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Synthesis and Characterization of Structured Lipids from
Evening Primrose Seeds Oil and Rice Bran Oil

Hyo-Jin Kim, Kyung-Su Lee, and Ki-Teak Lee

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

Abstract

Structured lipids (SLs) were synthesized by enzymatic interesterification with evening primrose oil (EPO)
and rice bran oil (RBO) in a batch-type reactor. The interesterification was performed using a water shaker
for 24 hr at 55°C. Mixing speed was set at 200 rpm and Lipozyme RM IM (immobilized lipase from Rhizomucor
miehei, 10% by weight of total substrates) was used as a biocatalyst. Rice bran oil and evening primrose oil
were interesterified with various molar ratios (RBO : EPO, 1:3, 1:4, and 1:5 mol/mol). Reversed-phase high
performance liquid chromatography connected with evaporative light-scattering detector was performed to
separate the triacylglycerol (TAG) species of SLs. In the fatty acid analysis, 7 -linolenic acid (7.9 mol%), linoleic
acid (67.3 mol%) and oleic acid (13.2 mol%) were the most abundant fatty acids in the SLs. During 24 hr reaction,
most of the reaction occurred within 3 hr. TAG compositions, tocopherols and phytosterols were also analyzed.
In the TAG species analysis, LLL (ECN=42, L=linoleic acid) dramatically decreased when the reaction time

increased.
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o A% E]Eiﬂ 100~ 400 mg«] 7“3]’3]

A ATHE6,7). AviEERA4l
o g gulo]d ZX}(evening primrose oil, EPO)el| 7~
10%(8,9), 7F7 2] 955 (blackcurrant oil)oll 12~20%
2 MF AZF(borage oil) Toll 13~25%(9-11), AHA
(hemp seed oiD)ol] 5~8%(12,13) A= &/ Ut &4
A Ath14). et =@ AHGLA, 7 -linolenic acid, 18:3n-6,
18:3069,12)2 53], 4] AT A7, AF2g 37, =
A A0 F 1% SFFF AL AP ESY AR RS AEAA

;
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447} "?—-/FE} D}Okﬂ & é%%o] glEo] 1 ATl KB
HYI(15-18), X7} 7154 22X AE3E 7= 3ot
o ZRE oA E BlZFolE TahAAT AA G}
AFEZAZE ¢ 28xs 5)Y FFol thid Fof 43t
FAgo] A Fsitha & 4 UTh

A FA A A (structured lipid, SL)-& §38H7 == 34
W ol 93| triacylglycerol(TAG) &4} ¢toll A =] Hlake]
A F Z2AE AN AY AMEE 71548 Adite] 2%
Tot] AT = ok 38H7 o] A o9 &
7} A3 Fykgo ] A7E do] Joy, a4 w2 AA}
go] 715alv] ABAHo| T, Bo8l /1A Hol4L o4l
of 337} 7}><H WeH, 521 W & 4 Ak9)
wehbA B ATE v @l FARTERE TAGY
sn-1,3 YXJo|A EolF o7 F83= 1143} G4 Lipozyme
RM IM(Rhizomucor miehei, EC 3.1.1.3)2 ©]£3} inter-
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o wES gels) 7k TAGH A
o} ol FA e} 3kAas) Bl AFe]
oA SOl Aol B &l Al ZA(solvent free sys-—
tem)ol A R0 (20), FE A8 A2 54, A
A Ak 24 £4, tocopherol B phytosterol®] 3

esterification ¥FH3-<
P 24 AT

32 8L ofn
rlr 32

ERETE

Aol AFEH U AF-(RBO)= T4 3] A} A& (Serim
Co., Daejeon, Korea)oll A A|Fwrgkar, guto]dE x4
(EPO)+= 2] 3]} HAHPahjoo, Korea)oll A F+43 AS AL
L3l £4F interesterification®] 9]3F A4 X4 9]
A Aloll= &4 Zvl 24 Rhizomucor mieheiZ2 %€ &2
3+ Lipozyme RM IM-2 Novo Nordisk Biochem. North
American Inc.(Franklinton, NC, USA)Z ¥ T Y43} A}
239} a, v 2 S-tocopherol® phytosterol XFE 2
Z+7Z} Fluka Chemika-Biochemika(Buchs, Switzerland)<}
Sigma-Aldrich Chemical Co.(St. Louis, MO, USA)ol| A -
A3FA . Rosemary extract(ROS. con)+= Pinus Tki d.d.
(Race, Slovenia)oll A A&ttt

