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SUMMARY

Title: Development of Functional Speciality Varieties and Food Products in
Rice

Background: Interests on healthy food are growing with the elevation of living standard
worldwide. As a consequence, functional speciality rices have been focussed to meet the demand
of rice markets. However, varieties for this purpose have not been developed yet and the
functionality of speciality rices, which are mostly fermented rices with microorganisms and

commercialized, has not been studied extensively.

Objectives: The present study aims to develop rice varieties and rice procucts having functional
speciality to human health, and to investigate the biochemical components and properties of
functional speciality rices with the verification of their functions through experiments with

animals.

Summary of the Results

1. Development of rice varieties and rice procucts having functional speciality

Two split-hull mutant, 74723 and 16537, were induced through chemical mutagenesis using
MNU on Hwasunchalbyeo and by natural variation, respectively. Green rices such as Hexi 41, Jilin
nokmi, Beijing nokmi and sangdongchal were exploited in germplasms collected from worldwide. A
number of speciality rice lines were bred through combining giant embryo, sugary
endosperm, floury endosperm, colored rice, etc.

In split-hull mutant line (74723) induced by MNU, the expression of split-hull
characteristics was stable under different temperatures and fertilizer application levels. The
hulls of the mutant began to be split aboutl5 days after heading and stopped before
yellow ripe stage. The ratio of split-hull in 74723 was over 30% on the average with
variations along panicles and plants. The hull-splitting was mainly caused by the

relatively smaller girth of hull compared to the original cultivar. The brown-rice weight



of the split-hull grains in the mutant was also higher than regular grains in the original
cultivar. The F2 populations derived from the crosses between the mutant line and
regular cultivars were segregated into normal and split-hull plants fitting to 3:1 ratio.
This indicates that the split-hull trait is controlled by a recessive gene. In the other
mutant line (16537), hull-splitting was initiated about 15 days after heading in the field,
which was significantly earlier in greenhouse. The ratio of split-hull in 74723 was over
95% on the average with little variations along panicles and plants. A split-hull was
caused by relatively larger brown rice girth than hull girth. Therefore, the brown-rice
weight of split-hull grains was significantly higher than those of non-spilt-hull grains.
Split-hull trait in 16537 was segregated in a quantitative fashion in F2 populations,
indicating that the trait was controlled by polygenes. Broad-senses heriabilities of the trait
were over 93%.

We selected high C3G rice varieties and made crosses between purple rices and
between purple andwhite rices in order to investigate the inheritance mode of C3G
concentration in segregating populations. All of the purple rices were found to have the
same two dominant complementary genes for color pigmentation, accompanied with minor
genes affecting the depth of color. The C3G concentration of brown rice exhibited
continuous variations inclined toward the lower value in all of the F2 populations.
Several transgressants in C3G concentration were also found varying more or less
depending on the crosses. There were significant correlations between C3G concentration
and L (lightness) and b (yellowness) values which were measured by color difference
meter. It was inferred that C3G concentration be controlled by additional genes besides
two major genes conferring color pigmentation. Standardized heritability for C3G
concentration estimated through selection experiment in F2 and F3 was significantly high
suggesting that the selection for C3G concentration in early generations would be
effective.

A variety, Sunong 6 (waxy giant embryo rice), was registered to tthe official catalogue of
varieties in Korea, and five special qualitiy lines, Sunong 8 (giant embryo rice), Sunong 9(floury
endosperm rice), Sunong 10 (sugary endosperm rice), Sunong 11 (floury endosperm rice with
giant embryo), and Sunong 12 (Tongil type giant embryo rice), were applied for the registration of
variety protection and the official catalogue of varieties in Korea. Agronomic and quality
characteristics were investigated.

A system to produce germinated brown rice in a large scale using giant embryo rice was set

up by Shinji Co. in cooperation with SunTech Co. The giant embryo rice is being merchandized



and rice products such as blended 16 cereal grains were developed. In addition, a raw grain
product using giant embryo rice as a major component was developed in cooperation with
SungwonYooup Co. and Ohangsangsik Co. A rice product coated with Monascus ruber extracts

and dietary fiber was developed.

2. Nutritional and physiological studies on functional specialty rices

In this study, effects of the functional specialty rices on in vivo physiology was
investigated through determination of the contents of physiologically active constituents
and antioxidativity of the ethanolic extracts from the specialty rices, and evaluation of
effect on improvement of lipid metabolism and diabetes.

Functional specialty rices have higher content of polyphenolic compound, the major
constituents for expressing antioxidativity of natural products, than general wild type rice,
among them, RMR(Rice fermented with Monascus ruber) has the highest content.
Increase in phenolic compounds according to the germination process was most apparent
for Hwachung giant embryo rice. RSW(Rice fermented with Basidiomycota) and Dietary
fiber-coating rice have the highest content of phytic acid, although functional specialty
rice varieties showed similar level of phytic acid content. RSW has the highest GABA
content. Although giant embryo rice has the higher GABA content than general wild type
rice, general wild type rice has greater rate of increase in GABA according to the
germination process.

Antioxidative activity was assessed by determining electron donating activity to DPPH
radicals. The results showed that RSW and RMR has the highest activity, although the
activity of the functional specialty rices was higher than that of general wild type rice.
The results also showed that the activity of the rice variety with giant embryo was
overall higher than that of general wild type rice. However, general wild type rice has
greater rate of increase in antioxidativity according to the germination process.

Dietary administration of functional specialty rices was performed to assess the impact on
in vivo lipid metabolism, showing that RMR diet significantly decreases total serum
cholesterol level. Compared to the control group fed with high cholesterol diet,
HDL-cholesterol concentration in serum increased 20% by both wild type rice and RSW
diets, and a significant increase in HDL-cholesterol level was also observed for the group
fed with RMR diet. As observed for the highest HTR(HDL-cholestero/total cholesterol)



values, specialty rices such as RMR and RSW were found to be effective in decreasing
serum lipids contents. Such effect was also found in germinated giant embryo rice.
Hepatic TBARS content and activities of antioxidative enzymes such as catalase, GSH-px,
and SOD was also assessed, showing that functional specialty rice diets were operative to
decrease these enzyme activities, of those specialtu rice diets, giant embryo rice diet was
the most effective. Whereas significant increase in the CAT activity level was found in
the group fed with RSW and RMR diets, the GPx activity level decreased significantly.
We found that RMR effectively operates to decrease serum and hepatic lipid peroxidation
products, and also that germinated giant embryo rice diet decreased serum GOT and GPT
values, especially, RMR diet was effective to lower serum GPT value.

The study on the effects of functional specialty rice diets on the improvement of diebetes
showed that germinated or non-germinated giant embryo rice diets endowed reduced
intestinal transit time, but a significant increase in solid fecal amount with more water
content compared to the control group. Germinated or non-germinated giant embryo rice
diet resulted in producing feces with significantly high contents of neutral steroids, as
well as bile salts. In addition, these diets were found to be effectively operate to lower
blood sugar level in fasting state, which might be due to inhibition of hydrolytic
enzymes for disaccharides, such as lactase, maltase and sucrase. Decrease in total
contents of hepatic triglycerides and cholesterols was found in the group fed with
germinated or non-germinated giant embryo rice diets, and decrease in hepatic
antioxidation-related enzymes, such as catalases, SOD, GPX, etc., plus GOT or GPT
activity values and hepatic lipids peroxidation products levels were also found in the
same diet group. Dietary administration of germinated or non-germinated giant embryo
rice endowed other physiological impacts, such as increase in serum vitamine A and E
concentrations, decrease in serum triglycerides, total cholesterols, atherogenic index, and

serum lipids peroxidation products level.

3. Screening and evaluation of physiological functionalities for health on specialty

and functional rices.

In this study, antioxidant activity, antitumor activity and modulatory activity for immune
responses were determined as the measure for physiological functionalities for health of
specialty and functional rices, thereby evaluating their applicability to the functional food

materials. As the measure of antioxidativity, inhibitory activity to both linoleic acid



autoxidation and peroxidation of erythrocyte ghost cell memebrane lipid, reducing powers,
scavenging activity to both superoxide anion and hydroxyl radical, together with
endogenous reactive oxygen species were used to evaluate antioxidativity of the rice
extracts. As the measure of antitumor activity, antimutagenic activity using SOS
chromotest technique, inhibitory activity to oxidative DNA strand breakage, inhibitory
activity to the cellular event for tumor initiation, as well as inhibitory activity to the in
vivo tumor formation derived from implanted melanola cells were employed. Modulatory
action to immune responses were screened with focusing on the activities for NO and
matrix metalloproteinase(MMP) generation, histamine release from mast cells, together
with NO generation and phagocytosis of macrophages.

Whereas the inhibitory activity for linoleic acid autoxidation was highest for
RMR(Rice fermented with Monascus ruber) and germinated pigmented rice, inhibition to
peroxidation of erythrocyte ghost cell membrane lipid was found to be most apparent for
germinated giant embryo rice. Reducing power was highest in non-germinated pigmented
rice, RMR and germinated giant embryo rice. Non-germinated pigmented rice, germinated
pigmented rice, RMR and RCM(Rice fermented with Cordyceps millitaris) most
effectively scavenged superoxide anions, and effective scavenging action to hydroxyl
radical was found in germinated pigmented rice, germinated giant embryo rice, RMR and
RCM. We also found that RCM, germinated pigmented rice, non-germinated giant embryo
rice, germinated wild type brown rice and germinated giant embryo rice were highly
active on scavenging of endogenous cellular reactive oxygen species.

When used E. coli PQ37 as a indicator for antimutagenicity assay, RCM, germinated
giant embryo rice, RMR and RSW(Rice fermented with Basidiomycota) were found to be
active, however, inhibitory action to mitomycin C-induced oxidative DNA strand breakage
was greatest in non-germinated pigmented rice, germinated pigmented rice, germinated
giant embryo rice and germinated wild type brown rice. We determined inhibitory activity
for tumor initiation, the first step of multistage tumor development, using V79 cells as
the indicator cell, showing that RSW, non-germinated pigmented rice, RMR and
RAB(Rice fermented with Agaricus blazei) were highly effective in suppression of
carcinogen 4-NQO-induced tumor initiation.

Inhibition of NO generarion from LPS-stimulated macrophage was greatest when treated
with RMR extract, and then suppressive ability to macrophage-derived MMP9 activity
was the great in non-germinated pignmented rice, germinated pignmented rice,

non-germinated wild type brown rice and RMR. We also determined inhibitory activity to



histamine release from mast cell line RBL-2H3. The result indicated significant inhibition
of both A23187 and IgE-stimualted histamine release by the treatment of RCM extract,
however, drastic inhibition was not observed. Then we investigated the impact of dietary
administration of non-germinated giant embryo rice, germinated giant embryo rice, RCM
and RMR on in vivo tumor formation, showing significant blockade of implanted tumor
growth, as well as significant activation of phagocytosis of macrophages. The results

suggested a possible action of RMR to suppress tumor development through activation of
macrophage.
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ollg ~ gk | F g o} FA [
e @) @ |@@nwooom| T T
s H 19.1 1.41 0.59 dEF
st ge’ - - 1.90 71t ulj o}
314 du-1 7.0 - - 7
31 du-2 7.1 - - ‘
31 du-4 42 - - ‘
34 du-6 5.9 - - “
314 flo 17.1 - - w3 vl
34 wx 2.2 - - 2
34 su-1 - 7.45 - 41
314 su-2 - 10.15 - IEghal

Aw7HA A5 FAxd B FF 50 tal C3G, SOD & 4 itstEdol ¥
olo thal HEZ ni= AN EFFEoly VE AAVIsA AT v B oA
I osol tig A= AFE] e Aol fSo] e Add AES A
A2 g 477548 BEE S0 digh A4 AEEA Kelal k. dnkEs
o]-§ato] o} W kbgmw|e] g BYSAHALE A AT T AAuAtel] #gk A
T2E AEesy] dsy B33Este] HMG-CoA reductase, ACAT, CETPS &4 4

el oJsfj A o] FojxaL glom, A HhA}

oy 2

FEEol AuIFAA} EAGo] FHAE

= il
o}, 4w o]gle H5v FEol U ATE

Atk

—_

s

o)

ZFEE] HiAlze] 23y A Ednte]l BaEo] gl ¥, A WY
% = A

2 FEY WGV S0 WAL Zabe obd AAH S oIt
Sl AR E ERNEe BRAFER B 5 b Aoy dubge] o9
B2 mYsAL e AR T2 MUEEA AU Mol A FEHHL Qo
W, 43754 BAol BEHeR FRE S5v] EFol AwH A4 %] WE
of EARLL o g3 Rehn Ak EF A S5vEe 4EFFALNY
N5 5 ARG F4H FAZ 9% ADBY adel #E GAH HEE W04 @
Qe
2) % 9
AR, 29,

Ao A= oln] 1995 ool Aopdm o dloplw e
grl, Adivl, A ol diste] fEE 24709 E= A
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San] e Boh A=5Holxwt S| HFo] st wxlEd AAoln. T
o] A SHE AR S5 #g A7 FEA gtow HIEo] v
D SH (k) 5o el e A5 FApeka Sl
S50 F ZAdijoln] o] oo wE vl oixbel AHEE a4 2 tgAREE
Qlsl= AP EAQJ GABA(y-amino butyric acid)®] $&Fe] F7hstths g
by AFAT 44 Outsubo 5o A77F vk, GABAE A&y offlow
24, sl Aexd T AXUAE dEsH stedl a3 98 ot

Huntington's chorea &3} #Ho] Q= AHAAGEZAo|H, oA 2174 3}st4
Eul, ofMEF Y, 417 peptides @ Ao AEst IRl o] g Etol
A= EZolt}, E3 glutamic acid® FE GABAS XA #A3:= 7

48 (B ol b oY 18 H o off N
Hm ot
A
Rl

¢l GAD< Wobx7]e] Hel wjopel FejolA AHAlEo] ATHA Sl &,

ArelM A4 Sl dop R dEel whE GABAZE W3k 3 GADZ/ 9

32 SA AEFoRHA F3AE 2dgdrt hlE Vs AaARAY ATD

= HE F de Adoew dddnh

Ao = ddadst maart #Qld vAde] sl dF B xylooligod&
A sto] AEststal o, ditolee] Ztl A= mla FAkes BEd SR
of d7 Ast adtol Wik A= A4 givk olnfel B #AF A RE s @A
AT A A= AFEstal 9l sulfonyl ureaZl 9} biguanideZl 2] 8F3HE-2 AYA]
ARRES, 54 59 gl ZAAEIL QoA HAd=2FY Attd st
dolu dietayts 7kxl 43 o]l He s,

o

=g HEe o= A FdzHE FA40 #odtes &40 HMG-CoA
reductase®] Aa|A| 7ol AF3te] Lovastatin, pravastatin 5©] Z+2F 1x2 o]
Ao wlES Hola o T gE ZYiHE FAHAAEZAHN sqalene synthetase
9 AAE g = A7 A EE o] MerckAll Ad Zaragozic acid % Glaxo
AF9]  squalestatin ©] HAEF 1 Yt} FH2HE SHAEAEE ACAT(Acyl
CoA:cholesterol acyltransferase) A4 A7} dES S0z ks AdPH a1
om, ojgld iz AR M= o] FojX L 9ot AFe] disME A gl
= AA ot}

2o AL FE FHEE AAC xFHE H=sishEe dFQ ferulic acid
oF ¥ F Ao st oy HAlE FAGA LA e AU FHASE
FaEo] gtom wrgxEE A7 AIDS Hlol# 2ol FTAS oA|s= QALY &
A7 Hago] glov, E4ulE e s 3 At AFsieh fujoA s & u)

ofoll A FEsho] oFE3H v EAdE, EAELdE AAlEo] AlEEIL A
ool REEFY wiotelA FE AoR 1 FEEE] A ¥ow, vl §
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2. d74% 3 uF

D &7 A A% d=
O split-hull EAWe]: spddnfo] MNUE AHzlate] F<0] AAHHEA W
I &g Afol7k el WAE A ekal Holxl QR FHo] dREH= split-hull A
WHol ‘747235 NEeldlth. mgk SAAEE AAwWolo o8| 74723% rAbgh
split-hull &AW o] 165375 st G ZH (271-1). o]&2 2H %}
o] Ade] F& 540l Adof AdES =Y & A& WHoAZ AME 7hesta, Ad

of golakA g BFve ARADA UE SER ST 5 UL Ao AY

45

me

19 1-1. split-hull o] A% 74723(FH) 3} 16537(%)

ot
=
N

X

)

