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Immobilization of Lipases on Amberlite and Their Interesterification
Reaction Characteristics

So Ra Park and Ki Teak Lee*
Department of Food Science and Technology, Chungnam National University

Abstract Immobilized lipases were prepared by physical adsorption using lipase AK, AY, AH, PS and R on
Amberlite*XAD®7 HP resin. With the immobilized lipases (10%), structured lipid was synthesized by enzymatic
interesterification of canola oil, palmitic ethyl ester, and stearic ethyl ester in order to study the reaction characteristics.
Among the lipase, the highest protein content was obtained from lipase AH (11.41%) before immobilization, while the
highest levels of bound protein was observed from immobilized lipase AK (63.91%). Immobilized lipase AK had the
highest interesterification activity (38.3% of total saturated fatty acid). Lipase AK was also used for a continuous reaction
in which the slow flow of reactant resulted in increased reaction rate. Reusability of immobilized AK, AH and PS
increased at the second reaction (120-196.5%). However, the activity of immobilized AK, which had the highest bound
protein content (63.91%) decreased after the third reaction, while the activity of immobilized AH and PS was maintained

until the sixth reaction.
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adsorption (4), encapsulation (5), covalent attachment (6), cross-

liking®#(7) &°] Stk AdsorptionH2 THE W Ee] Hlste] H]
A AT ESAs Jrb AT, G4k {718l
B89 supportZ+e] HlwH <Fsh %Eﬂoﬂ o3l ¥Hs F des-

orption(82hE 7Fs/do] =t WSk, Tae] 2] Wl active
sitedll Al 712 ] H2rFsAdol daste] 343t A EAE, free
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st 1A 3}e 739 AMS-E& support2+= polypropylene powder,
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CaCO, (11), porous chitosan beads (12,13) 5°] B31E3L §)=H
o]& FollA amberlite XAD-7= acrylic ester®] FENQ! 57 43
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< 7FA= polymeric adsorbent= g3t =8]% FAo| HlwA <t
At} o)A Y supporte] AEL 40 BA P APAHES AF
she T8k 89lo|uR (1), 2283} Al supports: AT wf &,
skeha] P4, supporte] W 3= B WA, pore size, support
o} a47k] afﬁnlty—-/] 8RJAEL I3tk Tk®).

o] gl lipase (glycerol ester hydrolase, E.C. 3.1.1.3)= 7%
g} o =EENHE-S FA Ty wEd fAE 7 o
AREE 2 9lem olE lipasex 714 A9 BESNL, triacylg-
lycerol (TAG) Wjoll EAlsl= AAke] Y114 £ 2 acyl chain
9] Zo] Boll met 71d S 7HIThE8). WA interesterifi-
cationz} 72 WESoA lipasee 7122 412 TAG 74 AW
AHE FA] e dEFo R AEAAX FA 284 e
sty BAE WA Uti(14).

ole} o] A AWAte]l AMEH TAGES Al+4 A&
(structured lipid, SL)°l=2al 3} SL& X &84, 38H4 &

e v 394 B QYR 542 A7) stk
F1S] T TAGS] AR Zolf A% FeE

tellx ALt -

HPH O 2= interesterification
Lo

Hhgo] 1 °ﬂ°l‘?‘r(8 15). 3*33 gagkge] 71" BolgdS o83
7] A F= lipaseE o83 a4% TS skt 53], v
AEANA FHE lipases 7AAGS FHHEA tiE ABite] 7t

00}7] o AF R dE] o] &

2 AfoME nAEZRE FHE free lipases} ©JEZYE]
adSOI"p'ﬂOH‘jq < o] &3t A|xg immobilized lipaseEo] BAF
interesterification W3- 5733} AAME-Ad (reusability)S 2} 2;
It o5 ¢35l FF=EH(canola oil)9} palmitic ethyl ester

EHTH(16).
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(PEE), stearic ethyl ester (StEE)E 7|2 =& ARSI o] & 7F
B A4 TAG EA2 sn2 Ao 2# 2 Holeic acid)2]
3ol Zom TAGY 24| F&E triolein (O00)E ©]FolA )
°u 2 lipaseE ©]&3 G4% FA Al 9RH Bolde] fF-E
Hop GA #ES 5 Qo] B Aol r|dz Mk

| Hpbd

xH

HU
0

HENE

Interesterification W50l AM&-E 7]l 7l=E(canola oily=
Wesson (ConAgra Foods, Inc., Omaha, NE, USA), palmitic
ethyl ester (PEE, 16:0)2} stearic ethyl ester (StEE, 18:0)% ()
Y] @ H 7H(Daejeon, Korea)oll Al Al-g-wkolr] ARE-3}Th A3}
(immobilization)®l] AF&-3F lipase= 5522 M lipase AK (from
Pseudomonas  fluorescens), AY (from Candida rugosa), AH
(from Burkholderia cepacia), PS (from Burkholderia cepacia), R
(from Penicillium roqueforti)©]™ ©]&< Amano Enzyme Inc.
(Nagoya, Japan)ll Al Al F®Eetth. 224 sholl ARE-g support=
Amberlite®XAD®7 HP Resin© 2 Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA)IA F+435le] AREEIom 77|84 ol A}
4 BE Aok 848 SHA e AR