MY XEe gad gy

A3 AL F8k7] 9180 screw-cap flask(250 mL)
o] AAE w7 (rice bran oil, RBO)&} @gto|& ZEx}H
(evening primrose oil, EPO)E Z}7Z} H]-&(RBO : EPO, mol/
mol)S 288ty 1:3, 14, 1:57F S =& FHsdoh zF 712
HEHEE F3u F83]) vt 3 44 712 FA9 10%0
3 3sl= Lipozyme RM IMS ¥ 83| A4L=2 =7 3}
Ak W8 21 L {718 E AR 2 AHlA 55
°C, 200 rpme] & wtgZolA 1, 3, 6, 10, 244 7HejT} A]
FE Fsl9 e, vkgo] ¢ F 712& PTFE syringeZ
lipaseE A A3t 24k A4 A& 0.5 N phenol-
phthalein solution(1 g/100 mL in 95% ethanol)& A A] k<.
2 9 Wg Ukt =, FYANAES 05 N KOH in
ethanol(100 mL ethanol/ 400 mL HxO) solution< ©]-§3}¢
HAstRom, HAol Bt F warm waterZ ¥ 73 =
A Ak AAsIS A7 D 8 F APE 9)\
e A ke A A AT ol g gat 38 A F
HH-2-5E-& anhydrous sodium sulfate(Junsei Chemical Co.,
Ltd., Tokyo, Japan) columns ©]-&3le &S AASHS
H, AF¥7AE=7]1(N-1000, EYELA, Tokyo, Japan)2} N
£ ©0]&3}4 hexanes &3] A AT ¥ o|gsty A&
F3ted A8 AAe 5SS ARSIt

o]% RBO: EPO9] 1:4(mol/mol) BIE& = 1 L stirred batch
type reactorol A] 3A17F ¥F-3-3}¢ scale-up §A S AT
3t 4% = double jacketo 2 THEo|H o 55°CE LA 3}

lo rlr

227 FAR ATH Ao ol5era 54

A 1157

M

A AR T3 impellerS stirrer motor(MS-3060D,
Mtops, Yangju, Korea)ol] &238te] 200 rpm o & F83] 7]
A 545 wwsigoen FAE AFAH AEL filter
paperg ©]&3te] g G BAE AT Ee gt
A& ot &8 T AT FYARE AAT F A3
of AFEE 7Y AdE 53T

¢

e}

s fr B AT AFe A 2R
25 317] Y31 methylationS 3F ¥ gas chromatograph
(GC) 4L A3t H T} Test tubedl A& °F 25 mg=
3} 0.5 N NaOH methanol &S 15 mL ¥ #2335k
the-ell 100°Cell A 57t -3kt 30~40°Cell A ¥ 23
t}. o]o BFs-methanol %< 2 mL 93 °F 100°Coll A 2%
ZF Al 3 ¥ ¥kesla 30~40°Col A WZAEE T Iso-
octane 2 mLJ/} ¥3} NaCl €98 1 mL& Y3 of 18 5o
A4E2] (1500 rpm)E ©]-&-3e] 3% A3t #e
353} sodium sulfate columnS %3
& AlASA GC E4& 3T
£ A2+ gas chromatograph(Hewlett-Packard 6890
series, Avondale, PA, USA)2} flame ionized detector(FID)
= A3 T Columng SP™-2560(biscyanopropyl poly-
siloxane, 100 mx0.25 mm id., 0.2 pm film thickness,
Supelco, Bellefonte, PA, USA)S &3t EXson,
column oven 2% 150°CollA 58 &9 54 % 4°C/min®
T2 AA 220“C77}7<1 T2ato] 3023 fFA8H peako] &
2 &S =AY Injector ==+ 250°C, detector &=+
260°C=2 Z+ZF 243} R a1, split ratio= 50:1Z 4 carrier gas
© NoZ 1 ml/ming FAANF O A5 1l FYste] A
s g o 2H 2 F4& AP A4 %E T3]
3t oh ALk S A o n FID A $HA 494 2w
2k vgo A 22 5E 9 AU WA SE 2ok o) A
A A HHEDA o3 =St AT
Pixfi 100

