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Enzymatic Synthesis of Low-trans Fats Containing Conjugated
Linoleic Acids and Their Physicochemical Characteristics

Ha-Young Nam and Ki—-Teak Lee'

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

Abstract

Scale-up production of low-trans fat containing conjugated linoleic acid (CLA-TFOQO) was performed through
lipase-catalyzed synthesis. Blend of fully hydrogenated soybean oil, olive o0il containing conjugated linoleic
acid and palm oil with 1:2:7 ratio was interesterified through Lipozyme RM IM in the 1 L-batch type reactor
at 65°C for 12 hrs, and the physicochemical and melting properties of CLA-TFO were compared with conven-
tional (high trans fat) or commercial low-trans fat shortening. The trans fatty acids content in the conventional
shortening (48.8 area%) was much higher than that of low-trans shortening (0.4 area%) and CLA-TFO (0.3
area%+CLA; 7.6 area%). Acid, saponification and iodine values of CLA-TFO were 0.4, 173.9 and 59.0,
respectively. Their a—, 7 -tocopherol contents showed 4.7, 1.0 mg/100 g. Differences were observed in the
solid fat contents (SFC), melting point of the conventional or low-trans fat and CLA-TFO. Each SFC of con—
ventional, low-trans fat and CLA-TFO was 32.0, 29.3 and 30.4% with melting point of 38.5, 43.0 and 39.5°C
at 35°C, respectively. In texture profile analysis, hardness of conventional, low-trans fat and CLA-TFO was

111.7, 75.2 and 63.8 g.
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et A N e F2 XA Ak ghEo] =2 fX
E7t9] blending =+ A& A7Fe] Interesterifications ©]
83+ A4 A A (structured lipid; SL)Z 9] 34 WS o]
|3t3 Yo m(6-8), HEH Il = o]e} #HES ATt
v &gk Aot AT A dold SME BA WA

3}etdy e a44 vgS 53 tracylglycerol(TAG) &4}
QoA A|hite] 24, IX&E WS A FAHE AAS &3
©}9,10).

S, 7154 A-ZLAZMN 248 9= conjugated li-

noleic acid(CLA)+ A A 7rAay, d= FH2HE 7+
2GS 59 98 Al &50] 2™ (11-13), lino-
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leic acidZ2%E 4" CLAJE 8719 o] A F cis-9,
trans—11 CLA$®} trans-10,cis-12 CLA o] A A7} A8 &4
& Ao 2 HIFHJY(11,14). HlE CLAS] IF o] A
EWNAA Y] dFolA| Rk §j9} Ze A4S aY

A Qo] dHrEQ] ERAAYAETE FEHE L Q)
th(15). ek CLAT A74AA 3ol ol 7154 AW
A o2 AL THEE Ao=E Al HT.

olo] & AollX= CLAZL 3H+ird S8 B R (SL-olive+
CLA), 5= %743 -F(fully hydrogenated soybean oil;
FHSO), &r(palm oi; PO)E 71d & AF&sle] 1 L &%
stirred-batch type reactorol]l A TAGEA}2] sn-1,3 ¢ =]l
Eolx o7 Agsle= 1A 3E A (Lipozyme RM IM)E 9]
&3t interesterification &< &3 A A1 vlolrtA T
LEYY E8F EA(melting characteristics)o] B1$=3F
CLAZHT AE#Z 7154 1AFA(CLA-TFO)E FA T
% o9 o]slsty 5A4& AW Rt
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M=

E A3 AHEE LB F(CAHE A 487 o E
RAAEADANA F Y3t AFESER I, F(palm oil; PO)
= SAHIncheon, Korea)Z%E A|&1Hk o™ conjugated
linoleic acid(CLA)<= cis 9, trans 11-CLA(CLA1), trans 10,
cis 12-CLA(CLA2), cis 9, cis 11-; trans 11, trans 13-CLA
(CLA3) 2 1 9] trans 8, trans 10-; trans 9, trans 11-;
trans 10, trans 12-CLA(CLAY)Z FAH AL, (F)gho]lH
WA(A7E ADHZFE AFHUT EREAYRS T
3t ddl 1A X (high trans shortening; HT)= HeinzA}
(Pittsburgh, USA)®] £EQS A8, AEdz 3
A|(low trans shortening; LT)= Loders croklaanA}2]
SANSTRANS42(Rotterdam, Netherlands) £EY S +Y
st vl o2 AHEstAth CLAER AEWHE 1A A
(CLA-TFO) &4 9 &4 vl & Rhizomucor miehei 2%
B f#d ¥ Lipozyme RM IM(IM60)2 Novodisk Biochem.
North American Inc.(Franklinton, NC, USA)o| A - 3}]
ALl o, B4 A HPLC grade &2 AM&3l3ich

