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Characterization of Scaled-up Low-Trans Shortening from Rice Bran
Oil and High Oleic Sunflower Seed Oil with Batch Type Reactor

Ji-Young Kim and Ki-Teak Lee

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

Abstract

Scaled-up low-trans shortening (LTS) was produced by lipase-catalyzed interesterification. Blend of rice
bran oil (RBO), palm stearin (PS) and high oleic sunflower seed oil (HO) with 1:2:0.9 (w/w/w) ratio was
interesterified using immobilized lipase from Thermomyces lanuginosus (TLIM) in the batch type reactor at
65°C for 24 hr, and physicochemical melting properties of LTS were compared with commercial shortening.
Solid fat content (SFC) of commercial shortening (used as control) and LTS was similar at 9.56 and 8.77%,
respectively, at 35°C. Major fatty acids in LTS were C16:1 (33.7 wt%), C18:1 (45.7 wt%) and C18:2 (13.4 wt%).
Trans fatty acid content in the commercial shortening (4.8 wt%) was higher than that of LTS (0.5 wt%). After
reverse-phase HPLC analysis, major triacylglycerol (TAG) species in LTS were POO, POP and PLO. Total
tocopherol, 7 —oryzanol and phytosterol contents in the LTS were 12.37, 0.43 and 251.38 mg/100 g, respectively.
Hardness of LTS was similar to that of commercial shortening. Also, x-ray diffraction analysis showed

coexistence of ' and B form in the LTS.

Key words: interesterification, low-trans shortening, commercial shortening, physicochemical properties, x-ray
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WS 729 e A9 HoE A el ALRE oA
Ao & W3} glo] FAe] Eela e 33ty 5AS W3
A ITHT). 9§13 5ol8E 74 lipaseE 3 &
22 L doke AN 249 AT AL AT
= Aot =3 173} F A (immobilized lipase)= AAFE-
o] 7ksste] &4 HstHolal aRTE 7hA 9] HFd #&

S A3, agxos Atad = dv= ARl

o™, Farmani 5(10)2 3184 ¥k&-3F G244 esterfica-
tiongh$-S o] &&le] AEAX: TAAS AT F O EA
< vl

E AT AFEE R B =Y Foll A
FAEEZRE Ao, vAdfre
A A-dEelgte Ao Fagh oo
frole ikt 42 & 48z EZEd 284
A FrsAZA & #AS 2o dudl. o]d &
A= 17 (RBO), F2HoFA(PS), L& A4 3jntet~r]
AFHO)E 71dE AHEste] 3]&24] 1h8-7](batch type re-
actor)oll A sn-1, 3¢ Y| FE Eo|xog L=
TLIM(12)& ©]-4-3 interesterificationS 53] ¥ A=
A EWE £EY O o|5stE B A JAE
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AF8E v Zf-(rice bran oil, RBO)E= F213|A} A€
(Serim Co., Daejeon, Korea)ol| A, &2~E]o} ¢ (palm stearin,
PS)¥ 1189 214F 3 ntel7] A f-(high oleic sunflower seed
oil, HO)= CAKIncheon, Korea)oll A #|&Rto} A}-8-319) 2
H AlF F5 £EYLS I QAHIncheon, Korea)9] stEY
& TYst vl Fo 2 ARGSATE AT A S
98te] AL lipasel Thermomyces lanuginosus immo-
bilized lipase(TLIM)= Thermomyces lanuginose = ¥
3 =53 lipase”} silica geldll 12335 o] granulatedd} H &
40]31(13), ©]+= Novo Nordisk Biochem North American
Inc.(Flanklinton, NC, USA)EZ5-¥ FY3l AFE3FA T
fA12] sn-2 positione] At 2A4E& E244317] $13F pan-
creatic lipase(Type II, crude)= Sigma-Aldrich Chemical
Co.(St. Louis, MO, USA)ZRE FU3A. 717184 Al
ALSH Sul= HPLC gradeE AFE-3}$ T} a-tocopherol 2
B, 7 —tocopherol ¥FAI2F2 Z+Zt Fluka Chemika-Bio-
chemika(Buchs, Switzerland)®} Sigma-Aldrich Chemical
Co.(St. Louis, MO, USA)olA Fdstdx, LaxE L
phytosterol #4415 $3 ZFA)¢ke Z+7Z Wako Pure

