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SUMMARY

I. Title

Separation and Concentration of Tocols from Milling By-Products of
Cereal Grains

II. Objective and Significance

Lipid antioxidants such as tocopherols and tocotrienols comprise a number
of vitamin E active substances derived from a chromanol structure. These
compounds are closely related homologues and isomers depending respectively
on the number and position of methyl groups on the aromatic ring of the tocol
backbone in tocopherols. The unsaturated analogues of tocopherols are
tocotrienols in which the carbon-2 triterpenyl side chain contains three double
bonds at carbon-3, carbon-7, and carbon-11 positions. Tocols (Tocopherol +
Tocotrienol) are known to contain protective effect against approximately 80
diseases such as cancer, cardiovascular diseases, cell membrane and DNA
damage by free radicals, oxidation of low-density lipoproteins, and disorders of
the skin, eye, lungs, and other lipid-rich body constituents. @ -Tocopherol has
been labeled as the most efficient antioxidant for breaking free radical-driven
chain reactions. However, recent results by a chemiluminescence assay in a
liposome membrane system indicate that e« -tocotrienol is at least 3-fold more
efficient as a scavenger of peroxyl radicals than e -tocopherol. Since_ tocols
occur in plants in variable abundance, plant oils are common sources of these
lipid antioxidants. Some common cereal grains, such as corn, wheat, soybean,
rice, and oat are the major sources of tocols. However concentration and
composition of tocols among eight possible isomers varies considerably among
plant sources. Milling the grain, in which the hull, the bran and the germ are
removed, reduces the tocol concentration of the grain because most tocols are
concentrated in the outer part of the grain. First, we were to determine the
composition of individual known tocol isomers as well as the content of oil in

the milling fractions of five cereal grains which are world widely consumed.



Second, tocols were concentrated from rice germ oil and deorderization

distillate of rice bran oil using SC-COz and solvent crystallization method.

III. Major Results and Recommendation
In the rice milling fractions, total tocols and oil contents were highest

with rice germ among milling fractions while rice hull showed the lowest.
Seven tocol isomers, ie, a-, 8-, 7 -, and & -tocopherol, and @-, 7 -, and &
—tocotrienol were detected in the all rice milling fractions except hull.

In the barely milling fractions, the content of total tocols was highest in
the pearling flour followed by germ, bran, hull, and endosperm. All eight tocol
isomers in barely milling fraction were detected and they Wei'e more uniformly
distributed compared to other cereal grains reported in this study.

In the wheat milling fraction, the total tocols and e« -tocopherol content of
wheat germ were significantly (p < 0.05) high compared with the other milling
fractions. The A -tocotrienol and 7 -tocotrienol were not detected in all wheat
milling fractions.

In the corn milling fractions, the total tocols content was highest with
corn germ compared with other fractions. Significantly (p<0.05) higher
proportion of 7y -tocopherol was obtained from the cormm germ (71.4%) and
endosperm (50.3%) compared with the hull (6.4%). Seven tocol isomers, ie., @
- B~ 7-, ahd 8 —tocopherol, and e -, 7 -, and & —tocotrienol were detected
in the éll corn milling fractions.

In the soybean milling fractions, Only four tocol isomers, ie, ¢-, 8-, 7
-, and B—tocopheroi were detected in all soybean milling fractions, but any
tocotrienol isomers were not detected. Total tocol and oil contents were highest
with soybean germ among milling fractions.

Microwave heating was more effective for the increase in the vitamin E
content than electric roaster heating. However longer heating with both

microwave and electric roaster caused significant degradation of vitamin E



resulting in the decreased content of total vitamin E. -

To concetrate tocol from rice germ oil or deorderization distillate of rice
bran oil, SC-COz and solvent crystallization technique were used. In SC-COs,
optimal conditions of SC-CO; for tocol concentration were 2000 psi and 50 T.
Optimal solvent and temperature of solvent crystallization for tocol
concentration were acetonitrile or methanol and -20 T. Finally, maximal tocol
content of tocol concentrate obtained from deorderization distillate of rice bran
oil using both technique was 26%. High purity tocol isomers (60 - 97%) were
separated from tocol concentrate(26%) using Prep-LC system.

Stabilities of itocol in emulsion system were determined. & -tocopherol had
the highest stability while @ -tocotrienol showed the lowest.
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H2d =de 7lsd &

Vitamin E( @ -tocopherol)¢} #dE d7& LAFTY ASH ¢t A
A q271A] 715Adel €A Kk °]E Vitamin EE FE2 A EAC A3
53] AYE ¥eol g/ JH F EAste A2 &EHA Uk zHY F
< 10844 #8 N2 He9 VitaminEY tocotrienold] ¥ @A el FHFHo
$kt}. Tocotrienol€ 7]1& tocopherol F3%9) isopren unito] ©1FZA ¥ e 3 7} &A)
e TRE ZI Jdoy o AR slFd AT A7t 2 L3 IS
2 Yot 71€9 tocopherold e-FE7F BAW 715l k& B-, -, §- ¥
gEt Holgd Aoz galA AW tocotrienold] B-dlE EANAE v-¥H
7t 74 AYH 7%l Held Rez HuHe] fitt. I LDL-cholesterol, ¥
&, BYFF &2H4F9 AFAH 7NEd JHFH(ILAE)S  tocopherolETh
tocotrienol®] 73$-7} 1 Aol w4 FHold Aoz LA g

olde] AFAzREH A FdA AA=H Iudd I dE ¥
Ej¢] Vitamin EAE 9 A 9-o|& tocopherole] FZ o]l tocotrienolo] &431A] &
& soybean ¥ Vitamin E AFTe] §5H2 e 4F0 ¥4 F2 555
AL dFF 23R F dolA= AARIE F €3 scum EE deorderization
distillate2 ¥ molecular distillation ZX& o]&3td & AFAeAA F53
t Byel ALHA gen, 2 3 F 43 F tocopherole] A4 EE E £
He Aoz ¢49A Aok g 5L AXe AN FAHA I 2
FFe] GEAEH0] FAFH wiFAER] gL R EE AFE] FHH
AE Aoz gEA Qo

FH 2AA o) AHFEA(SC-CONE ol &3 FEEY WP 2 20d
Z FE3] AFAL Holstoh. 28y Vitamin E9] Al @3] FAFA
A g3 SHENe A 41U AT T o]FoA gk WA £ @
FollNE 2Q9A o] AT A(SC-CO) R AL FAYPL ol &3t &3 84 A
Aol H4BHE 52D L YA A
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1. Tocols® F&x7A &

IF =R FAEESEH HH &4 F FEzdE I 8
tocols@Fol HmAH L HA22 Yeld BE(ice germ)E WALE dY
chloroform-methanol(2:1), chloroform, n-hexane, diethyl ethers 4%¢] &v|& o]
$3te] 425E¢ ANFAG. 2 FHLE AR 50 g& 500 mL HlelAd ¥ o
4 §ulE A8 tisd 591(250 mL) 7}¥ £ Homogenizer(500 rpm)2 2¥-7F
A & F AFdsigen og Fe 3’—}’2‘3% 23] wHE-3q tocolsHH 2L F
&34t &9 soxthlet $5< chloroform, n-hexane, diethyl ether 3%9] &£
HE ddez e FEARE 124U o] AAHE FId F&2
tocols &+ AAEE AOCS Uy wel ¥ 3 & (Unsaponifiable matter) & &
T8 HPLCE tocols T%FE A3k 438 EYAFL &9 X2
(tocols¥+) 05g< round flaske]l ¥ i 30 mL ethanol® 50% KOH 1mL, 2%
pyrogaroll (in ethanol) 2mLE& 7}¥ % 5% reflux heating 331tk Reflux
heatingo] 8¢ AEE icedlld FE3] WA F 250 mL ¥ F(separatory
funneDZ &Zth. 979 50 mL diethyl ether$} 50 mL FHFE 71343F 423
EEF FFHE(FE93)E 50 mL diethyl ether2 THA] $&3% ¥, diethyl ether
29 ¥ £3(G0mL+50mL)E 3k ¥H A diethyl etherd & 20 mL 3%/
o] &3t 53 FA st 71R alkali® AASHTHpH paperzZ Q). FF
TAFA el B F%F ¥ (diethyl ether £)& 30T - 50C 1A evaporator® °]&
3] §ol8 AASFYLH acetone o]g3e] BE £EL AAsNAL. &t
AA" <719 n-hexane(HPLCS) 10 mLE 718t #7144 vl8 membrane filter
2 q33 99, 93471 ¢ A E(unsaponifiable matter)E -20CoA B #A3HA

-12-



HPLCZ tocols &% &Asgon, x4 w2 53 Z&9 48 €49 9 &
-8 108 - 208} A3t «-tocopherol FFE &3 AT

2. Tocols &

il

Ae 2287

-|m

E dFG9NE 55, F, &, 28, 95 tocols FF] BL FFHE OFL=
o EAAA F dolAE RAE 2 =A4F ITFY tocols FFE FAH}AC
SEFE AFAYNT AY TEDLERE, F& FAFLENH, 42 AxT
FRPOLZREH, Rt ALY ozre, 92 dAARLERH A7 AR
E ZEEUYY. 4459 A9E ZA(hudD), WMol (germ), gritlendosperm)d] 3FF

F& A4 (hull), ¥1&(germ), A A(soy endosperm)d] 3FHE, &L 2A (hulD),
(germ), ¥ 7} (rice bran), =3 & (milled rice)5 4% &, 28t ZAZ(hul), =F2
B (barley endosperm), 77 (barley short), @7} (barley bran), i£(barley germ)
= 5%2, 9 ZAA(hull), ¥(germ), red dog, short, ¥7}F(wheat flour)s 554
N&7l BAEY & 2032 YALE tocols TFHOl FHHAAT. 7 AMEE
n-hexane& ©] &% soxthlet & WHOZ tocols¥f AFol FEHALH, &
A AFFT AOCS Wi wa E3EL Esd HPLCE ZF o444 R F
tocols &l FAHIA.

=
=
Lo
L

3. A3 Tocols &2 9 AAFY =3

ol el AFFAAL EFdo AAY vAE Y8E 39 FH(roasting),
microwave, extrusiond] W& H# ANz 2 dFd AFo] FIHAJT. RAA
roo ALE A4 ES7(8% lkg, seed base)E AZEA ALIHAUT AR
(\17) 500 g& WEZAN AW F 247 $& Aol FANAL. AL LEAA
NEe £5& A4 F B714dA 4 2=(170T, 180T, 190T)9A 38 -
120874 E&AE gysted ELAA7 ANFIQT. FHE T HE714

HASEE 29 30 pmolMth Hgo]l BY ABE 34 BEVAA Al 4
2747 W4 N F Lse] 20T RBFUA BH AgHYt g &

-13-



AX AFE Wye wel AEE n-hexaned o] & soxthlet & LYoz
tocols ¥ Ado] F&HNoH, oA AFFT AOCCS W wat BALES
83t HPLCZ Z o] 4A 2 % tocols THFo] SAH AU} §A microwaved]
Og AAE 28 ALde NE 30 g2 U T4 I3 3% (Media
bottle, 250 mL &%)l ¥ 15, 30, 60, 90, 120% F<t A &3l Microwaved]
BT Aol ¥ SHE FEFY] Aste o 103 ol WHEHPe) HAH
ATh Microwave2 Mg A& EEAAe AF Zo) NEE WY 28
A tocols FFE FAFFoH, EAAAE FoA AFF Y 548
1= 3

4. Tocols ¥4] ¥y

Tocols ©] A (8%F : a-, B-, v-, 8-tocopherol® a-, B-, Y-, d-tocotrienol)&
AFHoz BAIY] 93t £ AT HPLCE ol §35ed, 4Ze ¥FF
€ MerckAt$} Calbiochem 228 F¢3td tt%¥8 columnd o]FA4td] sk A
Fol AAHAR, o5 2HL AFA o) $L IsocraticE AHESAT. 2 A
MerckA}Fe] Lichrospher Si-60(4.6x250 mm, 5pm)°] A< columnl.& JEyte
©, mobile phase n-hexane : 2-propanol(99:1)¢] 8%¢] tocols isomere] &)
#HZAo)em, A" mobile phasex AME-37]1A 1LE 200 g A= 140 TolA
vg A=2%" molecular sieve 5A granuleZ 713t dFFQ WX)5le) mobile
phased] EAstE vZe FES AAT ¥ A3 AL FA oY FAEV=
= FBHE7E AL excitation®} emission Z+ZF 298 nme} 325 nm7t
7}% sensitive(Detector range 100)§ A o2 eyt

