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SUMMARY

I. Title

Varietal and environmental variations of tocopherol and tocotrienol content in rice

bran and development of bran-based functional foodstuff

II. Objectives and Significance

Rice is the most important crop in Korea and its annual production of 5.2 million
ton is followed by over 0.5 million ton of bran as by-products of milling process.
Although rice bran contains various nutraceutical and pharmaceutical compounds
such as dietary fiber, vitamin E, oryzanol, phytosterols, etc., rice brans are rarely
utilized as functional food sources in Korea. Vitamin E is a generic term
comprising 8 isomers: d-, fi-, ¥- and &- tocopherols and tocotrienols. Not only
tocopherols but also tocotrienols are well known for their antioxidant,
anticarcinogenic, cholesterol-lowering, and cardioprotective effects. Based upon
such distinctive pharmaceutical effectiveness, tocotrienols extracted from rice bran
oil or palm oil are widely used as a source for functional foodstuff, drink,
cosmetics, etc. in developed countries. Korean has a long history of rice
cultivation and consequently furnished with wide spectrum of genetic resources
of rice plants. Recently increasing number of modernized RPCs for milling
process also provides favorable conditions for easy, stable and large-scale
collection of rice brans. The major objectives of this report are (1) understanding
of genetic and environmental variations in tocopherol and tocotrienol contents in
bran of Korean rice varieties cultivated, stored, and milled under different
conditions, (2) development of rice bran-based functional foodstuff by establishing
optimal extraction and purification conditions to concentrate tocopherols and
tocotrienols from rice bran and is application into pilot-scale production of final

products, (3) verification of pharmaceutical effects such as antioxidative,



anticarcinogenic, cholesterol-lowering and other various beneficial effects of the
final products extracted from rice bran, as well as evaluation of oral toxicity of
the final products, and (4) development of nondestructive and rapid analysis
methods by using an NIRS to quantify tocopherol and tocotrienol contents in rice
bran, crude oil, and final products aiming at efficient quality control system

development related with functional foodstuff production from rice bran.

ITI. Major Results and Recommendation

1. Analysis of tocopherol (T) and tocotrienol (T3) content in bran of 18 popular
Korean rice varieties showed average 1114 mg kgf1 and 280.3 mg/kgfl,
respectively and the ascending of each 8 vit E isomers was &6-T <[-T3<p-T<i
“T3<¥-T<a-T<a-T3<¥-T3 The same rice varieties cultivated at different
locations exhibited different level of bran tocopherol and tocotrienol content.
Increasing amount of total nitrogen fertilizer application increased tocopherol
content, while no changes in tocotrienol could be observed. Storing harvested rice
at room temperature significantly decreased rice bran tocopherol. Rice bran and
white rice showed highest vit E contents when milled by 6.4 to 9% and 4%,
respectively. Soybeans and barley rarely exhibited variety—dependent variations,
while corn showed wide variations according to varieties. Kidney bean,
evening-promise, sunflower, and perilla seeds contained no tocotrienol, while
safflower, adlay, iris, and purple perilla showed tocotrienols in seeds.

2. As the most practical method to concentrate tocopherol and tocotrienol from rice
bran, hexane-extracted crude oil was most efficient as a starting material and
EtOH was the most alternative solvent. Storing hexane-extracted crude oil at 4C
and subsequent removing sediments greatly enhanced the efficiency of vit E
isolation. Adding 3% ascorbic acid, 5% NaOH, and 200% EtOH relative crude oil
weight and subsequent saponification at 80C for 18 min was most practical to
collect unsaponifiable matters from crude oil, Subsequent cooling at -20C and
centrifugation effectively enhanced purity of final products. The powdered formula

of final products were made by mixing liquid final products with SiO: plus



ascorbic acids, and 500 mg of powdered products were further filled into a
capsule for PTP packing.

. The pharmaceutical function of liquid final products were evaluated. Distictive
antioxidative effects with enhanced SOD and GPX activity could be observed.
The IC50 of final products against liver cancer, HepG2 cells were 149 mg mL
indicating anticancer activity of final products. By animal feeding tests, reduction
in blood triglycerol, LDL as well as enhanced HDL concentration could be
observed. Blood aspartate transaminase, alanine transaminase, alkaline
phosphatase, lactate dehydrogenase were decreased by final products, which
indicated the effectiveness of final products in protection of brain and liver
tissues. In contrast to these beneficial effects, the final products did not induce
any toxicity signs in mortality, incidence of clinical signs, body weight, etc.
after a single oral administration, which proved safety of the final products.

. Non-destructive and rapid determination of tocopherol and tocotrienol contents
in both source materials and final products were developed by using an NIRS
system. Statistically significant determination coefficients (R» over 0.95 could
be obtained in regression equations relating NIRS spectrum and tocopherol,
tocotrienol, and total vit E contents in rice bran, crude oil, brown rice, and
final products. These results proved the practicality of adopting NIRS in
quality control system.

. The final products of this report containing tocopherols and tocotrienols from
rice bran showed distinctive pharmaceutical activities without any toxic effects.
Although sample products in powder form filled in a capsule were prepared in
this report, the liquid form final products can be widely used as excellent
source materials for functional food stuffs in various forms such as drink,
pellet, soft gel capsule, etc. Further researches and efforts to develop various
products in different formula for many purposes as well as commercialization

of such products seem to be required.
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b)), 165 kg (15840 28] HAa FAIET(0 kg)ol 45
2 At Aty ZelnlgE 10 ad 45 kg¥t 5.7 kg FELE AE oy
A& Fav 55 50(718])-20E L u])-30(FH)%, ArtvsE A 7)), Ze
RS 70(71HD-0( L H)-30(F1)% Ml &= A&ttt AAAEE 3014 cm
(M’ 238F)o1th. B A8 AAF AFdzAe e nEY FFo%la, 7]

/\E 1—4 o H
B Auge g e A7 EEAs1e Rl Fadt,

N
o

AR A7=sd7ed tﬁ A A A 2002358 2003 270l A A 43

< S o4 59 200 TH (BELE)R AHAE
5% & AT A S 10a A Al TRl 7]H]

50% (5.5 kg/lOa)Q‘r =

30% (3.3 kg/10a, %), 15% (1.65 kg/10a) B H] 5"’\]% T 3FwoR, FH] A

A7 = A 2B (FF), =5 4 3BY 3 =5 A 154

14k ZejHl s 10aT 45 kg¥t 5.7 kgs A&

A 7], Zeul g 70(718)-30(571)% Ml &= A&tk 7

e B EEAr1ed TEAEe] Faglon AYuAE diy

e &

e
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HoA]d

R

flo

2001 B7=Ed7lsd SpEAIFEAA AAAY 30x14 cm, AH]F
N-P205-K20=11-45-5.7 kg/10a, 52 20 |
Fo Aol Rygh Wl 15T A2A7Fae AFs b
20704, 32709 = Al7lel dAw 24 §F v 8%E
PE Z25°l Yol AAart~E FXIg & 80T Wsile] Hastn FAAEE AL
39tk 1729 tocopherol, tocotrienol % vitamin E A HH S 2 WA ¥F

A gyel e Faskar,

e
2
o
o2
ofs
o
£
)
=
{ r—OL
o
o
T
il
4
dot
ol
r>~

ol ol

i op

AL =R L w2 179 tocotrienol ¥ tocopherol 33

Ao AbgE HE 20039 59 209 AVIEEHVIEY s AlF XA AR
N-P:05-Ko0 = 11-4.5-5.7 kg/10a, A2 A2l 30x14 cmZ o] %3sle] Aujst H=Z 77|
Lo A HEm 2 AwiE L = FAEW, dFEH 2 A7t ¢F Park et al.(2003)¢]
Ao A tocotrienol ol 7HE E=dW HuaAdRl tH § 4FFE FF A
ate] YAy A7) (FC2K, Otake, Japan)& o]&3to] w2 ZA § 40, 64,
8.0, 96, 12.0% (w/w) b5T2oZ AlgE 423 TAH7] (MC-90A, Toyo, Japan)E ©|
g3t 7 =& HE =Aste] Aakd mAdd A (FAH)S 1F 248 PEIE

a2 FX % 80T WEae Ryt B4 Mg ALgstd

B H

of ¥ A

o} B 71X & ZF249¢] tocotrienol# tocopherol 3

e
r2
-
2
>,
o
e
ol
3y
el
ol
s
AC)
NN
il
o
.
AC)
K
o)
ol
ol
r§
ul
ool
o
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Z}. Tocopherol 2 tocotrienold EF £24] Hj

Al&® 05 g& 50 m¢ G Re#ol # 3ol ascorbic acid 0.1 g3} ethanol 5 mE 7}3}
3 80CY g2FxolA 107 A" $F 80% KOHE 0.15 mE 7Fske] 80T ol A
1027+ saponifications A A8+ 3 jce batholl &7 A&£3 Wzkstdoh =F54 5 nl
¢} hexane 5 mE 7tstol & &3 F A2t hexaned S 100 ml o] 7
Aot om hexane 5 mA 23] o FEAYS WHEEte] EHofFo] Pk o
hexane Tl T/ 5 mE 713te] 33 A8l 1 hexaned S NaSOs2 &A1
T AL V2R FESYE o] FF HAES 1 ml isooctaneZ E3F5te] 0.2 ym
nylon syringe filter2 <] 3}3F A& HPLC EA4A82 8FF2 oA E&2 E43A
i, 715 % tocotrienol®] ¥ (T3)3 tocopherol?] ¥ (T) % % vitamin E &% (Vi)
o7 YelAdrk. Tocopherol ¥ tocotrienol ¥41< $3 HPLC (Sykam, S1101,
Germany) Z7<& tsS3 #Ztu}; #A™: Zorbax Silica (46 x 250 mm), AE7]:
Fluorescence detector (excitation 290nm, emission 330nm), ©5% 87 iscoctane/ethyl
acetate/acetic acid/2.2-di-methoxypropane = 985 @ 0.7 : 0.7 : 0.1, |54 & < 16
m¢/min, A& FY = 20 ul. tocotrienol™} tocopherol®

AES AMEEAT FTF=FY pilot scaleolAd] Dozl HEMAES  HPLC
chromatogram< Fig. 13 2o}l 2z Alg& 33 wt& B2Xau 1 ZA3E SAS

program o 2 FAA 2 A

F3& MerckAHGermany)

ol

2. 17} % tocotrienol®] F&, ®&, A 7l € AFF & ML

AT 3 A% ARt Felg9 (HAR@vIZRE @vg 4ag )

7, pellet @ hexane® 2 FE % crude oil 5& #AE &4 wol AFEEIT]
7h, 92 AAF 92 & &vd vit E & &8 ¥
(1) w7} pellet, crude oil 5 989 W& F£238&

Tocopherol % tocotrienol & &-& WA fFEld v AR 7MY E Lolr
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aT-r aT3 A
gT3
| bT gT bT3 I.l dT dT3
| 1
bl [\
"y Y L . 4 e o, -
aT | aT3 B
gT3
| bT ¢T bT3 I dT dr3
|
| ‘ \
_-'ﬁl ! l_| 1 '::1.1_\_ _ |I I'. g e

Fig. 1. Typical HPLC chromatogram of tocopherol and tocotrienol isomers in
authentic standard (A) and diluted final product (B). The concentration of
each isomers in ascending order of its retention time are as following: in case
of authentic standard (A), o-T, 200 ppm; a-T3, 200 ppm; BF-T, 14 ppm; ¥~ T,
14 ppm; B-T3, 14 ppm; ¥-T3, 200 ppm; &-T, 14 ppm, &-T3 14 ppm. in case
of final product (B): a-T, 244 ppm; a-T3, 293 ppm; B-T, 13 ppm; ¥-T, 30
ppm; B-T3, 3 ppm; ¥-T3, 336 ppm; &-T, 0.9 ppm, 6-T3, 6.0 ppm.
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7l Yal 952 AFE 7hsdt An A, pellet, crude oil 2tz 05 g¥ S 7]
Hell F3te] HPLCE wAste] 1 &S H st

e
ME

x
o

(2) & 812 FE2¢&

w7+ o 2 BB tocopherol % tocotrienol FES 93 HZA &9 AAHE 9ste] 7
7 pellet 10 g petroleum ether, ethyl ether, acetone, heptane, hexane, isopropyl
alcohol & 672 &vl 100 mLE 92 250 mL flaskel ¥ 60C9 ohra&5=x

oAlA 4A[7HEet dFryzetds FEEAY FE F A odd 895 35 - 40T

o] FqLFxoA FF3tal, o|A& hexane 5 mLol| Fo, 1% 250 wWE FH: 7]
A W] Alg 2 ALE3te] HPLCZ #4391t E3F hexane, isopropyl alcohol,

EtOH 371¢] &vid = v 98 12 g& &vf 20 mLoll ¥ 80C water bathol 4
b 3%, o3} F AFEHea, FF FE EOH 50 mLe 7Hake]

=
=
Hurel g5 B4 W] wlgl tocopherol 2 tocotrienol A % 418 431319t}

(3) EtOH #Z crude oil A& 4

1A BE vit EY %% A hexaned &2 o]&3t+= ART EtOHE &9z
FE5 7% tocopherole] &3t BEHIEY FEE 0] TSty E4-Eo] ¥
= 3L (Shin et al, 1996)o] 7]1%3%}e] EtOH 18 L= 60 L pilote]l ¥ % pellet

S
10 kg& F7kste] 80TolA 1XFES 5% EtOHS <7 A7t EtOH +%

crude oil& A %3t}

(4) B F& A &28& 37}

7tE F& 34 glo] Ao A tocopherol ¥ tocotrienol FEHA] E&¢ WIS Hr}
3}7] $18te] m 7 pellet 10 g& hexane, isopropyl alcohol % 6% ¢ &w 100 mL

of Yy dFryE sd2 US Aus F A2 105 - 110 rpm &2 shaking 3}

AIZE, AAZE 12X 3Y, 24413 5 A3 AIRPEE 10 mLY ARE A S
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Afe A7 AFe mE vit E &% HeE SAHZA A4 FF crude oilS 4T,
C E

20ColA 6Lt A & A8E AFASAT 2 APLS vit E &3 ®¥g 9 &
T2 YA oAgHE Adstr] Yt pilot scale®Z TS & FF pilot &% 2
A W met BASE FES TS

(6) L2(B0T) =AM A+ BAA FAF vit E g3 A3

TA Y989 crude oil ©] FA7ZF 1L 2AAA AZE A 95F vit E g

W3l oS 2AEY] Y3t 50 mL tubedl hexane FZ crude oilS il
¥ Uz g de s & 50T d=7] (incubator)ol 60Y3F L2A2E 3%
o AlEE 0, 6, 20, 30 day B2 FHolo] AR & FANE FHsleo] B RaA

o] F A Wy F3ke vit E §%F £4S s

1
ut
=

ol

(7) B B2 WA A TAs= & -3t A4 vit E FF vl

w75 Zf FAANA AAE crude ol AASZ AX7] A AEERN A2 B

B) 97 Y & A vit E & &€& ¥
TA AF9l crude oil B A AAHEHE IHES 8422 AASLAF crude oil
S 20T Yool 197, 52 4T WAxdddA 15697 23 & o]& 7
PN
T

4C
Srelabsle] 1 olwel e ARE vit B B4

9) 97 FFAY A Aoy FF £F HEo BE vit E & W
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IE FHIA ddske] v &S 1.0 (), 12, 1k
4CoAA 24A3F B3 F A st HA

A At AAZ crude oile 71EH ¥l

—_

M

. Tocopherol 2 tocotrienol £& #HZA 3 E $ ¢ saponification &7 E X
(1) 98 vv] EtOH ¥ & W& vitE & 38 Hn

H =3t 9§ 5 H7HE = EtOHS 3571 o8 9] Al A &S SA7I=
3 golow F&3rh n 7o ZHE tocopherol 2 tocotrienol FEA 7}e %
°] EtOHE #7igtozx AAds a4 434 7% 3 pilot &4 €
7 EtOHHS ©28le] vit E % &8 vusgrh 24g4 5 A3 42
crude oil 2 g, 3 g, 4 g, 5 g°l EtOH 6 mLE 3 7}3F9] crude oil : EtOH 4-3] H]
o] Z}z} 2:6, 3:6, 4:6, 5:6°] H == A}, pilot TR 2 A= crude oil 1
kgell EtOH 12, 15, 18 Le] 355 H7hste] wbes dstar 3 da}p fdofzl A
TANNES] vit E 35S H7hsksith

2o b N
ool fo

Mo

lle}

El

(2) Vit C #7}dl 9% vit E & &£& ¥

7}t crude oilZ HH vit E F& I3RS vit B9 43S WA &17] 9 &te] A3k A
A2l vit C (ascorbic acid = H H7MEE vit C #FwFo] tocopherol 2
tocotrienol®] 3 &l WX = 9GS HrlaA v} pellet 5 g& YEE 0, 1, 25,

5,10 g2 7hste] EF #4] wo)