Chemical Ind., Ltd.(Osaka, Japan)?} Fluka Chemika-

A
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Biochemika(Buchs, Switzerland)oll A 438l AFE-3FA T

U] 74 (RBO), F2H oA (PS) 2 123 A%t dfulelr]
A F-(HO)E 1:2:0.9(150:300:135 g, w/w/w) HI&Z o]F A}
AR AZHE 1 L 372 whg7]dA 65°CE A3
A3t 24 hr ¥kt TLIMS A w8 7149 10
wt2%ol] s FeteE FS AFESF T ImpellerS stirrer mo-
tor(TOPS, MS-3060D, Korea)ol] &2t3te] 270 rpm o &
AgGozN 71d7 A4S FES| WUREEHOH, ¥ F
7142 PTFE syringe®Z &4E sl BAstgct o)&
2 B4 S St FA4 T S FHARLHE Al ASA
Aol AHEE AEWZ2 LEY(low-trans shortening, LTS)
g =kt gake 349" £EY 1 N dlsxzgd <l
N& Ao s B e M7 $ 2 N3} 05 N KOH
g §HE ALGEte] 8 A r)olA AHF3tAt A A
o] ¢ ¥ E(70~80°C)& ol-&3t vlFrsd E4& AA
A 9HESHATh oo 4k dekgS MUt
TE S 443 £ F AEF T8 A

ArE T 2231 sodium sulfateS
o
=

8|24 8137|2 0|88 MEMA nEL| FAH B

F3lo] T B2 AASNGL. o8 Aartas A
B3] ANL B3 AAT F ohe £HLS A 3P B
st

[ |
£EYLTS) 2 AlF 5 £EQS] AWt

A EW
Z3 A& 918k gas chromatography(GO)#41-& A A

3ttt &ak Ao A& = thin layer chromatography(TLC,
20x 20 cm, Merck, Germany)E %3} triacylglycerol(TAG)
B ET 3 E53le] methylations AAISFETE A 8(F 25
mg)E #3849 1.5 mLY 05 N NaOH W& &8 713
< 100°Coll Al 533t ¥H-g-A17] 31 30~40°Coll A W28 =2
t}. o]9 2 mL¢ BF3-methanol -&%-& 7}38le] ThA] 100°C
ol A 287 ¥HE-A] 7131 30~40°Cell A ¥ZallE &, 2 mLo]
iso-octane®} 1 mL2] ¥3} NaCl €& 7}5}o] oF 18 &9t
WS FAT F Fol] RYHEE FEI] WA F, 9%
# 3}l sodium sulfate columng EIAAFAG. A
ZA 4 Al gas chromatography (Hewlett—Packard 6890
series, PA, USA)E ©|83}$ 3L, detector= flame ionized
detector(FID)E AFE3}91 2™, carrier gase Z24AEMH 525
mL/min, 260°CZ 24 3ste] 4839t Columne SP™-
2560(100 m x0.25 mm Id., 0.2 ym film thickness, Bellefonte,
PA, USA)S AF&3149 31, column oven &%+ 150°Cel A
5 B9t 74 F 4°C/min¥ F7HAA 220°Cell =23t 30
B2 52384 Inject port$}t detector &5+ zHzb 2503
260°C2 A3FH 3L, split ratio= 50:12% A& 1 g F
Fod A £48 A8tk $38, GC-FIDZ ol A <]
7k AAke] e o 2~HE FE R o] FojXBE o]