5. Tocols F&5xA9 &Y
7F, AA -9 &Y (Liquid-liquid extraction)g ] &3 ¥&

e AARY T FAER oA FHEL sterol, F3 AYA 2 A

ZF%9] tocols7t FH-H o2 sterold 7]e} EFL tocolsZHE Hegom

-14-



A tocolsE FEF 1A U|ZH FFE(rice bran oil distillate, Boso oil & fat Co.,
Ltd, Japan)& Y82 ALE3gch £ AgdME IS4 Aoz EF/HA &
£l AE3td 2Hse HES BEY 5 JdE AA-I9A FE9E FYAH
t}. &, 250 mL ¥ 9o} F(separatory funnel)ol rice bran oil distillate 5 g& 7t
3 F Adudyd Ay AP H&(A&E &9 = 1 20)9] acetonitrile?} hexane
2 Lv/MT E4® 49 100 mLE 2718 §ug 4 3 pddTE
E50] & FEY/ HEE AXANHLH FFF9 hexaneFTH 33 F-9
acetonitrile® & E5gth £a F £9 54 Folgle F4EL Isstnz
Ze 40 100 mLE oA 9 AT 7 2EE 3 44 R AA F29
o EF3AT Z §ulFL 30T evaporatorg ©]&3te &WlE AA}AR
dolF F7tA] A&E tocols £4E ] 2 FFE AT

U AXAA-ALZRAEE o84 55

olfolX nE BX3 AWAtolu 259 methyl esterd] ¥FE 93 F& X
3} A AAE 5% =R A4 T F2 o)&H3 e FHE o1&
g AL AAYOZ rice bran oil distillates) A sterol & A, EAA tocols
& %A i AL AP FE ¥FE AL O 899 FFH
g A 2] W tocols FF FEE FEHAA IFAo] ©E 97X &l
(acetonitrile, acetone, chloroform, diethylether, ethanol ethylacetate, hexane,
methanol, methylethylketone)& A48ttt &vl7 AFE Fole B3 2EE
-40CAlA 0C7HA 10CHF e MgstaA AAg &9z JAANAG. +4, 3
A goie]l AAL 989 rice bran oil distillate 5 gol €¥1 100 mLE& 37189
low temperature pairstirrer (PSL-1400, EYELA, Japan)°lAl -20CZE 24Xt &
ot AWalE A ulesgch we F A2 E filter(pore size 20-30 mm)7t &€ F
A o3 FAE o] &89 ¢ d#HsHt d% F o (liquid fraction)2 50 mL
€ Fd 2 & £FD tocols 5FEY F& 5AdA 99 100 mLel HBd=
Foz FAd] & 23Y F£&& FHI2H HFAEY F tocols EHE IFATH
=3 o7t AAY Fo|E rice bran oil distillates] AP &wE Avlsto @
S 2EWE UL T EE F AFste F& H tocols FFE EAEAT

-15-



o ZUA o] BAE o&H F

ZYA o|AHFLE o]&F tocols BFo] UF HFH 2AS A1 BEH
rice bran oil distillate® methyl ester2 A3t} ALESAT. WA BERe 3
9+ sodium methoxideE ©]-838t4 methyl ester3& A ZAEH, $4 A&7}
Aste F7tHE sodium methoxideF S 2AFAT & ZEfd A3 H3
Aite] 98ty F3 =+ sodium methoxide® & A7FE T8 &Fsln F3H
= FE AT Gl 71de] st 1%9 sodium methoxideE 7H8tGTh
g A7H7E 30 ol e AsddE AAE soapol 28t methylation ®¥Fg-o] A 3
He ez Uit wax ZEae BSde 2ef 100 gol FI A4t
ot FEE F& AT el A 1A st 1% sodium methoxided
7133 methanol 400 mL$} chloroform 200 mLE #H71g ¥ 30837 reflux
heating & ©& H7l¥ sodium methoxide?] 2-3¥} mole?] acetic acid®} 125 mL
9 FRTE o839 23 X 33 AL chloroform3 < £ & o F
EH3AA o3 F 40CAA evaporationdte] rice germ oil methyl
o} Rice bran oil distillate(RBOD)S A $olE 2% HoSO4 in 99%
methanol 400 mL$ chloroform 200 mLE 7}t ¥ <u]d¥d 27 tocols TF
9] &4o] v oz ARFY 1A 3087 ZWEAA reflux heating3t ok
7t4€ " AE& separatary funneld)l ¥& ¥ & 125 mLE A F39
chloroform®& £3% g 75 mL 2 oAl A3 3§29 chloroform%o] &
Aste T FEY AAE A3 F+ FIIEES THAA 93 F 40TA
evaporation3}] rice bran oil distillated] &A}3}+= alkyl glyceride(TG, DG, MG)
L AL AE methyl ester2 A3 ch Methyl ester® H#d 2EH 2
rice bran oil distillate(RBOD)ol do} fle 4vi& <4A3] AAFIZA N2
sparging3t Rt ©|FA @A A 50 g& HIAH FE&V|d €L B 294
F2 A9 4YFH 2EE 2959 tocols ¥F AFE HmHT. & =dE
5 BT vlae 2vE SC-CO:%¥E 7Ees 3% 5719 Z fractiond F
252 g3 delde FE7IU BEE(residue: tocols FFE)9 tocols FFS
45t vl

A

IS

Mm
I

2 e
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g, 2UA o]4d &A(SC-CO)E o4& 57 A4 W8

HEfAA 294 043 @425 o438 ¢H3 2= ¥F ZFHE HAL
Z7¢ €9 2000psi®t F& 2% 50CE WA rice bran oil distillate® &
@A Ee 2 69 akyl glyceride @ A4S methyl ester®2 A
& & FEAAo AANIHUG ol HF xAAA tocols FF] HE 2HE
AES}RA & 3ALY rice bran oil distillate(Rito, Inc., USA)$} soybean oil
distillate(A] A Z(F), Korea)E A& vwimstgdot. A3E L& rice bran
oil distillate(Boso oil & fat Co., Ltd,, Japan)d] t& SC-CO; ¥& AAE AH|E
SC-CO:%& 712e2 EHEF 5/ 7 fraction?] tocols FFFH FEHA &3
golgle F#&71U9 IS E(residue)? tocols #F& SAS vu3dn. =
AA-4F F29 2 $F5EH7 $59d AL FAYE SC-CO: ¥F B
A7 std tocols FFHE F7HA712A SC-COz & F 294 tocols FFEQ
ZE(residue)2 TN Y82 3t AL AP &vid(acetonitrile, acetone,
ethanol, hexane, methanol, petroleum ether), ¥82=¥(-40T - 0TC), A& o
g gule] A7 wledGH - 408, v/w) 9FE vlmdt HFH 2d g FnA
Ak AL FAYY AT PP EA A& vieh gon 7 xAE ¥kE A
ZHe UATNNT AR A2e F2F tocols FHFS B4 ¥F BHE H|
A 3R

6. Preparative HPLCE o] £& I 4% tocol9] A4

Rice bran oil distillate(Rito, Inc., USA)dl &3t alkyl glyceride B FElA
WALS acidic catalyst(2% H2S04 in MeOH)E methyl esterd} A]Z1 F 2000 psi,
50 ColA YA olAHaAE o &3tq FFIIUT. FEHA gL AES
(residue: tocols ¥&E)d] thxa] 1084e] MeOHE 71319 -20 CToA A3d W
22 %39 liquid fraction® £ total tocols o] o 26%2 FFES AN
o olw] 3FE&L o 20% AUtk total tocols Tl F 26%U TFHE
Preparative LC system2 ©]&39 IEE tocolo]AA £/ AEHUG.
Preparative LC systeme £ d7AddA A A& AHE3en, Pump,

tlo
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injector, prep® column(ID; 10 mm, Length; 250 mm, Cosmosil Co. Ltd, Japan),
UV-detector, recorder, fraction collector TAHAUTH 9 Preparative LC
system®ll total tocols ##o] oF 26%<l HFE 200 mge FYF F recorderell
2% peak fraction® ®AE HPLCE EA8e Z+ peak fraction® tocols

isomer £ & &4 .
7. Tocol 5FEY #3354 2 A3AAA

HF tocolsFES AFHRE H3te F354 2 FFEAN g AN
€ vudPen, old AlLE F3AZE Tween 802 100 mL 5F5 47 &
g =2 Hu(, 2 3, 4, 5, 6, 7g), tocol FEZE(£E 226%)S 05g A713
% Homogenizerg ©]-43t9 ¢ 1083t 500 rpmol A /31 AHTh FIdH=
F tocol FFEEL 40 ToAA RAFAA FIAAYE Loz FFHPYL HF
ZHAA AxD 78 tocolE 40 CTolA AF3HA tocol ABAAE vl ¢
3l chloroform-methanold ©] 434 tocol® $&% ¥ HPLCE AZNT F Z
tocol °]g Al AAFZE Wt
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A2AE 7Y HE R 2R

1I2bdEdA A48 =4 FAE T 9FE ol &3

I PR ZA A F QAR 23 FFE 7€ tocols FHE 53517 9
8] liquid-liquid extraction, A& JAY9 ¥¢ =244 % A7dE ZEIFNAY
3 tocols FFY £4& a3 & F dE 2N methyl esterst & F =
YA oI EAF S o83y FEFAFE FANHUL T EL tocols FFS
YeEhE A9 % 24¢ 2 294 ojAdge: Y A2 JIAPL
WEdld 1 29E FENC

1. Tocols ¥4 2 3wy &4

Tocols¥E tocopherol®] 47}A] o)A A (a-, B-, ¥v~, d—-tocopherol)$} tocotrienol
47}A] o)A A (a-, B-, V-, b-tocotrienol)e] EFERA o] ZZte oA U
AFH BY e g9¢ A8 84S column 5FF o449 eluent £
A Axd B Figure 13 2] & 8%9] tocols o] A7t EHATt. o4
HA R = Agd BAxAL g&F 2o AHEE 8F Y column F AE
# column® MerckA}e] Lichrospher Si-60(4.6x250 mm, 5um)e] # &<l column
o2 Yelsten, mobile phaseE n-hexane : 2-propanol(99:1)¢] 8%¢] tocols
isomere] ¥Ed HAHoitk. olg HEVIZE FAHEVIE AHEEHAULT
Excitation®} Emission® z}Z} 298 nm¢} 325 nm7} 7} sensitive® A2 Ve
=

2. Tocols®] F&Z=A 8F

TFHF EF BAEzRE HFY F24v ¢ FE2xAS T 939 &
A tocols TFo] H|EE L AoZ ¢8R R¥(rice germ)S WFLZ 3t A
€3% 9 Soxhlet & F71x F3WEH 4%9 FE49E o] 839 tocols F

£33 88 &4} Table 12 chloroform-methanol(2:1), chloroform, n-hexane,
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c0Es05] ammaT 5,01 ehaT 13.62
pathmaT 8.48
betaT3 9.5
5.0€+ 051 piphaT 5.14 detaT3 15,53
ammaT3 10.14
4.0E+ 05+
hlphaT3 5.62

3.0E+05]

2.0E+05-

1.0E+ 05

0.0E+00 £ 960 15.00 70.00 2700 30700 (]

Figure 1. Chromatogram of tocopherol and tocotrienol isomers(8 isomers).

