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Production of Structured Lipid Containing Capric and Conjugated
Linoleic Acids and Studies of Physicochemical Characteristics

Jung-Ah Shin and Ki-Teak Lee*

Department of Food Science and Technology, Chungnam National University

Based on reaction time and substrate molar ratio, structured lipid (SL-corn) was produced at 1:2:2 (corn oil/
capric acid/CLA) and 4% immobilized lipase from Rhizomucor miehei (RM IM). Reaction was carried out for
24 hr at 55°C in 1-L stirred-batch reactor. After reaction, 13.3 mol% capric acid and 8.9% CLA were
incorporated into corn oil. Iodine and saponification values of SL-corn were 68 and 202, respectively. Tocopherol
content decreased after reaction (about 39%). SL-corn showed more yellowish color than corn il (p <0.05).
Reversed-phase HPLC indicated triacylglycerol species containing capric acid in SL-corn resulted in faster

crystallization than that of corn oil.
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Sk olul FoE ALE-E lipasew 9HE F TS &
ol EAE doll= TAGE 715 E3llske wheo] doji}

e HAgke) F3o) EAlE wlole 9JOF esterification WE
29 doEr WhE-9R| Eolg@®)yE 27] W, 7154 A
WS TAGE] S8 91R1¢l| A %Hincorporation) o2 FFeHE
o7 Rz & A7AEAANE A F Ak ol &
Aol M= 2ABHE fipaseE ARE3te] IL &%) stirred-batch
type reactorol A 71543 Aakg S A AES T
F olglsty 545 AR

e Ay
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HEME

B oAdo] ALgE 2uihe iy EAMEAL /4, el
A BT 7 Ao 2 (FEto]B. AR NE A
F-ure- conjugated linoleic acid(70 CLA™, Ay, Z7|x)%
Sigma Chemical Co.(St. Louis, MO)Z%E] 9]¢+ capric acid
2 o]g3uth CLA °lAAlve T3F25EH dze] oldsld
o) FAE ASRE ¢is9, trans-11 CLAB3.0%)%} trans-10, cis-
1232.5%), ¢9, c-11; t-11, +13CLA(.7%), t-8, t-10; +-9, r11;
10, +-12 CLA(1.7%)E FA=AEL, o1& CLA o3 EFEA
EE5% Nu-Chek-Prep(Elysian, MN)ZFE] 793t &1t
RM IM lipase(immobilized lipase, Franklinton, NC, USA) =
Rhizomucor mieheilx] 58]¥ 2122 Novo Nordisk Biochem
North AmericaZ%E] U312, #212] sn-2 position2] A

=
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A 2AE M8 93 pancreatic lipase(Type 11 crude)i=
Sigma Chemical Co.(St. Louis, MO)Z%-E] 73k},

J1EEe SHIE AlZMf mWE "2

1-L 8-72] stirred-batch type reactoroll] A4 X1 @L 34
8710l kA WEE 711 Sl capric acidet CLAS] 2 v)
a3 Akl WE Af &2 tg 7ol A uskel Screw-
capped Al gl SuR-9} capric acid, CLAZ 7}z 1:1:3(02
g£:0039 £:0.193 g), 1:1:6, 1:3:3, 1:3:6, 1:6:3, 1:6
:69] & HIERE I mLe nhexanedt 7t F 7)R-EA ] 1599
RM IM lipaseE 3] vortexd ©F3- 1, 2, 3, 6, 24A17H) 9
& Hhgsleinh olull W2 55°C2} 100 rpmO.E shaking water
batholl 4] o] Foixch 7} AlZHEE 3 whs-ES drfgue
hexane : diethyl ether: acetic acid(50:50: 1, v/v/v)E 3+ thin
layer chromatography(silica gel 60 F,,, 20X20cm, Merck
KGaA, Germany)¥4& 3tod TAG band%t #3}%Ath UV,
lamp= 2¢1¥ TAG bandE A @el #H3 F 3mLe 6%
H,SO, MeOH} heptadecanoic acid(l mg/ml. in hexane) 50 L
& FT & 70°C2l dry ovenol Al 1A17Hs<H methylationdle] A
& fatty acid methyl ester(FAME)E 7122212 vhE 22 2)(GO)R
A8 AREE LS fused silica supelco wax™-10 capil-
lary column(60m><025mm id, 025um film thickness,
Supelco, Bellefonte, PA, USA)°IS1, 4w 28 100°Col
A SR A F 220007 4°Cmine] M &R F2-so]
220°CollA 2087 FAETE o]lE71= Nzolﬁ’i:ﬂ constant
flow mode® | mL/min FA3F92H total gas flow rates 32.1
mL/min®] vk, Split ratio™ 50: 12 248229 injectors}
detector 2%+ ZHzF 250°C9} 260°Co]Tt}t. FAMEY internal
standard & ©]4-3}%] retention time-2 W|WEO A A 2kl
capric acid®} CLA®] A& (mol%)rs =439},

