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Enzymatic Synthesis of Low Trans Fats Using Rice Bran Oil,
Palm Stearin and High Oleic Sunflower Seed Oil

Ji-Young Kim and Ki-Teak Lee

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

Abstract

Low trans fats were synthesized by interesterification of rice bran oil (RBO), palm stearin (PS) and high
oleic sunflower seed oil (HO) using TLIM from Thermomyces lanuginosa. After 24-h reaction, physicochemical
characteristics such as fatty acid and triacylglycerol composition, solid fat content, melting point, tocopherol,
oryzanol and phytosterol contents were evaluated. Trans fatty acid contents of the produced low-trans fats
showed less than 0.5 wt%. Mostly, triacylglycerol species in the products were palmitoyl-linoleoyl-oleoyl-glyc—
erol (PLO), palmitoyl-oleoyl-oleoyl-glycerol (POO) and palmitoyl-oleoyl-palmitoyl-glycerol (POP). Total toco—
pherol contents ranged from 6.94 to 11.83 mg/100 g while 0.18 ~0.49 mg/100 g of 7 —oryzanol and 182.47 ~269.08
mg/100 g of phytosterols were observed depending on the substrates ratios. When the content of PS in the
reaction substrate was increased, solid fat content and slip melting points were increased.
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53 lipase”} silica geldll 23 3}8 Thermomyces lanugi-
nosus immobilized lipase(TLIM)& A3t T} ©]= tri-
acylglycerol(TAG) 9] sn-1, 39] $X]o] F=2 Eolxo =z %
431 triacyglycerol®] ester 23S 7}l sk glyc-
erold} A|WAito g B & ThA] esterificationdl= 2H&<
ZH & Bao|tk17). 7149 FH &S gt 2447
44 ¥hgS Sk #$A"E ZAAY AL =4,
RP-HPLCE %3} triacylglycerol 24 W3}, EF5 &, 27
A}&, phytosterol %, slip melting point®} differential
scanning Calonmetry(DSC)§ £3} solid fat content(SFC)
48 AAe

E o

M=

B Ao AHg= v 7Zf(rice bran oil, RBO)E F4] 3 A}
A& (Serim Co., Daejeon, Korea)oll A, F2H o} (palm
stearin, PS)®} 31&-#| 214F 3] utE}t7] A - (high oleic sun—
flower seed oil, HO)= CAHIncheon, Korea)oll A #| 3 1t
RS AL&3F4 . Interesterification2 £3F Al 74 A2 9
Fdell AHgE lipase TLIM< Novo Nordisk Biochem
North American Inc.(Flanklinton, NC, USA)Z %8 +3}
At TLIMS Thermomyces lanuginoseZ4%8 54 li-
1A 35 o] granulateddt® & Aotk

o
Neke 77t

pase”} silica gelol]
(18). a-tocopherol ¥ B, 7 -tocopherol ¥
Fluka Chemika-Biochemika(Buchs, Switzerland)2} Sigma-
Aldrich Chemical Co.(St. Louis, MO, USA)ell A 4315
11, 28 A= 2 phytosterol #4418 9138 T FA| ke ZH7}t

goroldl 2 DL A INGE ol gF ARdx fA9 HaH B4 471

Wako Pure Chemical Ind, Ltd(Osaka, Japan)®} Fluka
Chemika-Biochemika(Buchs, Switzerland)ol| A T3}
AHEBEATE 219 sn-2 position®] A4 28-S EAS
7] $13 pancreatic lipase(Type II, crude)= Sigma Chemi-
cal Co.(St. Louis, MO)ZFE Fstgtt 717184 A] A}
€¥ &= HPLC grade® AHE-3tAth 4 d FA= 2
453 T UEE AEHE 3 Rasi A3 AHE-sidh

XEBIA

Screw—cap flask(250 mL)oll "] 7Z-/F(RBO), &2~H o}
(PS) ¥ 1A 7N FHO)E 24 1:2:0.3,
1:2:0.6, 1:2:0.9, 1:3:04, 1:3:0.8, 1:3:1.2, 1:4:0.5, 1:4:1, 1:4:1.5
(w/w/w) B &2 43 FE3] wHk F dx 7129 20%09
APt 143 £4 TLIME ¥al f7] 8l & AFE-31A]
&2 Aol A 65°C2t 180 rpme] Z2H o2 g wHE=Z o
A 24A1ZF etk Whg- & 71E 2 PTFE syringeZ &
A5 e S RAsidn @419 AT A d 1
N flzzgdQl 45 MGz F 3 HA7E $ 05
N#} 2 N KOH 9| EtE &8 AL83le] HA9TE FA o)

Ko AN A

¢ F 2(70~80°C)& ol-&sto] vwstd E4-E A A3
FE= ds TX}?F" WHESE AT ol 4t derES HTlet
o g7t F 74 hHs] 2EE g UARE FE A=A

