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Lipase-Catalyzed Synthesis of Structured Lipids with Capric and
Conjugated Linoleic Acid in a Stirred-Batch Type Reactor
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Dept. of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Structured lipid (SL) was produced from soybean oil with molar ratio of 1 : 2 : 2 (soybean oil : capric acid : CLA)
using Chirazyme® L-2 lipase (4% by weight of total substrates). The reaction was conducted for 24 hr at 55°C
in a 1 L stirred-batch type reactor. SL-soybean oil contained 4.9 mol% capric acid and 4.1 mol% CLA, re-
spectively. Iodine value of SL-soybean oil was reduced than that of soybean oil due to the incorporated capric
acids. Tocopherol content in SL-soybean oil was 18.2 mg/100 g. SL~soybean oil appeared more yellowish color
than soybean oil. Reverse-phase HPLC showed that SL-triacylglycerol species containing capric acid consisted

of about 12.6 area%.

Key words: structured lipid, capric acid, conjugated linoleic acid, soybean oil, stirred-batch type reactor

M

v =g B 23 FH A= A 9% 758 /A E #A4
gtod A FHIMEEAM 2393 otelazmy] Fof o] &3t
= FAlelu, el A o] ot R Y A7) v vigh AA
oln 2 ole g A7 4 srke]) W) A dF 7|5
A §2E A 317 Y3t A& triacylglycerol(TAG) back-
boneoll $1 X% Ajupike] 2 FFE WA R AFAA
A (structured lipid; SL)®] 7Wd 22 AT 4 9letk1). £4
A o ~e 2.3} uh-g-oll &g TR AL FAAL 40wt
S Bol el o3t 7|54 A& TAGS E4 94
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#H, MCFA+= A4 #1494klong chain fatty acid; LCFA)®)
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2 A3 A1-4-% conjugated linoleic acid(CLA) o] A A
(70 CLA™ Livemax Co., Sungnam, Korea)= cis-9, trans-
11(CLA 1) 33.096, trans-10, cis-12(CLAI) 32.5%, cis-9,
cis-11; trans-11, trans-13(CLAIN) 1.7%, trans-8, trans-
10; trans-9, trans-11; trans-10, trans-12(CLAIV) 1.7% &
TARHAAL F3-+24E FAH At Capric acide} A4k
24§ ¥43}7] 91§ pancreatic lipase(Type I, crude)=
Sigma Chemical Co.(St. Louis, MO)Z%& F438lgic}. o
e o FARE, A7, $ A4 Tt T 0e
Zv) 2% Candida antarctical A 2% Chirazyme®L-2
lipase(immobilized lipase B, Roche Molecular Biochemical,
Indianapolis, IN, USA)ES o]-&3}4ic}.