. HFAL) —
FAi (g/100 g A4 =" X (Pj x fj/Rj)

Pi, Pj: A WA D)3 A
Ri, Rj: &t AWAF EFEHo A F£3F FID AEA <
i, fj: 2+ At g g 225 Aite gl [g

A4

Pancreatic lipase analysisoil 2|sh f|X[ X[2A =4
24

F29) sn-25 sn13 949 A 24 BAL 5]
pancreatic lipase(from hog pancreas, Sigma Chemical Co.,
St. Louis, MO, USA)el| 93+ 7t-w3ll & Adstct oF
7 mg® A& 1 M Tris-HCI buffer(pH 7.6) 7 mL, 0.05%
bile salt 1.75 mL, 2.2% CaCl; 0.7 mLES #H7}3F & A7 9]

3 FA3F %9 pancreatic lipaseE YolF ¥ FE3) o
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% 37°C & A3
e #8S 3~43] HHESFH Ht
o] diethyl ether 4 mLE H7}3+ & &3}
3l sodium sulfate anhydrous column<- ©]-&
2 BLES A ASAT ©]= n-hexane : diethyl ether
“acetic acid(50:50:1, v/v/v) L&l E A&3led TLC
(20 %20 cm, Merck, Darmstadt, Germany)E 7] 8501,
483 TLC silica plate2RE Rigke] 0.0320 H$(2-
monoacylglycero) Rt 8t 91 A4t 24 EA9 54
gk HPHO & sn-2 YR A 2445 A48 Sn-1.3
XY Ak 2A AAHAS Fomusodt Akohe] A4S
w5k o W (22), tha 2t

Sn-1,3 (%)=I[3TAG (%)—sn-2 (%)]/2
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Reversed-phase HPLCE 0[&¢t Af714 X2 &AM

AT 2D W A" TAGS ¥H8-7123ke] HuE 9
3}4] reversed-phase high performance liquid chromato-
graph(RP-HPLC) #4418 A3} 59 ). SP930D dual pump
(Younglin, Anyang, Korea)9} Sedex Model 75 evaporative
light scattering detector(ELSD, Dedere, Alfortvill, France),
20 pL injection loop7} H& ¥ autosampler(Marathon,
Young-Lin Instrument Co., Ltd., Emmen, Netherlands)”}
428 HPLCE AHE-3814 T} Columne Nova-Pak®™ C18 60
A 4 ym(3.9x150 mm i.d., Waters, Milford, Ireland)Z ©]&
3ty o]F o ZE 71€7] €8 &M solvent Alacetoni-
trile), solvent B(iso—propanol : hexane=2:1, v/v)& 7]&7]
&8 212 A5 80:220(A: B2 Al &3t 457 FF =
& 5 54469 HIERE 1587 EHFOH, T 8022002
WH3IAIA T0E7HA] F A9 f4S 1 mL/minE.i =9
FAY. A& 15 mg= chloroform 20 mLell =<1 & PTFE
syringe filterS o]&3le] o3 & 20 pLE FYsHA

TAG species 3B+ retention time(RT)$} partition num-
ber(PN) Atelo] &A1& Bl WA E W MZE TAG
3} TH23,24).
Partition number (PN)=total number of carbons (CN)—

2x total number of double bonds (ND)

species HE| S £ 4

a-, 7— & S—tocopherol B2 EAd
gdgro] 2 A} v R 2 AT X E giEo 3

= A9 a-, y - 2@ §-tocopherol®] #41-& HPLCE %0}
o] normal-phase® FHF EXA3}AY. a-, y- E S-to-
copherol ¥ % 2 (Sigma)2 hexaneol] 50~125 pg/mL<]
FTEE A3l QEETEZD EAAHE o] &3t doR
azE ol &3t FHFE T A8 1 gs H F
Absl BRR1E 93 6% pyrogallol in ethanol 5 mL¥} 60%
KOH in water 1.25 mL< 7}3}¢ % 3] ‘?'Lz]ﬁ} 3T
Al59] PR S 93t TR =