Ll
T

(3) KOH A 71%d M8 F£5¢&

Saponification Ao A H7tE = 44% KOH Ho] tocopherol ¥ tocotrienold 3]
S0 nXE JgFS H71E7] 935+ crude oil 5 g, EtOH 50 mL<} ascorbic acid 1
g< F7F3F % saponification #A oA el KOH H71=#S 0, 1, 2, 3, 4, 5 mL&E Z}Z}

gejste] g Al F EE A Pl wet vic B 8582 Bhsheo,
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(4) Re-saponificationo] W& F&3&& 74 H7}

Saponification 2710 W} FFEo] HEHE LA T, oo AAH IFE
S U8 2 71E B4 v S84 re-saponification 39S W B]ElR] E9| 3|4¢&
S H7F=Z A pellet 5, 10, 30 g3 crude oil 5 g, 10 g, 15 g 5 F& 48Z Zg 3}

=

50 mL EtOH, KOH 15 mLE 7}38te] 80TolA 1%} saponifications 433} A3
A ZFES A 9852 5o gA9 A 22 re-saponifications 43

ta, HF Qg g9 vit B2 2483

o

() 95FF KOHF H71F EF vl&d B vit E & & W3

Saponification &7 oA Ae]3t crude ol KOHZE2 Z=go] vit E 3]0l 7
A= e Lot 7] fste] 289 A HAM F5te] 08 g, 16 g, 24 g, 32 g
© 2 crude oil ¥ W3I=E Fu, 7 oll FEEE KOHE 04 mL, 06 mL, 1.0 mL,
12 mLE #7}38}9] saponifications 8ste] 7] &4 W F3to] HPLCE #

A3t olwl YE crude oil2 hexane F% crude oil¥} EtOH FZ% crude oil&

A R A
(6) Saponification A|7F 2 2% ZHAd & FE25& W3
Saponification AN =9 A7 A4S

_]

tocotrienol®] 3]4&S HlWFAA 2891 2

423st99S F99 tocopherol H
& W
RS = T i=]
o] AFolgt saponification &% S Fofsta, 7} SRR 4% 8%, 124, 164,

208 7¢ saponifications 43 8153 ot

=

(7) Saponification 3 5 KOH ¢ NaOH9 vit E & && ¥

714 saponification I3 F H7lE = KOHS 71Zo] A #H3 NaOHZ tiA e 2 ¢
vit E % 38& vuzx 55 B4 Wi £351%, KOH # NaOHE T34

i S
Aghel vrs wee FANT vit B H5%E wa B7e

=
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2 HF AAEY ¢AAY H7L
(1) Bold & =HAAY HF AAES AP B

Tocopherol ¥ tocotrienole AF3} EZ 2 AtAo &4 #Fd uzt 7 3P =7}
Zeolatth. B AdddA dojAl= HFAAE 4 ? S
AAE S 1:109] H] & =2 isooctane]| £33 & 95T x4 14 mL/min® %
o2 0%, 2%, 8%, 21% (H 4 balance) & “deolgt AtAF® °

H 4AZFEQF 92 F 53 £ tocopherol ¥ tocotrienold] S =AEHH T
(2) HF AAE € AAHALES HU}
HF ANE E HHAAS HIlstaA HF AALE 1 mLE 15 mL vialdl o ¥

1
S Adsta, 95Ce] g2FxoA T £ vit E Y
S 98t 4, 8 12, 24413 & 7lE-3te] isooctaned] 3|A g

oft
ot
k7
1
k)
o
}op
©
frt
W

4% Axzel BE Hag NG wE SUE ARIA HE ANEL W7

2l &f-9F isooctane, hexane 5 7] &uwlel 1:19 H|&E=E
E3t8tar 2 mLe] vialel deol "Waet F IFuE foil2 A 24 AIZEESE 95T 9]
FeFze] By $ vit E §ES 3Uiednh BE R AMSH A& A

oln] AA =] tocopherol ¥ tocotrienole] H-E o] glEnl, HEAAE ] &3 o]

[}
Aol FFe ZAstel B AP At Aol deratart,

ul, HZAHAE 3 squalene L phytosterol 3 £

2 Ao Ao HFTAMES AR FEE EHSGEEZAN HHS= vit E
A& o]9lo] 2 EA sterol B squalene 5°] dFEHo] A=H, o5 HFTAMNE]
tocopherol ¥ tocotrienol &% FHAAE T Aot WQle] HI|E AT, dF
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cholesterol Aat B uAdZF 7fd 5 7ol v

ow #AujHa = VA EHol7E stk wEpbA 2 Al
o] &-f% [i-sitosterol, ergosterol % phytosterol® squalene 59 &g H7l=
2k vit E &% A4S 918t HPLC 949 Als9t 543 N85 GCE AHE3td
A9 GC 4 2712 2% GC: CP 3800 (Varian), column (CP-SIL 8 CB, 25
m, 0.25 mm), oven temperature program: 220C (for 10 min) - 10C/min - 320TC

il

(for 10 min), injector temperature: 320C, detector (FID) temperature: 320TC,
injection volume: 1 ulL, split ratio: 10:1, carrier: He, flow rate: 1.0 mL min ' 5¢]

AL, olw 7t A EH] FFFL SigmaclA T8t A EA ] AFEEA
v, & 9 %Z24& pilot system A%

(1) system 74, FE25571(5F=), 4271 2 &7

(2) FEFZ7] AY FE/5F % 0L, FF 2% ¥ 30°C - 120°C, A3 =
60 mm Hg, &"3]¢Fx &2 20 L, A1 2: SUS 304 (W4 Teflon coating)

(3) WY7Z7](cooling condenser) A, A& pyrex, ¢l% =7]: 1,200 x 1,000 mm, W}
5 ZdA @100 mm x 10 m.

(4) Wk 2387 (mixer); HFEE: 50 L, Fel: 9¥4x, WY coating: teflon,

stirrer : Digital rpm %4 #2] impeller A &: SUS 304 + teflon coating.

(5) 7171 8% 3 AR (Fig. )

(6) ¥ pilot scale #AH (F& % 55 W)

Pilot FEANAY B+ F& UHL dHF 18 ke 200 g9 ascorbic acid®t EtOH 18

Lﬂ‘ &3S 80TolA 187 WESAIZ % 44% KOH 600 mLE ¥ 31 80TCelA 18

K
3, Wrgo] FRE &
o

i3]

[\
Y
K

\1
[
17]
Q)
ko)
O
=]
=.
=
o
Q
—
.
o
IS
rU (o3
+
o2,
ol
-
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Stirring tank

Solvent
collect

From H
extractor

Extraction
tank

Vertical
stand

Fig. 2 Simplified diagram and picture of pilot system used in this experiment. A:
diagram for extractor/evaporator, B: diagram of cooling condenser, C:
picture of extractor/evaporator, D: picture of cooling condenser, E: whole

pilot system.
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(7) NAE AZE A% JFTAAE A=

AAE AZelE tFe HF AiEo] 2% wh old 3 Y985 v
pilot 775 A3 A3 35 ANES 5 Foto] ol &tk 12y 7 pilot Tt
ol AREe] va Aol =3 Sl F38E nf, pE RV =9d FF5 24

< g3 2o 9852+ hexane 7% crude oil 15 kgs AF&314 3, EtOH 18 L,
ascorbic acid 200 g, KOH (44%) 900 mL S°o] H7lEgen, vF3F 94 80T
18%&3F "”\]O}Oﬂ‘jr Wzbd wkg el 4k 18 L& 23] 96t 13] 24155 31t
—20C ol 24X 3F A2 A F A
ks A A g

ko3
\=3 h T
A2 A 2 G4 d ¥ EtOHS A=, A7 ste] ASAMES A0

d

|

2 AR 4R olE ol&ste EE FHY AFS A
SiOx(F7 &) 16 g F 2FshX] & ascorbic acid
% fr8S ol8ste] EFste] bulk powders AAFeEHAA
Aozl bulk powderE 60C Z7olA 244 7HE¢t g Azsle] FES AAZ
T FES ol&ste] A ZASA. ZAlE power A G| AFL capsule
X 13t 05 capsule (2FA-&)9l capsule ¥ powder #|% 500 mgo| 3% %=
2 % capsule A7 2 2381, o]E thA] PTPEA7IE 1 I3 107] capsule©]
o

< TP

6.

o
o
2o

k1
S
-
—
M
B
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3. NIRSE o4& FU4 += Avl, 0F 2 uF 53 IFYLE ¢

tocotrienol A& o] ¥4 7|& M
7 AdAs 2 AT

FAARE AR E0) QDAL 200195 EE ANHG 252

TH 7IAolY, AMAAZ: 30 x 14 cm, NPK:11-4.5-5.7 kg/10a)o.= Aikd Al
AA(EAFA o, FRATA FY, fAv SAF, AANE b, B
2

H

B1%, Y7t x AEY7F wafEl bvh, dEA aFEN 9l 8] 7t

85%7 HEE EAW AL
el AAF(EZELAE FHN)O A% % FL Bl Astel £AF g
o pilot TF=e] AulelA] vjeko .

g olgate % BAL st
boEZ g A R ueE E g3 24

3 A% 2 BelY E (tocotrienol, tocopherol)®] sF#kg Attt A
Whelak o AW S 2839 ethyl ether® "7} 10 g 16A7 & & 105°C &
Az71e A 2412 AxE=AZ v st o A4S 39kE Ji A=

=
o ol#@A FEE vFHE A SE NIRS spectrumS 2Hd 8F 1t

NIRSE ol&3 AZFEA W2 WA =89 4959 NIR spectrums 92
Z AP fE8todof gtk NIRS spectrum < 7FA3A 2 22 QA )9 (400 -
2,500 nm)ell A &w|, ma v dEE 2sidet e, A g | BlERl E
R EFds EsEdd s A S vlal EA6te] A S A E]r Ao o]
4% 7171 NIRSystem model 6500 (Foss NIRSystems)©] 1t} NIRSE o] &3 A
R e Wx 31" FAAYEY NIR spectrume 98 & AxEAS §%

stk ARFA L 4 spectrume 47HA] A E] WS Fste] 13 H 22 noises}
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biasE =%t F3 8 (math treatment)= 1AW EHE o83 1, 4, 4, 1(1st
derivative, 4 nm gap, 4 points smooth, and 1 pont second smooth) 27, 1, 10, 10,
1 2213 23 #liS o] &3 2,4, 4 1 1 2 2,10, 10, 1 215 AM&SArh
A spectrume 3] FEAES Fste] AEFAES AR IAEA LS Step up,
Step wise, 2822 MPLS (Modified Partial Least Squares)H S AF&3}o] ZH#2&
ArEstR o) AE HEFAS A4S v FA43 F AAY RS =

[o
MN'
2L
2
_E

2. ¥ElY E &4

ol
oL
32
i)

Tocopherol ¥ tocotrienol &S B w Aol & AW H F3le] A
4. FUAL FEAA F23 JFAAEY AHEH £ =4 B

7t HF RAAEY F4sg Bt

1) Cell culture

°17F skin fibroblast (Dempsy)®} hepatocarcinoma (SNU-182)5 Z+ZF 10%9
bovine fetal serum, 1 mM glutamine, 100 unit/ml penicillin, 100 ug/ml
streptomycin®] 5% RMPI 1640 s Aol A 5% CO.S FA3tH 37°ColA v
Z(monolayer) & HH sttt Wl %3E= B¢k confluencyE 7] $15ke] A& 10 cm
culture plate & 5 x 10° - 1 x 10° AEFZ FA8H o) 46A17F v FolS ﬂﬁﬁ}
At 53], fibroblasts MlYEF A2 & v AEe WEE w98t 5 x 10°
o & WA & oA APE Stk Subcultured flste] FiEs] Ak Al
o] wFA S AASE 025% trypsin, 0.02% EDTA &S 37ColA 3 - 58 A
Aglste] AE2E FFAZ F Fds Ho] dAEYVE ot AEE A

o AR AEe] oAl v S A I @il culture dishel 53t oF 5 x
10° AE579] culture plates] 2 & AAHE Fu Azste] AT

Wepsta theat 2e old b WWom HAFYNEe] By /52 B

1

AUy

A
_J‘/\g)\

2) s 2454
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HE=AAE] &3t 3= DPPH (1,1-diphenyl-2-picrylhydrazy) S 7] @& o] &
& radical scavenging 4% 4o =N Aatlth Methanolz & HFA
eSS o FER 8Aska 15 x 10-4 M DPPHSF 54 W& & 413 H835o
o 323t AetA EFAZITE EFAE 25CollA] 2087 FHEAIZ]AL 520 nme] I
ol FFAE A3l Radical scavenging %‘("é% EgFx e AR e,
o2 FAEH
Radical scavenging activity (%) = {(ODcontrol - ODsample)/ODcontrol} x 100

T3 FHEE 50% FAaTle dAks A & EC500] 2t A8kt

3) FAis 5484 A

H G Aol ofe] TR HFAMES AP st 601 REEAIZL &

2 E3lo] A EE 4833 phosphate-buffered saline (PBS)E o] & % lysis
buffer (20 mM Tris, pH 8.0, 0.5 mM EDTA, 0.2 M sucrose)Z°l 4] sonication® &=
g sklet 15000 rpmell A 30E7F A4l elstel @l FEES A kst #
d gagdds S48

trypsin*] 2

7}) Superoxide dismutase (SOD) assay

SOD &4 nitroblue tetrazolium (NBT) WH & o] &35t NBTE At &4 A
FEAMo R gher o] 560 nmellA FEES H™ SODE o] whES A gt &4 v
< buffer (50 mM sodium phosphate (pH 7.8), 3 mM xanthine, 0.75 mM NBT, 3
mM EDTA)| 50 ul®] AM¥FEES H7Fst2 0.1 mg/ml® xanthine oxidaseE #
7heto] Aol A 303 A Y 6 mM CuCls ol W8S TZEAI7]| 94F
gato] FFAE 560 nme| g FHEE SAHsEATH

) Glutathione peroxidase (GPX) assay

&4 HkE buffer (100 mM phosphate, pH7.0, 1 mM EDTA, 10 mM glutathione, 1
mM NaNs, 1 unit glutathione reductase, 1.5 mM NADPH)o| 0.1 mle] A¥ FE&
& 2l 37ColM 1087 wHeAIZITh g F 1 mM H0.5 H7bsle] 340 nmel ¥

_‘?‘_
P52 ¢lo] NADPH oxidationg =434 th]



4) Two dimensional gel electrophoresis (2-D A 7|49 %)

ZZANE o o3 AE e vl dE o] oS FAEY] 93te] 2-D A7)
¢1 7+ fibroblast cell & H %&}H A

AdES AAEIY AEF 10 mme] culture dishol]l <!
ofg] ke HFTHAES Aelste]l 4 AP wjgstal trypsin A g E F8ke] Al
e Fosdth daEe 2 Jddd AxE PBSE AolFal 250 ul®] Rehydration

buffer (8 M urea, 0.5% CHAPS, 10 mM DTT, 0.2% bio-lyte pH 3 - 10, 0.001%
bromophenol blue)ell o] A sonication®.® A EE syt PA R st A= AS
A=t 11 em®] IPG strips o] &3Fo] 8000 Vo] H¢to = 54352 PROTEAN
IEF Cell (Bio-Rad)oll A isoelectric focusingS A A3}t Second dimension
(SDS-PAGE)E 3} isoelectric focusingdt strip2 equilibration buffer (6 M
urea, 2% SDS, 0.375 M Tris, pH 8.8, 20% glycerol, 130 mM iodoacetamide)= 15
E7F Wkg A1 7131 125% SDS-polyacrylamide gel A7]9 %S AAs At A7]9%
Sl gele XU} vkl whulz W okdS BASHY] 91319 silver staining ez A
ST

U HF AAEY I H7L

U WGl A FER ATALT FP)O G4 BAE S8k MTT assaye
et gol @y

of. ZHEAIEQ] HepG2 cells(l 10" cells/wel)E  96-wells
plated] seedingd}i thgd A& &9 (15, 75, 150, 300, 600 pg/ml)o] 3H-F¥ RPMI
A 100 plE A skt CO, incubatorol A 24417F vi<Fslk oS A4 3 vl =« (200
uDE 2 gatir MTTAISF (1 mg/ml soln) 50 ulE Aelstdvh 417 Fol A&
A A3 DMSO 150 plE ¥o] AAH formazang £33t ELISA reader 540 nm
NN FAEE SAHSATH

o HF AAEY IAEFT A 2 B}
D AETE 2 AS
= Aol AHgE HAdE=S 35" 3 BAL B/C U}Oii ARG HSAl

7171 $skef 253t
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Efso A Aatyl JrEFHPH ] SAM #31 FHALEE AFESIAT v ALSS
AR Ao AN 22 24TE AASA FA &t

2) #o] 5o

AAE HATAMES G55 HAAS7] 9ste] basal diet (BD), cholesterol diet
(CHD), tocopherol diet (TPD), ZHZEAAFE diet (TED)Y 41522 YFAoHy,
TANE 252 U 4 a5 o AEdtete] (TED-1 - TED-4) $=® Fol& &
Ak AlEstE RE S5 22 Hrbed wjdstslth. BDw > ek #31 Abs s}
FA AFHGES o, FATES BE B T EEE 30Y
e A 13 A FoE st AR B2 A AFHSHES skith. Tocopherol
I HEAAE = cholesterold} triacylglycerole] Fxo] that J3FS BE3E}7)
TEDT -2 cholesterolS 7 Folslglow, CHDTol Tt 54
FEE ol &3t3ith (Table 1). ®3, BDIS Add e & WA
AA FoJFs dASA FA3A Y. Tocopherol 1,013 TU/ge] F%
Sigma A% (T-1539)% o]&3t o, cholesterol< AAE v ZdHol 267 mg/ml<]
Thg Fo AREsiith 2 Al AFSE HFTAAES 2dA Aol %7] pilot

A A|E O 7 tocotrienol TFS HPLC A A3 thih e 14000 ppme] Tt
3) 89 & =3AA4F

A& @ Phe g eitherz 1A & 44T

ato] AF2ollA 30&3E S ol ¥4
<= AFAst] B4 S flste] ¥ nasidn. dds AT SA A, L AF =
s Aol 10% (v/v) formalindl 7F agstitt. AFE 59 A3heh<l
A 225 FeAn A S ved ofstdFad] o st Alzeton,
Ry 2, g 242 s el e stardel sl

4) TAAE

© ATAe FAA Y= SAS AHrE 2RSS olgettt 4 dddd Wi
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Table 1. Composition of mouse food.