[
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I-L &) stirred-batch type reactorol| 4] A4 =] &(SL-
comnyg FHd8t7] flste] SulR-ot capric acid, CLAS 1:2:2
(300g:119g:193 2] & PI&E #718vl5 ARRslA] oke 4
BiolA] RM IM lipase(24.48 g, 4% by wiw of total substrates)
2 ddsielch ol wigtwofolny Zole} Zo] zbzh 9emé}
33emel YHHE AL stitrer motorM Tops MS-3060D.,
Korea)=. 230 rpm< #4131 375199tk Tunke] Eo)9} WA
ZFzb 11em®t 15 emel 2001, 2420 =3k Bl ofs)
53°CE FASHATE 2447 T vacuumS ©]-§3)F of 3}
sted lipase?t A AE WF-EEE 0.1 torrs 150°Coll 4] 2
Alatated 210°0C7HA] F2-she] 1479 SRsklt)
HES-E-2 05N KOH solution(20% EtOH)C. 2 Cho(9)2}
g2 2 F49S A anhydrous sodium sulfate column=}
vacuum rotary evaporator= -3} hexane-2 A} 7 shed 24
A E(TAG FEE Balsioleh Fel®l 474 A 2e N, gas®
3 UE & o AL 9s) Qs st

ne o K rlo
o rleo
o
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N
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151X ME tocopherol ¥ AME B

fAe] St 4 Uekile 29Es)sh ulEszke AOCS
oM AATE WIS Fgstdom, Sulel A A
Aol 7} o-2F ytocopherol T Q3 SPOIOD dual HIT(SHE,
371k G- UVT0 AEVICRHE, A71myt ARtE e
normal-phase  high performance liquid chromatography(NP-

HPLO)Z #4313t} 40 Alg-d 248 LiChrosorb Diol
um(3X 100 mm, Chrompack, Raritan, NJ, USA)0|3. o]FAe
100: 0.1(v/v)2] hexane : acetic acid® 5882 | mL/ming] &
o2 EHFACE 60mgel AlSE 10 mL hexaneoll o] 100 uL
loop7t A2tE]o} 2= FY71 10Ul FLReHTLm, 295 nme]
FEENA Aol o]FolH ) ©] & tocopherol®] HHL o
9} ytocopherol BFEAE 72 YF-FFEFAS 245l o]
FojAth AlRe] MEE AR (Color Techno System Corp,
Tokyo, Japan)ll 2|3l Hunter Ao A3 A&o] L¥0/100,
lightness/darkness), a*(+/-, redness/greenness) = b¥*(+/-, yellow-
ness/bluenessyS 33 RHE =24 3le] Hgghs F3hozy 23
Eo7a=

o

Xdhite] x| =MEM

28] sn-2 positiono| A e kel 24 EA L thSa 7ho
2ayaisict. Aol 5mg AR, SmL 1M Tris-HCI buffer(pH
7.6), 1.25mL 0.05% bile salts, 0.5mL 2.2% CaCIZQ} Smg
pancreatic lipaseE o] 35+£2°C water bathollA] 105 <
vortexdFAA WEESE 3 3 mLe] diethyl ether & ¥o] vortex -
Walsie] Z Zesleith. & e ¥ AHE(diethy] etherZ et 3
a4] hexane/diethyl etherfacetic acid(30:50: 1, viviv)E A7) 3}
= TLC plate(silica gel 60 F,,. 20x20cm, Merck KGaA,
Germany)ell 4] 2-monoacylglycerol(MAG) band%t A& o) s}
ATk 2 F 3mLe 6% H,S0, MeOH3} heptadecanoic acid(]
mg/mL in hexane, internal standard) 50uLE # 3 F 70°C
dry ovenollA] 1A]7HEQE methylation 3T} o] Wzhsl the
2mLe| n-hexane® FH7bsle] & B8 & AE(hexaneZ)Wh 3
&A1 anhydrous sodium suifate columng EF3}8}e] 558 #)A
8kl A2 FAMES ImL GC vialdl 74 GC #4813t} GC
FA2 flame ionization detector(FID)7} 428 Hewlett-Packard
6890 series gas chromatography(Hewlett-Packard, Anondale, PA,
USA)= s #9718 AME38ITh GCEAe 723t nheh 7+
& Z70A o]RolHTE EH -2 positiond] mol%E &
&t Xug(1De] A AMFAS #3838k sn-1,3 position?]
AL 245 At