g2 185t

Zhang 5(2)°] Rig WXl WHE 0|83t supportq!
Amberlite®XAD®7 HP Resin 350 mg2 6 mL2] ethanololl 20%
7k RA %, 239 distilled waterS ©]-83te] FAAIZ O, o]&
A F=o wxste] Axg F A3 support® ©]&-3HATh.
A5 WL Zhang S(2)°] Ae WS dF WSt AF
43t9om dAEE A1z support 200 mg= 2 mL9] lipase
solutionZ} E3AIF T} o] W lipase solutione Z} & Ao Tz
kol w2} 11.2 mg protein/mLE A|Z31$92™ 0.01 M tris-HCl
buffer (pH 8.6)5 AMEsIATE &3 § A42(25°C)°A 185 pm
o= 7ARE F& WeAZleH o] RkgES 124 3,000 rpmS
2 A4 stk 2§ S oA g S o83
o supports=S bufferz o8] W FAHISI] ARAIR] & 143}
B ARSI o] of FEES Ash] fE dAIA I
B om o]2M water activityZF 0.13-0.192] HE UERY
£ 2439 immobilized lipase AK, AY, AH, PS¢} RS ZH|s}

n
4
==
2
o

¥ 23

Lowry 5(17)2] WS o7 wigste] oz shaf 52 A9
o] &322 bovine serum albumin (BSA)E standardZ ©]-8-3}
o z}zhe] 143l A free lipase®t 2SS § o] gk ©
W e =43 oF o83l supportell F2HE bounding
protein(%)3} mg protein/g supports AlXFSIATE Tl ERS
Z7437] 9lste] &9 A (CuSO,5H,0 0.5 g+Na,CH,0,2H,0 1¢g
+distilled water 100mL) 1 mLZ &9 B (Na,CO, 20 gNaOH 4 ¢
+distilled water 100 mL) 50 mL-& &£3tste] &9 C2 A=z
™ &9 Di= Folin-Ciocalteu phenol 10 mL3} distilled water 10
mLE E3ste] Az 3|41g lipase solutions 1 mL 3}
o] test tubed] WAL £ CE 2.5mL WOl 1087 204
g § & DE 025mL H7lste] 3027 AF2olA EAAI
% spectrophotometer (UV-1700, Shimadzu, Kyoto, Japan)S ©]-&
ato] 562 nmellAl 2 EE AT

I

Free lipaseE O|&8} batch type interesterification H9+S

I3} A free lipase®] WHE 5438 gokEr] #l3] 50 mL vial
o] FF=af, PEES StEES 1:1:19] & H|&E & 10 go] HE
& AAson 559 a4s F 71EFAY 10%0 1 g& 3
7hsted REg-g XSt o] of ¥hg- 272 46°C, 200 rpm
. laboratory stirrer/hot plate (Corning, PC-420, Oklahoma City,
OK, USA)9} &-24-2(WBC 1506D, Jeio-tech, Daejeon, Korea)S
ol &3IATE 1, 3, 6, 9, 12, 24, 48, 2A7MEE WFSES N
om ol EA A3t

Immobilized lipaseE O|&8&t batch type interesterification
Hs

Immobilized lipase®] §H-g- 5445 Yobr7] 91314 interesterifi-
cation RF3-2 33T AMS-El G4 559] immobilized lipase
(AK, AY, AH, PS¢ R)E ©]83}31 o™ W3- shaking heating
bath (BS-21, Lab Companion, Daejeon, Korea)ollx] *133}%]
1, 3, 9, 48 AIZHEE WHEES 3] £ olgstdlen 1
o] 9k 7L free lipaseS ©]-8-3F interesterification WFS- =

3 st

Immobilized lipaseE O[&$&t continuous type interesterifi-
cation HtS

2A3kE &4 55 FolA batch type interesterification WH3- A]
o &Ado] 71 =3 immobilized lipase AKE ©]-8-31% con-
tinuous type interesterification 8- Y3t Th. W7 |= water-
jacketed glass column (1 cm id.x37.5 cm)°] 12.02 g2 immo-
bilized lipase AKS} 2533 g2 glass bead (63)5 &3 stz
column®] silicone tubingS AZA3¥ Fol peristaltic tubing pump
(EYELA, MP-1000-H, Tokyo, Japan)ZS $3Zslch o] o glass
columnt] F3E 294 mLo]e™ void volume 15.5 mLol%d
t}. 7l=2h5, PEES} SEEE 1:1:19] & H|&E E33F 3 46°C
oA 06, 0.8, 1.0, 12 g/min®] &2 FAF o o] ¥
=5 4ol o83t

Hi20f| [l Y289 Triacylglycerolo| X|EHt =M £A
Z|\Fal 2418 gas chromatography (GC)S ©]-8-3le] #2939
t}. ¥-3-&E 50uLE chloroform 200 pLoll 3]2]3}e] thin layer
chromatograph (TLC, 20x20 cm, Merck, Darmstadt, Germany)ell
spotting 3F51S™ Z7ll &vl= petroleum ether:diethyl ether:acetic
acid=90:10:1 (vvivyg AH&-ated /e & TAG bandi-S #&]3}
Tk 223 TAG bandE methylation 5 GC £2]o| AM&sl$it).
Methylation> #2]3 TAG bandE test tubeo| 0.5N NaOH
methanol&-% 1.5 mLz 37 ol 187 1 F 100°CollA] 5%
ZH WAL TR 20°CelA] WZStSATE. 2 ¥ BF;-methanol &
4 2mLg H7iete] 127 JAFGAA 100°ColA 387 kg &
oAl 20°CelA] @zt Wz AlEe] 2mLe] iso-octane}
1mLe] 33} NaCl €45 H7iste] 187 ALe 5 d4Ee
£ olgsle] T& FYsth I BEES AASH] S8t
sodium sulfate anhydrous columns ©]-83}51oH ©|& FFA|A
At 24& EASHATHIL). A °ol&e 7|7l GC
(YL6100GC, 6000series, Younglin, Anyang, Korea)©]™ flame
ionized detector (FID)E ©]&-3}A Tl oW detector?] 2=+
260°C, injector®] %=+ 250°CZ 43R o™ columne SP™-
2560 (100 mx0.25 mm 1.dx0.2 pum film thickness, Supelco, Bello-
fonte, PA, USA)S AF&dto] 4tk Ovendl 27] &&=
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150°Ce|H o]& 5%7F FAAIZ F 4°C/minS = 220°C7HA] 52
AlA 30%7F o] 255 FXI8ISTh. Carrier gas= HeS AME-3FA
o 1 mL/min® 2 §AAZIL A& 1 uLE Geoll Fhske] A
Wb 248 BT

