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Synthesis of Structured Lipids from Corn QOil and Conjugated Linoleic
Acid with Immobilized Lipase-Catalyzed Reaction

Eun-jin Cho and Ki-Teak Lee*
Department of Food Science and Technology, Chungnam National University

Structured lipids (SL) were synthesized by esterification of corn oil and conjugated linoleic acid (CLA) in a
continuous packed-bed column reactor. The effects of flow rate, reaction temperature, and substrate molar ratios
were studied. The reaction was catalyzed by TL IM (immobilized lipase from Thermomyces lanuginosa). Results
of triacylglycerol (TAG) analysis by GC showed that the incorporated CLA isomers were mainly cis9,frans11-
and frans10,cis12-CLA. Slower flow rates yielded higher incorporation, and maximum incorporation of CLA was
obtained with a molar ratio of 1:3 (corn oil: CLA) at a temperature of 55°C. The obtained SLs had iodine values
ranging from 120 to 128. The SLs were composed of TAG (98~99%), 1,2- and 1,3-diacylglycerol (0.7~1.3%), and

a small amount of monoacylglycerol.
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Table 1. Fatty acid compositions (mol%) of corn oil and
conjugated linoleic acid (CLA)

Corn oil
Fatty acid CLA
TAG sn-1,3 sn-2
16:0 11.44 16.64 1.03 542
16:1 0.16 0.24 nd? nd
18:0 1.27 1.82 0.17 1.52
18:1 32.55 32.51 32.64 19.52
18:2 53.54 4745 65.73 1.90
18:3 1.04 1.34 043 nd
CLA1? nd nd nd 34.86
CLA2® nd nd nd 35.61
CLA3Y nd nd nd 0.53
CLA4Y nd nd nd 0.64
Total CLA nd nd nd 71.64

Dnd: not detected.

Bcis9,trans11-CLA.

Mtrans10,cis12-CLA.

Dcis9,cis11-, trans1],trans13-CLA.

Ntrans8 trans10-,trans9,trans11-, trans10,trans12-CLA.

o] Akt 2AL Table 191 YehAATE AN A4
< $i8ld AME-E lipase TL IMS Novo Nordisk Biochem
North American Inc.(Franklinton, NC, USA)ZFE T35t
o} TL IME Thermomyces lanuginosa=5E E=H lipase’}
silica gelo] Z733}=o] granulatedd} B Fao]THID,

MrdXEe g o Bt

T el water-jacketed glass column(l cmX40 cm)ll glass
beadE Z}7t 40g A& F TL IMS 8¢ AN EATt Void
volume¥} total volume®] &4 23}, Z+zt 10.89 37.0 mLo]
Ath. Silicone tubeS ©l&38t] F/HQ] waterjacketed glass
column®} peristaltic tubing pump(EYELA, MP-1000-H,
Japan)® 94T T o7 7] 9 2AAA AFEARE
R WA, SFEFRQRI099 CLAQO23 9E zH7t
1:3 mol B]&E E3 F 55°C 2700 EES 7
Zb 1, 1.8, 22mL/min®] F&o2 AFHXNEL FAIL
9, 25 712 1:3mol# 1 mL/min®] §&0=2 NS EE
Z}z} 35, 45, 55, 65°CE 2T F2TRE o), PN
oh "X Ee 2 11, 1:2, 1:3, 1:4, 1:5mol(&FF5:
CLAZ t& 712 Hl&E o83l9, | mL/min %3 55°C
T2 Eo A AFGREE P

B4 kg Fo I3 fEAt AAE A% grke A
Alatict. AdE zhzkel AT AAZA100 mLyE FE 2w 7]
1Lyl ¥& ¥ phenolphtalein solution 3-4 drop(l g/100
mL 95% ethanol)S 3718} th n-Hexane(300 mL)3 95%
ethanol(150 mL)& ¥ ¥ 05N KOH®| 20% ethanol(100
mL ethanol/400 mL H,0)& ¥o] A% 248t 7 &2
2 Z22Ed A 2] hexane®: T EE]5te] sodium sulfate
anhydrous columnE ©l§, 7% ¥ E-ES AAE ¥ rotary
vacuum evaporator(EYELA, N-1000, Japan)¢} N, & AHg-3lo]
n-hexaneS A7 st}