> o
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N
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£ A 7 Ao s Aol s, 2 Aa 8
ARAGE HobgolA wtz E} AR 1DE ) 8312
oh EdAGe Agate] A9, A2¥e] Heo FAH A
A 55 AHgstel Axalact

Pancreatic lipase analysistl 2[5t X2 XA =

g% FHE AEH: 2EYALTIY sn2 ¥ sn-1,3 9
o] Aukak 4] B8 918 pancreatic lipaseol] 23+ 7}
FEIANE AYsIATE oF 7 mge] AlFEe] 7mLe] 1 M Tris-
HCI buffer(pH 7.6), 1.75 mL2] 0.05% bile salt, 0.7 mL2]

2.2% CaCl, @ 7 mg pancreatic lipaseE go]& & 41 3]
ek F AT, F2F2B7°0) A 37 ¥ wyk 7S

3~43] JrE5 AT ¥H3 F 4 mL diethyl etherE 3 7}8}
wylalal AE ek #H el odlum sulfate columng ©]-&3}
o BEFagt 8% ELES AAN FAH A=
hexane : diethyl ether : acetic a01d:50-50-1(v/v/v)€ A&
3l TLCEA S AASEA AL, 2-monoacylglycerol(MAG)
band& ®&5te GC A& stdon, BxzAL At
ZA Ay 593 oz £33k 9 sn-1,3 A
Al4FE Fomuso$t Akoh®] Al4H2(15)8 AH&stH o, A
2l ofgeh Ak
Sn-1,3(%)=(3TAG—sn-2)/ 2

o]}lr

DSC &4

Differential scanning calorimetry(DSC)= A|89] &3
Al AHZE Myes o siEgihg oz Arie 49 F4u
i =A3le] A 89| solid fat content(SFC)E =3 3t
. DSC(model DSC 2010, TA Instruments, New
Castle, USA)E o]-&3} #A]¢] solid fat content(SFC)&
=33tk B4 A calibrationS 93 base line ¥ cellS

B EAAHRE o] &AL, A4 A EE F 7T mgs F
3t #2493k} Thermogram=S 471 913l 80°Coll A 10%
U A2 F 10°C/mine] Hl&Z -60°C7HA] WZste] 1
FejAl A 108 5 FAAATL T4 80°C7HA] 5°C/ming]
H &2 23455 dAste 245 AAs A

Slip melting point =&

A9 slip melting pointE ZA3}7] Yate] A 82E 4
3] 8321712, capillary tube(Chase Scientific Glass Inc.,
75 mmx 1.2 mm id, USA)S] ¢F 1 cm3d &= G9E 2335k
-8°Col A 108 &< st & AMgstdth S/57F 22
B 7)o A stirrer® wWkele] AAZ o g2 AT} FLUHA
o] F A EE 3o cupric sulfate(CuSO,) &o] & Z
B 014‘10}913}. N 77} D7) capillary tubes =7 s
of F3sle] Ao ¥ & FHII A4S AP

L5 7} 5ol uel Al87} capillary tubeE EbaL 355}
7] A A W o] 2% = slip melting point® A A 8+ 1,

p

o719

Reversed-phase  high  performance  liqud  chroma-
tography(RP-HPLC)E 0|&¢t A7 K& 24

AEWH: ZEYY(LTS)Y triacylglycerol(TAG) Z/3 3}
Hkgof ALgd 71A ] TAG A3 vHuE $8h
RP-HPLC 45 A&t A8 ¢F 156 mgs F 3t 20
mlLe S22 X2 A3 F PTFE syringe filterE o]&
o] o3 & O F 20 pLE FY3A T Detector= ZAM
3000 evaporative light scattering detector(ELSD, Young—
Lin, Korea)E AF&3tH 3 55°Ce} 1.7 barZ A3t}
Columne Nova-Pak® C18 60A 4 pm(3.9x 150 mm Ld.,
Waters, Milford, Ireland) ©]-&3}o] #4-& AAH T o]
4L 71€7] &82ZM (Aacetonitrile/(B)hexane : iso-
propanol(2:1)2 AF&3l 1L, €8] F71L 0~45 min, 20% B
45~60 min, 46% B; 60~65 min, 20% Belt}. &4 Al %
2 1 mL/mine 2 EHFAU Partition number(PN)+ o}
g o] ALk Fato Fon, CN2 TAGS] A &Aih
£ Uetd™, NDe % o524 & WeEhdthi6,17).

