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Abstract

The purpose of this research was to produce symmetric (Saturated-Unsaturated-Saturated,
SUS) triacylglycerol (TAG) using palm stearin fraction oil (PSFO) and high oleic sunflower oil
(HOSO) as substrates to replace cocoa butter. PSFO was blended with HOSO (1 : 2 weight ratio),
and lipozyme® TLIM (20 weight % of the substrate) was added. Interesterification was carried
out in a shaking water bath at 55°C at 220 rpm for 6 hours. The response surface methodology
(RSM) through the central composite face design was employed to observe the optimized SUS-
TAG. The independent factors were the reaction temperature (X;: 65, 75 and 85°C), reaction time
(X,: 1, 3 and 5 hours) and ratio of TLIM (X5 10, 15 and 20 weight %). The dependent variables
were Y, = Saturated-Unsaturated-Unsaturated (SUU, area %), Y, = SUS (area %), Y; = Saturated-
Saturated-Unsaturated (SSU, area %), Y, = Unsaturated-Unsaturated-Unsaturated (UUU, area
%), and Ys = sn-2 unsaturated fatty acid (area %). The optimal conditions from the central
composite face design minimized acyl migration while maximizing the presence of unsaturated
fatty acid at the sn-2 position (73.43 area %). The optimal conditions were X; = 65°C, X, = 1 hour,
and X; = 20 weight%. As a result of the response surface analysis, the lack of fits was found as

=0.622,Y,=0.438,Y;=0.264,Y, = 0.526, and Ys = 0.215, and their R* were 0.897, 0.944, 0.826,
0.857, and 0.867, respectively.

Keywords : acyl migration, interesterification, response surface methodology, symmetric
disaturated triacylglycerol

Introduction

22312 F 70} HE|(Cocoa butter, CB)E FH &2 5to] F o} nj A9} 72 §hA| 2145] vl
gtoto] BHE 7ha-AlE 0 &2 A ol3ttt. I ot HE= Hal 53 i1 A HollA A= ¥ e Fat
EEAE 71719(Theobroma cacao)®] EAlA A& 4 lthLiendoa et al., 1997). 30} HE]

& /G2 EAfeEAL B2 2] 7] 4194 A 2ol M=
ol2i3t 542 I FohHE| S F/J5h= triacylglycerol (TAG)S] A[¥4F 24d0] palmitic acid 25 -
30%, stearic acid 31 - 37%, 12]aL oleic acid 31 - 38%2] T<rat X|HFAF 2] 0 2 o] oA Q)

(Spangenberg, 2001), TAGES A3 5= 2| 3Ake] .fg.y}E%M&&.Q}(Saturated—Unsaturated—

_/_.\‘_s] LA O;ﬂﬂlo}- g8 zk=r}
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Saturated TAG, SUS-TAG)2] thdq 1125 217] wjolzkal &af#] QltkSalas et al., 2011). SHA|RF FFol HEJ= Y8
o] o] EQHysith= tho] A E]of(Kang and Kim, 2010) 30} HEje} FARSH JZ-& Zh= ikt thall A1 S
o] 7idk=] 11 QltHHyeon et al., 2013).

A7 A1 Structured lipid)e TAGS] A4t 2483 1 13| 12wk 319} 22|31 dhe) 4 ol oft 3faty
g o] 8otAt lipaseol oJgh 44 MRS o|-85to] Aulx|et AHAS on|gttHIwasaki and Yamane,
2000). 51514 g (Chemical interesterification, CIE}2 31514 Zull5 ARg-5to] tig A4to] -golskA|ek ghgof 1
oz & d ez ot FRkg0 & BAkEo] A7 Ak F29| 2 Auix|sh= acyl migrations £4lok= A2
A4=#] lthMacrae, 1983; Jennings et al., 2010). o]of| §Fsl &4 3d%(Enzymatic interesterification, EIE) %
£ 2of|A] BEg-o] o] oA B|wA 0 & A2 o || 2% o] 7hssithe Ak 54| 7| - E0)dS of-&sto] A
AR ke SIxJol] ey o 2 Aulx|E 4= Q17| wioll 4tg A 0 2 de] AR 1 QITHLee and Akoh, 1996; Paiva et
al.,, 2000). 2+ 1 5230 22}=| 11 9= 143 §A(Immobilized enzyme)= 45 EAF FAL L 31kl
AR 22 Eot mao] REEAQl ARE-S 7h55HA] Shal 2 2=ollM e §49] B3 A 4= th= 44
o] 9ltHSoumanou and Bornscheuer, 2003). Acyl migratione TAGS 7-3d5h= AA4ke] 7219129l o] 59 =2 sn-1,
31| f1x1gt 2"4to] sn-29] fIx| 2 B AU sn-20f] f1x]gt ARP4ke] sn-1, 32 Y| = o]soh= W2 ofu|eht &4
& ol-gsto] Ak Aei o 2 £ A 9)x|of| 2 =5 ¥h3-S 5kalA} & wh= acyl migrations |4-8} A7 o 5}
7] wizol], oful AY5h= acyl migration §¥H3-2 A1 0.2 =5 11 @l O} 2| acyl migrations E-&5h= A%
Z18=] 21 ItHHyun and Lee, 2013). Palm oil2 A%t 24d0] palmitic acid?} 2F 45%°]H, oleic acid”} 2F 40%S
2}A)5}7] o]l palm olein & palm stearin (PS) 502 2&|5t0] E2jof ubA| AL&S} 4= QItHTan et al., 1981;
Deffense, 1985; Hamm, 1995; Kamm et al., 2001). High oleic sunflower oil (HOSO)-2 7]59] sunflower oil2] £%
= 7lstol A/ A1 E 2ok oleic acid @de] 80%E &5kl linoleic acid @Fge] 10% B|THI A4t 2445
Zk= £7Jo] tHPurdy, 1986).

1S E 24 (Response surface methodology, RSM)-2 THFet Q147 E3H4 0 2 A} a-85to] JEgRI40]
FF= 0 o, ¥hS-2] ®shrt UelE RE A B 1A SATR 2h
O] EAGA NN BAE 5T 4= o] 2 AlFe] 7N Al 82 7iAdskL Az 2718 2 Aglsle 5 o2
Holof| A -2-85] 11 ItH(Lee et al., 2000).

