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Abstract : This study was conducted to prove the effect of irradiation on lipases (lipase AK, lipase AH, lipase PS-D,
Lipozyme TLIM, Lipozyme RMIM and Novozyme SP435) which were used for interesterification reaction using batch
type reactor. Through such interesterification, structured lipid (1(3)-palmitoyl-2-oleoyl-3(1)-stearoyl, POS) was synthesized
by lipase treated with irradiation at different doses (0, 3, 7, 14, 29 and 59 kGy) using canola oil, palmitic ethyl ester
(PEE) and stearic ethyl ester (StEE). After the reaction, fatty acid composition of triacylglycerol (TAG) in structured
lipid was analyzed to compare the lipase activity. The results showed that activity of the irradiated lipase AH, PS-D
and Novozyme SP435 with certain dose (3 kGy) were slightly improved. Such change of lipase activity suggested that
irradiation might affect on the interesterification properties. Especially, Lipase AK, Lipozyme TLIM and Lipozyme RMIM
after at 3 kGy irradiation showed that content of stearic acid (Cis.0) was increased while palmitic acid (Cie) decreased

in the interesterified products.
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HAMIZAR: 57 oI AE olgsle] 4E0] A AIZE
wEAA A1E0] WEATL QS S]] SJste] 3=

u|gtcH(Farkas, 1998).
olefgt A4S Fito] DU o v, HAMZAE 3
= 45 AR grido] AukeE doA tiERAE
| P "ok E 3 & BAIA s hydroxy
radicalol |3} IS T ofsliAlo] ofsie
SIS friesto] fLRHSkE YoXital HalEYlrHWetzel
et al,, 1985; Lim et al,, 1998).
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3} Structured lipids(SLs)+= triacylglycerol(TAG)
o] 3ot = A A2 Hhgof| sl AAke] 2/4do] WY
A A o] Hsto] A Ee HPE= A 5St
th, ofuf AR AR Foll wet TRt TAGE 5+
234 T 4 9k PE0R SIS el oj
2 TAGY] acyl groupo] FAF9& ¥hg-E| 11 H7HES- %
SujARE o] TE Aol EASIARE A o] 83t vk
& specificslal, Whgz7io] Het folshs F7ks 4o
22 Z-o] Qlth(Macrae, 1983; Posorske, 1984; Lee
and Akoh, 1998).

Lipase— hydrolysis, interesterification, alcoholysis,
acidolysis S} 22 W80 biocatalystZ AFEE 4= 910
I, natural oil, synthetic triglycerides, fatty acid ethyl
ester?t Z2 thofet 7)ol A-go] 7hssitHMacrae,
1983), E3F WA} LS AL AALgo] TPssiol
8-S Y o 9laL, Al 71| 7t olsith
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St B g, pH, &ufoll #e eHg/dol powder
lipase® Tt =t} 18]al A4S a4= x| 4
A, olakelz] EAJo] WMt 4= Itk (Wisdom et al., 1984;
Cho and Rhee, 1993; Moon et al,, 2011),

H AP H= 7hsb59) palmitic ethyl ester, stearic
ethyl esterES WA ZAAZS ‘,‘5}11]3}1 powder T A,
st AAE 085t i i3 213y
aRolch, W & BRS-=9] TAGE] A4k fé*é, pancreatic
lipase analysisol] 9|3t Sn—2 91%]9] AAE 245 £4
stelth. ol EUiE lipaseo] AT S ZARINE o &
54 HakE AuEgith

714Eo)