EA okof 2 vtg

HF(2 g), capric acid(0.790 g)®} CLA(1.284 g)& 1:
2:2 & vlg¢=2 &3} Chirazyme® L-2 lipasest &7
screw—-capped 25 mL vialell 3 3, vl vl g v}e} stirring
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plate(Corning, NY, USA)E o] &3ke] 500 rpme 218 4+
e ol A 244 7HEQk uk-2-3}ed Chirazyme® L-2 lipase] oFel|
w2 4382 A9 8o}l o)W Chirazyme® L-2 lipase®]
FL F 71ARA L] 29%9} 4%, 6%, 8%, 10% 2 3}o w33}
WS- F242E 0] 83t 55°CE A3tk 24
2 ¥, ¥h-8-E-& PTFE syringe filter(25 mm, 0.2 tm,
Whatman, USA)Z lipase® A7 3} hexane : diethyl ether
“acetic acid(50:50: 1, v/v/v)E KWL} E &) thin layer
chromatography (silica gel 60 Fasq, 20X 20 cm, Merck KGaA,
Germany) 243 A7} UV lamp®E #<1% TAG band:=
methylationdted 7tz 20t E 283 (GC)R B39},
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55300 g), capric acid(119 g)9} CLA(193 )& 1:2
:29] Eu] g2 £uls A1481%) 93 Chirazyme® L-2 lipase
24.5 g(4% by w/w of total substrates)& 1 L-882) stirred-
batch type reactorol| 4] 244 7HE-qk ¥ 2 oke] 7o) 9} Eo)
Z+7F 6 cm$} 2 cm<! impellerE AF8-3}o] FAF A A(SL-
soybean oil)& 415191 c}. Impeller & stirrer motor(Mtops
MS-3060D, Korea)ell ©}3t] 420 rpm<- %] 3491 2.7, tank
o) Folot WAL 22t 11 em, 15 cmB 2539 3=
ol 83l 55°CR #2131 e} 2441 7 k-2 3 o) 32 3}
o] lipaseZ} AAR #H-EE-& 0.1 torr & 150°CollA] 2FE A
ahste] 210°C7HA] $-&8te] 1425 2R84t 27 %
Q& 555 872074 #3813 phenolphthalein solu-
tion(0.01 g/mL in 95% ethanol) 3~4%8-2 7} t}& 05
N KOH solution(20% ethanol) 2.2 A3 ¥ n-hexane-s
A7bsle] & Beligivl & ) F A3 (hexaneZ)T
#] 8}o anhydrous sodium sulfate column®} vacuum rotary
evaporatorg ©]|-£3}e] E3} n-hexanes AAT F A A
2 AFAATAG Feh)E Lk 5T AFAA A
Np 7h22 3 48 F og 248 98 A5 nas)

ot

31505 M3 tocopherol ¥ Mz B

W2k AFAEARA AL 4], 8.2 =0) 8] R8s AOCS
o AAY g e R SAHIATHI). FAY a-, 7 -, 5-to-
copherol ¥4 UV 2 £7]7} A2 = ¢)9) = normal-phase
lﬁgh performance liquid chromatography(NP-HPLC)el] ¢}
B}eq o] R0} A}, Z} tocopherol #8-E ¢ -, ¥ ~, 5-tocopherol
BEEEAR 4 & R EFTAL 2t slo] A ekslgl) HP-
LC+= Yonglin SP930D dual pump$}t Yonglin UV380 A Z>)
(Anyang, Korea)7} A #4592 §35& 295 nmoll A 33
Bhed e} Aol A-8-% 2L LiChrosorb Diol 5 im(3 < 100
mm, Chrompack, Raritan, NJ, USA)0)¢l 3 o] EAe 54
2 2 0.19% acetic acid”} €55 ] 9]+ hexaneS 1 mL/min
9] fFoz EHFgch A18.(60 mg)E 10 mL hexaneel] =
of 10 nL F9lste] J-& FZvhE 12 peakE &-43}

tocopherol& A g3lsich A X AL Hunter A A o) &4
A 2} A (Color Techno System Corp, Tokyo, Japan)ll ]3]
A8 L*0/100, lightness/darkness), a*(+/-, redness/
greenness) ¥ b*(+/-, yellowness/blueness) ZF-<- 33 ul=
ZAste] HAgS TN A3