£ Aol A= PSe HOSOE blendingsto] Thermomyces languinosa lipaseZ: silica geloll 174315} lipozyme®
TLIME o|-8-5to] TAGSHTAG 7He] G474 /w2 XIaYslar A2 Ai-t/d A A2 SAIR Aol oJ3k vEg-EH
A O] 71 A = Shof HES AR REE-2 ke, G4 HIE-S ZH7F Ad7Jslo] SUS-TAGe] Aeket 2|4 9] 9bd Rdl ghelsial
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Materials and Methods

Mz S Al

B 5ol 7|8 2 ARESH PSS 2HE4 T4 (Seoul, Korea)ollA] Al34H}0# HOSO-2 CJ AHSuwon, Korea)oll
A AT Thermomyces languinosall A B-2 lipaseE: silicacll 178kt & 491 lipozyme® TLIM-2 Novozymes
(Bagsvaerd, Denmark)ollA] 71510 A&31iTE HPLC £-417t GC Aol AR5 e Gul= HPLC grade £
ok ARSI H, 7|71 Aol ARESH & HiES A QlRt 2= 8= normal-grade AloFS ARSI
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RV e
Aol AL§ 3 W3 719l PSeh HOSOS| FHIBHE7Re ABioREiAel S AE 3 4] 7 Dbl
1.72 £ 0.022 YeEo ™ HOSO= 1.2 + 0142 YEPTE = 714 2% AlE

o]
(KFDA, 2016)°] w2} Z7g5}{ct. PS
3419] 710l Fisto] AES zlsgatlct.
Palm stearin 2
PSe] 1187 B E-S A7] gsto] Ay BPo] w2t acetone S 083 28-S 71385 THSon et al., 2010).
2 1.9] beakerol] £H451A] =21 PSe} acetone% 1:9(200g: 1.8 L, w/v)2] Bl &= &3toto] F=rgald uf7br] S535] 1
HP6}°4E} 0|Z dry incubator (SF900R, Jeio Tech, Daejeon, Korea)oll g0} 28°CoiflA] 24417+ W31 9ict. 2al e i)

%2 filter paper Ag3te] 225131 122 25| 59 3 ool acetone W 7kaE Udte] AlAge.
EIH tripalmitin (PPP) &F&o] -2 PSFOS A3 o] 2 A7 A& §H4dol| o] 8513tk

RSM x7-| klx-l; _C|>_|o|- xH_—rM-I x|x| ol-kl

PSFOSF HOSOS] FAB| &3} HESAIZRS: ThEA] 285198 wf 47 interesterification ¥H-22 A== 27
g XA 13& Yoli7] floto] AdE AR (Cho et al.,, 2004)2] FH-5 HFisto] APttt PSFO2F HOSOS
1:05(4:29,1:066(3:2g),1:1(2:2g),1:2(1:2g2 FAHEZ blendingdt & 2178 7o) 221 50 mL
AZFEet AT ol ook vhga Al hpozyme® TLIME: 7| Z5F2] 20 weight % H|&= ZJ7Fato] 2H2F 1200, 1000,
800, ¥ 600 mg= 2HEetA Aol Ho|E & shaking water bathollA] 55°C, 220 rpme] 2O =& 6,12, 12|31 18AI7F
59 &4 interesterification ¥H8-2 XI8g5}ct. ¥hSo] F5H & ZF2S PTEE syringe filter (25 mm, 0.5 pm
Whatman, Maidstone, Kent, UK)Z- ©]-8-5t0] {25t & 5 B3s3ict. Reversed-phased HPLCS 0|83 TAG &
3 A 2 1:29] vl 6AI7 REG-2 X1agste] A2 Ai7t4d A& o] SUS-TAGS] Zdlo] Alglshrfar sstod HE
2 FH 54 (Response surface methodology)ell ©]-83 A7 2|2 ¥HS-2-8 917] 9l5to] 7+e 2710 2 scaled-upst

o kg Wit} 50 g2) PSFO2} 100 g°] HOSOS 12 29) #AMI& 2 blending & ¥ 5740 A2He A7} Zefado] W
0% & ¥R a4l lipozyme® TLIM-E 7|2 E3F] 20 weight % H]8<1 30 g& H7Isoto] 5Lt A a2 X13yst3ict.

HISHHEAH M A
SAI3dAE (Central composite face design, CCR)oll wh2 HH3-EHEAH(Response surface methodology,

3
=

& o|8310] SUSTAG o) 24 2713k TAGS TA5Hs A|14t2] acyl migration ©154& B517] glsto]
A3l o] A B2 WEslo] 272 A5 tHShin et al., 2011). RSM2 Modde version 5.0 software (Umetrics,
Umea, Sweden)Z ©olgsto] 1770e] zzdoz AdS AAIAT ZHe] ZAoA g A|Ze] 4%
interesterification ¥+&-& F1¥5I3ic}. S HS(X )2 ¥HEAIZH, 3, 5 hours: X)), ¥H&-2=(65, 75, 85°C: X)), B4

(10, 15, 20 weight %: X)& 77 32 258}51313 0| Table 10 LERARICE F4HA(Y)2E SUU
(Saturated-Unsaturated-Unsaturated, area %, Y,), SUS (Saturated-Unsaturated-Saturated, area %, Y,), SSU
(Saturated-Saturated-Unsaturated, area %, Y,), UUU (Unsaturated-Unsaturated-Unsaturated, area %, Y,), sn-2
unsaturated fatty acid (area %, Y.)-& A3ttt 177]2] 2710l|A] AF-& 4=3)5131 11 o] = Table 201 LA SIT

5

>
ol
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Reversed-phased HPLCE 0|23 TAG 24