(t/mouse)

basal diets cholesterol tocopherol tocotrienol rice bran oil
(26.7 mg/mé) | (1,023 IU/g) | (14,000 ppm)

BD + - - - -
CHD + 75 - - 50
TPD + 75 0.2 - 49.8
TED-1 + 75 - 1 49
TED-2 + 75 - 5 45
TED-3 + 75 - 10 40
TED-4 + 75 - 50 -

* basal diet : mouse food and water
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B2 A AA FASAA (215 W x 360 L x 200 Hmm)dl <34/

= 5 v

ATt
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Table 2. Grouping of experimental animals.

. . Dose
Group Gender No. of animals | Animal number (me/ke)
Gl Male 2 1~2 0
(blank control) Female 2 13~14 0
G2 Male 2 3~4 250
Female 2 15~16 250
G3 Male 2 5~6 500
Female 2 17~18 500
G4 Male 2 7~8 1,000
Female 2 19~20 1,000
G5 Male 2 9~10 1,500
Female 2 21~22 1,500
GE Male 2 11~12 2,000
Female 2 23~24 2,000
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A 28, dF 38 23 @ uF
1. ¥ 5F 2 AujZzAd wE tocotrienol $F WHo] +1

7F. ¥ £3598 v %9 tocopherol¥ tocotrienol &#F #H 7}

H E=9 1|79 tocopherol, tocotrienol, vitamin E&#S A3 &2 Ay} Table 33 72
%th % tocopherol ¥#- Hit2 11.14 mg/100 go 2 tizxly, digw1E, tuls, &
e, <tubH, X5EE, gekd, ik So] 912 - 1011 mg/lOO g 02 A& FFT
ojoem % Il 7 Adar, MxIE, AW, FAH, Tk, S5 S
2 1247 - 1476 mg/100 g2 W2 EFFT o3 IF ANXHI 7 BUth F

tocotrienol ¥ #HS H 2803 mg/100 golR i, SXFH, FHAH So] 2239 - 23.13
ng/100 go = ko] AL FFA ollom % FIFHZE P ASlaL, thH =
37.07 mg/100 go. 2 7} wekon thuls2 3333 mg/100 g, e 1s, &Y, St

B, AW A s zke], ek, B slEWRY 5 2735 - 2981 mg/100 go &

al
%l

=
S

Figo] B2 FF oo RE FFolA tocopherol KU tocotrienole] B2 54
< YA Vitamin E3Fa-2 9] 34.86 - 4650 Har 39.17 mg/100 gol ltt. <ot
7} 4650 mg/100 go 2 71 Bkom M XH = 4367 mg/100 g Hhrba Qb 31A|

3|7M8] 52 4053 - 4264 mg/100 go & e FFT oAt
H o] 7} EF 9 tocopherol (T) o] A9l g3 a-TE 236 - 1059 mg/100 g& =
Hy 7.77 mg/100 g, B-TE 0.24 - 0.97 mg/100 g2 H 0.68mg/100 g, v-T+ 1.26 -
6.67 mg/100 g= AT 2.63 mg/100 g, 6-T+ 0.03 - 0.17 mg/100 g= H 0.07 mg/100
g2 B-T<E-T<y-T<a-T £22 W=t F tocopherol T o-Ti 69.7% v-T+
23.6%% A8kt
Tocotrienol (T3) ©o]A A taFe a-Ti= 232 - 10.26 mg/100 g = HT 878 mg
/100 g, f-T3 0.10 - 0.56 mg/100 g & H 044 mg/100 g, v-Ts+= 1411 - 33.44 mg
/100 g= 17.92 mg/100 g, 6-Ts= 059 - 1.34 mg/100 g= HAT 0.88 mg/100 g & [
“T3<b-T3<o-Ty<y-TswT o2 W}om F tocotrienol T ¥-Tz= 63.9% o-Tie=
31.3%= & H]E°] tocopherol I $Ao] =gkt wElbM w79 tocopherol
tocotrienol ©]Ad A TS E-T<E-T3<p-T<a-T3<y-T<a-T<a-T3<y-T3 +£oZ
Zatt 53] v-T39 FFL o- -y 5T F Bope Ba oyd A4 744
HE Z XML 728 AFFoldth Tocopherol® tocotrienol®] Z+ o)A aAk

gl 2 a-T<a-T3<yv-"T<E-T<y-T3<i-T<i-Tsr o= ETHi 3t (Lee,1993)

Z}

i?Lﬁ
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Table 3. Contents of a-, i-, ¥ and &- tocotrienol and tocopherol in rice bran.

Tocopherol Tocotrienol Vitamin

E

Variety [ [ ¥ t sum i &] ¥ [ sum

Chucheongbyeo 896 0.77 328 005 13.1 761 038 1411 1.04 23.1 36.2
Ilpumbyeo 762 097 3.02 009 11.7 876 056 1650 1.23 27.1 38.8
Daeanbyeo 779 074 156 0.03 10.1 853 036 1835 1.10 28.3 38.4

Hwasungbyeo 853 0.77 423 011 13.6 8.02 053 1648 0.79 25.8 39.5
Daejinbyeo 6.69 069 171 0.03 9.1 9.21 055 1533 081 259 35.0
Odaebyeo 6 .76 057 200 004 94 919 048 1597 091 26.6 35.9
Joonganbyeo 9 58 0.66 256 0.07 129 945 049 1837 095 29.3 42.1
Seojinbyeo 1059 0.87 320 010 14.8 936 043 1828 0.83 289 43.7
Jinpumbyeo 750 069 126 004 95 1026 046 1752 1.06 29.3 38.8
Bongkwangbyeo 850 054 166 003 10.7 1008 044 16.62 063 27.8 38.5
Ansungbyeo 891 064 191 004 115 9.70 044 1628 059 27.0 38.5
Kwanganbyeo 719 060 219 0.06 10.0 990 046 1569 094 27.0 37.0
Daeripbyeol 6.75 056 1.77 0.06 9.1 997 039 1884 060 29.8 39.0

Heukjinjoobyeo ~ 847 0.77 314 0.09 125 706 010 1461 062 224 34.9
Andabyeo 236 024 6.67 017 94 232 037 3344 094 371 46.5
Koshihikari 813 0.76 3.09 0.06 12.0 8.65 045 1862 0.78 28.5 40.5
Hitomebore 872 065 237 006 11.8 1025 047 1588 0.74 274 39.2
Damakeum 6.84 070 170 007 93 9.78 050 21.70 134 33.3 42.6

Mean 777 068 263 007 11.1 878 044 1792 055 28.0 39.2

DMRT 5%
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Nesaretnam et al. (1995)2 1<t aetoll v-Ts9 6-Ts7F 53] Holdt 15;3}7]- 9l
ol mAdel = v-Taok 6-Tsol ¥ol |t 188 mg/100 g ¥l ATk FFE v
~Ty a2 oFbH 7} 3344 mg/100 g2 71 @ekon thulg 21.70 18w 135 18.84
TAE 7 1862 FebH 1837 whobH 1835 A zu] 1828 F¥EH 1752 mg/100 go]
Row, BTyt Be FF5S vubg 134 9%8 1.23 thehy 110 A%E8 1.06 5%
B 1.04 mg/100 g ©lAth ool Axbi= e elE ] (2003, 48(6):469-472)°l 7
A= e

Y. 8 AujR| o] W& 179 tocopherold} tocotrienol ¥ o]

1) ¥ E33 AR 93t tocopherold tocotrienol 3H3F A o]

7hH A&EH

Aul A 9 7F tocopherol, tocotrienol 1@ il vitamin E % Wo|E AHkE Ay
(Table 4) FEFW] 7§ vitamin E g#Fo] 71 =W A9 =4 2679, A5
25.17 mg/100 g ©l12 ™, tocopherol A5 055 &= 899, U5 854 mg/100 go]

gom, 2 9 AIFE& 705 - 7.98 mg/100 gol2At}t. Tocotrienol& &3 17.80,
16.21, A 151901903, 1 ¢ AL 1294 - 14.80 mg/100 go] At

1

W) 38

Z1&H e A5 vitamin E7F =9k A 92 dF2 ko] 26.00, Y 24.08, ot
2343, 34 23.27 mg/100 gl al, tocopherol &2 U571 10.22 mg/100 g= 7}
A E=okal, A 962, 34 824, Wl 80201, 7 A ¥ 663 - 7.01 mg/100
go] AT}t T3S tocotrienole ZF7F 16382 7H =3 o)t 1541, sk 15.02, 7]

Bb #1992 1276 - 13.86 mg/100 gol AT},

ZA 9] A9 vitamin E7F =Y Ko i tE 2872, 34 26330103 71EF A
gL 2068 - 25.27 mg/100 go] At} Tocopherol& W= 9.14, 3 896, 34 8.64,
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Table 4. Contents (mg 100 g ) of tocopherol, tocotrienol and vitamin E in rice bran

of tested varieties according to cultivated regions.

Cultivated Tocopherol Tocotrienol
Region T a B v ) Ty 0 [ v &
Hwaseong | 7.05 | 6.17 | 0.35 | 0.49 | 0.04 [12.94| 442 | 043 | 758 | 0.51 | 19.99
Chuncheon | 899 | 796 | 0.37 | 0.58 | 0.08 [17.80| 6.48 | 0.78 | 9.96 | 0.58 | 26.79
Chungju | 7.20 | 6.29 | 0.33 | 0.53 | 0.06 [14.80| 5.23 | 0.70 | 835 | 0.52 | 22.00
Daejeon | 798 | 7.06 | 0.35 | 0.52 | 0.06 |15.19| 582 | 0.69 | 8.23 | 0.45 | 23.17
Jeonju [10.55| 9.32 | 0.48 | 0.68 | 0.07 | 14.62| 494 | 0.78 | 833 | 0.58 | 25.17
Naju 854 | 764 | 037 | 050 | 0.04 | 1347| 504 | 0.65 | 7.36 | 0.42 | 22.01
Daegu 769 | 6.64 | 040 | 060 | 0.03 |16.21| 528 | 0.62 | 961 | 0.70 | 23.91
Hwaseong | 824 | 7.35 | 0.30 | 0.55 | 0.05 [15.02| 5.15 | 0.67 | 9.03 | 0.17 | 23.27
Chuncheon | 7.01 | 6.39 | 0.21 | 0.38 | 0.03 [12.76| 4.72 | 0.54 | 7.29 | 0.21 | 19.76
Chungju | 6.99 | 6.07 | 0.24 | 0.65 | 0.04 |13.11| 460 | 045 | 7.75 | 0.32 | 20.11
Jinbong | Daejeon | 6.63 | 5.88 | 0.24 | 0.47 | 0.05 | 1358 | 4.70 | 0.47 | 812 | 0.28 | 20.21

Vitamin

Variety

Jinpoom
byeo

O | peoniu | 9.62 | 859 | 038 | 060 | 0.05 |1638] 563 | 081 | 952 | 042 | 26.00
Naju [10.22] 9.26 | 037 | 054 | 0.05 [13.86| 524 | 0.78 | 751 | 0.32 | 24.08

Dacgu | 802 | 7.20 | 0.29 | 0.49 | 0.04 | 1541 | 550 | 0.67 | 898 | 0.27 | 23.43
Hwaseong | 864 | 7.13 | 0.36 | 1.11 | 0.04 [17.70 | 541 | 0.91 | 10.93| 0.45 | 26.33
Chuncheon | 6.79 | 5.72 | 0.28 | 0.74 | 0.05 | 16.69 | 5.00 | 0.87 | 10.41 | 0.42 | 23.48
Chungju | 896 | 7.62 | 0.39 | 0.87 | 0.09 [15.15| 4.24 | 0.76 | 9.65 | 0.51 | 24.11
Jog;geza“ Daejeon | 8.05 | 692 | 0.36 | 0.72 | 0.06 [15.70 | 4.77 | 0.78 | 9.69 | 0.46 | 23.75
Jeonju | 7.02 | 576 | 0.50 | 0.69 | 0.07 |13.65| 3.98 | 0.62 | 847 | 059 | 20.68

Naju | 9.14 | 800 | 034 | 0.74 | 0.06 [16.13| 5.11 | 0.79 | 9.87 | 0.37 | 25.27

Daegu | 862 | 7.30 | 0.54 | 0.71 | 0.07 | 20.10| 578 | 0.67 | 13.18 | 0.47 | 28.72
Hwaseong | 9.65 | 867 | 033 | 054 | 0.06 | 13.64| 4.49 | 0.33 | 835 | 0.47 | 23.30
Chuncheon | 759 | 6.74 | 0.32 | 0.49 | 0.03 |12.32| 3.67 | 0.52 | 7.69 | 0.44 | 19.91
Chungju | 883 | 7.89 | 0.31 | 058 | 0.04 [12.67 | 4.18 | 0.67 | 7.40 | 0.42 | 21.50

Hb“;aez“ Dacjeon | 9.12 | 823 | 0.32 | 054 | 0.04 |11.39 | 3.96 | 0.56 | 653 | 0.34 | 20.50

Jeonju | 913 | 828 | 0.37 | 045 | 0.04 |11.31| 3.65 | 0.60 | 6.71 | 0.35 | 20.44
Naju 794 1701 | 031|059 | 003 |11.37| 3.76 | 0.64 | 6.60 | 0.38 | 19.31
Daegu | 955 | 860 | 0.35 | 0.55 | 0.05 |14.75| 520 | 0.55 | 859 | 0.41 | 24.29
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4 86201 7]EF= 6.79 - 8.05 mg/100 go] Sl th. Tocotrienol= ™7} 20.102
2 7P =g s 177 ol9lew, e A9 1365 - 1669 mg/100 go& = tha
2ol 5 H A

Zh) 3etH

spebnie] A S vitamin E7F E¢W A9 i 2429, 34 2330, 71E AL
1931 - 2150 mg/100 gol 3L, Tocopherol& 4 965, 7+ 955, A5 9.13, WA
9.12 7]} A 92 759 - 883 mg/100 gol ATt Tocotrienol> - 14.75, 3} 13.64,
718 A9 1131 - 1267 mg/100 go @ A3t Aol7t Uitk o) 4FF <]

o= 7} EEda A=A G 2o
o]

7} ©t2 A4 YEr o= afuj A o] tocotrienol o] T AEA S 4 gl

tocopherol, tocotrienol “12] 1 vitamin E ¥ W

o F39 A7I=W AW R 93 tocopherol 2 tocotrienol 3 W o)

FAH A7I=d g4, oAF, A AR e Wol= Table 59 #Zth.
Vitamin Ex= o5 A 9o] 33622 7} =k s A2 2670 - 29.48 mg/100
go 2 ykekth ¥ d tocopherol &3> 34 o] 990 mg/100 g2 Ekow ofF
775, 97 6.84 mg/100 g 2 Ykt}. Tocotrienol &L o F7) 243602 713 =

3 AT AN 1959 - 1986 mg/100 gO & okt ol 7o Az 2 u)
< FFolt stdgx: AuiAGIte] Aol UL L AFe]=  tocopherol,

tocotrienol 1|3l vitamin E 77} T2 A ERSTH

X2

m

. E—}TI\— ] — = i 3 °
@, A A A H] o) W& v 7] tocopherol ¥ tocotrienol 3 o]

FAu o] Aiav|Eo] wWE w7} = tocopherol, tocotrienol % vitamin E % W
o]:= Table 67 2t} A F AW tocopherol %2 10.042 A4 11 kgol A+
1121, A4 165 kg2 1068 mg/100 g2 A 11 kgoll A tha =2 A Fo|gl o}
tocotrienol 32 A 11 kg Al &FAA FAHEY dA 165 kg A& HTF sk
ot 71 A3 vitamin E $HeS AU EF Thell dix} §le] 30.73 - 31.23 mg/100 g ©I A
o}
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Table 5. Contents (mg 100 g ') of tocopherol, tocotrienol and vitamin E in rice bran

of Chucheongbyeo according to cultivated regions within Gyeonggi area.