2) 55H 294 AT 4 2 97t
Sanek 253 540l

-3 §AATES] T U5

FZAFA nls A5

=
& 5 gk ey Bejsk BgAwS, v 5 8 ozt gk 58 dHA

Astadt (F1-1). 19
Hjolu] = wjolrt W%
A7b tha gkolR e S

tjo i,
v

B

o,

N
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il

tjo

Ho
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et 2gAYE ATES SASA =, o5 AMAEY gYgst Vs
A FFom At At Agselth %5 2HEE Eoli 77
T 2 T sHEAS AESY FE5EE dA o
£1-1. 49 55 A%

AeHE ] ) AT Aldis S5E4d
200107-109 CB243/9%ge 3 F3 SLChE 7] o af
200110-112 16013/'F%ge 3 F3 SF2HA U
200113-115 16013/IR24M 3 F3 S ARL
200122-126 S21F/5 4 ge 5 F3 =1+ A g vl
200156-161 3} su2/AldZge 6 F3 G+ Ao el
200758-782 84 su2/3Hflo 25 F4 FE+ 54
200783-802 314 su2/3td ge 20 F5 G+ Ao el
200803-809 314 flo/E 7 F5 A+ 50
200810-817  HA#HZw|/3Hges 8 F5 =1+ A g vl
200821-841 5215/31 4 ges 21 F5 "
200842-853 SR15/3 4 flo 12 F5 Snl+ 2
200854-868  3Hsu-2/5%38 15 F5 S+
201020-1034 34 ge/3Hflo 15 F5 A e+ 52
201501-506 EMO0/ % +3 6  BC2F12 Low amylose
201507-512 EM40/3+3 6  BC2F12 7 o u}
201513-518 W3 +2/CB243 6  BCIF11 Low amylose
201340-373 A#3n]/5E38 ¢ 34 F5 i C3G
200170-188 FA41/LE 9 19 F3 =1
200554-757 HAHxv])/gdA41 9 14 F3 =]
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3

19 1-3. =

o,
o

AsE

3) E4m9 §AEA
7}, /094 (split-hull) EQWA Y FAEY

M Ed¥olAl= AlE 7472304 16537

159 Aol o] Hojx= &S Bt 165379
5] 7jege] webxv

=5

1-2. 224 9 XA wuje} 4] 2 A 7o)

Nz E A >

2% EglAE ARFE

Aol eazANA @7

e

74723 16537
S;iig Field Medium Low ggi‘;g Field Medium Low
® N@ N® B N@®) N®
(A) (A)
Hull-splitting  14.8 16,7  15.7  17.2 115 16 147 142
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initiation
(DAF)

Difference
(A vs B) ns s o s

Percent
split-hull (%)

Difference
(A vs B) ns ns ns ns

48.7  30.0 394 31.1 98.0 95.0 96.0 95.0

**

and ns : Significant at 1% level and not-significant, respectively.
DAF : Days after flowering.

Ao wep NFEs dJdS FHEE7] f18te] WolAlEl A AdY
stE wlastal, 747230 A= GETH WMolAe] Js5AdS vas)
o] 3£1-30]t}. 3ol Qo] 74723482 YEF T AATA R
A g ol =7 dAvle] Edel Hs] fFeIshAl ZrebRaL o] Aol A
Aoz yerwth v 16537914+ AAEA et M52 e] 49 =7t
v d@r o] 97 AR S A Gell vlE) AdoiF o ® A7 wel Ah
o=

o& 2

p

G GADEE w7 Aokel APEFI AGHIATES wAlF F1 o) o) A
2— T

MAn &S & Zlo] E1-4o|t} 747230] wnjE FIENAE BT AJAQ olAs
AES Ho] 747239 MG AAFHA o8 Awige & 4 ddYh. vk
165373 F1 o]2tell A= 50% o349 /MEd&s BT Fol4 9 7fdH &S 7HA
U2 2Abete] T MIERXEE AR AT (3E1-5, 1¥1-4) 747239 MMGEAL S ©
T AR ofs] AuEE AoR YERY o] AGFHAE sph(t)E EHE T
HhH 165379 ZAg-oll= 1H1-500A4 Hizo] A&wWols Ho FH {HS s A
o= yepsked, frdEe] 93-98% = wig- wol T|AtA e A Fo] FaET
Ao R I ATt
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F, plants”

4723 16537 (50% split—hull)
Hwa-
Split-hul Non-split sunchal VSAC BCVS . Non- Split-  Non-—
lgrain  -hull  (© Spl‘r:.?lu” split-hull  hull split-hull

(A) grain (B) grai grain grain  grain

Lemma width  5.27 5.69 5.63 4.59 4.64 5.06 4.9
Difference * * ns ns ns

Palea width 2.87 3.03 3.04 2.76 2.72 2.95 2.78
Difference ns ns ns ns ns

Brown rice 5, 5.36 5.24 5.49 4.96 5.05  4.94

length

Difference ns ns ns * ns

Brown rice g4 2.99 2.94 2.55 2.33 2.64 2.5

width

Difference ns ns ns ok ns

Brown rice 4, 2.02 2.04 1.92 1.72 1.89 174

thickness
Difference ns ns ns wok *
Brown rice

girth (A) 7.1 7.22 7.1 6.48 5.84 6.5 6.1
Difference ns ns ns ok ok

Hull girth (B)  8.14 8.72 8.67 7.35 7.37 8.01 7.68
Difference * %NS ns ns

BP0 g1 829 829 87.0 794 812 794
Difference * %NS wok ns

a) F2 plants of 16537/ llpumbyeo cross
and ** : Significant at 5% and 1% level, respectively.

*

not-significant .

EER D

Eo1-4 AYEZSE WolAEIY  ww)  Ff
7 s e T el et
74723 48.7 - 3 2 1
16537 - 98.0 70 84 69
Ilpumbyeo 0 54 1< - -
Hwasunchal 1 75 - 1< -
Koshihikari 1 76 - 0

_25_

N HlE



¥ 1-5. 74723 WHo| AT HAE

Fabel avl F1 9 F2olA A5 e e

c binati Genera No. of plants Total X?
r : ]
0ss combination . "Wwild type Splithul O (3 P
74723 parent 0 50
Hwasunchal parent 50 0
Koshihikari parent 50 0
Ilpumbyeo parent 50 0
74723 / Hwasunchal F1 6 0 6
74723 / Koshihikari F1 6 0 6
74723 / llpumbyeo F1 6 0 6
74723 / Hwasunchal F2 169 63 234 0.59 0.5-0.1
74723 / Koshihikari F2 211 60 271 1.18 0.5-0.1
74723 / llpumbyeo F2 148 44 192 0.44 0.9-0.5
180 74723 [/ Hwasunchal L %0 16537 / Hwasunchal o
= 150 - - - -Line 74723 z - - - -Line 16537
S 120 Hwasunchal 3 20 —OFM'asunchal
(e}
) ° Ff 2 F1
o 60 o
N T =
0 P2 L T = r——t—
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 100
74723 / llpumbyeo 16537 / llpumbyeo
—F2 —F2
2 150 - - - -Line 74723 (‘*% 30 - - - -Line 16537
g120 5 '!,r;umbyeo 320 = lloumbyeo
5 0 © F1
2 210
30 A\ et
0 == : 0
0 10 20 30 40 5 60 70 0 10 20 30 40 50 60 70 80 90 100
74723 | Koshihikari 40 - 16537 / Koshihikari
210 o —F2
., 180 - - - -Line 74723 =30 - - - rLine 16537
S 150 Koshinikari S Koshinikari
ERER ° Fi 220 © A
5 9 ©
o (e}
Z &0 Z10
30 et T T, - -
0 — 0
0 10 20 30 40 50 60 70 0 10 20 30 40 5 60 70 8 90 100

291-5. fgo] AE 747233 16537

tio

&SI wefd F1 9 F2
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ARE SRR AAR Sad

. A TEoll=

3k o]als FE O T ALESlojof sl
Zu) Aol wishryl dgA e =
TF SZuo ALyt oA S #EE A a8, By 2 %
2047l 7HE w2 MEE Hol
A= mu|EAo] s A==
spectrophotometer(JASCO STR-458)% o] &3}o] 4 L=E
HEFHS o] &8t dF4 FHFES SA5AT

(@)
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red(+100)~green(-80)

-500
-400
-300
-200
-100
000
100
200
300
400
20

= —e— 5t
=0|ZZ9| gt (BH|-EZZ)red to green 241

25

— U 5
Y51

52

—*—chat

30 35 40 45

days after heading

red(+100)~green(-80)

-5.00
-4.00
-3.00
—2.00
-1.00
0.00
1.00
2.00
3.00
4.00

15

20

‘n_%||'7‘"41 (a) —e— H I__JT,;yg.

—m— AH |- R
HH|-24

25 30 35 40 45

red(+100)~green(-80)

-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00

—— EH|-x
E2Hl—=24
e AeH|-EE

dah
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A 5-2 (a) —— FH|-Z A
—a—Hu-24
AHl-EZF
~4.00 AH| -2 4l
o —3.00 [
[ce]
L -2.00
C
o
T 0.00 S
o
S 1.00 F
X L a
T 2.00 O— ¢ -
= 3.00
4.00
20 25 30 35 40 45
dah

IH1-7. =09 MAA Zk (ar from red to green red: +100 green: —80)

I3 1-82 spectrophotometerE ©|-&35}e] A3 E74mu-12] v ¢
4 gEeld], AR 25 F 209 A0 7MY =2 MRS Holal glo
., 650nme] oA & AFEE F JS5S & 5 AATh

S =0 -1(24)

0.25

0.20

0.15

0.10

0.05 7 — 22 2 20

— 52 3 25
&2 3 30
0.00 24 = 35
—— 22 3 40
—— &2 3 45
-0.05 T T T T T
500 550 600 650 700 750 800

wavelength

713 1-8. spectrophotometerZ ©]&3 B4 =w-19 3=

¥1-6¢& Ases, A6459]data% 01%3}04 kel l_q—U]i Avke Oqai %Xdzl'%
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5o 452 ash be] FFolth EETA cabule] wa) Bv] FAAAE
AV PEAYTE b Wol AW WEI LT & F Atk

¥1-6. 5% 4099 Zv]E9] chlorophyll 3 (mg/l)

chl a chl b chl a+b
5451 -1(4H]) 0.9636 0.8898 1.8528
5451 -1(24) 0.9277 0.6859 1.6131
5751 -1(1:4]) 1.4213 1.1096 2.5301
FA4T (BAH]) 0.4410 0.2879 0.7287
A =1 -1(12H]) 0.1378 0.1376 0.2753
A 5-2 (BEH]) 0.4089 0.3357 0.7444
THRH(E ] 45¢) 0.0873 0.1177 0.2049

chlorophyll a(g/1) = 0.0127 Agsz — 0.00269 Asys
chlorophyll b(g/l) = 0.0229 A645 - 0.00468 A663
Total chlorophyll (a+b, mg/l) = 20.2 Agss + 8.02 Asges

o fAElo A C3G B HA
FAN FAAAES ol g C3GRFS 2T A%E Edz §7
24 AA s
OEEREREER
EL-7e U4 i 23 awER] B 9 el E3AS 244G

Asfoltt,  EAAuIzie] Wzl PASN/ZE3T Ad3n)

LKIA-2-12-1-1" 2% Fi%} Fo9) 908 2% A48 Z44037k o 7
= AL 7 e i R

WA B Fae] E3 40 Belg Qra
7

¥ 1-7. Wy d¥EEn)/Ex38, d¥Er)/LK1A-2-12-1-1, Z3F/3%  ges<t
No2/ZHe A F3]A Fay]
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Color of pericarp

Parent and cross Gerllera Blackish  Dark ; X P
tion White Total
puple brown
Jilinheigmi 5 >
Heidao38 5 o
Heugjinju 5 o
No2 o o
LK1A-2-12-1-1 5 g
Hwacheong ge® 5 5
Heugbal 0 0
o F, All 4
Jilin/Heidao38 ) All 150 1:0
- F All -
Jilin/LK1A-2-12-1-1 Fo All 150 1:0
Heugjinju/Hwacheong & Al ¥ ~
( 0873 0.75
ges F2 89 29 32 150 (9:3:4) 0.5
F, All -
No2/Heugbal Fo ]7 34 39 150 2.14(9:3:4) 0.5°0.

R

Sz} 9} win) 719 ﬂﬂﬂ}_ﬁ{}ﬂ “SF
o Fula Bajult 93 47 Rels

F/8Hges" ¢ "No2/Heugbal" % Fs
o3
AN

228 tHIE1-7). Jung et al.(2000)5& “=
x1$/1R7o1078—A03(H“*"uD“ Z3ro| A Park et al. (2000)%& ﬁhﬂlﬂ%/%&r
Z3gtol| A o9} e EnE Bad ul O‘D} o)l & EX]‘ZFQ} No29| a4 &
¥ 5ol st FHATE 270 o] FAAES HEAH R stk A
S 1% = T

ot
2L
3

SAAE S W EF B SR By 4] F9 8 mE S0 g,
SR BT By B4 A0S AAAZ A5ue a2 1-90lAs) ol
A%wlolS uyth a @t b e 2 el 2@elM ATREY P wE o
BoolEoR A9 FE B+ Ak L @9 A B 2
: ool AR BAA AnE RS ARE Agete] £

gholl Wi+l ghol Hax7] wo= Azbe



8 8 83 8 8

IS}

0

Q-

a(
b(yelm)
6

O Ao P Q‘)
(O/\Q’\@/\ ‘b‘b'bb(b(

70
60
50
:
30 —=—p(yellowness)
20
10

0

Q‘o \93 q/b r;: ;3 bﬁ Q)b

45
40
35
30
25
20
15
10

5

0

& o)

L(ightness)

- o

L O P O PO P LD Q L L
< <'.> Q <'.> Q <0 Q 9) < P o O
e a“é S

L(lightness)

[—s— L(lightness) |
5
0

NS
& ‘b > > "o

¥ 1-9. 4%
A2gk a, b(S]) <F L(otel) o &

Su/En) 7k ) gl A
Z@olA C3G #F o B¥E:
1-10). & C3G &% Fdo] o+
3 “APIZu)/ZE38", 2
A wyl

Jilin/Heidao38

090
&

Q~°°
S

N
N
O O
) Q
[N

C3G concentration(mg/100g)

RS
&
K

En)/3E38 (9%), 4U31/LKIA-2-12-1-1(&
AT

Z0)/5E38" 3 “AY

2l

o] A7 BsE s
YgEn]/LKIA-2-12-1-1" %A=

%)

Z3tol| A

En]/LK1A-2-12-1-1" ¢
ALHolE HAY (1¥
I P Aol o,

4
Y

A7 sk whR7EA 2

=

=]
RS

Jilin/ LK1A-2-12-1-1

Number of individuals

Qo“ Q@ Q& 000 Q@ Q@ Q@ Q@ QQQ QQQ Q@ Q@ QQQ QQQ
PO ¢ PP S 9

C3G concentration(mg/100g)
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No2/Heugbal Heugjunju/Hwacheong ges

80

60*
o]\

20 | N\
0 . . . N n ! N

$ ) QQQ QQQ R S
S ©

Number of individuals

Number of individuals
38858838
e e

A S AN

OIS FSSFIFIFIFSTF S S
BS & SIS ESLESESS

C3G concentration(mg/100g) C3G concentrationt(mg/100g)

I-1-10. Fu/E0(e) =33 Sul/uieb) =9 F, Aol C3GEFe] &

ke

1-8. F2 fctell A C3GEZe] &l 7= (HB)

Cross combination Hp
Jilinheigmi/LK1A-2-12-1-1 99.8%
Heugjinju/Hwacheong ge® 98.3%

No2/Heugbal 99.9%

@ Mx=e} C3G et A3t

A=A FA4oA C3G TF2 ME=AQ Lightness), b(yellowness) 3
o} folgk Fo AP RS, alredness)9t= 2FHEE E3ti(E 1-9). 2%
HE By “AYEn/5E38" 2FoA C3GEFS HE, ANE P Ao}
B ak® fo% 5o Ads yUetlidar, AMAA A2k W, A gk
= olle =R Fo3 Ao s etk “ddSr]/LK1IA-2-12-1-1"
oA C3G TS WEe FALE= Fofst Fo Ais HAFAAT A
AL ob= fFolehA] gFkth. AMAA ZHzbe] gh W eol AR wep A enk
frolgtgde] s BTl o] Aol Fo C3G ¥ AxatAe] 4
A g A=) AR fofRk F-o Ads BojFt(Jung et al. 2000).
ojoR Wy wrlxFe] wel Wiel AMEE C3Gee] AHTA ] Ael7t