29 interesterification HF-&

TR R 1

o
nz

LR

B Ao AME 7] - 2= FhsEkH(canola oil, ca,
Hunt Wesson, ConAgra Foods, Inc,, Omaha, NE, USA)
£ ALg519 o CutEoA S5k} Interesterification
HE-S-0]| 0]-83} palmitic ethyl ester(PEE, Cis:0)9} stearic
ethyl ester(StEE, Cis:0)= @4 2H7HDeajeon, Korea)
oA AlRkop ARSIt whgofl ARSH H] 13}; A
= powderd AA9Ql lipase AK(from Pseudomonas
= ARESH
lipase PS—D(from Burkholderia

fluorescens), AH(from Burkholderia cepacia)S
qlom g3t aae
cepacia), Lipozyme TLIM(from 7hermomyces lanuginosus),
Lipozyme RMIM(from Rhizomucor miehei), Novozyme
SP435(from Candida antarctica)S A5+, Amano
Enzyme Inc.(Nagoya, Japan)of|A] A&kt

B0 WAL ZAE SR AET ATl
Z~(Jeonbuk, Korea)oA Aol om AtA U AL 111
PBq, “Co 7HibAd ZAF7|(point source AECL, IR-79,
MDS Nordion International Co, Ltd, Ottawa, ON,
ARSI A4S 50 ml vialof] 9F 5 g2 Y&

T ALoA AI7FF 10 kGy Q] A= 0, 38, 7, 14, 29 2
59 kGy9| FrAlgol Hes skl
(5 nm, Bruker Instruments, Rheinstetten, Germany)&
o1 g3}0] SIS} Dosimetry AAEI AU
FOAEN)S) F#200] vl T8 3 5 ALgalslon] 2%
SMFEO 9xb= 2% oW FTH(Sung et el., 2011).

Canada)S

™, Alanine dosimeter
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2AbE TA0] SHUAES BT}
g HPom Water activity
tester(AQUA LAB, water activity tester, series 3TE,
Decagon devices, Inc,, USA)E 0|83t SA3}3tt,

3. Interesterification 93

HRARA ZAF A 349] interesterificationiH-3-2 £3
o) 7} E0) Whg B oL AL ZA F 0hS
E49] H3lE v|ws}7| Y5e] batch type reactorg ©]
& Aeste) W27 A 2= canola 0il(Ca),
palmitic ethyl ester(PEE), stearic ethyl ester(StEE)S
AgEe] 11:19] B H[EE Z 10 g2 50 mLe] vialo] Y

Ay THE F71389] 1029 FA0 g)5 AREsHTh
kS 242 46°Co A 200 rpm, 6A]7FCE laboratory
stirrer/hot plate(Corning, PC—420)9} &2 (WBC
1506D, Jeio—tech, Korea)E o]t HR5FITH WS-
E-2 #5}o] PTFE syringe filter(25 mm, 0.5 um Watman,
Maidstone, Kent, UK)2 oj#}st F WA oA Bits}
et

Fery

N

4, 9] triacylglycerol(TAG) X|gt:t

=)
=
¥ 2

By J

Interesterification HF-& E38lo] AAIE A E9]
TAG AL olslal §49] ke ENHILE v|ws)y
£]8}9] thin layer chroma‘cozg,rraphy(TLC)E o]&-5lo] HA
O}Oﬂl’% Chloroform 200 uLoj| ¥F&-& 50 uL2 Y1l vortex
3t & TLC silica plate(20x20 cm, Merck KGaA,
Darmstadt, Germany)o] A7]-&ufj(Petroleum ether :
diethyl ether : acetic acid=90:10:1, v/v/v)& ©|-83}%]
HBa)atgict AZE TLC plateo]A] TAG F-2& o] A
3= 780 Q)= 15 mL test tube®] Y2 2 methylationS
Folo] GRS SISiTh 05 N FHEIES §9in
ethanol) 1.5 mL& 931 30%7F vortexdle] 95C2] 3l-&
G204 527 SR F 25~30C2 Waelelth, 1 F
BF;—methanol & 2 3027} vortexsto] 95C 9]
gegzol4 BEAIN Foll Th] 25-30C= Wel