M xEe| &

Stirred tank batch reactor(Mtops MS-3060D, Korea)©
stirrer motore} 1 L €32 W74 105 cm, =°] 15 cm$]
AEF o REV|2 FAE Jom Faie 7]H 9
S SUA717] A8k 2ol 9 cm, & 3 cm? W
A HE AESIE Y. 9hdH = 13 7] 9 nigo
cm EolA A3 on dAHT WHE2TE FAA
A3l FF2E AHEE AT dHIAdE
71 65 g9 HFFEZ 39k 130 g9
(16), 455 g9 FRHE 1:279] £ Hl&
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¢l Lipozyme RM IM 65 g(total volumed] 10%)< thA] &%+
3} stirrer motorg AHE-3e] 280 rpme] WHEEEE A
Al713L 65°C 272 E AHE3lY B2 EE FAAFH T
I %5 12713 Bet vESAIA CLASHY 7154 AE#Z2 14
A(CLA-TFO)E #33tdaL, 4 E 71X AEHN= 1A
Aol BAE FXAZ F F71-80 Y] HIF Qlo] A AR
sodium sulfate® 2de] & @ ETES AAS}AST 1 F
100 mL9] n-hexanes H7}8tal AF e oAl AFFolE
oj&dle] FAE AEZ £ filtrateE: IF TY TV
(EYELA, N-1000, Japan)9} NoZ ©]-8-3}4] n-hexanes Al
A F 7158 AEWRL IAAE F531H A, o) F i F

AL AR BHo) ALgsH

A|HA = 2N

FAE 7158 AR E vlud, §71ES 242 100
mg¥ 3t 25 mL A1 @&l ¥ hexane(3 mL, HPLC
grade)®} gt §31A171 2 N KOH( mL)&H4 7} &3
T EFE WEEFE4 2 heptadecanoic acid(l mg/mL
in hexane, 50 pL)& 7}sta 183 SE3] J&ste] 158
B Ao A WA A TE Methylation B8] 48 H &
S+E 9] A= (hexane)$t 33} sodium sulfate anhydrous
column(Junsei Chemical Co., Ltd., Japan)=< ©]-&3}o] &
I ETES AASNAY. AAY F AR ARE GC
(Hewlett-Packard 6890 series, Avondale, PA, USA)E &
af Aat 244 EA48 AAEE T #4912 flame ionized
detector(FID) #Z7]9} supelcowax M-10(100 mx0.25
mm id., 0.25 ym film thickness, Bellefonte, PA, USA) col-
umng ARESE $& #249(150°C: 1 min—4°C/min—220°C:
30 min)< F3t] F 668 &< A8 H ). Carrier gas©
NoE AFE-3I9 1L, injector =+ 250°CE FAAIASH 1
WLE FYste] it 248 AAsEA . Constant flow 2}
split(50:1) modeZ AF8-3} AT}
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Pancreatic lipase analysis
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pancreatic lipase®l 2]3F 712 E A AISHA
< F3to] 25 mL APl ¥ 7 mLe 1 M Tris-HCI
buffer(pH 7.6), 0.05% ©&F4FE €A 1.75 mL, 2.2% CaCl,
{9 07 mL 2 pancreatic lipase 7 mgg 7} & 37°C 3
Fxo|A 3% 7t A 18-S 3~43] HESYY. 1 &
diethyl ether 2 mL A7}, A&&ta &9 28t sodium
sulfate anhydrous column< ©]-83}] 8 % EES A
A%t & n-hexane, diethyl ether, acetic acid®] 50:50:1 -3
H] A7}-&u) & AFE-3F] TLC(10x 10 cm, Merck, Germany)
Wy o 2 A7) 8t 2-monoacylglycerol(MAG) bandES ¥
3R (17), 22+ A& 23] wrE BAsth EAx
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sn-1,3 24 A4Fe Fomuso®t Akoh(18)9] AlAH2]-S ulst