Rjgate| 9lxld

Pancreatic lipase (from hog pancreas, Sigma Chemical Co.)&
ol g3l 7l & trlacylglycerol _,_x]-_,] $X](sn-2, sn-1.3)
of wE AWt 245 BT WHSE 10 mgoll 1 M Tris-
HCI buffer (pH 7.6) 7 mLS &3 ??} 0.05% bile salt 1.75
mL, 22% CaCl, 0.7 mL& 37}tk HES, pancreatic lipase
10 mg& 3H7¥ae] Hﬂ—ﬂ Zlgst & 37°C %Q—TZOM 3EZE b
S8kleh 2 o 30% ZF Xgske] 387 vk, 3033 J"St
o] 287 kS-S 2183 ‘}iE]—. 2 ¥ 4 mLY diethyl etherS 7t
st MR & AAREE o83t %S £ F sodium
sulfate anhydrous columng ©]&3}e & 9 BLES AASIA
t}. ©]& TLCO spotting 311 ZI71-8ul h
acid=50:50:1 (vv/v)E AF&3ted A7l A1zl % 2-monoacylglycerol
(MAG) band?HS H2|5HA ). 28 MAG band= BF;-methanol
S 0|83} methylationr 7] & GCEA1S Al&ste] sn-2 91X <]
A 24 FABIATH19). o sn291e] AAE 243
triacylglycerol®] A|H4F 2A4S o831 sn-1.3 IX|e] AHF =

B ARSI O A E T3t 2THE).

=Y 24

exane:diethyl ether:acetic

sn-1,3(%) =[(3 x fatty acid composition of TAG)

— fatty acid composition of sn-2]/2

Reversed-phase high performance liquid chromatography
(RP-HPLC)E =3t TAG 2M

HES-E9] TAG 24& ¥olir| $8ke] RP-HPLC (Younglin,
Anyang, Korea)E ©| &3ttt 4| A8¥ HPLCE 99
SP930D F& #3Ze} Sedex 75 evaporative light scattering detector
(Alfortvill, France)’} F2t=o] Tt o542 7187 &85
o] g3l o &u] A (acetonitrile)?} &1 B (isopropanol:hexane
=2:1, vW)E F% ImL/minS2 Z#HFAL columne Nova-pak
C18 column (4 um, 150x3.9 mm LD., Waters, Milford, Ireland)E
ARESIAY. B4 AIEE chloroformel] ¢ 3 mg/mLe] =5
Azt o] &3ttt EA o] AFEHH guj A¢t BE FIH]|
80:20 HI&E Zg]7] Al&ste] 4SE7HA] 54:460 2 WAL H
15827 FAAIZI & FIH)E 80:2002 65%7FA] "stAIF L vt
Aoz 708714 ol fAFoEN AL miHTK18). TAG
9] ZAJ2 retention time (RT)$} partition number (PN) A}o]<]
A2 S Bl BASIG e AL F ON TG #AA| &
AFE ou|shH NDe F o343 45 S3HH(19).

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

Immobilized lipase2| reusability &4

Immobilized lipase®] AAFE:- 7157 3 glst7] f8ked 50 mL
vial] 7F=2l6, PEES} S(EEZS 1:1:19] & ¥]&= 1g9] 712 &
sHev 7}zte] immobilized lipaseE 0.1g & 712 FA19 10%)
£ 3o W2 } ST} o] w WkS ZALE 46°C, 185 rpme
AIZE BR 5&% FrEzo A Xgeiqitt. vkgo] B v
=5 5‘4—???_ +3 «] hexane2 ©]-8&-ate] AMgH g3t &

_4

e

1
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= 2 AlFele] FEo AZAZ T Tl WS Hale
92_0_111 ol% ed7 AT o F 7 WS TAGS]
% TS B 15 WgRe] F Eah ko] st

o] oA EEE ek
SAHXE|

FAIA2]= SAS (statistical analysis system, version 9.2)5 4
A3t Duncan's multiple range tests 33t om 2+ 1571+
FIAJA 2ol & p<0.05 FTolAM ASsIATH

e
FsE CHE 8 Ml

A3l A free lipase®] @& 3 2 293} F supportol
tel ©hald 3=k (bounding protein)?} g supportd &-2HEl pro-
tein (mg protein/g supportyS Table 19 YERATE. Free lipase2]
A SRS free lipase AHZF 11.41%% 7P =0T WHH | free
lipase RO] 222%= 7P @A Uelstt). Yang® Rhee(20)8] 7
% resindl Amberlite XAD 78 ©|-&3l] §4F IAS A4 74
£ 56%<] protein®] 2= S Mustranta 5(25) resinS 3L
7“5} support® ©]-8-3}932 7% silica gelo]L polyethylene}t} g
3 supportdl] &2 protein®] F=H(mg)o] B BUTT B I3
t}. Table 194] 250 immobilized lipase?] 23s}e Tuld st

2 0.03-0.14 mg protein/g support®] WA UEFES™ free
11pase°ﬂ/‘1 A sheFo]l =4A lipase AH, PSS} AKZF 314 sH
B o= g o] $840.11-0.14 mg protein/g support)®] immo-
bilized lipase AYS} R (0.03-0.05 mg protein/g support) Xt} =k
t}. 3, bounding protein(%)e] 7% immobilized lipase AK7}
63.91%% 74 =o} supporte}e] 3 3}(suitability)7} 717 Bojyt
O}, ol gkl 7Y &4W free lipase AHE 327G 3)3h
immobilized lipase AH®] bounding protein(%)< 36.31%=ZX% 7}
& 9 UERsth

l-J

Tk
JN'