ll

L
ng
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t} o37]9f iso—octane 2 mL¥} 1 mL2] E3} NaCl-&HS
211 vortex 3F o] YAIEE]7](2500 rpm & 3EHE
olgelel e Fom HelshL 4% %S el
o} e A
sttt 07|14 Lol methyl ester %QJ—J AHPARS: gas
chromatography(YL6100GC, 6000 series, Younglin, Korea)
£ o]&sto] A5 tHMoon et al,, 2011), 4o AR
%l gas chromatography®] 272 columna SPTM—2560
(100 m X 0,25 mm X 0,2 um film thickness, Supelco,
Bellofonte, PA, USA)S ARE3}9I T} Detector2+= flame
ionized detector(FID)S AR5} om olu detector?]
2 260C, injectord &&= 250CE }9t}t. Oven
9] 2= 150Cof A 587F GRS & 158G 4T &g
220C7HA] &2)2 5, 308-7F 945190t} Carrier gas®
= HeS flow rate 1 mL/min® & ARSI A|l2E 1
uLE GCof| FYste] EASIATHAOAC, 2001),

sodium sulfate column< AREsFo] 4B

5. Pancreatic lipaseZE 0}83} triacylglycerol
9] sn-2 positionX|git 24 B

WS29] sn2 1419 A4 2AS US| 9alo]
sn—1,3 9x Eo]AL 7}A+= pancreatic lipase(from
hog pancreas, Sigma Chemical Co., St. Lois, USA)E
ol atel MBS Aanalsdt WSS Aagl
2 15 mL test tubeo] 7 mg Fgt &, 7 mLe 1 M
Tris—HCI buffer(pH 7.6)2} 1.75 mL2] 0,05% bile salt-&
o 0.7 mLo] 2.2% CaClz%-"—‘.‘, 7 mg2] pancreatic lipase
£ ¥dth. o] TS vortex 3F 3of 37CQ) gRepzo
A 3EZF WE T vortexE 2~33] WHESILE I &
diethyl ether 4 mL2 21l vortex 2o YAEE]|7]|E 0]
$310] 5 7o) ZO2 Helst 4% o
columng: AR8E] 7 Em2 A At

A=z oo
9 =

sodium sulfate
ek, ol Lo

silica plate(20x20 cm, Merck KGaA, Darmstadt, Germany)
o] A7j-8ull(hexane : diethyl ether : acetic acid=50:50:1)
£ o] g3}o] Bejsioict ArlE TLC plateo]|A] 2—monoacyl—
glycerol(MAG) 528 #3}%] BFs;—methanolS ©]-&3
methylation £of GCE ©o]&3l9on GC EAHHS
TAG A¥HAE 24 BAHal ZHo(Lee and Akoh, 1996).

6. SAX=]

Al=7ke] oA el 2fo]E SAS(statistical analysis
system, version 9,01)= ©|-8-5}0] Duncan’s multiple range
testES E9 p<0.0554Fof A AZSSFATHSAS Institute,

Inc., 2002).

L WA ZA) G2 SFREYE vt

Lipase= $E3of wha} 1 49] interesterification
"k 3kAjo] Wglsle] B EA =7} 2 Q 5lcH(Valivety et
el., 1992). wfebA R A} Fof] -F oo HakE
2Rl817] Qi 7 A40] $E2J =5 Table 10 UEhS!
ot Aoz RAM] ZARES SHA] 9 tl2H(0 kGy) 3}
Hlalsto] e 2po7} HolA] koL powderd A48l
lipase AH®] 79 0 kGyol|A] 0423202 VEFE T BIARA
= 7 kGy ZARIGS O 28/ 0.521% F715k3
th 3HH, 29 9 59 kGyE 217} £ARSIGLS Wl 0,5429F
0.478% =A=QItt E3], lipase AK+= 0,428-0,434%
WA 20} 21 30 2RI Wa7} 3] olx) gt
t} 1143} §491 PS-DO] ALofl= BT} 0,532~
0.547 HE B 911, Novozyme SP4359] 7$+= 0 kGy
oA 0.5160]FH oL} 7, 29, W 59 kGy=E ZASIES

Table 1. Water activity of powdered and immobilized lipases after different dose of irradiation.

