, and the DAG content
gradually increased up to 24 hours reaction and then remained steady. The comparative result for DAG
productivity between free lipase PS and immobilized lipases (lipase PS-D and Lipozyvme RM INM) during
nine times of 24 hours reaction indicated that total DAG production was higher in immobilized lipase
PS-ID (183.5 mM) and Lipozyme RM IM (309.5 mM) than free lipase PS (122.0 mM) at the frst reaction,
and that the DAG production rate was reduced by consecutive reactions, in which more srr-1.3-DAG was
synthesized than s#s-1,2-DAG. During the consecutive reactions, the activity of lipase PS was relatively
steady by showing similar DAG content, whereas DAG production of lipase PS-12 and Lipozyme RM INM
was gradually decreased to 69.9 and 167.1 miM at 9th reaction, respectively, resulting in 62% and 46%0
reduced production when compared with 1st reaction. Interestingly, from 7th reaction lipase PS
produced more DAG than immobilized lipase PS-D), and exhibited a stable activity for DAG production.
Therefore, the present study suggested that DAG productivity between GMO and ethyl oleate was higher
in immobilized lipases than free lipases, but the activity was reduced with repeated uses.

5) Production of trans—free margarine stock by enzymatic interesterification of rice bran
oil, palm stearin and coconut oil, J Sci Food Agric., 2010, 90, p703-711.
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Production of trans-free margarine stock
by enzymatic interesterification of rice bran oil,
palm stearin and coconut oil

Prakash Adhikari,® Jung-Ah Shin,® Jeung-Hee Lee,® Jiang-Ning Hu,?
Xue-Mei Zhu,? Casimir C AkohP and Ki-Teak Lee®*

Abstract

BACKGROUMND: Trans-free interesterified fat was produced for possible usage as a spreadable margarine stock. Rice bran oil,
palm stearin and coconut oil were used as substrates for lipase-catalyzed reaction.

RESULTS: After interesterification, 137-150 g kg~ " medium-chain fatty acid was incorporated into the triacylglycerol (TAG) of
the interesterified fats. Solid fat contents at 25 °C were 15.5-34.2%, and slip melting peint ranged from 27.5 to 34.3°C. POP
and PPP (#-tending TAG) in palm stearin decreased after interesterification. X-ray diffraction analysis demonstrated that the
interesterified fats contained mostly 8 polymorphic forms, which is a desirable property for margarines.

CONCLUSIONS: The interesterified fats showed desirable physical preperties and suitable crystal form (8’ polymorph) for
possible use as a spreadable margarine stock. Therefore, cur result suggested that the interesterified fat without trans fatty
acid could be used as an alternative to partially hydrogenated fat.

(€) 2010 Society of Chemical Industry

Keywaords: enzymatic interesterification; solid fat content; polymorphism; oxidative stability; rice bran oil; palm stearin
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Study on the Positional Distribution of Fatty Acids, and
Triacylglycerol Separation, of Seed Qils

Jun—-Hee Moon, Yun-ITk Hwang and Ki-Teak Lee’
Department of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Six types of oil were extracted from pomegmnate seed, mung bean, pepper seed, safflower seed, seeds of Cassia
tora Linnaeus, and perilla seed The extracted seed oils were analyzed for total and positional fatty acid composition,
triacylglycernl (TAG) level, and tocopherol content. Crude fat levels measured by the Folch method were 21.64%
in perilla seed, 13.85% in safMlower seed. 9.60% in pepper seed, 8.85% in pomegranate seed, 2.25% in mung
bean, and Z.00% in C. torarespectively (all w/w). Linoleic acid (C18:2) was the most abundant fatty acid at the
sn-2 position of triacylglycerls (TAGs), manging from 15.99-88.3 wi%a The composition of TAGs was analyzed
by reverse-phase HPLC, and TAGs of seed woils showed partition numbers of 36-48. The highest content (377.74
mg/100 g) of total tocopherol was found in pomegmnate seed whereas the total tocophernl content of mung bean,
C. tora, pepper seed, perilla seed, and safflower seed were 141.16, 107.23, 33.88, 30.05, and 29.80 mg/100 g,
respectively.