135
o
sto] 70°C 27104 3023t whs CHEEe] B &
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Al4:3] ice bath—E— o] &3l Wzl ar, 2% NaCl €9 5
mLS ¥ 3 oA 3 W 23] A3 sttt aen
hexane : ethyl acetate=85:15(containing 0.05% BHT)E
25 mL ¥ 3¥ B 235 F N, gasE |83t &
A3 A ASFATE ]9 hexane 5 mLE 3] 43} syringe
filter(13 mm, 0.2 pm, Whatman, Maidstone, England)E ©]
43l o3 & 20 ul& FYF 2™, SPI30D dual pump
¢} UV730 detector(Young-Lin Instrument Co., Ltd.)7} &
Zwo] = HPLCE 295 nmoll A #4139t Columne
LiChrosorb Diol(5 ymx3 mmx100 mm, Chrompack,
Raritan, NJ, USA)S A3} 1L, mobile phase hexane

“acetic acid(100:0.1, v/v)E 4 1.0 mL/min®] S&g =
30&7F EA3 AT

Phytosterol| &Mz 244

ghgo AHEE 71d 2 847 FAS B3 Ao A4
AdS 22+ 25 mg AlE°l internal standard2% 5a-
cholestane(1 mg/mL in hexane) 50 pL¢} 2 N KOH ethanol
S8 2 mLS 713k & 0"04 GLZol A 158 T HF
3} ¥-g-& Sth H]Ti]r 95 T 41&3] WAg v
hexane ¥ /55 717} 1 mLﬁ. Y1 ZF EEUt dojv=
2 53] A3 5 4= H2 hexane & F 3} sodium
sulfate anhydrous columne O]B-OH FES A ASAH. ¢
A4 & 39 HHEste F < guj= AAE o] &3l &
A3 A AstATh o7 oﬂ 200 uLel hexanes 7}te] & F,
2 uLE FY3Hct. 4 Al flame ionized detector(FID,
Younglin 5890)7} Z#H® GCE AHgatdoH, SAC™-5
capillary column(30 m x 0.25 mm x0.25 pm film thickness)
2 A3 T 3, oven program= 285°Col| A 258 &<t
A8+ H 2.1, injector & detector &=+ Z+ZF 300°CE A
A3l Fo] phytosterols g #2443 o)

ASHEEX] o2
bzl Qb Ado] Ml A vk dulol FAF-9 Al A
Z(RBO : EPO=1:4, mol/moD)°l| AFsh8A A& Al z3te] A
Atk AsA Y FFS A8 dA sEAA R cat-
echin¥} 4 4F3PA]A191 butylated hydroxyl toluene
(BHT)S ZZF 400 ppm® A 7FsF 3L, §—tocopherol 200
ppm, rosemary 500 ppm= Z+Zt H 718tk Cateching
Ao Hol7] Yt fatslgon, o] el A A
20% %9 glycerin monooleate(GMO)ZS 60°CE 7} 3t
¢F 10% 3t ultrasonicationd} A th. 4L AE M 13 &2
1525 1087 60°Ce] 5Y3 272 & ultra-sonicator
TAget & A AT 7419 induction periodP) &
& 25 23} =4 71A1?] Rancimat(Rancimat 743, Me-
trohm, Herisau, Switzerland)S AF&3Fe] Z47zte] A|8 5 3
g A 33| reaction vesseld] F 3l A|g§ &% 100°C, gas
(air) flow rate 20 L/hre] ZZAdA AA| A H25).
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Table 1. The positional fatty acid composition (g/100 g oil) of evening primrose oil, rice bran oil and scaled—up SLY

Evening primrose oil (EPO)

Rice bran oil (RBO)

Scaled-up SL

Fatty acid TAG sn—2 sn—3 TAG sn—2 sn—3 TAG sn-2 sn—-3
14:0 ND? ND ND 0.39+0.01 ND 0594002  0.1840.00 ND 0.27+0.00
16:0 8.16=+0.01 ND 12234001 1959+0.02 520+0.00 2678+0.03  875+0.06 245+0.01 11.90+0.08
18:0 2.20+0.03 ND 330£0.04  1.89+0.02 1.00£0.00 233+003  1.86=0.01 1.01£0.00 2.29+0.02
181 6.67+0.01 6114001 695+0.02 4363+004 47.02+0.02 41.93+£0.04 1324+0.01 28.75+0.05 5.49%0.00
182 7489+0.02 82.65+0.01 71.01+0.04 3273+0.04 4579+0.02 26.20+£0.06 67.27+0.07 6255+0.04 69.63+0.13