Pancreatic lipase®ll 2|8t 7|==23i

TAG EA19] sn2 91X)9] AW BA4E 91819 pancreatic
lipase(from hog pancreas, Sigma Chemical Co., USAYE ©]
3t 7RSS AAEE T Test tube(25 mL)ell 5 mgel
TAG® 1M Tris-HCl buffer(pH 7.6) S5mL& &I +
0.05% bile saits 1.25mL, 2.2% CaCl, 0.5mlL, 83 pan-
creatic lipase 5 mgS 7HIA T EFES 37°C water bathol
A 38 FoF 7k, 12 F9F vortex FFE 3~43] WHE A
3 & 2mL diethyl ether® 7}3te) F&3% ¥ sodium sulfate
anhydrous columnE ©4, FE L EEEL AAA. 1
£-E 50uLE 3+ TLC silica plate(10X<20 cm, Merck,
Germany)®l Z7WAIZ 2™, hexane : dietyl ether : acetic acid =
50:50: 1(volume ratios)?] A7}EuE AT S5+
g F2EA= s AAME R g VIELE R, 7 004
2-monoacylglycerolMAG)S )&ttt

Xt =N 2Y

ATAAE Fo) At 24 B2 98 methylationS 3}
Atk ATFAERE 0.1 g Ev TLCAA EE3F 2-MAGE 747
test tube(25 mL)ol FH&t F wEgo] 52 6% FAHEA 3mL
3} heptadecanoic acid(l mg/l mL in hexane) 50 pL-Z 78131
o} 383 vortex 3+ F 70°C dry ovendlA] 1A17F <k 7HE
A7z W23 3 204 hexane 2mLE EoIA vortex 3
o Ax] T hexaned S FTBIAT. T & sodium sulfate
anhydrous columng ©|&3te] 2 H BEEES AAT ¥
GC vial®l #H3}H Tt GC(Hewlett-Packard 6890 series, Avon-
dale, PA, USA) 242 93 column® Supelcowax™-10(60 m
X025 mmX0.25um film thickness, Bellefonte, PA, USA)=
ol 4319, 25 100°CA SEZF AT F 187 4°C
A Z7A 2200CelA 2087 FAAAE. A&7 flame
ionized detector(FID, 260°C)E AM234 oW, carier gasv
N,(52.5 mL/minyZ A3}tk Injector &=& 250°CE FA
ANFeH, 1uLE FU3 At 2448 AAEATE. Constant
flowe} split(50 : 1) modeZ AHE-3I3A ).

22cZkiodine value)?| =X

A B23(500 mL)o] TAG(0.2 gy& ¥ CCl, 10 mL&
7}stke] PAE] LBIAIF) L, wijs’ reagent 35 mL-g& 7FgF Foll
S 3 7PEA Aol AL F gAeA 60wt WX st
ATk 10% KI €9 20mLe} 575 100 LS 7Feted &%
3 1% ARLAS AN go g sl fEld 8089 ¢
£ 0.1N NaS,0, 402 FHFGPrH?.

1,2-2} 1,3-diacylglycerol % monoacylglycerol®| &2
=4

Vial(20 mL)] A E(30uL)yE ¥ hexane 10 mLE 7}t
34§ 3 PIFE syringe filter25 mm, 0.2 pum, Whatman,
USAYE o]&3le o3A7l & 10uLE F93F normal
phase® HPLC(Younglin Acme, Anyang, Korea)S ©]-&3}<]
A8t AREE Columne Hypersil BDS CPS 5 (250X
4.6 mm, Bellefonte, PA, USA)S o] &35, HE7]E evap-
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Fig. 1. HPLC solvent gradient program for the analysis of
triacylglycerol, diacylglycerol, and monoacylglycerol.