Sn-1,3 (%)=(3TAG-sn-2)/2

RP-HPLC 4]

B4 FA4 g8 A" ATEAE W =2 TAG
FEE W37 d T HuE T3 2YE Hste] AAEY
reversed-phase(RP) HPLC £24]8 2 A&} t} 25 mL vial
o] #4 10 uLE& auto pipetl.Z A &3] 3} acetonitrile
7 mL¥} dichloromethane 3 mLol| 343} & PTFE syringe
filterE ©]&3}o] oAt 442 SPI30D dual pump7}
Z2= Yonglin HPLC9} Sedex 75 evaporative light scat—
tering detector(Sedere, Alfortvill, France), ODS 4 um
(Nova-Pak C18, 150x 3.9 mm i.d., Waters, Milford, MA)
column, autosampler”} #2F% o] o]F o]t} ELSDY| &
=9} e 747 40°C, 2.2 barZ ARSI N, 7}~ 2 EF
7} o] F AR, 42 05 mL/min, o544 V&7 8=
acetonitrile : dichloromethane(70:30, v/v)¢] HI & & %<& A
Zale] 25871 A] acetonitrile : dichloromethane(49:51, v/v)
9] Hl o] HEF linearstAl EHFALH hA] 1E &<t
acetonitrile : dichloromethane(30:70, v/v) 2.2 ®3}A)1 7] &

37F §AA171a, ©A] 208 B2 acetonitrile : dichloro-
methane(70:30, v/v) 2.2 HSIAIA 271085 A3t
2] }¥ standardZ tributyrin, tricaprylin, trilaurin, trimyr-

o o

istin, tripalmitin, triolein, trilinolein(Sigma, St. Louis, MO,

USA)S AME3sl9 oM, retention time(RT) partition

number(PN) Ato] o] #A A& F3) REEAAEE W AE2L

TAGEHE 43 TH19).

Partition number (PN)=total number of carbons (CN)
—2 X total number of double bonds (ND)

PN& 99 Alskaol] Fstof Fat3om, CN2 TG &
A g24E YR, NDE F ol5 239 5 Yeldo
(10,20).

Tocopherol &H2F E44

25 mL vialell 1 go] A 59} ogh&ol] &aA1Z] 6% py-
rogallol 5 mLE 7}3}3 vortexd § FHFo {3231
60% KOH 1.25 mLE 7}8to] Bls3} AlZth bt = As
WA 87 98l Np gasE 1E7F F9438kaL 70°C shaker water
batholl A 304 &< ¥H§AIZ ¥ B4 ice bathell 4] cooling
a3tk 5 mL 2% NaCl &5 7}8) vortex® § 0.05%
BHTZE Z7}3F hexane : ethyl acetate=85:155 2.5 mL
7}, 3 wHE 223k doh No gas 9§ ©HA] 5 mL hexane
S 7}8] %3} PTFE syringe filter(25 mm, 0.45 pm,
Whatman, USA)E ©]-8-3+] oJ3A1Z] & Younglin SP930D
dual pump”7} & 2% HPLC(Younglin, Acme, Korea)ZE ©|