Key womnds @ sced oil, farty acid composition, positional fatty acid composition, partition number, tocopherol
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Evaluation of the Fatty Acid Composition of
Fried-chicken Sold in the Market

Young-Joo Kim and Ki-Teak Lee"
Department of Food Science and Technology, Chungnam National University

Abstract

This study was conducted to investigate the fat content, fatty acid composition, trans fatty acid content, and acid value
of twenty types of fried chickens purchased in local markets in Korea. The fat was extracted from the fried chickens and
analyzed by the folch method, which revealed that the content ranged from 4.94% to 18.06%. The major fatty acids in
the fried chickens were oleic acid (29.78~67.85%), linoleic acid (8.42~39.54%), and palmitic acid (10.67~25.43%).
Twenty types of fried chickens contained less than 0.1 g of trans fatty acid per 100 g of chicken, while the fatty acid
value ranged from 0.86~2.65, which is lower than the KFDA criteria.

Key words: fat content, fatty acid composition, frans fatty acid, acid value
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Synthesis of Cocoa Butter Alternative from Coconut (il Fraction and
Palm Oil Fractions by Lipase—Catalyzed Interesterification

Sang-Kyun Bae, Kyvung-Su Lee, and Ki-Teak Lee'

Dept. of Food Science and Technology, Chungnam National University, Daejeon S05-764, Korea

Abstract

Structured lipid (S1) Tor cocoa butter alternative was synthesized by interesterification of coconut oil fraction
and palm stearin (6:4 and 82, by weight) in a shaking water bath at 60°C and 180 rpm. It was performed Tor
VATIOUS Teal 1 times (1, 2, 3, and 6 hr). The reaction was catalyzed by sn-1.3 specilic Lipozyme TLIM
(immobilized lipase [rom Thermmomyvees lannginosus). SL-solid part was oblained [rom acetone [ractionation
at 0°C. SL-solid part was blended with other palm oils and fractions for desirable property of cocoa butter
alternative (SL-solid part : palm middle [raction : palm stearin solid : palm oil, 70.4:18.4:2.9:8.3, by weight). In
reversed-phase HPLC analysis, triacyvlglyeerol species of cocoa butter alternative had partition number of 40
(10.77%), 42 (13.06%), 44 —46 (17.38%) and 48 (51.88%). Major fatty acids ol cocoa butter alternative were
lauric acid (16.5%), myristic acid (12.28% ), palmitic acid (46.03%), and linoleic acid (14.75%). Solid fat content
(SFC) and polymorphic form (B’ form) of cocoa butter alternative prepared were similar to those of commercial
cocoa butter replacer (CBR).

Key words! cocoa butter alternative, coconut oil, palm stearin, interesterification
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Development and Physical Properties of Low-Trans Spread Fat from Canola and
Fully Hydrogenated Soybean Oil by Lipase-Catalyzed Synthesis

Young-Joo Kim, Hyun-Kyeong Lyu, Jung-Ah Shin, and Ki-Teak Lee’

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

Abstract

Low-trans spread fat (LTSF) was produced by lipase-catalyzed synthesis of canola (CO) and fully
hydrogenated soybean oil (FHSBO) at 65:35 (w/w). Blend of CO and FHSBO with 65:35 ratio was interesterified
using Lipozyme TLIM (immobilized Thermomyces lanuginosus, 20% of total substrate) in a 1 L-batch type
reactor at 70°C with 500 rpm for 24 hr. Then, physicochemical melting properties of L TSF were compared with
commercial spread fat. At 20°C, solid fat contents (SFC) of commercial spread fat as a control and LTSF were
similar, showing 19.1 and 18.1%, respectively. Major compositional fatty acids of LTSF were C18:0, C18:1 and
C18:2 (29.2, 41.8 and 13.3 wt2, respectively). Trans fatty acid content of the LTSF (0.2 wt%) was lower than
that of commercial spread fat (5.5 wt%). In the RP-HPLC analysis from LTSF, major triacylglycerol (TAG)
molecules were SOL (stearoyl-oleoyl-linoleyl), SO0, POS/PSP, and SOS. Also, polymorphic form and x-ray
diffraction of LL'TSF showed coexistence of B’ and B form crystals.