(T: Tocopherol, T3 : Tocotrienol).




diethyl ethers 4% ¢ &vj& o]& 389 F23FZ(room temperature)E ¥ % tocols
¢ F&g°l ot A==A chloroform ¥ chloroform-methanol &§-&dj®t}
diethyl ether =3+ n-hexane®] tocols & Bt} F343Q Aoz ey, 2
2 diethyl ether$} n-hexane®] 7Z$-ole £ o8& Yehfx gkt 3
chloroform, diethyl ether, n-hexanes 3% <] £ul& soxhlet FEFX & o] &3}
1043t & F tocols $E&E 53T 23 Table 29149 Zo] 3F9 F&8&1)
Atole] & Fol& Uehlx @okch wEbd E ATME #7140 B4 2 o
A& 3284 n-hexaneo] tocolsFEO] 71F AEE F&8&9 R ¥4
n-hexanes °]43 4L 23 soxhlet &7 HZAMNE soxhlet FE°] &
2 F&9 ¥ty ¥& AFE YeErdh

3. Tocols &< 9

27 FuE4A

r 0

B dFAE S5, F, &, 2, 95 tocolsTHol & JI{HE ez
3o =T F Aojxe RAE 2L =AHAD THY tocolsTHFE FAHRAT
(Table 3 - 7). S55(Table 3)¢] A$E 8% tocols ©|AA F 7F(a-, b-, ¥
-, 8-tocopherol ® a-, v-, §-tocotrienol)®] ©]A A7} FA=H L™, B-tocotrienol
€ AEHA &k & FHF Ao E SFFH AAYED S5 E(com
germ)ol tocols #Fo] 713 H& Aoz Yvehyth FH AA tocolsHFL S
FEA vEd ¢ 1/10 A= AW 5 ZFH(com hul)e] BLAe A
tocols % a-tocotrienol @ V-tocotrienole] X3t H|&e] A 90% FEE X
Asts Ao UEdth. U(Table 49 F$ole 6% tocols oA (a-, B, ¥-,
8-tocopherol ¥ a-, 8-tocotrienol)7} 291 H A3 f- F V-tocotrienole HEH
grskch olu] Bmg ZAzel o] W I o] G EL AoE JYEHRBS
B, 559 A$9 2ol 2R F dAXE = EHE tocols o}FA 9 =
Aol & Aol& B FHu}. tiF(Table 5)9 A$oE 4% tocopherol ©]d ]
(a-, B-, V-, d-tocopherol)Tto] &= o1 tocotrienol® ZEHA At FF
o o]M & WS (soybean germ)dl tocols ¥Fe| 7HF Ehow, germt BA o]
¥2¥ endospermdl = 2 F9 tocols7t HHO e Aoz UdEWo. &
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Table 1. The oil and tocols content of rice germ oil extracted with different

solvent at room temperature
(tocols mg/kg sample)

Oil Tocopherol Tocotrienol Total
Solvent tent
ovem ey oT BT vT 5T  oT3 v-T3 §-T3  tocols

CHClyMeOH 207+02 193.0+13 9.7+04 136403 0.7£0.1 144+0.7 108+1.1 14:03 243627
Ether 19.3+0.4 285609 11.0+1.1 18.7+04 0.8+0.2 20.8+1.7 165x1.2 1.5+0.1 354.9+38
Chloroform  195+0.1 270.3+2.8 11608 19.0+1.7 09+00 20.0+21 163+l4 16+00 339.7¢2.1
Hexane 19.2+03 289516 11.3%0.7 19.1:0.6 09+0.0 21.3t1.6 16.6+03 1604 360.36.1

The ratio of chloroform and methanol is 2:1
T=tocopherol, T3=tocotrienol

Table 2. The oil and tocols content of rice germ oil extracted with different

solvent by soxhlet extraction
(tocols mg/kg sample)

Qil Tocopherol Tocotrienol Total

Solvent tent
olven co(rtl%)n =T B-T T §-T a-T3 Y-T3 ©&-T3 tocols

Ether 222406 3405:12 13.7+1.0 228+1.0 09+02  259+1.3 20.0+04 1.9+00  425.7£2.7
CHClz 224408 341.2¢41 13604 229:03 09+00 247:1.0 19301 19401  424.6%5.1
Hexane 224104 3453:35 134#01 22102 1.0+00 250+03 19.0:+0.2 18+00 427.6+46

T=tocopherol, T3=tocotrienol
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Table 3. The oil and tocols content” in milling fractions of corn.

Oil Tocopherol Tocotrienol Total

content - }
o — B-T V=T §-T ¢-T3" B-T3 v-T3 5-T3 tocols
Comn 088417 42:01° 33L1xl47* 126:0.1° 55103  107:06° 05:00° .
Germ 554201 (9]3:05% (0.9:00%) (715:05%) (27+0.1  (1.2£0.0° (23009 (0.1x00%)
Corn 23:01° 01:00° 74:04° 04:00°  17:01° _ 26:01° 07T o
Grits  11#0.1 (157400 (0.70.0% (50.3:0.3%) (2.8:01%) (11.50.1% (180£0.1% (11x00%
Corn 16:02° 00:00° 32:03° 10:00° 16705 264406 13102 _ ., .,
Hull 32%00 (391059 (0.1:0.0° (6.404° (1.9x01%) (33.3:05% (5264027 (25:04% ~

U Means standard deviation(mg/kg), Means within columns followed by the same letter are not significantly different at p=0.05.
2 T=tacopherol, T3=tocotrienol
3 Values in parenthesis are the percent distribution of each tocol
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Table 4. The oil and tocols content” in milling fractions of wheat.

Oil Tocopherol Tocotrienol Total
content - .

(%) a-T% B-T v-T 5-T a-T% 6-T3  tocols

Weat 20.1£25> 80+09™ 26539 03%01*  9.0+1.3° 0.2+0.0°
hatl 230201 gy 104 (12560.4% (41.4:06%) (0.4:0.1a) (14.0:0.2%) (0.3+0.0% 64.2+32
Wheat 181.6:194° 656487 62+01° 0100  29+0.1° 00£00° oo
germ 84300  (708:03% (255106 (24:0.29 (0.0£0.0%)  (1.1:0.1% (0.0£0.0° <007
Red do 27¢16°  97+05° 174+07° 01£00°  62:0.3° 0.1£0.0° 62419
€ 3600 (404+05¢c) (17.2¢0.1% (31.0£0.4%) (0.2+0.1%) (11.1x0.1%) 0.2£0.0°) 4+
Wheat 33.240.1° 15.0+04° 204+0.8° 0.0£0.0° 6.3+0.0° 0.2+0.0%° 75163
short  39%0.0  (443:07") (19.9+02%) (27.3:06%) (0.0+0.0°  (8.4:0.1°) (0.2+0.0% "

Wheat 28#02° 14%01° 10.8+14° 0.0:0.0° 1.420.1° 0.120.0°
0.8+0.0 e a c . W« 16513

flour (17.15£0.7°) (8.2+0.1° (65.7+1.0°) (0.0£0.0°  (8.6+0.2) (0.420.0%)

D Means standard deviation(mg/kg), Means within columns followed by the same letter are not significantly different at p=0.05.

2 T=tocopherol, T3=tocotrienol
? Values in parenthesis are the percent distribution of each tocol
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Table 5. The oil and tocols content” in milling fractions of soybean

Oil Tocopherol Tocotrienol Total
content - )
o T’ BT v-T 8-T a-T3" B-T3 v-T3 6-T3  focols
Soybean 90.1:1.4° 13+04° 2225:07° 183:0.1° ) ) _ _ amoeiod
Germ  82%03 (371403") (0.40.1" (67.0£05") (55:0.0°) 22412,
Soybean 17.3:01° 11+0.2* 1405+11.0° 50.1+19° _ _ _ _ I
Endosperm 197403 (33105 (05:0.1%) (67.2:14%) (240:0.9") 209.0=203
Soybean 2.7¢04° 02+00° 41:05°  1600° _ ) _ . 86408

Hull 0400 (31 5:14% (23:01%) (48005 (182:19%

D Means standard deviation(mg/kg), Means within columns followed by the same letter are not significantly different at p=0.05.

? P=tocopherol, T3=tocotrienol
® Values in parenthesis are the percent distribution of each tocol



(Table 6)8] ALdle 559 2ol 7%F(a-, B-, Y-, d-tocopherol E a-, v-, §
-tocotrienol)&] o] A7} FAFHAN LY, B-tocotrienclS AEHA &ych. T
FAME BEd tocols FFol 7HF & AR YEhd BY nRdx FF e
tocols7t ol dE Aoz Yyt BeE(Table 7)9 A $dE B E(barely
germ) R WP (barely bran)el 8F 9 tocols °|AZA7t EF HEFHUTG A
tocols & AAXE FZ(barley short), EzE(barley germ), % (barley
bran) €22 tocols FFe] &3kt &H °]E =F FAEE Aol tocols ©1A4
A 2AE O FF 2o & AojE 2y FAUL

o} ZAZEH 7MF tocols FFo] EL TFE "‘"‘, g, & ARy
S Sujol, Aol dujol, Zo] Aujole] F ol LB/HF 0] FolA AHAA
T ALE doHdeH wEgA HF 459 ME=: AP FALE =
7k ol g tocols FHE ¥IEH E£29 8714 tocols ©1AA F Ao
€ 2oz ¢ v-tocotrienol FFo] FHolvA & uFo] HHARE 4F
Atk olatel Habe 20021 59 59 - 5% 89, At RE2SA M
& 20021 AOCS(American Oil Chemist’'s Society) Stalofl wWEEHAR, J Am.
Oil Chem. Soc.(Vol. 80, No.6, p 585-589, 2003)of | =Ack,

J

2
i3

o
2]
o

oo

4. 33 Tocols &2 A% AXNHY =1 3

o] 49 screening® B39 AAY vFL U8 o vFd FHE tocolsE
iMooz HAUF FE237] AT AAY 24 i Age] AANHJAG AzE
AAE RALEE ¥ 8(roasting), microwave, extrusiond] W& FH7} AAHRA
I AAYIE B ANRERE AF &L g4 AdFF n-hexaned ] &3
soxhlet & WHo] A& ).

Table 82 microwavedt H£ESX8 F w7 XA F&&d U@ AHAEA
microwave?] ol AAT A & A& (untreated)st WlZE S F3A A}
ol UshiA S%th 2 BeNeE ¢ AAY BHe A A=y A
dE ¥ 1-2% A= ANE FE&°] FAHAT 254 EA M= 170CH
T} 180C, 190TC9] %71 o4& =A veElgd.
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Table 6. The oil and tocols content” in milling fractions of rice

Qil Tocopherol Tocotrienol Total
content - )
9  oT? BT v-T 5-T o-T3 B-T3 v-T3  8-T3  tocols
Rice 353:35° 134:01° 22.1302° 10:00°  250:03°  190:02° 18:00° . .
Germ 224101 (g58+00" (3.1:00%) (52:00° (02:00%)  (5.8£0.0°) (4.4£00%) (040,05 ~>T4
Rice 873123 28:05° 0505 04:01°  642:10° _ 691:08 4d00" . o
bran 176201 (368:04%) (1.2:0.29 (40£02°) (0.2:0.0°)  (27.0:05%) (29.120.4%) (1.9+0,0%) < F>
Rice 24400° 01£00° 04+0.1° 0.120.0° 0.0£0.0° 00:00° 0100 .. .
Hull 05300 (780:41% (42:04% (124#30%) (15:03%)  (1.40.2% (13:01% (1406
Rice 17:00°  01:0.0° 030.0° 0.0£0.0° L100° | 17:00° 02400 oo
Endosperm 04%0.0 (341:04% (1.2:0.1% (54:0.1%) (02:00°  (21.3x05" (344:08%) (34:0.1%

Y Means standard deviation({mg/kg), Means within columns followed by the same letter are not significantly different at p=0.05.
2 T=tocopherol, T3=tocotrienol
® Values in parenthesis are the percent distribution of each tocol
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Table 7. The oil and tocols content” in milling fractions of barley

Oil

Tocopherol Tocotrienol Total

content - .
(%) a-T? 8-T y-T 8-T a-T% B-T3 ¥-T3 8-T3 tocals
Barley 91.6+25° 46+0.0° 21.7:0.1° 17:01°  7.7:¢02° 24+01° 37:0.1° 04*00° 133.816.7
Germ  130%04 (584:05% (35:0.1% (16203 (1.2:0.1%)  (57x0.0%) (1.8£0.1% (2.8+0.0° (0.3:0.09)
Barley  o.00 15£00° 0.1:00° 02:0.1° 00+0.0°  47:00° 29+0.0° 16200 0.30.0° 113405
Endosperm " (136+0.0%) (0.4+04c) (1.4x0.7% (0.2¢0.0%  (41.6+0.5°) (25.7+0.2%) (14.4%0.1%) (2.4+0.1")
Barley. 16934145 517449 00:00° 00:00°  52:00° 139:00° 00s00° 00:00° ...
Short 107201 (705:0.4% (21.5:0.3%) (0.0£0.09 (0.0:0.09 (22202 (5805 (0.0+0.0% (0.0+0.0% < <
Barley 12.1400° 06+0.0° 46£0.8° 1.1:00°  575+1.2° 157+0.1° 20.9:0.1* 3.9:0.1° 116.4+7.6
Bran 56100 (10.4:0.1%9 (05:0.0° (40005 (0.9+0.0°)  (49.4:0.4%) (135:0.1°) (18.0£0.2%) (3.4+0.0%)
Barley 106£0.9° 03:0.0° 24+0.1° 0.1:00°  134+12° 16201° 47:03° 0.7:0.0° 33.8+0.9
Hull 26200 (315:09° (0.6+0.05 (7.0:0.1% (0.2¢0.05 (39.6£+1.09 (4.8:0.0% (14.1:+1.8") (2.2:00°

Y Means standard deviation(mg/kg), Means within columns followed by the same letter are not 51gmﬂcant1y different at p=0.05.
2 T=tocopherol, T3=tocotrienol
® Values in parenthesis are the percent distribution of each tocol
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Table 8. The changes in the oil content of rice
bran heated with a microwave and roaster

) .. Oil content
Heating condition (%)
Unroasted 17.6+0.6
- 15 sec 18.4+0.6
30 sec 18.4+1.0
2450 MH.
_ z 60 sec 18.4£0.1
(Microwave) 90 sec 18.3+0.5
120 sec 17.9+0.3
20 min 20.0+1.1
40 min 19.9+1.0
170 ¢C
) 60 min 19.9+0.4
(Roasting) 90 min 19.840.3
120 min 19.5205
5 min 20.5+1.3
i 15 min 20.6+0.2
(Roasting) 20 min 205+0.6
30 min 20.3+0.7
3 min 20.6+0.3
6 min 20.8+1.0
190 C
i 9 min 20.9+1.1
(Roasting) 12 min 20.7+0.6