-1 . -1
Coltivated Tocopherol (mg 100 g ) Tocotrienol (mg 100 g *) Vitamin E

Regi B
ceton T i1 [ ¥ [i3 Ts i} ] ¥ i3 (mg 100g )

Hwaseong | 990 | 7.02 | 0.68 | 2.17 | 0.02 |19.59| 7.04 | 0.03 |11.94| 0.58 29.48
Yeoju 775 | 554 | 046 | 1.70 | 0.04 |24.36| 742 | 0.55 [ 1553 | 0.86 33.62

Yeoncheon | 6.84 | 526 | 040 | 1.12 | 0.05 |19.86| 6.40 | 0.52 | 12.16 | 0.79 26.70

J N application rate : 11 kg/10a
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Table 6. Contents (mg 100 g DW) of tocopherol, tocotrienol and vitamin E in rice
bran of Chucheongbyeo according to nitrogen application rates.

Nitrogen Tocopherol Tocotrienol Vitamin

application

(kg/10a) T | o B ¥ B Ts a i v & E
0 10.04 | 722 | 067 | 2.08 | 0.07 | 2069 | 7.21 | 0.09 | 1252 | 0.88 | 30.73

11.0 1121 797 | 068 | 246 | 0.09 | 19.72 | 7.05 | 0.09 | 11.89 | 0.69 | 30.93

16.5 1068 | 770 | 068 | 224 | 0.05 | 2055 | 760 | 0.09 | 12.27 | 0.59 | 31.23
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ul, A& ] A LA 79 Al §-Fo] M2 tocopherol ¥ tocotrienol ¥ ]

FAHE dA 11 kg/l0a A& Al FH|A 7|9 FH]go] w2 n| 7} F tocopherol,
tocotrienol % vitamin E § % ®Ho]+= Table 7% Zt}. Tocopherol &L S=H] T
Algoll mlste] Ful Al 7] e Gl el #AIRle]l tiAk fleh LY tocopherol %
vitamin E $F#& FA &3 & A 359 1.65 kg/l0a A&7} tocopherol 10.61 -
10.77 mg/100 g, tocotrienol 21.26 - 21.45 mg/100 g, vitamin E 32.02 - 32.05
mg/100 g2 &4 7 25¢d9 AAH] 165 v 330 kg/l0a Al &TFEY i =
< Aol o diak AT

vl ¥ A ZA7|7k] W& w729 tocopherol 2 tocotrienol ¥ o)
% A A7) 7kl W& tocopherol, tocotrienol 2 vitamin E 3% ¥ 3}:= Table 8
t} 15C A3 Wl v} tocopherol$h#-2 =3 A 1259 mg/100 gol A+
H sha[te] Aapgel whel HxF Aase] A% 5 3270l HAS we= 1177
mg/100 go] 81t} Tocotrienol& A3 A 2310 mg/100 gollovt 3278E A3 A
23.02 mg/100 go. = Algto] AaHojx 1 Wst= gl webA vitamin ESHE
533 A 3569 mg/100 goll Al 32710l AFAEAE 3479 mg/l00 gOo 2 FrAaFL
o - Aol Aol AGe o] u 2 tocopherolt o] FEEA] 1259 mg/100 g
ol A 2070€E Foll = 9.99, 3271€2 941 mg/100 g2 15CHFHT Fago] At
2} tocotrienol ¥ &S 2071 € o] AyE o= ZraaFe] uwlg- wwEt) Vitamin
E 3#2 tocopherolz 49} #& &S Yeh AL
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AL EAE wE u7t 2 &9 tocotrienol ¥} tocopherol ¥
1) Tocotrienol &%

H 3 =& WP% "] 7} 9] tocotrienol ¥ x}o]= Table 99 2t} tocotrienol
grare =AWl A =S 40 - 8.0%% 2080 - 224.1 mg kg o o]z} gilont
d o)Al HAadtda, dEBE TAHE 64%°14 2837 mg

kg 'o® 71 Ekot Exé%ol =AY sow ol FoletA AaE AT

d
L
o
Lo
ki
o
o
2
>
r li‘
L



Table 7. Contents (mg 100 g DW) of tocopherol, tocotrienol and vitamin E in rice
bran of Chucheongbyeo according to nitrogen application methods at panicle

Initiation stage.

N application

method Tocopherol Tocotrienol
Applied Vitamin
: pplies E
Applied | “ T a i . " T u a v &
day (kg/100)
control 1061 | 7.76 | 061 | 216 | 0.07 |21.45| 7.69 | 0.08 |13.04| 0.63 | 32.05

35 DBH' | 165 |10.77| 7.87 | 059 | 2.23 | 0.07 |21.26 | 751 | 0.08 |13.10 | 0.57 | 32.02
25 DBH | 165 |10.10| 728 | 0.55 | 221 | 0.05 |20.82| 7.69 | 0.06 |12.53| 0.54 | 30.92

25 DBH | 330 |1031| 748 | 0.57 | 218 | 0.08 |20.59 | 7.48 | 0.07 |12.52| 0.52 | 30.90

t DBH : days before heading date
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Table 8. Contents (mg 100 g DW) of tocopherol, tocotrienol and vitamin E in rice
bran of Chucheongbyeo according to storage temperature.

olrage | Component | A arvest | months afe | 20 months aftr| 52 months afer
Tocopherol 12.59 12.02 10.24 11.77
15C Tocotrienol 23.10 22.90 23.34 23.02
Vitamin E 35.69 34.92 33.58 34.79
Tocopherol 12.59 12.07 9.99 9.41
Ambient | Tocotrienol 23.10 22.56 23.66 22.28
Vitamin E 35.69 34.63 33.65 31.69
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TAB| TR E A 40 - 6.4%°01A 2717 - 2789 mg kg o2 =9kar 1 o] el A]
| #Aasc) ot = 64 - 9.6%94 SA g A 3134 - 3159 mg kg ‘o2

a2ttt =4 &0 W tocotrienol ¥ o]
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ki
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L= 3} &

tocotrienol & ZFolE FHAEZ FESIY] =& W 4% % E5 v-tocotrienolo] <3S
7} @o] wkkal a-tocotrienol®] I Th-o] 1t} Tocotrienol® 1 5 A E 2
Park et al.(2003)¢] A¥}ETt AhA]= tha wigkony #5 1F Apolo] AEFS gkomn
" 7o Al y—tocotrienol ¥#Fo] 7} Bl a-tocotrienol FHo] F WAZR BIUW =
2okt & A3 A= Fulidk 2] A #84d tocotrienol ol #EF Ko et
al.(2003)°] A|Alg M7 5 tocotrienol = tha zpol7h Ql=d o= AMEH F

T, 588, FERE Z A T dl(germ)e &9 Toll 7IQlg Aom AzE
2) Tocopherol &%

EAg wE v E39 w7} tocopherol T zlol= Table 99 ) FAHHE=
A 80%°lA tocopherol o] 117.0 mg kg ' 714 =gton =4 go] =4
1}

FE TP oy O AEE B8] GEFE 9 A e

I-I'T

L.

o

A& 8.0%° 4 a-tocopherol &#Fo] 881 mg kg ' & Z tocopherol ¥H&Fe] t]EE
™ y-tocopherol& 222 mg kg ' B =AHLHT §olaA =gk}
A& 80 - 12.0%°14 tocopherol 87.5 - 90.6 mg kg ‘&= ¥k =3
StFe AAaFATh FFAAAE E4E& 80 - 12.0%° 4] a-tocopherol
°] 625 - 66.8 mg kg ', ¥-tocopherol 163 - 17.1 mg kg '&2 B =4 & HU}
A8l 7belE =44 80 - 9.6%°1A tocopherol 1181 — 1215 mg kg ‘&=
B Eken =S 7Y Beas FAasdvh 141387 = tocopherole] %
T4 &4 a-tocopherole] 84.7 - 86.6 mg kg ', ¥v—tocopherol 26.1 - 269 mg kg '
o7 =94l g E =4S 64 - 9.6%°NA tocopherol 829 - 909 mg kg ‘o2 =
gom mAHEo] =AY S ATk v FAE, dEE, A8 7
= &g n-tocopherol ®.th v-tocopherolo] BWekom 1 ke 632 mg kg ‘o] $lt).
A A|E3 43 BF A4S 8.0%9 A tocopherol o] 71 Al YEyEo
W, FAHE AT 3FF2 80 - 96%NAE = FFS HIATh

)
>
2L
fd
%0,
o

o
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3) Vitamin E &%

[e5

(
A

=& g FF49 vitamin E $#2 Table 99 2t} Vitamin E &2 3+
B 5S40 - 96%01A 2050 - 3205 mg kg 'O® ESou EAE 120%004=
Aadqa, dEHE Z48 64 - 120%04 307.8 - 3396 mg kg 'O 40%Nto] vt
ol gk uAS| VM E FEHE o] =AE 40 - 96%°lA 3474 - 3696 mg
TS 64 - 96%1A 3988 - 4048 mg kg 'O ® =gto 1R
4 FH ool o gt
Aeol Fol AA ded olf= 7 FFHE =S g tocotrienol

tocopherol®] &&F W7} Aol S Wyt olye} tocotrienol@} tocopherol o] &
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3te] vitamin E o] HE2 MZ AAFHIE o] Foleow AZtHEAT ulgbA
vitamin E &S TASR B u sFgo] =& HolA FEHE =AHES 64 -

9.6%°] A t}.
ol Aol A= s ZE 3] X (2004, in press)ol Al A E A}

4) 9] tocotrienol, tocopherol ¥ vitamin E 3%

=Rowm ol AA" 29 tocotrienol ¥ Table 103 #Zo] =748 4% o 148
mg kg 'O% 7P ki, A0l ol R WoldE Ageldrh FENE =4E

2 80 - 96%= st ol 9] tocotrienol TS 83 - 11.0 mg kg 'O.Z ko] A
sk v 7} tocotrienol #ERe] 49% AR oM, BZA= a-tocotrienol S 22 - 32 mg kg !,
v~tocotrienol> 6.1 ~ 7.8mg kg | E-fF¥o] o} B-9} i-tocotrienol> HEE A ek
o] u 7o) A [f-tocotrienol 1.0, fi-tocotrienol 7.6 — 6.9 mg kg ‘o] HA&=HAHA A I}
= zo)7F A Atk Tocopherol % tocotrienol® Zo] EAEo] 4.0%Y = 10.6 mg
kg 'o® 71 E=gtorn 44 80 - 96%YU Wi 57 - 82 mg kg o2 Ytk &
A= a-¢9 v¥-tocopherol ©] HAE=HJL, =HE 80 - 96%Y W a-9F w
~tocopherol & 7H7t 74, 09 mg kg (o2 W7 o] 6.3%°]% T} Vitamin E
FFe =S 40%D @ 254 mg kg 'O2 JHE B =& 80 - 96%Y W=

140 - 192 mg kg "o = w7 3] 54% HE=R wropr),
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Table 9. Contents (mg kg ' DW) of tocotrienol, tocotrienol and total vitamin E in rice
bran of tested varieties according to polishing degree.

) lishi Tocopherol Tocotrienol ; ;
Variety m T a | B ¥ BT | o | B ¥ & VltaEmm
40 | 723| 534| 49| 140| nd |[2241] 829| 10[131.3| 89| 2964

64 | 85| 624| 60| 165 06]2215| 816| 1.0[1304| 84| 307.0

Chfyheiong 80 |117.0] 881| 59| 222| 08[2080| 782| 10[121.2| 76| 3250

96 [1055| 79.3| 58| 19.7| 0.7|1895| 71.2| 1.0{1105| 69| 295.0
12.0 96.1| 71.0| 60| 184| 0.7[1742| 644| 09]1022| 6.7 270.3

4.0 38.7| 26,7 39| 81| nd [2536| 86.5| 1.4[1522| 13.5| 292.3
6.4 539| 381| 46| 11.0| 02]283.7| 98.7| 15[1689| 14.7| 337.6
Tlpumbyeo 8.0 875 625 71| 172] 0.7]2521| 86.2| 1.3|151.3| 13.3| 339.6
9.6 87.0| 634| 63| 16.7| 06]2385| 81.2| 13[143.3| 12.7| 3255
12.0 90.6| 66.8| 65| 16.7| 06(2172| 775| 1.1[1276| 11.0| 307.6

4.0 75.71 519 60| 179| nd [271.7| 883| 06[175.8| 7.1| 3474
6.4 90.7| 628| 6.8| 20.8| 03[2789| 90.0| 09| 188| 72| 369.6
Koshihikari 80 [1215| 8.6| 7.7| 269| 04|2335| 789| nd |1494| 52| 355.0
96 |1181| 84.7] 69| 26.1| 04|2329| 771| 03|150.1| 54| 351.0
120 [108.0| 772| 65| 23.8| 06(2096| 69.7| nd |135.0| 49| 3176

4.0 71.6| 215| 42| 44.0| 19]2833| 20.7| nd [254.8.| 7.8| 354.9

64 | 89| 217| 37| 555| 20(3159| 21.3| nd [286.0| 86| 3988
Andabyeo 80 | 909| 21.7| 39| 632| 21|3139| 204| nd |2854| 81| 4048
96 | 899| 21.7| 31| 632] 19(3134| 198| nd |2849| 87| 4033
120 | 80.0| 188| 29| 566| 1.7|2674| 17.1| nd |2426| 7.7| 3474

¥ T : total tocopherol, ¥ T3 : Total tocotrienol, § nd : Not detectable
* Means within columns followed by the same letter are not significantly

different at the 5% level by DMRT.
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Table 10. Contents (mg kg ' DW) of tocotrienol, tocopherol and total vitamin E in rice of
Chucheongbyeo according to polishing degree.

o Tocotrienol Tocopherol
mhslnrg/%) Vit E
8 T; i [ v t T* i [ v i)
4.0 48a 48a nd 100a nd 106a 92a nd l4a nd 4a
6.4 135a 44a nd 91ab nd 105a 92a nd 13ab nd 240a
8.0 11O0b 32b nd 78bc nd 82b 71b nd 1ll1bc nd 192D
9.6 83 ¢ 22¢ nd 61c nd B7c¢ 48c nd 09c nd 140c
120 53d 11d nd 42d nd 19d 19d nd ndd nd 72 d

t Ts : Total tocotrienol, ¥ T : Total tocopherol, § nd : Not detectable
* Means within columns followed by the same letter are not significantly

different at the 5% level by DMRT.
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o} B 71X & ZF249¢] tocotrienol# tocopherol 3
1) F &9 tocotrienol TF

ZF 9] tocotrienol(T3)3} tocohperol(T) $F=S Table 110419} o] Twh FEAjslar
T Zﬁ'ﬂ AZEHA ol vitamin E(Vy) 32 34.1 mg/100 go] At} tocopherol®]
T7F 23692 tiH-2-& AL 6-T= 829 mg/100 gol At
ShaFe AEFHAATY Y Fo] 3899, 37.12 mg/100 g2 =1 1 ¢
T2 31 mg/100 g A=A, TFALZE BE EFFTAA T/ 52 Aoz
AT didFol 29.02, 2604 mg/100 go & Egtow &-TE
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2) B8 £A9 tocotrienol 3F

H 2] Table 119149k 7o) tocotrienol 4.50, tocopherol 2.31 mg/100 g© & vitamin
E= 681 mg/100 golfith Bel= T, Ty, Ve BF FF e & Aol7t §lo] w2 3

S yehiglen Fol 909 tocotrienolo] EE FFAM Hit a-Tsol 291, B-Ts
0.42, v-T3 1.11, &-T3 0.07 mg/100 g G=o] dgdon o5 F NEAR 9 a-Ts
3ol 356 mg/100 g2 &S kol

3) &4 FA9 tocotrienol T F

SFFo T, Ts ¥ Ve %2 Table 117 2th S559 tocotrienol %2 354 mg
/100 g °llem, THAERZE a-Ts 058, v-Ty 287, 6-Ts 0.09 mg/100 g= [-Ts 7}
A HEFHA &tk Tocopherold 824 mg/100 g &4 a-T 058, B-T 0.06, v-T
749, & T 0.1201902m vitamin E¥ 1179 mg/100 golAth &5 FFH
tocotrienol ¥#EF2 Fu|E3} mjulzo] 460 - 475 mg/100 g2 =% I F v-Ty7F =%k
t}. Tocopherol ¥k Sz Fulzk 2223571 950 - 11.01 mg/100 go & =¢om 1
% v T7F -8 A3 E Goffman et al.(1999)2 <4=5=7] &= tocotrienol &t
o] 99 - 230 mgkg o ZA] a-Ts 48-89, ¥-Ts 53 - 164 mg/kge]il, tocopherol 763 -
1344 mg/kgo. &
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A a-T 67 - 127, B=T 0 - 20, v-T 583 - 1048, &-T 12 - 71 mg/kgeletal s} &5
FABANE B AT Lol f-To AEHA ko] v-Trz B AFoAE &
% AEAYO S55/1FAME AEHA g} Fol7h Uit