Key words: enzymatic interesterification, cancla oil, low rrans spread fat, polymorphic form, x ray diffraction
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5) Comparison of seed oil characteristics from Korean ginseng, Chinese ginseng and

American ginseng, J Food Science and Nutrition, 2010, 15, p275-281.
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Comparison of Seed Oil Characteristics from Korean Ginseng, Chinese Ginseng
(Panax ginseng C.A. Meyer) and American Ginseng (Panax quinguefolium 1.)

Xue-Mei Zhul, Jiang-Ning Huz, Jung-Ah Shinl, Jeung-Hee Lees, Soon-Teak Hongl, and Ki-Teak Lee!’

“Department of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea
“State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China
3 - r H S a: < -
“Institute of Agricultural Science, Chungnam National University, Daejeon 305-764, Korea

Abstract

The chemical characteristics of seed oils of Asian ginseng (Panax ginseng C.A. Meyer) at different ages grown
in Korea (3, 4 and 5-year old) and China (5-year old), and American ginseng (Panax quinquefoliu L., S-year
old) grown in China were compared. Total fatty acid composition showed a significantly higher oleic acid content
in American (87.50%) than in Korean (68.02~69.14%) and Chinese ginseng seed oils (61.19%). At the sn-2
position, the highest oleic acid (81.09%) and lowest linoleic acid (15.77%0) were found in American ginseng seed
oil. The main friacylglycerol species in ginseng seed oils were tiiolein (O0O) and 1,2-dioleoyl-3-linoleoyl-glycerol
(LOO)/1,3-dioleoyl-2-linoleoyl-glycerol (OLO). In addition, the seed oils possessed an ideal oxidative stability
showing 16.55—23.12 hr of induction time by Rancimat test. The results revealed that ginseng seed oil could
be developed as a new healthy edible oil, and that the oil’s chemical characteristics were stiongly associated
with the ginseng species and habitats.

Key wonds: ginseng seed oil. fatty acid composition. triacylglycerol, chemical characteristics, oxidative stability
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Optimization of Lipase—Catalyzed Production of Structured Lipids from Canola
0il Containing Similar Composition of Triacylglycerols to Cocoa Butter

Jun-Hee Moon, Jeung-Hee Lee, Jung—Ah Shin, Soon-Tack Hong, and Ki-Teak Lec

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 Thermomyces 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%, Xz),
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-oleoy! glycerol (S0S), 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/PS0, 19.79 area% of S0S, and 11.22 area% of POP.

Key words: cocoa butter equivalent, canola oil, cocoa butter, acyl-migration
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Comparison of Solid FFat Index and Triacylglyvcerol Composition of the
Blends from Natural Vegetable Fats and Palm Stearin Fraction

Min-Hye Sung, Soon-Taek Hong, and Ki-Teak Lee’

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

Abstract

Palmitoyl-oleoyl-oleoyl (POO) and palmitoyl-oleoyl-palmitoyl triacvlglycerol rich fraction (PSL) was ob-
tained from the acetone fractionation of palm stearin. The fatty acid composition (total and positional), tri-
acylglycerol species, and solid fat index (SFI) were compared among the blends of natural vegetable fats (sal
fat, illipe fat, kokum fat, shea stearin fat, and shea butter) and PSL with different ratios (50:50, 60:40, 65:35,
70:30). In total fatty acid composition of PSL., palmitic, oleic, and linoleic acids were the major fatty acids, whereas
in natural vegetable fats stearic and palmitic acids were the major fatty acids. Moreover, oleic acid was a major
fatty acid at sn-2 position in sal fat, illipe fat, and kokum fat. The TAG species was analyzed by reversed-phase
HPLC, from which the PN wvalue ranged from 46 to 54. When natural vegetable fats and PSIL. were blended
with different ratios, decreasing the amount of PSL resulted in increasing SFI in most cases. Among blends,
the SFI of sal fat and PSL were most similar to commercial cocoa butter equivalent (CBE).