, hexane : acetic acid (100 : 0.4, v:v); — , methy! t-butyl ether
; acetic acid (100 : 0.4, viv).

orative light scattering detector(ELSD, SEDEX MODEL 75,
Sedere, Alfortville, Franceys AME-sI3 oW, ZAZ7]|2] ¥4 =
7L AA f42] 220 kPa, 0°CH . 4vl= hexane
(solvent A)3} methyl t-butyl ether(solvent B)oll Z+zZ} 04%
acetic acidE F7}ele] AREEFE L, 42 | mL/mino| AT}
e 71&7] &(A:B, viv %9 JPAAHL Fig 13
2T g 58 FUS 100: 002 FRAHLH, 1587}
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A ukakel Ao g vedtH(Table 1). Pancreatic lipaseS ©]-&
3t JleEEE So sn2 YRS AHRE 2 BN Al
linoleic acid®} oleic acidZ7} 2+ 6573, 32.64 mol% &5
o] AN, sn-1,3 A& X]H]’”‘]' ZAE Ails A3, 7z
4745, 3251 mol% ¢ TS 7= Aoz vehdth sn-
1,3 §1x19 Apgat =4 ﬁ]/&’-\}% oheap 7oy,

Sn-1,3(%) = BTAG—-sn-2)/2

3, F9E 98 CLAS At 24 23 F CLA &
FL 7164 mol% ALE UEigtew, o] & AEdast
£ UehE cis9,transi1-CLA, trans-10,cis12-CLAZY® zfz}
34.86, 35.61 mol%=2X % CLAY 98%% XA|3kit}. o)gt

% oleic acid’} 19.52 mol%-g ERASATE

AR Kst Za 24

oo} wkg zalo] ol AT ATAAL] A 24
Hels dohuy, e CLA F& WL ZAssI A+
4AA Fo BHA LAY 72 oldAE ARBYENR
Yebdthy B EN A is9,trans11-CLA, trans10,cis12-CLA
Hom, HF FHE F CLA FF 80~90%< A3t
(Table2-4).

WA, peristaltic tubing pump$]
ARAE Fol &FE CLAY ﬂ%k%
F‘J_]_i CLA-J ‘61—31:0] _2_7].5]._.
AT A) %

FE5E HERE o] AT
e A3, f&o] =
ZAE A THTable 2).
ATAGS] A =74 ‘:’*4 A, §30] 25ml/
min®d 73L-AE cis9,rrans11-CLASY trans10,cis12-CLAZF 2+
z} 342, 3.14 mol%S YERARISL, 1.8 mL/mingd 7%= 7
7+ 426, 3.93 mol%l.2 E7Fsld & CLA 3ol & 2%
Z7tE 90, 1.0mL/min®d 7%= cis9,trans11-CLA$}
trans10,cis12-CLA7} Z¥2} 732, 6.91 mol% o8 Z7)ste] &
CLA g3Fo] 2.5 mL/mindll BIBIA &k 2wl o] F713lct.

o] [ZEaS=S

T35
h=]
R

) ,]L

= f 2 <E continuous type reactord] $X|3t TL
Mo} "k Aj7bo] Frtalr] wjE<Ql Fo=2 Al Hr

mol%), oleic(32.55 mol%), palmitic acid(11.44 mol%)’} FL Pancreatic lipaseol] ¢]3+ 7}-E318 B3l sn-2 919 A
Table 2. Effect of flow rate of peristaltic tubing pump on the incorporation of conjugated linoleic acid (CLA) into corn oil”
Flow rate Fatty acid composition (mol%)
(mL/min) 16:0 16:1 18:0 18:1 1822 183  CLAI® CLA2> CLA3” CLA4Y Total CLA
TAG 1.0 10.98 0.09 1.68 26.81 44.16 0.58 7.32 6.91 0.71 0.76 15.70
1.8 11.81 0.15 1.72 2772 43.38 0.65 4.26 393 0.73 0.65 9.57
2.5 12.43 0.15 1.73 28.05 49.52 0.68 342 3.14 043 0.45 7.44
sn-1,3 1.0 14.17 0.14 2.00 21.64 37.64 0.87 10.98 10.36 1.06 1.14 23.54
1.8 16.59 0.23 2.39 2521 40.62 0.61 6.39 5.89 1.10 0.97 14.35
2.5 17.50 0.23 232 23.92 44.20 0.68 5.13 4.71 0.64 0.67 11.15
sn-2 1.0 461 nd® 1.05 37.14 57.20 nd nd nd nd nd nd
1.8 2.26 nd 0.38 32.74 63.90 0.72 nd nd nd nd nd
25 2.29 nd 0.55 36.31 60.16 0.69 nd nd nd nd nd