4) 71€} ZAE £32}+9 tocotrienol T F

BT @vtelx sjutetrl =4 &3 &5 BHEE aeu }327]94 tocopherol
(T), tocorienol (T3 % vitamin E (Vi) &%

3F gutol svtetr] e FAES T vF7EAE tocotrienol @%E]X] %
¥ WA tocopherol A oW, L ke Aol wel 7474 e SAS UE
WAt

332l tocopherol &3> 527 mg/100 gol L I F ¥-T7} 5,030l gubo]
32 tocopherol 10.07 mg/100 g& 2 1 F v-T7} 6.66, slulg}7] = tocopherol 20.88
mg/lOO g & a-T7} 1937, €7+ tocopherol 40.90 mg/100 ¢ % a-T 10.3, ¥-T 3890
ng/100 golvh. =70 ¢ =2 slintetro 2v), T 8w B =skoH, &
LA R 2% AT v T, vkl o T7F diE& A8k

S3h= tocotrienole]l $71= Sk 1 FHeko] mig- AQQom A Fole v-TiRbol
012 mg/100 g A= 3, tocopherol2 14.61 mg/100 g & I % a-TE 1382 mg
/100 g Tf3kal v &%= dAn Az 248901 vitamin EE 6.24% LLOL_OJ%
tocotrienol& 258% a-Ts 017 %v-T3 211, 6-T3 030 mg/100 gollev} f-Ty7} HEE
A @kgko W tocopherol S 3.662. 24 v-T7} 3.32 mg/100 go] ST},

Bl 2o e 6-Ty7bF AEEA &% o™ tocotrienol 32 3.04 mg/100 g= a-Ts
248, BTz 0.06, ¥-T3 050 mg/100 gl = Yk or} tocopherol 51.82 mg/100 g= o
=T 4381, v-T 7.12 mg/100 gol o™, vitamin EX 54.86 mg/100 g 2 EBA3 ZE
< 7FE =4 dErs

Z}2719] tocotrienol $FE2 25.06 mg/100 g 2 A a-Tz 0.22, B-Ts 1850, ¥-Ts 6.35%
I F BTy EA FaEY AW wbH E-Tse AEHA 2kt tocopherol
16.74 mg/100 go. 2 1 ¥ v-T7} 1383 & tFEo| o, vitamin E¥ 41.80 mg
/100 go.2 Huz e Ho|th 2279 70 vitamin E % H|S=2e o
2z71E S0 AW tocotrienole] EA HrEo] AL, xF7)E Park et
al.(2003)°] ¥ 113k w7} Mt} tocotrienol $FHEHS UhA GEA|uE n7tol A wkd [-Ts
7b e 540l ST o] Aak= =mabEshsA] (2004, 49(3):207-210)°l Al A
= ek
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Table 11. Contents(mg/100 g DW) of tocotrienol, tocopherol and vitamin E in

tested crop seeds.

Crop Variety o I_TOCO:fieHOI,; - . L’I‘oco;)lherol\; . Vit
Daewon Kong nd nd nd nd nod 3712 071 029 BM 1008 3712
Taekwang Kong nd nd nd nd nd 3038 090 04 2128 78 308

Soybean Jinpum Kong nd nd nd nd nd 3200 143 0600 24 760 3207
Hwaseongput Kong nd nd nd nd nd 318 317 130 190 764 3181
Ipumgumjeong Kong nd nd nd nd nd 3RBPY 14 08 200 815 338D

Mean nd nd nd nd nd 31l 158 060 2860 80 Hll
Saessal Bori 446 276 081 00 00 139 089 010 040 nodf 5%
Saeol Bori 3 230 0P 0A 006 26 0% 010 1LH 0B 65

Barley
Jaeanchalssal Bori 446 301 010 133 002 214 123 015 00 006 660

Seodunchal Bori 540 3% 037 13 0M 2% 115 010 168 0B 8%
Mean 450 291 042 111 007 231 1066 011 102 012 681
Dumechal 47 054 nod 411 010 1048 06 0 98 016 1523
Heugjeomchal 284 047 nd 231 006 1101 074 008 1001 018 138
Corn  Suweon 19 251 072 nd 17 004 420 0% 004 3% 0B 672
Chalok 2 29 0% nd 239 006 950 0D 0 &P 011 1249
Mibaekchal 460 060 nd 38 020 603 03 00 551 00 1064
Mean 354 08 nd 287 000 824 08 006 74 012 1P
Kidneybean nd nd nd nd nd 527 011 004 50 00 527
Evening-promise nd nd nd nd nd 1007 306 019 666 016 1007
Sunflower nd nd nd nd nd 208 1937 1B 04 02 2032
Perilla nd nd nd nd nd 4090 1B 040 30D 05 4090
Safflower 012 nd nd 012 nd 1461 138 042 03 002 1473
Aday 258 017 nd 211 030 36 000 0B 33 02 624

s 304 2488 006 030 nd BL&E 4381 0 712 000 A6
Purple perilla D06 02 180 63 nd 167 124 130 138 032 4180

+t T3 : Total tocotrienol, T @ Total tocopherol, Y'nd : Not detected
* The same letter in each column are not significantly different at the 5%
level by DMRT
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2. U7} & tocotrienold F&, ¥, AA 7€ € AF3 7le A

7t 98 A4 2 F& S vit E & 5& Hl

1) Au 7}, pellet, crude oil 5 959 W& FE5&

H 73S 3 lipased o Al AtstHm R w7pe] 4bstel a1 mIG wAF AL
4 A WAS e et =AM pelletSs AZFA HAE Ffol o Sahi
UTH HEgE M-S pelletst & A EEAAE O wAEG ZAo] &olsta, #x
Aol A gle T A A= A JNd 2 5 vk AA wAR AR 3HS v
JE hexanelZ F% F hexanes 5/ AAT crude oile] A& =Y, ¥H 18
ol A <F 150 kgl crude oilo] AAE R o]& EF¥E Ao AdmE ALE A 9
= 55 9F 2 - 26% FEoE HaA Foolvh weEbA B el And, 1

3l @ w7} pellet, crude oil 5 Aro]d+ D57} tocopherol ¥ tocotrienol 3ol A}
£ 7}538H, o]5 98 7 tocopherol ¥ tocotrienol 3|4 E&S Hlu & Havt 9l
th A7 AEES AT H 99 tocopherol ¥ tocotrienol®] 3FE &S XAMSE 4
7} Fig. 39 #Zokth &, uF o2 RE| crude oil A &2 & "AF A T3
o AAl FFE 7zt 16%2 AAsta Y FAO v FAR kste] vlw
3 A 5d 98 @9 FAE vIFo® vEY E9 I4%E crude oil > AW
> pellete] o2 e tH(Fig. 3). Crude oil®] hexane —i,—% 2 gl pellet® th
@4 FAG FEEE0] =%, crude oil? FEF FES 15%E ke o), A
A 2 FEFS A A& weh oA Wty 7] Wi Ao R AlsET B
st 37 A A ET pellete] &0 =W B (Lloyd et al, 2000)2F+= tha
dEHEE, ole B Adel A9 pellete] M 2 A FYE Bola,
FHE vl BEAQ AbEt A2dA BAE F pellet Axol o] &¥ = WA
b gFel AR ARG pellete] BB E7I7HA9 34 T HEY E 4S5 407
HEo 2 AbsdEn @9 A & FEAY E&3 HEo T3 A2, 74 489
Bz a7t > pellet > crude oil®] £2o02 AA|3F= §F o] Au|Zte] 71 &
v, ol A9 Al EFHE FF FAY AaHe &7 Av|e FEE] ARV
Fos gust AAAARE AdAEo Atk mebA olE tE w WA Hues
o] A3l pellete], 18 il t}A] pelletS hexanel & FE3}o] A& crude oil 5

7} 329+ = tocopherol ¥ tocotrienol A& Ao f8]& Aoz ok ).
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Fig. 3. Comparative recovery efficiency of vitamin E in rice bran extracted in

form of fresh bran powder, bran pellet and bran crude oil.
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2) 2% $vd F2ng

theket TR fr7I&wiE w4 F vEW E FF §£&% Y aIA petroleum
ether(PE), ethyl ether(EE), acetone(AC), heptane(HP), hexane(HX), isopropyl
alcohol(IA) & 7o &jE o]&35te] 60TCoA mZAezRE HEW EE F=3

A3} PE A}% Al % vit E 858&& 976 mgrkg ' °2 /b Ekon, b Bgd
isopropyl alcohol(68.0 mg-kg el H]3] 29.6 mg-kg '(44%)2] Z7}7F At (Fig.
4.A). &9 HgYl E 3488 petroleum ether > ethyl ether > acetone >
heptane > hexane > isopropyl alcohol =02 Yol & & & 9oy o= Hl&
2 e u hexane : isopropyl alcohol : petroleum ether : ethyl ether : acetone :
heptane = 1.0 : 0.9 : 1.3 : 12 : 1.1 : 1.0 o]t}

w3l alcohol# 7} hexane R.tb W7o 2HE]2] non-glyceride 52 F& T80 &

b= H.(Shin et al, 1996)°] 7]=%3}e] isopropyl alcohol(IA), hexane(HX),
EtOH(ET) & 2ol g2 o]gale] 0T v Ao zRE HEY ES 233
A7} isopropyl alcohol AF&A] 839 mg kg 'e] & HEY E7} 3|5Ho] g&o] 743

Egrton olE AR WA ZHA HHEA 0T AEEE hexane(728 mg kg Dol H]
3 22% =JcH(Fig. 4B). & & &S HE&ZE YELE W hexane : EtOH :
isopropyl alcohol = 1.0 : 1.1 : 1.2 o]t} Hexane ¥} isopropyl alcohol?t F+& T &
o] 60C ZHoAE= 1.0 : 0.9% hexane®] isopropyl alcohol H.t} thih FTokor}t 8
0C A= 1.0 : 1.2% isopropyl alcohole] 238 =4 YEY tocopherol o4t
tocopherol 5& HAOE UZHE AME Alv F5F 2571 =olof a&4UE ¢
T AA

ik A e f7]18m Adeds oy 247 FEsen S BEH(bp
171 4ol A petroleum ether= 35C, ethyl ether= 34.6C, acetones 56.5C, heptane
2 984T, hexane< 69T, isopropyl alcohol 85T, EtOHE= 785Teo|t}. #Z+=% 9]
W& &) AR LA A Tt FE Al Fel] & Abag]@ Aol dol &
WY MRS QbdAE HAATE 8T EHE 5 AARERTE a7 5o AAIde]l Astd
b o] hAR e AR A ulg Feg g4, dAA 4 S A S
% 7H4 ¥ &S hexaned 7|2 & HX :IA : PE: EE : AC : HP : ET = 1.0 :
10 : 26 : 28 : 1.0 : 29 : 1.0 o2& 7}74 wWol|A = hexaned} isopropyl alcohol,
acetone, EtOH7} f8lstdth. v & vyl E 343 ol A& petroleum ether$t
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Fig. 4. Comparative efficiency of extracting solvents on recovery of tocopherol
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ethyl ether®] §&¢] =& 7oz
d F= A At Al o] H
tocotrienol S A w A& &

& o] A& AHEH = hexanes AR&Rre] 7HE A Hola

e O acetone® o] #EE=H(b.p)ol H—o]_ 7}
e o gdkEm, wakA tocopherol, S
AN AAE = crude oilE YEEZ AR Al

Mo

Lo

’

]
AH]E 2% AlE EtOH ©)Y isopropyl alcohold &WE AATE 715

pas

ngow FEe vit E & Al 7FES A9 F7FE 7hA =t weba 7E A
Slo] Aol we] wHletwl E F& JlsAHS HEFA hexane, isopropyl
alcohol, heptanes &"|E Ao 2 AL ZAA] 1AL, 4X 7, 12417F, 24417 %
Ao FEHENE dolrgrh FF 443 olulol A= hexaneol 84 mg kg O %,
isopropyl alcohol(75 mg kg )o]t} heptane (78 mg-kg Dol B3] 7} vit E %
FEo] Edou, MRS VIHem FEAZo] AojFo] wel 23]¥ hexanedl A
3 vgty E o] 7 AdE A4S HAtH(Fig. 5.A). 3H isopropyl alcohol
3 heptane F% 12413b& 7| o WER E #$@o] 2447 107 mg-kg |, 113
mg kg 14 106 mg-kg 'R Oo® TPF wokoul, 1 o]F FEANS Uhrow o

A3l = isopropyl alchol 3432 F717F 9l WHH heptaned 7 Aste A3
S YeERAY. ol 3t A nElY] E FF® ol vEY EE FA S 7h2 e
n-tocopherol, m-tocotrienol, ¥-tocotrienolol %= FAF8FItH(Fig. 5). ©]A¢ Al

A, isopropyl alcohol A& Al WXEol 7} glo]&= 12A17F & A
o] 7}s3lH, hexanes ©]& Al 42 FF9 HA A2 44

=
At

=
=

o

ndd A FE2H 4FE T SA ol&stld ouE& HF AFste] vit E FFol
ARESHAl B vk, A7 A o2 &5 WstE S IR 4T 20TAA A4
FZ crude oilS 67147 A & HUe 23 Fig. 63 2o] & vit E &3S A&
7 3

tiH e w 4TeF 20C A Al 242 33%, 39% #HAaekqith Vit E A A
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Fig. 5. Time-series changes in recovery of vitamin E isomers from rice bran
extracted in various solvents at room temperature. (A: total vitamin E, B:

a-tocopherol, C: a-tocotrienol, D: ¥-tocotrienol).

_63_



2 n-tocotrienole] 4CT¢F 20C A7 oA 2H2F 41%, 50%

isomer Bt} 714 & AAE YEl AL, a-tocopherol HA] FAFS ZHAE YEFHSA
oh wEbA Bl E A 2(4T) 2HAAE Z7|ZE crude oilS AFA] vit ES &4, &

3] n-F 9 isomer? £ o]

vit B2 FE o] niga e

Asd e A e

o= 47%9 2
mg

7

it E A% % f-tocotrienol©]

_4

-111

rulo

ok
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7o ¥]3] tocopherol
73% =A JUEwY (Fig. 8.A).
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Fig. 7. Effects of high storage temperature on recovery of tocopherols and
tocotrienols from hexane-extracted rice bran crude oil. Crude oils were

stored at 50C up to 30 days.
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7 4+ ¥F RA A vitE & & ¢

H

B 5 o]lE gtofasto] of gpefol] JhfE vit
=43ttt ¥3E crude oile o3 ¥ 9F5E ALEE A
tocotrienol 3|4 646 mg - kg ! crude oil2 H# A2 crude oil¥ tocotrienol

Frr g Fe FEoldoy W By F oo o] & Al 407 mg - kg |
%94 tocotrienol®] 3| x| o] thA A dtE = Ao R UEEtH(Fig. 8B). WE Al 34
&9 A3 A4S tocopherol ¥ tocotrienold] W Ho] 2T A 3T FFo2 YsH
W T =S I oA A Fol AR olfE AtsdEd. wHA A2S
o] &3k crude oil 982 HAE A Al 20Tl G7F A2 Al7l= ARG 4T
oA @ Tt AL Ay d= Aol wigAE Aow e, FF pilot TR
o Adde dFE ¥ Bisto] AHAES AAs L AHEE ST

b e b

8) Af WF A A dfFdr 4 EF v & }E vit E & ¥

AL AASRE crude oil T HAE AA Al A AfF dG o] Aol v &
hexanes &3sla, ¥4 H#AS A7 (Fig. 8.C) ditate] &3 glo] dfdu= 4
A3 A5 oil 1 kg T 592 mg 9] tocotrienole] 3]F¥ o] F&e] Aakyl Etalk 7
(597 mg)et Fdstlew, AFFA tiH] 4ufe] Siks 93 Be= 23] 3
FFo]l 4453 mg)stith. Wk AHE AAE daiAe AdE HUkete AR

oA adE AR Ade] E&Ads o ASlHh

. Tocopherol & tocotrienol % 2 3t& $ & saponification 27 =)

1) 95 Y] EtOH H] & @& vit E & && Hu

Tocopherol % tocotrienol F%<S 3+ saponificatione €& crude oild] EtOHS

H7vstw Al At =ul, EtOH 7= EtOHO] 3]=7F ol 9] 7Hd Al A4 Hl&&
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Fig. 8. Improvement of tocopherol and tocotrienol recovery from rice bran crude
oil by storing crude oil at low temperature and removing sediments prior to
following saponification. (A) Rice bran crude oils were stored at room
temperature and upper liquid layer or mixture of upper liquid plus lower sediment
layers were used for experiment. (B) Rice bran crude oils were stored at —20TC
and 4C for 1 day and 15 days, respectively, prior to experimental use. (C) Rice
bran oils were mixed with hexane at different mixing ratio prior to storage at

4C for 1 day.
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FUAI7I= 2ol oo 7hsd Aol EtOHS H7b=ar A3 EL
scaleo| Al crude oil A ti¥] EtOH H7t=S @&ty 23S st A
TEZE, EtOH 6 mLel crude oil #1713 2, 3, 4,5 g &2 ZA3}Y crude oil :
EtOH H|&& 26, 3:6, 4:6, 5602 ZH3 A} Fig. 9.A I o] &9 crude oil F
A F 3" F vit E &% crude oil 2, 3, 4, 5 g 5 oil&o] Z713d wal 2z
1051, 826, 723, 615 mg g ' crude oilZ H-f H7tFo] F7pstel wet vit E 73
Fo] Fadhe S B 4 gdodth ®=3 pilot scale® % oil 1 kgoll EtOH #7}haF
12, 15, 18 L2 23} crude oil : EtOH ¥®]-&o] 1:12, 1:15, 1:1189] 3 o2 A
A3 A3} Fig 9B ¢ #Zo] &9 crude oil FAY & vit E 35&°] Z7} 176 m
g-kg!, 134 mg-kg!, 117 mg - kg ' 7AdE Aoz UEhgon o] |

AR 112 2 1159 4§ 22 50%, 14% %—7}6& AHRA o3y v Fy)
EtOH H7FAlell ©$] crude oil FAF vit E 3580 =5 4 F AAh Vit E
isomer ¥ 23+ y-tocotrienole] 7} FElo] g W4,
I L1264 3]eE2 ZH2 14%, 50% S7tste A & 7 Ao 2 vit E A
1= y-tocotrienol”t €& thH] EtOH FH7b&ol 7Hd =LA F3S wol 11129 A&
o A 118Kt} ¢F 86% 7t T 7FskSlth.