0 kGy 7 kGy 29 kGy 59 kGy
Lipase AH 0.423 0.521 0.542 0.478
Lipase AK 0.459 0.433 0.428 0.434
Lipase PS-D 0.532 0.543 0.542 0.547
Lipozyme TLIM 0.246 0.200 0.208 0.200
Lipozyme RMIM 0.428 0317 0.322 0.347
Novozyme SP435 0.516 0.380 0.379 0383
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0.379-0.3830%2 $-BIA =7} oA} Lipozyme RMIM

Ao = WA ZAF A(0,428) Kot HIAMAS 2AFSH &
—,—-rﬂHEﬂ- 0.317-0,347 {2 YolHc) YA, Lipozyme
TLIMO| 735 WA AL A 29 224w wsto] &
i}0]7]- ‘34,\911‘4- wehA] 829 A A interesterification
A WA ZAVSE ZF A5 4~ H3HA
7} 0,9-0.5478] el Lhebstek

2. WA EA & powder®d

triacylglycerol X/gH3}

HARAS A BFA] 92 control(0 kGy) i} RARAT A}
Zkof| W2 powderd EASO] HRS Eo]4] W3S Qojr

7] 913519 interesterificationH-g-2 &3l A TAE
9] triacylglycerol(TAG) A EA18}5cH WA, lipase

AH A EQ] TAG AL Table 29} ZHo] YERSIL) 0
kGy2] 7% palmitic acid(Cis:0)@} stearic acid(Cis:0) 2] T+
2Fo] 14,642} 5.77 area% ¥ 2H, 3 kGy= 27+ 17 418}
7.16 area%® = 7S HATh o]F 59 kGy AR
K= 13,829} 5,64 area%® LERL FIAR AR O] B
ORISR o] :\Tg._i]-x]lﬂl—x]-g] lefo| ZHAash= AHekS el
yoich E3k AES FASH= TAGS % saturated
fatty acid T 3 kGy ZAFFO|A] 24.57 area%= 714

7)) eRFom 59 kGy ZRAFFO|A] 19,46 area%® 714
A SAE QI S, WA AR A3 AR RARES
=25t lipase AKQ] interesterification HF & TAG %A
2 Table 30] LhehHgich 0 kGyol AT
2} stearic acid(Cis:0)2] gFeFo] Z+zt 11, 559} 4,72 area%
2 UEREAL, 7-59 kGyE HARA ZARSE lipase AKE= 0
kGy©] 1 A9} S0l ol molx] ekt et
3 kGyE Z2AMFS 9] palmitic acid®} stearic acid2]
Seko. 717k 7799} 7.13 arca%2 Ho|HA HAMAS A}
S1A] 2 lipase AKE 0|83t ¥h-g-HT} 32, 55% {49}
51.06% =715 H Tl & saturated fatty acid T E3+
3 kGy 2O A 14,92 area%2 7 WA Uebg=d
O] lipase AH} MII7FA| = HPARA 8 kGyRAFFOIA &
o) QASO)o] T eS| dgon Az
(Macrae, 1983).

palmitic acid(Cye:o)

% 9%

g

3. AP ZA}
lglycerol &

WA ZAREOl| w2 3143} 8491 lipase PS-DY]
ZIE Table 4] Yeflch, 0
kGy©ol|41¢] palmitic acid(Cie:0)2t stearic acid(Cis:0)2] T
2. 7k7} 92,699} 14,20 area®%.01, 3 kGyE ZAFSHA

o+ M1

interesterificationgh-&

Table 2. Fatty acid compositions of interesterified products catalyzed by lipase AH after different dose of irradiation (0, 3, 7, 14,

29, 59 kGy).
Fatty acid Lipase AH

(Area%) 0 kGy 3 kGy 7 kGy 14 kGy 29 kGy 59 kGy
C16:0 14.64 17.41 14.63 14.91 15.34 13.82