AT FARE C3GH RE Aol FOAF Fo Yol UdE AL L F U
o},

¥1-9. 49 &0)/53 12389 A-3Zn]/LKIA- 2-12-1-1 %3] Fuoll A
Fy A Pz o] kA S

(A¥ &N /3538 %23

Method X1 X2 X3 X4
Color L(X1) 0.442x 0.582%#%  —(.553%*x
Difference a(X2) 0.373%#%  —0.331%%x
meter h(X3) ~0.653
C3G (X4)

(A" Em/LK1A- 2-12-1-1 %3

Method X1 X2 X3 X4
Color L(X1) 0.020 0.756%k%  ~0.697x%x
Differenc a(X2) 0.139 -0.098
e
meter bh(X3) ~0.67 8%k
C3G (X4)

L : lightness a : redness b : yellowness # % % % x . significant at the 1% and 5%

level, respectively

@ C3G g&ol =2 As A

HPLC #2413} MEAZ o] &3dto] C3G T&Ho] & AES &olaA A
sk ¢ ogllon, HAAZ AFoR AUyt AHAEAT BEF 7Y o] =
S ST nEiA AddtE AlEe A= SR AFol7) whow ‘A Su)/E
©38" 233 “AY3n]/LKIA-2-12-1-1" ZFol|AE= miol aa;— HT} 4
Hlell A 7af 74 Zpolzh k. o= flellA] i wpel o] x4 H-Ed A o]

o E@ uS Felo fagelol Auzk AAHEA AAE f4
AFAAT He FA8 GEI-OT o} €3G FHo B AEY

= A~
st 4 2

fo 1 o H
ox 3 o
By
)

o
A
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540 5R529 2 5%
E ApFol 1709 £ £3589 5 AEETES SAs9eH, 579 &
S B EY39 Y (£1-10). o558 EFOA st AL 2d1-110]3, 9%
Y54 2 FAEHL EI-110) vheht ok
E1-10. ¥FEE 2 /S AESES 293 55 2 TN
== FRLEA SAE9¥s H|Z
=63 ZH A ) ) 1-1-2002-3 =3
XE8S At 2003-86 =4
X595 232 2004-99 =9
XE103 =] 2003-87 =4
2003-88 =4
2004-100 =4

a91-11. A56~1239 24 A
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®1-11. A+ 6, 8, 9, 10, 11, 1259

X
ko
Am
o

(456%)

1. 39 54108

LR T E R

A 65 TUATORA 5 F 309 AR TS gRdt 232 wATgon A
A= PP oz Auss N AZYARETESL fAEE A 270 FEH0R HE
Aok Tl FEAIRD Aarh dehbA] e 24 S0 geI 4L 20 em Aol
olAte] FEEL FEe UYL A ¥ Holth A9 e A glow A9 P F
GHFT Sk A 659 wife Aolv] wie] Avle AA dviavle 1/3 - 124 %l
s ok 2 Zldiele] ol

3
A EAL L AFFTA sAn e} ofF FABIY FAEAL] He v Adiagz
Holth A% 65 ZWE ol RZ Aol ofF vrowm vl ] w g ghio] AFF s R}
Edom AF 6359 oA RS duHoR nud o AFF] HE) lysined} serine®] H]&
o] AA Yergth 2gla wivkS R dgoju]l AxAZ u)e —r7ﬂ7} WEFESQA AW ET 390
AT aga A 650 dAne] AATELS AAE] AE 1a@EE)ERY Ftsts o A
F 659 1] WAtzA L Oleic acid®= S 7Fstal Linoleic acid® #4dtdth A 6&2%& vle #4

T Ao R ofH7AA] Adimje] A4S RHole FFE glorn wE ol &3 thekdt
Aol A 2& 7?%5.’—*3 9w Ao o] &rbsAd o] =k

REREIE
A 63 FRAWAA 8Y 269 Aol Bt FUAFORA H2EE FYNG 5]
b Al Aol vk A% 659 1S Mem AR FHHFOE 2ol 8em FES HHun
oFoor 2 molth £¥e 20 em AER SHABG Aok fu oAFE 167] FER svig
Aol7h Qek. ol4hg fWRw svish ok Ad pRw Wvle YT YR AFFA Ay
st Abol7b ek el A% 65 dvlel ool wlel Al aniel sl HYFL 189g0
2 wWeel sAuuch wetov gz oA sguie] e A st
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Ky =4 T FIET | YT | AERTH
(cm) (cm) (No.) (No) (g) (kg/ha)
=571 e _ o =
5 Wol| o)A Wol| Fat [Wo]| & [Wo] | Hit| Wo)
A7t gt it At gh| o) T
T e A s e || T (Ax| @ | A%
sl 8/24 89 26 |19/4 4.4 15.3 1231938 | 56 [23.1| 0.8 | 657 | 89
AE 6% 8/26 94.2 2.9 120{1 4.0 16.2 1341944 | 80 (189 1.9 | 476 | 7.6
=5 B ¢+ o] (mm) H & (mm) dwvl 4 o] (mm) AW Z (mm)
3} 6.8 3.3 4.6 2.8
AF 63 7.0 3.2 45 2.7
U Asad AR 54
AE 639 g 2 542 vl Arie FA gE2EEA SR Fids Aot |
AYEFS HE ARk wlo] AYPFS d2FET] 059g vk Als 65w 1.9go= x|
o] AyFo] 3ufold T o] Fol Hle o] grtEAdel ofF Eoi & 4 Tk Ea A
F 639 dv] duldshako] 85%E ERFTQ MY 68%HTF =kt AE 659 ofv
QRS U oes vud u gxEF Y serined} lysine?] W&ol AA FTUFEAT E
gt As 659 AEFTFS 39%E YAEFA AE 15(#FH) 235% 5Tt FrhetR o AwWiakx
AT Me 655 M 13(Z)o] vl& Jdld o2 Oleic acidi= Z718F3 Linoleic acid: 74
Ei=
= Aw ekl (9 1 o] = i g Hdzuje
% ANRAACE  azme 293 00k del
3L W (A) 6.8 0.59 3.3
A% 63(B) 85 1.90 14.29
LSD .05 0.8 B/A(%) 322 B/A(%) 433
Name Ala | Arg |Asp|Glu | Gly |His| Ile |Leu|Lys|Met|{NH3|Phe| Pro | Ser | Thr|Tyr| Val
3% 771 | 6.89 |7.41(12.419.61|2.34| 3.46 [6.64|3.63|2.75| 2.04 |2.98|8.79(8.47|5.02{3.04| 6.85
A F6E 786 | 6.62 |7.64[12.3]19.85]2.49| 3.38 [6.63]4.18(2.12| 1.59 |3.21|8.70{10.0|5.00{2.34| 6.14
=) A ghek At =4
Name v — -
(%/d.w.) Palmitic Stearic Oleic Linoleic
s 1% 2.35 20.64 1.7 38.7 38.96
AE 6% 3.90 21.22 2.67 42.16 33.95
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(458%)
1. F(fh) 2 % : ¥(Oryza sativa L.)
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61 v A5

A g H o wjE T 3ufo]ld FAR

E=Ne}

- As 859 AxAZ WY FATE HEFS

1228} #o}A 11, tyrosine,

¢ sH R lysine

7t 0.86, 0.89, 0.90°.2 th

RIES

- A% 859 &w| ofn

bl
By

o|J
o
<

A

Al

m 100g% ofv]

& o, @

o
=
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R vl o] ofw]i At EA(%) #7r| 100g%F ©}r] =4+ e (mg)

- A AE 83 | B/A | 3HH(A) [M%E 85 (B) B/A

Alanine 6.72 6.72 1.00 492 598 1.22
Arginine 6.60 6.91 1.05 483 615 1.27
Aspartic 10.27 10.69 1.04 751 952 1.27
Glutamic 20.75 20.57 0.99 1518 1830 1.21
Glycine 438 441 1.01 320 393 123
Histidine 1.79 1.79 1.00 131 159 1.21
Isoleucine 3.11 3.26 1.05 228 290 1.27
Leucine 8.44 8.24 0.98 617 734 1.19
Lysine 3.06 3.73 1.22 224 332 1.48
Methionine 1.98 1.76 0.89 145 157 1.08
Phenylalanine 5.05 5.14 1.02 369 458 1.24
Proline 3.01 2.97 0.99 220 264 1.20
Serine 426 3.82 0.90 312 340 1.09
Threonine 2.69 2.66 0.99 197 237 1.20
Tyrosine 414 3.56 0.86 303 317 1.05
Valine 6.14 6.33 1.03 449 563 1.25
Ammonia 7.62 7.45 0.98 557 663 1.19

- AE 8= Wi WIEtY FHEke] shgw e} AR WSSy, dv] AA Y] Aol w1,
dr] 100gF 22 kS Wa-tocopherol> 3} H E T 1.898] =%

- X% 859 AAFFL HE2FFQ g B ST RS

- AE 839 AWt AL EREZHTUF Palmitic acid®} Oleic acide 7131913,

Linoleic acid® #4342

o 1l

g vl vlepl | wje] wlerd | .
weh Fomg/100p) | Fme/100g) | 71 1005 MEH HHmg/100g)
il pr
@l | e (s 0F | s |4s ssm)|  Ba
MlEre Bl 0265 | 0229 [109.22|113.08 | 3.861 16.386 445
(Thianime)
vl EHY B2
(Riboflabin) 0.041 | 0017 | 0421 | 0474 | 0.054 0.103 1.91
Niacin 5734 | 2012 | 7.556 | 0.7460 | 5794 5.981 1.03
PlErsl B 2195 | 0952 | 0072 0.136 1.89
(Tocopherol) ) ) ’ : : : ’
AATF AR 77
sz
e (%/d.w.) Palmitic Stearic Oleic Linoleic
5} ¥ 3.8 13.9 3.8 39.9 39.7
e 8% 57 17.3 38 426 33.8
(A59%)
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N
i
ofy
of
X
o
=)
foh

EES P EERES
FUAEY. - AV A9 - wge Yt 24AY
- 2ol FUYOR UEEFY HYHNT o 2 WY
- zge wgyeln AGAME wARg o St G413
- AEAS T FEANT a7t YEbA 2g

C#4% suYoz A4 AL AN Aot §e
- olako] 7ol Ae] gl MY

4. ELFFol NxFFH HEH= 54
- E2FEA Aol vis) wl i EdEY
- A% 959 Hif A FRE AuEte R4S flo HAAY
5 29%FY v¥AH AdFEE Ve(HE2EFE X
- EdRlo] At AEdt & ATSAS AEH R HAISY ®lolE YA AR
- 71RAQ w93 ER E47, R, £, T WolASTE ERFE A vasA zte]
7t AY 8l
7+ (cm) 47 (cm) F4*(No.) AEF()
=57 Hol | FH7 | wWo o) o)
ﬁj_—ﬂL 1 gus o fuLy Eﬁﬂ- 1+ Riy T—:]_—‘EL 1 gl
s 8/24 89.0 26 | 194 44 153 |123| 231 0.8
AT 9% 8/23 95.0 21 | 208 6.0 170 [120] 208 2.0

6. B B¢ HE FgR
61 PlA5A

-AE 95 Bre WEREFEFTY FAEHEGD o Bs
- AF 959 Ere UEREFFQ FABRG v, }—Z}fﬂlﬂ 74 3
- AE 959 otz agge YERFFQ AAHEY B
- AT 93 TR 4 FHEE HEREFEEA FAWY A7t A9 §le
- A% 9m e vl I A ke dEEFS AW BY =5
. A= | 2= | od=x | sed4  |aAduds|andnd
il (kg/grain)| (g/cm) | & (%) (mm) (1.2%) (%)
ER L 7.2 145 19.1 585 48 6.97
HE 9% 28 135 17.1 525 5.1 7.96
LSD .05 0.72 0.08 0.88 18.96 0.76 0.12
SEEET
3 S A ATAE | AAME |HEAE| AOAE | SAAE | ANAE
<5(C) (BU)* (BU) (BU) (BU) (BU) (BU)
3131 675 630 545 785 240 155 85
ME 9% 66.0 140 135 235 100 95 5
* BU : Brabender Unit
-~ N5 959 EBE HAo] JEEEA FAMEY 759 AAH
- AE 930 X A= 10% 4= (15C)8 76%E 6.9%% SHET =S
v Fermentation Progress(Day) GFIHF
e 1 2 3 4 5 6 7 8 10 (%)
313 183 174 170 | 165 [ 160 | 149 [ 138 [ 120 |68 6.9
ANE 9% 15.0 14.0 136 | 125 [ 119 | 111 | 88 57 |48 7.6

* Note : Brix measurment = RI meter
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I

A&10%)

o2 fEFFA A8 A7t gl

Folr Xl‘ﬂ?@*] PP o s sAH L FA
- *‘%Xﬂs’% S AEASE ATt dEA S5

- A 93822 sHH Blg FEFE7F i E 1Y

- AAHRJ A7 BgH e Zolvt (i

- o2kl ZAgte] A gle= A

L EUETO ERFTH FEEHE B4
- HEFE] sHHel vE wifrr 2E
- 51059 Hlf 2R F2E Auiste fFAAE su2 AR
CEUETY 7YY AR E VIsUHEEET X
- Eddo] Aste] AEdt & AFSAHS ALHoZ HAStY WHolE AAHA AR
- 71EAQ P 25470, W, 78, 5 T WolASUE dEREEA §A4 Y vludlA Ao
7t A A+
2 7+ (cm) % (cm) Z(No.) ALS(g)
Al mae Aol | Lo Aol | o Aol | o]
3k A Bt gk A Bt %k A Bt %k A
s} 8/24| 89.0 26 19.4 44 15.3 12.3 231 0.8
A% 105 |8/31] 90.0 2.0 215 4.0 14.0 12.4 17.1 0.4
T =90 HE FHER
6.1 M A5
- AE 1059 o222 FE E2FEFQU WA B
- AT 1059 3PS dERFEA AH e Zolvt 7%9] Bre=s
- AE 1059 g7y FHEe dAne] guld g fExFE AW B =5
- AE 1059 AEE dE2FF] SFHET w9 S
=z otz g | TR e7lE A= ERlRE R A=
[<) 0, 0 [ 3
(%) (mm) (1.2%) (%) (kg/ grain)
sk 19.1 58.5 48 6.97 7.2
AE 105 15.0 66.5 5.8 7.83 3.1
LSD .05 0.88 18.96 0.76 0.12 0.72

(M310%9] o) wat, G4, obvlett £4)
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#% | Ala |Arg| Asp | Glu |Gly | His | Ile |Leu|Lys Met | NH3 | Phe |Pro| Ser | Thr |Tyr| Val

311 | 6.68 [6.60{10.25(20.83[4.32(1.79 [3.12(8.47|2.94 1.99 | 7.66 |5.07 |3.01| 4.27 | 2.67 [4.17|6.14

A1F10% | 6.81 [6.0210.78|20.21|4.31 | 1.77 |3.37|8.57|3.57 2.00 | 7.02 |5.16 |3.06| 4.51 |2.92 |3.60(6.33

- AE 1059 o=t 2L EEFER] A H e 2ol7t A gle

=5 Glucose(%) Sucrose(%) Maltose(%) Tatal
31 (A) 0.99 0.65 1.02 2.67
A% 1035 (B) 2.65 0.93 2.48 5.98
LSD .05 0.69 0.53 0.56 1.78
A/B 2.68 1.43 243 2.24

- A 1059 FYTTHS 598%F 2.67%2) W BTh 224u] Z7}18HS
- A% 1059 #8% = Glucose, Sucrose, Maltose= Z}7} 3} wo] Blall 2.68ul, 1.43%H,
2438 F7Fsk =

. W A Wl AW 24

e (%/d.w.) Palmitic Stearic Oleic Linoleic
34 2.9 13.7 3.8 40.0 39.8
A%E 105 3.8 16.4 3.1 37.4 412

- AT 105 wlfre AFEgFS AuET 78S
- AE 105 e AERAL IHHRETY Oleic acide 7433, Palmitic acid9}
Linoleic acide ™4 S7}519 <

ofr

(A&11%)

1. F(fF) 9 39 : ¥(Oryza sativa L.

2. FEW  AFIS

3. 48AY Fa dud 54
- FWAEY

- gnae 24y

- o] Fejsk Adiuholm, wie] Feisk B4AQ B4 AchuE g
- 2] 1Yo WEFEA M} Folvh e

- zge wggeln Gt wARYoR SYHs) fA1
- HEASE FA) A A7t YEA 9

- 249 39902 AAH A7} HYH} 2ol gl
- ol4e] Zhete] A9l gl B

4. FAEFTol NEFTH FEEE B4

- ZEEQ FAHRT w7}t ol F Z Auw Y

- EFS A vis) wiRo E3EY

- AE1EY A F4¢ Auske FA4E ge HAAY
AR5 WS BAE AL AuEs $ARE flo §AR

_42_




5 ZUFFT H¢ Qt
- Eddo] MY AEd & ASSAHAS AEFHORZ HAste WHolE IAGAAS
- 71 A9 FHEAJN E47], 1+, FF, 5 59 WHolAlFr EREFQ A vusiA 2
ol7} A9 fl&
. % (cm) T (cm) T4 (No.) HHEZ(g)
= Hol = Hol | Hol = Hol
7 277k B3 ATt BHEZ
V| BER | g | REER | g | BER) g. | BER] 0
s 8/24 89.0 2.6 19.4 4.4 15.3 12.3 23.1 0.8
NE11% | 8/21| 857 13 17.0 59 147 15.7 165 09