Free lipaseE 0|88} batch type interesterification HSE
9_| Xll:ll-}q- gl TAG XA°'|

Hhe 71d=E ARE JhsEhRe] F8 AR oleic acid (Cyg,)
24 5881 area%®] 7HE E S UEske™ E3AEA]
palmitic acid (C, )2} stearic acid (C,z0)= 27+ 5979 241
area%®] $ATH(Table 2). SHH, 5%9] free lipase®} 7] A Frse,
PEE, StEE)2 ©]&-3t batch type interesterification WH-5-52] A%+
Ab 24 WSS Fig 19 YeRIQITE Fig 1(A)E § EX3AW

Table 1. Comparison of protein content (%) on free and
immobilized lipases

Immobilized lipase

Free lipase
protein content (%) Bounding protein mg protein
(%) /g support
AH 11.41£0.16* 36.31£0.67° 0.12+0.00
PS 7.76+0.02° 48.36+0.65" 0.1120.00°
AK 7.57+0.08° 63.91£0.29° 0.14+0.00°
AY 2.80+0.18¢ 38.98+6.52¢ 0.03£0.01°
R 2.22+0.00° 49.81+0.80° 0.05+0.00¢

All values are meantSD (n=2).
*“*Values with different superscript letter within the same row are
significantly different by Duncan's multiple range test (p<0.05).
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Table 2. Fatty acid composition (area%) of canola oil and interesterification products obtained from continuous type reactor at the
different flow rate

Canola oil Immobilized lipase AK
1:;22] TAG sn-2 sn-1.3
(area%) TAG sn-2 sn-13 g6 0.8 1.0 1.2 0.6 0.8 1.0 1.2 0.6 0.8 1.0 1.2
g/min  g/min  g/min g/min gmin gmin gmin gmin gmin gmin gmin gmin
160 97 135 828 1366 975 9.00 8.50 8.39 491 4.07 3.19 1630 12.17 1146 11.15
’ £0.55 +1.04 +135 =+0.14* £0.01® £0.19° =+0.16¢ +0.18 =+1.19° +0.31° +037° +0.30° =+0.57° +0.13%¢ =+0.06°
18:0 241 080 322 677 4.13 3.60 3.46 4.17 2.74 1.92 1.56 8.07 4.82 4.44 4.41
: £0.01 +0.61 028 =+0.12° =+0.04* =£0.31° £0.06° =+0.08 =+0.47° +0.59> +0.02° =+0.14° =+0.29° =£0.76* =+0.07°
181 58.81 51.53 6245 5338 54.82 5533 5556 5833 56.04 5584 56.63 5091 5421 55.08 55.02
: £2.52 +1.74 +4.65 =+0.06° £0.08" =£0.03* =£0.16* =+£1.36*° +2.45* =+0.06° =+0.50° =+0.60° =+1.10° =+0.07° =+0.49*
182 2278 3344 1744 19.17 2221 2262 23.02 2190 2526 28.12 2693 17.80 2068 19.86 21.07
“ 124 £195 £0.88 +0.18¢ +0.08° +0.16° =£0.07° =£1.15° £1.69° +0.81° +0.92° +0.84° =+0.73* =+0.65° =+0.57°
183 10.04 12.88 8.62 7.04 9.11 9.46 9.47 723 11.06 10.05 11.71 6.94 8.13 9.17 8.35
< 2074 £2.05 £2.13 026" +0.05° +0.00° £0.18° £0.04° +0.04*® £0.16"° +0.78" +0.41° =+0.10* =+0.08* =+0.11°
TUSFAD 91.63 97.85 88.51 79.58 86.13 8740 88.05 8745 9236 9401 9527 7565 83.02 84.10 84.44
ISFA? 838 215 11.50 2042 13.87 1260 1295 1255 7.64 5.99 4.73 2435 1698 1590 1556

All values are mean+SD (n=2).
DTotal unsaturated fatty acid.
ITotal saturated fatty acid.
*dValues with different superscript letter within the same column are significantly different by Duncan's multiple range test (p<0.05).

100

(A)
90
80 |
70 |
X 60 | ——AK
3 50 -
© 40 == AH
30 | == PS
20 AY
10 |
0 .
0 1 3 6 9 12 24 48 72 75
Time (h)
(B)
X —— AK
3]
2 =R
©
== AH
== PS
AY

0 1 3 6 9 12
Time (h)

24 48 72 75

Fig. 1. Comparison of fatty acid composition (area%) in
interesterification products obtained from batch type reactor at
the different reaction time (A) total unsaturated fatty acid; (B)
total saturated fatty acid.

2te] FHoleic, linoleic acid (C,q,), linolenic acid (C,q;))S YERA
AOR UhHE free lipasete] WSOlA kg A]7bo] Zoiel
g} sk AES BHAoy Fig 1By F ZspAate &
(palmitic acid, stearic acid)®-Z Wk AJ7to] 2o wel S7)s)
= A%S 2o 7 7182 ESIX W] ethyl esterd] PEE

9} StEEE AFE-3lo] interesterificaton BF3-2 F3Y3FH 2™ lipase
o] Aol L= WgE] EIX W H(palmitic acid, stearic
acid)®] ZA H|Eo] =oX|e Zog Helr) uehA T
o] 71 =YY free lipase AH (Table 1)7} PEES} StEES] X
3} acyl’1E 7h=Ee TAG #4159 AFAI]E interesterifica-
tion ¥-8-2 7Y A TSRS BT v, ol 3
o] 74 A free lipase R (2.22%)2] 7% A7ko] Agelx
T IRt & BEXSALEY dhero] 71HRl ThEehhot