: +0.11° +0.30" +0.00° +0.12b° +0.34° +0.02°
C18:0 5.77 7.16 5.81 6.30 6.36 5.64

: £0.08" £0.40° £0.50° £0.01° £0.42™ £0.24°
55.75 6221 55.53 56.72 59.47 56.31

Cl18:1 cd a d c b cd
£0.56 £0.39 +£0.44 £0.40 £0.10 £0.51

182 17.24 11.39 17.34 16.17 14.86 17.37

: £0.13° +£0.25¢ £0.10° £0.20 £0.17° £0.26"
6.61 1.83 6.69 5.91 3.97 6.85

C183 a d a b c a
£0.39 +0.06 £0.16 £0.35 £0.01 £0.01

SSFAY 17.40 2457 20.44 2121 21.70 19.46
STUSFA? 79.60 75.43 79.56 78.79 78.30 80.54

All result values are meantSD (n=2).

DSSFA: Total saturated fatty acid (area%)=palmitic acid (Ci¢0, area%)+stearic acid (Cis., area%).
Y USFA: Total unsaturated fatty acids=oleic acid (Cis.1, area%)+linoleic acid (Cis», area%)tlinolenic acid (Cis;3, area%).
““Values within the same row without a common letter are significant different by Duncan’s multiple range test at p <0.05.
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Table 3. Fatty acid compositions of interesterified products catalyzed by lipase AK after different dose of irradiation (0, 3, 7, 14,

29, 59 kGy).
Fatty acid Lipase AK
(Area%) 0 kGy 3 kGy 7 kGy 14 kGy 29 kGy 59 kGy
C16:0 11.55 7.79 11.84 11.83 12.36 11.24
: £0.04° £0.23° +£0.30% £0.05® £0.21° £0.38"
C18:0 472 7.13 434 495 474 4.45
: £0.39™ £0.34° +£0.02° £0.06 £0.01™ £0.22"
Cl81 59.43 73.43 59.04 58.59 62.11 59.22
: +0.29° +0.07° +0.52° +0.24° £1.34° +0.13°
182 17.27 10.45 17.68 17.42 16.09 17.78
: £0.48° £0.34° £0.21° £0.22° £0.65° £0.25°
Cl8:3 7.05 1.20 7.12 721 471 7.32
: £0.23° £0.32° £0.40° £0.01° £0.48° £0.22°
>SFA" 16.26 14.92 16.17 16.78 17.09 15.69
SUSFA? 83.74 85.08 83.83 83.22 82.91 8431

All result values are meantSD (n=2).

DS'SFA: Total saturated fatty acid (area%)=palmitic acid (Ci¢0, area%)+stearic acid (Cis.o, area%).
?SUSFA: Total unsaturated fatty acids=oleic acid (Cis.1, area%)+linoleic acid (Cis2, area%)+linolenic acid (Cig:3, area%).
“Values within the same row without a common letter are significant different by Duncan’s multiple range test at p <0.05.

Table 4. Fatty acid compositions of interesterified products catalyzed by lipase PS-D after different dose of irradiation (0, 3, 7, 14,

29, 59 kGy).
Fatty acid Lipase PS-D
(Area%) 0 kGy 3 kGy 7 kGy 14 kGy 29 kGy 59 kGy
C16:0 22.69 24.78 22.69 22.54 20.70 20.52
: £0.07° +0.08" +0.01° +£0.32° +0.31° +0.16°
C18:0 14.20 15.43 12.76 14.38 12.38 11.89
: +£0.04° +0.50" +0.28° £0.16° +0.23% +0.01°
Cl81 45.75 47.65 46.95 4542 48.28 49.02
: £0.23° £0.14° +0.04° £0.08" £0.12° £0.05°
182 12.62 9.91 12.79 12.59 13.41 13.36
: £0.40° £0.17° £0.27% £0.06 £0.22° £0.21°
Cl8:3 4.74 2.24 481 5.07 523 523
: £0.15° £0.26" £0.03° £0.34° £0.22° £0.08°
SSFA" 36.89 40.20 35.45 36.92 33.08 32.40
SIUSFA? 63.11 59.80 64.55 63.08 66.92 67.60

All result values are mean+SD (n=2).