7|4 &2 AR PSFOZF HOSO L8]al a4A] e/ o2 A/ RE3-E<) Alat/d A1852] TAG 2442 &Rlst7| 9lst
o reversed-phase high performance liquid chromatography (RP-HPLC, Younglin, Anyang, Korea)=- ©]-85}0] &
A513cH(Lee et al, 2002). Column-2 Nova-pak® C18 column (60 A, 3.9 mm X 150 mm, 4 pm, Waters, Milford,
Ireland)2 AF8-51%1 31 detector= Sedex 75 evaporative light scattering detector (ELSD, Dedere, Alfortville, France)
£ AR83}] 40°C, 2.2 bare] 2710 2 BAJItt Pump SP930D dual pump (Younglin, Anyang, Korea)S A8t
o B A5 E3h80f(hexane : chloroform =4 : 1, vv)& AF8510] 1 ul/mLe] 5= 2 519 20 uLE injection
SI9ATt. o)'5/d-2 &ff A (acetonitrile)2t 81l B (iso-propanol : hexane =2 : 1, v/v)E 4 1 mL/minC2 475131
o} &2 7187] 7] 271 0= &0 A9t BE 80 : 209] HI& = S FHA] 452 7k4] 541 462] Hl-&2 HSA|AFEIL 15
1 FABIA ™ T 5 657 71A] 80 1 2022 HSIA[ATAL o] 5 T0=7HA] -RAISHHA A2 eEsilTh 4] At
= chromatogram’g2] TAG peakS-2 partition number (PN) AlAHA]-& 0]-8510] peak area (%6)2 LFERAATHLee
and Foglia, 2001).

PN = Total carbon number (CN) -2 X Total number of double bonds (DB)

Table 1. Codes of independent variables for central composite face design.

. Codes
Independent variables X, ) 0 0
Reaction time (hour) X, 1 3 5
Reaction temperature (°C) X, 65 75 85
Enzyme ratio (%) X, 10 15 20

Table 2. Experiment combinations according to levels of experimental design at various conditions.

Independent variables Actual parameters
Experiment No. X, X, X, Rea%ion time terfif;gfact)fllre Enzyme ratio
OUI') (oc) (%)
1 -1 -1 -1 1 65 10
2 1 -1 -1 5 65 10
3 -1 1 -1 1 85 10
4 1 1 -1 ) 85 10
5 -1 -1 1 1 65 20
6 1 -1 1 5) 65 20
7 -1 1 1 1 85 20
8 1 1 1 ) 85 20
9 -1 0 0 1 75 15
10 1 0 0 5 75 15
11 0 -1 0 3 65 15
12 0 1 0 3 85 15
13 0 0 -1 3 75 10
14 0 0 1 3 75 20
15 0 0 0 3 75 15
16 0 0 0 3 75 15
17 0 0 0 3 75 15
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Ag-HPLCE O|8¢H LHEH TAG &M

7142 ARESF PSFORF HOSO 18] G474 interesterification BH-3-0.2 AJ/dH 274 A Z-E2] thE TAGE} H]
4E TAG 58S E4517] 9I5te] Ag-HPLC (Younglin, Anyang, Korea)g 451 tHHyun and Lee, 2013).
Column+2 Silver ion column (Chromspher 5 lipids 250 mm X 4.6 mm Ld., Varian, Netherlands)-& A8} 1L
detector+= Sedex 75 evaporative light scattering detector (ELSD, Dedere, Alfortville, France)S AF&-510] 40°C, 2.2
bare] Z71oA] At B4 A S 23H-8uli(hexane : chloroform =4 1, v/v)E AHE5H0] 1 ul/mLe] 5= & Bt
S0] 20 uL.Z injection 3}tk 0o]5/-2 -8 A (hexane : iso-propanol : acetonitrile =100 : 0.1 : 0.1, v/v/v)2} 80l B
(hexane : iso-propanol : acetonitrile =100 : 1 : 1, vv/V)E 44 1.5 mL/min 0 & A5t} EejF39lon 7127] &
Z0= &ulj A BE 100 : 0% 57 S35 A 50&714] 80 : 2022 FASFA|ZITE. 21 0] 20]] 60714] 50 : 5022
SHFHA 18 52t -SRI 6225 €] 7027k4] 100 : 0202 712715 WA 7|HA B4 S ehasigich

GCE 0|23t fatty acid =M 24

7|42 ARESE PS, PSFO, HOSO 12|11 3 5o} HiE| o] 2’4t 243 Bl o123 ER15}7] ffsto] 2%4He methylation
31o] fatty acid methyl esters (FAMEs)Z Z2t5}1%1 11 0|5 gas chromatography (Hewlett-Packard 6890, Avondale,
PA, USA)E o]-g5t0] EA151ItHAOAC, 2012).

=T

=

HPLC #4112} GC 241 9] Ah= 23] HHe-2 Fato] et + BFHAIE #7]519101, Aate] f2o] 4 2fo] 3= flst
o] Statistical Analysis System (SAS) Computer Package version 9.4 software (SAS institute, Cary, North Carolina)
= 2 7399] Duncan’s multiple range testS 530 p < 0.05 F22 ASHATHSAS, 2000).

Results and Discussion

Xl A 24

712 X123+ PSe} 7874 829l PSFO 2] 1 HOS0 At 2448 HAje}a 2% Bx e ok FHohEle)
A 22 Lok 7] 9fsto] GC 2412 WAsIRiaL o= A& Table 30 YEHT

B Ao ARS-E PSofl= palmitic acid (C16 : 0), oleic acid (C18 : 1)7} 2F2} 58.85, 26.83 area %2 ZE%|310H
linoleic acid (C18 : 2)2} stearic acid (18 : 0)= ZF2}6.52, 5.38 area %= LFEFSITE. oo]l thsf] acetoneS o]- 89 &S
A 184S 7171 PSFO= palmitic acid®} oleic acid7} ZH} 81.09, 9.05 area %2 AZE%}.2H linoleic acid2}
stearic acidi= 742} 1.91, 5.89 area %= WEFTE. 0] Z3H= Ghosh and Bhattacharyya (1997)2] 4131721 acetone
S 0]-&35}o] 2513 pPSFOQ] A|HPAF Z2AJ0] palmitic acid 79.7 area %2} oleic acid 10.4 area %= LrERH Aztel G-A}F
SI3ich 874 2ko| = QIste] PSe] TAGE /d8h= palmitic acid®} stearic acid2 ©]F0{7] 1§74 2] 1A|Z0] oleic
acide} linoleic acid 2 ©}F017] g4 2] W52} 2 = A] PSFO+= palmitic acid®] W=7} =& A4t 2448 2
Al = AL Al T