£ a, v 2 S-tocopherol ¥+ #4319t UV detector
(UV 730D, Younglin Acme, Anyang, Korea)9] 33-& 295
nmZ 233N 2™, columne LiChrosorb DIOL(5 pm X
3100 mm, Varian, USA)& AH&-3FATH A2 & 20 uL F
A3FR o™, 1 mlL/min F% ZZAo|A n-hexane: acetic
acid, 1000:1 ¥l &-9] o] 54S &= 3ste] 307 E4 35
[ Z+ A5 9] tocopherol ¥ a-, 7 -, §-tocopherol
¥ 24 (Sigma, St. Louis, MO, USA)Z 9& R gEF3
S ZAdste] A #3laL, total tocopherol 3Heke] it gk
BAEAE T3 FoH AAES A A A S}

r_‘

M7 HIFEDLE 22E01 £

A9 758 AEW: aAA <} 971 ARk ¢ AE
A= ZEY Y 8184 JAE golry| fal A7), vkt
9 20 =VE 23] S0 ZA2te] A% g2 AOCS
off AAE W (22-24)0 oJ3te] EA3HATE ZF A 53]
o148 SAS program(statistical analysis system, ver—
sion 9.1)¢] Duncan’s multiple range test(tDMRT)S A3}
o p<0.05 FEolA HAGsHAT2).

Differential Scanning Calorimetry(DSC) £44

WS A ) Ak 9 AEA A SEY FAAE 71 A
Ao g% AAsHd, 1A A TS DSC 2010 differental
scanning calorimeter(TA Instruments, New Castle, USA)
AHgste] BA e AT ZH7be] A8 E 6~8 mg # 3t
A3t 01 celle aluminum pans ARE3} L reference
FTAEE ALE3IY Y Thermogram= 7] 913 £4&
Z2a8L A &5 80°CE 1087 #2217 F -65°C
7FA] 10°C/min®] Bl &2 W23 ths -65°CollA] 1023
A3ke] thA] 80°CE 5°C/ming] HIEE 523ttt

forr Mz

Melting point2| &3

7)1 AT dw 2 AER2 SEY, FAH 7)EA 1A
A9 m=39 742 AOCS Official Method Cc 3-25(25)
o A Wl whet AT o] vhg-ES 9oty
7} 49 capillary tubedl] 1 em7FF 2-& & 4°Coll A 2k 164]
T RAERD AT Fex Y 2EE 05C/mine®E 2
At AP kel A RIE 48] 55 WA 55

=355

Texture analyzer®ll 2|5t hardness =3

Texture analyzer(TA-XTII, Stable Micro system Ltd.,
London, UK)E Al&3l CLASR 7154 AEHL 314
Aot Yk HEY @ AEWA £EY O A4 (hardness)
< Bt 2442 A8 E 30 ¢4 100 mL Bl A o}
2 (2F 20°C)0 A 597 238 & A, 77] BAx
A&

pre speed 1.0 mm/s, test speed 1.0 mm/s, post speed
1.0 mm/sE AA3}FSH, deformationS 75%, probes
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cylinder probeE A&t 53] =4 skaL Harx] ¢} A
A& A Qe YA Ha g TFAAE FIRoH, =
A & do]R force-distance curveE2HE AnAL E A5}

ATH26).

shro] AWAk 248 AT HEYTH(Table 1). ¥H71& <
CLASHr &8 B /9 AWt 24 4 A3 cis 9trans
11-CLA(CLALD), trans 10,cis 12-CLA(CLA2)¢] &#2 7}
7} 156, 239 area%°l o.M F CLAZHLS 409 area%°] i
1, oleic acid(18:0), linoleic(18:2), palmitic(16:0), stearic
acid(18:0)7} 2zt 47.0, 49, 47 2 15 area% 9] «£2. 2 g}
Wk FRe AAal 248 B4% A3, palmitic(44.5
area%), oleic acid(38.8 area%)7} F& AWkl Ao 2 1}
Ebsk i, E3AHLHSFA)# EX AW LHUSFA)o| 2zt
50.6, 49.3 area% = 1|53} Al UEFSETE Pancreatic lipaseZ
o] &3t 7t REE B3 sn-2 91X AW 24 B4 A
I 59 sn-2 YA A 242 oleic, palmitic 2 lino-
leic acid7} Z+7} 66.8, 15.8 & 15.1 area% 2 #A1E o0,
Z B X3 A o] 82.0 area% AT} sn-1,3 $ X9 AW