TEZ
A7 F AR Al #akZul Byl dle] sodium sulfateE ©]
g3te] S8 BEES AASAL o]F FAaTIAE AR
3te] A4S AE] AAT F o)s}EHE BAS T FAEE
eN

A9 54

A E g

S

Differential scanning calorimetry(DSC) £44

DSC(TA Instruments, model DSC 2010, New Castle,
USA)E o] &3l #3419 solid fat content(SFC)E =7 3}
Aot 4 A] calibrations €13 base line Rl cell& 53
AR E o] &A1, A7 AEE ¢ 7 mgs H3sA
B39 Y Thermogram= 7] 913 80°CollA 108 &<t
FA3 & 10°C/mine] ¥I&Z -60°C7H A Wzhste] 1 2dE)
oA 102 &% FAAAFIL thA] 80°C7HA] 5°C/min®] H
&2 5239 TH20).

Slip melting point =&

Aol AHEE 712 FE AERNS FA9 shp melt-
ing pointE &73}7] 3l &3] &3E A5
lary tube(Chase Scientific Glass Inc., 75 mmx 1.2 mm i.d.,
USA)9 ¢F 1 ecm@ % &HF A F 38t -8°CollA 10 min
et Badte] S13] S F ARtk Als T '3
capillary tube® %A sl B33} cupric sul-
fate(CuSOy) &do] &

£ capil-

3ttt & & Alsol] W& A 857} capillary tubeS B} A
3}7] A2 wf o] L% 2 slip melting point® A3 &3t}
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A A At £45 913F] methyl-
% gas chromatography(GC) £41& A A3t
gA9 S AXNA e A|EE thin layer chromatog-
raphy(TLC) #4115 &3} triacylglycerol(TAG) &4 3
53+ 3 methylationS A A3} ©F. Methylation A &(2F
25 mg)E #3t 15 mLel 05 N NaOH #gh &8 7}3
3 100°Coll Al 583t 9H-3-A17] a1 30~40°Coll Al Wzha] =3
o}, 2 mL9] BFs-methanol &84S @31 thA] 100°Coll A 28
F RESAI 7132 30~40°Cell A WZAslE &, 2 mLe] iso-oc-
taneZ} 1 mLe] 23} NaCl §9-S 71sle] oF 18 &<k A&
FEAT B 22 3R F 29 T 39 ATS 551
sodium sulfate columns FHA AT oS AW =4 £
Ao ALL3FA Y. £2A Al gas chromatography(Hewlett-
Packard 6890 series, PA, USA)%} flame ionized de-
tector(FID)E AF&3lAt}. Carrier gas® Z4AZA 525
mL/min, 260°CE x84t} Columne SP™-2560(100
mx0.25 mm id, 0.2 pm film thickness, Bellefonte, PA,
USA)S 3l E481902™ column oven &%+ 150°Coll
A 5 B A F 4°C/min¥ F7HAIA 220°Coll =2ste
308 7+ A3ttt Inject porte} detector &=+ Z+z+
250°C¢} 260°CE A3t} Split ratio= 50:1Z4 A&
1 uLE FY4ste] At £4& A3t Art. GC-FID el
Ao AL 7 ARk Hlgo~H 20| B s A At
o2 A& of st=dl, ZF At H HEATE 2R A
AT EQCDE o] &3P, ERLF Y Akl F5 Al
289 g9} Y3 ABAFTE AL
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8 d AEM: 729 sn-29 sn-1,3 AX ] At =
A EAE fEl sn-1,3 Ao SolF o2 A8t = pan-
creatic lipaseE ©]&3le] 715E31E AAEYTh Test
tubedl] 7 mg?] A1E, 7 mLe 1 M Tris—HCI buffer(pH 7.6),
1.75 mL9] 0.05% bile salt, 0.7 mL2] 2.2% CaCl, 18]
7 mg2] pancreatic lipase® 2o & & vortex 3T
FJ2axo] 5= 37°CE AAsta, 381 vhe 9 g
128 3~43] W23 & 4 mL9| diethyl etherE % 7}5}<]
; A5 H3}o] sodium sulfate column

ol-gdt] & % ELES AAN FATh ©]E hexane
- diethy] ether : acetic acid=50:50:1(volume ratio)2] %7}
L= AFE-3F TLC(20x20 cm, Merck, Darmstadt, Ger—
many) £4< %3l 2-monoacylglycerol(MAG)S &) 3}
GC E45 33539tk 33 sn-1,3 4 A4S Fomuso2}
Akoh®] A%H2(22)& AM&-3FAAT