RP-HPLC &4

Reversed-phase HPLC(RP-HPLO)412 %42 SP930D dual
HEZEME, B71m)eh exeet 4ol 2hzh 40°Ce) 2.2 bare A
d¥o] N, gas® §-4-7} 0] F0J2|:= Sedex 75 evaporative light
scattering 732 7](ELSD, Sedere, Alfortvill, France)® 3}jth. z+
H-2> ODS 4 um(Nova-Pak C,, 150X39mm id. Waters, Mil-
ford, MAYI2t) o] §A42 7187] £8E acetone/acetonitrile
(60:40, vivig 10i Bt S35 oy 208782 100: 0] ¥]
0] HEE lineardtAl FelF3om 2587k 100:00) #
AL T7E 30871 60:402] Bl &o] EEE lineardtH SEiFE
5t 402714 60: 408 FAEEE 0.5 mL/ming] 508
EHFACE 50uLe] A1E9} tributyrin 30 uL(internal standard)Z
10 mL acetonedll =] 100 uL loop7} A2tE]e] e 591710
10 pL=Y 3kt Partition number(PN)2l 274 tributyrin, tri-
caprylin, trilaurin, trimyristin, tripalmitin, triolein, trilinoleinS-
ARS-3to] TAG peak®] RTS} PN7ZH] 7Al4MA 8 AIth(12),

DSCE4
FA)2] AA s} (crystallization point)y= differential scanning
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calorimetry(TA Instruments, Model DSC 2010, New Castle, USA)
2 ZAs9cth B4 Al calibration $13} baseline ¥l cell’d
glol A dojar, 7t BAAEe %S 5+0.01mgeE St
Thermograms V7] 18 2% 22338 80°CAlAM 107

b ex)g e 10°C/min®] H|EE 6507 Wzsk ¥
eneA] 1027 §Ask] thA) 80°C7HA] 5°C/min®] HlER 5
2319

EAEN

1% HA3H= 2000 Statistical Analysis System S/W Package
(SAS Tnstitute Inc., USA)13)8 o] &8s 95% A7kl A
Duncan’s multiple range test DMRD)E 7t 214& 753kt

ot 0F
HISAIZIE 7 |WE

o] & HlE &
12 uhe A 7hal B wgol wE A 2He &
HalzEr)h wx, Lapm, acid®] 7 $H(incorporation) &2 6417+
& “H”}X] ZFohe FAE Boltirt o] FRE] 24r%F
ot WA= *MS] Z 7t 1:6:6, 1:3:6,
1:6:3, P13, 1:1:6 24 of ZH7 274 mol%, 31.3 mol%,
39.6 mol%, 38.1 mol%, 29.4 mol%, 3'%6m0]‘7r9] As £ H

Fig

At CLAS] ZAS-olx 6A7F ute & g7ixe Z7tele
AE Hojohrt o] SREe & tﬁ‘ﬁ} } e AS Ho|HA
24 Al{HEE Z 1:3:3 1.6.6, :3:6, 1:6:3, 1:1:3,