S}
=

f

B3 S Hol= Zo= Kol interesterification §H-2-0] 79
dojupx] ettyyr dAEITh, WHA| free lipase AYS] Aol &

WA ghero] 2.80%=A4 WA ek RN vk ko] 4
oAl met F EZsR|WAke] Fkele AL2R2 YERY lipase R
B A ZA00M 9 interesterification ¥H-3-4o] ATHE o2 uj
o Ro g AAETh SHH) 559 free lipase ool T
FeFo] =9hA fiee lipase AH, PSS9t AKE 72417F wh3-Eoj 4
35-40 area%S] F E3PA|WARS] S Ho] ¥EE 71AE AR
 Thsehie] & ST SRl 838 area%lth A F
7tEE ALZ YEeR} fiee lipase AH, PS ¥ AK7} PEES} StEE
£ interesterification WH-g-ol AMg-3F Zo2 JAdETE o]e} 7o
lipaseE AME-3t] TAGS] A A4S HIAR A4 AF
S Azxsld B A7 2o e £, sshd 5448 WA
71 @77F 19709078 IYEL IS
@1y Awsla stk

3HA | free lipase AKS A El3lo] o]Z

T,

Rousseau®} Marangoni

0|83} interesterification
"S- AI7PE TAG species® RP-HPLCZS o|-&3lo] 23190 (Fig.
2). 7t=EH9 TAG FA(Table 3)S triolein (000)°] 57.49
area%= 7 =2 H|E&E YERGoH, I T2 Z I-linolenoly
-2,3-dioleolyglycerol (LOO)°] 33.77 area%°|%A3, 1-palmitiyl-2,3-
dioleolyglycerol (POO) 2 LPO/LOP 5o| A543t} o83k =
e Wb AlZbe] AAATE FhEaRe F8 TAG species?]
000¢}+ LOOY] ko] ZHAslgEt], 3] 0002 A% 72417
HES-EolA 6.53 area%s Ho|WA ZA TASINOH LOOE
460 area%= 72kt wWhA, 3} XWHAF] palmitic acid:
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Fig. 2. Change of triacylglycerol (TAG) species in interesterification
product obtained from batch type reactor with free lipase AK
(TAG species: L=linoleic acid, O=oleic acid, P=palmitic acid,
S=stearic acid).

stearic acidE -3t TAG speciesE2] o] S/l AES
Rl PO0L] &0l 26.06 area%= 5 718F912H, 1-stearoyl-2,3-
dioleolyglycerol (SOO)%E 12.94 area%= Z7}stith.

Immobilized lipase2t batch type reactor® S8t interest-
erification HtSE2| X[t =4

Azet 559 25t Ghet w71 AE ©]83te] batch type
reactorl| 4] interesterifications 3} o 7] AL dr-S-&
9 A A 24 B4 A= Table 494 2t 143kd
7zt §4d EAS v wdk A7, 7339 immobilized lipase AK,
AH®} PSO] 739 REGA|Z o] 1A|7 A 48X 7k 2 F7Tstel )
gt & A T T EXSAARe] S ZUSFA)YS 7HAEka
o EZeALEe] FRHESFA)C] F7HsIATE 48417 W=
299] palmitic acid®} stearic acid®] ¥=F-S immobilized lipase
AK7} 20.799} 17.51 area%, immobilized lipase PS7} 12.359}
730 area%, 2] immobilized lipase AH7} 10.559} 549 area%
o2 Yeitt ol 71E2 AM8d FhEEHrY palmitic acide}
stearic acid®] $FFo] Z4zb 5973 241 area% o2 F E3PR|HHAE
o] AL 838 area%°|ANoH Wk A 7to] Z713te) wiE} inter-
esterification®] 7122 AM&-¥ PEES} StEE7} Wk 5 Fh=ehiol
TAGEA} <tol] Ag=o] & AR Ao SV ATk
AL oM}, 48A17F WSS Bl wsiEHA immobilized lipase AK

=
7} 383 area%®| & ESALAE S WoldA TP e &

o ofy

¢
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d

S BT o] free lipase AH, AK 2 PS9} B3} inter-
esterification®] W52 AHHETH, IAHSIE ol wel lipase2]
ol #adte AS B F ANLH o= Kartal 5(22)°]
Candida rugosa®X 212 lipase] A3} Az} Fo] A8 H]
g Aol e AFAE JERNSITE ]9 720 lipaseE 785}
e A9 a4 &4 Wyt A71M Bloomer 5232 A 3H
o] AM&-3l= support®] FFoll wel G4e] o] F IS v
2 RIS 9HE ) immobilized lipase AYS2} immobilized
lipase Re] 739~ & AWt ol x| vk Al7ke] whel EspA
2 slafo] 755-893 area%S} 7.46-7.71 area% HYZE Ho|HA
g A FhEeael F XS 243 & Aol §lo
immobilized lipase AY$®} RS interesterification ¥H-3-7d-2 A< §l
t Zeog gdEn 3, sn2 X9 XA Ao immo-
bilized lipase AK2] 7% WHE-A|7Eo] 1A]7el|A] 48417k 2 Z7}
PE palmitic acid®} stearic acid®] FE©] 3.62-23.68 area%}
1.39-19.11 area% $91E Ho|Hr FZ3) Z7leit) ole vhs
Akl AojRe] w2} sn-1,3 91319 AakEo] sn29AE o5
sl acyl migration F/do] dojton ek REZol| ARGE
immobilized lipase AKS] ¥HS- 9IX] Eo]Ao] A 9k9t7] wlF
o7 ydEh