2) Vit C H7tel 93t vit E F& &€ H

K

gakst B4 vit EE crude oil23H 2g, AAsE B4 = ASHAAZA vit
C7F H7b= =l vit C H7bgel M2 vit E 8589 Was A 43 0, 1, 25,
5, 10g o vit C "7}z A z+z; 235, 286, 281, 95, 94 mg - kg ' pellet®] & vit
E 385 Yeo] (Fig. 10) vit C FH7F Bop 1 g, 25 g HA7MA= Z}Z} ok
21%, 20%<] vit E gt=Fe] S71E 7FAgey, 1 o] vit C H7F Agoe 23]
8 Fgo 2SS ¢ F dArk. w3 HPLC ¥4 A3 Aoz chromatogram A+
ol =, A9 ascorbic acid H7F Al &A% &4W unknown peaks E°] 290
nm? el g AA HEHA=H, olFe AR vFo] Ho} i%’ﬁﬂ
= ¥4 T vit E9 #9E Adsid, 3= F
23y FAETS & 7 AT E AFo] pelletS A= ¥ vl crude oil

4
Auz s B TR 2ANME F7F 2WE Bakel AL vie C ANFE 7
=

rlo

ascorbic acid #7}= 9 F
oS ]

oﬁ rulo
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3) KOH H71 %o ©1& 53¢

H] =3k (saponification) 2 W7ol A& AE F E7H3IE (unsaponifiable
compounds)®ll <3} tocopherol % tocotrienold Ed st Fo Aot w7

o

crude oil 5 g2 50 mLe] EtOHo A 80T, 10&3F HEgA 7] KOH (44%)<] A7}
e Zed 23 crude oil 1 gollA 358 F wE E @@ KOH T3 7H546
mg)oll Hl&] KOH 2 mL H7FA 1,190 mgZ7tAl Z7}3tt} 3 mL o] Aol A= 770 mg
o2 A fAhdhe AEFS vERHTE ¢ saponificatione] -3 A9 Hslrbe st
Ade] HF AREo] &dHA 2 FAVE Sdistel AREY FAE A 4
# KOHE 0 mL, 1 mL, 2 mL H7H #4555 stsls o 22 37 mL, 3.8 mL,
21 mLo| zFEo] ¥ota, KOH #7Mge] 3 mL, 4 mL, 5 mLoll A& 7% glo]
RF e S HAh 7 e E ol dA HE KOH #H7bel & 3¢&s vl
3 A7 (Fig. 11), KOH " #7FA] a-tocopherol®] 3]4&©] 246 mg kg ' crude oil
ol fl&el wlal KOH 1, 2, 3, 4, 5 mL %7k 717} 533, 516, 416, 431, 408 mg kg '
o] 3la¥o] KOH 1 - 2 mL H7FA 7Hd #& 3+&S YEW AT v-tocotrienol
Al a-tocotrienol®  FAFEHAl 2 ml7MAE F7FSYE 3 mL olAtel I}
saponification Aol 743G U vit E 348 SHiAdE KOH H7bHEo] 2
mLel A5 7FE =4 vewod, s FAZE 21 mLel @ste] HFAAE 9
tocopherol ¥ tocotrienol %7} @SS 123 E W, crude oil 5 g, EtOH 50 mL
5 B A% Ao A+ saponificationg 3k 44% KOHS] %< 2 - 3 mL Alo]el

FE F AS AoE dFEHA

ot

4) Re-saponificationd] W& F&£& & 74 H7}

FEE&mel  wls Ao Als7E Eol7bAY, KOHe| #=3% A§ &
saponification 7ol we} ZHFEo] A= tocopherol ® tocotrienol®] ==& A
SHAI7]E EAZE wAgit oo ALtE RRES VE A Wyd 34
re-saponification 3t%1S wf HIE}Y E 3|5&9] WslE dolr 1z} pellet 5 g(T1), 10
g (T2), 30 g (T3), crude oil 5 g (T4), 10 g (T5), 15 g (Te)Z Z& 3t 50 mL
EtOH, 44% KOH 15 mLE 7}eff 80CelA 12k vlF3hubg-& A &star, igo] A
A T3, T4, TS5, T6S TY Z71 S22 re-saponificationd}o] Z+zt RE-T3, RE-T4,

.

—
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RE-T5, RE-T6= #Alsta 2F Agj2d3 dojl vit E 3&2] ¥3tE Fig. 12 9
VEF ST 12} saponificationo] A 3|4 BIEFW E 322 T1: 244 mg-kg ' bran,
T2: 234 mg-kg ' bran, T3: 194 mg-kg ' bran, T4: 1316 mg-kg ' crude oil, T5:
1045 mg-kg ' crude oil, T6 956 mg-kg ' crude oil2 3|5 % =Moo A= crude oil
5 g& ARE ARES T47F 7HE =ke T1x T2 Alelsk T3, T4, T5, T6lA
Z47h 2 mL, 4 mL, 5 mL, 9 mLe] Fi=o] HAZHAY BEHE AFEs 2%
saponificationd A RE-T3: 83 mg-kg ' bran, RE-T4: 496 mg-kg ' crude oil,
RE-T5: 544 mg kg ' mg-kg ' crude oil, RE-T6: 699 mg kg ' crude oil® W] e}l
E7} 3= glon, RE-T6%o] 23 H]F3} whg o] Fox 5 mLe ZFEo] H=E
Atk B E 2xbo A 3 4E vERY Ed S 1% saponification®] 40 - 70%7FA] 3]
F7F 7hsstR ey 23] 9] saponification AAldlE BE AL 2FA7F 201 A H S
aere w Aol vl wrom) wepA WFEo] AAFEA| @ saponification 2

A& AdAste] 13]nt 3ol aatoletal AlsH,

)

N

5 95 %3 KOH H71%Fe &F v&d & vitE & &8 W
7}) HexanelZ FZ 9 crude oil®] F$

Hexane 2% 3=9 crude oilS YHE 3}, saponification 7 Fol|A Abo]dt
crude oil&¥} KOHZO| %o vit E 3|50l WX @3S dolrr] $1ste] 2841
AE AAH F38te] 08 g, 16 g, 24 g, 3.2 g & crude oil ¥ W3lE 11, 7zt
oll F¥¥ &2 KOHZ 04 mL, 06 mL, 1.0 mL, 1.2 mLE 3 7}38}¢] saponificatione
T (Vlexzde ZEEAUdd £33 Z2%E Fig. 13ABCol YERATH
crude oil F7F9] & ZF tocotrienol ¥4 #F KOH 04 mL 4% A% ol 32 g
ol 1,629 mg & 74 =k=d], o= crude oil 0.8 g, 1.6 g, 24 golA 844 mg,
1,203 mg, 1,502 mg7h 24521 Hl &) ZH7h 48%, 26%, 8% Z7bell @@= AT
gy ol 3w Sk o Az o] Fde] gkl 7198 Aew AR
H, @9 crude oil FAFG I FHS AME H9$ crude oil 0.8, 16, 24, 32 g E=E
Z}7} 1g crude oil B 1,055, 752, 626, 509 mg®] tocotrienol®] 3]F%H o], 3]+ T &
9 crude oilF F7Fol wEl AAasts ASE Uelygon, A5 AA i) g

FqEE Anel & Sl e ng Fus 4iEel 4 5& neste A4

fu
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>
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Fig. 12. Effects of re-saponification on recovery of vit E isomers from rice bran
(T1 - T3, RE-T3) or hexane-extracted rice bran crude oil (T4 - T6,
RE-T4 - RE-T6). Rice bran pellet 5 g (T1), 10 g (T2), 30 g (T3, RE-3)
or hexane-extracted bran crude oil 5 g (T4, RE-4), 10 g (T5, RE-5), and
15 g (T6, RE-6) were saponified once (T1 - T6) or twice (RE-3 - RE-6).
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3, S Fo 2 Asdrh ¥ KOH F9 % wE tocotrienol
34 EE 9& crude ol #Fol 32 g9 A9 KOH 1.2 mL #7FAl 1,115 mge] 3]+
Hol 04 mL FY(1,629 mg)oll ¥l 31% ZAstH. o]+ =3+ saponification®] 2]
3}o] tocopherol @ tocotrienol o] AT A (Fig. 11)9F 4= Ao=
KOH®] #%=3k £ Aiaes AdaAls & 7 At b3 A4S o &
o % vit E9] 3+HZ)¥ KOHZF (X)HE crude oil®F (Y)#e] #A2 S =3
3 7 = -33642 + 2641.7X + 954.01Y - 2364.08X” - 64.73Y" (R*=0.8835)9] 3] +]4]
2 Awo] 7heetar, HF 1S KOH 045 mL, crude oil 3.2 g oA & 1,793
mge| tocotrienol®] 347} 7hed Ao w FAHHT (Fig. 13.0).

ofs
-

o

Y}) EtOHZ 3% 49 crude oil9 3%

EtOH 22 F&4 crude ol Y52 oilgy KOHZ wWE vit E 345 H7t=
Z} hexanel. @ F% % crude oil¥ FL3sHA 0.8, 1.6, 24, 3.2 g9 crude oil B & 04,
06, 1.0, 1.2 mLe] KOHZ 7}3}lo] saponificatione 33 A3} oil 3t F7bo] wh
£ tocopherol ¥ tocotrienol 3% KOH 0.6 mL ¢ A% oil 1.6 gollA 1,052
mg9| tocotrienole] 3]4% o] crude oil 0.8 g2 439 mgH = =713 2y, crude
oilo] 24, 32 g2 Z7Fst 49 1,029 mg, 639 mg= THA| #AdE Aoz e

(Fig. 13.E). &% crude oil FAI9 342 crude oil 0.8, 1.6, 24, 32g €= z+7;
549, 658, 429, 200 mg®] tocotrienol®] 3=, 16 g oA 7HE =39 F3|4
g wde S vErdAT @31 KOH F9%F F7kell ©E tocotrienol 3|4 %
2 ¥ F crude oil #Fe] 16 g9l 4% KOH 04, 06, 1.0, 1.2 mL ¢ A Z+7Z 651,
1,052, 571, 544 mg ©.=2 0.6 mLelAM 7H =9kl 1 o] &g KOH F& &
slg daEs HaATIe AoR yeyth whEEW AW (response  surface
analysis)S Alg3le] 4" HA AL KOH 0.8 mL, crude oil 2.15 g ZgolA

% 1,336 mg®] tocotrienol®] 3|77} 7 Aow FAHEAC
6) Saponification At 2 &&= XA W& F&F & &
Saponification &7 ZFA N7t7 &% 7S g 39S u vegw E 359 71

A= GEFS dolr7] fste] 2890 AE HAAH £3F9] crude oil 5 g, ascorbic
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il
rlo

acid 1 g¥ EtOH 50 mL”7} &7 250 mL flask E=+ 60T, 70TC, 80T, 90C=
AR A, A|Fe ZbZE AR RF ) 128 164, 208 o2 delslo] saponifications A
Algk A& Fig. 14 o YeEl Atk vh8 Alzke] 2021 49 k& 271 80C ol A
= 1,013 mg-kg ' crude oil® 7Hg 3] F&o] EEd], o1& 90T, 70T, 60CelA <]
975, 711, 358 mg-kg ' crude oil®] 3|F&ol nla] z+zk 4%, 30%, 65% F7HE Ao
2, 3FEe ¥ 22X AA FF 5S4 F AU v =z 80T)el
A ] saponification A|7Fe] 20821 A9 34&S 1013 mg kg ' crude oil® 16%
(994 mg kg ! crude oil), 12% (976 mg kg ' crude oil), 8% (961 mg kg ' crude
oil), 4% (910 mg-kg ' crude oil)ol W8] Z+Z+ 2%, 4%, 5%, 10% © 3553t} o
el Aol 71%E ul, saponification®] AP 2 RTOE 2% Z7e] HEY E 3

rl

Foll i aA FFES vAE HoZ YeEbgrh wea™ A (response surface
analysis) 2 AF&3to] H4 IS FAHT 29 25X) 21 AIFHY)S Z =

-8199.8 + 219.2X + 6.8723Y - 1.3158X* - 0.1883Y” (R’=0.911)°] 3|72 oz Are]
7bsetglom, 83.7°C, 1859 7oA 9983 mg kg ' crude oil®] Hil F&o] F
HATh & 3]AAY] AL Al 60T &1 A9] 3|FE&S 70T o] e 23 AuhA|
Al Zdolgk vhg& yERH o= A9 st

K

7) saponification #3 % KOH ¢ NaOH9 vit E & && H

HoEst g & A8% = KOHE 7HAol Add 7 At (NaOH) 2 Al 7Hed <

FZA 71EWHe 44% KOH #H7F W4l 44% NaOHE 9% 1 kg tH] 600 mL

A71e A3 Fig. 15 oA 9F 2o NaOH A7} Al 344 tocotrienol ¥ & vit E

7} 258 2 424 mg - kg ! oil 4], KOH R} tocotrienol & 59%, % vit E

60%¢ =712 2 4 vt kA saponificationS 93+ ZujA|Z NaOH7}F
KOHE.Y vit E % &&d aa4ola =3 AAAYNS & + AATh

of
rlo
-Lr’
[\]

8 A £ 35 F7td ©E vit E & W

HF3 Wrgo] 83 & BA3ELS hexanel & #8511, A7) hexane & ThA|
B2 AlFst= #4S AX = vl hexane? 38 34 F7bo| mE vit E &9 W

32 ZALFA}F hexane 38 FE5S 13], 2312 2ddle] Ao vit E9] 42 F
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7}3k A3} Fig. 163 2kl 3atow 23] £3] Al tocotrienold] 34 %S 290 mg-
kg ' crude oilZ AlE 13 FZ (220 mg-kg Dol v]&) 329% Z71sit) slake] B3
o) A A EtdEe] A 9 @ Ee] e Ay &

7t @ +9 FUE vasd A4%c Baw Ao AnAT

855 35 A

o
N
e
_%:Jd
o

i

D g3 =314 F2 A A HHE /33 FAE vit E FF v

Pilot % #4 5 hexane w8 FH vit EE 3537 st #HdsHo=
hexane €& AAZ T Aozl FEFELS hexanel @ A H3te] ik =xods oA
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Fig. 21. Picture of final products. Final product in liquid form (A) were mixed
with SiO2; and ascorbic acid for formulation of sample product in power
form (B), and this powder sample products were further processed for

capsuling (C) and finally packed in a PTP packing (D).
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Table 12. Laboratory reference values of oil , tocopherol, tocotrienol and vitamin

E concentration in rice bran.

sarljlgle(;in) Range Mean Std. dev
Oil (%) 101 29.3 - 653 22.4 277
Vitamin E (mg/kg) 30 56.8 — 5.72 44.6 13.8
Tocopherol (mg/kg) 80 272 - 343 18.3 6.66
Tocotrienol (mg/kg) 80 32.8 - 2.29 26.3 7.88
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A : Tocopherol

B: Tocotrienol

Fig. 22. Second derivative of high and low spectra in the region 2,260 - 2,380
nm (A:tocopherol) and 2,280 - 2,360 nm (B:tocotrienol).
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Table 13. Calibration parameters according to three different regression analyses
and four mathematical treatments for oil, vitamin E, tocopherol and

tocotrienol content in rice bran

Calibration set

Regression Math Oil Vitamin E Tocopherol Tocotrienol
analysis | treatment* (%) (mg/kg) (mg/kg) (mg/kg)

R*" |Mean|SEC| R® |Mean|SEC | R* |Mean| SEC | R’ |Mean|SEC

1,4, 4 1 (0676|227 | 1.00 |0.589| 47.2 | 7.17 |0.504 | 20.7 | 3.37 |0.510| 269 | 5.22