6. FFTel mgol B FAYR
1o A5A

N

- AE 1159 Az YT dEFEe] sdHET 36 o) FAR

- A% 1159 Ars dEFE W EY o v

-AE 115 BEe HEFSY SPgHET Y1, SAFAVE %

AZn)e o =3
=5 73‘_% %H é) A ;%HH] 911 0(_)‘?3; ﬂc]’ © A% (kg/grain) Y% (g/cr)

3 H(A) 0.59 33 7.2 1.45
As 115(8) 1.90 14.29 28 135

LSD .05 B/A(%) 322 B/A(%) 433 0.72 0.08

- A 1159 R AT g2EFS 3G B
- A% 1159 53RAY 5BmmE hAE A £3
- AE 1139 ¢S AE(12%)e HE2FEQ e} Aozt A gl
- A 1159 drle gud de dEEFQ Y B =28
- AE 113w HER gakol shuel diAl® widh, v A Hojgo] 1, @
"] 100gF o2 32 S wa-tocopherol> W E T} 1.898) =%+
- AE 115 ARFFE dEREFETQ ARG St S
- AE 11539 AW 2L Y ZEFFH Y Palmitic acid®} Oleic acide 713} 32, Linoleic
acidE 7439 S
=z opd 2 R4 Gt A= e
" (%) (mm) (1.2%) (%)
shgH 19.1 58.5 438 6.97
AE 113 17.3 53.0 5.1 9.19
LSD .05 1.55 2.15 0.76 0.12
ol 2 19
= ZIMA | HaE | AR | HEHE | AR | SRR | ANEE
L5(0) (BU)* (BU) (BU) (BU) (BU) (BU)
kil 67.5 630 545 785 240 155 85
A% 115 66.0 140 135 235 100 95 5
* BU : Brabender Unit
- vl o] BlERY g (mg/100g) @nl 100g% HIEFR! 3 (mg/100g)
- 3} H) s 115 3349 (A) | A% 115(B) B/A
B E}Y
Ietdl Bl 109.22 113.08 3.861 16.386 445
(Thianime)
HIE}Y B2 0.421 0.474 0.054 0.103 1.91
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(Riboflabin)

Niacin 7.556 7.460 5.794 5.981 1.03
HlERY] E

(a-tocopherol)

2195 0.952 0.072 0.136 1.89

_— A AgTF A 24
o (%/d.w.) Palmitic Stearic Oleic Linoleic
31 H 3.8 13.9 3.8 39.9 39.7
AE 113 5.7 17.3 3.8 426 33.8
AM+E123)

- 298wl ARl
- AEA G FAel FEAIRPD MATF YEIUR] S
JE2AE AQPow AAHQA 2= 7} FE9 2ol Qe
- o]2te]l ztgto] Al gle A

4. FAFTol NExFTH TEEE B4
- HEEE FFRO v obF 2 Al
- AE 1259 Adil AL At AR ge FAAY

5. EUET T S
- At Ale 3 que) = AF
4

o
T 5o HoAFIt HE2FFTY F35F BlusA Aol

- 1BEFH wREAA 257, 1v4, 4,
7F A9 g
1 (em) 7 (cm) 44=(No.) AR ZF(g)

=57 | o # Wo # wWol | _ Wo

gz | 2 | gza| 2 |gza| 2 | gze| B9
A5 Al Al Al

R 8/24 72.0 2.6 19.4 4.4 10.3 12.3 179 0.8
s 123 8/24 66.7 1.8 19.0 5.3 11.0 124 143 1.1
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6. FF7Hel £go] HE IR
61 A=A

- AE 1289 ARAI Wl FAZE d2EFEQ S8 wiRg o)t AR

- A% 1259 dAvY @A g dx2FEd 33 BY we

- AE 1259 Ar] opHegt 2L EFFT FEFHEY Methionine, tyrosine 7+ 1.19, 1.07
vl 31, serine, lysine2 7zt 0.97, 0.950.2 T wrou}, & 100g% ofv| =4t d#S RE oflm| =it

Fol M FEFBEYG =5

& o]
e Aol (%) Azue BRE( g s
FEH(A) 8.73 0.3 2.27
AE 123.(B) 8.66 1.20 9.09
LSD .05 012 B/A(%) 400 B/A(%) 401
(51289 ofuleat B A 2A4)
R #ul o] olm At 24 (%) ] 100g7 oFH| =AFEHF(mg)
G4 AE 123 B/A F3H(A) | AE 125(B) B/A
Alanine 10.55 11.04 1.02 258 315 1.22
Arginine 6.79 6.86 1.01 259 313 1.21
Aspartic 4.46 4.43 0.99 170 202 1.19
Glutamic 14.08 13.89 0.99 538 635 1.18
Glycine 10.55 11.04 1.05 403 504 1.25
Histidine 2.12 2.15 1.01 81 98 1.21
Isoleucine 3.05 3.16 1.24 116 114 1.24
Leucine 6.86 7.19 1.25 262 328 1.25
Lysine 0.42 0.40 0.95 224 332 1.14
Methionine 2.79 3.31 1.19 106 151 1.42
Phenylalanine 1.40 1.48 1.06 53 67 1.26
Proline 3.70 3.46 0.94 141 158 1.12
Serine 4.65 4.52 0.97 177 206 1.16
Threonine 6.78 6.45 0.95 259 294 1.14
Tyrosine 1.18 1.26 1.07 45 57 1.28
Valine 5.98 5.86 0.98 228 267 1.17
Ammonia 17.80 17.05 0.96 680 779 1.15
- AE 1259 AAFFE g2Fe FFY Ko SUMEE S
- AT 1239 AR 2AE thFEFZHT Palmitic acid, Oleic acid, Linoleic acid, Stearic
acid =5 =7}3}993, Oleic acid, Linoleic acid, Linolenic acids 33} X|Wito] ©o]
i
. AATF A 23
o (%/d.w.) Palmitic | Stearic Oleic Linoleic |Linolenic
FEH 2.20 14.86 1.83 24.50 27.62 1.83
XE 123 2.27 19.85 3.03 37.73 36.51 1.99
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5 S A5E HH 7y R a&FA AFAAAA &Y

7 B4 AFNBA 54 Bk % AEAL
() 45659 =4S T4

AL E87IANGANA e =57

ol 4EWE vAE olgtel N%6Es UxES

23, E1-12004 B vhsh o] QUEER FHMs)

™
slo] =Ao] & HAte= As & ¢ ded, SeRs

O g
=
>
)

i ofy
0,
N
=
N
-

o
—

= A
o
=

LIPS Twel FAE
& Arelth. a2y, o el HolHE A7) flske & =ArIAIe b
ek Aol

F1-12 PHFE7IALA S =A47IE ol &3 Aviujotr e} FH o =AHE

{
ot

bl >,
2
o
X
o
2
e
o
e
)
o
{1
ol
o
l
=)
o
Ny 2
3
i
oo
)
)
=)
o
A

65 332.4g 331.5g 265.2g 243.2g 243.2g 4.8g Og 62.4g 228
© 100 % 99.7 % 79.8 % 91.7% 73.2% 1.4% 0% 18.8% 8.3%

=3 337.3g 336.5g 270.2g 253.7g 253.7¢ 4.6g Og 62.5g 16.5¢g
e 100 % 99.8 % 80.1% 93.9% 752% 1.4% 0% 18.5% 6.1%

(2) Adujou] & o] 83k Lol A=
AdhajobAlE ] dopdn] AxE fste], (F)AA7E GHMHEARA A

o] 1S A X5 , Al Abele BE=ES
AAshE R oR 2ot FE AT (AR PAlE). B, Adujoln &
o] &3t Wotdm] o] AIHE AAsted=, H8S aokstd v 2ot

- AlE feol Adiujoln] dAnE 10414 A== 2

- 2% 25%, X 90% FFEoE

- AR B AE

- obF 3 BE FA NS A dEste] Foi BAS A

- 294 302mm AL wol)

- 344 F&86mm AE o}

- ADA ol FolE ZaL 1 fleA F2 wolddn & Zol AR
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oA, A el @yl 29 1-12604 wi= uksh Zol 2-6mm A% ol
l]j__ L=

Fe 7HAAL Ak EFE Ak dopdn] o] AT S-S wAsk] 916k
A

(3) AdiEjetn & o] &% AIFERE AL
@O Adufordn

[e}

AFelehs A2 AFoz FARAL &,
o] 1kg AX o= 3o
A solch 1w
QEL TS

=, ApelAn S Qe BAH AFel nxE AL wekstel, )
Fo guusd 2 AR EUE, QEIATE FolAw s
E, VAR AHe A48 sl dgds Ad
2 At 5o ERAFS AYE FREEIN 29 B
A dulAolA AP FgAL ol g3 Ast, 20044
A ol FEe WA waE A Hglon, S Bas
F Mg a4l 2uAES 4% 5 QA =9

3 BN BaEelee A el
o, AFEF W A TFL sl /%) BEL
al

s17] slal HA' =

A
(Z
lo
i)
oy
ot
o
1>
i
o
X
=

i)
o
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SY1-13. FESE Avhuiob] CFEF Aol AM) 9%

@ Aol £3H163
Aduolrl 2 E5vlolme F3u £@ste] AP754 4FL 40
S AES Sk suAEe] WA % AwelE FRAFE aTHw At
hed, Achajoldn] o] RSt AFGERHE A ARF AFolth A 2
L AE B o} w7 2

=3 Aol B5F F7lsAkEolH, wlE] o
w0 FHuks frelshAl ekl
Adiufordw] 25%, Hotdwn| 25%, [ HE S0 FF
A e H e ok A E T TR o] 2ALSE Ho| lo],
= 33l

28%, 2+x,71% 7%,

545 AT 8%,

7]%/\3 %:A]—EQ. ESH 1;]_0]:5} oﬂ o]:oJ o %%%g S

@ Adhufolm] 44

Adiafoln] & 2R ste], e AAE LS S-2 APl A=

5
Aduolr] & S ANAES nAh5 AR AU Bl AAAE, 19
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SR1-16. Aol 4R S ECEE Fw)el 274

tol 709 (split-hull) &A™ o] 74723

9|

A

=
=

2EER

=,

FAA = frdAdRl EA41

[e]
=1
g,

E4e] v}

55m)

- 7] din,

—_
o)

el

ToR

§ 4= 16537

3]

o
A

kAL, 2o ¢

ok
TS

4

gEavole] ma fARA A% A% 747238 VAR FAR

- 7

[i3
=

71 Aol A o] Adeko] fra

=

oo FHHE 95% FolA

-
[e]

th. 165379] F2oll A4 9

- muE4e FARAze] Aol 7k Hom,

A

Hilomn, 45473 % 45

s

af

= 29 $ARZFAR]

Mo
Aol evto| minor geneE©0] ol A

.
3%

;lryl

A H A,

7b gEA deFfor A$-HA

F2e] 23X

ELEES

1
.

- fATe C3G F =
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Agor ALwolg wel ABFAA olslo FAH FAAE] polshs Ao
499Utk €3G FESh A% LEE) @ bEAR)hE fo8 ge] o,
FAYo] ¥k, 2APe AAES O AT = Agdnh

(4) 550 %%Ei%% % 5%

o B0, H% 8%( 7MHH°}U1 4359 :m@uﬁ%), ASI0E AN, AFILE AN
FeAdEel), AB12E(EAG AN NG FERE BUed 2AEFEY $U5
% FUSE A
G EEEE 9 el AFALAA 7

- Aduelr & o] g% wol@r] Az AvhujolAEe] Woldm AxE 9%
o, (FAAZL GREIA(RA 24Dt BHUE @A Rske] AW e BT
33k,

- Adeolele] 4Es B

y

>4
N
)
ol
ok
g

5 o83 AUt AE N Adinjeln]E AN
=

=
2 JERSHYL, A% Aoz EFI6F) AFS Awsrh £9 Avjujob]
Avje FURL st AN RALRY 2 PP Feistel Adata.
- R FEEN A4RE 2U@ AAES ALAT
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A2d S5re] AEGY 2 AAFH AT
(A1EEHA)

U

1. a7

<
oo

7 Qg 24

7H-1. Za9A 7 ; KIELTEC AUTO SAMLER SYSTEM 1035 Analyser®
Al gt

7h-2. FEAZ ; HYH FEZFH7](nfrared Moisture Determination Balance
FD-240)2 4.

71-3. A% A% ; Soxhlet Ho 2 F4 3t}

V-4, Z3E AZF ; IIEUE AV|RAA 600CE 3AIZHESH 7HEg $
desicatoroll A WYz}ste] o] H 3|8} &7]o] AR 3¢S Wi A FAE
7120 go] 600CE 7Fdste] Als7t WAl (or 3| A)o] =% 3] stAI7]
Eiliss

7F-5. F71A AR B 5 ARES wEsete], A3 33 E=AICP)E AHE-St

o gt
G Ag4 29 4% 2 24

-1, %@i}% %‘— HEE, EAVE, 2 av2HE §F 53

P AR FF; AR FEL Anne 5(1999)9] t”"jqoﬂ 9] 3 A& 600 mgell 0.1%
BHT7} x&d OﬂE]’*Q“ 6 ME B3 BT F2FxqA 523 A2 5 80% KOH
120 = #71ste] 85T I —rioﬂ/ﬂ 103%7P Sapomflcatlon At} 7] 2 FF5
3 meF hexane 3 ME ¥ vortexd = 1200golA 1087 A& st Azdat 15
meel FF SRV #1 BY Zdrld &30tk A HELS hexaneo® 2W O FESG L
M o7 hexanex < I+ SHFZE 39 Eﬂ Aol 3 045 um syringe filter® ] 7}3}]
Zy mtolgbel] ol XFFLI|E AXAA HPLC 24AI7HA WE Baghoh

» Standard curved retention time AA; Standard EZ<¢l Retinol, a
-Tocopherol, Stigma-sterol& SigmarltZFE FUsA 1 22 1 pg/ml, 50 wpg/ml
9 FEE AFXZF HPLCE B39 retention times T3t th. HPLC &4 %A
2 Waters Associate Model 244 HPLCZ column< Bondapak C-18, UV #H%=



71(292nm), °©]5A 95% HEFS retention time 10%, flow rate 2.0 m¢/min. ©]%}
t}. Retinol®] retention time< 2.54%, Stigmasterol 4.51%, Tocopherol<
6.09%°] At

» Retinol, Tocopherol, Stigmasterol &3 H|x; AA#ste] & A8 1 mle
ofgtES  H7leto HPLCZ #Astal, AAMAstE FZd g retinol¥
tocopherol Zt7}+e] F@u|= AA s}l ot

U-2. Aol Adf &F : Prdsky-AOACH S &4AF %
5. 3}A| 7] 3 amylo-glucosidase$®} protease® &3}

el gz A8 dEe AAT AL F ol

1}-3. Phytic acid &3 : AR50 g)& TCAd o] A2 Ao 43} A
SA1Z1 & Aibell o KSCNS 78t 480nmoll A 2] S3=E S43t

14-4. Phenolic compound &% : A EZ DMSO0 mg/mDel o], 05 mlS AldH

o #H3tx, =F4 65 mlE 7I3F ¥, Filin—ciocalteu’s phenol reagent(Sigma F-9252)Z

05 ml #7}slar ALoa 387 W3tk Na, CO; E3H89 1 mlet ol 15 ml
A g

2 AR & Ao 147 A3 3 725nmel MY FREE AT F s
st S galic acidg ol &ste] A AFEFHoZHY gt

U-5. GABA &% : 551 $41FASE 022 M Tris-HCI(pH 80)¢H5 el &AEA]
71 A& 100 weell 2.2mM o-ketoglutraric acid, 30uM NADP, 8mM 2-MeSH, y-amino
acid, butyric acid, succinate semialdehyde dehydrogenase dehydrogenase &= 3¥3}3s}
£ mixture soln.100plES H7Fate] 38CoA 3087F 834171 3 0.17 N NaOH 1 ml
A7ksked 60Tl 1583 WHAA, 340nmelM 9] FHEE FAHTo=A AEHE
NADPH 4§ A &gt}

o AZEA 712 AA

t-1. §5H das F&E9 i3 59 HA

(1) L8 54 : Oyaizue] WHE AFESIIY Tubedd A5 200 @t 0.05 M
phosphate buffer(pH 6.6) 500 wE YA, 1% KsFe(CN)g(Potassium
ferricyanide, Sigma P-3667)% 500 w* £33 3 50To|A 20837F WH-EA| At}

kS0l B $of 3% &<t o] WZHA|Z7]a 10% TCA(Trichloroacetic acid,
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Sigma T-6399)% 500 ¢ 3L, 5000 rpm& 2 10837 9AEE] F A= 500
WE FH3}e] deionized water 500 e} 0.1%  FeCls(Ferric chloride, Sigma
F-1513) 100 w& ¥ & 700 mollA TF =5 A3},