DSSFA: Total saturated fatty acid (area%)=palmitic acid (Cieo, area%)tstearic acid (Cis.o, area%).
DS USFA: Total unsaturated fatty acids=oleic acid (Cis.1, area%)tlinoleic acid (Cis», area%)tlinolenic acid (Cis;3, area%).
“UValues within the same row without a common letter are significant different by Duncan’s multiple range test at p <0.05.

S = 24 7831} 15,43 area%® VFERL HFARA ZAF A H
o} oF 10%% =7} skt TS Z saturated fatty acid
ko] AR 2AFH0-59 kGy)oll whet 32.40-40.20
area%?| = UEIREOH, 3 kGyolA 7H &8kt oF
H, Novozyme SP435% o|&} GARSH Zoke Ui alct

(Table 5). 0 kGy2] palmitic acid®} stearic acid®] 3FF2

Z¥7¥ 20,573} 18,04 area%= eSO, HRARA ZA} 3
kGyo| A= 22.749} 18,64 area%= palmitic acid= &7}
3} W stearic acide= 0 kGy&l §-9]& ZJo|E Ho|X]
okoktl 18Ut & saturated fatty acid®] &Fo] 3 kGyol|
A 41,38 area% 714 ot WAMALS ZABIAS of m4
o] &0l F71ok= AL ® AYZE Ao 7 kGyo ' HT-59
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Table 5. Fatty acid compositions of interesterified products catalyzed by lipase SP435 after different dose of irradiation (0, 3, 7,
14, 29, 59 kGy).

Fatty acid Novozyme SP435
(Area%) 0 kGy 3 kGy 7 kGy 29 kGy 59 kGy
C16:0 20.57C 22.74a 19.94b 20.91b 19.48b
+0.77 +0.46 +1.06 +0.34 +0.12
C18:0 18.04q 18.64a 18.05a 16.75b 15.84C
+0.10° +0.22 +0.27 +0.45 +0.08
Cl18:1 41.58d 46.08a 41.81d 44.65b 43.28C
+0.52 +0.03 +0.27 +0.11 +0.55
Cl18:2 14.23a 10.52b 14.35a 13.773 15.233
+0.81 +0.50 +1.22 +0.15 +0.03
Cl183 5.5921 2.02C 5.85a 3’.92b 6.173
+0.59 +0.20 +0.38 +0.22 +0.32
>.SFA 38.61 41.38 37.99 37.66 35.32
2USFA 80.66 58.62 62.01 62.34 64.68

All result values are meantSD (n=2).

DS'SFA: Total saturated fatty acid (area%)=palmitic acid (Ci¢0, area%)+stearic acid (Cis.o, area%).
?SUSFA: Total unsaturated fatty acids=oleic acid (Cis.1, area%)+linoleic acid (Cis2, area%)+linolenic acid (Cig:3, area%).
“Values within the same row without a common letter are significant different by Duncan’s multiple range test at p <0.05.

Table 6. Fatty acid compositions of interesterified products catalyzed by lipase TLIM after different dose of irradiation (0, 3, 7,
14, 29, 59 kGy).