Partition number (PN)=total number of carbon (CN)
—2x total number of double bond (ND)

Tocopherol %! 7 —oryzanol HZF 244

Algel AA2E 93] 50 mL vialdl 1 g9 A&
T 23 A E 93 5 mLe 6% pyrogallol ol \:4_'%
1.25 mL2] 60% KOH &g 7}3}o] %7‘15} &taL ®
Aot s WAE s SRS A FA Lﬁs‘]
o] 70°CE FA1E g2unkEZo A 3087
£ o]&ste] Yastth 5 mLe 2% NaCl%—o = A
25 mL-4 hexane : ethyl acetate=85:15(0.05% BHT &)
Y3 F 33 HEFE T HAAE ol &3t &ulE ¢HF
A AR olol 5 mLe] 4o 2 3431 syringe fil-
ter(13 mm, 0.2 ym, Whatman®, USA)E o] &3l o3} &
tocopherol 41 Alef|= 20 pl, oryzanol 41 Ale+= 10 ulL
& FYstd HPLC £4& 433tk HPLCE SP930D
dual pump$} UV730 ZZ7](Young-Lin Instrument Co.,
Ltd)E T4 %] 23, tocopherol® oryzanol 48 z}z}
2959} 325 nmoll Al A A1 Y. Columne LiChrosorb Diol
5 um(3x 100 mm, Chrompack, Raritan, NJ, USA)S A}-&-3}
At} Tocopherol #4 Al 42 05 mL/min, ©]&7¢<
100:0.1(v/v)2] hexane : acetic acid® T&8 & FX3te] &
A& A 3y —oryzanol £49] o] 54 7]
7] £8ZMA 10&7FA = hexane: acetic acid(100:0.1)E
100% E#HFt}7} o]F 22E71A]= hexane : isopropanol
(99:1) 100% =2 EHE F, tA] 2714HZ 0S8 EHFA
o} a-, 7 -, 6-tocopherol @ 7y —oryzanol EFEd A4S
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Phytosterol2| Xz 244
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iance(ANOVA) AR #4845 AS3HAH
9, scale—up B8-S S8 A E LTSS 24 & (poly-

Hkg-of] AREE 712 2 547 A4S 5l o e
AlE 25 mgoll 2 mLe 2 N KOH dete-8dy Y g5&5 morphic form) #43-& multipurpose x-ray diffractometer

YAUEE F73] wtst & 4435 2l A S5 HASHA
th o] FAE F 3¥ §HE3Ste] F&31a, 50 uLe] (BSTFA)
+1% TMCSI[N,O-bis(trimethylsilyDtrifluoroacetamide] &
7Vl a1, 60°CoAl Al 3027 HH-A1A FA T vhgo] &
Alge] gje AAE o]&3te] $A3s] AAS F1 02 mL
o] AALS JheledE & 2 UL s #H 3l GC injection | FA
o} GC 49 AFEE columne ultra-2(25 mx0.25 mm
% 0.33 pm)©°] 2z, detector+= flame ionization detector(FID,
Yong-Lin Instrument Co., Ltd.)E AF&3} o} Injectort
detector &%= Z+z} 270°Ce} 290°CE A3 0o A
oven program-2 220°Coll A 0.5%3F, 270°C7HA] 2783 18]
a1 285°C7HA] 3587 FAAA FAUIL, 25 FF HES

10°C/min® A3 F3Act.