183 o6  809+0.06 11.25+0.00 6.51+0.08 ND ND ND 7.89+0.00 525+0.00 9.21+0.00

183 -3 ND ND ND 0.90+0.00 1.00+£0.00 085+0.00  0.43+0.01 ND 0.64+0.01
20:0 ND ND ND 0.89+0.01 ND 1.34+002  0.39+0.01 ND 0.58+0.01

SISFAY  10.36+0.02 100.0£0.00 1553+0.03  2275+0.07 6.20+0.00 31.03+0.11 11.1840.04 3.46+0.00 15.04+0.11

SUSFA” 80.65+0.02 0.00+0.00 84.47+0.03 77.25+0.07 93.80+0.00 6898+0.11 8883+0.04 96.55+0.00 84.97+0.11

UMolar ratio of substrate was 1:4 (RBO : EPO) and the reaction was conducted at 55°C and 200 rpm in a stirred-batch type reactor.

All values are mean+SD (n=2).

?Not detected. PSum of saturated fatty acids. YSum of unsaturated fatty acids.

Z+ A9 7 Ad= 2000 Statistical Analysis, System
S/W Package(SAS Institute Inc., North Carolina, USA)ZE
o] 83} 95% 41F] Tt A Student-Newman-Keul'sE
783} Multivariate Analysis of Variance(MANOVA) &

AlZ1 2] 2} Duncan’s multiple range test(DMRT)Z 2z} &
frolds AFstA

A 712D H|2 9 X2k =AM 2 sn-2 position 24
712 E AFEE Aok gt FAF 29a A E
AT XA F AR 2 AR E A 24 4T

ZA3}= Table 13 2o} v 7}4/-9 F2 X942 oleic acid
(C18:1)9} linoleic acid(C18:2)7} 242t 43.6% 9} 32.7%E =}
A&t R, F BEXSAGAY T AL 2 77.2%
o} 228% 5 YEMUT) guto] FAfFo Ay, T8 A
AFe IE=A AR linoleic acid®} 7 -linolenic acid(C18:3
n-6)7F Zt7; 749%9} 81%E AA 3 TE olw F B2FA
E3pA LS 22 89.7% 9} 10.3% S 2FA|8H
WA S JEhi e, Shimizu 5(26)2]
AL A A9 F Adh w7
2 FATel sn-2 position®] At FFS AW E
oleic acid”} 47.0%, linoleic acid”’} 45.8% 2 %=
el }R 8t R 3 Geto]lE =&+ linoleic acid”}
82.7%=2 7} Wol A8

o] HSHZE vRet @5tolE FAF FAE FA
o] 2 A"k sn-2 position A HHAF 2 sn-1,3 position
A HALS Table 2~49F 2om Fo AWAkS AR
linoleic acid, 7 -linolenic acid7} AA] A4k =
el 83% o] AASA Y. Hb-s 27 whe} oleic acid
(C181D)+= ¢F 11~15% el Wk linoleic acid(C18:2)& <F
65~69%= Zt7+e] 7|A 9 A ste Bl&ol wal xpE A Q]

]
O

W24 e
o m.{n;—ﬂ

BOE o

Nﬁ%

°
A

al

fo (2 nft r2 Hir

o oy
ru[o Jo
w1

oleic acid,

A5 Yep AT A3 wHEstlE o, & A 24
2]y -linolenic acid®] &2 7.2(1:3), 7.9(1:4), 8.3(1:5)=
A =7t oy, sn-2 A4 A0 A= 35(1:3), 5.6
(1:4), 6.7(1:5)= YeblH, 114 vl&3 1:5 Bl&o] vl H ¥
& s BAa et scale-up Y3 ATAARA A 3
AL geto)E FARI vy He F Eoj7tEA -
linolenic acid®] ¥#o] =2 1:49] 712 HI &S AT