20 min 20.3+0.8




ol Fel AAMH B ANBE Uz FEE ANFE Ao ER4FES
F23%3 3¢ EHINES HPLCE #4389 £ tocolsTF R tocols o] 4
AE (7% : a-, B~, ¥v-, S-tocopherol, a-, Y-, S-tocotrienol)d] F|HFE A (7
) kgl @ mge= Yellith HFe Aede dA AdAd AW 8F
9] tocols o] A T 7FWro] FH=o] ANLw, B-tocotriencld] Z & T
UA F%h. Table 9% 37kX] 2XE(170, 180, 190T)H A M2 e L&A
(38-1208)°1 W& Z tocols o] Ao FF WaE Yz i

170C8 20%® %2 As9 A$ EXge AlB(unroasted)$t B|Z3} a
-tocopherol®] % 1034 mg/kg (7NN 1321 me/kg (AIDLE a
~tocotrienol®] ZA$-ol& 790 mgkeg (FIZH)A 936 mgkg (ML=, v
-tocotrienol®] Z-$-9l& 762 mg/kg (U7X 862 mg/kg (V]2 F&80)
78 A%E JeEATHP<0.05). 28 ]9 9 tocols ©]A S (B-tocopherol,
Y-tocopherol, 8-tocopherol, §-tocotrienol)®] gl £ W3 E Yelix] kot
T FEATC] 208 ol FUHEe weE} 47 tocols Ol FAEY FEFS A
AXo 2 ZAHE AFS By FL

180T 7% HSAIZo] 582 A5 713 & 718 Jdeghdded, 84
2L A H(unroasted)$} ¥ 39 a-tocopherol®) 7'6"?': 1034 mg/kg (U] 7)) A
1359 mg/kg (W7 LZ a-tocotrienol® 7 ¢l 790 mgkg (WZH)eIA 935
mg/kg (973 L2, v-tocotrienol®] 7§l 762 mg/kg (P17)1A 943 mg/ke
(A7) o2 170CS vAEe ik L FEEE JUHUdeH, 1 F71E%L =
A @A 9 B-tocopherol, Y-tocopherol, 8-tocotrienold] YAXNE F&& FIH7H U
B THP<0.05). §8 FHIAZe @E F&&ustd leAe 170Ce] A ¢ 2
o] 7] HEANA 58014 FEARAME AL Frtel wE Zze
tocols S| BAES $2FE FAHE BARE 2L 1] FUY

190Ce B¢ FEAe] 382 A&8A 7 & F71E JEhded $X
%2 A Z(unroasted)$} Bl 3] a-tocopherol®] 7S 1034 mg/kg (V] 7)o A
140.7 mg/kg (PIZ)2E  a-tocotrienol?] ZA$-olE 79.0 mg/kg (FI7H)A 96.7
mg/kg (W17) 2.2, v-tocotrienol®] 3 $o)E 762 mg/keg (W7ol A 103.0 mg/kg
(Mg F&F&° F/HFE AFE UeEHITHP<005). ©)9] B-tocopherol, ¥

2
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Table 9. The changes in tocols concentrations” of roasted rice bran heated with a roaster

Temp. Time Tocopherol Tocotrienol Total
(C) (min) o-T% B-T ¥-T 5-T a-T3 B-T3 v-T3 §-T3 tocols
Unroasted  103.4+04% 4.0£0.1%* 10620.3° 0.1:0.0° 79.0:06° -  762x1.0° 4.8:0.0% 278.1
20 131.8:02° 45+00™ 121405 0.2:0.0* 934:02° ~  86.1+28 53#0.1" 3334
40 1244+52° 46+0.0° 11.9+0.3* 02+00* 882:78° ~ 785+3.0" 54x04° 3132
170 60 120.3+2.8™ 45:02%™ 114:06° 02:0.0° 859+60™ -  76.0+55° 5.1:0.3" 3034
90  1166+1.4° 4.4:0.1* 11.0+06™ 0.2101° 814:39° -~  702+47° 50:0.3" 288.8
120 1035:28° 38:06° 98+1.1° 02+00° 728+26° -~ 625438 47:02° 257.3
Unroasted  103.4404° 4.0%0.1° 106:0.3° 01:00° 79.0:06° ~  762+1.0° 4.8:0.0° 278.1
5  1356+3.9° 49:00° 128:0.3* 02+0.0° 956105 -~  941#20° 55#0.0° 348.7
10 130.649° 49+00° 13.4+02° 03:0.1* 91.1:04" -~ 84208 54:0.1% 3209
180 15 126004 49+0.0° 129+04* 0.3:01° 886:28° ~ 81721 54%0.1% 319.8
20  124.0:04° 50+0.3* 129+0.1* 0.3%0.1* 86.3t1.6™ -~  79.8+3.7° 53+0.1% 3136
30 1228:3.3F 50+03° 129:04° 03+01° 846:45 -~  759158° 52302 306.7
Unroasted  103.4+0.4° 4.0%0.1° 1060.3° 01:00° 79.0:06° ~  762%1.0° 4.8:0.0° 278.1
3 141406° 4.7:00° 126+0.7° 02+00™ 99645 -~ 1035:04* 5.7+0.1° 367.7
6  1288+3.6° 4.9:02™ 137:15 02:00® 89.2:06° -~ 865206 5.4:0.1™ 3288
190 9 1276231° 50+0.0° 14.3+06° 0.3:0.1* 895:08° ~  833#23° 55:0.1%* 3256
12 1256+13° 48+0.0™ 13.3+04* 03#0.1° 88.0:1.7° =~  805%04° 56+0.0% 3187
20  1248:01° 48:0.1™ 130#0.1*° 0.3:0.1° 862#21° -  768:13° 52:00° 3114

D Means standard deviation (isomer mg/sample kg). Value of the unroasted sample and values in the same column
(within the same subgroup) with different superscript letters(a—f) are significantly different (p < 0.05)
? Abbreviations: T, tocopherol ; T3, tocotrienol



~tocopherol, d-tocotriencl®] Z$dE 180T A9 A9 FAME AL Ul
ATh EF FSAZL 3B o)A HEAEe] F7te] wEk 2429 tocols ©] A4 A
€Y FEFE AAF oz FAHE AL 170CTH 180T A9 2t
¥, Table 10& microwave® B% WA g AFd dg A2R=AN A

YAILE 3027HA] Ao BRALLE AN 59 Hlwdo a-tocopherole] 7§ 1034
mg/kg (A7) A 1245 mg/kg (v]3) 22 a-tocotrienol® 7 $-dl& 79.0 mg/kg
(77l A 90.2 mg/kg (W] 7). 2, v-tocotrienol®] ZA$-dl& 762 mg/kg (] 7)e)
A 905 mg/kg (172 F& &0 F/HHE AFE YeERHP<0.05).
FH Az Aol 30z o4 FAYSl B 1 FEFe AR Pa¥E 3
FE BT oA AFde FEAES vl@sto 180TAA 52F¢ H& A4
AR BHE RFoH AAHoR 10T ASRTE FE58&0 ti HolxE
A% B

Zzke] 371A &= 9 microwavedl Xl 7F9] tocols isomerdFHS FEF F
tocols ¥ #(total tocols content)e] W3le] g £ 2 microwave Aol g
EFE Figure 29 3¢] YeMR 2 29 L2k A HeRtE 129
A 283 FEAFHALL FAL B @Az A8 dE Aol tocols &
B 33439 Aoz YeEl2en microwaved] 73-?—01]E 2AE AY e 7
Z 2 257t s wEA EEXEE §F AAYE 190TAA 32 A
& Z°] microwaved] Z3-9E 30% HdE o] tocols & 7HF E7F
4 Rez2 gyt

ojate] 3= “ Changes of vitamin E content in rice bran with different
heat treatment "© M=o =2 Fyr. J Lipid Sci. Technol.(Vol. 105, No 6, p
225-228 (2003))oll A M = A . |

9 AAY FHo2A FE, microwave °|9d extrusionE FF AR Y7}
FYPHAAG. B AFNA AlEE  extruder: twin screw  extrudero] R1th
Parameter2 screw speed, A|&¢ £33, Barrel 2% S(Table 11)& W34
7 extruder2 A E 639 VIZANEE AUtk ExtruderZ AA A2 659 7
X8 tocols ¥FL Table 129 Z23ich 2 A3 &7 L microwaved 5
T AA e Aty AAHoz e FHE JeRed, 233 dsANEEG

kis

rir
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Table 10. The changes in tocols concentrations® of rice bran heated with a microwave

Fregquency Time Tocopherol Tocotrienol Total
(MHz) (sec) a-T? B-T v-T 5-T a-T3 B~T3 v-T3 5-T3 tocols
Unroasted 103.4:04° 4.0£0.1° 1060.3° 0.1x00° 790:06° -  76.2:1.0° 4.8+0.0° 278.1
15 115.0£3.3° 44+0.1° 122+06° 02:00° 839:3.1° -  798+28 52:01% 300.7

30  1245:1.0° 47+0.1* 13.3+05™ 0.3+0.1* 90208 -  905:0.3" 54%0.1° 3289

;go 60 1208425 46:0.1° 128:06® 02:0.1° 847+16° -  835:1.4° 52:02° 3118

YA
90  1175:16™ 47+01* 138+1.1®° 03+01° 825:0.1° - 80.8:1.1° 52+0.3% 304.8
120 111.0:1.0° 45$03* 146:1.0° 03+00*°  79.0:02° -  761:06" 50+0.3" 2905

D Means standard deviation (isomer mg/sample kg). Means with in columns followed by the same letter are not sinificantly different
at p = 005
2 Abbreviations: T, tocopherol ; T3, tocotrienol
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Reoasting time

Total tocols content of rice bran roasted with different
roasting temperatunre and time

A :20 min for 170 °C; 5 min for 180 °C; 3 min for 190 °C

B : 40 min for 170 °C; 10 min for 180 °C; 6 min for 190 °C

C : 60 min for 170 °C; 15 min for 180 °C; 9 min for 190 °C

D : 90 min for 170 °C; 20 min for 180 °C; 12 min for 190 °C

E : 120 min for 170 °C: 30 min for 180 °C: 20 min for 190 °C
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Figure 3. Total tocols content of rice bran heated by microwave
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Table 11. Extrusion conditions for pretreatment of rice bran

Sample Screw speed Dough moisture Barre} temp SME"
(rpm) (%) ) (kWh/ton)
Extrusion 1 250 22 1563 184
Extrusion 2 300 22 153 147
Extrusion 3 350 22 153 135
Extrusion 4 250 13 150 210
Extrusion 5 300 13 150 170
Extrusion 6 350 13 150 137

D Specific Mechanical Energy
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Table 12. The changes in tocols concentrations” of rice bran treated with
different extrusion conditions

Tocopherol Tocotrienol Total

Sample ;
e-T  B-T r-T 8-T e-T3 A-T3 r-T3  &§-T3 tocols
Unroasted 103.4%0.4° 4.0%0.1° 106+0.3° 01x00*° 79.0+06° - 762+1.0° 48+00° 2781
Extrusion 1 84.7+05° 34%01° 87+06° 01+00° 756+08" - 94.0+1.8* 43%01° 2700
Extrusion 2 82.7%£0.7" 4.0%0.1° 98*06° 0.1*01" 65.0+0.8° - 758+0.2" 42+0.1° 2416
Extrusion 3 782%1.2° 4.0%0.1" 10.0£07" 0.1x01* 584+1.0° - 672112 42+02° 2221
Extrusion 4 828+1.0™ 41%0.1° 10.1+£1.0* 0.1+0.1* 594*04° - 709%1.1° 42+03° 2316
Extrusion 5 64.8+09° 4.1%0.1° 102+10™ 01£0.1* 47.2+08° - 55.0%£20° 4.2+02° 1856
Extrusion 6 87.6%1.0° 44%+03" 106%+1.0° 01+£00* 67.1+0.2° - 75.2+05° 44+02° 2494

U Means standard deviation (isomer mg/sample kg). Means with in columns followed by the same letter are not
significantly different at p=0.05
? Abhreviations: T, tocopherot ; T3, tocotrienol



tocols #&o] W& ZAE Yelddh o3 FHZRE extruder® ol &F A
AEE tocols FFHE FIMA7IEY EFH oA RItE ZEL d&F AT

MEE FE9 tocolsZ dZFEHE  EF(Desmethyl-tocotrienol: P2l1E
Dimethyl-tocotrienol : P25)9] £3 &d<& A& 2 F< Dr. Qureshi A+
2ol Bud AF=EE EYZ 3 20009 J. Agri. Food Chem.(48, 3130 -
3140)9) EL¥ chromatograme EWZ 3J< o 71EAPE P2 A 7184
o] wE}t 8-tocotrienol ©]Fo] UElUE B3 E peak(sharp peak) & 33 o 23
23 retention timeo] 195814 205% Aleld] w®lA e  peak(Unknown
Tocotrienol = UN-T3)7} AA e wa F33] F71E& AT 5+ At #
+ ¥ microwave A HAH F A9 peak & AMEZE FH Y tocolsE &
Tt 9% UN-T3 peak®] F57& S-tocotrienol®] EEFA | 93ty &3t Bt
o 2 23 S 2 microwaved] HAE zZAo wE UN-T3 ¥§39 wsis
Figure 4%} 59 Ytk 2 A3 UN-T39 BfodE B84 ASdE A
SHOE T2 2 ZAFH7 5L Aoz YERow 4A EHSAzte]l A
FA0CE 208, 180CE 102, 190TE 62)el: gaste FFe dehuc. @
¥ microwaveX 2 & A& AFlE &7 30xAAE AY F73A et 40
zo|F HEe F4¢ F7E JeEhden, 120228)NA Aogh(155 mg/ke
17)E el Figure 6& UN-T3E analytical LCEHE £3, A=A
A 9e)7 A2 chromatogramo]t}.