Texture anayzerES S8t hardness & 2
diffracion2 S8t Zdd 24

A% %5 £LEY 2 scale-up WS 53 4 E LTS
hardness A =5 =3A3}7] 913 texture analyzer(TA-XT
I, Stable Micro system Ltd., UK)S o] &3} 23] wr&
BAEte] AE A} Pre speed?} test speedE 1.0
mm/sE, post speed= 2.0 mm/sE A3+ deforma-
tion 75% 2 Atk L3 45° cylinder probeE AHE-3}
Ak AlZE 9F 30 g2 100 mL H1#H 2] upete A of 3
cm Eol7F HEF g on oA 24 hr St B &
45 AYstATh B4 747 23] F3sa, A9
Y32 SAS program(statistical analysis system, ver—
sion 8.01)5 ©]&3}e] 95% A& F7Fo| A analysis of var-

x-ray

M

(D/MAX-2200 Ultima/PC, Rigaku International Corporation,
Japan)& A8} target> Cu-Ka, voltage 40 kV 28] 12
current 40 mA9] o2 IHAEE=(26) 12~32°=2 44
3}e] x-ray diffraction patterns =33}tk £ 4] A&
H AR 42 24 hr B¢ B33 5 AFESHA

Znt of

Scale—up ¥ F3lo] AAHE LTSS} vl o2 ALg
E Y (commercial shortening)®] AH4F %
/42 Table 19 HJERJSITE £ AR ANA ALEHE A5 5
LEYS F9 At 248 AHETE, 357 wt% 2] C16:0
(palmitic acid), 40.1 wt%<] C18:1(oleic acid) & 9.4 wt%2]
C18:0(stearic acid)e. 2 YEelta, & 3 A2HSSFA)
st & B XA AHEUSFA) $F38 Zh7) 47.03) 48.2
wt%Z UEhgen, & EdNAA g e 48 wthE Tk
=7 =2 H ) 3 sn-2 position A AT} F o Ak
2 C16:0(17.5 wt%), C18:1(63.8 wt%) & C18:2(12.7 wt%)
Z YA, sn-1,3 positionol+= C16:0(45.0 wt%), C18:0
(11.9 wt%) 2 C18:1(28.9 wt%)Z &A= At
SHH, LTS 8 AWtk 24491 337 wt%e] Cl6:0, 45.7
wt%] C18:1 F 134 wt%<9 C18:27F AA| Ak 2449
90% ©]¢ A EtE AS AT & AR, F ERAY
22 05 wtnE v AEH At o] g ERAY e
2 Yella Reddy$} Jeyarani(18)9] =%} H]1(18:1 trans;
175~289%)3t5& o, @A 3] F& FAZA A5
EWE £EYO R ALE3L7] O A
o} B3k 3ISFAE 400 wt%Z 45
°] XSFA(47.0 wt%) Bt} vt A5 Qe + At

Table 1. Fatty acid composition of commercial shortening and low-trans shortening (LTS)

o Commercial shortening LTS

FA (wtd%) TAG sn 2 sn 13 TAG sn 2 sn 13
14:0 1.7+0.0 2.340.0 1.440.0 0.7+0.0 0.840.0 0.7+0.0
16:0 35.7+0.0 175+0.7 45.0+0.4 337+0.1 36.6+0.5 32.3+0.2
16:1 1.0+0.0 1.6+0.0 0.7£0.0 0.1£0.0 - 0.2£0.0
18:0 9.4+0.0 45402 11.9+0.1 5.0£0.0 59402 46+0.2
18:1 40.1+0.0 63.8+15 289+0.8 457+0.1 435+0.8 46.9+0.3
18:2 6.9+0.0 12,7406 42403 34+0.1 12.7+0.1 13.7+0.1
18:3 0.2£0.0 - 0.3%0.0 0.3£0.0 - 05+0.0
20:0 0.3£0.0 - 05+0.0 0.5£0.0 05%0.0 0.4£0.0
18:1trans 4.240.0 - 6.340.0 0.2£0.0 — 0.3£0.0
18:2trans 0.6+0.0 - 0.8+0.0 0.3%0.0 - 0.4+0.0
Sitrans FA 48400 - 7.1+0.0 0.5+0.0 - 0.7£0.0
SISFAY 47.0+0.0 238403 58.7+05 40.0+0.0 43.8+0.2 38.0+0.3
SUSFA” 48.2+0.0 76.2+0.8 341+05 59.5+0.0 56205 61.20.3