Al&]of| AR&5F HOSO oleic acid”} 80.66 area %, linoleic acid7} 10.55 area %= 73Z%|31t}h HOSO2] AHFAF 24
A= Purdy (1986)7}F 413 Aol AIASH oleic acid 81.6 area %2} linoleic acid 7.6 area %2 gt -F-AFSHITE
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Cocoa butter?] A®AF 2/d-2 palmitic acid 24.78 area %, stearic acid 38.03 area %, oleic acid 32.47 area %= Lt
ERtom o] 5 A| R[] & SHE2 95,28 area % ©| ATt SUS-TAG 2219] § 44 interesterification ¥F-g-of] A&+
712191 PSFOF HOSOL 712} palmitic acid 81.09 area %2} oleic acid 80.66 area %S $H-3-517] wfizo] @47
interesterification §H-&-0.= A|{Ate] QIx]7} el x| == 91%] o) &4] F/dS Lot Qlo] =4 Zola} ke
=

PSFOT} HOSOS 747F1:0.5,1:0.66,1: 1 9 1: 22] 27 B]- &2 blendingsto] 6417t 52t lipozyme® TLIMS ©|

85l E44 interesterification ¥H-8-2 345t 27/d 2| & Q] 2wt 2442 ER1s}7] flote] GC 242 XI8gsiiar 1

Table 3. Fatty acid composition of PS, PSFO, HOSO and cocoa butter. (Unit: area %)

Fatty acids PS PSFO HOSO Cocoa butter
Cl12:0 0.09 £ 0.00 0.03 £ 0.02 ND ND

Cl4:0 1.14 + 0.00 1.38 £+ 0.07 0.03 = 0.00 0.07 £ 0.00
Cl6:0 58.85 £ 0.09 81.09 £ 0.04 3.98 +0.01 24.78 £ 0.03
Cl6:1 0.10 & 0.00 0.03 = 0.01 0.10 = 0.00 0.21 & 0.00
C18:0 5.38 +0.02 5.89 = 0.01 2.96 +0.00 38.03 £ 0.06
C18:1(n9) 26.833 £ 0.07 9.05 = 0.05 80.66 =+ 0.03 32.47 £0.02
C18:1 (n7) 0.50 £ 0.00 0.19 £0.01 0.90 = 0.01 0.39 £ 0.00
C18:2 (n-6) 6.52 £ 0.00 1.91 £+ 0.01 10.55 = 0.03 2.75£0.01
C20:0 0.38 = 0.00 0.38 = 0.00 0.26 = 0.00 1.14 + 0.01
C18:3 (n6) 0.02 & 0.00 ND ND ND

C20:1 0.09 = 0.00 0.03 = 0.01 0.30 = 0.00 ND

C18:3 (n-3) 0.10 = 0.00 0.03 = 0.00 0.25 = 0.00 0.16 = 0.00
2. SFA 65.84 + 0.11 88.77 £ 0.14 7.24 £ 0.02 64.02 + 0.09
2. USFA 34.16 + 0.07 11.23 = 0.09 92.76 £ 0.07 35.98 + 0.03

The results are expressed as the mean + SD (n =2).

PS, palm stearin; PSFO, palm stearin fraction oil; HOSO, high oleic sunflower oil; ND, not detected; SFA, saturated
fatty acid; USFA, unsaturated fatty acid.

Table 4. Fatty acid composition in structured lipids according to weight ratio of substrates. (Unit: area %)
Structured lipids (PSFO : HOSO, Weight ratio)

U7 1:05 1:0.66 1:1 1:2

C12:0 0.02 % 0.00 0.02 + 0.00 0.03 = 0.00 0.03 % 0.00
C14:0 048 + 0.00 0.69 + 0.00 0.82 + 0.00 0.90 + 0.01
C16:0 30.67 + 0.07 43,62+ 0.07 51.35 + 0.05 56.48 + 0.02
Cl6:1 0.08 + 0.00 0.07 + 0.00 0.06 + 0.00 0.05 + 0.00
C18:0 5.68 + 0.00 7.03 + 0.01 7.81 + 0.02 8.34 + 0.03
C18:1(n9) 54.37 + 0.06 41.80 + 0.03 34.32 + 0.04 29.36 - 0.01
C18:1(m7) 0.88 + 0.01 0.72 + 0.02 0.60 + 0.01 0.52 + 0.01
C18:2 (n-6) 7.14 + 0.00 543 + 0.00 444 + 0,01 376 + 0.02
€200 0.31 + 0.00 0.34 + 0.00 0.35 + 0.00 0.36 + 0.00
C18:3 (n-6) ND ND ND ND

c20:1 0.20 + 0.00 0.15 + 0.00 0.12 + 0.00 0.11 =+ 0.00
C18:3 (n9) 0.17 + 0.00 0.12 + 0.00 0.10 + 0.00 0.08 + 0.00
5'SFA 66.11 = 0.06 60.35 + 0.08 51.69 + 0.09 37.16 + 0.07
5 USFA 33.89 + 0.04 39.65 + 0.06 48.31 + 0.06 62.84 + 0.07

The results are expressed as the mean + SD (n =2).

PSFO, palm stearin fraction oil; HOSO, high oleic sunflower oil; ND: not detected; SFA, saturated fatty acid; USFA,
unsaturated fatty acid.
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A3+ Table 40l YRR 7] blending®t ZF2+2] Hlgoll w2} palmitic acide= 30.67 - 56.48 area %] &
LERIRIAL, oleic acidi= 29.36 - 54.37 area %2] e HERNA M, = AR ket & 22 85.04 - 87.67 area
%2 LFERSTE. Stearic acid= 5.68 - 8.34 area %, linoleic acid= 3.76 - 7.14 area %2 WEFLFH blendingdt & H]&
Z7400 242} 10 area 9% B|REO 2 EAY5IIT.