\

Reversed-phase HPLC 244
St E HEMA A9 triacylglycerol(TAG) A4S &
ol®R 7] 93} reversed—phase high performance liquid

chromatography (RP-HPLC)&4]-8 2|33} it} Detector
= ZAM 3000 evaporative light scattering detector(ELSD,
Young-Lin Instrument Co., Ltd., Anyang, Korea)S A}-&3}
Q3 55°C, 1.7 barZ %3} %t}. Nova-Pak™ CI8 60A 4
um(3.9x 150 mm Ld., Waters, Milford, Ireland) columnS
T3l 24 AlgEAT olF e 71€7] S EH aceto-
nitrile/hexane : isopropanol(2:1)-2 80:20(v/v) H|&Z 45%
B EHFE T 5446 vl S 2 608714, thA] 80:20 vl &=
65E7HA EH Ao 1 HIEZ T087HA FA ST
%2 1 mL/mineZ EHFAY. 15 mg9 AIEE 20 mLY
Z22 X209 ¢ 3 PTFE syringe filterE o] 83} o3}

% 20 pL injectiond}e] AFE A& & AU

Tocopherol & 7 —oryzanol Hzk £24

A9 a-, y - © S-tocopherol®} 7 -oryzanol& HPLC
g 53t A BAETH23). Al8Y AAHIE 3N vi-
al(50 mL)oll A& 1 g& A% = 43} WA E 918 5 mLe]
6% pyrogallol o &F2 &A3} 1.25 mL2] 60% KOH &2
7bste] A3t sttt AlE 9] 48 WAE A FES 2
2 S 5 43 4B 10°CE FAE FuygEzxo
2] 30% 7t WES ¥ ice bathE o] &3l WZstg o o]
5 mL9] 2% NaCl €948 #7}3lar 25 mL2] hexane : ethyl
acetate=85:15(0.06% BHT &) & 713t 33 WHEF& &
AAE o] &3ty &ujE A3 AASATE ol 5 mL
#2ko 2 3)43}e] syringe filter(13 mm, 0.2 pm, Whatman®,
NJ, USA)E o] &3} o3} 3 tocopherol £4 Aldl<= 20
ul, oryzanol %43 Alell= 10 ulLE FY3sIA . SPI30D dual
pump2} UV730 detector(Young-Lin Instrument Co., Ltd.)
7} A& = o] = HPLCE ©]£-3}19] tocopherol¥} oryzanol
S 27 295 nme} 325 nmolA B4R Columne
LiChrosorb Diol 5 pym(3x 100 mm, Chrompack, Raritan,
NJ, USA)ES AF&3F9 . Tocopherol ¥4 A] §42 05
mL/min, ©]5%4-& 100:0.1(v/v)2] hexane : acetic acidS %
|22 308 T FAst £4S AAEAt ¢k oy -
oryzanol #49] o]Fd2 71&7] &EEHN 10271A=
hexane : acetic acid(100:0.1)E 100% E&Ftr} o] & 228
7} A= hexane : isopropanol(99:1) 100% = E# & & t}A
z27174"H 2 #FAS EHFU a-, 7y - € S-tocopherol =
y —oryzanol Z47+8] FE4E #45 F3l Al 59 toco-

=
pherol® 7y -oryzanol®] & #2o] o]FoF .

H

Phytosterol2| &2k 244

A FAS Bl FolX A7) AE(25 mg)oll 2 mL
©] 2 N KOH ol&-2-8H 3} v F 2F=d =24 50 uL9| 5Sa-
cholestane(1 mg/mL)& 7}3F & 90°CE AAH dJL&5%4
Al 16% 7t vF3 R3S ottt HlFE whe 45 § 1



v, FaEokd # nEE A dntErIHRFE ol &F AW FA9 &

WHEEZ 33, 50 ple] BSTFA+1% TMCSIN,O-bis
(trimethylsilyDtrifluoroacetamide] S 7}ke] 60°Col A 30%
F WG AIA FATH ¥Ego] B3 A|lEFY Sule HAE
o] &3l A3 A A 1 02 mLY A4S JEte &
3 2 uLE injectiond} 4t} 4] A] gas chromatography <}
flame ionized detector(FID)E AF8-3}99 1, columne Ultra—2
(25 mx0.25 mmx0.33 ym)E AF&3t9 . Injector$} de-
tector == 2z} 270°Ce}F 290°C2 A A& 213, oven
program-= 2200C°ﬂ A 05% 3t 270°C7HA] 2748 3+ a2l
285°C7HA] 358 7 FAIAA FeH, 2= A HEL
g 10°C2 A 0}04 A B ATH24).