1, 10, 10, 1 {0.711| 225 | 1.58 [0.529| 49.0 | 651 |0.583| 21.3 | 2.64 |0.735] 28.1 | 2.93

Step-wise
2,4 4,1 0864|225 |0.755(0.736 | 466 | 659 |0549| 20.6 | 3.22 [0.847 | 286 | 2.13

2,10, 10, 1 {0.883 | 22.6 [0.690|0.694 | 49.7 | 510 | 0.645| 19.0 | 3.59 | 0.871 | 286 | 2.12

1,4, 4 1 |0813] 226 |0.841 0479 | 46.3 | 855 [0.547| 187 | 4.34 |0.511| 26.3 | 5.52

1, 10, 10, 1 {0826 22.7 |0.791 | 0.578| 46.7 | 758 |0.538| 189 | 430 |0.341| 274 | 528

Step-up
2,4, 4,1 (0863|225 (0747|0539 | 45.1 | 893 | 0.528| 185 | 448 (0541 | 274 | 441

2,10, 10, 1 {0.716 | 225 | 1.56 |0.686 | 44.6 | 7.73 | 0.532| 185 | 454 |0.583 | 26.6 | 4.81

o 1,4, 4, 1 (0949 22.7 10.414]0925| 51.3 | 1.70 [0.889| 20.0 | 1.97 |0.946 | 288 | 1.17
Modified

partial 1, 10, 10, 1 [0.929| 22.7 10.4780.952 | 48.3 | 2.35 [0.923| 21.1 |1.241]0.963| 29.5 | 0.700
Least
Squares 2,4,4,1 10893 228 [0585[0.971| 49.0 | 1.61 |0.975] 19.8 | 0.889]0.988 | 284 |0.603

(MPLS)

2,10, 10, 1 {0948 | 22.8 {0.400{0.975| 48.0 | 1.75 | 0.950 | 20.2 | 1.23 | 0.984 | 28.5 | 0.683

* Math treatment a, b, ¢, d: a = derivative function; b = gap; ¢ =s mooth;
d = second smooth
wx R% = squared coefficient of multiple determination in calibration;

#x*% SEC = standard error of calibration
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Table 14. Calibration and cross validation parameters by MPLS regression for

tocotrienol concentration in rice bran

Math Calibration set Validation set
treatment R? SEC P SEP*
2, 10, 10, 1 0.984 0.688 0.956 1.149

*SEP © Standard error of prediction in validation
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Table 15. Calibration parameters according to three different regression analyses
and four mathematical treatments for vitamin E, tocopherol and

tocotrienol content in rice bran-oil

Calibration set (mg/kg)

Regression Math

. Vitamin E Tocopherol Tocotrienol
analysis | treatment
R?> | Mean | SEC R?> | Mean | SEC R? | Mean | SEC
1,4,4,1|079% | 445 | 625 | 0620 | 183 | 412 | 0.784 | 263 | 3.68
1, 10, 10, 1| 0.692 | 46.0 | 7.30 | 0.709 | 185 | 360 | 0.750 | 27.1 | 3.75
Step-wise
2,4, 4,1 10784 | 447 | 641 | 0.771 | 182 | 3.22 | 0.799 | 26.8 | 3.44
2,10, 10, 1| 0.810 | 44.7 | 588 | 0.749 | 181 | 3.34 | 0.837 | 233 | 3.22
1,4,4,1 073 | 449 | 704 | 0823 | 187 | 2775 | 0.714 | 265 | 4.21
1, 10, 10, 1| 0.609 | 452 | 819 | 0671 | 183 | 3.84 [ 0639 | 263 | 4.77
Step—up
2,4, 4,1 10729 | 450 | 688 | 0702 | 183 | 3.65 | 0.752 | 26.8 | 3.67
2,10, 10, 1| 0.758 | 445 | 6.82 | 0621 | 183 | 412 | 0.784 | 263 | 3.69
1, 4,4, 110981 | 487 | 139 | 0960 | 19.0 | 1.26 | 0.963 | 289 | 0.941
Modified

partial Least 1, 10, 10, 1] 0.892 | 486 | 3.31 | 0946 | 185 | 149 | 0935 | 285 | 1.39

Squares | o 4 41 0992 | 471 | 1.02 | 0982 | 185 | 0868 | 0981 | 281 | 0816
(MPLS)

2, 10, 10, 1] 0.950 | 455 | 2.86 | 0929 | 189 | 164 | 0923 | 28.0 | 1.67

Table 16. Calibration and cross validation parameters by MPLS regression for

tocotrienol concentration in rice bran-oil

Math Calibration set Validation set
treatment R? SEC 2 SEP
2,4, 4,1 0.981 0.816 0.845 2.34

*SEP © Standard error of prediction in validation
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Table 17. Calibration parameters for oil, vitamin E, tocopherol and tocotrienol
content according to three different regression analyses and four

mathematical treatments in brown rice

Calibration set

Reng;?SSiO Math 0il Vitamin E Tocopherol Tocotrienol

analysis treatment () (mg/kg) (mg/kg) (mg/kg)

R’ |Mean| SEC| R® |Mean|SEC| R? |Mean|SEC| R® |Mean| SEC

1,441 (0905] 226 | 1.21 |0.779| 35.7 | 7.28 |0.655| 13.3 | 399 |0.622| 223 | 5.18

1, 10, 10, 1{0.810| 22.9 | 1.24 |0.766 | 35.7 | 7.48 [0.871| 13.0 | 2.38 |0.785| 21.7 | 4.35

Step-wise
2,4, 4,1 10909 226 | 1.18 |0.847| 36.0 | 6.08 |0.866| 139 | 2.62 {0.900| 22.0 | 2.98

2, 10, 10, 110809 | 225 | 1.75 |0.813| 35.7 | 6.69 |0.827 | 13.6 | 298 [0.804 | 20.5 | 4.00

1,441 (0709] 230 | 1.52 |0.776| 35.7 | 7.32 |0.769 | 13.7 | 3.40 |0.763 | 21.9 | 4.59

1, 10, 10, 1{0.709| 22.9 | 1.53 |0.763| 35.7 | 7.53 |0.775| 13.7 | 3.35 |0.756| 21.7 | 4.63

Step—up
2,4, 4 1 10.722| 229 | 1.50 |0.814| 35.7 | 6.68 |0.842| 13.7 | 2.81 |0.917| 22.0 | 2.70

2, 10, 10, 110.787| 233 | 1.18 |0.822| 35.2 | 6.57 [0.750| 13.7 | 3.53 |0.828| 21.2 | 3.88

o 1, 4,4 1 (0909 231 [0586[0979| 36.7 | 212 {0944 | 135 | 1.65 |0.983| 21.7 | 1.17
Modified

partial |1, 10, 10, 1/0.864| 234 |0.756|0.967 | 35.7 |2.685|0.953 | 13.3 | 1.525]0.948| 22.4 | 1.83

Least
Squares | 2. 4, 4,1 0986 234 {0.254|0.997| 32.9 |0.829]0.989 | 13.3 |0.690|0.837| 20.3 | 3.61

(MPLS)

2, 10, 10, 110928 | 234 [0.583]0.969| 37.1 | 2.48 |0.983 | 13.9 |0.8300.971| 21,2 | 1.55

Table 18. Calibration and cross validation parameters for tocotrienol concentration

by MPLS regression in brown rice

Math Calibration set Validation set
treatment R2 SEC 2 SEP
1, 4,4, 1 0.983 1.17 0.873 3.24
1, 10, 10, 1 0.948 1.83 0.870 2.839

*SEP : Standard error of prediction in validation
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Table 19. Laboratory reference values of tocopherol, tocotrienol, and vitamin

concentration in crude oil of rice bran

sarljlg'legﬁn) Range Mean Std. dev
Vitamin E (mg/kg) 86 2560 - 1114 166.9 230.9
Tocopherol (mg/kg) 85 0.060 - 349.3 54.44 76.27
Tocotrienol (mg/kg) 85 1.770 - 765.3 107.4 156.7
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Table 20.

Calibration

and

validation parameters

according to different

mathematical treatments for tocopherol, tocotrienol and vitamin E content

in final product.

Math Calibration set Validation set
treatment R? SEC r2 SEP*
1, 4,4, 1 0.991 5.93 0.972 10.8
1, 10, 10, 1 0.989 6.64 0.975 10.2
Tocopherol n
2,4, 4, 1 0.992 5.84 0.962 12.4
2, 10, 10, 1 0.990 6.35 0.968 11.3
1, 4, 4, 1 0.982 0.56 0.958 0.86
1, 10, 10, 1 0.972 0.68 0.940 1.00
Tocopherol [
2,4 4, 1 0.989 0.42 0.944 0.96
2, 10, 10, 1 0.973 0.68 0.945 0.97
1, 4,4, 1 0.983 1.12 0.957 1.76
1, 10, 10, 1 0.977 1.28 0.936 2.12
Tocopherol ¥
2,4, 4, 1 0.986 0.95 0.925 2.23
2, 10, 10, 1 0.981 1.13 0.954 1.75
1, 4, 4, 1 0.992 6.94 0.966 14.0
Total 1, 10, 10, 1 0.989 7.97 0.973 12.6
tocopherol 2,4, 4, 1 0.991 7.32 0.953 16.3
2, 10, 10, 1 0.988 8.28 0.959 155
1, 4,4, 1 0.992 5.96 0.972 10.8
. 1, 10, 10, 1 0.989 6.64 0.975 10.2
Tocotrienol n
2,4, 4, 1 0.992 5.84 0.962 12.4
2, 10, 10, 1 0.990 6.35 0.968 11.3
1, 4, 4, 1 0.987 11.3 0.958 20.2
) 1, 10, 10, 1 0.988 10.7 0.974 15.7
Tocotrienol ¥
2,4, 4, 1 0.990 9.88 0.968 175
2, 10, 10, 1 0.983 12.6 0.958 20.0
1, 4,4, 1 0.986 189 0.953 34.2
Total 1, 10, 10, 1 0.980 22.0 0.953 33.8
tocotrienol 2,4, 4, 1 0.990 15.7 0.946 36.7
2, 10, 10, 1 0.984 20.2 0.949 35.8
vitamin E 1, 10, 10, 1 0.988 249 0.973 38.3

*SEP : Standard

error of prediction in validation
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Fig. 24. Correlation plot for tocopherol, and tocotrienol concentration, NIRS data

vs. laboratory data for rice — bran oil samples in the calibration set.
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=
=e] FFAE NIRS = ER A&A7 & G 74x] W] ofsto] HFA S
2kt Ay 223 EE ~FEHS MPLS (Modified Partial Least Squares)E ©]
&3k 3 A o] &st= Aol 7HE Attt =, HPLCE o83 Fd4d59
A& I NIRSOIA =sd A a3 ddilas EdE EsEDd =0l

=
ZkzF 0992, 09535 YERHATE ol A validation filel A= 0.846 %
09569 =& A#s Hol A AHdAN EIdHE W EIEYCdE IS
NIRSE ©]-&ste] A&HaA +4T + dS e FdH A
CErE Qe Eiﬁﬂ% 2 EdEddm e NIRS 48 7Fe4d
FE

2}A %Ul *PEHOM E3dE 4
ATt

. Pilot =9 AdnldAM vAHFE F& = r
BEe] BAAE wAolu duAdHY FAXEGRE e A3E Hidon
(calibration set o 41¢] R? :Ez9 = 0989, ExE ol 0986), ol Aw}E= n %
EES o] &3 AlLA AEF 9 tocotrienol FH H7F E AE 9=

£
o] NIRSE ol §gomn A&sts ol Fod & gt 7Fsde el Aozt
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4. AFAME AHFEE 2 =4 F7L

7 HF RAES s g 9t

D s 24 574

o

=2 A
St

by

DPPHE ©]&3% tocotrienol® dAF3} &AL Fig. 259 Zt}. v 7ol A
AH HFAYHES methanolZ 4 43+] methanol2 3]st DPPHS} 742
s+sl 1 DPPHO| 4F3sl & A8 Shimazu spectrophotometer® 520 nm &4 =2

. ©] @ DPPH®| 4F3td & 7k DPPHO| F&kol oj&A o= 3H4dt

Se vl S B FasEe e Aow e

IN'
O_t_,
O rlob o

ol
2

52_11],

2) 43 a428A &3
7} Superoxide dismutase (SOD) assay

HZANES A AS W SODe AL fibroblast®t hepatocyte EFolA 10 -
25% 7t S7bske Ao® et ou (Fig. 26.A) 7L &3 34 ¥ o= A
S¥T SOD €42 H7bE tocotrienol®] & A

tocotrienol®] H7h= WG E = AEY ofAH Sl WstE FUATIER Z AYolA =

Q4 Wssk g wE @ SRl 9e st

Y}) Glutathione peroxidase (GPX) assay

SOD &4 =A3} #AFs WH o2 tocotrienoldll €3 GPXe| &Aoo W3zls =A 3
A3} (Fig. 26.B) fibroblast®} hepatocyte =5 GPX9| &Ao] HEAAE 23]

S7bet o 53] hepatocyte] ¢ FHdl 2u]7t#] &Ado] Frhekdch.

HFAMES HYsA &S fibroblaste] GPX &4& 12 £ 16 U/mg °lH HFA
e Aede W 17 £ 21 Umge 2 F7tetinh B3, AFANES A estA
%2 hepatocytes= 9.0 = 2.0 U/mgel™ A 2Jstls wf 22 + 28 U/mgo =2 7}t 3d
ok ¥ Ao ot HFAAAES FAAE B A kst @48 FHAY
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Fig. 25. Radical scavenging activity of final products

containing tocotrienol.
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Fig. 26. SOD (A) and GPX (B) activity as affected by final

products containing tocotrienol.
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W ooleld B SOD Wik GPXe el o 93 wop dojup= o B
gyt o]ate] Au= gzt Esls] 2] (2003, 48(H2):220-221)0 Al A = ¢ h Y

3) Two dimensional gel electrophoresis (2-D A 719 %) &4

Tocotrienol & AU olg] A wrao] W= guralgs Ruy) glomzg X

ATl = wgE fibroblaste]l HETAALNES AHgste] WS AI7I A FEES
g53te] 2-D A719sS AAFo=N HdE gl FFS vustdtt (Fig

27). AI¥X FEFES pH 3 - 102 % isoelectric focusingS 3Fal 12.5% SDS-PAGEE
3 A3} tocotrienol?] A TEE F/IEeE 2 W gwlAdSo] wlgo] Frly =
AL B F At B AEe FA4S 9ot I WsE Hole uwASS
AWsle] F&31 N-termianl sequencing©lt} MALDI-TOF <& E3lo] #HS

alof &t o]l ¥HEH AF7F €

no 2R E FAY HFAMES DPPHE 71d 2 3l A7 vl¢ sold it

= v %3A A tocotrienolS A
g3tz MENL] kst 71 & 98-8 Sl superoxide dismutase$} glutathione
4 BT HFTAME st 4ol T

l:,_
F Ao AAH oz A EANA GPX7F SODHTF ¢ WstAl 57}

U HF AAEY I H7L

IUE el A FEE AT ANE FE "IME Sleto] FAAIES HepG2
cellsell #F A4HE(15, 75, 150, 300, 600 pg/mL)e] 3+F¥ RPMI ®i#] 100 ulE

A2 g A3 Fig. 28 o v upel ol Al w7t S7hghel whek ehAlEe] A
ol A= o] sl W 7FFZF tocopherol ¥ tocotrienol> A &HE ZH= A
o2 yegtor 50%9 dAX JAEHAE YERNE IC502 149 ug/mL 2 F3
oAt

- 107 -



2= patterns of fibrohlasts

Fig. 27. Protein expression of fibroblast treated by final products.
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Fig. 28. Viability of HepG2 cells treated with final products co

bran.

tocopherol and tocotrienol extracted from rice
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o HF AAEY aXEF JA 234 H7}

F71F Bt ATFAR Q3 R2EYAE A7) Y] ALgAe] Ayl A
5 dAeA A8t Absstl ou, CHDw @ TED-1,23w el b 1nke] 7k Ab
Wetal TED-4w2 2vkg]7F Abgebelch B3 AFFos 59 veas5e Fo

et Aol 54 @sken Eoldt H2 cholesterols Foldt vl E9 AT
o] 7k wol Frastdrh 1yt S o] ot wperEe AAS AR FT
stthal FeE o B5E oy 2 FA o] & F

A mE Yo ZHE cholesterol, triacylglycerol, high density lipoprotein
(HDL), low density lipoprotein (LDL)¢] %2 =3ttt (Table 21). ¥, H] %]

A G52 total protein (TP), albumin (ALB)EZ W75 4d FFELs

]
(nonfuntional plasma enzymes)Q] Aspartate Transaminase (AST), Alanine
Transaminse (ALT), Alkaline Phosphatase (AP), Lactate Dehydrogenase (LDH)E
o GHELS a2 REH AQFHS dHY G Agor st FH Ths

9 =
TEW BA5 0 A4 2859 (Table 22).