ot 2xY =M 24

AFfr2h AT A4 2} sn-2 position®] A WHaF A B4
< o5 Zo] A3t AP Rel AR 5mg, 1 M Tris-
HCI buffer(pH 7.6) 5 mL, 0.05% bile salts 1.25 mL, 2.2%
CaCls 0.5 mL, pancreatic lipase 5 mg-% 3 3} 35+ 2°C water
batholl 4 10# F<F vortex3d 4] 4H-2-3F £ diethyl ether
3 mL-& #3le vortex ¥ x| ste] & FElEqich 2 ¥
2] ¥ A3 (diethyl ether2)3t # 3 4] hexane : diethyl ether
> acetic acid(50 : 50 : 1, v/v/v)Z A 7)8l= TLC plateol| A} 2-
monoacylglycerol(MAG) band%t 2| 8}git}. A& Tl 2-
MAG band®} 6% HzSOsin MeOH) 3 mLe} A =g 9%+
heptadecanoic acid(C17: 0, 1 mg/1 mL in hexane, internal
standard) 50 pLS- # 3 ¥ vortexste dry oven 70°ColA
14]7-&-<t methylationd}gith. o] % ¥ 7+gF o} n-hexane
(HPLC grade) 2 mLE& 37} ¥ vortexs}e] Ab&(hexane
%)t # 8] 4] anhydrous sodium sulfate column .2 4=3-&
AAsEZ Q- fatty acid methy! ester(FAME)E- 1 mL vial
o %74 GC £A434 ). ol 43 sn-2 position} mol%
£ #4319 Xu 5(10)°] AAF Al 43k sn-1,3 posi-
tion®] A4t 2A-& F3hleh

A4t 24 -4 flame-ionization detector(FID)¢} 2}
F7U717F A2¥ Hewlett-Packard 6890 series gas chro-
matography(Anondale, PA, USA)e] A& 1 uL& 343}
o] Folch BA AR AR 2z aAle Hwe}
FLE B EA M A1), of 7 Al Noo Q2
split ratio= 50 : 12 2 3sl91 2.0}, FAME¥ internal stan-
dardg ©]-83}°] retention time(RT)& v 3o 2 A=

shirh

RP-HPLC &4

Reversed-phase high performance liquid chromatog-
raphy(RP-HPLC)%4-2 Yonglin SP930D dual pump®} Se-
dex 75 evaporative light scattering detector(ELSD, Sedere,
Alfortvill, France), ODS 4 um(Nova-Pak C18, 150 X 3.9 mm
id, Waters, Milford, MA)Z# o] ZAAEe] ojFojzr).
ELSD®] %9} ¢+8-& 77} 40°C, 2.2 bar® A A ko] N, 7}
22 571 o] F A 42 05 mL/min, °] 4L 71 &
7] 42l & acetone : acetonitrile(60 : 40, v/v)& 10 ming9t &
2 2 oF-& 20 minZhX] 100: 02) ¥]$-o) H =2 linears} Al
25921 25 min7hA) & 100 : 00] #-#] Ht}7} 30 min7hA]
60: 409 ¥]go] H =% FE F ohg 40 min7hA] 60 0%
A8t o}, 50 uLe] Al &9} tributyrin 30 UL(internal stan-



WFH2PE Lipase o 48 A74 A4 ¥4 4 54

dard)E 10 mL acetone°ﬂ =of 10 uL ) 3F3it}. Partition
number(PN)&} &%
myristin, tnpalmltm, triolein, trilinoleing AF&-3¢y &) %3t
F344 24’ 3 TAG peakd retention time(RT)¥ PN
Zre) A ALE do] AAE A TH12).

£ tributyrin, tricaprylin, trilaurin, tri-

DSC 24

Differential scanning calorimetry(TA Instruments, Model
DSC 2010, New Castle, USA)E ©]-4-8}o] -] 9] A4 3}
X (crystallization point)& 23 3}git}. B4 Al calibration
£ $13% baseline> ¥ cellol A #4313, 2+ A 59
& 5101 mgo.2 &4 th Thermogram$ 7] 918 &4
L5 2332 80°Cell A 1087 A& o8 10°C/ming]
B &2 -60°C7HR] W73t o XA 1027 FAT &
thA] 80°C7HA] 5°C/ming) ¥] &2 &2t}