(2) DPPHY| tgF AR 3% =4 : Abs. EtOH 1 m¢, 100 mM sodium acetate
buffer(pH5.5) 990 wf, A& 10 wol = F37F 2.5 mlo] ¥E== 0.5 mM DPPH
fM(1,1-diphenyl-2-picryl-hydrazyl, Sigma chemical Co., USA, Abs. EtOH
soln) 0.5 M2 Yo 5% F<F vortexdtal 30%3F A-2o|A ¥-EAZ1 & 517 nmoll
A FEEE SASIAT B3 A5 AATE 7HA= Ao g Qls| DPPH B $ F%
T7F =A vERY 9bsA AAe] datkst gy A $g s 2757 A
0.5 mM DPPH €9 0.5 m¢ 2l 100 mM sodium acetate buffer(pH 5.5) 0.5 ml
S Yol T F¥E sdaA ¢ F FFEE SAHSGT. 1 @S AR controld]
SF =g skl

Electron donating ability(%) = 1_(AZ;ASC) % 100

(3) Linoleic acidE& °]&% AA#S}t A5 =4 : Thiocyanated] °oJg H4ksh
g2 Nakatanie] WS WISt ARSI Cap tubed] 0.25 mle] linoleic
acid?t 99% °l¥r-& 10 ms Wil FEFE AR 0.2 s H7He & SHFEA 25
m %5 3 T3 40TClA incubationstdA YAFAS R FAeS) o] W&
Mol A 0.1 mbS FH 3l test tubed YL 75% oleh2 4.7 ml, 30% ammonium
thiocyanate 0.1 ml¢, 0.02M ferrous chloride(in 3.5% HCl) 0.1 m{<&
vortex® Z¢3k § A3 3F Fo 500 molA FFEE SAsIT oju] &4
o] B E 9dte] A AAsIA ¢l butylated hydroxy tolune(BHT)E A}-8-3}9ith
BHTE= Al&371e] 1/102 ARl

-2, S50 Holo] 9@ RAWF oA A EH

D) AJAR : 551 FFE59 drdEEA LS AO0A.CHI(1990) o8iM <=
Artdrdzo®, 2aAL Kjldahly, AW Soxhelt &9 234
= prosky -AOACSl ®4&

(enzymatic gravimetic procedure)l 2 A #slo] EA154 )

off v ME
ol o flo

F¥2-1. Components of rice cultivates(%)
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Carbo- Ditetary

Cultivates Mositure Protein Fat Ash .
hydrate fiber
Rice 12.73 2 5.87 0.2 78.42 0.78
Brown rice 11.16 2.54 7 1.19 75.38 2.13
Giant embryo rice 12.20 2.64 7.24 0.72 72.85 4.35
Germination giant
) 13.42 3.74 8.12 0.82 76.89 5.13
embryo rice
Cultivars "9 Crude lipid  Ash  Moisture  TDF  CTPO”
protein hydrate
Scoermal 5.87+0.26 2.00+0.08 0.03+0.03 12.3+0.36 1.15+0.01 78.36
SW 7.1940.11 1.294£0.03 0.22+0.01 6.3+0.16 3.36+0.18 81.63

FWMR 8.2940.12 3.4840.21 0.16+£0.01 11.3+0.26 4.89+£0.76  71.88

SW : Fermented with Basidiomycota (sangwhang), FWMR : Fermented
with Monascus ruber
TDF : Total dietary fiber

(2) AgHo] . s E2e= AT 3574 H 57 3AFH(Sprague Dawley) 5078 &
vlo] @ A= ~(Bio Genomics Inc)i—r‘ﬂ TYst] TPARGFIADR AT
A7l & AFo] 93.613% TES W H(randome complete block design)el

o] 3J| A 10“}31"“ 4o 2 FRete] 2EE 20-22T, 5T 50% WS 12417

F71% Agegon Aolg pre Awglel AHEA HAFES sson A
o T BUA FgAGo, Aol EHE e PO
3} 2-2. Composition of experimental diets
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Normal Brown . i —gi
Giant embryo Germinated-giant

Control rice embryo
Total Carbohydrate 65 65 65 65
Corn starch 16 - - -
sucrose 49
From rice source” 85.61 87.85 83.24
Total Protein 20 20 20 20
Casein 20 14.01 13.64 13.24
From rice source - 2.87 3.82 4.27
Total Fat 5 5 5 5
Corn oil? 5 2.83 2.68 1.89
From rice source - 5.99 6.36 6.76
Total Cellulose 5 5 5 5}
Cellulose® 5 2.13 1.18 0.73
From rice source 2.87 3.82 4.27
Vitamin mix” 1 1 1 1
Mineral mix” 3.5 3.5 3.5 3.5
DL-methionine® 0.3 0.3 0.3 0.3
Choline chloride” 0.2 0.2 0.2 0.2
Energy kJ 1611.6 1611.6 1611.6 1611.6

v Ricegen Co. Seoul Korea, 2 Dong Bang Oil Co. Seoul korea, P Sigma
Chemical Co. CMC(sodium carboxyl methyl cellulose, non-nutritive fiber)f“
Vitamin Mix, AIN-76 (g/kg mixture): p—aminobenzoic acid 11.0132, ascrobic
acid, coated(97.5%)101.6604, vitamin B;2(0.1% trituration in mannitol 2.9736,
calcium pantotheate 6.6079, choline dihydrogen citrate 349.6916, folic acid
0.1982, inositol 11.0132, menadonione 4.9559, niacin 9.9119, pyridoxine HCI
2.2026, fiboflavin  2.2026, thiamin HCI 2.2026, dry  vitamin A
palmitate(500,000 U/g) 3.9648, dry vitamin D3(500,000 U/g) 0.4405, dry
vitamin E acetate(500 U/g) 42.2291, cor starch. Harlan TEKLAD Co.,
“Mineral Mix, AIN-76 (g/kg mixture): Calcium phosphate, dibasic(CaHPO, -
2H2.0)500, sodium chloride (NaCl)74, Potassium citrate, monohydrate
(K3CsH507 - H20)220, Potassium sulfate (K2S04) 52, managanous
carbonate(45-48% Mn) 3.5, ferric citrate(16-17% Fe)6, zinc carbonate (70%
7Zn0)1.6, cupric carbinate (53-55% Cu)0.3, potasium iodate(KIO03)0.01, sodium
selenite(NasSeOs - 5H20) 0.01, chromium potassum sulfate(CrK(SOy4)2 12H20)
0.55, fill up to 1000 with sucrose, Harlan TEKLAD Co.,G) Sigma Chemical
Co.(St. Louis Missouri, USA), ” Sigma Chemical Co.(St. Louis Missouri, USA)
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Diet groups

Ingredients Control N-rice SW-20 FWMR-20
Casein 20.00 15.21 15.04 14.70
Methionine 0.30 0.30 0.30 0.30
Corn starch 15.00 — — —
Sucrose 49.00 — — —
Cellulose 5.00 4.06 3.73 3.39
Mineral mixture 3.50 3.25 3.27 3.27
Vitamin mixture 1.00 1.00 1.00 1.00
Choline chloride 0.20 0.20 0.20 0.20
Corn Oil 5.00 3.37 3.49 3.08
Cholesterol 1.00 1.00 1.00 1.00
N-rice powder — 81.67 65.72 65.72
SW powder — — 15.31 —
FWMR powder — — — 17.39
Total kcal 390 390 390 390

SW : Fermented with Basidiomycota (sangwhang), FWMR : Fermented with
Monascus ruber

AFUSHES FEATI7] A diza AIN-762 0] 1% FH=HES #
7R AddAeldl= 2 1% FU2HES 247 HUbsto] AbEEs 3719 A9
T FRen ddHol= 57 Tt AT waet Arad 54 AY
Aol LS 0 day® sto] 15wttt AlTs Eol 4ol T5d 7H4 &9
AWzt FHE vlast o AA7HEet AARAFEN AFTSHEORNEH AR
a&S AtsEA.

B A8 R =9 AFH Aol w7t 5571 HAAS W F=E 184 A4
2% 1%s% ANS AF 100g F 0.2 ml Foz Hue FALste] wE A7)
O A SRl

9= (1000 unit/mDA )7} ¥ FA7I= st gl dels AfFHske] 3000

pmel A 2083 914 Bestel @42 P e PAAAA UE n@ vk
dole AAT he ZA 2, AF, AR, e AFe] AP AAStw

PBS(phosphate buffered saline)® o2l ¥ 37+ & JlolA|2 FES Al AsIe] A
q 4

Faoith HxAe BABYE 54 % 244 A4F2 99 2el St
Akl A F AR BN -70CHM mEST B BAAL B
He 919 559 AW/ F whAY 30 FF BUE FHS A% F U
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kel

@) 8% AEsE 54 : dFT4ALL BucoloWH(1973)9] +#3 a4% (Bucolo
&David  1973)el 9%  Kit(epibAlehHE  Ab&ste]  SAsAT. A
lipoprotein lipases Z&AlA  glycerold} X|WAroZ  E3JA]Z1 & glycerol
kinase(GK)E #7}slo] A% L-glycerol phosphate oxidase, amino—antipyrin@}
peroxidase® WHEAJZTH oju] AAE quinoned o] MAE 550 nmolA FHEE
SAsto] glycerol &3 Hlaste] A ity 94 5 FZU=HES] BH
& Allains 9] E42ME §83 548 AlFMEASF kinE AHE3F3ATH

FZU2HES d2H2 9 FEZFasEHE 7 JHE EASIERE ol BT
S A7) st ol ~HIZE cholesterol esterased] 9& XAty f-2lF#
HE22 HASAHT f8 ZH2HZL  cholesterol oxidaseo] s A4-
cholesteone & ¥} o] peroxidase % 7]& <2l Hs0s, phenol, 4-aminoantiptrine
S EF3sle] Aoz WA 7 500 nmolA FFEE S5 FdU2HE AT
=3} vlatste] g wFslvt.

HDL-cholesterol2 &A™ (Finelyl978)°l 2|3+ kit(eprkA|ehHE Al-&35lo] =3
ST

Dextran-sulfate-Mg(II)S d&3 w-gAA dAW HDL fraction A<
LDL, VLDLS HAAZ &, AdFds HAZ AMgste] %] TZuzd &30 2
WHHO R 500 nmellA 3 %=E SAsAL, FUaHE BE54d3 vlalste] g
St =W A 3% 4 (Atherogenic Index, A+ o2 Ald o&f AAFE 9t (Yamajaki
1990). ALt o532 2

Al =( [ Total-C 1 - [ HDL-C] ) / [ HDL-C ]

Sk rlo ok

(5) ¥F FAH=EE ¥ GFA IF 0 B 4 A 2HE = coprostanol,
cholesterol A& Caubaycosel ogr WS AFESIITh Az 8-S "HApAL
Wo]] Zol 1.5 g& #FH3 % intrernal standard 4] 0.4 mg 5a-cholestanes A7}
&ttt o719l 1 N NaOH(in 90% EtOH) 4 mlg 7}ate] 67CE-25F00 143t
mild cyclohexanel. 2 33| F&3slo] F&2H SN A4Vt2=2 AZRAZ 3 1 ml
2 &3]A1A GC(SHIMAZU Japan)o.& A & om GC =1L th&3} g}
#2-3. GC conditional for fecal neutral sterol analysis
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Items Conditions
7ZB-5 Capillary column(0.25um,

Column 30m)

Detector Flame ionization detector(FID)

Column Temperature 250C

Detector Temperature 300

Injector Temperature 300

Carrier gas Ny gas

Attenuation 32
W ol G54k 82 Micheal® W S(1980) H sk a4 ozr 43t
2HE FE9 Ao A 284 lower aqueous phase ©] 10 N NaOH 1 ml H7}

I
aSE 7hele] estersE dEYH R Tk EEiAEY kg S A
hel e pH 22 SR SREEE dE(2 D8NS

3}l 3000 rpm 5%7F 94 E83519 ). ©]% aqueous phased # 3}

do 9 ol
o @ ox
£
[\)
> 8
o
ofo

_10

[\]
S
2
tlo

fo

- H
of FEEZXE 10 mlE AFZE3 T vacumm evaporator® £vE 3ZA| T} o}
A FREXEY HES(2: D)€Y 10 mlS H7Fske] 3000 rpm 5#3F YAwE 8
o] 2% A5 5 mlE HAH davtam FEEIES FLAAY. FEE ANEE
Heks @ SR G0 D €9 1 ml 590 % oA 28] A st g@Fibd sl AL
sttt

3143k AJge] 200 mM glycine/NaOH buffer, 150 mM hydrazine
hydrate, 100 uM EDTA, 2.6 mM NADZ X3 uk-2A]F Iml o cholic acidZ

off gt > op [

¥3+3t Ald ol 3a-hydroxy steriod dehydrogenase 20 wlE H7}ste] 1
QF el A RESAIH T o]o] 20 wE Triton X-1002 #7}s}o]

e AAE F 340 nm FHEE TEo FEAIRS Hlalste] w©EAt g

Mo 4o AN 12 N

gy s=gx 3 §k&3slo] 0.4 N NaOHE gjshd njA oz ubxukso] e}
Uil o]E 490-530 nmollA FFE=E A IFRILE g Fe dTd vlulsh
s FA4son o] WS VxR st AEstE  kit(oRHAICHE AFESES]

o}
. GOTSt GPTel A$ ZAZow EAlsh: GazA 3 240 £4de] Hd g
&

L
ToE WEse 548 7 dens 3t 7



3 9l wEkA GOT, GPTe &4 9717 F oA oW 71e] &4to] =rls A
o]t}

(7) xAe) AFAFF BY 1 249 AT dAF e SREXF

Ei
e (2'1) (v/v)EdE 7tate] mpafjtd s} sto] AR R oAH}G F AAEALRE A
Z3% ¥, Folchsd #4€ WHYos FAALY ZFd s 548 ahrHddd
A 24 0.5% triton X-1009+ 3 mM sodium chelateE &3tslo] WA Al Ao}
L 8grE gAY 7+ 279 AN ZY2HEEEE 550 nmet 500 nmell
A 7 FHEE S50
® 3F %2 7 =79 FAIXA FESAH  Fe TBA reactive

substance(TBARS)ZA &  Taladgis®®el w2t dF 05 mlE FHsl 5%
trlchloroacetlc acid (TCA) 3 ml¥} 0.06M thiobarbituric acid(TBA) 1 mlS ¥
=3tek & 80T F&olA 903t incubationd}A Tl A-2A 23l
o A 15~£7J dA Egete AFAS FHeA 535 nmollA FHEE SAHIAT
Malondialdehyde(MDA) ZF8& ML tetramethoxypropane(TMP)E 7}5E383te] %=
Akt = TMP 1 mmol& 100 mle] 0.01 N HCI & 9ol o 50C water bathel
A 60EZE 7HEE § Adeow WZAAA b5 BiE TMPEY 1 mlE 001 M
NazPOs (pH7.0)buffer 100 mlol 34 A7 MDAZEE S &3 MDA ﬁ%%ou
o] EAHAEHS Aol AmaxdlA FF =9 MDAY extinction coefficient 25FE %
g5 sE Adtsiglt. 2Al" £ dFY Fdd oA whE ]
TBA-MDA chromopore?] ¥4 4& i o] FHA0ZHE TBARRSEHS &
MDA equivalent® AF=38}9it},

olgle] 7k AlF A %2 = TBA-reactive substance=%< uchiyvama2}
Mihara®] Wl ostsit). 0.5 gﬁ Z Ao 98] ¥-3¢] 0.01 M sodium phospate
buffer(pH 7.0)0& Yo #23} 3t & 0.5 ml& FH3) 20 ml screw capped tube®l
Yol 1% phosphoric acid 3 ml# 0.06 M TBA €% 1 mlS H7}8te] #E Eo

mlo _\L“u

A 4587 A% & Aeowg Ay} o] &3E| n-butanol 4mlS FH7}sle]
3000rpmell A 10%7F LA #2 3 & Fe25S FHalA 5359 525nmollA &3
9]

QLN
=8 2439 olF FYE

o] Z3HE TBARSS %4& %7 HAS g &%
o= Atsslet.