it

OEEEER-CEEERCE]

(1) €% cholesterol ¥x o ¥H3}

3% cholesterol®] X+ 145 - 172 mg/dl HEolA wl$ & 32 (standard
deviation)S 7F4 U U xE JiE Wol7l & Ao ES T ANOVA H 2~
EAN 7 52 AR fFoshA ke (P=0.542), Duncan groupingE T3 B
ARolA AHEd L5 EF cholesterol 5=
o] Watd g UelUA e Aoz Algdu. CHDT 9 cholesterol %7} F
AR W2 gom ystAw e el o] Watoly, o= TPD« ¥ TED-1, 2,
3759 FX7F BDEU =2 uwbd TED-4w0] 7F¢ @& HiFgs 7IAE e

oft
(i1
[N
ol
o
ot M
o,
o
32
+
=
ac)
X
rkﬂi

Ek
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(2) @ % triacylglycerol sx2] W&}

% triacylglycerol®] FEE FUTWlA AT wWolZl IA HAATH
ANOVA ®Hl2EZAS} 7 253F g #Fo3 Aoz yeytth (P=0.010). Ducan
grouping< &3}l AA, AB, BC, CC9] 4502 vrojAn, HFANEL 43
TPDe] AATIFORE fFoAHoR & %5 Won, TED-1w¥% 2w¢] 77}
BC, CCozA fFojAor e Frg Bttt W] TED-3v ¥ 47 BDw
¥ CHD+# 37 ABw 22 grouping® o] ol A<l Ws7F Yeb=] &ttt 17
U BDw 2 HARE A Fe EO]EE, Hlao® o] g% = CHDI O

7F & HAER U =2 HAAE % Hol TED-1, 273 37 TED-3,
4% EF triacylglycerold] TEE W3FE 37} Ueid Aoz AZEoAY. uf
A HZ=AAEY] HHE F triacylglycerolS 7Z38lA|71M 1 37} tocopherol B
o " Z o AlsH

fr
>i
£ HU

(3) % HDL ¥x9 ¥3

7t aFd 8% HDLY F%=E ANOVA HZEAR e fo4d& nn
(P=0.157), 22]4 Duncan grouping A 20|52 AA, AB, BB 3 Z1F52o 2 ¥
AW cholesterole A# 3 CHDw©¢] BBILwo=2 7Hg e AT @S Hoow
(86.3¥9.84 mg/d¢), AAZ1w<] TED-14¢] 116.0+21.80 mg/d¢e] 7Mg =2 T=& U
B Y. TPD¥ TED-2, TED-3v¥% ABIZF22 BDvo|Y CHDTHEU &2
d% HDLY =& 7MAe 2= uey tocopheroldt HEFALMES E5F dF
HDLO =& F7/H71= Aoz ARG,

(4) €% LDL v%9 W3

HeolEel dF LDLY ke 4 5 T /Mg 2 xsdas Zilen

ANOVA H=EZAN #E53F o8t &2 slo=
T AAE Holx TED-2w¥ 37§ Aleshd oA
1 (P<0.02), tocopherol®} 4
#a 5  Duncan groupin

[e) /\
g HYSs ¢ A

R o
>
i
o
td
-
el
ofy
=
=)
=
off
k1
lo
)
QL
Ll
Ho
!
p‘L
s
poy
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Table 21. Changes in lipid-related blood components.

Group | Obs. | Mean Sg\i, Minimum | Maximum Dgliglcl%n MeanANC;‘VAPr>F
BD | 5 |1520]3761] 1200 213.0 A
CHD | 4 | 1445|1147 | 1340 160.0 A
Cotosterg | TFD_| 5 [1690 [3251 ] 1330 213.0 A
sy |TED-L| 4 11738 | 511 | 1420 200.0 A |160.24]0.86 | 0.542
TED-2| 4 | 1658|2204 | 1450 194.0 A
TED-3| 4 | 1725|2841 | 1360 205.0 A
TED-4| 3 |1403 | 3362 | 1180 179.0 A
BD | 5 |1638 (4610 | 1060 2250 | AB
CHD | 4 |1903| 434 | 1840 1940 | AB
Trincylgl- | TPD | 5 | 2058 [3509 | 1470 2300 | AA
yeerol | TED-1| 4 | 1590 |5485 | 102.0 2200 | BC |161.62]3.75 | 0010
(me/d) [rEp-2| 4 | 1390 [3583 | 1000 1840 | cc
TED-3| 4 | 18753844 | 1350 2200 | AB
TED-4| 3 | 1787 4606 | 1280 2180 | AB
BD | 5 | 954 [1806 | 720 1200 | AB
CHD | 4 | 863 | 984 | 750 90 | BB
TPD | 5 |1070 [1684 | 860 1230 | AB
(i]/j(;) TED-1| 4 [1160 [2180 | 850 1350 | AA |101.97| 175 | 0.157
TED-2| 4 [1020 | 844 | 940 1130 | AB
TED-3| 4 [1095 | 975 | 1030 1240 | AB
TED-4| 3 | 967 [1484 | 840 1130 | AB
BD | 5 | 122 ] 39 | 90 19.0 AB
cup | 4 | 98 | 1711 | 80 12.0 AB
™D | 5 | 76| 241 | 50 10.0 AB
(ngI/)dLE) TED-1| 4 | 65| 191 | 40 8.0 AB | 958 | 141 |0.255
TED-2| 4 | 145 [1240 | 70 33.0 AA
TED-3| 4 | 103 ] 55 | 50 180 AB
TED-4| 3 | 50| 10| 40 6.0 BB
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W) v Add A E W3}

(1) 83 total protein (TP) %9 W#H3}

ANOVA H|2EZ3} CHD, TPD, TED< ol A2 TP Wal: As fojshx ko
AAAo R Fxo Wt vebbA ket webA, cholesterol, tocopherol, 4

e dT TP kol &S vAA €55 & 7 Atk (Table 22)

(2) % albumin ¥=¢ W3

A% BE 7o i w259 €% albumin® vEE 79 sYsHA vew &
< TP Ao vp7tAl= 2F 2ol&2 €3 albumin® sX=o d3 F&FS 1A

(3) @3 Aspartate Transaminase (AST) &4 ¢ #3}

dF AST & Aol /M ®ol7t A YelwAvt ANOVA H2=EA
HAAFP)7F 0535282 2F7ko]l folAdS Btk Duncan groupingsS F319] AA,
AB, BB9 3 IZHF°o2 EF51M tocopherol¥t HFAE BEF F ASTO A4S
AeAl 7= Ao ' UERyEtE AST, ALT, 28]aL AP9 €% H%+& 1k &40y 7+
71558 AstE WEt= A A Eo] =R tocopherold HF A= 0] 1HEA
Ak B, 3 7159 S T 23Ut e Aoe® wddn, w9 C

o] FAA7E 7h7E 304.099F 109.44 IU/LE wi§- & wbd TEDwE-2 36.399F 1556
IU/LZE Aozt EXR =A yeld #F 42 o] tocopherolZth IF 7159 HE
o 8 & &34% 7HAE= Aoz Atsdr) (Table 22)

(4) % Alanine Transaminase (ALT) &4 ¢ W3}
HZ ALTS A% ASTO 459 us=stAl 2ol 7| Wol7F A veErse

1 ANOVA HZEZANR 7} #+52 F93tA &Adth (P=05352). 184+ TEDw
] 3 ¥FFHEAE YEle Ha g4 5o CHDS TPDT Y #HERY EF

=0
T

x
Y
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a5 APOl &A% ASTeF ALT#o] difPrE &3 1+ 7sdAe F&E4 AE5=
o] ¥t ANOVA HIZEZAIN Fo5tA = AN Duncan grouping 2= AA,
AB, BB 3 1F5 o2 EFHAY. 2y 2 A Hol2 <ty 7 &1 dad
WS & o g3l (Table 22)

(6) % Lactate Dehydrogenase (LDH) &4 ¢ #3}

435 LDHO A2 HAEA dAHE A 2wt Foldel 7B A vE
wom (P=0.0016), 4 1H o2 FEo] TPD¥ TEDw e &7t F3lshA 23
o 5%, TED¥ 1 &%7F TPD¥ Rt o 2A yghon] CHDE el vla i
60%9°] BA 7ra= Btk @ LDH= A oy 7 @A FEss =2 g0l
n doo] FPFAE okl FR AT Mo A4S Jdsts AxE ol &HTh
mhebd HFAAES Bz By oiyel Aoy o T vgd A &
FEA I ALY V)5S BEstE 92 A E Ao® AuHt (Table 22)

%, BanAH 2434

1) 2224}

At (Fig. 29). cholesterol?HS o
w0 YRS, hepatic code”t BB 9194 hepatic code’t @A o] & A%HH
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Table 22. Changes in non-lipid blood components.

Mini | Maxi ANOVA
Group | Obs. | Mean Std' m Duncan
V. | mum | mum | 8TOUP | Nean F Pr>F
CHD 4 5.75 0.50 5.0 6.0 A
Total tei TPD 5 5.60 0.50 5.0 6.0 A
otal protem 5714 | 055 |0.6571
(g/de) TED-3| 3 | 600 | 000 | 60 6.0 A
TED-4| 2 5.50 0.71 5.0 6.0 A
CHD 4 2.00 0.00 2.0 2.0 A
Albumin TPD 5 2.00 0.00 2.0 2.0 A 50 0
(g/de) TED-3| 3 | 200 | 000 | 20 2.0 A ’
TED-4| 2 2.00 0.00 2.0 2.0 A
CHD 4 | 542.251304.09 | 165.0 | 813.0 | AA
Aspartate
TPD 5 |212.40 | 109.44 | 100.0 | 356.0 AB
Transaminase 2955 | 3.57 |0.0548
- 148. . 126. 190. BB
(IU/L) TED-3| 3 8.00 | 36.39 6.0 90.0
TED-4| 2 |231.00| 1556 | 220.0 | 242.0 AB
CHD 4 5475 | 3657 | 29.0 | 109.0 A
Alanine
TPD 5 41.20 | 1441 | 23.0 57.0 A
Transaminase 42.00 | 0.77 |10.5352
- . . 22. X A
(IU/L) TED-3| 3 30.00 | 7.00 0 35.0
TED-4| 2 36.50 | 0.71 36.0 37.0 A
CHD 4 84.75 | 1866 | 61.0 | 102.0 AB
Alkaline
TPD 5 7760 | 19.09 | 63.0 99.0 AB
Phosphatase 80.29 | 1.71 |0.2276
TED-3| 3 96.33 | 2815 | 70.0 | 126.0 | AA
(IU/L)
TED-4| 2 54.00 | 1838 | 41.0 67.0 BB
CHD 4 |2579.25| 325.30 | 2120.0 | 2851.0 | AA
Lactate
TPD 5 [2118.20] 436.81 | 1636.0 | 2834.0 | AB
Dehydrogenase 1964.4| 11.17 | 0.0016
qU/L) TED-3| 3 [1132.00]229.83 | 883.0 | 1336.0 | CC
TED-4| 2 [1599.00| 1.41 |1598.0 | 1600.0 | BC
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Fig. 29. Pictures of liver tissue by using optical microscope (x200).
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aE2A BExyoe] #FHAY. 18y tocopherols Fo]3F TPDwol A= 3719 A%+
ZA A A Aol Aol Ho|A ekal Aol ZHA A UElsow, 1719 Ao

A oke A4e Btk b B FEe HEFYNESL FoF TED-17E 47]9
2HE T 3 =HoA A Ge] Filo] vegion, O @4 HFAL
7betel wel EolEo] TED-22 1709 22 oA Al 2719 =

A okg A4S mow, 19 zHd= Ao vehiA @iskth TED-3w2
TPD o FAEE S Bl e 2HolA ofgh Aol vetygs # vex 370
AER 7MEA vk e xA e 499
4t M Al AR o] Lpeh

S Hola 1708 %Z o)A fat body7} FElo]

BN

n&

7] /\]2—}0}01 27H
HEE A

T stel Eﬂd, Az AAFAE AL A eE 2] cholesterol s ¢
o1 tocopherole HE|&d e w FAd Pirs

1)
AN
Ak R %594 AgAnee woage W 2 53 vinsel s A
o 9} 7

lo,
>
1
o
ok
ox

m

nﬂ'

ZPge wgoy x|t o] TED-3wolXE Aol 7H7h AxE e
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a) BD b) CHD

Fig. 30. Picture of heart tissue by using optical microscope. (x200)
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Table 23. Mortality in rats after single oral administration of final product.

NUMBER OF DEATH

DOSE No. DEAD/ DAYS AFTER DOSING
(mg/kg) No. DOSED 0 1 2 3 4 5 6 7 814 LD Value
0 0/2 O 00O 00 0 0 0 O
250 0/2 O 0 0 0O0 0 0 0 O
Male 500 0/2 O 0 0o 00 0 0 0 O
1,000 0/2 O 0 0 00 0 0 0 O
1,500 0/2 O 0 0000 0 0 O
2,000 0/2 O 0 000 0 0 0 0 >2000mgkg
0 0/2 O 0 0 0oO00 0 0 O
250 0/2 O 0 0O 00 0 0 0 O
Female 500 0/2 O 0 0 0O0 0 0 0 O
1,000 0/2 O 0 0o 00 0 0 0 O
1,500 0/2 O 0 000 0 0 0 O
2,000 0/2 O 00 00 0 0 0 0 >2000mgkg
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Table 24. Incidence of clinical signs in rats after single oral administration of

final products.

SIGNS DOSE LEVEL (mg/kg)

Day S BSERVED 0 250 500 1,000 1,500 2,000
0 Appears normal 4/ 45 4/4 4/4 4/4 4/4 4/4
1 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
2 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
3 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
4 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
5 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
6 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
7 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
8 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
9 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
10 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
11 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
12 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
13 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4
14 Appears normal 4/4 4/4 4/4 4/4 4/4 4/4

*; Number of animals with the sign/Number of animals examined
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Table 25. Body weight changes in rats after single oral administration of final

products.

DOSE BODY WEIGHTS (Grams)
(mg/kg) 0 day 1 day 3 day 7 day 14 day Gain
0 24414 272.15 288.55 311.26 355.05 11091
250 247.58 271.06 282.44 298.77 339.68 92.10
500 245.90 269.83 282.97 301.19 345.41 99.52

Male 1,000 24991 275.70 292.36 317.12 650.67 100.76
1,500 247.28 269.95 280.21 190.77 320.62 73.34

2,000 246.66 269.08 2380.82 296.49 334.08 87.43

0 184.69 201.85 207.38 215.52 227.68 43.00

250 185.95 200.76 206.53 215.97 234.70 48.75

Female 500 185.99 201.97 204.23 212.87 234.45 48.46

1,000 184.34 201.12 205.15 207.86 225.74 41.40
1,500 188.66 203.91 214.83 221.88 238.73 50.07
2,000 184.34 204.05 208.22 213.75 232.35 48.01
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Table 26. Gross findings in rats after single oral administration of final products.

DOSE GROSS OBSERVATION FREQUENCY
(mg/kg) LOCATION GROSS FINDINGS DEATH SURVIVORS

0 No gross findings 0/0% 2/2

250 No gross findings 0/0 1/2

Lung Diffused dark red spots 0/0 1/2

500 No gross findings 0/0 1/2

Male .

Testis Atrophy 0/0 1/2

1,000 No gross findings 0/0 2/2

1,500 No gross findings 0/0 2/2

2,000 No gross findings 0/0 2/2

0 No gross findings 0/0 1/2

Diffused dark red spots 0/0 1/2

250 No gross findings 0/0 2/2

500 No gross findings 0/0 2/2

Female 1,000 No gross findings 0/0 2/2

1500 No gross findinge oo 0

Diffused dark red spots 0/0 2/2

2,000 No gross findings 0/0 2/2

*; Number of animals with the sign/Number of animals examined.
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Table 27. Business

cost analysis for tocopherol

and tocotrienol-containing

functional foodstuff production extracted from rice bran (unit: Won)

Cost
Tnput Unit compos
components | quantity . Total cost . D others
(kg) price tion
(%)
Crude Oil 1,000 500 500,000 13.0 1 ton/day
EtOH 1,875 1,000 1,875,000 48.7 -
Material Vit C 25 | 18,000 450,000 11.7 -
cost NaOH 55 580 31,900 0.8 -
N-Hexane 563 1,000 563,000 14.2 | recovery 95%
others - - 833 -
electricity
60 57 3,426 0.1 -
(KW)
Water (ton) 30 312 9360 0.3 -
for hexane
Other Fuel (L) 40 1,000 40,000 1.0
. recycle
€08 Outside 18,600 powering
6 111,600 2.9 |formulation and
order capsules packing
Building
100 Pyong 667 66,667 1.7 -
Rental
Depreciaion - - 45 044 0.9 trif .
Facility expenses , ) centrifuge etc.
0,
oSt | Repair cost - - 12800 | 0g | O of parchase
cost
Labor | Labor costs | 2 mans 75,000 150,000 39 | 2 men / day
Total 3,850,530 | 100.0 18600 capsules/day
Cost per 207
capsule
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