Zn o oH

Solid fat content 2! slip melting point £44
ShAjo) AFEE 71259 solid fat content(SFC) #4142
I 2ol A HA el mAr ek s 14 sntekrIA
9 A Z7F 15°C} 5°Coll A 99% o] BA el A=
@ & AT W, Ao A A FH) gk
60°C ©]/do] = ofok 99% o] HA| FEej7} He RS
T AR Table 1). Eg+ ¥-& 714 2] of g v]&of o}
e AEW2 F22] SFCE Table 20 e AT £4]
7, Wkg v o w}a} thest SFC @3S Yepi e,
AA R ZEH AL sntrIAFY vl &0
7t gxo oH”o}* SFCE ek 4% B
2ol A LA A FaEH| ol Bl Eo] ZoldSg
Z718te AES 2o T3 1:3:04, 1:4:0.5,
A HEE A A AEELS 45°ColA S
= Ao E yegt aAAE AdAtellA Y 5=
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KR ol Fasteg, AALE9} frAke 35°CAlA
o] SFCE AHE Ay, 7|4 vlgd ot 2EZH SFC
XS AT & AATh 714 HlEo] 1:2:099 W 10.47%
2 SFC7} 714 i, 1:4:0590 A 26.24% =2 718 =4 &7
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Table 1. Solid fat contents (%) of RBO", PS?, HO® obtained

from differential scanning calorimetry

Temp. (°C) RBO HO Temp. (°C) PS
-10 41.61 91.55 10 64.86
-5 24.24 4778 15 60.58
0 9.84 4.97 20 60.27
5 4.26 0.38 25 58.64
10 2.19 — 30 50.63
15 0.99 — 35 41.81
20 0.22 — 40 32.76
25 — — 45 22.06
30 — — 50 9.12
35 — — 55 1.90
40 — — 60 0.32
45 — — 65 —

Slip M.P (°C) 54.0

YRBO: Rice bran oil.
?PS: Palm stearin.
YHO: High oleic sunflower seed oil.

e, ol 1A A
ZrE T},
34| slip melting point= 34.9~40.0°C A}o]ol| A t}okak
X E HYY I F 714 HEo] 1:405¢ wj 400°CE 7
Uelg e ole LAA F2Hotd HEY S
Zo)aL, 34°CE 7HE WA ZA 9 1209 vl&S oA
1 & A4 sutE 7| A - vl &9 JFS vk Fo
ALEE T o] whet B AFdA FAE AEME {4
A3 BEAS /A E &S A9 3 oo
S B3l AF 5 REYHY B AT

0
g Aoz ANT 4 Ak

2okl A 711 Aoz A

r%n

>
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]
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Differential scanning calorimetry(DSC) £44

FAel AHSE 71HEQ] W, FzH ok B g )14k
siutet 7| A foF 9" AENZ {29 DSColl &gt
TAY FEFA S AR A0l ] AA A
v et 1 At st IR Fo] FEIFH AHE
HEWA, 47 -152, -4.9 283l -4.7°Col A F=3 9=

Table 2. Solid fat contents (%) of low trans fat in different substrate ratios obtained from differential scanning calorimetry

Temp. (C) RBO” : PS? : HO?Y (w/w/w)

' 1:2:0.3 1:2:0.6 1:2:0.9 1:3:0.4 1:3:0.8 1:3:1.2 1:4:05 141 1415
-10 89.88 92.23 91.37 91.83 93.03 93.57 94.58 94.22 94.30
-5 83,57 85.69 84.48 87.62 86.95 87.08 90.03 89.20 83.04
0 76.72 78.40 78.00 84.85 81.00 80.42 83.27 82.35 80.97
5 70.59 63.33 66.04 82.77 75.06 71.89 7721 76.49 73.16
10 56.79 54.18 49.92 73.27 62.49 57.13 69.70 65.73 59.26
15 49.05 46.42 44.32 67.54 55.69 50.15 60.49 55.45 50.95
20 4791 44.20 39.24 62.10 54.44 47.88 59.39 54.19 49.72
%5 39.94 33.44 2842 50.13 44.33 36.28 51.80 47.46 39.31
30 30.01 23.44 19.69 38.49 33.01 25.77 38.01 34.74 2765
35 19.26 13.72 10.47 25.48 21.29 15.60 26.24 22.98 16.72
40 5.53 2.70 0.95 8.67 6.60 3.24 12.87 9.15 4.10

45 - - - 0.11 - - 0.98 0.21 -
Slip M.PY (°C) 374 36.4 34.9 39.3 37.9 37.1 40.0 338.1 375

YRBO: Rice bran oil. ?PS: Palm stearin. °

HO: High oleic sunflower seed oil. 4)Slip melting point.
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(A)

""" Palm stearin \
— High oleic sunflower oil ll
—-—-- Rice bran oil *1

L
-40 -20 1] 20 40 60

Fig. 1. DSC endothermic heat flow (A) and exothermic heat flow (B) of rice bran oil (RBO), palm stearin (PS) and high

oleic sunflower seed oil (HO).