A& EZ3}A]HFAFC] palmitic acid7} 58.7 area% S X 1L,

=
B 23121212 oleic acidZ} 24.8, linoleic acid?} 7.6 area%

AEB2 FA9 BaH G4 2L ol8eH 54 A7 75

Z EASHL) A, g FSF =439 Ag A AR
stearic, palmitic acid’} Z+Z} 88.1, 11.0 area% & X.o]H U
FEo] XA W4H99.9 area%) o2 ZAFE AT

ut 3 MEKA TTHX|, AT X|Re| X|2HAt =4
H W7o 2 AFRH 2

s}

ARk WA A (LEY) S AEHZS 314
A 9@ CLASH 7154 A A9 A4t 2742 Table 290
WERH AT Hunter(27)el oJetd F& 4 3P o= 7t
o017l £EYY F EUWMA(CLAAL)A G
30%2 . Bustg e, B AT AFEE gl SEY 9
Cl81t= 474, C18:2t(CLAA 9]+ 1.0, C18:3t= 0.5 area%
Z Yga, T EWAYLE 2 488 area%E thA
EW=ANE FollMe sHAE f
22 e 2 4R elaidic acid(18:1t)7F 5+
= £ sn-2 position| = 40.1 area% & &4
HAoh AEWNE ZEYY AW 24 £4 AH oleic,
palmitic, linoleic, stearic acid®] €2 2 Z}Z} 42.1, 40.8, 10.6,
44 area%E YEFH A o™ CLAE A9 g ER=A S
C18:1t(0.2 area%), C18:2t(0.2 area%) & #2511, C18:3t
= AEHA Lt F EREAEAY FEFH(CLAA L))
1% meto 2 Al8H At SEYHT F EWR| WA §)
gFo] 48.4% ko (Table 2), F X3R4t & B X
SRGAE 737} 46.3, 53.3% 2 ¢F 1:1.29] Hl&-Z YElyT
stH, 9 CLAR 7154 AR Ait 24 24

A3} oleic acid(38.1 area%), palmitic acid(33.1 area%)7}

Table 1. Fatty acid composition (area%) of fully hydrogenated soybean oil (FHSO) and SL-olive+CLA and olive oil

, FHSO Palm oil SL-Olive+CLAY Olive oil
Fatty acid -
TAG TAG sn-2 sn-1,3 TAG sn—2 sn—-1,3 TAG sn-2 sn-1,3
12:0 -2 02+01 02£01 02+0.1 - - - - - -
14:0 01+01 1.0+01 05+01 13+0.1 - - - - - -
16:0 11.0+£0.1 445+01 158+05 587+03 47401 80+02 31+01 121401 14+01 175+0.1
16:1 - 02401 01£01 01401 05+01 07+01 04+01 09+01 08+01 1.0+0.1
18:0 881+0.1 46+01 15+01 62+£01 15+01 25+01 1.0+£01 32401 07£01 45%01
181 01+0.1 388+0.1 668+04 248+02 47.0+01 665+03 373+01 77.6+01 839+05 72.0+05
18:2 - 101401 151+02 76+01 49+01 64+01 43+01 54+01 74+02 44+02
183 - 0.3+0.2 - 04+01  04+£01 07+02 03+01 09+01 10+01 0.8=+0.1
20:0 0701  04=%0.1 - 0.6+0.1 - - - - - -
20:1 - - - - - - - - - -
1811Y 0.1+0.1 - - - - - - - - -
182T - 0.1+0.1 - 02+0.1 - - - - - -
18:3T - - - - - - - - -
STrans fat? 01+01  01%0.1 - 02+0.1 - - - - - -
CLA1” - 156+0.1 56+04 20.7+03 - - -
CLA2Y - - - - 239+0.1 85*06 31.7+04 - - -
Total CLA - - - - 409+0.1 154408 53.8+02 - - -
SISFA”? 999401 506+0.1 180+04 669+02 62401 104+03 41+01 153401 21+03 21.9+0.1
SIUSFAY  01+0.1 493+0.1 820+04 33002 529+0.1 742406 423403 847+01 979+03 781=0.1