H&H=E B3k Ay ARty oz a8 il 24 0]
gk AlZbel] W& 2 HEE YE A ¥ o= Kol gt
< 712 22 ¥ Lipozyme RM IMol| 9]} v]7f-¢} ggto]L
FAHRE T35k HREY ALEC] TAG 82 A4
A7 dFolH, B AgxAddAe AR "ol 9
3l acyl migration®] €ojuyA] &dtia Alg o

Reversed-phase HPLCE
24

Fig. 12 v} @5to]E FAF9 whg A|7tel| wjef
A3 A4 XA S reversed-phase HPLC] H4] o
2 TAG 24 eItk ¥hgol 2188 712 ¢4 F4%
A4 Ade] TAGE 733t AWRMES] do] ¥ Bx3)
To] ©E PN#} Z+ TAG standard®] RTS T3}7] 9314
reversed- phase HPLC £41-& 33514t 5 - H 19 9
3t P ZAR(RBO)Y 8 TAG A2 000(PN=48),
OOL(PN=46), POO(PN=48), PLO(O=oleic acid, L=linoleic
acid, P=palmitic acid) S(25)°]al, Euto]X ZExH&
LnLnO(Ln=linolenic acid, O=oleic acid), LLL, LLO, PLL,
SLL(S=stearic acid)Z ©]Fo]x Jom(26), IF tri-
linolein peak®] 73-¢- @gtolFE FAF9 oF 10%E A8t
ATh B AF A AFE-E RBOSF @¥tol¥E FA7-2] TAG
19 Bae} FAFSFAT. Retention timeo| wWE
area?] WHEES 10002 Fslo] ZF AI7tHE 933l 9S
A, GdetolE T w2 FEE AAs Ae tri-
linolein(LLL) peaks} 5 7] & o] WFg-3lAS uf AFA 4
H peak 3lUE AH3ste] 1 W3t FEE AHHEIT Fig.

o|get M7y XES TAG
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Table 4. Positional fatty acid composition of structured lipid from RBO : EPO (1:5) at the different reaction times
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Molar ratio of substrate was 1:5 (RBO: EPO) and the reaction was conducted at 55°C and 200 rpm in a stirred-batch type reactor.
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Fig. 1. Reversed-phase HPLC chromatograms for TAG species of rice bran oil (A), evening primrose seeds oil (B), before
the reaction (blending, C) and after the reaction (scaled-up SLY, D). "Molar ratio of substrate was 1:4 (rice bran oil : evening
primrose seeds oil) and the reaction was conducted at 55°C and 200 rpm for 3 hr in a stirred-batch type reactor.
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Fig. 2. The change of LLO (18:2-18:2-18:0) and LLL (trilin-
olein, 18:2-18:2-18:2) peak in scaled-up SL (RBO : EPO, 4:1)
according to different reaction times.
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Table 5. a-, 7 -, and §-tocopherol contents of rice bran oil RBO), evening primrose seeds oil (EPO), blendingl) (before reaction)

and scaled-up SL?

Tocopherol (mg/100 g)

a-Tocopherol y —Tocopherol 6-Tocopherol Total
RBO 7.60+0.04% 2.11+0.01¢ ND? 9.7240.03¢
EPO 13.36£0.04° 10.82£0.02° ND 24.18+0.06
Blending 12.10+0.01° 9.53+0.12" ND 21.63+0.14°
Scaled-up SL 11.84+0.01° 9.08+0.05° ND 20.92+0.07°

‘I)Molar ratio of substrate was 1:4. All values are mean®+SD (n=2).
PMolar ratio of substrate was 1:4 (RBO : EPO) and the reaction was conducted at 55°C and 200 rpm for 3 hr in a stirred-batch

type reactor.

YMeans with different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.

“Not detected.
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Table 6. Phyg?sterol contents of rice bran oil (RBO), evening primrose seeds oil (EPO), blending” (before reaction) and
scaled-up SL

Phytosterol (mg/100 g)

Campesterol Stigmasterol B-Sitosterol Total
RBO 117.29+0.02% 87.04+0.12° 402.32+0.16° 606.64=+0.01¢
EPO 68.77£0.61° 0.00£0.00° 675.72+0.23" 744.49+0.83"
Blending 81.42%0.11° 20.64=£0.05" 614.74+0.16 716.79+0.33"
Scaled-up SL 68.31+0.02° 20.74%0.06" 614.74+0.08" 703.78+£0.16°

DMolar ratio of substrate was 1:4. All values are mean+SD (n=2).