YTotal saturated fatty acid. Total unsaturated fatty acid.
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Table 2. Solid fat contents (%) of commercial shortening and
low-trans shortening (L'TS) obtained from differential scan—
ning calorimetry

Temp. (°C) Commercial shortening LTS
-10 91.20 90.13
-5 83.63 82.34
0 72.46 71.62
5 59.37 54.96
10 50.26 40.65
15 45.18 30.09
20 43.43 28.39
25 31.09 23.09
30 19.12 16.28
35 9.56 8.77
40 1.61 0.86
45 0.01 0.01
Slip M.P (°C) 355 34.8

Sn-2 position®] ¥ X8 XAk 24 24 Ay F2 C16:0
(36.6 wt%), C18:1(43.5 wt%) 2 18:2(12.7 wt%)Z e
31, sn-1,3 position?] FQ A|WAF 248 C16:0(32.3 wt%)
I C18:1(46.9 wt%)Z ZA = AT

DSC ! slip melting point £44
Solid fat content(SFC)= LA X9 Q3 EA = 3}

~38°C Alole] & °ﬂ gt o 01'01]7\1/] =7 (mouth
feeDoll &S FH WolAZ AFY F2E& Hrtsted
3 AME-El a1 ATH(19). Table 291E A% %5 £EY T
dF FdE AEWR: SEJY(LTS)Y SFC 2HE Yeh
Ak A A= YA ] 5= F7H2 < 540 Fa3ta,
o A2 A Baste ARE-3l7] w7l 30~35°Ce] W
HollA HuEAs o, AlF F5 £EYY SFCe 19.12
(30°C), 9.56(35°C)% = EA =, LTSS SFC= 16.28
(30°C), 877(35°C)% = %—7@5101 T A® 7] SFC & ®
7 Bl fFAMES S = A ¢, AlF 7
LEYF LTSS slip meltmg point= Z+ZF 3559} 34.8°C=
AMZ FABHI S35 o] ojH A¥E& T3 FAHE LTS
FHA BHOZ AMEslo] AYE EAS 7 Ao A
ZHETh 3 Al 75 £EYH LTS differential scan-
ning calorimetry(DSC)E 53 HE34d 2 FE34d 4
< AN AT Fig. 1. AlF 5 £EYL 0~40°Co] ¥ 9
= 7‘74 25,102, 245, 386°CellA &< 25 YEAAL,
s B AE LTSt 1—1] 7h¢] 'gcé 35 HolH
]

X
-
E

3"::

T4 295 4 E@, Commercial Shorteningg 4% -15,
16.0°Coll A 9 aE e a, LTSS &gz -20
162°Coll A 7 7 ¢] 9|25 Ho|m vl FAE 2% H e
ety A=A

Reverse-phase HPLCE O|&% TAG =4 24
FAaNEgel AHEE V1d 9 A AER: HEY

T

o719

-20 0 20 40

Fig. 1. Differential scanning calorimetry (DSC) endothermic
heat flow (A) and exothermic heat flow (B) of commercial
shortening and low-trans shortening (LTS).