Al

k

ok

Immobilized lipase®t continuous type reactorg S
interesterification BtS&2| Xt A TAG =M
Immobilized lipase 5 1A% Folide A FUAT &gl
=9k immobilized lipase AKE scale-up #|Z3}¢] continuous
type reactor= interesterification ¥H-g-& T T o Ko Wyt
W&o Akt 24 WSl WX= ¥ AR ITH(Table
2). £ 06, 08, 1.0 E 12 gmin® & Z7IA171H AL inter-
esterification WH-3-E2] F E3A|HAF RS 7hzE 2042, 13.87,
12,609} 12.95 area%= 7HA3kdh o= wes|Re] fo]
g Gas) 719 HESRe A7) AoRBER g &
= Al7re] S71goll Wt interesterification WHg-o] F718kal
A WHEEe] & 2] 2A0] FUteE AR Tk
o B eSS AL e TAG 249 sn291A] AW
A 2AE e & IS & X3t A ol

12.55 area% (0.6 g/min)°llA1 4.73 area% (1.2 g/min)Z 743t
ole} 72 WhEEo] Ak WstE lg TAG wAFES] =
AHstE Golrs] 9lste] RP-HPLCE o] &3lo] AxE A6
$ITHTable 3). Continuous type reactorS ©|-&3+ WH3-22] TAG
B2l 248 5458 06004 12 gminZ HA 72 7% 000

Table 3. Peaks classified by partition number (PN) of canola oil and interesterification products obtained from continuous type reactor

at the different flow rate

. . Immobilized lipase AK
TAG species Canola oil
0.6 g/min 0.8 g/min 1.0 g/min 1.2 g/min
PN=46 LOO 33.77+0.97 26.04+0.39 32.12+0.02 34.15+0.33 34.73+0.25
LPO/LOP 3.68+0.33 8.58+0.23 5.11+0.09 4.65+0.25 4.91+0.52
000 57.49+0.13 40.37+0.69 49.08+0.15 51.05+0.25 50.28+0.27
PN=48 POO 5.06+0.51 16.89+0.71 10.43+0.29 8.05+0.01 8.31+0.50
PPO/POP - - - -
SO0 - 6.44+0.36 2.78+0.24 2.1240.17 1.79+0.00
PN=50 PSO/POS - 1.70+£0.22 0.36+0.05 - -
PPS - - - -

All values are meantSD (n=2). TAG species: L=linoleic acid, O=oleic acid, P=palmitic acid, S=stearic acid.
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(triolein)®] o] Z}z} 4037, 49.08, 51.05 Z 50.28 arca%® =
7¥ele AEE B9 WA POO (1-palmitiyl-2,3-dioleolyglycerol)e]
kS 16.89, 1043, 8.05 X 831 area%= 743w ole H
zZo] fo] 7hade] wE 7|dHe] FHE ARbe] dojx|aL \E
2 A7be] FUkete] wkg71AQl e 8 TAGEAR]
0002] A& Zo|x|HA] StEES} PEE7} interesterificationdF-3-oi]

AN EASEA A 46 A A 3 F (014)

Folstel POOSH SO0 5°] 240l S7kshe Ao At
o|¢} 720] da Silva 5(24)= A& WIS o] g3t AT9A
Ao 4 AFE & wole f5ol 7P 83 alelt s
om olE JF7MAHol wE} 71- T4 wkg Al7be] 7hAgh
o} B ST} $HH, batch type reactorsS ©]-8-3F HhE-Eol=
PPO/POP, SSO/SOS % A#Fe] PPS9t SSP7F EA3I9A T con-

Table 4. Fatty acid composition (area %) of interesterification products obtained from batch type reactor with different immobilized