9) =7 Fo FAgas GHYE FF I 24 T 5L 44 g8
ol O
=

FAdGNA 2 g& FHsld %2 1 g9 0.25 M sucrose

oo
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teflon homogenizer (Glascol, 099C K44, USA)E &3} st 600xgolA 10%

LA 2 & dSas F8kal thAl 10,000x<gell A 203F Al welste] )
EZcgol F3& Atk 28 4SS oAl 105,000xgel A 1A17HEQE 29
4 %-2 (Beckman Optima TLX-120, USA)ste] Axd £&& £350. nEZ
cgol 82 0.25 M sucrose €8S AEA th5 thA] dAEE AlA €2 3
AES Fsta 4259 0.25 M sucrose &0 AAEAA catalasedd S A}

gakolar AEA 82 SOD9 GSH-Px @A =S40 o] &3kt
CAT ZHHE+= Abeisd HHozr =A39TE. 50 mM potassium phosphate
buffer (pH 7.0) 2.89 mlell 7122l 30 mM Hz0; 100 wlE Yo 25To|A 5&3F
HEEAIZATE o] RkZde] §4¢ 10 wE 7Fste] 3 mle] Al 3kl 25T 240 nmol
I FHEE S5, Ho029 F3% wskel Ho0:8 EF3A5= He0:9
FTEE FE 24 2H4EE Altslth
Superoxide dismutase(SOD) @4 E AL Axd #3832 A& HHAA717]
A AS5H 1 mld 04 ml ethanol : chloroform(25:15)&9< % 7}3}4
10,000xgell Al A4l st AHAZ & MAxdy 7FeA dd=2 48 s
NS dojA ARgElGlth. SOD 4%+ &4ze AEjelA pyrogallo®] ApsAkstol
ojgh WS o] 8¢ Marklund HHO2(197H) o2 FA3TE 5 10 mM EDTA
pyrogallo 0.1 ml& il 25TCoA 587F vke-A)71 3 1 N HCl 50 & ¥o] Wt
To TAA7ZIA 420 nmollA] FFEE SAAT. 54 @4 d9= 549
U] oky wke A7l 15 mM pyrogallo891 9] A=AEE 50% 9AstE @iz
o= Agsldoen FdAHdE @9 = pyrogallo?] AHsAMSE A S=d Zash AXE
gl ol tjgk SOD uint® &}t
Glutathione peroxidase(GSH-Px) &A% =3 Paglia®] #H(1967)°] ulz}
248} glutathione (GSSG)°] GReF NADPHe ¢]dte] $+¢l€ w] NADPHO| &3
7} 340 nmolA FasteE AEE FAHSISY. = 0.1 M Tris-HCl buffer(pH 7.2)
2.6 mZ 30 mM GSH 0.1 ml& ¥3 6 mM NADPH&< 0.1 ml ° 6.25 pM
H:0:8 92 5 25Tl 523 WA A of7]e AEd #28 0.1 ml& &&3t
? sk aAgAdel 14
N

.

o o

ol 25TCoA 5&3F WAL F 340 nmell A FFE=E
= 133 1 nmol®] AFstd NADPHE AAdstE 49 ¢

Z219]  mitochondria®} cytosol #&<¢ WA ghef
mitochondria®} cytosol &8¢ @z a8 hovine serum albumin(BSA)S *
&4 = sto] Bradford ®WHell ofal sttt

=
=%
E
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(10) EAAT : 2= A8 AT st EAAE 7F A8 Hz mEapol7 9=
7He AF37] 913 one way ANOVAC] 9J& p<0.05 Fel4 Duncan's multiple
range test® st 4@% A=),

o-3. 54 Holol ¢ P ANEH

D) AdsE ¥ Ho] @ HITEZ= AF 4579 °d +H F(Sprague Dawley)

95utg] & wlo] @ A =" ~(Bio Genomics Inc)ZHE +Y43dte] A 2oz (2

T 20-22TC, FX 1 50%, WY 12417 F712) A - steel cagedl A

LA FRGHEDE HaATe] 280g A== A wj7bA] g e A o

AIN-76 iAoz dFdzt HoAzith R

st=S ZF ' 157k S o R il AU ETS HiAlFol fASIES 7t
g 10vHE A 2702 UERlom *‘6‘47]%%

i
B Holsh SR AW g0l AKEA AAFES Hgon
x4

o
M
__);l_l,‘
of
1)
)]
L
o
E
>

b BEARL HES A doFdn, AT W AnEs F4S 28
2ol ANYE 0 dayR 3ste] 1FUv} AFS Pof Aol TEUANA FE9
Hlmakg o A7) 7Heet AR AR AFSIrEFoRRE AR

3£ 2-4. Composition of experimental diets
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Diabetic

Ingredients NCY&DC? NGEW RD BR® GER GGERP
Total
Carbohydrate 65 65 65 65 65 65
Corn starch 15.35 0 0 0 0 0
Sucrose 49.65 0 0 0 0 0
From rice 0 89.22 82.88  82.93 89.22 84.54
source
Total protein 20 20 20 20 20 20
Casein 20 13.54  14.20 17.89 13.54 13.27
From rice 6.46  5.80 2.11 6.46 6.73
source
Total Fat 5 5 5 5 5 5
Corn oil” 5 2.64  3.34 2.81 2.64 1.84
From rice 236  1.66 2.19 2.36 3.16
source
Total cellulose 5 5 5 5 5 5
Cellulose” 5 1.18  4.35 2.13 1.18 0.73
From rice 3.82  0.65 2.87 3.82 4.27
source
Vitamin mix"”’ 1 1 1 1 1 1
Mineral mix” 3.5 3.5 3.5 3.5 3.5 3.5
DL-methionine
p 0.3 0.3 0.3 0.3 0.3 0.3
Choline
chloride” 0.2 0.2 0.2 0.2 0.2 0.2
Energy kJ 1611.6 1611.6 1611.6 1611.6  1611.6  1611.6

Y Ricegen Co. Seoul Korea, ? Dong Bang Oil Co. Seoul korea, ® Sigma
Chemical Co. CMC(sodium carboxyl methyl cellulose,
non-nutritive,fiber),”Vitamin Mix, AIN-76 (g/kg mixture): p—aminobenzoic acid
11.0132, ascrobic acid, 97.5%)101.6604, vitamin B12(0.1% trituration in
mannitol 2.9736, alcium pantotheate 6.6079, choline dihydrogen citrate
349.6916, folic acid .1982, inositol 11.0132, menadonione 4.9559, niacin
9.9119, pyridoxine HCl 2.2026, fiboflavin 2.2026, thiamin HCl 2.2026, dry
vitamin A palmitate(500,000U/g) 3.9648, dry vitamin D3(500,000 U/g) 0.4405,
dry vitamin E acetate(500U/g) 42.2291, cor starch. Harlan TEKLAD Co.”
Mineral Mix, AIN-76 (g/kg mixture): Calcium phosphate, dibasic(CaHPO;
2H20)500, sodium chloride (NaCl)74, Potassium citrate, mono -—hydrate
(K3CsH507 - H20)220, Potassium sulfate (KoSO4) 52, managanous carbonate,
(45-48% Mn) 3.5, ferric citrate(16-17% Fe)6, zinc carbonate (70% Zn0)1.6,
cupric carbinate (53-55% Cu)0.3, potasium iodate(KI03)0.01, sodium selenite,
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(NasSeOs - 5H20) 0.01, chromium potassum sulfate(CrK(SO4)212H>0) 0.55, fill
up to 1000 with sucrose, Harlan TEKLAD Co.,e) Sigma Chemical
Co.(St. Louis Missouri, USA) ” Sigma Chemical Co.(St. Louis Missouri, USA)

2 BxHY #E @ GuHS FHA7]7] Yste]  streptozotocin(STZ, Sigma
Chemical Co)& o]&al3l=tl o= #HFol B-cellnt Soldqo=w 2gstal v
71l e S FA @ Ao® Hago] 7] witel] A2l Hostr] Hd T
79 FEA 0.0l M citric acid buffer (pH 4.5) £ &3)A
streptozotocin(50mg/kg BW)S thE R 250 13] FAlste] L9 &
WA o Tnro] 39S streptozotocing FTAF 24A17F & FEALE
duioz Y AQdste] HA 9 FEo] 180 mg/dle]dd W B =)
1o 2 7hFsiglon Ag Aol 5574 FHA d9ds tAl SAN Fio]l FA5
ol d49dE5AHLS d9dA(Acctrend GC, Boehringer Mannhein
Germany)Z =433t}

30
do |
tlo

3 %.:‘1?/‘1]9] 54 FEAAT
3

oo 1
== Z—"
wlol %04’5‘ Ak e FolFd JAF Aol RE 1Y A FEAAES S
At il A RE AL cageRFEH FHE AW THS wAZFoE ALl
3

HF=AHe dudA (Acctrend GC, Boehringer Mannhein Germany)® =743}

(4) & ZHA7HGastrointestinal transit time)Z% : Marker2 A}£-3F carmine
red (Sigma Chem Co, USA)E 0.5%9 Lz Ad2old Hrlste] Ad2]o] 22
A Fostar v AlZbatth markere] ®WF wjAdS A AsGlT AP 0] FAAIZE
I marker7} WSol A5 HEhUZI7EA o ARPA S A &3 AP R stQlth
W] Fidd 9 2AYF 4 A9 2lo] 5574 AL cageoll Al 484
s Wi s WS o 234 FR5ke] wet weightE A FT § WS AR
fume hoodoll A el @a w7t AEXAIZ] thE dry weightE &kl wet
weighto}e] 2to] S R dF o= siglom, Wo] =AW wjd g2 Soxhelt =W

_/I_\_
ICERIE S E

(B) BT BFE3HAHOral glucose test OGTT) : &2 o] 6F4 2417 F5 A7
= Zﬂ‘j/]xuﬂoﬂi AYste] FEA] S FHS T 50% glucosegN(0.1g
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glucose/100 BW)< intubation tube& AF&3}o] 7+ F4stal 30, 60, 120, 180
ol melAMo g QRdste] 9 & I A (Acctrend GC, Boehringer Mannhein
Germany)® =43} t}.

® AE L =9 AF : AP o] 6577 HAS
T 1%F% ABYNE AF 100 g T 0.2ml o= +
+ JBEeteleh. sk (1000unit/mDA 2] 7k € FAZIZ st el A dols 2} F
ste] 3000 rpmell A 207 d4lEelstel @3S Fefsta, 4

sttt s AF e o SA L A, A F1, 2%, adS &8t ANS
AL YFAAFE oy W Adt T JPA R SRS AAS S FAE G Y

KA i

oL

(7) olFF B3l aa428Ae 54  FHU5 maltase, sucrose ¥ lactaseZA
Dahlgvist el o SAsdvh AT 2% A 10-60 cmAtel&
opendt & A WA T AYAAFE AZLSA Kol TlolAR FES Al
Atk 42 $JolA FHUS microscope glass® FOIA FAE @al 489 F
¢} 3+ homogenizer® #&A3ZIAIA 4T 7000 rpmell A 10827 A& 3 =
STHE FHaAlA E2gHES FA5 A mAAEE 0.1 migt V1A
0.056 M disaccharide solution/ 0.01 M sodium malate buffer (pH 6.0) 0.1
= Ao Ja 2 TFA 37T FEFolA 603 BEeA v SRS 0.8
ml F7Fetal 283 FeEo 92 5 FxrER A3 9 AE&9S 0.5 mis
Alg e FH3FaL glucose oxidase§ W& 3 ml H7FE ¥ 37C FEFolA 603t
WAL B 420 nmelA 3 EE SASIAH. oldF a4 S %+ specific
activity(unit of activity/g protein)® YeEFH o Aduteo] chmlz &3S hovine

serum albuming % TEA=Z A}23Fe] Bradfordol oJalA s

(T )

2 oox Ay S T orlo

2

-

®) 9 st g4 (HEH A &B) % 5A 0 49 HEN A &E F%
© Bieric el HPLCWHl 93] Al Z43k3lch. @4 200 ueol internal
standard®A] a-tocopheryl acetata®} retinl actateE 2z} 100 WA # A= =
HPLCE heptane 200 wE #H7}8te] vortexst{ Ttk o] AL 1500 rpmel A 587+
A EE 3] 4T heptaneWS FHslo] A dS =3 5 24 vial2 &7
0.45 m menbrance filter2 o3sle] AA7[A2 AZAHT. AXH AEF=
diethyl ether : methanol(1:3 v/v)Zg-g& o] &jA]71 & HPLCZE &4 A

o},
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2. 55H9 4F 344 A4

—~

P-1. AWHY : WEREEFNE, AU, opHIRE, FRE, HlHe 47
10%, 20%, 30%(w/w)?® H7}star 1.5 Hj %%@ 55 #7138, ovenolA] 250T
oA 107 7FE F, 200CdA 1083 F 59 FHuksk Zdaagte] E4S
texture analyzer (model TA-HDi stable Micro system, England ; prove 30mm,
distance threshold 5.0mm, test speed 0.5mm/s, post-test speed 5.0mm/s)Z
SAs1G 0o, d-Ag] F49 TPA(texture profile analysis) parameterZ%-E 7

T, B84, S84, NI 59 E4E 44 Felen, 29 Ay Fo 549 Hl

A]
[e]
g =M Aol mE FAWY] JEE AT

2l W JIZRA : Wb %ol WAA(FFAE, AAWA, oplelTs £
7t 20%, 30%, 40%, 50% (W/W)’4 A7tste] AW Alzeta, Axd
b

Z
l, Do
_,_,
ﬂ
L
olf
}L
~
=
als
o
3#
fd
>

A = (Quantitative Descriptive
Analysis @ QDA)WH S /‘}%3 ‘Ri-ﬂ 7&401 /‘}%% EA4 A FAHL 7d dHEE
AREat T E7h &S TEe wdA, mAEe Al H7E FAE A dwrAQl
7|z ol Zbzb 334 dbEdom AAEY. FAIAEE two-way ANOVAE

Abgsld o oA A4 (Duncan's multiple range  teat)ell &l #9485 HAAsSY
=3
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2. d7rd 23 2 n#F

D. Sr &+ BT 48

1-1. 243E F dEs, EF9E, phytosterol &F v & vl @ 2 A5L
2ol BHstE AE T ASARERIo|HA kst a2t igiE e AeEdd AR
dElE 9 EIdE a8 5 FEzdHE FAE el addelgta dEA
AE AEA 2HEOESY AEHIOnAHES I HE 550 FE10e] Blugk Aol
o dgAEe g 559 Asd vEiA EHsE T dEHs 2 EIAEY v &0l
ES S o F don, 53 ERHEY H&o] AEd] w2 AS ¢ 7 Ak g4,
Hjole] A7} F wbE A Ao ghako] woget US| Adiujoln]e] A f-oll= A
|4 Ao g3 2N HEE 2 EIdE dans 238y I dujr
otk 2S¢ g Jdok aga ARk 2 Adiajolr] o] g wolel tEo] &4
ZHEOERFO sl AEavtaHE] dEHE @A Skt des & 7
o} (¥2-5)
#2-5. B E(HEE, B9 E, phytosterol) o] XA H| i
3 Aksd vlEr AEAY zEHRE
AE :
Retinol Tocopherol Stigmasterol
(%) (%) (%)
) 7.2240.287 3.75+0.101" 1.3540.026°
) 4.33+0.375° 0.5940.013% 0.00£0.00°
WEa 6.91+0.078°
R 9.56+0.099" 32.240.007" 0.65+0.048"
R Bk 5.38+0.102° 21.940.130¢ 1.64£0.142"
op7he] F M Al 10.82+0.727¢ 30.3+0.784" 0.878+0.042¢
R 47.540.509’ 1.06+0.002"
2ol e 8.83%0.676° 0.00£0.00° 1.06+0.066
A ufj o} 4.2240.028° 0.786+0.05" 1.63+0.072
ol
A wkn) kol 3.89+0.092° 1.96+0.038 3.06+0.004°
Adufopu] kol 8.16+0.123" 2.73+0.148° 3.3940.040"
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1-2. Aol FF : 557 359 Aoidf FFE Adiwfeln] & WAzl Ao

7P mekom, Aol > g gt > wkotul o o], Mg LY WA R AT B

A EEe Aol HolaR ol dvleh fAgE FEoIAUY 28]# wkth e
uomE G = A w2 paollen, Aol mEde Aol ool 28]
SgvEnRt @43 wolktt (#2-6)
#¥2-6. 20| e vl

Am TDF (%) R TDF (%)