Reversed-phased HPLCE 0|23t TAG =4 24

7291 PSFO2}F HOSOZ Z12te] %7 H]- &2 blending5}o] 6417F 59 G244 interesterification ¥+-3-2 X35t #j
T3 AA9] TAG £/d-2 reversed-phased HPLGE ©]-&5}o] 2451311 PN 7l4ksto] Table 50f WA
Reversed-phased HPLCZ 243t 7| S(PSFOZ} HOSO)2] chromatogram < Fig. 101 RG] o 2714 2] 2le]
chromatogram Z¥h= Fig. 201 LFERASATE,

PSFO2] 7d-%- PN 480] 81.03 area %= 7-3%|0] Qo™ 1 F- 74.69 area %2] PPP7} 71 o] /g =] o] et
Th&- 2 & PN 50 2= PPS/PSP7} 1343 area %0°] {Tt. ©]+= palm stearin®] 2] 2Hol|A] 4-872] oleic acid’} 2
3 TAG”} acetoneol] -2 BhHo| 11-8-7% 91 palmitic acid?} stearic acid”} 2% PPS/PSP7} A5} E|o] 114|Z0f)
FoRA37] whzol2tal AbR E QI E39F, B =2 849 TAGS 2h= PN 529 PN 54% 27} 1.717} 1.84 area % 7
Z5 ek 21254kt monoacylglycerol (MAG)#} diacylglycerol (DAG) AZEEA] 92 7102 Hol thiEo] 7]
Hhato] TAG el 2 EAeh= 22 ERlstith

HOS02] 7-$-0il+= PN 480] 94.7 area %2 77 o] FAJE] o] 9131.oH 11 20| triolein (000)°] 90.03 area %2
2 7V Betth HOSO #2214t MAG, DAGE: ZHZE5A] 3of thF-29] A['gAto] TAG FEl 2 EAtehS it
Ak v &S gelste] §44 interesterification 8-S 8yt A3k 1 0.59] H|-&0llA] POP/PPO2] &ho] 45.85 area

-

Table 5. TAG species obtained from reversed-phase HPLC of substrates (PSFO and HOSO) and structured
lipids synthesized with different weight ratios of substrates. (Unit: area %)

. Structured lipids®

PN Proposed species’ PSFO HOSO 1°05 1066 11 2
- Fatty acids ND” ND 535+182 764+025 713030 9.89+2.09
MAG/DAG ND ND 3.39+20.07 4.03+020 4.03+062 500+0.66
46 LOO/OLO ND ND 0.19+0.06 026+0.01 0.66=+=010 276027
PLO/POL ND 196 £0.04 126005 185004 2663011 396=+030
PPL/PLP 1.63 025 035+0.03 162=+008 1462003 1.20+0.16 0.63+0.01
48 000 ND 90.03£0.83 092+£015 192£006 445F=0.55 16.05+0.56
POO/OPO ND 467 £039 14751194 2211 £0.52 3116 =024 3881+1.10
POP/PPO 6.34 = 0.40 ND 4585 +1.80 41.81 =095 3572 +1.23 16.75+0.62
PPP 74.69 = 4.13 ND 13.66 =236 8372 0.08 479 +0.23 094+0.08
50 SO0/0SO ND ND 0.73+0.05 1.03*£001 144=+0.08 217+025
POS/PSO ND 3.00+0.37 615X£016 562030 508+0.01 2.73+0.59
PPS/PSP 13.43 4= 3.87 ND 535+£0.09 339+007 170011 034+0.13

52 S0OS/SSO ND ND 0.31 =0.07 0.23£0.01 ND ND

PSS/SPS 1.71 =0.13 ND 0.50 =0.13 0.29 £ 0.03 ND ND

54 SSS 1.84 &= 0.06 ND ND ND ND ND

The results are expressed as the mean + SD (n =2).

PN, partition number = total carbon number - 2 (total number of double bonds); MAG, monoacylglycerol; DAG,
diacylglycerol; ND: not detected.

YProposed species: P = palmitic acid, S = stearic acid, O = oleic acid, L = linoleic acid.

"Weight ratio (PSFO : HOSO). PSFO, palm stearin fraction oil; HOSO, high oleic sunflower oil.
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Fig. 1. Chromatogram of TAG species in substrates (A) PSFO and (B) HOSO analyzed by the reversed-
phased HPLC. 1. PPL/PLP, 2: POP/PPO, 3: PPP, 4. PPS/PSP, 5. PSS/SPS, 6. SSS, 7. PLO/POL, 8: 000, 9:
POO/OPO, 10: POS/PSO. PSFO, palm stearin fraction oil, HOSO, high oleic sunflower oil; P, palmitic acid;
S, stearic acid; O, oleic acid; L, linoleic acid.
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Fig. 2. Chromatogram of TAG species analyzed by reversed-phase HPLC in structured lipids synthesized
with different weight ratios of substrates. Structured lipids were synthesized using 1:0.5 (A), 1:0.66 (B), 1
:1(C), and 1:2 (D) weight ratios of palm stearin fraction oil (PSFO) and high oleic sunflower oil (HOSO),
respectively. 1: Fatty acid, 2: MAG/DAG, 3: LOO/OLO, 4: PLO/POL, 5. PPL/PLP, 6. 000, 7: POO/OPO, 8. POP/
PPO, 9: PPP, 10: SOO/0SO0, 11: POS/PSO, 12: PPS/PSP, 13: SOS/SSO, 14: PSS/SPS. MAG, monoacylglycerol,
DAG, diacylglycerol; P, palmitic acid; S, stearic acid; O, oleic acid; L, linoleic acid.

%= 7P Eo| A=l om POO/OPO7} 14.75 area % A3/3 = A th. PSFORIA 71 Bho] AZE] 1 PPP-TAGS] 7
9 13.66 area % AZ= U} 1:0.669] H]EOIA=1: 0.5 H[-&2] TAG 2/d0] 4% o551 POP/PPO7}41.81 area %,
POO/OPO7} 22.11 area % 7AZE]2].0™ PPPE= 8.37 area % & 7HASIICh B]&-S SU5HA| &t 1: 19 H|gojjAl=
POP/PPO7} 35.72 area %, POO/OPO7} 31.16 area %2 H|4=51A] 74ZE] 2} 01 PPP= 4.79 area %, 000= 4.45 area
% A=E|QIch 1 : 29] H]8o)Al= POO/OPO7} 38.81 area %= 7y o] A=E|9l o POP/PPOE 16.75 area %=
UEREL 000+ 16.05 area %, PPP+= 0.94 area % HZ=|QUth &S ThEA] 3472 HESol|X] 3F54 08 7]|&0]
AN G2 A A MAG, DAGZH A=A 11 Z3F2 8.74 - 14.89 area %2 LFERO.H PN 482 72.55 - 76.12 area
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EALSHCh g5t 7129] H|7}F 2 vl o) 7h g 7ol A2 ] 714 S F/dstal JIH 71E2] TAG 2/do] 1 area %
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t}.