lipases and reaction times

Immobilized lipase AH

Fatty acid
(arca%) TAG sn-2 sn-1.3
lh 3h 9h 48 h 1h 3h 9h 48 h lh 3h 9h 48 h
16:0 4.72 5.13 12.52 10.55 6.92 1.01 1.39 3.19 3.62 7.19 18.09 14.23
) £0.03¢  £0.03°  £0.03*  +0.05° £0.04*°  £0.07¢  £0.07°  +0.03° £0.02¢  £0.08°  £0.00°  +0.06"
18:0 2.38 2.65 5.43 5.49 1.62 0.48 0.87 1.42 2.76 3.74 7.71 7.52
: +0.01¢  £0.00° +0.00°  +0.01° +0.03*  +0.03¢  +0.03° +0.06° +0.00¢  +0.02° £0.02*  +0.01°
181 66.26 65.77 58.16 59.10 51.12 55.40 55.15 55.23 73.83 70.95 59.67 61.04
: £0.02*  +0.01>  £0.05¢  +0.14° +0.15>  +0.18  +022°  +0.87° £0.10°  +0.11°>  £0.19°  +0.65°
182 19.00 18.88 17.05 17.49 29.00 31.41 30.76 29.19 14.00 12.61 10.19 11.64
: +0.03% +0.01° +0.04¢ +0.01¢ +0.03° +0.14° +0.31° +0.54° +0.06° +0.09° +0.22¢ +0.26°
183 7.64 7.57 6.84 7.37 11.34 11.69 11.69 10.98 5.79 5.51 441 5.57
: +0.02* +0.03° £0.03°  +0.08 +0.06*°  £0.08? +0.03*  +0.41° £0.05°  +0.08  £0.06*  +0.33°
YUSFA 9290 92.22 82.05 83.96 91.45 98.50 97.59 95.39 93.62 89.08 74.28 78.25
~SFA 7.10 7.78 17.95 16.04 8.55 1.50 2.26 4.61 6.38 10.92 25.79 21.75
Immobilized lipase AK
Fatty acid
(area%) TAG sn-2 sn-1.3
1h 3h 9h 48 h 1h 3h 9h 48 h 1h 3h 9h 48 h
16:0 5.64 7.46 11.65 20.79 3.62 8.16 12.50 23.68 6.65 7.11 11.23 19.35
’ +0.08¢ +0.05¢ +0.09° +0.09° +0.01¢ +0.00° +0.17° +0.43* +0.11°¢ +0.08° +0.21° +0.35°
180 291 3.80 6.43 17.51 1.39 2.98 5.60 19.11 3.67 421 6.84 16.71
: +0.03¢  £0.02°  +0.00°  £0.06 £0.17¢  £0.15°  +0.15®  £0.70* +0.04°  £0.10°  £0.07° 025"
18:1 65.23 63.64 59.79 45.53 55.12 55.36 57.43 42.06 70.29 67.78 60.97 47.27
: £0.05*  +0.06°  +0.10°  +0.05 +0.92° +1.28" +1.060  +1.53° £0.53* +0.73°  +0.67°  +0.84¢
182 18.66 17.85 15.70 11.49 28.54 23.85 17.64 10.99 13.72 14.85 14.73 11.74
: +0.04°  +0.04* £0.01°  +0.05¢ +0.53*  +0.87°  +0.51°  +0.37¢ +020°  +0.37° +027° +£0.27°
183 7.56 7.25 6.43 4.67 11.32 9.65 6.82 4.17 5.68 6.06 6.23 4.93
: +0.04°  +0.03*  +0.00° +0.03¢ +0.23* +0.26°  +0.23°  +0.03¢ +0.17° +0.18**  +0.11° +0.03¢
YUSFA 9145 88.74 81.92 61.70 94.98 88.86 81.90 57.21 89.68 88.69 81.93 63.94
YSFA 8.55 11.26 18.08 38.30 5.02 11.14 18.10 42.79 10.32 11.31 18.07 36.06
Immobilized lipase AY
Fatty acid
(area%) TAG sn-2 sn-1.3
lh 3h 9h 48 h 1h 3h 9h 48 h lh 3h 9h 48 h
16:0 4.90 5.06 5.26 5.81 0.82 1.62 1.68 1.84 6.93 6.78 7.05 7.80
: +0.00¢ +0.01° +0.02° +0.01° +0.07° +0.18° +0.08° +0.06° +0.03° +0.07° +0.01° +0.02°
18:0 2.61 2.69 2.81 3.12 0.54 0.75 1.14 1.14 3.64 3.66 3.65 4.11
: +0.01¢ +0.02¢ +0.00° +0.01° +0.12° +0.09° +0.02° +0.15° +0.07° +0.07° +0.01° +0.06°
18:1 64.48 64.45 64.21 63.82 53.36 53.78 53.34 53.30 70.04 69.79 69.64 69.08
: +0.06 +0.01° +0.01° +0.05¢ +0.73° +0.11* +0.21° +0.11* +0.27° £0.07° £0.09°  +0.13°
182 20.26 20.18 20.13 19.92 33.08 32.12 32.39 31.94 13.85 14.21 14.00 13.91
: +0.03*  £0.03*®  +0.03° +0.04° +0.23*  +0.15°  +£0.10®  +0.13° +0.07° +0.03*  +0.00°  +0.00°¢
183 7.76 7.62 7.59 7.33 12.19 11.72 11.45 11.79 5.54 5.56 5.66 5.10
’ +0.03* +0.01° +0.00° +0.00° +0.56° +0.17* +0.16° +0.15 +0.24*  £0.09° +0.09°  +0.08°
YUSFA 9249 92.25 91.93 91.07 98.64 97.62 97.18 97.02 89.42 89.56 89.30 88.09
YSFA 7.55 7.75 8.07 8.93 1.36 2.38 2.82 2.98 10.58 10.44 10.70 11.91
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Table 4. Continued
Immobilized lipase PS
Fatty acid
(area%) TAG sn-2 sn-1.3
1h 3h 9h 48 h 1h 3h 9h 48 h 1h 3h 9h 48 h
16:0 6.70 6.54 8.01 12.35 2.54 1.39 143 5.46 8.78 9.11 11.31 15.80
’ +0.20° +0.12¢ +0.00° +0.13° +0.09° +0.28° +0.00° +0.08* +0.25°¢ +0.32° +0.00° +0.16"
18:0 3.06 333 4.32 7.30 1.43 4.61 0.86 2.39 3.88 2.69 6.05 9.75

£0.11¢  £0.06°  £0.04°  0.11° £0.14°  £0.07*  £0.03¢  £0.07° £024° 006"  £0.05*°  £0.21°

18:1 63.61 62.84 61.55 56.74 54.13 52.67 55.63 54.74 68.35 67.92 64.51 57.74
) £1.09°  £0.64*® 030"  £0.51° £022°  £0.13°  +045* 027 £1.52*°  £1.03*  £0.67°  £0.63°

182 18.99 19.71 18.76 17.02 31.04 30.26 30.68 27.39 12.96 14.43 12.80 11.83
) £0.75*  £030°  x0.11*  £0.10° +0.40°  £030°  £0.18*  +0.21° £0.92°  £0.30°  £0.07°  +0.04°

7.64 7.59 7.36 6.59 10.86 11.07 11.41 10.02 6.03 5.85 5.33 4.88
£0.03*  £0.16°  £023*  £0.16° £0.13*°  £022°  £0.60°  £0.04° £0.11°  £035*°  +0.65"  +0.22°

XUSFA  90.23 90.13 87.66 80.35 96.03 93.99 97.71 92.15 87.34 88.20 82.64 74.45

18:3

ZSFA 9.77 9.87 12.34 19.65 3.97 6.01 2.29 7.85 12.66 11.80 17.36 25.55
Immobilized lipase R
Fatty acid
(area%) TAG sn-2 sn-1.3
1h 3h 9h 48h lh 3h 9h 48 h 1h 3h 9h 48h
16:0 4.85 5.00 4.89 4.89 3.09 1.36 1.02 1.41 5.74 6.82 6.82 6.63
' £0.01°  +0.01°  £0.00®  +0.00° +0.02°  +0.05°  +0.02°  +0.09° £0.01°  £0.03*  +0.00°  +0.04°
18:0 2.60 270 2.60 2.63 2.02 0.87 0.48 0.80 2.90 3.62 3.67 3.54