(total dietary fiber) (total dietary fiber)

& 3.96 + 0.064
) 0.78 £ 0.002 Ao HFae% 1.78 £ 0.166
g 7]t ulf o} ] 5.23 + 0.021

TE sk 3.25 + 0.286 | HorE

sl 398 + 0.877 A nbu] ol 4.33 £ 0.020

PHIF AL 597 4 0051 Aruolul ol # 6,13 £ 0.015

T 4.84 + 0.076

1-3. Phytic acid 3 : Hito| ¢l initiation 2 promotiong o A|stE &3,
g5 FUzHEA AdAad 3 dd dA4 AAE, AUt A, 1T %
2hg, YobZbM = Sk, FUe, et d S8 a9k Bausa e ARA
a-amylase, B-amylase, protease, B-galactosidase, lipase & 2% A3 ags
Ags Adfets o] dEA 7] wimel, o] 548 &8sto] HwA g T
o oo o]& 7ol & o, #HE T FalwEHe AAAA, Ashg] et
A4, dudel g4 Fo

glof thgmd el olgo] /s BAoltt ol
924 @3k A I
Foju

4 noidi

o 19 ok

]

el FFe Adjulolul & ol Aol A Egko

>uolrle] olgith. melm MulE BYPMARA AT WA

e e P N R P
]
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Phytic acid gF&F

Phytic acid $F&F

Ns Ng
(mg/g seed) (mg/g seed)
Hu +
- ! hozt = 0.004 2} o] Al fr 2 1.420 £ 0.086
] 0.797 £ 0.002
i A tiuj o] 1.607 + 0.101
[l
=, 1.280 + 0.086 wopat -
+ = =
SR 1400 = 0.077 Al Iy 1.606 + 0.092
oreigansie 1912 = 0061 Adjulobu] el ®  1.687 £ 0.105
A 1.341 = 0.076

1-4. Phenolic compound ¥ :

ahtal

A ZA ] de FAEE o
phenold 3}E-& phenolic hydroxyl 71& 7Fx 1 ¢l

7Net A Ast Agshe o] olA HlEelA]

I}E 7R A

S5 5o] g of

0] =

% phenolic compound® 3o+

7 ] o
% Gustas 5o 4Ry &

Atk ol =
S SA vty ditgo =z A Ed df¥ o] A phenold FIHES
FES 37 g B Ao ME olHNE FEE AxsIgon, ol&d 70% ol
& FEEE Ao HESIGY ol YEldE ubep o] &l oA ulhel
A zpolE YEll= 551 FF55% A%t Phenold 3gE< 3 2
Aol 7Hg Wol dEo] AdeS & Y (3E2-8).
#2-8 A=A e & vl
0% g FE55 Aceton F=2E
A= R =g Ea
OD at 720nm Shak OD at 720nm stk
(ug/ml) (ug/ml)
3w 0.3807+0.0056 71.05 0.60140.0084 111.7
uw 0.2699+0.0104 50.60 0.37640.0054 70.21
2 o] Az y A 0.2835+0.0131 53.12 0.49840.0233 92.74
ol7hg] AR 0.2764£0.0088 51.81 0.253+0.0067 47 .47
g A 0.5498+0.0100 102.3 0.21940.0147 41.20
EZel o) 0.4429+0.0212 82.54 0.42240.0323 78.63
Tl 1.24744+0.0127 229.2 3.053+0.0759 558.4
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1-5. GABA(y-amino butyric acid) 3% : GABA %S Atfuljoln] EFE o
e Adiejoln] & oAl 7)AE $heFo] B & FUhsk winlo = GABAS ol
vk, oleldt winlE g A7|H ASgmAge] o= Adiujolr| e} FAREE AE=R
GABA?®] gaFo] Z7hstal ok (¥2-9). 28y 5531229 Aol oo &5
ol ¥ GABAZF A9 HE §lojAa &S & 5 vk
¥#2-9. GABA @ Bl
A GABASH GABAH
o (pm/g seed) (pm/g seed)
kol 13.7£1.01
A &5
ks *
A vl 13.741.01 b 58.1+4.69
LU 3.991+0.054 o} 4.47%£0.097
] A1 0 €] R %i%%%‘
Qo] U‘IT_T—i o = 663i0128 ?jl_o]_ 358i264
o} 7te] F AW A & 8.97£0.259
AL BB A A Fubo} 58.14+5.02
Rt Ay 0.062£0.01 dto} 129.0+£12.8
= [S1223 +
gl 8.23%0.302 Swlol | 59.845.14
Ao} n] 235
kol 121.2+10.2
2) v &g FE2EY 4 27
2-1. DPPH radicalel 3 AA}F A% : DPPH radicale wHgAoA AAE A

w5 Aol goAE Byol JonE oud MRS MAPyhel AR

et o7 FX=¥ radical ©]A

=
vl gk A3 (312-10), o=
o] atst gAdo] H



2
o B
ol
o

=2

o,

Acetone =E£= & 0% Hets =&=22=
SHASHA (%) SHASHA (%)

=l 28.31 43.01

8K 0| 16.03 17.10

Aol R oty 24.31 28.10
Oftel A & 20.26 22.83
ASHA A 25.89 69.21
SSotx # 10.24 34.08
Exo & 89.89 84.60

Conc. OD at 517nm %

Control 1.010%+0.041 0

1% 0.137£0.002  86.04

BHT

0.1% 0.763x0.007 23.62
o 2mg 0.624%£0.054 33.27

Not-germination
Normal rice 0.2mg 0.945+0.035 5.44
Germinate 2mg 0.351£0.021 64.25
for 3days 0.2mg 0.841%£0.029 15.74
o 2mg 0.595%+0.037 40.09

Not-germination
Nampung 0.2mg  0.937%0.021 5.24
giant embryo rice Germinate 2mg 0.412+0.061 58.21
for 3days 0.2mg 0.915%+0.032 8.41
Whach Not it 2mg 0.744%0.050 25.34

ot—-germination
hachung . 0.2mg  0.974£0.020  2.57
glant  embryonoc™ - . ate omg  0.410+0.050 5841
ree for 3days 0.2mg  0.893+0.015  10.59
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c 1.0

o

S

~ o8

©

B o6t

[

o]

L2 o047

2

< 027

0.0
1 mg 10 mg 50 mg 100 mg
—&— Normal rice —l— Agaricus Sangwhang
Tochukaso =&~ FWMR —@— CWSDF
—+—Vit C — \/itE
Absorbance(700nm)
Extracts
1.6mg/ml 3.3mg/ml

Normal rice

Not germination

0.753+0.0603

1.2544+0.1034

Germinate for 3days

0.308+0.0261

0.487%£0.0593

Nampung

giant embryo rice

Not germination

0.801+0.0604

1.338+0.1415

Germinate for 3days

0.427+0.0202

0.757%£0.0192

Whachung

giant embryo rice

Not germination

0.284+0.0234

0.504+0.0217

Germinate for 3days

0.837+0.1165

1.445+0.0751

Values obtained through triplicate experiments are expressd as meant SE

IY2-1. Haw E

2-3. Linoleic acid A&4tgte] thdk XA FA4sE A &3 © Linoleic acid
AbEAkst REAAE o] &5t FFE A ogt
g A A E] A A EHE SAAT AP T omA P A4k
AE4ks7 fEEE AS JASE &
o] sl =t 2y Holo] ot

Al

=

=

BHTE AF&33
JukEZo] Artl 7 ufo}n]

g oo FE

‘04

Mo
ok

. in vitro A A A

o=

riet

EE

Al®E 2 mg 2 0.1 mgel ti



AAopre AR ukn] FEol of 20) P Asahizal wsA Arulopy]
FEe A5aist A9 At

®2-11. A4 FikstEe] A A az

Conc. OD at 517nm %

Control 1.074£0.292 0
BHT 1% 0.176£0.182 76.72
Not-germination 2mg 0.648%+0.017 33.77
) 0.1mg 1.099+0.092 19.21
Normal rice Germinate omg 0.088+0.006  84.91
for 3days 0.1lmg 0.3494+0.172 60.61
Not-germination 2mg 0.078+0.001 85.84
Nampung 0.1mg 0.610£0.385 36.31
giant embryonoc rice Germinate 2mg 0.071%£0.025 86.49
for 3days 0.1mg 0.508%0.180 45.81
. 2mg 0.135+0.028 80.54

Not-germination

Hwachung 0.1mg 0.608+0.090 36.49
giant embryonoc rice Germinate 2mg 0.092£0.042 84.54
for 3days 0.1mg 0.218+0.166 72.81

Optical density (Abs.

Cultivars %
517 nm)

Control 0

Vit.C 86.07
Normal rice 0.50+0.08 17.10
Fermented with Basidiomycota (Agaricus) 0.4840.02 22.83
Fermented with Basidiomycota (Sangwhang) 0.22+0.03 69.21
Fermented with Basidiomycota (Tochukaso) 0.43£0.02 34.08
Fermented with Monascus ruber 0.66+0.03 84.60
Coated with soluble dietary fiber 0.47+0.02 28.10

Values obtained through triplicate experiments are expressd as mean* SE
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Body weight

. .Ftolc;d FER?
roup L. - body weight gain take
Initial(g) Final(g) (¢/35day) (g/day)

Normal Control  97.60£1.55™" 409.8+£10.90™  312.3+10.31™%  25.58+0.77" 0.356+0.01"°

Brown rice 94.49+3.39 403.8£8.30 309.4+7.98 26.41£0.72" 0.355+0.01
+ a

Giant embryo 96.32+1.87 405.6+11.9 309.3+11.9 25'2317_0'93 0.356£0.01

Germinated

. 96.11+1.92 395.2+10.2 299.1+£29.9 22.44+1.41* 0.0353%£0.01
giant embryo

Mean+SE(n=10), Values with different superscript in the same column are significantly different at p
< 0.05. “Not significant at a=0.05 by the Duncan multiple range test “Food efficiency
ratio : weight gain divided by total feed intake during the experimental period.

AE 100 g7 3te] FAl= dxzaodA FolA A w2 AL FezH Sl
Zholl efell ko] Mmisid Aeoletar FFEv tixatel H||A ol thufolr] o]
22% == o] HIt7E AHEq e APt #Fo2Q0 Apol= AT AF
el At e Al Adull 9 oAl itel o943l

ol gtk Wl A9 thETol wshA AT AchulobulE R wobA vhulopu]
o] frejA o gtk (F1-12).

¥2-12. Organs weight of the experimental rats (g/100g BW)

Group Liver Kidney Heart lung
Normal Control 4.59+0.272" 0.80£0.024"  0.38+0.013"  0.56+0.043"
Brown rice 3.80+0.106* 0.78+0.042" 0.35£0.011 0.45+0.018°
Giant embryo rice 3.55£0.091° 0.75%0.228% 0.35+0.037 0.46%0.018°
Germination giant embryo rice 3.57+0.075° 0.71£0.024* 0.35+0.048 0.45+0.013"

Mean*SE(n=10), Values with different superscript in the same column are significantly
different at p < 0.05.

2. Q%-Q] AdEsE ¢ 55444, FFd28%=, HDL-cholesterol®] ¥%
78t A97= Table 353 #2u. dF & SAHAAETE=E Aol AdEFolv it
7ol olgh uAdS, Farg, AR, v, A, /\]Xc}élfﬁ 2 A7 AT
|4 Z7lets oz B3 AdAAAS SulAst gk AgHy gnw So

A g2 AREHI = Hode nFd2HEdsd A usdAdds 2

A HDL-22HEEFE o5 dge] 78 9@z T2 dof F83t v

1-
5

=)

o

2



o oA Az A AAEAY. webd dF FHs

o3 WA EAAYEFEE A

o =

N

vl
>,k
off

°E

rlj

<

A

ko

il

2E|Fofl digh HDL—cholesterol E«] H &S Uehd B9 33te] 93w
We sHAsA s dxaol vlelA v, Adiujoln|xt B ol thul o]
242t 6%, 43%, R 57% o148 QA w2 @S e (F2-13).

3%2-13. Effect of rice cultivars on serum levels of triglyceride, Total

cholesterol,, HDL-cholesterol, and atherogenic index rats. (mg/dl)

Group Total cholesterol HDL-cholesterol Triglyceride Al
Normal control 123.5£6.70"  19.2740.86°  66.55£6.36"° 5.69+0.53"
brown rice 119.9+£5.20 22.10£1.45° 64.70+£2.70 5.33+£0.76"
Giant embryo rice 117.2£2.68 29.01+1.23° 62.62+£1.713 3.20%+0.38°
Germination giant embryo rice 113.1£10.05 33.69+£1.93° 62.87+5.147 2.41+0.32°

Mean+SE(n=10), Values with different superscript in the same column are significantly
different at p < 0.05. DNot significant at a=0.05 by the Duncan multiple range test

T

1-3. B39 TAH2HE 2 354 FF 1 2 SAzdHE F FuzdE 3%
& el el EolA ol o] FAA F °
el walA @nlE, Adiujolnl, wopA ol o] A UEhgon] wir
M Ee dael wsA @vl, Aol wel At uelrlze] 27} 14%,
320% 41% FelH oz A uEhth (X2-14). 95 2 FA2EES WA 27t
B 2re] 95§48 AN ER 2] ZeaEEo] FaHT o 2 ¥t

2
LDL-receptorg &AsIAA SAZH2HE w55 A7, Aoldfv 2%

=
7}8F 3L coprostanol $HEF

r

A G54 AlegS Aslsted ol Aol it AHeA FHisHE 2 9GEAt
I AH AEFToTH FF7F SAFo] EWel njMdo] FUlEE Zow d¥A 2l
3, lignin¥} celluloses 2 JASHA HEst= Holdi4 Erl olyz} pectin
Q Al o
[e)

o
[e) =)
Pifat ¥e BY0R A3 AW % wFel
-
. B

guar gum ¥ # F
¥ tjzatoll Hls|A Al A EHF

F57F Asirt Fohaa @k 2 4l
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o FH2HET GEAe we]l FAHE Ao e o
E

g 2EE SO ALl st Aol EelsHEN ©

3t2-14. Effects of rice cultivates on fecal excretion of neutral steroids and

total bile acid in rats

Grou Cholesterol Coprostanol Total bile acid
P (mg/g feaces) (mg/g feaces) (mg/g feaces)
Normal control 1.06+0.06% 0.49140.02N° 41.84+1.14°
Brown rice 1.2740.05 0.526+0.02 47.7940.37°
Giant embryo rice 1.42+0.28% 0.577%0.06 55.28+1.36°¢
gigmmat‘on giant embryo 2o 970 0.622+0.02 59.15+0.90¢
1-4. 7232 T4 AAFF @ Fo=H

sheFe tixdtol Ml AP EC] &
o] fro]H o E=kth (#2-15). 8
Eolee A 3te whHo| oat brang 4 F
O~

froox o
o

o
cellulose A3+
Bt Ao SRl ot

el M & whebA o],
I R S R ROA ETJJ} %f RAow FAHL,

N
i)

3%2-15. Levels of total-cholesterol and triglyceride in the liver of the rats

fed experimental diets

liver lipid (mg/0.5 g weight)

Group
Total-cholesterol Triglyceride
Normal control 55.00£0.652¢ 37.41+0.193"
Brown rice 50.16+0.385°¢ 36.83+0.094°
Giant embryo rice 45.294+0.497° 36.62+0.089%
Germination giant embryo rice 42.43+0.495% 36.66+0.097%

1-5. 8FF9 a4A8A : GOoTEAHL =79 107 Karmen/unit/mlol] 1] 3] A]
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ol A o] 74 Karmen/unit/ml= 9494l GOTEAdo] ket (£2-16).
T3k GPT gAE g %o 45 Karmen/unit/mlol] ol Atujoln|+ 32
Karmen/unit/ml2 GPT &4o] 94 A @t} GOT GPT &4 1A R4,
A Fom AWgto] FRtE S Wiy 3 SAEA o8N dFTaATHET) ¥
oA Al HE=dH uAEF Aol AolAFAE HIFSINE W GOTeF GPT &4do]
AstE A 84 Aol dFE o] ahe IS TaAZY. B AFdgiam gz
o HE|A ol A ujoln| o] GOTSF GPT @Ado] e AL Aloj Aol %32
AR A EopEtet olyzgl 7t 7| 5S HIdgE AS FAHS =

3#2-16. Activities of GOT and GPT in plasma of the rats fed the

experimental diets

Group GOT (Karmen/unit/ml) GPT (Karmen/unit/ml)
Normal control 107.63+12.31° 45.76+3.39¢
Brown rice 86.4145.99% 41.84+1.82"
Giant embryo rice 83.51+4.59° 38.37+1.31™"
Germination giant embryo 74.98+6.68° 32.50+1.61°

rice

1-6. AAASEO WA= I - AL Ao ARZ TBA TH8E
MDA F&Fo2 S48kt MDAT A Zapitste] 24 Zaita = A4 oﬂ
Habsba] Ege] ARl Ax 2 AREHW A FbelmE 5 ST oA
ks 7HESAA dd s Aol vlefstH SAlel LDLE WIEAA 53

_IZiEoEmELﬁ:rUE
o M 2 ¢ o do

of Z1ddta dHA Ao o) AZItstEgdEFe el EopA o}
of el A Hokow Ao AFytetE dFE AGE Al9stas At
2 ozl vsiA AldaEol Fod Al wekd (32-17).