5. Tocols 5579 &9

19 dF28 AAY BAEQD v3e B9dE oil baseZ 0.1 - 0.15%9]
tocols ¥FE UelAoh oj# & FF 1AdE dAEH Hauz A&y 2
AL ERZ FH 2T tocols §F0] £ 98E YA £3F R A9
gk, old v #Y J5E AET A vRH FARIEQ rice bran oil
distillate”} oil base® 3 - 5% v 3} u]wale < 30 - 508) tocols TIFe] =
< ez vehd @4F o= B3 d U89 rice bran oil distillateE 982 A}
83t 5 Aol AAHAUY tocols FFY A 1AdEY PP £z
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Figure 4. UN-T3 content of rice bran roasted with different roasting
temperature and time
A : 20 min for 170 °C; 5 min for 180 °C; 3 min for 190 °C
B : 40 min for 170 °C; 10 min for 180 °C; 6 min for 190 °C
C : 60 min for 170 °C; 15 min for 180 °C; 9 min for 190 °C
D : 90 min for 170 °C; 20 min for 180 °C; 12 min for 190 °C
E : 120 min for 170 °C; 30 min for 180 °C; 20 min for 190 °C
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Figure 5. UN-T3 content of rice bran heated by microwave oven
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Figure 6. Chromatograms of tocols sample obtained according to purification step
A : Sample heated by microwave for 120 sec

B : Sample concentrated by mini-column
C : Sample purified by HPLC



AR 244 %

z3a
distillate(1: Boso, 2: Rito

Hgeg du 98EAE 229 rice bran oil

)& °l &3t TSzl FFHU

7}. Liquid-liquid extractiong ©]4& %3

QA-GA FEPL FEHoE & AY EFIA = F gAY 549
HE &3 JE9 &A= Aojz st WPosAN AP AT Yo} 27
ARH ALHol gtk =8 4A-94x) F2yo] HFH T JEAGY AA
FHEZRY sterol® AASE P Huz 2o AT ¢ 978 Eg=
¥ A¥ANME rice bran oil distillate (RBOD)Z5-¥ tocols® £8 ¥%3tux o
FA-AA F29PE AT A Sk dWA g £9 F T4 Ho)= Holx
goedA EF vgdlZ 287 715§ hexaned} acetonitriles] 111 EFE AL
dul 49 23 AF%A% A4F &uld) RBODE /18 & &89, Z
3 olA &€ RBODY tocols ¥%< Table 1334 Zoh Autxoz I4 &
"< acetonitrileF oAl F&E A89 EE tocols’} hexaneZ9 #A$ By &
TFE AR AcetonitrileZ F&¥ 5589 tocols %9 F7tE rawd]
total tocopherol® tocotriencl®] % #%3 H|HH ¥ v o-tocopherolA] &
-tocopherol7tA] 8] <] total tocopherol& acetonitrile &4 F 14906.1 ug/ge
2 raw®] 138593 pg/gel ¥is] 1.1¥} A= A&t 28y total -, y- 2
8 -tocotrienol®] #-& 9F 16641.1 pg/gol A 406467 pg/glE OF 24H] A=
tocotrienol®] #F F7H7 AR E ¢ £ AT £F hexaneZ N A9 tocols
] AT rawd] Z 49 HEA BE jsomerdd FoF oz Jeloen &
tocopherol3} tocotriencle] #Fo 2 rawel vlWA] 2 1.3v), 2082 ZA2FY
ok ol rawel A 9] tocols ¥HE 71F02 B WX acetonitrile®9 tocols B
T7ttE bexaned 9| tocols BF A7 JNSE ¢ 4 Ut 2HYT 2HH
o2 F3F F tocols §FOl E¥L acetonitrile®] tocolsE FH$oh oz
hexane@] tocols #Fo] F3F Aq=o] gt AoE Hol HA-YA F&Y4
93 acetonitrileF ol 2] RBOD9Y tocols ¥%& &3E o 1L7MA=E 2 a7}
PlElste] g 3 WY eyl AXFI].
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Table 13. The changes of tocols contents in the each solvent fraction of rice bran oil distillate
obtained from liquid-liquid extraction by using immiscible solvents at room temperature.

Tocopherol Tocotrienol

a-T B-T y-T 8-T a-T3 B-T3 7-T3 8-T3
1131161864 481.0+£28° 3017.8+117.0° 957+08  5946.6+65.1%"

Total tocols

Raw ”

-~ 101515+21° 543.0+3.8° 31547.1+35.4°

Acetonitrile 9488.7+196.3" 842.81+20.1° 32460286 281.8+37" 13314.8+4228" -~  24973.7+38.1" 23382+974" 544860+103.1°

" Hexane 87714%51.1° 3721+313 2020.1+41.0° 1484+28°  3507.1+26.3° - 468661199.2° 1734%23° 19688.1+73.0°

Y Raw material of rice bran oil distillate
? Means(pg/g each fraction) within column followed by the same letter are not significantly different (p<0.05)



v ALIAR(AZZZH)E o8 53

D AL FA4S &0 44 A% e &0 tocols 5 &3

HEAT TEA ANEL olge3 EHo] bdId EAEE FHH oy
Ao AAs FAHL FE fat crystal22E chocolate, margarine, shortening,
wipping cream% 9] A4# Jd Ado=HEe ER X By 5 2714 Fy=
AhA S8 AHgFH 23 vk B3], XFe] & 4E9 fractionationdl
g B o] EoIXWA crystallization®] £E83 HZ, fat crystal®] polymorphic
54, 7193 43 $4% dEX3 AWie ¥3%, dry fractionationdl <%
high-melting fats®] A ¢ AF7F FHE o|Fx Utk & dPdye 944-
HA FEHo] ©]°] rice bran oil distillate(RBOD)Z25E A& IAYL o|&%
tocols ¥5 AFHE F A &g Bg2x Fo 2hEE AYHET

2) €12 liquid fraction] +&

RBOD(from Boso)¢] A2AdYe] & tocols ¥F &HE Bux $4 o
FE &ulE FF NE(5g)9 201100 mL)E H718le -20ToA 24X B
REEA T $HE F -20TAA FUAdF FX2 938 L sterolF 5o IA
Zo] Rod3le Aoz 9&HE solid fractionst tocols’t HEE AoZ o9
liquid fraction®® E/F3Ah. &l liquid fractions] ¥-H¥ tocols %%—3«]
T&(Figure 7)€ 43 F &4HE 99 2AF 2Psdaz 994 50 mLF &
2E ¥€ 71EL22 99 100 mLel #7€ tocols FEEY F& At A=
Zo O FL&F Ay E"]?}ﬁt} o8 &L diethyl ether’} 97.3% =
7P Eskor RE & £ul9 Fgo] 80%oldeE E4Y W methanol
473% R 2.9 acetonitrile 19.3% 2 713 @A JElR. 53, $£&¢] 73 =%
9 diethyl ethers} chloroform RBOD®) thdt &3]4o] Holy ~20Te ¥& &
oA wEEAE JHE) A PAHA &AW Hoz Hol JAES FAE
9 sterolFol tiE &3do] £y Rl AlRET)

3) &vi¥ liquid fraction9 tocols ¥ W3}

A2AAYPe 2 doj7 RBODS £vld liquid fraction®] tocols §F Wae
7} isomerd ¥FF F tocolsel tE 18 FAWELE veUed o Ade
Table 149} 2t} & tocols THE 71Fo2 v LA ZAo] 71F H& acetonitrile
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Figure 7. The yield content of sample in the ligquid fraction of rice

bran oil distillate obtained from crystallization with different solvents
at —20C for 24 hrs
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Table 14. The changes of tocols contents in the liquid fraction of rice bran oil
distillate obtained from crystallization with different solvents at -20C for 24 hrs

Tocopherol Tocotrienol Total
a-T B-T r-T. §-T -T3 8-T3 r-T3 8-T3 tocols
PGS LT OEATE SSRGS S0 o s
o TS OIS SUSLNS TILT TEGLOAL  BEOT WSS s
Chloroform 1186293.5%3.9‘“ 498.8%]’2.6‘” 3163(.3;384.9“ 13%35?69“ 6180@;72)%&4“ 3 10704(1:.3%)9083.7" 554(1.1%3.2“ 33103.8+632.1%
Diethylether 11308(?5%51)?57.3“ 57'7(12:8':)97D 3102.(559;.:;)1@.'38.4c 121(338(%3“ 592(2?;%%1? _ 1013?3353)1344.1u 63%215)37 31801.9+ 1428.%
Ethanol 1329!??6‘.*_(‘)1)1?2.8°° 561.((;33{’0.7D 3558(3;-5207” 155()6(?333 69452{)8%:8%34.1° _ 1196('%23‘);17.4': 492(23;,59 36981.0%605.7°
Ethylacetate 11563?:.5'2.4_(‘);06.1d 476.?&1)3?.7‘” .':’»088.(({5;.4_(;)15115.8C 1062.32‘)%6’“ 599(2i98.%)1b1.2e _ 1063%%;)’@3.9“ 379{;.1'2_)%1.5' 39140.0+ 1521.C°
o ST SIS ST 108 T T BT i
Methanol 168021:.372%51)48.4al 812.(11%;})7.6" 4787.((55)3)2;14.3a 241(.8."5‘)?.4" 100%%%%66.6” _ 1797%;1%)%84.3” 929&%;5;37” 51601.7+1971.8°
Metﬁylethylketone 1139((73%3)1341'4‘1 503(}%)%2“‘ 3051.(%%)2313.9“ 104(.3;)?.3’“ 589%158‘%'5%1.4” . 103?%5;;35.7" 5088%)1(%3“‘ 31812.8+572.6°

Y Raw material

of rice bran oil distillate was not crystallized

? Means(ug/g liquid fraction) within column followed by the same letter are not significantly different (p<0.05)
¥ Values in parenthesis are the percent composition of each tocol.



o] 85054.6 pg/gl.2 7} B ¥F2 Bgon, oL methanol24 51601.7 ug
/g9l F7FE JEhde], 929 RBODY total tocol &% 31547.1 pg/gel H] &)
22 27vls} 16809 52538 BT £ acetoned ethanol® rawol ]3]
ok 1219 FZHERE Jelddey 2 AE7) vustda 854 £l hexane
< raws} A9 FAE F=E JeERAh 2y FA4ol fAHE &l Aacetone,
ethanol @ methanol®] tocols ¥ o] 372989 ug/g, 36981.0 pe/e 2 516017 pe/g o
2 Holg Uit Aoz Hol &AW I tocols FFH W S
YL FAHAAE B RBOD FAEY 2xd gid &34 9F0] €xe=
Atg @t