UStructured lipid was synthesized from olive oil with conjugated linoleic acid (16).
P nd. YT trans fatty acid. “The sum of total trans fatty acids except conjugated linoleic acid.
Yeis 9, trans 11-CLA. trans 10, cis 12-CLA.
"The sum of total saturated fatty acids. 9The sum of total unsaturated fatty acids.
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Table 2. Fatty acid composition (area%) of commercial shortenings (HT and LT shortening) and interesterified fat

(CLA-TFO)
. HT shortening” LT shortening” CLA-TFO”
Fatty acid
TAG sn-2 sn-1,3 TAG sn—2 sn—-1,3 TAG sn-2 sn-1,3
12:0 -9 - - - - - 01+00 02+01  01=x0.1
14:0 0.1+0.0 - 0.2+0.0 11400  27+31 14400 07£00 06+01  08+00
16:0 119400 15+01 171400 408+0.1 144+02 538+01 331+01 261+07 366+0.2
16:1 0.1+0.0 - 0.2+0.1 0.2+0.0 - 0.3£0.0 02£00 02400 02400
180 118401  79+02 137+0.1 44+00 20+01 56+01  122+03 12702 11.8+05
181 258+0.2 457404 159400 421+0.1 634+21 308+01 381+03 460+03 342403
18:2 08+00 18+02 03+01 106+00 175+08 7.0+0.1 73+£01  96+02  62+0.1
18:3 - - - 0.3+0.0 - 05%0.0 02£00  03+00 02400
20:0 0.4+0.0 - 0.6+0.0 - - - 04+£00 03400 05+00
2011 0.2%0.0 - 0.3+0.0 0.0£0.0 - - - - -
18:1TY 474+03 401+04 51.0+0.1 0.240.0 - 0.4+0.1 - - -
182T 1.0£01  3.0%0.1 - 0.2+0.0 - 0.2£0.0 0.1£0.1 - 0.240.0
183T 05+0.0 - 0.8+£0.0 - - - - - -
STrans fat®  488+05 434+05 51.8+0.1 0.4+0.1 - 05+0.1 01+0.1 - 0.240.0
CLA1” - - - - - - 30+00 16+01  38+0.1
CLA2Y - - - - - - 4500 26+01  55+00
Total CLA - - - - - - 76400  42+01  9.4+02
SSFAY 242401  94+01 316+01 463%+0.1 17.3+04 60.8+02 465+04 399+06 49.8+02
STUSFA!Y 269+04 475+06 167+01 533+01 827+03 385+01 458+04 561+05 40.7+0.4

YHT: High trans. ’LT: Low trans.

Interesterified fat blend (fully hydrogenated soybean oil : SL-olive+CLA : palm oil) catalyzed with Lipozyme RM IM at 65°C

and 180 rpm.
) 5

Dcis 9, trans 11-CLA. Ptrans 10, cis 12-CLA.
“The sum of total saturated fatty acids. 10

FAR o2 YEIYI, F ERANL FFe B
AEA virte g FEHdt 53, F4E 715 aAA

Y Z2%E CLAQ HEHS cis 9, trans 11-CLA, trans 10,
cis 12-CLA % =1 9]9] CLA”7} 30, 45 2 0.1 area%E e}
Wi, & CLAZHL 7.6 area%E ZAME th Sn-2 posi-
tion®ll = oleic acid”} 46.0 area% = 7} o] x}A| 5 1L

7154 Al CLAE sn-1,3 position®l] 2 X314
RM IM lipase’} sn-1,3 specific ¥F-3E0]4 2
eld & o} 7154 1A A2 sn-2 position
ZANME dF CLAZE E45H A= ol v &=F

AZ BEeS B 37 U 289 U ¢ gE
3]

= Ao

pe

A

2
o rx u

<9

RP-HPLCO| 2|EF X|&2EA

Fig. 12 &4F 34 AA Fe Ao AAE TAG 3
9 ATAAA DL reversed-phase(RP) HPLCZ partition
number(PN)E &4gt Aot CLAT B {9 vt
S 3HA &2 TAGS] PNge 242} 46~50 Akololl =238
o TAGY 939 area%7} PN=48 %ol E-E3}A . H+H
= TAGS 83.95 area%7} PN=48¢] ¢35} 10.92 area%
7} PN=46, 2.68 area%”} PN=50, 1#]a 0.25 area%”’}
PN=44 Mo A Ea == A2 Yeyth AEAL 314
29 79, PN=482 TAGY 8447 area%=S JYEIHA L,

- nd. V7T trans fatty acids. 9The sum of total trans fatty acids except conjugated linoleic acid.