£0.01°  £0.01*  £0.01°  +0.00" £0.06°  £0.00°  £0.03*  £0.15° £0.01°  +0.01*®  +0.00°  +0.08"

18:1 64.51 64.44 64.40 64.40 52.48 53.44 53.49 52.94 70.52 69.94 69.86 70.03
’ £0.00°  £0.06> +£0.09*°  £0.02° £0.40°  £020°  £0.15*  +0.03* £021°  £0.00° +022°  £0.01°

182 20.17 20.10 20.23 20.26 30.95 3228 32.62 3232 14.79 14.01 14.04 14.23
’ +0.02*  £0.08*  +0.09°  £0.02* £0.01°  £0.30°  +0.14*  +0.28° £0.04*  £0.03* +020° £0.17°

7.88 7.75 7.88 7.90 11.47 12.04 12.39 12.54 6.08 5.60 5.62 5.58
£0.02°  +0.01°  +0.00°  +0.01° £049°  £0.05*  +0.02*  0.07° £028  +0.01° 0.01°  +0.04°

XUSFA  92.56 92.29 92.51 92.49 94.90 97.717 98.50 97.79 91.39 89.56 89.52 89.84

18:3

2SFA 7.46 7.71 7.49 7.51 5.10 2.23 1.50 2.21 8.63 10.44 10.48 10.16

tinuous type reactors ©]&3%F WHEEIA T VERER] %Sk H-g- o] % RE 63] W AR BAEAC] Wb A vERY

A ¢Skt WHH, immobilized lipase AK®] -9+ F ‘?i’iﬂ Ll

Immobilized lipase@| reusability o]% A=} interesterification ¥Hg-0] 743 %’3  63] W8 Aol

A Z% immobilized lipase2] WHE ¥-3- 7Hs oRE FIs}7] = A WA Wke oiu] oF 38%7kX] 71431 TE Mustranta 5(25)

A8l OAIZE WS 63 WHESle] LERNSITH(Table 5). Immobilized 7} Zaborsky(26)= S-S o83 13 a4 HAS aast

lipase R¥ AY: o] ZAollA B ule} 7o interesterification support7F9] bounding force”} &¥ste] WHE- WM& Al lipase?} &

Whgo] A JeERA] gster® o] Ao ALttt ZtElo] B4o] Zagitial kATt WEkA bounding protein®] FF

Immobilized lipase AK, AHS} PS EFollM T W] Wk ukg Zo] 7 =9 immobilized lipase AK (63.91%)2] 3¢ %+ ¥

Aol 3 HA] W3- AJHT} interesterification P =71 120.9-196.5% A Whe FHE] o] TSI E ol& supportdl] FEEUH

=715k, 53] immobilized lipase AHS} PS2] 7% 5 WA free lipase AK7} E3ts]o] Yephd 202 Azt vhH, bound-

ing protein®] 48.36%°]31% immobilized lipase PSS} 36.31%°]%

Table 5. Comparison of residual activity (%) according to H immobilized lipase AHE 6HA 71X E/do] ¥lwd {A=H=
reaction number of interesterification using immobilized lipases ROz e

(AK, AH and PS) (Unit: %)
Reaction Immobilized Immobilized Immobilized o C_>Ih
number AK AH PS

I 100 100 100 £ A7 nAEZRYEH ¥ 55(AH, AK, AY, PS9} R)9|

2 120.9 181.0 196.5 llpaseaE Amberlite XAD 79 &2PHog wAH3 A7l ¥ 7t

3" 97.8 194.3 198.7 immobilized lipaseE2] 548 Lolr sttt st Az} T o

4t 61.8 182.9 198.7 WA & 2D 7} free lipaseS3 immobilized lipaseS52 o83

5" 494 185.4 192.9 interesterification RF-g-&<] X]H“]'JJ— TAG A& X439t =

6" 38.2 178.5 185.1 gk, immobilized lipase®] o] F23F 82121 reusabilitys 213}




322 T2 F IR Al 46 WA 3 5 (2014)

AT} Free lipase®] ©hild ek 222-11.41%2 AH/}F 7 =
¥ WA, immobilized lipase®Xl= AH, PSS} AK”} mg pro-
tein/g supporto] =JTH A, Wk EAS dolrRy] 3 Th=
2, PEE9} StEEE 7|ZZ 3o batch type interesterificationS-
F3Y319S W, free lipase®] 73-F- free lipase RS A9t &

t}. o] 7 free lipaseE°] PEES} StEEE 44 Whgof o]83)
7] wiEolgta k) $HA, immobilized lipase AYS} R 7
5 | INZHIA 48R 7k0 2 ZTtslelm FREERa (047
o] & TR gt F 2Jolrt gt immobilized AKS]
735 48M 7kl 383 area%e] EIAGAF FFoT I Ee
e BAY 3 o]lE AMESIY continuous typelE WHS-S)
S o fFe] =855 249 71E Aol HE Aol Ao
A REEe] F EIPAAE FEFo]l SES o & AT
Reusability= immobilized AK, AH®} PS EFoA F ¥x w¥&
WS 3IS W, A WA wkeRTE F ZSERAke] 120-196.5%
=7kt 2814 bounding protein $HEFo] 7FE =4 immo-
bilized AK= supportol] SZEAT free lipase AKS] E3o] &
ofuf 2/A W-g $HE FAJo] 24 Rbd, immobilized AHS}
PST E4do] HlwA {XA =AUt

&AL 2

o] =& 2013 vFzsrre] WALA 7|&feald
APoez AYSs wol F3E AFYEFFAAH AT
2012M2A2A6011335).
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