Fatty acid Lipozyme TLIM
(Area%) 0 kGy 3 kGy 7 kGy 14 kGy 29 kGy 59 kGy
C16:0 21.683 8.9ZC 21.37b 21.2(2b 20.41b 20.8(Zb
+0.06 +0.76 +0.02a +0.04 +0.08 +0.09
C18:0 17.47b 26.27a 18.14b 18.35b 18.14b 18.04b
+0.01 £1.15 +0.00 +0.13 +0.37 +0.07
Cl8i1 40.70b 52.333 40.18b 41 .19b 41 .24b 40.73b
+0.64 +1.23 +0.18 +0.18 +0.04 +0.12
182 14.533 10.68b 14.SIa 14.lla 14.593 14.66a
+0.58 +2.17 +0.13 +0.11 +0.19 +0.13
Cl8:3 5.643 1.82b 5.808 5.158 5.633 5.783
+0.11 +0.97 +0.07 +0.02 +0.13 +0.17
>SFA 39.14 35.18 39.51 39.55 38.55 38.84
SUSFA 60.86 64.82 60.49 60.45 61.45 61.16

All result values are mean+SD (n=2).

DSSFA: Total saturated fatty acid (area%)=palmitic acid (Cieo, area%)tstearic acid (Cis.o, area%).
DS USFA: Total unsaturated fatty acids=oleic acid (Cis.1, area%)tlinoleic acid (Cis», area%)tlinolenic acid (Cis;3, area%).
“UValues within the same row without a common letter are significant different by Duncan’s multiple range test at p <0.05.

kGy) 2] Ao A= 35,32-37.99 area%= 4
= Z1o 2 doEt} 3 Lipozyme TLIMS| 7%

kGyol|A19] palmitic acid®} stearic acid®] $Fgre 7}7}
21,687} 17 47 area%= JEPGE O™, 3 kGyZA} A] palmitic
acid9] &&Fo| 8.92 area%® 7143} a1, stearic acid=
26.27 area%® =7}t tHTable 6). ©]+= WA 3 kGy

2 8o 7Ha
0
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ZAFFollA BAY] QA Fol/do] Wt Ao Ko 7}
71-o|| gt Soldole WeE Hel ZAom Hoxit
(Jaeger et el., 1994), L&t WIAFA ZA} 7-59 kGyoll Al
= palmitic acid9} stearic acid®] &=Fo] WA ZAF A
T} §o]& Q] Apo]E Ho|A] 9Qkon & saturated fatty
acid $FF2 3 kGy A A] 35,18 area%® 7H WA
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Table 7. Fatty acid compositions of interesterified products catalyzed by lipase RMIM after different dose of irradiation (0, 3, 7,

14, 29, 59 kGy).

Fatty acid Lipozyme RMIM
(Area%) 0 kGy 3 kGy 7 kGy 29 kGy 59 kGy
21.29 8.38 20.06 19.05 19.19
C16:0 . b . . X
£1.46 £0.29 £1.51 £0.01 £0.10
C18:0 16.96 2471 17.28 17.29 17.20
‘ £0.61° £0.11° £0.59 £0.06 +0.08"
Cl81 42.19 54.42 4139 211 4239
: +£1.03° £0.58" £1.32° £0.11° +0.28"
14.83 10.97 15.24 15.60 15.24
Cl18:2 a b a a a
£0.51 £0.64 £1.24 £0.11 £0.25
C183 4.74 1.52 6.03 5.96 5.98
: £0.53° £0.34° £0.98° £0.18° £0.04°
SSFA 38.25 33.08 37.34 36.33 36.39
SIUSFA 61.75 66.92 62.66 63.67 63.61

All result values are meantSD (n=2).

DS'SFA: Total saturated fatty acid (area%)=palmitic acid (Ci¢0, area%)+stearic acid (Cis.o, area%).
?SUSFA: Total unsaturated fatty acids=oleic acid (Cis.1, area%)+linoleic acid (Cis2, area%)+linolenic acid (Cig:3, area%).
“Values within the same row without a common letter are significant different by Duncan’s multiple range test at p <0.05.