1:1:6 5d v 27zt 4.4 mol%, 111 mol%, 6.5mol%, 11.6
mol%, 2.2 mol%, 44mol%e] A% && Hvh ol CLAY

r}o

739 capric acidBT} °F 13~1/edfe] wr& AF golrt o
7He &2k RM IM lipase’t A A6 CLARTE © A
WAk capric acidoll thaled o Aeldow wke Eoldg 7}
A, capric acid7} CLARTF ®& H]1&2 Sulf TAGO] AdHe

o8 ALFEEICHS). o3& 24 X]?‘:_]S’l scale-ups 98 ¥bg

AlZbe 24x7ke 2 3lele, Sellappani?t Akohs=  trilinolin®]
caprylic acid9} stearic acid®l & H]E(1:1:1-1:5:50°] W&
A & Aol 1:2:29 1:3:352 AR 2olg Hol
2} oFoA BlaA Fo ?a*é%a VERERIAL, 1044904 7}
Y =AY &5 Btk AASATHI4). 01 o elnldeld
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Fig. 1. Incorporation ratio of capric acid and CLA according to

the time course and molar ratio in corn oil.
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EVACR I B R

o7} 24} olW7} UeE &1, wkgshe AAbEe] B H|Eo|
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MPMXEe X" X|ghit =MHREE

A3 AREE RM IM lipase®| ¥Hg- 5o]4d&
A9 7t YR E(sn-13F sn-2, TAG) AWt
Qolr okt Table 1 Suif-ob A4 =Hel

%LH
e

-+

A <ol TAGOIA &
% CLAE
]ow\y A e

169 mol%S WERN ™, -2 positionoll = HF
linoleic acid7} oF-4-&
capric acid®} CLAY sn-1,3 position©ll T2

lipase”} sn-1,3 specific WFS5019S 238

LT
& capric acid<

)~

alstt.

Table 1. The positional composition (mol %) of fatty acid in corn oil and SL-corn

lo i

il

Rk
A8 A3k Aajolrt. Stirred-batch type reactoroll A

; 13.3 mol%©°1 %}
8.9 mol%e)itt. A4 A&l wn-1,3 position
capric acid’l 19.3 mol%o] 3, CLAS] &2
A kel
A st A 71 Akl
w38l RM IM

7

X
]

b,

%L

8

TAG sn-2 Position sn-1,3 Position
Fatty acid
co" SLCO" CO SLCO CO SLCO
C10:0 nd” 13.3+£09 nd 124+0.1 nd 193+13
Cl6:0 114206 7.9£0.2 1.0£0.2 19402 16.61+0.8 10904
C18:0 1.3+£03 1.7+£02 02£0.1 04£0.1 1.8+04 24+£02
Ci8:1 326£05 259113 326+1.1 30.220.1 325413 237420
C18:2 535+13 38.8+0.8 65.71£0.9 63.5+1.0 474124 264£0.7
Cl18:3 1.2+0.1 04£0.0 0400 0410.1 1.6+0.1 04+0.0
CLA nd 89x22 nd 24106 nd 169142
"CO: corn oil, SLCO: structured lipid obtained from com oil with capric acid and CLA by RM IM lipase. Other reaction conditions are in material

and methods.
“Not detected.

Values are the means of two determinations with standard deviations.
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Fig. 2. Iodine and saponification values of corn oil and SL-corn.

Y 1.2mol% capric acid®} 24 mol% CLA7} A4 =& 9
sn-2 position®llX VFERE=H], o]#g A& RM IM lipase(sn-
1,3 specific)?] WHg-9IA501dS Fs)] B w, B g %
7ol Ao = acyl migrationol] 2|3 A oE AlEHETH(IS).

TPoXE2| si2t® M3, tocopherol 3 MT
Stirred-batch type reactorel4] FAH HHEES £7 & =
g 2F7Hacid valuey= 3.6501em, zE] @akele] FEs)
TAGHH 2] A78xH9 27h= 017010tk £238 £ U
Ehlle Sulek A7 A9 9o =7k Zhzt 1163 689
AL, A APPAe] BApeke AWshe Sulfol A7 A2
o] vlrslzle Zhzt 1899 202010 thFig. 2). old A=
A7 R Ho] Fapgfo] oA EERMA] capric acidE
133 mol% R332 7] WZolth. Suli-2] a9 y-tocopherol
T2 717 167 mg/100 g2+ 26 mg/100 gdom, A4 X3
9] o9} ytocopherol &2 13 mg/100 g 13.1 mg/100 go]ATH.
Az o Sulfet A7 229 F tocopherobe zHet 427
mg/100 g2 26.1 mg/100 g=, A-74 A A2 % tocopherol
G SulFET oF 39% FAEUTE 2ulfet A7 2
9] Hunter Al 2% Mz 242 Table 29 YERASICH
Sulfet A A= L8R, +/- lightness/darkness) g2

50

B0 - :

S -

20

Contents of tocopherols (mg/100 g)

a-Tocopherol ¥-Tocopherol total-Tocopherol
oComn ol ®wSL-con

Fig. 3. The - and y-tocopherol contents of corn oil and SL-corn.