YMole ratio of substrate was 1:3 (corn 0il:CLA) and reaction temperature was 55°C in the continuous packed-bed column reactor.

Dcis9,trans11-CLA.

Mtrans10,cis12-CLA.

Deis9,cis11-, transll, trans13-CLA.

Strans8 trans10-trans9,irans11-, transl0,trans12-CLA.
®nd: not detected.



800

Table 3. Effect of reaction temperature on the incorporation of conjugated linoleic acid (CLA) into corn oi

St E3)8ks)A) A 35 W Al 5 & (2003)

P

Temperature Fatty acid composition (mol%)
O 16:0 16:1 18:0 18:1 18:2 183  CLAI? CLA2Y CLA3? CLA4” Total CLA
TAG 35 1225 0.15 1.76 3009  48.83 0.65 2.60 246 0.58 0.63 6.27
45 12.24 0.16 173 2783 4865 0.69 4.00 3.67 045 0.58 8.70
55 10.98 0.09 1.68 2681 4416 0.58 732 6.91 0.71 0.76 15.70
65 11.34 0.15 1.72 2784 4854 0.63 451 429 048 0.50 978
sn-1,3 35 17.26 0.23 2.64 2803 4146 0.97 3.90 3.69 0.87 0.95 9.41
45 17.37 0.15 242 2473 4157 0.70 6.00 551 0.68 0.87 13.06
55 14.17 0.14 200 2164 3764 087 1098 1036 1.06 114 2354
65 15.54 023 218 2484 4206 0.49 6.76 6.43 0.72 0.75 14.66
sn-2 35 223 nd® nd 3421  63.56 nd nd nd nd nd nd
45 198 0418 035 3402 6280 067 nd nd nd nd nd
55 461 nd 1.05 37.14 5720 nd nd nd nd nd nd
65 295 nd 080 3384 6150 0.91 nd nd nd nd nd

DMole ratio of substrate was 1:3 (corn 0il:CLA) and flow rate of peristaltic tubing pump was 1.0 mi/min in the continuous packed-bed column

reactor.

Icis9,trans11-CLA.

Mtrans10,cis12-CLA.

Deis9,cis11-, transi,trans13-CLA.

Vtrans8,trans10- trans9.trans1 1-, trans10,trans12-CLA.
9nd: not detected.

Table 4. Effect of molar ratio of substrates on the incorporation of conjugated linoleic acid (CLA) into corn oil”

Corn oil: CLA Fatty acid composition (mol%)
(mol) 16:0 16:1 18:0 18:1 18:2 183  CLAI® CLA2Y CLA3Y CLA4” Total CLA
TAG 1:1 12.38 nd® 1.66 28.38 49.62 0.60 3.52 3.39 0.32 0.13 7.36
1:2 12.52 nd 1.69 28.53 49.99 0.56 342 3.02 0.19 0.08 6.71
13 10.98 0.09 1.68 26.81 4416 0.58 7.32 6.91 0.71 0.76 15.70
14 12.49 nd 1.64 28.28 49.09 0.57 415 357 0.18 0.03 7.93
1:5 12.45 nd 1.67 27.93 48.59 0.57 4.44 3.99 0.26 0.10 8.78
sn-1,3 11 17.77 nd 239 2582 4221 0.78 5.28 5.08 048 0.19 11.03
1:2 18.07 nd 2.38 25.32 43.54 0.62 5.13 4.53 0.29 0.12 10.07
13 14.17 0.14 2.00 21.64 37.64 0.87 10.98 10.36 1.06 1.14 23.54
1:4 17.79 nd 2.28 24.82 42.57 0.63 6.23 5.36 0.27 0.05 11.91
1:5 17.66 nd 232 24.38 41.83 0.62 6.66 5.99 0.39 0.15 13.19
sn-2 1:1 1.61 nd 0.21 33.50 64.44 0.24 nd nd nd nd nd
1:2 1.41 nd 0.31 34.95 62.88 045 nd nd nd nd nd
1:3 4.61 nd 1.05 37.14 57.20 nd nd nd nd nd nd
1:4 1.88 nd 0.35 35.19 62.11 0.44 nd nd 0.02 0.01 0.03
1:5 2.02 nd 0.37 35.03 62.09 047 nd nd nd 0.02 0.02