'"The sum of total unsaturated fatty acids.

mv (A)
PN=48

PNs »PN=50

mv (8)
N=48

PN= 44 PNg46
PN=50

N=48
mv | ©
PN+46 i
PN=44 i
Nt L pnso
mv nE ©
P46 |} |
PN=4\4\ ipnds0
LS M 1V [

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
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Fig. 1. Chromatograms from the reversed—-phase HPLC sep-
a.ratlon of (A) SL-olive+CLAY, (B) palm oil, (C) LT short-
ening? and (D) structured 11p1d (CLA- TFO)

YStructured lipid was synthesized from olive oil with conjugated
linoleic acid. “LT: Low trans. “Interesterified fat blend (fully hy—
drogenated soybean oil : SL-olive+CLA : palm oil) catalyzed
with Lipozyme RM IM at 65°C and 180 rpm.

PN=46(10.92 area%), PN=50(2.68 area%), PN=44(0.25
area%) WA £ ¥ = S YA &9, A
AAA(TAGHH)S PN=44(152 area%), PN=46(21.79
area%), PN=48(53.71 area%), PN=50(11.1 area%) ¥ =
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Table 3. Tocopherol of the substrates (palm 011 SL-olive+
CLAY, olive oil, commercial shortenings (HT?, LT®) and
interesterified fat blend (CLA-TFO)? (Umt mg/100 g)

a- 7 - 65— Total
tocopherol tocopherol tocopherol tocopherol

Palm oil 7.3+0.1 - - 7.3%
SL-olive+CLA 79+01 1.8+0.3 - 9.6
Olive oil 89+02 1.9%0.0 - 10.9¢
HT shortening 66=+02 419+04 17.7%£09 66.2°
LT shortening 19.0+3.7 - - 19.0°
CLA-TFO 47+05 1.0%0.1 - 5.6

i AERN

FA9) BaA G4 2 OBy 54 9 757

Table 4. Acid, saponification and iodine value of the pro-
duced functional fats from stirred-tank batch type reactor

Saponification Todine

Acid value

value value
FHSO" <1.1% 168.3° 0.2f
Palm oil <0.4¢ 204.9 465"
SL-olive+CLA? <0.6" 185.0° 98.0°
Olive oil <0.6" 182.2° 76.8°
HT? shortening <0.3° 182.9° 48.1°
LT" shortening <0.3° 210.6 50.5¢
CLA-TFO” <0.4¢ 173.9¢ 59.1°

YStructured lipid was synthesized from olive oil with con-
jugated linoleic acid.

PHT: High trans.

YLT: Low trans.

YStructured lipid synthesized by enzymatic interesterification
of SL-olive+CLA, palm oil and fully hydrogenated soybean
oil in a stirred-batch type reactor.

"Means in the same column with different letters are sig—
nificantly different (p<0.05).

el S (Fig. 1). o183 A3 TAGEAF W acyl group
Zkel wghol 93+ 47 interesterification®] ©]FH &
& F AJa, e AFGAAY o]5EH EA4o] 99
peaks9} 22 ATAE AP JgS S Aoz A}
FHTH29).

TN K| EDHE Bt 24
4 7142 488 B 0 CLA 34 2elugel &

EFAE FFS B4 A3 (Table 3), 247t 7.3, 96
mg/100 go 2 BEAXEYT, A2 FASE AFAHS BYTt

(p<0.05). Qu¥k 2EY] A2 a(6.6 mg/100 g), 7 (41.9
mg/100 g) 2 §-EFZHZ(17.7 mg/100 g) & EAEHoH
* EFNE TS 662 mg/100 g0 2 7P A4 LreEbstTh
AEMNE £EYL o-EFZHE 190 mg/100 g & FA4]
HAx, FAE CLAGF AEA: TAANME o, v- E
FHE0] 247} 47, 1.0 mg/100 g & A E Atk CLAZH-
AENZ TAA FARA F EZFE ads AHE
| 7129 FH9 vluste] = EmEEo] 23.3% 745N
11, SL-olive+CLAS} ®lsted o y-EZRZHESo] 405,
44.4% ZrAdte] F EHE ko] 41.7% 7438ttt o
o] 47 W8-S 0|83 CLA 3 7154 AEWN 1A A
o FANA T EFZHE FFo] FaHASS & & AN
o ol