5 Hlgol| tishA FREAITEE DeEfolSle mie] ek dobE vt 7148 1 1 29| #AH|EE blendingdt £ 6, 12
4! 18A171oll tiet &A% interesterification ¥Hg-2 Z18¥513L TAG 2/39] reversed-phased HPLC &4 23t
Table 601l LFEF1 0.1 & chromatogram S Fig. 31 LFERASITH

1:29] 7|44 &= §44 interesterification 4343 #3252 HH-AITtO] 6, 12 18] 11 18AIXW7kA] RIggsto] wt
TR MAG, DAG 1811 TAGO] 2352 4% T4 9 F7lokes @4fs BT 524 Q] xfo= YA &
At HHSAIto] 2l Hof| ma} 48] o] ZhAsto] ¥hg-2] Gat7t 6417 0] 52 §EGol| A= Zfo] 7} glrkal s

=

RSM gHgiks2l 718 = 617 B2 AR W22 71”4 = o] 83i3ith

Ag-HPLCE 0|83 CHES TAG =4 24

71AE(PSFO, HOSO)zH 71458 1:0.51:0.66,1:1 2 1: 29 FAM|EZ blendingdt & 6A17F 59t G474
interesterification §H-3-510] g3t 73 2|52 Ag-columne] Z2HH HPLCZ 244519131 1 Z3}+E Table 701
UERARITE 714 S0l tigt chromatograma}t Zi51/g A&l gt chromatogram-e 27} Fig. 4 €} Fig, 501 YERASA

Table 6. TAG species obtained from reversed-phase HPLC of structured lipids synthesized
according to different reaction times.

Structured lipids’ (Reaction time, h)

PN Proposed species’
6 12 18
- Fatty acid 9.89 & 2.09a 8.66 £ 0.91a 10.51 =+ 2.09a
MAG/DAG 5.00 £ 0.66a 4.72 £ 0.54a 6.27 £ 2.40a
46 LOO/OLO 2.76 £ 0.27a 2.57 £ 0.11a 2.80 £ 0.37a
PLO/POL 3.96 £ 0.30a 3.73 £ 0.03a 4.02 £ 0.26a
PPL/PLP 0.63 £ 0.01a 0.62 £ 0.08a 0.79 £ 0.09a
48 000 16.05 + 0.56a 16.33 + 0.39a 1528 + 1.13a
POO/OPO 38.81 £+ 1.10a 39.27 £ 0.27a 36.22 = 3.19a
POP/PPO 16.75 £ 0.62a 16.95 = 0.23a 16.38 = 0.71a
PPP 0.94 £ 0.08a 1.05 + 0.19a 122 +0.13a
50 SO0/0SO 2.17 = 0.25a 2.44 + 0.25a 2.81 £ 0.05a
POS/PSO 2.73 £ 0.59a 3.22 £ 0.52a 3.23 £ 0.15a
PPS/PSP 0.34 £ 0.13a 0.46 £ 0.14a 0.52 = 0.11a
52 S0S/SSO ND ND ND
PSS/SPS ND ND ND
54 SSS ND ND ND

The results are expressed as the mean + SD (n =2).
PN, partition number = total carbon number - 2 (total number of double bonds); MAG, monoacylglycerol; DAG,

diacylglycerol; ND, not detected.

YProposed species. P, Palmitic acid; S, Stearic acid; O, Oleic acid; L, Linoleic acid.
"Structured lipids were synthesized using 1 : 2 weight ratio of palm stearin fraction oil (PSFO) and high oleic

sunflower oil (HOSO) as a substrate.

According to Duncan's multiple-range test, means with letter (a) within the same row are not significantly

different (p > 0.05).
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Fig. 3. Chromatogram of TAG species analyzed by reversed-phase HPLC in structured lipids synthesized
according to different reaction times. Reaction times: 6 hour (A), 12 hour (B), and 18 hour (C). Structured
lipids were synthesized using 1 : 2 weight ratio of palm stearin fraction oil (PSFO) and high oleic sunflower
oil (HOSO) as a substrate.. 1. Fatty acid, 2: MAG/DAG, 3: LOO OLO, 4: PLO/POL, 5: PPL/PLP, 6: 000, 7: POO/
OPO, 8: POP/PPO, 9: PPP, 10: SOO/0SO, 11: POS/PSO, 12: PPS/PSP. MAG,monoacylglycerol; DAG,

diacylglycerol; P, palmitic acid; S, stearic acid; O, oleic acid; L, linoleic acid.

Table 7. TAG types obtained from the Ag-HPLC of substrates (PSFO and HOSO) and structured lipids
synthesized according to different weight ratios of substrates. (Unit: area %)

Structured lipids®

s PSFO HOSO 1:0.5 1:0.66 1:1 1:2

SSS 90.99 + 0.30 ND 2648 £ 029 17.52 +0.76 9.42 +£0.14 1.99 £ 0.19
SUS 7.54 = 0.11 ND 1228 £0.69 1257 =0.62  11.71 £0.57 6.66 = 0.38
SSU 1.46 = 0.19 ND 39.07 £0.05 4017 +£1.09 3294+£0.33 17.73+0.13
SUU ND 851 =047 1416 £1.03 20.79+046 2934+ 136 3892+ 091
USu ND ND 4.35 +0.39 5.20 +0.20 7.99 +£0.33 1049 £0.36
UuuU ND 91.49 + 0.47 3.66 = 0.38 3.75 = 0.02 858 =0.01 2422 +0.11

TAG, triacylglycerol; PSFO, palm stearin fraction oil; HOSO, high oleic sunflower oil; SSS, Saturated-Saturated—
Saturated; SUS, Saturated-Unsaturated—Saturated; SSU, Saturated-Saturated—Unsaturated; SUU, Saturated-
Unsaturated—Unsaturated; USU, Unsaturated—Saturated—Unsaturated; UUU, Unsaturated-Unsaturated—

Unsaturated; ND, Not detected.