(A)

Endothermic heat flow(w/g)

el R, ddFAe 242 -10.09F -38.8°Col A F3ig

. Hlold & 482°Col A F313 &4
I32E Yebda, -05, 25.9°ColA FR3 2E w38 B
tHFig. 1).

3, FA4E AEWR FA9 A= Fig. 290 YRS
th &4 HlE 12099014 £ Hae 474 A A FE
33(6.3, 209, 39,9°C)8 EJaL, 1:3:11.200A4= 72, 22.3,
35.9°CE YEbon 1141504 & 87, 239, 38.7°CE e}
ot olof whel FH ol Y] §HaFo] Eold s FIFA
o Jart & & £OF o]F3te A, F 3ol HA
Fold S gl = Qe B FH AnE AvEd g
4 vl HE 5 F oo wd 93E Yok
1:2:099 A% -163 137°CollA 2d =35 HI,
1:3:1.2% 0.07} 19.0°Col A, 1:4:1.5% 128} 19.4°Coll A &<
3E vepdol wel F2eolye] dhifo] Fold s
4 FA9 AVt L& 2= 07 o)Fde A F e

Aol Ak wobde & & U

o
RAE o1§F THL B9 AHE AENZ §Ash w3

— =

e (PS) # LAt sutEtrI A

== RBO:PS:HO=1:1:0.9
=== RBO:PS:HO=1:3:1.1
RBO:PS:HO=1:4:15

(HO)] A Ak =4S gas chromatography < ©] &3}
LA AT @3 AHEE ZAEY A 2SS ATE
W ) 73-FE oleic acid(C18:1)¢} linoleic acid(C18:2)7} Z+2}
4177 333 wt%E A A1, FeoldS Cl16:0(pal-
mitic acid)©] 544 wt% AP oH, - A4t sjulE}7)
A f= AA A 249 824 wt%7} oleic acid(C18:1)9]
Ao 2 AU H(Table 3). #1734+, F2dHotd € 129
Q14 s utEl 7| M E5F sn—2 positionel] C18:1 grako] z+zt
480, 488 B 892 wt%=E 7HE & FFS B, 714
E% sn-2 position®] FE EX3AAke] YA A
AT + I

gt oy HlSEE FAE FA9 At 2SS AEE
A3} (Table 4), palmitic acid(C16:0), oleic acid(C18:1) & li-
noleic acid(C18:2)7} 8 AWAFEZH WA Ait 24
o] 80% oIS AA S AT L F FA HIE 1:2:09Y
ol & 344 wt%2] C16:09} 44.9 wt%2] C18:12 el
1:4:05¢ o= 444 wt% 9] C16:09} 35.9 wt% <] C18:1=
Uelstth vlE HE2 gagolye] gkl
C16:09] 2|7} =obx i, & Q14 vkt A /-9 &=

o Bola4 s Clg1e) #3107k Rol e g &

tlo

PN
gold4 =

o =
A=



V7, FaEobd B &Yt st NRE o] &%

AEWNZ A9 54FH FA 475

Table 3. Fatty acid composition of rice bran oil, palm stearin and high oleic sunflower seed oil

Rice bran oil

Palm stearin High oleic sunflower seed oil

FA (wt%)

TAG sn—2 sn—1,3 TAG sn—2 sn-1,3 TAG sn-2 sn-1,3

14:0 0.4+0.0 — 0.6+0.0 1.2+0.0 1.0+0.0 1.4+0.0 0.1£0.0 — 0.1£0.0

16:0 19.7+0.0 3502 277+0.1 54.4+0.0 329+01 651+0.1 4.0+0.0 04+00 58=+0.0

16:1 0.2%0.0 — 0.3+0.0 0.2%0.0 — 0.3+0.0 0.1+0.0 - 0.2%0.0

18:0 2.1+0.0 05+0.0 29+0.0 7.3+0.0 4.2+0.1 8.8+0.0 2.8+0.0 - 4.2+0.0

18:1 41.7%+0.0 480+0.1 386+0.0 289+0.0 488+0.0 19.0+0.0 824+00 89.2+01 791+0.1

18:2 33.3+0.0 469+01 264+0.1 6.9+0.0 13.2+0.2 3.8+0.1 102+0.0 104=+0.0 10.0+0.0

18:3 1.1£0.0 1.0+0.0 1.3+04 0.1%0.0 — 0.2%0.0 — - -

20:0 09+0.0 — 1.3+£0.0 0.4+0.0 — 0.6+0.0 0.3+0.0 - 0.4+0.0
18:1trans 0.1£0.0 — 0.1+0.0 0.3+0.0 — 05+0.0 — — —
18:2trans 0.7+0.0 — 1.0+£0.0 0.3+0.0 — 0.4+0.0 0.2+0.0 — 0.2+0.0