UReaction temperature was 55°C in the continuous packed-bed column reactor and flow rate of peristaltic tubing pump was 1.0 mL/min.

D¢is9,trans11-CLA.

Ytrans10,cis12-CLA.

Ycis9,cis11-, transl] trans13-CLA.
Strans8,trans10-,trans9,trans1 1-, trans10,trans12-CLA.
ond: not detected.

A 24 BA Az 94mol% ©]7e] oleic acide} linoleic
acidZ® TS 23 AWtEo|den, CLAE AE28
glojx] ARE" TL IM©] sn-1,3 specificdS & 5 Aot
oA Aojx) AFE peristaltic tubing pump 572 3
Z79 1.0mL/ming $5L2 S S5FF (CLA, 1:3
mol Hl&olA 328 WHEE 3t ApARZl TidE

CLAS & viw-BAX3F AFs Table 33 2ok A+48X
ATAG)®] A4 B4 A, ¥hg2%7F 55°CY o) CLAY

ko] 714 = Ao ZAMFHAW. 35°Ce] FZCAE
cis9,trans11-CLA®} trans10,cis12-CLA®]  §Hako] 7tz 2.60,
246 mol%el .o}, 45°Cell e 2zt 4.00, 3.67 mol%l = T
7¥8lem, 55°CME Z42E 7.32, 691 mol%=EA 35°Ce] &
Ao nisiA 22t oF 288 AL FUIEIATE ¥ 65°C
AL cis9 transi 1-CLASE trans10,cis12-CLAS] EHaFo] z}2}
451, 429 mol%EM .88 55°Cel wlslA AT ©]
2o A o] AT v AL Felr TL M 84

o ALE
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Fig. 2. (a) Iodine values of structured lipids produced by
various flow rate of peristaltic tubing pump.

Molar ratio of corn oil to CLA was 1:3, and reaction temperature
was 55°C. (b) Molar ratio of corn oil to CLA was 1:3, and flow rate
was 1.0 mL/min. (¢) Reaction temperature was 55°C, and flow rate
was 1.0 mL/min.

o] 55°ColA A =HE 7AW, 55°C oldelMe a4
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g Tl sn-2 R AW 24 A A, -2 913
oA CLAZ} AEHA &9th

g, HHel §2 I mLming §422 59, TL IM9]
A4 4 £EQ) SPCS FLOR 3 S55R% CLAY
7AxAS WERE sl AAE CLAY g2 Ma - 24
319ItHTable 4). AT ZA(TAG)Y A B4 A3}, S
H :CLAY 1:3 mol PFl&olA &4 w2 Yepll= 3o
2 FZAEYY. S49H CLAY 1:imol H-EME
cis9,trans11-CLAS®}  trans10,cis12-CLAS] $F3Fo] Z}zk 3,52,
3.39 mol%©1132, 1:2mol HI-EANXE 22k 3.42, 3.02 mol%
o) FHrS VeIV, 1:3 mol BN E 2t 7.32, 691
mol%EM 1 FFo] Z7idnh. WhHel, 1:4 mol Hl&lA
= 77k 415, 3.57mol%, 1:5mol Hl&oME ZHzt 444,
3.99 mol%2] TS Yeh o} 1:3mol VIEHTE A3}
o] 72 Zsl= CLAY 42 3mol oo 2 ARgsbH vk
o] A& A% w-gol FdatA] XAV Ak A
Aol 93k @4 BAlo] AsiEr] Wil AoR ARHNO,
Pancreatic lipase®l] €}t 7FHrRalE B3l sn2 $X9 A
A 24 BA A3 1:49 1:5mol HIEE WH33E A5
A9 0.02 mol% ©l&ke] CLAZF AEE AT