*Weight ratio (PSFO : HOSO). PSFO, palm stearin fraction oil; HOSO, high oleic sunflower oil.
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T} AgHPLCE ZESHA|HAL B2 skx|Hbako 2 A% TAGS] thy & TAG HITi Y& TAGS] £2)7} 755t BES- 7]
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29149 area %7} EEERSE 23} TAG (UUU-TAG) & o]FolA] QI 8,51 area %] SUUZF AZE ]t
Reversed-phase HPLC 24 ¥t} Ag-HPLC 24 A3kE Egboto] B PSFO= 74.69 area %] PPP2} 15 area %
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Fig. 4. Chromatograms of TAG types analyzed by the Ag-HPLC in substrates (A) PSFO and (B) HOSO. PSFO,
palm stearin fraction oil; HOSO, high oleic sunflower oil, SSS, Saturated-Saturated-Saturated; SUS,
Saturated-Unsaturated-Saturated, SSU, Saturated-Saturated-Unsaturated, SUU, Saturated-Unsaturated-
Unsaturated; UUU, Unsaturated-Unsaturated-Unsaturated.
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Fig. 5. Chromatograms of TAG types analyzed by the Ag-HPLC in structured lipids synthesized according
to different weight ratios of substrates. Palm stearin fraction oil (PSFO) : High oleic sunflower oil (HOSO)
ratios (w/w) =1:0.5 (A), 1:0.66 (B) 1:1(C), and 1:2 (D). SSS, Saturated-Saturated-Saturated; SUS,
Saturated-Unsaturated-Saturated; SSU, Saturated-Saturated-Unsaturated; SUU, Saturated-Unsaturated-
Unsaturated; USU, Unsaturated-Saturated-Unsaturated; UUU, Unsaturated-Unsaturated-Unsaturated.
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g A8 Q] S-S ¢Ist 71 59| FAM|&-E th2A| ot E44 interesterification BHe-2 %1345 23t i3 g
TAGR! SUSe} USUS] F5+216.63 - 19.7 area %= HZ=| .21 H|th g TAGR! SSU2E SUU 53.23 - 62.28 area %
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%2 AZHUC. olF B3 1: 29] PAMIEZ Y4B 74 X12E Helsto] acyl migratione] o544 B,
SUSTAGS) ¥ 59 4 gl 2712 37] 9isto] WS EARAS o] §5to] MHH AgS WYsialck
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22M10 2 FAFH 54 242 Fig. 60 YERARICH
Table 8. Central composite face design arrangements and the observed responses. (Unit: area %)

. Factor Response
Experiment No. X, X, X, Y, Y, £ Y, Y.
1 1 65 10 40.15+0.21ab 878 =0.27a 16.35+ 1.17ab 23.61 & 0.53ab 72.54 + 0.58abc
2 1 65 20 40.59 +0.6lab 8.65=+093a 16.01 =0.83b 24.39 £0.04a 73.63 = 0.27a
3 1 75 15 4044 +0.87ab 8.76 =0.18a 16.16 & 0.80ab 23.86 & 0.86ab 73.06 &= 1.55ab
4 1 8 10 41.21 =1.54a 9.25+0.0la 17.19 = 0.60ab 21.01 £ 1.95¢ 71.46 *+ 0.42bdc
5 1 8 20 3816+ 328abc 8.67 = 1.23a 16.73 + 0.54ab 24.46 = 1.25a 71.29 + 0.80bdc
6 3 65 15 4038 £0.02ab 8.15+0.59a 16.10 & 1.55ab 24.10 & 0.13ab 72.63 = 0.70abc
7 3 75 10 39.25+ 1.23abc 8.59 +0.22a 16.56 & 1.39ab 23.80 & 0.40ab 71.65 £ 1.06abcd
8 3 75 15 38.66 + 2.15abc 7.83 +0.40a 17.38 = 0.25ab 24.50 + 1.13a 70.99 + 0.61dc
9 3 75 15 39.87 £0.29abc 8.10 = 0.31a 16.85 &= 0.28ab 23.58 * 0.38ab 71.55 % 0.36bdc
10 3 75 15 39.09 & 1.04abc 8.06 == 0.89a 17.24 & 0.02ab 23.79 & 0.09ab 70.94 =+ 0.06dc
11 3 75 20 39.58 + 1.26abc 7.59 + 1.63a 16.70 + 0.33ab 24.43 = 0.49a 71.59 * 0.12bdc
12 3 8 15 3912+ 0.65abc 847 + 0.02a 17.87 £ 1.66ab 22.33 + 1.19bc 69.91 + 0.55d
13 5 65 10 36.68 + 2.42¢ 8.76 £ 0.10a 17.54 = 1.74ab 24.99 + 0.47a 70.42 + 1.86d
14 5 65 20 38.83+0.05abc 7.65* 0.07a 17.27 * 1.48ab 24.48 + 0.76a 70.96 + 0.64dc
15 5 75 15 37.82*0.79bc 828 +0.79a 17.84 = 0.13ab 24.03 £ 0.98ab 70.13 + 0.98d
16 5 8 10 3785%0.39c 9.4+ 210a 1830+ 0.19a 23.1 = 0.50ab 70.09 £ 1.22d
17 5 85 20 3835+ 0.76abc 8.27 +0.98a 17.71 = 0.18ab 23.83 * 0.44ab 70.45 £ 0.22d

The results are expressed as the mean + SD (n = 2).
X,, Reaction time (hour); X, Reaction temperature (°C); X, Enzyme ratio (weight %); Y, Saturated-Unsaturated-
Unsaturated (SUU); Y, Saturated-Unsaturated-Saturated (SUS); Y, Saturated-Saturated-Unsaturated (SSU); Y,