-- Commercial shortening, —— LTS

(LTS)9] triacylglycerol(TAG) F43& reverse—phase HPLC
& o]&3t A8 At (Fig. 2). ¥4 27 v74-/(RBO)<
F8 TAG ZAL 0O0L, PLO, 000, POO(O=oleic acid,
P=palmitic acid, L=linoleic acid) 5 ©°]aL, F2~E| o} (PS)
POO, PPP, POP S22 o]Fojxon, & A4t siutet
71AH(HO)S A= A TAGEARS °F 90% A=/}
O00Z o] &9 /I’i%% golst 4= At Scale-up ¥HS
S FgAE LTSS 2 TAG 242 2+ POO, POP, PLO
o2 IRIHA=, ¥ AP 9 Fo] TAG 242 Hl

)

" POO )
PLO
22" 500k
LL\? P}L pLp ¥ f por
¥’ ¢ ]
e M } e
A
=y ™ o000 (B)
POP
mV ©
PPP
POO
3 POS PPS
\ —
V. — .5
o~
000
mv ©)
\goar TOP
PPP
PIIO POS
PPS
LLSPI'L ooLAPLP ¥ v A
S— _,4,»_,,,m_,,J - EIVAWLL S
mV POO ()
POP
PLO
ooL ¥ POS
LI_OPI_I_ JY%,E, PPP ¥ ./ o
I o N2
150 200 0.0 350 400 150

Fig. 2. Chromatograms from the RP-HPLC separation of rice
bran oil (A), high oleic sunflower seed oil (B), palm stearin
(C), before reaction (D) and after reaction (LTSY, E).
"Low-trans shortening.
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Table 3. Peaks classified by partition number (PN) in RBOY,

A

4 AT 343

PS?, and HO® before reaction and after reaction (LTSY)

(area%)
RBO PS HO Before reaction After reaction (LTS)

PN=42 LLL 1.17 — — — —
a LLO 9.53 — — 1.99 1.11
PN=44 PLL 10.82 - - 170 1.06
OOL 14.68 — 1.27 3.58 6.04
PN=46 PLO 22.92 2.88 — 6.44 13.05
PLP 4.61 5.31 — 3.89 4.10
000 12.08 — 91.27 27.65 6.97
PN=48 POO 19.66 13.33 437 15.94 29.05
POP 4.08 4417 — 21.17 21.18
PPP — 29.84 — 11.97 3.36
a POS — 2.34 — 2.16 3.21
PN=50 PPS - 172 - 1.42 113

YRBO: rice bran oil.

3] B (Table 3), 000} PPP2] area%—t— 247}y 27,6590 A
6.97 area% =, 11.979 4 3.36 area% & 743+ ¥bH POO=
15940 4 29.05 area% 2, PLO+= 6.44° 4 13.05 area% 2
Z7VEI A o) Whg Foll &l 93 71E ApA o] AW

2ol Adelx o g AujgEo] TAG 249 W3y} ol

Aola} =FH )

ghd, AT AHEE V) 2 AE AEA: 2EY
LTS)E T33te AAtEe do] B Ex3lno| we} #
2] 8lo] PN(partition number) A

H A
Sy
=

< B3 A H(Table 3). v
#9 PN 42~489] ¥ 9ol 24 X3, F2Ho}
d 9] PN2 46~509] WA Yelget, 53] A TAG
ZA % PN=48°] 87.34 area%= A3ttt a1-&d Qlrk
shutet 7)1 A 2] 73S, 95.64 area%7F PN=4891 91X]3}L Q)
Aok T v W AlE e} ¥ $ AR (LTS)S] PNS Hla
R, FAE AEWM: HE ] A5 PN=46°] ¥-&
(1391 area%)oll B3] 9.28 area% =o}z 4=%](23.19 area%)
£ XY, yhH PN=482 wk$ H(76.73 area%)°ll Hls}
16.17 area% 723+ =291 60.56 area% = L}ESETE o] 2