>trans FA 0.8+0.0 — 1.1+£0.0 0.6+0.0 — 0.9+0.0 0.2%0.0 - 0.2%0.0
SISFAY 23.0+£0.0 41+01  325+0.1 63.3+0.0 38101 759+0.1 71+0.0 04+0.0 105=x0.1
SIUSFA?  762+0.0 929+0.1 66.6+0.3 36.2+0.0 61.9+0.1 23.3+0.1 927100 996+0.0 89.3+0.1
PTotal saturated fatty acid. Total unsaturated fatty acid.
Table 4. Fatty acid composition of low trans fat produced using different substrate ratios
RBO" : PS? : HO? (w/w/w)
0,

FAGwE0) 1:2:0.3 1:2:0.6 1:2:09 1:3:04 1:3:0.8 1:3:1.2 1:4:05 141 1:4:15

14:0 09+0.0 0.8+0.0 0.8+0.0 0.9+0.0 09+0.0 0.8+0.0 1.0+£0.0 09+0.0 09+0.0

16:0 395+00 366+0.0 344+0.3 425+04 39.2+0.1 36.4+0.0 44.4+0.0 41.4+0.0 386+0.1

16:1 0.2%0.0 0.2%0.0 0.2%0.0 0.2+0.0 0.2%0.0 0.2+0.0 0.2%0.0 0.2%0.0 0.2%0.0

18:0 5.3%0.0 51+0.0 50+0.1 58+0.1 55+0.0 5.3+0.0 6.0+0.0 58+0.0 56+0.0

18:1 37.7+0.1 415+0.0  449+03 370+01  40.8+0.0 44.1+0.0 35.9+0.0 39.6+0.0 429+0.0

18:2 15.0+£0.0 145+0.0 13.6+0.1 124+04 122+0.1 12.0£0.0 11.3£0.0 10.9+0.1 10.8+0.0

18:3 0.4+0.0 0.4+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.2%0.0 0.2%0.0

20:0 05+0.0 05+0.0 05+0.0 05+0.0 0.4+0.0 0.4+0.0 0.4+0.0 0.4+0.0 0.4+0.0
18:1trans 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0
18:2trans 0.3+0.1 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0

>trans FA  05%0.1 05+0.0 05+0.0 0.5+0.0 05+0.0 05+0.0 05+0.0 05+0.0 05%0.0
ZSFA4)_ 46200 43.0£00 40.6%0.2 496+02  46.0+0.0 43.0+0.0 51.9+0.0 486+0.0 45.4+0.0
SIUSFA® 532400 56500 539+0.1 499+02 535+0.0 56.6+0.0 476=+0.0 50.9+0.0 54.1+0.0
YRBO: Rice bran oil. ?PS: Palm stearin. ”HO: High oleic sunflower seed oil. “Total saturated fatty acid. ®Total unsaturated fatty
acid.
H), ol Cl603} CI81 AWate] 242 7140 Fa AWt 271 9 2A8S 8% 5 AT Aoz 1gH s
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589 wt%Z 714 =4 24 =) whd 14054 H] &0l A
S SFA7} 519 wt%2 7} =4 2393, SUSFAE
476 Wt%= 71 @A S AT T ER=ATARL v &
WE 05 area%2] FAE HolH, 1% vyte] vre gapo g
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, XUSFA=

Reverse—phase HPLCO| 2|8t triacylglycerol &4

o] HEEE FAE FAY triacylglycerol(TAG) &4
S reverse-phase HPLCE ©]&3le B350 &4 23
(Fig. 3), &8 TAG &4 OO0L, PLO, PLP, OO0, POO,
POP, POS(O=oleic acid, L=linoleic acid, P=palmitic acid)
SO 2 =AHAa, 1 F PLOS POO ¥ POP7F AA A&
o] TAG 24 F 0% ol’¢S AFASAT =3k vkg A 712
I S & AAES 495 ATE Ay, o8 Fa s

area% A ™ 0007} 1:2:0.991 4 758 area%Z 7},
POOE 26.06 area%(1:2:0.3)o 4 31.57 area%(1:2:0.9)Z &

7hek A& & & AT Table 5). 3+, F2Hlold o] Hl&
o] Fold4E POP9} PPPY| area%e F718he FAE B

G+, 1:2:0.3 B0l A 31.85 area% P H POPe] 7, &2~
glolg o] H]&o] &2 1:2:09 vl &A= 23.02 area% % L}

BueS 298 5 A

Tocopherol &y —oryzanol £44

T AHER AT FAAR & e AE
a, v 2 S-tocopherol®} 7 -oryzanol &#H<
74 23 UV“’(RBO)«] total tocopherol &< 10.
mg/100 g, BFH o} (PS)E 2.02 mg/100 g, 1222 Ak &
H}E‘r7lé‘1v(Ho>~ 32.09 mg/100 g2 YEFTHTable 6).