SAEN

A8 Ade 2000 Statistical Analysis System S/W
Package(SAS Institute Inc., Cary, NC, USA)E
959% A1 2 E7koll A} Duncan’s multiple range testtDMRT) 2
Zr 4 #9495 #3531 dA13).
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A3 A v 2A o] B2 o] 84 o] fo] &
TF-Hr}. o]l B4 ofel] W E AFAAR AL FAHEE A
B9k}, Fig. 12 717 (soybean oil ® capric acid : CLA)E2)
En) 8-S 1:2:28 3 25 mL vialol 4] 244 2k wh-g-81 5 &
© Chirazyme® L-2 lipase®] %ol ©& 72§ (incorporation)
& BAET A I EH WA A B A H F Lee
8} Akoh(14)ol &j3te] B3 Az}ol] F3te] A8}t
Capric acid®] Zg32| 7%, lipase?] o] F 71AFA 9
4%} 6% W ZH7F 3.2 mol% St 3.8 mol%E A2 2 27}
A tHp<0.05). 221} 8%2} 10%2] lipased AHE-3141-2 o
& 717} 55 mol% 2t 6.3 mol%e] ZF{&-& Boln A2 7t

Table 1. The positional composition (mol%) of fatty acid of soybean and SL-soybean oi
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Fig. 1. Effect of enzyme (Chirazyme®L-2 lipase) amount on
the incorporation of capric acid and CLA into soybean oil.

o= ol akS Ho)A] gkghont, 4%} 6%9] lipaseS AH4-3}
‘33 ol o35 Holn 1 E ArhH(p<0.05). CLAS] 7

< ) Z]8}Ake) capric acidBoth= A o2 J o Pekig=td
£ vl 8%2) 10%Y] lipases AH8-31% S o) 2}k 24
mol%2} 3.4 mol%e] A& Holw MZ f-2|3 27} e
THp<0.05). Lipase® 4%, 6% L= 8962 AH-4-314< woll&
CLAZ} 72} 15, 22,9 24 mol% 9 23S Bth. o
scale-up AP ol A& vlwA 71 243t £49 FAHQ
] 4% ¢ 8} Chirazyme® L-2 lipase®] %<& % 714 FA]
4% w-g-8he], 244 7k5ek 1:2: 29 & Bl8-olA] <k 10% v
1+e] CLA#} capric acid®] A §3-% 7% = =5 3hi o)

T XEe XY Xkt =M 2

Stirred-batch type reactorell 4 A QA =] 2] %)
3-8 Table 19 vFe}] 93\‘4 Chirazyme® L-2 lipase
2 o} w2} non-specific &2 sn-1,3 specific ¥-%
Bolz Ao Busx glel(15), ¥ APl §
AT AL ZF 9] A8 (sn-1,3 # sn-2, TAG) A 1H4k
%4} © % Chirazyme® L-2 lipase®) WH-5-S0) 4 & ol n gt
o} wl A, AFA A AL TAGOA capric acid®] 2442 49
mol%e| %3, CLA®} 332 4.1 mol% S Hetdigl.o, 7]

o
T
(z,

ok A rir
o
X,
;[o ‘;‘;’ B

rﬂ

11)

Fattv acid TAG sn-2 position sn-1,3 position

atty a
Y Soybean oil SL-soybean oil Soybean oil  SL-soybean oil Soybean oil  SL-soybean oil
C10:0 ND? 49%038 ND 06%0.0 ND 70£12
Cl16:0 11.7+0.3% 102+04 04%06 42%1.1 17302 132200
C18:0 34%01 36%01 0102 33*22 50%0.1 38%10
Ci181 22.3%0.1 22804 21.7t12 219%0.1 225105 232%0.6
C18:2 56.8+0.6 50005 738112 634£3.8 484102 43.2+27
C18:3 58+0.0 45+00 39=08 40£0.4 6.8+04 47+02
CLA ND 41206 ND 26*0.7 ND 49=13

YStructured lipid obtained from soybean oil with capric acid and CLA by Chirazyme@ L-2 lipase in stirred-batch type reactor.

Other reaction conditions are in material and methods.
2)ND, not detectable.