A 718 Alole] &4 7 interesterification ¥F$-0] o] F o] H
=5 ¢ 5 A

Tocopherol, 7 —oryzanol 2! phytosterol £44

Scale-up ¥H&-& T3 FAHE AEWNL LEJLTS)

a, 7, 6-tocopherol ¥ 7 —oryzanol ﬂ%*% B A5
(Table 4). 423} LTS total tocopherol &< 12.37
mg/100 g© 2 YE%I, 1 % a-tocopherol2 11.22 mg/
100 g, B-tocopherol2 1.14 mg/100 g 2 == Jo §-

AZEHA gt} =3 LTSS 7 -oryzanol 3
A3 043 mg/100 g2 YEstt 3, LTS
phytosterol %S 2 B W (Table 4), campesterol®] 64.07
mg/100 g, stigmasterol®] 39. 91 mg/100 g 18] 3. B-sitos-
terolo] 1474008 =X 5 o] & phytosterol 3#FH& 251.38

tocopherol<
2 B A

2ps: palm stearin. YHO: high oleic sunflower seed oil. YLow-trans shortening.

Table 4. Tocopherol, 7 —oryzanol, and phytosterol contents
of low-trans shortening

Low-trans shortening

(mg/100 g)

Total 12.37

a—Tocopherol 11.22

Tocopherol 7 —Tocopherol 1.14
6-Tocopherol NDY

7 —Oryzanol 0.43
Total 251.38

Campesterol 64.07

Phytosterol Stigmasterol 39.91
B-Sitosterol 147.40

UND: not detect.

mg/100 g¥& & F A
Haroness & ZA & 244

ANF 5 £EYH scale-up S 53 $AE AE
LEYLTS)Y texture analyzerES %3 hardness =%
J}E Fig. 3o YeN AT 420l 24 hr 2% & =7
commercial shortening< 15741 g, LTS= 157.00 g
A1 Z.9] hardness”} Bl A FARHA SA = AL, 9
AT A% E=3 p>0.052 e {F94 zel7t gle A
Z FAHAL ool & AelA FAHE W-EQ LTSE
shortening ©. 2 A& 7 A4S 7UE 4 AE
RHno g Az=ET
3 x-ray diffraction ¥4 7] 7|2 E scale-up ¥Hg<
S5 gAY AEH: AEJLTS) polymorphic form 2
HE IS F A (Table 5). FA 2HFL 2EJH

rl

© A B

(3

b 243 FAdl oY 7HA e vIAA ==,
dE =9 £EYY 4F 7HAE As7e ddEe T4
oA G WA WA AL, 2EFH, WHAY Ax Al
Yol dFS T LubF e {FA9 YL &G
ARES FokA BaL F2 o B, BY 3FoE HEHE
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Fig. 3. Hardness of commercial shortening and low-trans
shortening (LTS) stored at room temperature.
NS: not significant.

Table 5. Polymorphic form of low-trans shortening (LTS)

Diffraction 1), Polymorphic
angle (20) d” (&) Areads form
19.0 4.66 34.17 B
194 457 22.05 B'+B
20.3 4.38 23.68 B’
21.0 4.23 5.01 B’
23.1 3.85 15.09 B’

Yd: inter planar spacing.

S 7}Z ) Larsson(20)2] A7tol w=w, Bl
ol

ol ol
2 rlo ot

o
oflt
flo
[
=
a1
e
K3
>
wn
=
@]
=
12}
S
o
Q,
j}
i
o
f
o
K
®

. ] 4] 73t short spacing= Ho]H 427, 397 2
371A A ¢k3F short spacingS B eltha B st &=
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A HEJT DSC £ 23 E 49Rd, SFC &3 W=
commercial shortening®} low-trans shortening(LTS) 7kl
A fAFsHA A E 1A, slip melting pointE Z+z+ 355,
34.8°CZ Yehgth At 24 B4 A9, LTS+ AA A
WAk 249 90% o]XFe] C16:0(33.7 wt%), C18:1(45.7
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