¥ ¥, tocopherol® tocotrienol®] isomer¥ T4 H| &9 H|ALE total tocols
FFE 100%=2 & u acetonitrile®] A o] thE Lo €l VA & Fe
B4t F, raws} acetonitriled A% o2 &uie AZ 36%9 32%] FH|
€8 JeEE F8  isomer’t @ -tocopherol® 7 -tocotrienoldl®l w3
acetonitriled] & ¥ tocols FEEBANME 2 FAHIEo] A WEEEHY o
-tocopherol 19% AEE €53 T4 WA 7y -tocotrienolS 46.1%=E F 713
At o8 AL 6 -tocopherold AT EE isomerd M= & & AW «
-tocotrienol®] ZA$-ol® 263%2 VAT 74 vl&9 F7HE UERAITL

o]4e] A2 Ho} total tocols FFo] FrFH o2 AA FT/ANLH 53, A
Aol LFdtdm ANZo] FAe] EolXIZ T 7 -tocotrienolF  total
tocotriencl®] ¥& F¥=E Eu, £&& thd FHoL} acetonitrileZt 74 & 77 o)
A1, methanol® 4% AFAE Jeo] FL£uj7} tocols 5F HEF L=
AR H A

o AR e o 2xd AL JAPY tocols FF EF

1) =4 liquid fractionW} &

GFE &9 F tocols FF) ¢4 A2 AAFE acetonitriled RBODA
Mg F 24N ¢ 9839 liquid fractionW tocols FFHES 228 &
A9 ngitt. 2 A3 Figure 8914 YEURe] &7 #F2E4E &€& AR #
A=Eon, $£&0) 30% oAz JF A UEd S£EE 0CTHIL -40TA
115%9] 74 @& £&2 B2dth a3y 93F 2=Xd g3 F£&9 Aoe
AASA gk, -40CT9 -30T, -20T -10T3HY F&X o+ 32%FE A
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Figure 8. The yield content of samplé in the liquid fraction of rice
bran oil distillate obtained from crystallization with acetonitrile at
different crystallization temperture for 24 hrs



wha} -30T9 -20T 9] A$E 21%E2 I Holst #FAH] -30TH -20TE ¢
o HXE 9%l e AA 2= HF vy FATS ¢ F AT

2) 2= liquid fraction®] tocols &% %3}

Acetonitrile® RBODel #7tg¢ ¥ 2=¥2 #8F tocols ¥5E &5
tocols ¥Fe] W3t Table 158 2t} % tocols FFE 2 4 rawol Hl8] =&
229 AL AAYIA tocols 53 B YRed, % AEE 0T -10C Y
7S rawell w3 ¢k 174}, -20C<} -30CE 2790, -40CE 29¥ AXEE  tocols
FFol F7ME AT, olF T A= -20THH tocols ¥F EFJF 453 ¥4389
& BoFE o2 -20Tlse] XA tocols ¥F ATV oA 2
2ol UEUA ¥4e BiE ¢ 5 U _ '

EY X8 A3 4T g 2doA dAT ¢ acetonitriled ©]8-3
HAedE EF3 259 W& tocopherol® tocotrienol? isomer® T4 Hl &L
ALYFE As7 dAdUT AMHOZE rawd] Ml EE LEFIA
-tocopherol®] 7$-E A& EE tocopherold] isomer TAIM]Eo] HAF €y,
tocotrienol isomerd] B9+ AAH ¥ Z712 A& AA tocolsd) HE FA
HlEE A4 YeEdS ¢ F U F, 254 wE AL AAPAAM] tocols
5 EHE EE 2ETA tocotrienol o] FIMHE AR AAE RAF
RNew, 2= F tocols FF F7HE -40T7 713 53R 2 duA] 8o
4 £&< 28¥ 9 -20C7 /M FEF 2x8n AU

gl 294 ojas g4 F&& o] 438 tocols =

"~ 1) Rice germ oil methyl ester?] tocols %8 9% SC-CO; +& =74 89
Methyl ester3}€ rice germ oil(RGO)& ¢]83le] 1800 psi, 2000 psi, 2200
psi®) ¢} 40T, 50T, 60T LE)A V72 ALEFo) TE tocols ¥F &
ol g Aol Figure 99 FXE o] 43t g At SC-CO; & g%
tocols ¥%2 A7 Table 16 - 269 YellUTh A¥HH 22 methyl esterdtg
ZEfolE tocopherol ¥ o] tocotrienol FHFHRTH Bke™ FE tocols isomer
£ eo-tocopherole| il ol RE A9 SC-CO; &9 93 39 IEE
(residue)d] Z$= wRA7LAE SC-CO; F&9 2% tocopherol¥® tocotrienol?)
4 ¥ge 22HA gt
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Table 15. The effect of crystallization temperature on tocols content in the liquid
fraction of rice bran oil distillate obtained from crystallized with acetonitrile for 24 hrs

Tocopherol Tocotrienol Total
a-T BA-T y-T 6-T a-T3 y-T3 é-T3 tocols
1131168657 481.0+2.8" 3017.8+117.0° 95.7*£0.8° 5946.6+£65.1° 10151.5+21°  543.0%38"
Raw " 3 . . " . ; . 31547.1+354°
(35.9) (15) (9.6) (0.3) (18.9) (32.2) (1.7)
13876.7+484.9° 724.1%£30° 4011.7+£72.8° 194.1+427° 12107.5+172.4° 21521.31+267.2° 13355+31.8° .
0C . b ) . . . ) 53770.8+1011.2
(25.8) (14) (75) 0.4) (225) (40.0) (25)
13265.0£787.6" 666.9+53.2° 39935+295.3° 181.6+21.0° 14015.1+808.4° 25181.4+1632.4° 1565.4146.1°
-10T 58868.6+ 3551.9°
(225)° (L1f 68)° 0.3 (23.9) (42.8)° @7
16137.6+£193.7° 440.1+1.3° 4554.9%80.3° 277.1+42° 22348.0+496.1° 39165.0+1280.7° 2131.9+438°
-20C 85054.6+99.6°
(19.0)¢ (05)f (5.4) 0.3)® (26.3)° (46.1)° (25)°
15517.7+692.4° 817.2+4.3" 4847.1+12° 2092%126° 219245+1754° 40070.2+£156.4° 2629.7+140.4°
-30C : 86015.6+890.8*°
(18.1)° (L.0y’ .7 0.3)® (25.5)° (466)° 3.1°
13335.6£1975° 689.016.2™ 4127.0+890° 1746+18.7° 24756.7+320.7° 44030.3+£920.7° 2827.6+48.4°
-40C ) . . N . . . 89940.7+1601.1*
(14.9) (0.8) (4.6) 0.2) (275) (49.0) (3.1)

Y Raw material of rice bran distillate was not crystallized
? Means(ug/g liquid fraction) within column followed by the same letter are not significantly different (p<0.05)
® Values in parenthesis are the percent composition of each tocol.
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Figure 9. Supercritical carbon dioxide(SC-CO;) extraction system for tocol concentration



A, €AE AN 254 tocols ¥F EHE tocols’t FHEHE residue
oA Hlws] 2H Table 16 - 183} Zo] 1800 psi S, rice germ oil methyl
ester9] total tocols7} 19265 pg/g ¥w 40CE 115239 pg/g, S50CE 136555 ug
/g, 60T+ 15366.8 pg/g o= 2z} 64l 7v, 8ul2 %7} &4 E residued) tocols
FFol TS ¢ F AUt oI A= 2000 psi®) ZA$(Table 19 - 2=
FA8Le] residue| A 9] total tocols #Fo] 40CE 101324 xg/gldl Wl 60CE
12930.1 pg/go 2 40C ZFART 134 A= F7HE FF & YAt M =L
FHolA™ 2200 psi® tocols FFe] WF 58 EAFAE Table 22 - 240l ¢
+ %ol 0TAA 7bF Eob 126061 w/g eI 5, QFE LAA
SC—COz°ﬂ oF] FEHA ¥ Pl E residued) Y 549 tocols ¥ &

22 60T/ 7HF 943 Aoz vy o#d dads dATE gFoA
S22 329 EYE(raction) A9 tocols TF W3t} YA eE RO2A,
2000 psidlA 8] 229 ARE BA SC-CO0l $&5Ho 2EHE fraction 194
fraction 57}X ¢} total tocols®] #A 7} 40TE 47062 pe/g, 50CE 32018 ug/g,
60T 19629 pg/gl 24 129 60CAA 714 ALEE & + YA F&2
fraction'd total tocolsell W FFe Aol A/X 4Exy & ZAA BF
F& AJzto] ZojX i SC-COz 4B Fo] ol & fraction 54 714 & Ao
2 Je

Y AT 2xoA o) 3 residued] tocols FEF EdE 7 ¢4
7t £ tocols §HS B9d 60T AFREE v FA| 1800 psit 15366.8 ug/g,
2000 psie 12930.1 pg/g, 2200 psit 12605.1 pg/ge 2 WET2 rice germ oil
methyl ester®] 19265 pg/goll W8} 22+ 8w, 6.7, 659 B == 1800 psi7t 7+3%

=< ¥FE UEUAT. ol& 2000 pSi o] 42l &gl A tocols H& A7t A
g Zolg YEA 88 BRAFE AF#EA 2000 psi®l 50T 2200 psig 5
0T*] residue tocols §&Fo] tlxTo] ds] ztz 560, 6uld AL $£FUL &
g A

oY, 48 2= SC-COz 3&A] rice germ oil methyl ester23-E Qo]
A residued] &) W 2FE Figure 107 2t 47 oA ¢gd $&9
AolE 40CHAA 2 Rol7k AR, 2200 psit 40TAA 35% F=e F4
3] @2 $£&E& JENIJ I 2000 psit 57%, 1800 psit 61%E ¢Ho] B L&+ S
Fagol vk olHE YL RE X FIMNE dAF o 50T 60TE
40T+ 232 2000 psi®t 2200 psi7t FAHE $&& YEMAI 1800 psi7l ot
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Table 16. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-COz at 1800 psi and 40T.

(ug/g sample)

CO2 Tocopherol Tocotrienol Total
L a-T 8-T r-T &-T 2a-T3 B-T3 7r-T3 &-T3 tocols
RGOME Y 15424 79.3 100.8 9.2 1114 -~ 75.3 82 19184
Fractionl 70 3251 26.5 395 16 16.9 - 14.2 tr 423.8
Fraction2 70  455.2 294 488 2.1 25.2 ~ 179 13 578.6
Fraction3 70 5193 32.7 58.3 25 20.8 -~ 214 16 664
Fraction4 100 591.2 359 66.1 31 29.3 ~ 24.1 1.9 749.7
Fraction5 300 541.2 48.1 929 49 299 - 336 2.8 750.6
Residue 86486 4960  1066.8 65.0 694.6 ~ 502.7 50.2 11473.7

b Methyl ester of rice germ oil prepared with 2% H2SO4 in 99% methanol prior to SC-CO; extraction
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Table 17. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-CO;z at 1800 psi and 507TC.

(ug/g sample)

CO» Tocopherol Tocotrienol Total
L) e-T 8-T r-T 8-T a-T3 B-T3 7r-T3 &-T3 tocols
RGOME " 15424 79.3 100.8 9.2 1114 - 75.3 8.2 1926.5
Fractionl 150 1664 6.2 14.1 tr 87 - 45 tr 199.9
Fraction2 150 2204 8.8 182 tr 118 - 6.2 tr 265.4
Fraction3 150 282.0 11.2 22.7 tr 144 - 79 tr 3382
Fraction4 200 400.2 16.4 314 tr 20.6 - 11.3 tr 4799
Fraction5 300 9403 40.1 744 46 48.3 - 289 25 1139.1
Residue 107941 5182 978.2 40.9 767.9 - 4924 63.8 13591.7

U Methyl ester of rice germ oil prepared with 2% H;SO4 in 99% methanol prior to SC-CO: extraction
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Table 18. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-CO;z at 1800 psi and 60T.

(ug/g sample)

CO. Tocopherol Tocotrienol Total
L) a-T 8-T 7-T 8-T a-T3 B-T3 r-T3 &-T3 tocols
RGOME " 1542.4 79.3 100.8 9.2 1114 - 7.3 8.2 19265
Fractionl 500 80.7 338 10.9 tr 28 - 2.8 2.8tr 101.0
Fraction2 500 102.2 43 10.9 tr 3.9 - 3.0 tr 124.3
Fraction3 500 160.0 6.8 144 tr 71 - 46 tr 1929
Fraction4 700 2716 130 239 tr 13.0 - 7.8 tr 329.3
Fraction5 1000 910.3 49.9 89.8 55 492 - 315 tr 11389
Residue 122236 5708 1057.1 53.7 829.4 - 528.8 2.7 15366.8

Y Methyl ester of rice germ oil prepared with 2% HzSO, in 99% methanol prior to SC-CO; extraction
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Table 19. Tocols contents of selected fractions and residual concentrate of

rice germ oil methyl ester extracted by SC-COz at 2000 psi and 40T.

(ug/g sample)

COs Tocopherol , Tocotrienol Total
L) a-T B-T r-T &-T e-T3 B-T3 ry-T3 &6-T3 tocols
RGOME Y 15424 79.3 100.8 9.2 1114 - 75.3 82 1926.5
Fractionl 50 605.0 26.0 50.0 1.3 33.7 - 20.3 15 7383
Fraction2 50 647.9 299 575 24 389 - 23.5 18 . 801.9
Fraction3 50 742.1 33.0 63.0 2.8 426 - 25.6 21 911.2
Fraction4d 70 8478 378 715 37 486 - 29.0 24 1040.8
Fraction5 120 9744 483 88.1 53 58.6 - 36.0 33 1214.0
Residue 7800.0 4115 8118 25.3 598.8 - 4188 66.2 10132.4

D Methyl ester of rice germ oil prepared with 2% HSQ4 in 99% methanol prior to SC-CO; extraction
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Table 20. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-COz at 2000 psi and 50TC.