“Molar ratio of substrate was 1:4 (RBO : EPO) and reaction was conducted at 55°C and 200 rpm for 3 hr in a stirred-batch type
reactor.

YMeans with different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.

Table 7. Induction periods of substrates (RBO and EPO) and the scaled-up SLs" with various antioxidants of 6-tocopherol,
rosemary, catechin and BHT

Samples Temperature Induction period (hr)
Rice bran oil (RBO) 100°C 14.86
Evening primrose seed oil (EPO) 100°C 4.85
Scale up SLs 100°C 15.77
Scaled-up SL+ 8-tocopherol 200 ppm 100°C 39.06
Scaled-up SL+Rosemary 500 ppm 100°C 28.61
Scaled-up SL+ Catechin 400 ppm 100°C 16.84
Scaled-up SL+BHT 400 ppm 100°C 38.92

DStructured lipid (SL) was synthesized using RBO and EPO (1:4, mol/mol).

tosterol o] BaolE Estal, @stolE Fx ok AT TEFES Ueh e, §-tocopherol> HEH A gt &
A A Ao Autal 2A1S v W& RS W, linoleic acid % gro]¥ £/ a-tocopherol E y -tocopherol& z}z}
o] 749%° A A & 672%E =] EQ7] WjEolztal AR 13.363 10.82(mg/100 g)& YeERA At} Phytosterol &2
Ho}. o]= Mariod 5(29)9] A+ZAx e} FAEIA . Cate- guto] & Zx}-/-7) 74449 mg/100 gL B M & FXE
chin 400 ppm< A7 ABE BS 0}—“,’—7}\1,:_ A7 38R e HYA, v7-fH+= 606.64 mg/100 go] At} A, scale-updt
ATA A A3 G 7)7k0] vl&=sg o, dA AR A XH—TUH A4 9] phytosterol &S &3 £ A7, §E&-3}17]
Q1 BHT 400 ppm H7HAZ1 A5 o}F-A= H7bslA &2 Z campesterol, stigmasterol 2 B-sitosterol &#o] 347k
AT AAel wls) oF 258 FE7IZko] AFE A g & stk o] &4 ARl 7 ~linolenic acid
E s AF8ALE 5L °] &ote 43 Ho=z ¢4
e < sttt
2atel 2

1] 75 (RBO)} guto]lZ Z21-4-(EPO)E 714 = 3l thek
g EHlE(1:3, 14, 15)& 7/HA EAFKuE o] &g A4
A4S FABAT GROIE FAF ) Fo A B

A HFAEQ] linoleic  acid(C18:2)9}  y -linolenic acid(C18:3

171459 ANo2 B
SR A QL Wol 2T 7|2 APAIY AU TH10-

n-6)7} ZH7k 74999} 81%= XA M EHE A 0005889).

AT AEe F8 APAs AR A oleic acid, linoleic 2 35

acid, 7 -linolenic acid7} AA] A]*AF 24 2] 88% o4&

A g A A Z-E ¢ -linolenic acidE 22} 1. Park BS. 2008. Gamma fatty acid: a review. J Korean Oil
7.29%(1:3)9}F 7.9%(1:4), 8.3%(1:5) 2 3-a-3tgth. vk A} Chem Soc 25. 446-458.

2. Grigg D. 1999. The fats of the land: a geography of oil and

Q. ] o SFA) A1 4Ke) /H -

&€ 712 5 e A A TAG 245 reversed fat consumption. Geojournal 48: 259-268.

phase HPLCE ©]&3le] #4¢ A, w2 vl &o| & 3. Fan YY, Chapkin RS. 1998. Importance of dietary 7 -

V&2 ggto]| 2 2149 223 peak?l LLL(trilino- 11123%?21 de in human health and nutrition. / Nutr 128:

lein) peak= #4x83lal, 22 peake] B2 Hak 71t 4. Barre DE. 2001. Potential of evening primrose, borage, black

ATk AT A L HESo] AFEE v o} duto) & = currant, and fungal oils in human health. Ann Nutr Metab
45: 47-57.

ool q v & 2o BAE Azl 1] 7os
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