HEMA §A9 A9 a-tocopherole] o] A2 o
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1:2:0.3 1:3:1.2
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1:2:0.6 1:4:0.5
1:2:0.9 T 73 1:4:1
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1 ? ' ! 10 o1
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SR RN L1 a—
AN ——
1:3:0.4 7 g 1:4:1.5
11 L ‘I 0 A1
V)T S —
N WYY,
1:3:0.8
1 Fig. 3. Chromatograms from the RP-HPLC separation of
1 < 10 low trans fat from different substrate ratios. Peak identi—
\ s A& | fications: (1) LLO, (2) PLL, (3) OOL, (4) PLO, (5) PLP, (6) 00O,
M P A W (7) POO, (8) POP, (9) PPP, (10) POS, (11) PPS.

Table 5. Triacylglycerol (TAG) distribution in low trans fat produced using different substrate ratios

TAG RBOY : PS? : HO? (w/w/w)

(area%) 1:2:0.3 1:2:0.6 1:2:0.9 1:3:0.4 1:3:0.8 1:3:1.2 1:4:05 1:4:1 1:4:15
(1Y LLO 0.86+0.03 099x£0.09 1.21£0.03 048+0.12 0.78=0.07 067x£0.27 059x£0.09 0.52+0.00 0.00%=0.00
(2) PLL 1.36£047 1284030 1.15+£0.04 091%£0.22 090x£0.15 081£0.38 1.08+0.15 0.83£0.27 0.00£0.00
(3) OOL 299+037 383*+062 656+026 2.76+016 3.68+0.17 487055 214+027 3.11+0.12 3.58+0.08
(4) PLO 1526%0.04 14.89+0.68 14.18+0.62 12.06%=0.11 12.69+0.40 1255+0.69 10.70+0.11 11.02+0.28 11.34%+0.25
(5) PLP 6.28420.51 589%£0.31 4.46x£0.07 6.78+£0.02 537£0.04 419%£0.07 640055 517+049 3.92%0.27
(6) OO0 3.27+0.03 4.13*£1.26 758£026 3.16+£022 4.72+0.11 6.77£0.12 280£045 3.81+0.17 579%£0.21
(7) POO 26.06+£0.96 2846+296 3157011 24.48+0.40 2858+0.06 3253+0.02 23.75+0.14 28983+0.33 34.60+0.24
(8) POP 31.85+094 30.35+2.26 23.02+0.06 3297+0.15 30.44+0.52 26.80+0.38 35.07+0.07 33.04+0.76 30.47+0.66
(9) PPP 6.40+0.33 508*£1.26 365£025 857+£0.12 599+0.06 411026 970008 6.71+:0.32 4.66%0.47
(10) SOO 1.05£0.11 1.17£040 190+0.12 1.25+0.09 160x£0.07 176001 1.20+014 1.31%£046 1.26=%0.34
(11) POS 3.25+0.06 293+£0.08 349+0.10 4.30+015 3.72+0.17 368005 427004 3.84+0.03 3.46+0.47
(12) PPS 1.38+£0.08 1.00+0.25 1.23%+0.05 228%=0.05 154+0.23 1.25+0.15 230%=0.05 1.68x0.14 0.92=0.16

YRBO: Rice bran oil. ?PS: Palm stearin.

2 = SAHA=Y, o= 71EAE AFEE v ER
£ 3k = a-tocopherol §H&Fo] &7] W&l Ao g AZH

t}. Total tocopherol $F#2 Hl-& HZ 6.94~11.83 mg/100
g9 S B3, HOY Hl&o] ol E 45 a-tocopherol
= 2 total tocopherol®] FrFo] FoblS & 4 AN
. A" 229 tocopherol A HES AyEHA vk 7@

%1 RBO, PS % HO Blazéte] ¥ tocopherol ko] @A 3]

BEHGES & 5 Qe ol B4 W Fol AdAE
o9 9P oz Az
#9, 7 -oryzanol FFE AW, W /1A F WG

YHO: High oleic sunflower seed oil.

YNumber of triacylglycerol peak in Fig. 3.