Key words: cocoa butter eguivalent (CBE), palm stearin, natural vegetable fat, solid fat index (SFI)
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Optimization of Acetone-Fractionation for 1-Palmitoyl-2-0Oleoyl-3-0Oleoyl
Glycerol and 1-Palmitoyvl-2-0leoyl-3-Palmitoyl Glyvcerol
by Response Surface Methodology

Jung—Ah Shin, Min-Hye Sung, Sun Mo Lee, Jeoung—-Mae Son,
Jeung—Hee Lee, Soon-Taek Hong, and Ki-Teak Lee'

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

Abstract

1-Palmitoyl-2-oleoyl-3-oleoyl glyecerol (POO) and 1-palmitoyl-2-oleoyl-3-palmitoyl glveerol (POP) were
enriched from palm stearin using an acetone fractionation process. Response surface methodology was emploved
to optimize the purity of POO (Y, 23) and POP (Ya, 24) along with POO+ POP content (Ys, g) based on independent
variables such as fractionation temperature (X;, 25, 30, and 35°C) and the ratio of palm stearin to acetone (X,
1:3, I:6 and 1:9, w/v). Fractionation conditions were optimized to maximize Yy, Y2, and Yy, in which fractionation
temperature was 20.3°C with a 1:5.7 acetone ratio. With such parameters, 60.92% of POP and 23.8% of POO
purity were expected with a 75% yield (3.0 g) of POO and POP.

Key words: 1-palmitoy]l-2-oleoyl-3-oleoy] glycerol, 1-palmitoy]l-2-oleoy]l-3-palmitoy] glycerol, response surface
methodology, acetone fractionation
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A Study of the Enzymatic Interesterification Reaction for Producing
Palmitoy]l-Oleoyl-Stearoyl Triiacylglycerol 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-oleoy]-3(1)-stearoyl
glycerol
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A Study of the Enzymatic Interesterification Reaction for Producing
Palmitoyl-Oleoyl—Stearoyl Triacyvlglycerol from the Palm Mid Fraction

Seon—Mo Lee, Jung—Ah Shin. Soon—Tack Hong, and Ki—-Teak I.cc’

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 catalvzed by Lipozyvme 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 glyvcerol content decreased, whereas 1(3)-palmitoyv]-2-oleoyl-3(1)—
stearoyl glyvcerol (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 PMI : 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-oleoy]l 3(1)- stearoy]

glyvecerol
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Optimization of Lipase—Catalyzed Interesterification for Production of Human Rilk Fat Substitutes
by Response Surface Methodology

HISEHEWEAM o R RiEIXe] F45 ghE A == 5
Jeoung-kae Son, Jeung-Hee Lee, Cheng-Lian Xue, Soon—-Taek Hong, and Ki-Teak Lee”

Department of Food Science and Technology, Chungnam Mational University

ABSTRACT

1. 3-Dioleox-2-palmitovlglyvcerol COPOI-rich human milk fat substitute (HMFS) was svnthesized from tripalmitin
(PPFI-rich fraction and oleic ethyl ester by a lipase-catalvzed interesterification, Response surface methodology
(RSM) was emploved to optimize the presence of palmitic acid at sn-2 position (1, %) and of oleic acid at sn-
1.3 (2, %), with the reaction factors as substrate molar ratio of PPP-rich fraction to oleic ethyl ester (=1, 1:d. 115
and 116}, reaction temperature (<2, 50, 55 and 600C), and time (3, 3, 7.5 and 12 h). The optimal conditions for
HrFE synthesis were predicted at the reaction combination of 5502, 2 h and 1:6 substrate ratio. HMFS re-
synthesized under the same conditions displayved T0.70% palmitic acid at the sn-2 position and 69.58% oleic acid
at the sn-1,3 position. Reaction product was predominantly (90.352:) triacwlglvcerol (TAG) was observed in
which the maior TAG species, OPO, comprised 31.24%,

KEY'WORD

human milk fat substrate (HMFS), tripalmitin, oleic ethyl ester, response surface methodology
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