Ul 3t Lipozyme RMIME Lipozyme TLIMI} &
AFSt A3FS B9 0™ interesterification®FS- & TAGE
A8 Table 79 UYEFSITE 0 kGy9] palmitic acid?}t
stearic acid®] a}eF2 7Fz} 21 292} 16,96 area%= LIE}
Yo 3 kGyZRAF Al 8,387} 24,71 area%= Lipozyme
TLIMY} 0712 2 palmitic acido| Al ko] 4s}A]
9F stearic acido A= ko] S7F gt 1S Eelakqit),
0]= 3 kGy o2 AV} AL stearic acido]] thgt HFS-AJ0]
B S7loke Aoz AR Ato] o o] & E= A

2 A7 EICH(Stamatis et al., 1993), HbH, HRARA ZA}
7-59 kGy©oll A= palmitic acid?} stearic acid2] aH&F

WAHRAL 3 913 Ho]S Bol] el

4, YAPS ZA ¥ ZF g4 9E3-39] sn-2 position
X/gwst

AR 2Ato] whE 72 a0 QRS0 (sn—1, 3 $1]
£o]4d)e] HakE B’lstr] 9fste] sn—2 219 Ak 2
d& GOE olgsto] EAskgon Fig. 10 Uehfiqit
3hH  7]1212 ARE canola 0il9] & AHAE AL palmitic
acid 5,67 area%, stearic acid 2,29 area%, oleic acid
61.94 area%, linoleic acid 20,98 area%2} linolenic acid
9.12 area%=® TAEOH E3F| sn—2 positionof A

palmitic acid®} stearic acid= AZESE A &)t} Lipase
AH(Fig. 1-(A))9] 9 14 kGyol|A palmitic acid 6,00
area%, stearic acid 2.50 area%® 7}4 =A UERF O Lt
0-59 kGy+& H|IA fARHA Yepd 208 ®Helrt, g
H, Lipase PS—D(Fig. 1-(B))+= 3-59 kGy°l|A] & X3}
HPARS] gheFo] 34,16-28,47 area%® FAMARFO| Hobd
45 0 kGy(36.04 area%)Ht} 7Hadh= 73S YEFU S
o o] WA £ALo| w2 TAG /9] Hsto] 7|QIjt
Ao Holt}l &S Novozyme SP435(Fig. 1-(F) &= &
ARRE oS YERSl=Hl 0 kGyollA palmitic acid7}
15,11 area%, stearic acid”} 12,14 area%%.2.™ 3 kGy$}
L ol Ao} solek, SRR 7-59 KGy 2 WAL 24}
ol F7h W ol WASHE FFL Lehhoch
Lipozyme RMIM(Fig. 1-(E))2] A2 3 kGy%} 7 kGyo©ll Al
palmitic acid®] g1} stearic acid2] ggo] 7151 A]
Tk 71 3P} ojusto] HPAR 2Abe] whE SheF HabE A
A o¥oket, WhHo| Lipozyme TLIM(Fig, 1-(D))-> 7-59
kGy 2] palmitic acid®} stearaic acid®] a+&fo] 0 kGy<}
FARSHAl Ukt e U 53] 3 kGyoll 4] palmitic acid®]
FO 4,23 area®Z ZASFAIL, stearic acid= 10,76
area®= 3718FGAT), o= TAGEA ZIK(Table 5)of
2H, 3 kGyollA] palmitic acid= A4Sl stearic acid’}
A& o g2 27151911 o]2 215}e] sn—2 position® 2
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Fig. 1. Incorporation of palmitic acid and stearic acid in interesterified products by each lipase-catalyzed reaction with different
irradiation does (0, 3, 7, 14, 29, 59 kGy).

P: palmitic acid (Cie0), S: stearic acid (Cis.o).

(A) lipase AH; (B) lipase PS-D; (C) lipase AK; (D) Lipozyme TLIM; (E) Lipozyme RMIM; (F) Novozyme SP435.
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2 getElc) SHH, lipase AK, Lipozyme TLIM} Lipozyme
H A= WA Ao W lipase ] interesterification RMIMO] 9= 7-59 kGy Ao A= 0 kGyoll A9 A|
-3 &3l lipase®] &/ WSS SoIstarr; 72+ a 4o PAE 25 -2 Q1 AfolE HolA] oRkA|NE, 3 kGy £
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