= T

MY, HIFEDL 22E7F B2M

A2 AFLE FX9 FAE 75A AR o]3EA
S AR 7] fste] AL B 9 2 e =TS S
on 1 BEXARE Table 49 Yttt 7154 14
A 9] 4b7b= dHE71d A FR049) 22 04 olskE YE
of A T AAEE FEARAF AAE H 3t 3

VFHSO: Fully hydrogenated soybean oil.

Structured lipid was synthesized from olive oil with con-
Jugated linoleic acid.

YHT: High trans.

_LT Low trans.

YStructured lipid synthesized by enzymatic interesterification
of SL-olive+CLA, palm oil and fully hydrogenated soybean
oil in a stirred-batch type reactor.

Means in the same column with different letters are sig—
nificantly different (p<0.05).

A0 Z o]Foxl AR AR HM o2 QU3 F
S RAATL FRAH SR o] 8o] 7hse Bow F
o HEFEAZEF1LDE A3 2F 72 A REY
06 °l3tE Yelda, dut 2 AEN: 2EY D T4
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(p<0.05).
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Fig. 2. DSC heating curves (A) and cooling curves (B) for
palm oil, SL-olive+CLA", HT? and LT® shortening, CLA-
TFO®,

YStructured lipid was synthesized from olive oil with conjugated
linoleic acid. ?HT: High trans. ILT: Low trans. ¥Structured lipid
synthesized by enzymatic interesterification of SL-olive+CLA,
palm oil and fully hydrogenated soybean oil in a stirred-batch
type reactor.
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Fig. 3. Hardness of commercial shortenings (HTV, LT?
shortening) and interesterified fat (CLA-TFO®) stored at
20°C.

YHT: High trans. PLT: Low trans. YStructured lipid synthe-
sized by enzymatic interesterification of SL-olive+CLA, palm
oil and fully hydrogenated soybean oil in a stirred-batch type
reactor.

Table 5. Solid fat index (%) and melting point (°C) of the palm oil, FHSOY, HT? and LT® shortening and interesterified

fat
Temp (°C) Palm oil HT shortening LT shortening CLA-TFO" Temp (°C) FHSO
5 53.8 83.0 60.5 62.3 30 -
10 46.5 75.9 50.4 49.5 35 -
15 43.2 68.6 46.5 39.4 40 -
20 40.6 60.4 45.6 37.6 45 -
25 31.0 475 385 31.8 50 93.8
30 20.5 32.0 29.3 22.3 55 89.9
35 11.7 16.5 20.6 139 60 86.0
40 3.7 4.4 12.3 5.4 70 6.3
45 0.4 0.1 3.6 0.5 75 -
Melting point (°C) 37.3¢ 39.5° 435 39.8° Melting point (°C) 68.0°

YFHSO: Fully hydrogenated soybean oil. IHT: High trans. YLT: Low trans.
YStructured lipid synthesized by enzymatic interesterification of SL-olive+CLA, palm oil and fully hydrogenated soybean oil

in a stirred-batch type reactor.
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One liter stirred-tank batch reactorol 4] 7|2 & 9] {3
B &S 1:2:7(fully hydrogenated soybean oil : SL-olive+
CLA :palm oil)3}aZ RM IM lipaseE A}-&3te] CLAS g4
gk AT AES AT FAHE ATEIR-ELE F CLA
E 76 area% TH3t9a, FL& AWAF 2L oleic acid
(38.1 area%), palmitic acid(33.1 area%), stearic acid(12.2
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A upake B3 v)wh(0.1 area%) o2 HAEH At Re-
versed-phase(RP) HPLC &4 A}, A7+ A2 TAG
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