(ug/g sample)

CO, Tocopherol Tocotrienol Total
L)  e-T B8-T 7-T 8-T a-T3 B-T3 r-T3 &-T3 tocols
RGOME " 1542.4 79.3 100.8 9.2 1114 - 75.3 8.2 1926.5
Fraction1 100  216.6 24.0 29.0 1.0 11.9 - 101 tr 2026
Fraction2 100  326.1 246 344 15 169 - 12.0 tr 4155
Fraction3 100 4319 270 43.8 1.9 218 - 15.2 13 542.9
Fraction4 100  556.2 315 56.8 2.6 29.2 - 20.0 17 698.0
Fraction5 300 10742 56.3 108.7 59 83.6 - 40.3 3.8 1342.8
Residue 8069.8  480.0 1033.9 55.0 684.2 - 486.2 47.0 10846.1

D Methyl ester of rice germ oil prepared with 2% HzSOq in 99% methanol prior to SC-CO: extraction
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Table 21. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-COz at 2000 psi and 60T.

(ug/g sample)

CO; Tocopherol Tocotrienol Total

L) e-T B-T y-T &-T a-T3 B-T3 7-T3 &-T3 tocols

RGOME " 1542.4 79.3 100.8 9.2 1114 - 7.3 82 1926.5
Fraction 1 200 25.7 159 84 tr tr - 2.0 tr 52.0
Fraction 2 200 91.2 132 142 tr 3.7 - 35 tr 1258
Fraction3 200 2744 230 36.5 1.7 139 - 116 tr 361.0
Fraction4 300 3429 23.1 404 19 185 - 137 1.2 4416
Fraction5 500  756.6 50.0 94.8 55 42.1 - 30.7 3.0 9825

Residue 99345 518.3 11026 61.6 747.6 - 513.6 51.9 12930.1

H Methyl ester of rice germ oil prepared with 2% H;SOy in 99% methanol prior to SC-CO: extraction
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Table 22. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-COz at 2200 psi and 407C.

(ug/g sample)

CO; Tocopherol Tocotrienol Total

L) e-T A-T 7-T &-T ¢~T3 B-T3 7r-T3 8-T3 tocols

RGOME " 15424 793 100.8 9.2 1114 - 75.3 8.2 19265
Fractionl 30 12852 54.3 104.6 6.4 75.1 - 50.4 8.1 1584.1
Fraction2 30 12129 50.1 976 52 715 - 46.1 5.0 14884
Fraction3 30 10919 45.6 89.0 47 64.0 - 409 42 1340.3
Fraction4 50 10787 459 89.6 49 65.5 - 40.8 41 13295
Fraction5 100 11587 50.6 97.4 5.6 71.0 - 449 4.7 14329
Residue 53952  254.1 499.8 119 379.8 - 261.0 374 6839.2

D Methyl ester of rice germ oil prepared with 2% HzSO4 in 99% methanol prior to SC-CO; extraction
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Table 23. Tocols contents of selected fractions and residual concentrate of
rice germ oil methyl ester extracted by SC-COz at 2200 psi and 50T.

(ug/g sample)

CO2 Tocopherol Tocotrienol Total
L)  e-T B-T r-T &-T e-T3 B-T3 7-T3 &6-T3 tocols
RGOME ¥ 15424 79.3 100.8 9.2 1114 - 75.3 8.2 1926.5
Fractonl 70 4203 185 358 tr 23.2 - 137 1.0 5215
Fraction 2 70 509.1 23.2 446 1.7 30.1 - 174 14 627.5
Fraction 3 70 662.9 284 54.0 23 379 - 21.3 1.7 808.5
Fraction4 70 7884 36.1 674 36 46.3 - 26.6. 23 970.7
Fraction5 150 11395 57.0 104.1 7.0 714 - 436 39 1426.5
Residue 9236.8 434.2 8216 29.0 650.8 - 428.2 66.6 11667.2

v Methyl ester of rice germ oil prepared with 2% H2SO4 in 99% methanol prior to SC-CO; extraction
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Table 24. Tocols contents of selected fractions and residual concentrate of
rice germ oil methy! ester extracted by SC-CO; at 2200 psi and 50T.

(ug/g sample)

CO; Tocopherol Tocotrienol Total

L) «-T B-T 7-T &-T 2-T3 B-T3 7y-T3 6-T3  tocols

RGOME 15424 793 1008 9.2 1114 - 75.3 8.2 19265
Fractionl 120 2187 8.7 196 tr 11.1 - 6.3 tr 264.4
Fraction2 120 2864 113 238 tr 145 - 80 tr 344.0
Fraction3 120 3576 146 29.3 tr 188 - 103 tr 4306
Fraction4 150 4860 230 439 17 276 - 158 12 599.2
Fraction5 300 8677 564 1019 7.1 64.0 - 403 38 11412

Residue 08004 4947 9467 345 746.6 - 4956 716 126051

D Methyl ester of rice germ oil prepared with 2% H2SOq in 99% methanol prior to SC-CO; extraction
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Figure 10. The tocols yield of rice germ oil concentrate obtained from
SC-CO; concentration at different pressure and reaction temperature



L 3589 AojE EYTh ¢o] €AY o L= UF AFed FFL
3], 1800 psi¢+ 2000 psi®) A% 60% - 80%<] WA 27t F7MEFE F
o] gtukd] ZFrtetg . Y 2200 psiE 35%9A 690%7tA] 2o wE
o} Z7k7h Ze™ 2200 psit 40T ARt 50CAA A 24 A= 589
718 Byt . ,
olate] ZAFAZ Ho} rice germ oild] FAAZAE methyl ester® AFIS
SC-COz &9 93] tocolsE FHste WYL A3 ALz vgyr =
£ 2499 24 F residued] M9 tocols ¥F &IE 1800 psist 60C7+ 7+ ¥
58 Aoz byttt 2y 1800 psiel B¢ HF 28HE & Ao 48
A AEZ o8 g8 zaRG FARLESL 22FHE SC-CO: 9 ¥= 1700 L
2A 713 Ben, 60T9 I #XE A& dvix 5&& 23T o uFFEA

o o mo

grokth wEAl o] AR Al o= AE wEY ¢ AFAE FHA &)
60% ©]0.Z tocols AT/} 6¥l AEHE 2000 psi, S0CAA F&3e 23&

3 zAez AR

2) AAF SC-CO; 3% =ZZAJA rice bran oil distillate methyl ester$]
tocols &3

IAEE G423 g4 B9 AHAE F tocol¥Fol &2 Al
28 AHgsate A Fo #3d Aoz AlRHe HALFTE LEI}Y, tocolFF
o) & NEE AEY AW WS A FHEA 2H scum EE distillated
AARAt. ol &3 distillated] tocolsFZ& o 3 - 6% = B H3t o
208] - 40¥1e] L #FL Ve es, AARAES ARG SHAA b
Zd¢ Aoz AsdHe 24dE FFAALE AEHUA rice bran ol
distillate(RBOD)E 982 Al&-3th

2y viRstR|e] ¥WH o E methyl esterd3® rice bran oil distillate
(RBOD)E o]&3td SC-COr 3% =79 2000 psi, S0CAX A AA=
Table 258 Zth. RBODE ZEFAE B-T3E A& 7789 tocols isomert 3
Qo BEH 38 tocolsE a-T9 «-T394H ¥ RBODE o-TS 7
-T37} 22 tocols@r}i. RBODS] total tocols & 31547.1 ug/golYi ol &
methyl ester3l$t o= 295282 pg/gs 1 o] IA ZAAHA ¥gken, RGO
©] methyl ester®] total tocols(19265 wg/g)el ¥]3] RBOD methyl estere ¢ 15
Wl X ¥o} tocolsd] FFE FAYE AT F YN EF AE e =A%
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Table 25. Tocols contents of selected fractions and residual concentrate of rice

bran oil distillate methyl ester extracted by SC-CO: at 2000 psi and 507TC.

CO; Tocopherol Tocotrienol Total

L) o-T B-T 7-T 8§-T a-T3 B-T3 7-T3 &-T3  tocols

Raw " 113110 4810 30178 9%.7 5946.6 - 101515 5430 315471
RBODME ¥ 128270 5133 32947 929 4912.9 - 73924 4951 295282
Fractionl 200 20729 8.0 459.7 163 622.8 - 7913 437 40895
Fraction2 200 25066 98.0 543.7 15.7 720.1 - 927.8 55.4 4867.1
Fraction3 200 31745 1188 678.1 20.2 919.7 - 11444 618 6117.4
Fraction4 300 41842 151.2 8865 161 12135 - 15151 901 8056.5
Fraction5 500 70818 250 14591 412 2010.3 - 24401 9093 141664
Residue 264044 11121 70830 1955 104162 - 164130 11272 615942

U Raw material of rice bran oil distillate produced by Boso oil & fat Co. Ltd.
2 Means(ug/g each fraction) within column followed by the same letter are not significantly different (p<0.05)
9 Methyl ester of rice bran oil distillate prepared with 2% H:SO4 in 99% methanol prior to SC-CO;» extraction



Z| 2 total tocopherol & o] total tocotrienol ¥ ZFH <} oF 89wl =A YEldon
RBOD methyl ester®] 7+ total tocopherol® total tocotrienol®] T 3Fe] A
A A I residues) A& total tocopherol®] total tocotrienolel] H]3}e] <F 1.3u)
A Yebst. SC-CO2 &9 23 RBOD methyl esterd] 53F &I & residue
9] total tocols #Fe] 663927 wg/gE A2d] Egeu AAPY FA9 RGO
methyl esterol A1 9] 56u] Rt ¥ 234 A=H . o4 RBOD methyl esters]
%% E97F RGO methyl ester®2th 2¢td A2 soybean oil distillateZ2FE =
AAl COz & & ©]€F tocols HF A AAZYRA sterolf 9] AAZ tocols FF
< EolnA & AFNAAE £ AP)A = RBOD residued] E°i31E sterol®
waxf 5ol tocols®t F7 AFF EAH o] AR tocols FF FF
ETGE AN Aoz nt ayy 48A Y tocols FFol 423 &1 7t
Hol AESEA AA T3 FAEZ WAL & RBODY 8ozt o=
¥ o SC-CO:Z ©|43% RBODZRHSI tocols ¥5< HlEsrtn A5t

3) I FHEL o839 SC-CO: & ¥ tocols?] ¥F

A" =A(2000 psigt 50T)e SC-CO:E ol & & tocols 5% EFE & 4
de] 9982 Al4H" rice bran oil distillate(RBOD from Boso oil & fats)e] ]l
E}ALe] rice bran oil distillate(RBOD from Rito)3 soybean oil distillate (SOD
from A LA D)ol WA= AESF Yo, 2 AFAE Table 265+ Zvh. Y& (raw)
9] 7%, soybean oilolX ¥ 2] F4EQ SODY 7 $-X% tocopherolTre] A&
H2 tocotrienole] EAE FAY F §ieY} total tocopherold] T
33 =R F 7 849l RBODY A$E total tocols FFHE E
RBOD(Boso)$} RBOD(Rito)e] #%eo] o 2.0d] A=2 & Aol& Jehlie] 4}
T dBME RAEY Al wet A FH F L2 AF tocolsd
7b AA3 O9ES ¢ 4 I 53], RBODRito)] F9+ €9 tocols ¥F
o] o} SC-CO:0l 9% %% &FE RBOD(Boso)ol #AHY ZIE Aot &
A FgFo] 1066008 pg/gl 2 A2 HF Eol AF vF =4 & 71X 3
t U5 #dgArh = tocolsd BF EFE AL rawdl FAE tocols FF
€ #AE methyl ester® AR ZA(2000 psist 50C)3oA SC-CO: ¥F5 &
& 23 N8E BEF ¢ 24 Az 5F ZFAE Yehlo] SC-CO; 5 U
A4S AT 5 A
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Table 26. The changes of tocols contents in raw, methyl ester and concentrate of rice bran oil
distillates and soybean oil distillate obtained from SC—-CO; extraction at 2000 psi and 50T.

(ug/g sample)

Tocopherol Tocotrienol Total
Sample
a-T B8-T y-T é-T a-T3 B-T3 y-T3 6-T3 tocols
Rice bran Raw 113110 4810 3017.8 9.7 5946.6 - 101515 5430 31547.1
oil distillate” RBODME ¥ 128270 5133 32047 929 49129 - 73924 4951 20528.2
Concentrate 264044 11121 70530 1955 10416.2 - 164130 11272 61594.2
Rice bran Raw 15366.1 9807 21730.2 62386 6656.7 - 126682 5576  64198.1
oil distillate? RBODME 163165 950.6 183422 47754 4783.6 - 6961.4 5734 527032
ate
Concentrate 318395 20023 372866 9690.6 9872.0 - 146718 1238.1 106600.8
. Raw 09185 14412 760448 26999.4 - - - - 114403.9
Soybean oil
distillate® SBODME 99809 14613 76683.0 26091.8 - - - - 114216.9
Concentrate 19764.8 18483 158483.8 54375.0 - - - - 234471.8

D Rice bran oil distillate produced by BOSO ocil & fats Oo. Ltd.