®Values are the means of two determinations with standard deviations.
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o A} §F-&3 93% w2} CLAZ} oF ZHH Z7H9 A s By
o} ol uhEu B 2709 ApolofiA] 7]lE Aeg Apwd
o}, AFA A é4 sn-1,3 positionoll A1 &) A u}AF ZA2 cap-
ric acid”} 7.0 mol%, CLAS) 382 4.9 mol%E viehjo]
sn—2 positionoll & F 4= X]9k4kal linoleic acid?} 2 # E3}
3L 7157 A4 capric acid®} CLAE 52 sn-1,3 posi-
tion°ﬂ x4t} =, o] A¥ o)A Chirazyme® L-2 lipase
= 71 A EH sn-1,3 selectivedt A 8F-g So]A-& B i) A
FAR A2} sn-2 position XA ZAAAE UHF capric
acid®} CLAZ} 2459 ed o) &= ks =3 $3-3sk uke
A7k vkg-2 5 ¥kg system®] K9l 3] Aot acyl
migrationel] )8 A2 o AzTHIE).

oX
N

JakAk

fi4

MFMX|Ee| 5 ME, tocopherol W ME

HFf-ob A4 21 A o) AF7Hacid value)E 25 0.5 o] 3}
T 2AREYR, 233 A5 E sl g o=t 2h2) 126
7} 1140151 vH(Table 2). AFA A2 35 x3} X]HMPOI
capric acid’} 4.9 mol%A %= TFEH o dFfr Rt} 8227}
b AR o) 2x1Es A9t v Fsrbe diF
Fob AFAAAR Zh2t 1903} 1940151 (Table 2), 0] As}E
R TFA A A o] Ex}gko] H-2 capric acidS T3t g7 of
Fo)o}k. 52 F tocopherol 74.6 mg/100 go]gl.eH
—6—01]*1 y ~tocopherol®] &&ko] 43.1 mg/100 g & 714 &=
& A E vehde] 71Ed By A e AAE I
17). 9, AFA A" 2] & tocopherol e 18.2 mg/100
g2 & tF-frur} o 76% Fo1€ AFHE ok AT
AEA 229 Hunter AA o] 718 4% £4-& Table 3¢
detdlgoh d5i9 7412 L ()Y 5, lightness/
darkness)at-& 247} 94.759) 92.889] W71 E Rgon a*(H
A% redness/greenness)it-= Zhzh 1,959 1.982 A & 7ol
oA 2ol 9 Hp<0.05). W ol b* (M X, yellowness/
blueness)ZH-& A FA A AL 2107019 7, B F4= 0318
g o2 AT A o) b 7B} yellownessE e}

Table 2. @ -, v -, 8-tocopherol contents and chemical char-
acteristics of soybean and SL-soybean oil

Soybean SL-soybean
oil oil"
Total tocopherol (mg/100 g) 746 18.2
a —tocopherol 14.2 89
¥ -tocopherol 43.1 9.3
8-tocopherol 173 ND?
Chemical characteristics
Iodine value 126 114
Saponification value 190 194
Free fatty acid (%) <05 <05

S ructured lipid obtained from soybean oil with capric acid and
CLA by Chirazyme® L-2 lipase. Other reaction conditions are
in material and methods.

2)ND, not detectable.

o179

Table 3. The hunter color L*, a*, b* values of soybean and
SL-soybean oil

Soybean oil SL-soybean oil”
L value 94.75+0.98* 92.83 +0.31°
a value -1.95+0.07° -1.98+0n.05%
b value 9.31+0.02° 21.07£0.06°

YStructured lipid obtained from soybean oil with capric acid .
and CLA by Chirazyme@' L-2 lipase. Other reaction conditions
are in material and methods.

PMeans with the same letter is not significantly different at
0.05 level.