Table 2. The hunter color L*, a*, b* values of corn oil and SL-
corn

Corn oil SL-corn"
L* value 93.86 £ 0.44%% 93.07£0.51*
a* value -3.99+0.09° -3.86 £0.09"
b* value 23.71 £0.40° 26.19+£0.13¢

"Structured lipid obtained from corn oil with capric acid and CLA by
RM IM lipase. Other reaction conditions are in material and methods.
2*"Means in raw with the same letter is not significantly different at
0.05 level.

7}z 93.863F 93.07°1U L a*(AMXE, +/- redness/greenness)ZtS
Zpzt 3999} 38622 AME 7t FoF zpolrt UTHp<
0.05). BHHe b* BHE, +/- yellowness/blueness)Zh-> <ull-6-2}
A A"e] Zhz 23715 26198 AFA A Ho] 2ulgH
o o yellownessS YERNT f23 2o)E B AT <0.05).
Ad AZNA yellownessS HolE olf= G4 2 AA 3}
A4 ¥ vtocopherol®] 83 ISR yellownessS .ol chro-

myv IS (A)
LA
B)
Newly synthesized
SL containing C10:0
r 34.2%
PN=45 57
PN~26-44
is
_hw_“ J ........ A e /\/\/\
1.00 6,00 11.00 16.00 21,00 26,00 31.00

Time (min)

Fig. 4. Chromatograms from the reversed-phase high performance liquid chromatographic separation.

A: Corn oil, B: SL-com.
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Fig. 5. Crystallization curve of corn oil (— *—+—) and SL-
corn (—) by differential scanning calorimetry.

man-5,6-quinoneE. W5 7] diEel HeZ ALREHT(6).
Tocopherol®] -2 AR do] S45HHE) digk 39% 7+
Asle olgig AnE Fiwkals] Fo

RP-HPLC £4

Fig. 4= F7% &3S B3t eE TAG ¥el9 Al
74 X AE reversed-phase(RP)-HPLCE 223 Z3lo|r} Luj
Fol wk3EtA] 922 TAGS] PN7HE 45-572] Alolol] &A%
o, Wil capric acidE 133 mol% S8l e ATA
A Z(TAG FEf R PN 26-44 Alojol] Z=Ajsty 2] oF 342
area%g 228G HFig. 4, B).

Crystallization point 4

A4 AF9 crystallization pointE Z3 3l Lulfel
crystallization® —56.77°ColA ¥ peak d-2 JER|RIAL, H
2 WE 2% HAoAM Yoluk it 8 Autes
4¥ TAGE ojFoj4 UL HAFrkFig. 5). v, 74
249 crystallization® SH)f-2F AL SERYE HoL,
T8 peak7t ~462°CE ©]E3I%Th ol AM7A Ao crys-
tallization pointZ} %2 capric acid® 83t 2ol SujfET)

Agst W dojut ol AAE AU Aoz Algdch

2 o

1-L stirred-batch type reactorol|X] 71AE9] & B]&L 1:2:2
(corn oil : capric acid: CLA)8}3Z RM IM lipase2 AM&-3ted 3|
74 A4S s e A7 AFES F capric acid
¢} CLAS 7H7} 133 mol%9}t 89 mol% T3ttt 7154 A
WA F2 sn-13 positiondl] EXE3ML, sn-2 positionol =
linoleic acid7b thi¥-F-o]ith 274 A&l e =7ke} v)F
sPhe 683 20201904, ol A4 REoll -9 capric acid
il Ark. R & A4 2 A F tocopherol TS oF
39% HAastAth MERMAT, TG AW SHH A2
o WAL et AL (@M oA o)zt gl &
AEpHelre A7 A"l SulF-R} yellownessE Rolw
felF 2ol HAThHp <0.05). RP-HPLC B2 3 A4 =
HollA capric acidE FH3IT U= TAGHENS] PN 26448

% 54T s41

A Q] oF 342 area% AATFE G F UATH EI Luift
-56.77°Col % crystallization peak 758 HQl whAd], )
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