? Rice bran oil distillate produced by Rito Inc.

» Soybean oil distillate produced by CJ Corp.

9 Methyl ester of distillate prepared with 2% H:SO4 in 99% methanol prior to SC-CO; extraction



i, 297 0|48 BAE o]8% 57 ALWAPY Be

Rice bran oil distillate(RBOD from Boso)E ¥ &Z tocolsE &F3dtnA AP
A¥E total tocols T} H|TA] total tocols?} 31547.1 we/g °lRNE LE7}
liquid-liquid extractiong ©]-§3% ¥ 204 544860 pg/goIAL HAFE =AdA 9
AL AAYAAE 899407 ug/golN e, SC-CO; HHEL 627214 pg/ge YERIK
. A FF A7 $409 SC-CO: FEZ 1R} $FEL Ax F 2% A

< AFWE T Y ES AASNS tocolsE FFeHAA AT

D 24 tocols FES] AL A9 &uld tocols FF AT

7}) €98 liquid fractionl +& ‘

AAE A9 SC-COz F& F 4ol TFEE A2 AZYAAY g &
g &oid E9E AEstgch &vid RBODY tocols 5F & -20CToA 2447
¢ AANEHen, Aol liquid fractiond] A 89 & Figure 113 Zu}.
&0 80% olAe JelE £vlE hexane, ethanol, acetoned &Folnow,
SC-CO; ¥%Ae raw RBODS 7 %< vh#7tA Z(Table 14) acetonitrile¥
methanol2 40% ¥w|gte] ¥e $£&& Yehidth 53], &0 713 R4
hexane® A3t A& A petroleum ether® 7ZA<$ hexaneol B3] F&o] <
29 71 A veld RBODY 55 E 94 54 A5 w7tz 49 =
Aol ote gl A #ee ¢+ AU

W) Evld liquid fraction®] tocols &% W3}

4rld A& FAAYP ¥ SC-CO: ¥FERBOD residue)®] tocols 3
WslE Bzt A5d g Suje] v 20(X 2:81)=1:20, w/HV)LE 3o dn|
Ad 25U -20ToA 24X 0F¢ S AFKTable 27). <8 &9 F
acetonitrile® AM8-3-& W total tocols ¥Fo] 168551.1 pg/go 2 714 £ ¥ F
g HYoeH, o] RBOD residue (627214 pg/g)Eths 279, RBOD(31547.1 ug
/2)BETHE B3MAE & SOt I thE O EFE methanol2 1390724 pg/gol N
£, o] total tocols ¥ total tocotrienol®] #Fo] EXT acetonitriled]] <j3t
¥& &3+ 28 total tocopherol?] o] total tocotrienol® Tk E}ow o]t
AL rawst O SuiE o]8F EE AIHFTAANE FIHIUY. A
SC-CO: &89 A2 JAAYd 2T §vle & H LY total tocotrienol
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Figure 11. The yield content of sample in the liquid fraction of rice bran
oil distillate concentrate obtained from SC-CO2 extraction at 2000 psi and
50T and crystallization with different solvent at -20TC for 24 hrs
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Table 27. The changes of tocols contents in the liquid fraction of rice bran distillate obtained
from SC-CO2 extraction at 2000 psi and 50TC and then crystallization with different solvents

at —20TC. for 24 hrs

Tocopherol Tocotrienol Total

a-T 8-T r-T 60-T a-T3 B-T3 7r-T3 0 -T3 tocols

Raw 26404.4° 11121 70530 195.5 10416.2 - 16413.0 11272 627214
Acetonitrile 407126 18721 127693 595.1 40354.0 - 65700.0  6548.0 168551.1
Acetone 287647 11279 75007 1409 11607.1 - 182539 11445 67395.2
Ethanol 335035 13927 91286 1335 13004.6 - 213982 7655 78561.1
Hexane 31329.9 12772 8476.2 1475 121169 - 19804.8 5149 731525
Methanol 526235 23019 151897 4558 24835.0 - 408886 27718 139072.4
Petroleumether 323703 13261 87414 1391 12463.9 - 203351 12505 76626.5

Y Residue of rice bran distillate obtained from SC-CO; extraction at 2000 psi and 50C
? Means(ug/g liquid fraction) within column followed by the same letter are not significantly different (p<0.05)



F50°] £33 total tocols FFo] SC-COz HFE] vl ¢ 274 A= =7}
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7} €£%4 liquid fraction &
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o $89 ZA$E -10TS 0CAA raw RBODS 7 $7 RBOD ¥ o)A
2o of 24 JdEREd.
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) %4 liquid fraction®] tocols &% W3}

254 liquid fraction] % &9 tocols ¥%F9 ZI+E Table 28914 &
T ARl du] 49 2z HY9Pd -20C 97t 713 B4 delged,
ol 71 EJE 0CE 718 %€ total tocols FFHS BAFHTE o] 0TAA
A solid fraction2 2 o] = o]ok & sterolF T°| liquid fractiono] 3%
EA5 Qo] FUA2Z tocols FFY AFE AT AP old A
2 -10CTHE & 4 919 tocols o] 140000 pg/gB =) 2XE v -20CT
FE I o8 2EdAE 160000 pg/g ©139 EL tocols FFE JEMAT
kA -20T °lste] 2=/t AL AAY] HFectn gL e 1 F total
tocols &3 VA &S 1 & 9 -20CE AA A

3) 294 tocols FFEY A2AAYPANAY &viu] &2 tocols ¥F &3
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Figure 12. The yield content of sample in the liquid fraction of rice bran
oil distillate concentrate obtained from SC-CO2 extraction at 2000 psi and
50T and crystallization with acetonitrile at different temperature for 24 hrs
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Table 28. The changes of tocols contents in the liquid fraction of rice bran oil
distillate obtained from SC-COz extraction at 2000 psi and 50'C and crystallization
with acetonitrile at different temperature for 24 hrs

Tocopherol Tocotrienol Total

a-T B-T r-T 8-T a-T3 B-T3 7r-T3 8-T3 tocols
Raw "’ 2640447 11121 7053.0 1955 10416.2 - 16413.0  1127.2 62721.4

0T 47412.3 20826 147679 568.3 29551.8 - 472578  2306.3 143947.0 |

-10C 422009 19661 143032 580.5 334652 - 535833  3268.3 1494575
-20C 407126 18721 127693 595.1 40354.0 - 65700.0  6548.0 168551;1
-30C 336179 14108  10997.7 434.6 40918.9 - 661222 75745 161076.6
-40C 280179 1186.1 9613.2 243.4 458527.7 - 700813  7664.8 162334.4

Y Residue of rice bran distillate obtained from SC-CO; extraction at 2000 psi and 50T
? Means(ug/g liquid fraction) within column followed by the same letter are not significantly different (p<0.05)
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Figure 13. The yield content of sample in the liquid fraction of rice bran oil
distillate concentrate obtained from SC-CO2 extraction at 2000 psi and 50C and
crystallization with different ratio of acetonitrile to sample at -20C for 24 hrs
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1) &oju] &8 liquid fraction® tocols ¥ W3}

Agol B¥ acetonitriles] A7t Med AL AW BF oA liquid
fraction] FHE9 tocols ¥FE Table 299 Zt} £uiy L& 23 AL
AdEY 2HAEF Zol &0 7 L AT/ 7HF ¥ tocols FFL Y
e, &0 ¥ acetonitrile 408 F7HTF7F 1589347 pg/g 2 FHF B ¥
Fg JelAdT 7 & tocols F &I 1726637 ug/gE SC-CO; &2
e F5E] 627214 pg/gel % 2898 YEhAAT

o] 3¢} Z#Z Hol RBOD(Boso)E LEBZE liquid-liquid &3, A AW,
SC-COz F2°l A 55 Y P& 23 AL JAYY ¥F 247 7HF ut
FHAY a2y 71 FHY 2oz HAE 55 UH S WA methyl esterd}
¥ RBODE SC-CO:2 2000 psi% 50CHM F&3te] B8 ¥58L JFd o
<, BHAl acetonitrileg 10819] H]& 2 FA7Fst] -20TA 24X B¢ AL IA
HE Y3 Holn. F, o4} Zo] st & RBOD tocols 5FE(172663.7 pg
/g)& raw RBOD(31547.1 pg/g)ol tisir < 554, A2 IAY 952 SC-CO.
T5E(627214 pg/g)°) tiEA < 2.8u1e] FF EHE FAT F YU

HF TFENA tocols FF F7ME Hsd AAHE 5 $HA SC-COz
FE3 AL FAYY 4442 4 2AGH 98 U FFEAE FESF
At ol& Table 26914 & 4 fUKe] Z2 RBODEH Sl Z A=Al wheh
tocols BFel ¢ 201 FEU Holst gsier], 7] RBODY FEel e
SC-COz 2 &% tocols 55 L A2AAd @& HF 5FE9 tocols §F
7t ERAQ RAe FAE F Ao ez B A4Y A 55279 4A
o ASEAY BosoAlel RBOD(raw 31547.1 pg/g)ti4l RitoAle] RBOD(raw
64198.1 pg/g)2 A9 FHLAYEL AFPsHen, 2 ZAE Table 307 Zrh
RitoAl2] RBODS] SC-CO; &0l 93 13 535 E(residue)= 106600.8 pg/go =
BosoAte] RBOD 13 5%2(627214 pg/g)oll vldl 5 &9 tocols TFol 24 A
EINEE € F UNT EF 24 $5 S AT AL AdHe HEAGAAE
BosoAle] RBODS}e] §314 Aol& 2AZ A4 899 acetonitrile B9+ o} e}
22t A& £l methanold] % FIE A nlmsct Aoz Z Lo
W& tocols isomer?] FFo| thi B FL BosoAld] RBODS A9 #AMEH oY
methanol& A}H$-A] acetonitrile® o+ RitoAl RBOD9] tocopherol 5% &7} A
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Table 29. The changes of tocols contents in the liquid fraction of rice bran oil distillate
obtained from SC-CO; extraction at 2000 psi and 50C and crystallization with different
ratio of acetonitrile to sample at —20TC for 24 hrs

Tocopherol Tocotrienol Total

a-T B-T 7-T 8-T a~-T3 B-T3 7-T3 &-T3  tocols
Raw ' 2640447 11121 7053.0 1955 104162 - 164130 11272 627214
5% 283843 13254 107111 5095 416165 - 736760 82089 1644317
10 346673 18028 124997 5225 419275 - 737393 75046  172663.7
20 407126 18721 127693  595.1 40354.0 - 657000 65480  168551.1
30 420167 21414 133956 5686 36084.5 - 622037 55184 1619289
40 446420 22227 13847 6443 34250.1 - 580183 53026  158934.7

D Residue of rice bran distillate obtained from SC-CO; extraction at 2000 psi and 50T
2 Means(ze/g liquid fraction) within column followed by the same letter are not significantly different (p<0.05)
 Ratio of acetonitrile to sample(mL/g)
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Table 30. The changes of tocols contents in the Ligquid fraction of rice bran oil distillate

II(Rito Inc) obtained from SC-CO: extraction at 2000 psi and 50T and

crystallization with optimal two solvents at -20C for 24hrs

Tocopherol

: Tocotrienol Total
Solvent Sample - ;

a-T B-T 7 -T &-T a-T3 B-T3 7-T3 ¢6-T3 tocols

RBODRaw"” 153661 980.7 217302 62386 66567 - 126682 5576  64198.1

Acetonitrile Residue” 318395 20023 372866 9690.6 08720 - 146718 1238.1 106600.8

Concentrate” 495235 33253 639786 218333 439538 - 689940 69204 2585289

RBODRaw ~ 153661 9807 217302 62386 6656.7 - 126682 5576 641981

Methanol Residue 318395 20023 372866 9690.6 98720 - 14671.8 12381 106600.8

Concentrate 698434 46364 871116 282983 = 272565 - 426386 18511 2616359

D Rice bran oil distillate produced by Rito Inc.

? Residue of rice bran oil distillate obtained from SC-CO; extraction at 2000 psi and 50C
9 Concentrate of rice bran distillate obtained from SC-CO; extraction at 2000 psi and 50°C and then crystallization with

methanol and acetonitrile at -20C for 24hrs
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Figure 14. Chromatogram of high concentrate tocol(25%) obtained from rice bran oil
distillate I by SC-CO: and solvent crystallization method.
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Figure 15. Prep-LC chromatogram of high tocol concentrate
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Figure 16. Chromatogram of fraction I separated by prep-LC
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