W] 914 2po) & B H(p<0.05). o] 2 At A A
142 4 2 AA A F v -tocopherole] -3 Abslg
yellowness 2 H.o]& chroman-5,6-quinone® ¥ 3% 7} uj
el Aoz ALEXHT(8). AFAA -] NFEFRr) ¥ -to-
copherol®] &eko] 2k 76% 7tAasled o2& A}E Fuk
Ad Fot

RP-HPLC 24

Fig. 2 24 3438 AA &-f-244te] AA = TAG 3
€ o} 2| FA =] A& reversed phase(RP) HPLC® #2]g A
solo}. WE-$3A] @& TAG, & W9 PN3t-2 39~57
Abelell & slsd om, b o] capric acidE -3 &
A2 A(TAG =) PN 25~379] gk Alo] o &5}
RAA o 126 area% S A s} HFig. 2).

AMPM X|&Q| crystallization point 54
$-X)2] B4 F crystallization points 415 Al Zof) 24
3t glol Fo3t2 g2 AT A A ) crystallization point

E =R Foh 59 crystallization ¥l 2 ¥ &%

mV ( A)
IS
(B)
1S PN--3957
Newly synthesized
SL containing C10:0
12.57%
PN=2537
M
2.00 7.00 12.00 17.00 22.00 27.00 32.00
Time (min)

Fig. 2. Chromatograms from the reversed-phase high per-
formance liquid chromatographic separation.
(A) Soybean oil, (B) SL-soybean oil (TAG species).



HFF-2 58 Lipased o]-&% A7 A ¢4 o 54 1179

.y —-— Soybean oil
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~ \\
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50 -40 20 0 20 40 60
Exo Down Temperature (°C)

Fig. 3. Crystallization curve of soybean and SL-soybean oil
using differential scanning calorimetry.
EXO, exothermic.

WA deofidar -57.9°ColA 5% peak HHE 2ol F9)
t}. ol ¥4~} crystallization pointZ} A2 o}2 o2
TAG ¥#2-8, & o8 AWH4te) +48 714 TAG #A52
FAEHY EE BAET AFAAANAY HSelE AR
A%E 2 e, %9 peaks -52.8°CE o] %3} cHFig.
3). &, AT A A A crystallization?] A o] =& 2 Z
22 o] 3=, ol AT A" o] £34A4H4k]] capric
acidE FH3+3 sl diFf-uct A sr} e dojr} o]
#HE A5 293 2oz s

e <o

Scale-up3}7] $13}od 24171524 1:2: 29 & H] & stir-
red-batch type reactorollA] X AFAHA AL capric
acid®} CLAE 27} 4.9 mol%2} 4.1 mol% &3t 71%
A A kAkQ] capric acid®} CLA® 2 TAGS) sn-1,3 po-
sitionoll ¥ 23} 1, sn-2 positionol] & linoleic acid”} &
& AA A ATFEAAY AFRe) 8.2 =rtE 7
1269} 11401 22, ¥ 737k 24z} 1903} 1942 245 o=
), A2 A &) TAG A capric acid®] 45 #2185
ek, o<k A 74 24 9] tocopherol ¥HEF-2- 2+t 74.6
mg/100 g¥} 18.2 mg/100 g2 2, A4 A2 2] tocopherol &
FE A FRuc o 76% FAsc e A 274
A A - Ff- 7ol YA L)} HAE ()l e F2A
Aol 7t A2l 2 H(p<0.05), 3 = (b*)l A AFA A Ho] o
FHro} £ yellownessE ¥Bolo 93 zpo}E w4t}
(p<0.05). Reversed-phase HPLC #4123} 74 XA o)) A
capric acid® 313 9l TAGH 9] partition number
(PN)= 25~372 9F 1257 area%°] 3152 a8t o F
9 % crystallization peak+ ~57.86°Co]¢].2.v}, capric
acidg& 4.9 mol% 3-F3t12 2= AFAAR A9 crystalliza-
tion peak+> -52.78°CE |51} A 37} Zo] 7124
dofygrl.

AL =

E ATF= B B3 A 0] ST AT A (02—
PJ1-PG1-CH15-0001)¢l] ¢]3}ed 35 A2 o] o Ho]
o ole] 7kl =’iYc)

rak
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