Unsaturated-Saturated—Unsaturated (UUU); Y, sn-2 unsaturated fatty acid.
According to Duncan's multiple-range test, means with different letters a - d within the same column were
significantly different (p < 0.05).
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Fig. 6. Response contour plots. (A) Y, = SUU area %, (B) Y, = SUS area %, (C) Y, = SSU area %, (D) Y, = UUU
area %, (E) Y, = sn-2 unsaturated fatty acid area %. SUU, Saturated-Unsaturated-Unsaturated; SUS,

Saturated-Unsaturated-Saturated, SSU, Saturated-Saturated-Unsaturated, UUU, Unsaturated-

Unsaturated-Unsaturated.
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Table 9. Regression coefficients and significance of Y,.. (Unit: area %)

Y1 YZ Y3 Y4 Y5
Variables “cocfficient Coefficient Coefficient Coefficient Coefficient
-val -val -val -val -val
(B) P jue (B) prvalue (B) prvalue (B) P ue (B) prvalue

Constant 39419 1.01 X 10"  8.059 138 X 10 16978 4.77 X 10 24.082 1.07 X 10® 71.336 196 x 10"
X, -0.883 1.897 X 10°  -0.159 2.207 x 10* 0.477 1.006 X 10>  0.240 1.691 X 10  -0.800 3.796 X 10*
X, 0.172 378 X 10*  0.153 2551 X 10 0362 3.296 X 10  -0.412 3.376 X 10>  -0.511 3.016 X 10*
X, -0.005 9.80 X 10°  -0.280 1.305 x 10°  -0.146 3.206 X 10*  0.381 4.526 X 10>  0.192 3.415 X 10*
XX, -0.177 631 X 10" 0214 8084 x 10>  0.105 7.036 X 10"  -0.090 7.756 X 10"  0.089 8.144 X 10"
XX, 0.023 9490 X 10°  0.149 1977 X 10*  -0.033 9.029 X 10*  -0.114 7.183 X 10  -0.068 8.576 X 10*
XX, 0.055 8.809 X 10°  0.012 9.112 X 10*  0.003 9.926 X 10*  -0.004 9.905 X 10*  0.015 9.676 X 10*
XX, 0107 6.182x 107  0.049 4463 x 10"  -0.044 7.818 X 10"  -0.026 8850 X 10  0.201 3.725 x 10"
XX, 0.430 7.342 X 10>  -0.114 1.017 X 10* 0.000 9.978 X 10" -0.302 1.281 X 10"  -0.011 9.594 x 10"
XX, -0.376 1.081 X 10*  -0.031 6.255 X 10*  -0.008 9.599 X 10*  0.320 1.098 X 10*  -0.113 6.092 X 10*

X,, Reaction time (hour); X, Reaction temperature (°C); X, Enzyme ratio (weight %); Y, Saturated-Unsaturated-Unsaturated
(SUU); Y, Saturated-Unsaturated-Saturated (SUS); Y, Saturated-Saturated-Unsaturated (SSU); Y, Unsaturated-Saturated-
Unsaturated (UUU); Y, sn-2 unsaturated fatty acid.

k k ko k
Y=5 +Zﬁixi +Z.3uXiz +Z Zﬁiixixi‘l'e
i=1 i=1

i=1 i=1

Y, (SUU, area %) = 39.419 - 0.833X, - 0.172X, - 0.005X, - 0.177X X, - 0.023X.X, - 0.055X.X, + 0.107X X, +
0.430X X, - 0.376X.X,
Y, (SUS, area %) =8.059 - 0.159X +0.153X,, ~ 0.280X,, + 0.214X X, +0.149X,X, +0.012X X, + 0.049X X, - 0.114X X,

- 0.031X,X,

Y, (SSU, area %) =16.978-+ 047X, +0.362X, - 0.146X, +0.105X X, - 0.033X X, +0.003X.X, - 0.044X X, + 0.0004X X,
- 0.008X,X,

Y, (UUU, area %) = 24.082 + 0.240X, - 0412, + 0.381X, - 0.090X,X, - 0.114X,X, - 0.004X.X, - 0.026X X, -
0.302X X, + 0.320X X,

Y, (sn-2 unsaturated fatty acid, area %) =71.336 — 0.800X, - 0.511X,, +0.192X, +0.089X X, - 0.068X,X, + 0.015X X,
+0.201X X, - 0.011X X, - 0.113X X,

Conclusion
2 AollA= palm stearing fractionsto] ¥ 21§74 2] #&E<1 PSFO} HOSO= blendingstoq lipozyme®
TLIM= ©]-83F 844 interesterification ¥+~ 53l A58 X142 sttt A A8 A4S Al 8AIE
|=!

o2k, RFeaAS 3P| 2 595}
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F¥
e

Korean Journal of Agricultural Science 45(2) June 2018 279



Enzymatic reaction model for the production of symmetrical lipid molecules using the response surface methodology

I‘E

ol
K
ne

9] A& 213gsi3inh Acyl migration®] Hld = wHakop o5 axehars) thdd TAG 2= 4 —%]75'
2e 2702 SRl SAF Ao b2 vhg- B B4 S Adsh A3} lack of fit2 Y, (S UU) 0.622

(SUS) = 0.438, Y, (SSU) = 0.264, Y, (UUU) = 0.526, Y, (sn-2 unsaturated fatty acid) = 0.215 |12 R*=Z}2}H0 897
0.944,0.826, 0.857 18] 11 0.8672 LrER} 235 2 9)-S LERN QI sn-2 unsaturated fatty acid (area %, 5) TAG

9] sn-l, 3 9ol S04 0 2 Wke = Fio] Eo|Zol AL o|g5to] A|Wkute] F47 acidolysis ¥F-0IL} 2|4

1o
e
ox

_Il'

AF ethyl estere}2] &4-4 interesterification #H-3-2 ©]-8510] F7F41Q1 SUSTAG &/dell 7]o1g 4~ Q12 Zolet et
Hth 05 918t sn-2 unsaturated fatty acid (area %, Y,)2] gHke] Z|cighs Uehie 24 3/ 2l 2702 9h3Azt

(X)) 1AI7E BRI (X )= 65°C, EAH|E(X,)2 20 weight %= SHI=|%{ct
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