ot e Agel Ash &l GE WAL WELE,
a9z 71de) B gl ATANET AT 49,

O
1 mL/min, 55°C2}] ZAdA 54F :CLAS 1:3mol H|&
S M o AAEE ATAEARAY CLAY el 7HE &
& Aog A
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Table 5. Effect of reaction condition on the production of
triacylglycerol (TAG), 1,2- and 1,3-diacylglycerol (DAG) and
monoacylglycerol (MAG)

Parameter TAG 1,2-DAG 1,3-DAG MAG
Frow rate (mL/min)"
10 98.56 0.37 0.92 0.15
1.8 98.70 0.34 0.77 0.19
2.5 99.05 0.21 0.50 0.24
Temperature (°C)”
35 98.60 0.35 0.74 0.31
45 98.58 0.41 0.67 0.34
55 98.56 0.37 0.92 0.15
65 97.45 0.39 0.89 0.27
Substrate mole ratio” (corn oil/CLA)
1:1 98.97 0.25 0.58 0.20
1:2 99.01 0.29 0.54 0.16
1:3 98.56 0.37 0.92 0.15
1:4 98.95 0.34 0.54 0.17
1:5 99.08 0.20 0.53 0.19

UMole ratio of substrate was 1:3 (corn o0il:CLA) and reaction
temperature was 55°C in the continuous packed-bed column reactor.
IMole ratio of substrate was 1:3 (corn oil:CLA) and flow rate was 1.0
mL/min in the continuous packed-bed column reactor.

YReaction temperature was 55°C and flow rate was 1.0 mL/min in the
continuous packed-bed column reactor.

= e 12701981, 1.8, 2.5 mL/mind 7Z-Felle ZHz 123,

120 58 YelldT) ol f50] =EeE 4" AFA
Ao CLAS ¥3H3 B-¥X3} ZlHJ&A stako] EolH e
AL on3it) WL E WHEE 3o A AFEAE
o] ke Q9T 2 B Ade vhest 2tk 359 45°C
oA BAE ATAEXEY a9= e 559 65°CoA A
B ATAAAY 80T ZRTF Yolr kS
2 A9 A7AxZe] 20 Fg= Frtehe
o, o]y BX3} Ahate] gl Frtsle
AR} fAbET 3, 713 FRE MR
H A A QL&E e %—Zéﬁi A,
}\é =0 &‘T*}I:‘PT‘ LAY 1:
< YeRisit %??% CLA®] 1:
])\1 /\gﬁﬂ xﬂ;ﬂ;q;d,] FeX A=) 71-
Zo|glom, 1:4, 1:5mol H&XE 242 116, 114 55
VERHTE olate] Ad Axg Fa dd 2o A4
H AR 89 ZHE 120~128¢] WHE 7AW, &
3] 1.0 mL/min, 55°C, 2 : CLAS] 1 3mol H]&olA
AR A Ae Bxsiert 7P 258 4 7 AT

L7t 255
7:16k0 B
A HFAE 243 9]

sted A1A
CLA®2] 24 A
oflA 7V = #
2, 1:3mol Hl&
Zyzy 123, 128, 127

O
—
=)
»—l[UZlO

Lw

1,2-2} 1,3-diacylglycerol(DAG) %
(MAG)e| 4

HPLC-ELSD system? ©]&3ke] A7+ SR
T4 AEe BAE Ay TAGIE &F 98% o442 tiFE
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