Al AT 179 mg/100 g AEEH A oW FAHE HEHXS 4
o A% 714 v& EHE g4 X5 Y. 71d
H]-&o] 1:2:0.37 1:2:0.6 2 1:2:099 wl, 0.42~0.49 mg/100
g M9 oA JEb, 1:4:059F 1:4:1 2 1:4:1.59 o) 0.18~
0.27 mg/100 g WA ettt oo AH&H v Zhf9
stefFo]l HS4E y -oryzanol o] A UebGS #21g
FX129| phytosterol H2F

g Wkgol AMg-E 7 71EE 9] total phytosterolZ 242}
9] campesterol, stigmasterol & B-sitosterol $F&HS A HH
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Table 6. Tocopherol and 7 -oryzanol contents of RBO”, PSz),

govjoldl 8 RN AUl AFE o &8 ABBL FA9 ELH A 477

HO® and low trans fat from different substrate ratios

RBO : PS : HO Tocopherol (mg/100 g) 7 ~Oryzanol
(w/w/w) a—Tocopherol y —Tocopherol &-"Tocopherol Total (mg/100 g)
RBO 7.78+0.43 2.87+0.07 nd” 10.65%0.25 1.79+£0.64
PS 2.02+0.06 nd nd 2.02+0.06 nd
HO 32.09+0.11 nd nd 32.09+0.11 nd
1:2:0.3 7.27+0.06 1.21+0.01 nd 8.48+0.03 0.44+0.04
1:2:0.6 9.35+0.11 1.13x£0.02 nd 10.48 £0.07 0.49+0.06
1:2:0.9 10.73+0.15 1.09+0.05 nd 11.82+0.07 0.42+0.02
1:3:04 6.84+0.10 0.10+0.00 nd 6.94+0.07 0.30£0.03
1:3:0.8 9.06+0.03 1.03x0.01 nd 10.09+0.02 0.234+0.03
1:3:1.2 10.20+0.34 0.93+0.01 nd 11.13£0.23 0.254+0.03
1:4:0.5 6.96+0.00 1.01+0.02 nd 7.97+0.01 0.25+0.03
1:4:1 9.14+0.02 0.92+0.04 nd 10.06+0.01 0.27+0.06
1:4:15 10.96+0.24 0.87+0.00 nd 11.83+0.17 0.184+0.01

YRBO: Rice bran oil. ?PS: Palm stearin. HO: High oleic sunflower seed oil. ¥nd: not detect.

W (Table 7), & phytosterol & w7/ (RBO)7} 683.21
mg/100 g© 2 71 =& FX& B3, e ol (PS)=

g A4 st HO)7F 22 23.02 mg/100 g,
199.67 mg/100 go] 435 Yel o RBOSH HO= cam-
pesterol, stigmasterol % B-sitosterol o] vl & 1=
A EF=Eol U= W, PSe] 9§ B-sitosterol ¥t FH-
(23.02 mg/100 @)=19 A= AL AT 5= AU v &
HZ AAE A ERE FX9 ZHE FFHE(Table 7),
B-sitosterol®] campesterol¥} stigmasterolol] Hl&] A =
AEASS AT F U, F2E oA o] e
H| & Y4 B-sitosterol S HlE 3] campesterol®} stigmas-
terol o]l =A A=A

g, HlE HE A" AR EY] F phytosterol IS
HA A 02 18248~269.07 mg/100 g Atol ] thdet F3&
Bk 2 5 FxdHold e Fafo] wre 1:2:0.3% 1:12:0.6
9 1:2:0.900 4 265.64~269.07 mg/100 g2 YA, F2E

Table 7. Phytosterol contents of RBOD, PSZ), HO® and low

trans fat from different substrate ratios

RBO:PS:HO Phytosterol (mg/100 g)

(w/w/w)  Campesterol Stigmasterol B-Sitosterol Total
RBO 143.79 100.52 438.88 683.21
PS nd nd” 23.02 23.02
HO 19.84 19.37 160.46 199.67
1:2:0.3 51.21 37.06 177.37 265.64
1:2:0.6 52.10 34.28 179.31 265.69
1:2:0.9 52.02 38.06 178.99 269.07
1:3:04 47.99 32.44 155.69 236.12
1:3:0.8 42.86 31.72 150.82 225.40
1:3:1.2 36.94 22.26 147.37 206.57
1:4:0.5 37.12 24.29 127.67 189.08
1:4:1 34.76 22.51 125.21 182.48
1:4:15 32.88 23.42 126.93 183.23

YRBO: Rice bran oil.

?PS: Palm stearin.

YHO: High oleic sunflower seed oil.
nd: not detect.

olg 9] deko] =& 1:4:059 1:4:1 L 1:4:1.50) 4] 182.48~
189.08 mg/100 g& UEFSTH

o (o]
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(] =]
=
3

7 interesterificationS

palmitic acid(C16:0), oleic acid(C18:1), linoleic acid(C18:2)
7t F8 AAEERN AA AL 2489 0% ©/dE AHA
3t YR, F EWAX ]‘%}’&—8— H & Z 05 area%2] 4%]
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(TAG) A4S reverse-phase HPLCE ©]&3}o] 43 2
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AA 2439 50% o4& AA AT 4, o HEE=R
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