3#%2-17. Levels of TBARS in plasma, liver, kidney and heart tissues

Group Plasma Liver Kidney . Heart Lung
(nmol/ml) (nmol/g/tissues)
Normal control 77.9419.6" 65.4%1.80° 99.742.34° 60.5+6.98" 67.8+2.34"
Brown rice 62.5+1.17* 56.5£2.00° 76.6£1.71° 54.7+£6.65 44.7+1.71°
Giant embryo rice 50.5+6.85" 51.941.35° 47.9+1.70" 48.4+3.11 42.1+1.70°

Germination giant embryo rice 32.4+£1.33% 47.0+£1.31* 42,742.41* 45.241.79 39.5+£2.42°
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1-7. 7+9] A3t §AFASA 0 719 d2ks @49 catalase:= A9 RE T
714 ABE EAstHA H0.5 H0% F53 A7+ 424 tix7o] 1.95 m
ole/min/mg protein®] B]siA Aiujolu]E 112% TolAthujoln] 117%= 9
Ao EUTE (F2-18). GPx= T2 AXAN nEZ=golo] EXsh $hel dE
oM EAGAHT g JHe AuElwes ek S aAhEA thxdto] 0.18
nmole/min/mg protein®] B34 ZAhujolu]t 100%, ProlAthufolun]+ 388%=
foA o2 #=ohtt. SODE superoxide radicalZE SHEAIA Ho0.E LA 7| B2 A
AlsEo ZHE AAE HIsE 4% tXv+o] 0.5 uint/mg proteinel] B|3iA 7
oiujolr] - 20%, TolA ol T 44% 2 o] o2 Eo] okt

3£ 2-18. Effect of rice cultivars on levels of antioxidative enzyme activities in

liver
Catalase %fgiﬁg;osze Superoxide
Group (gmole/min/mg P . dismantles
. (nmole/min/mg . .
protein) . (uint/mg protein)
protein)
Normal control 1.95+0.32° 0.18+0.02% 0.50%+0.09*
Brown rice 2.86+0.23% 0.25+0.04* 0.44+0.08"
Giant embryonidc rice 4.15+0.51° 0.36+0.07" 0.60+0.13"
Germination giant embryo rice 4.23+0.86" 0.88+0.17¢ 0.7240.25°

(2) HA daz

32
=
>, o
>
©
o
ST

A9 FEA XF FE A

e d
Aol A, AFTTrHE, Holase ®2-199 Yehd npel o] & AWl A,
St Ao bl mE Zh wibe] FoHQd Aol & ¢ T AVIFAL A
S #2-209 2ok dFAle APt o)A Abelvk filew, 1k el
A= vlzwo]l e AP Eel veiA A vebsar, A5 dutvite] vE
ol vl A ey ddddtel e Evts FIE Aol ofyith

A g F= : o 2EHE HolE AT A 4%
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¥2-19. Effects of functional rice powders on daily food intakes and body

weight gains in rats fed high cholesterol diet!

Feed intake Body weight gain FER
Groups
(g/day) %
Control 25.18 £+ 0.64™ 8.29 + 0.24™ 0.33"
Normal rice 27.05 = 0.53 8.54 = 0.25 0.32
SW-20 25.58 + 0.80 8.44 £ 0.26 0.33
FWMR-20 25.96 £ 0.85 8.25 £ 0.28 0.32

"Mean + S.E. (n=10), “*Not significantly different among groups by Duncan's multiple
range test at p<0.05 FER = Feed efficiency ratio = body weight gain / feed intake,
SW-20 : Fermented with Basidiomycota (sangwhang) 20% FWMR-20 : Fermented with

Monascus ruber 20%

¥ 2-20. Effects of functional rice powders on organ weights in rats fed

high cholesterol diet!

Liver Kidney Heart Lung
Groups
g/100 g body weight
Control 410 + 0.11° 0.76 + 0.02" 0.33 + 0.01° 047 + 0.02™
Normal rice 3.80 + 0.06° 0.65 £ 0.02° 0.27 £ 0.01*  0.42 + 0.02
SW-20 3.81 + 0.10° 0.79 + 0.03" 0.25 £ 0.01*  0.40 + 0.03
FWMR-20 3.65 + 0.10° 0.77 + 0.02" 0.23 + 0.01*  0.46 = 0.01

"Mean £ S.E. (n=10), ®Means in the same column not sharing a common superscript
are significantly different among groups by Duncan's multiple test at p<0.05 NSNot
significantly different among groups by Duncan's multiple range test at p<0.05 SW-20
: Fermented with Basidiomycota (sangwhang) 20%, FWMR-20 : Fermented with

Monascus ruber 20%

2-2. 83 59 Xd F& W3 =AY FrE foHel 2olE glont
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T A 20% F7bo)l M WA yEb tﬁ, T ZdzEEY A T 2
20% H7bato] thzatol Hla] Goldel BAZ B} (%2- 21) HDL-Z4| 2~ H &
ShE dxatel vl gytula AWM A 20% H7bES SRk A S
Holom Eaat & 20% MM fFeldo= 6—7}6}914. TE Ag oA
HDL-F& 28 &/F Fd2dHE H&MHTR)O] tlZ&atol vl Hold o2y,
A s AFADE @A YEsh B AdAy uZdaHES 393 SF A
dEw Al Bap g Aol WE e 9% Fel~HE, HDL-Cholesterol, HTR, Al
FAld FAAQ MstE FEsGla, oyt eyt WA siet 2 A H g
o] Fad Aoz AlgETh

3x2-21. Effects of functional rice powders on plasma lipid contents and

atherogenic index in rats fed high cholesterol diet!

Total HDL-

Groups Triglyceride cholesterol cholesterol HTR Al
mg/de %
Control 80.4£6.65° 122.9+7.39°  15.941.38° 13.241.17° 7.10£0.88"

Normal rice 83.9%5.46 118.6+3.14® 19.0+0.94®®  16.1£0.73* 5.3240.29°
SW-20 80.5+3.93 112.7£2.08%°® 19.5+0.90®  17.4£0.91° 4.87+0.30°

FWMR-20  77.3%£5.17 106.8+2.55" 21.94+1.45" 20.4£1.11° 4.00£0.27°

"Mean + S.E. (n=10), *®Means in the same column not sharing a common superscript
are significantly different among groups by Duncan's multiple test at p<0.05, NSNot
significantly different among groups by Duncan's multiple range test at p<0.05. HTR =
HDL-cholesterol / Total cholesterol

A.I(atherogenic index) = [(Total cholesterol)-(HDL-cholesterol)/(HDL-cholesterol)],
SW-20 : Fermented with Basidiomycota (sangwhang) 20% FWMR-20 : Fermented with

Monascus ruber 20%

Aol FolHoR Fasgon, ANuT B
froldom vghou, Al & 20% HobE wrh Fad & 20% Brkito
foldon vt ad AW FRE FRE A4 20% WRAAL fel4
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Has B3 (272-2).
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"Mean £ S.E. (n=10), *Means not sharing a common superscript are
significantly different among groups by Duncan's multiple test at p<0.05, SW-20 :
Fermented with Basidiomycota 20%, FWMR-20 : Fermented with Monascus ruber
20%.

1¥12-2. Effects of functional rice powders on hepatic lipids contents in rats
fed high cholesterol diet!

2-4. TxAQ 43 a4 GAE ¢ A Yol Auamdaza EA8s Ade
Aol A LASt= free radical®] A4S Wol ofe] TR FAikstES sk,
of FWol AAEAESY T2 Tes
2 d#xa Q). Free radical

WA A o) 7pA] Rt o
sh= &absl dE=2= vEkd E, HlE A, ¥lERd C,

1__/‘6]
AA W T3 4
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glutathion % metallothionein(Sato %, 1993) So] o i3t g2 CAT,
GPx % SOD &°| 9t} SOD+ Superoxide radicals BHHAIA Hy0.= A ZHA]7]
w oolwf ABAJE HeOp 52 GPx, CAT 59 #8ol 9] H.02 H3h=o] F53td
O ZM AamoRNE AAE BRIl kA9 kst a4 F4d % Table 10
I ok CAT @4 %s dvhn| & txtel] Hla) Frtetes 4as BioH, 4
A & 20% ARSI Seat B 20% HUbES frelHow SUheRdlen, 53
AW 2 20% H7baol A =A YERRTE (322-22). ¥ GPx @4 %=w AP
o] dzxad Hlg] FoAow A yetgten, SOD &4 St & 20%

[e:

|

JhEo A Feldow ZUEgY. B A A AsWA ,éer T3 Mo nEo
ksl G40 GAE FIMAA AEtd AEY A o3 249 EAS dsAY 5
A& Aol

3£ 2-22. Effects of functional rice powders on hepatic antioxidant enzyme
activity in rats fed high cholesterol diet!

CAT GPx SOD
Groups

umol/min/mg protein nmol/min/mg protein  unit/mg protein
Control 1.13 + 0.03° 15.81 + 0.79¢ 1.49 + 0.05°
Normal rice 1.22 + 0.05% 13.69 + 0.83" 1.47 + 0.06°
SW-20 1.39 + 0.06" 11.40 + 0.62° 1.58 + 0.05°
FWMR-20 1.27 + 0.06° 11.69 + 0.56% 1.82 + 0.07°

"Mean + S.E. (n=10, ®Means in the same column not sharing a common superscript
are significantly different among groups by Duncan's multiple test at p<0.05, SW-20 :
Fermented with Basidiomycota (sangwhang) 20%, FWMR-20 : Fermented with
Monascus ruber 20%, CAT : Catalase, GPx : Glutathione Peroxidase, SOD

Superoxidedismutase

I

2-5. 8% 9 7txF 9] HisE FF 0 AQAYtE Jre AER TBA B E

AS malondialdehyde(MDA)BE&H o2 =Asl9H T MDAE A& yiksle] 2xF &3
AEEA A A A o] HikstA Fo] Ashela] A x= ARgHTh A4 HAkst
T2 sHASSAA dd WstE 7}4?5}’\]74 WsH Hsto] 7lofstm FA|f

2~

T
=

&=

d

LDLS W3A7 S84 Juie] slejaivkn deld Ak 94 2 g A
B AN FEE <awU2-3>3 ok el Bars GBS FRNA A 20% 3
VEd FRTE R 20% AHEAA FAHoR W vehon], Az A



3 FEoldinh. txAe Hirst AAE FEe A, A & 20% A7t
ol A HlEzT A FES BN, Fad A 20% A MelAE foHoR
HESR
30
© b b
E L i e
(%] 20
o R @ a
0_ } -1 o
10 [
&
|_
0
Control Normal SW-20 FWMR-20
rice
100
o b _b,_ b
= 80 [ =
I,
Q_ —
L g 60 a
2
£ c 40 T =
3yt
0
Control Normal SW-20 FWMR-20
rice

"Mean + S.E. (n=10), ®Means not sharing a common superscript are

significantly different
among groups by Duncan's multiple test at p<0.05, SW-20 : Fermented with

Basidio-
mycota (sangwhang) 20% FWMR-20 : Fermented with Monascus ruber 20%

19 2-3. Effects of functional rice powders on plasma and hepatic TBARS

levels
in rats fed high cholesterol diet'.
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2-6. @3 GOT 2 GPT AT W3} : dwgow GOT 2 GPT FAE 57}
. = o 1 ket 5 AEe] WA HALE
Aol lsiAe debd 5 Al

o
rlo

4
-’

0 o WA N ox il

-7. Fecal sterol 3% ®W3} | LA X ES5HA &o Fy 2y
&2 GulAlrtel o3 Mistyo], HFHog FWoR wjdET) o3 HFAk
2 2o)=)y FHEsle] FA AE| 20| =(neutral steroid)ghal F-Er}, i Fo
8 T ZzHREE FHzHE, Ad 93 WEE<  coprostanol
coprostanone°|tt. ¥4 W w2 ALY Zpolrt gldY (2-23). F
Ao WA AR & 20% H7bE S & 20% H7bOA fre] Ao
2 E=A Jehgey, vhd Ao A s tERtel ] §) Tr«l 11 Afol= gl ot
s AEdS Btk A ~EH =2 bile acid ¥ T ASeAl & 20% H7t
T A A 20% HUbA o)A e R Frbsklon, %61 T & 20% A
bt Al A et & E¥ 2HES Y] SR A & 20% U §
Tt A 20% F7bE RFolA fFoA o m ST Ao R YERT

¥ 2-23. Effects of functional rice powders on excretion of fecal acidic

and neutral sterols in rats fed high cholesterol diet!

. . Cholesterol + Neutral Total Fecal
Bile acid Coprostanol
Groups Coprostanone Sterol Sterol
mg/day
Control 17.6+0.42* 5.92+40.37% 128.7+£1.89% 134.6+1.92° 152.241.90°

Normal rice 17.240.32% 10.2+1.10° 122.242.40% 132.4+2.77° 149.6+2.79°
SW-20 21.440.76" 17.0£0.55° 131.6+3.13" 148.6+3.00" 170.0+3.30"

FWMR-20  34.8+0.87° 17.1£1.05° 133.9£2.51" 151.0£2.93" 185.8+2.96°

"Mean + S.E. (n=10), ®° Means in the same column not sharing a common superscript
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are significantly different among groups by Duncan's multiple test at p<0.05, SW-20 :
Fermented with Basidiomycota (sangwhang) 20%, FWMR-20 : Fermented with
Monascus ruber 20%

3) Srl(Atiulopn] R FopA thujoln]) Aojof o P A

gyl 2ojg &S X A} AFTWIE streptozotocing FoJ3F & Al
2o 215g Adisioln]e] At 157ge] AFS7HeE H wbdHd AEa<d
e F+e -33g9 AsHAE H¥n FalndtsE 7g, Gadv e 23g, G

krn
o
o
Ay
=

Adjufoln+e  30g, 9 Hlopn e 32g9]  AEZZ71E e
streptozotocings Fdle] FuE FHAX FRAPTS AUz vl§] A
717 Adew FrdiRddAe -33g9] Al Fadde] YERRTE o] A

=

T A Mz LG o]&o] A AstEo] YEhd Ao R Bl
A 5 o] Au], Afufotn], oA tiufoln] & Aol2 HF T A F Sl A
= GatiEde] v& AT HAEJeH ¥Win fJujE AolE HHAANI =
of nla} Adjujolrj} Lol Atujolr] & HAAZ 50| AFTE7HF =4 HEIT S
Aol A o]l & AolE AFAAI dFE ATSHE =4 vERY A
ol fr&7t GRAlATAE ATELS WA a3t IRlTAY THadrt
AT AoE FAHET (32-24). BATES] A5 duin|e] AGAktel vl Adujol
nje] Aol 26.8%° AFTHA7F YEFROH oA Aol ae Enkztow <l
g AlTHAR B Bl & Aol dHFE AAbwel vls dxAl Aol E=A
UERFAI R frol Al Apol= yERFA] @%kem  o]Ze @naTA th
(polyphagia)@/ o2 Btk Holg&d ANTEYN oA F24< =

ol wgh gl ds el Aol wedn 47
Q1 AFHaT} ek A Q1 Wz

fge] Fad
v 3k sl viuob] ol A ol ffo] 7 hekuiv,

3#x2-24. Body weight change, food intake and feed efficiency ratio of the

experimental rats
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Initial body  Final body  Body weight Food intake FER? Surivival

Group weight(g) weight(g)  gain(g/42day) (g/day) rate(%)
NC? 289.949.9%Y 504.3+34.81° 215.6£30.14° 25.59+5.99° 0.194+0.01" 100
NGER” 288.1+6.08 446.0£14.50° 157.9+17.76° 28.97+3.63" 0.130+0.01° 100
DC” 288.8+14.35 229.342552° -33.0£21.99" 33.83+3.01°" -2.4+0.00° 60
Diabetic R” 292.4+14.43  299.6+14.0°  7.19+9.44"  32.19+5.84° 0.005+£0.00° 53
Diabetic BR” 281.2+18.17 306.4%£22.41° 23.52+13.39° 32.88+3.01° 0.017£0.01° 73

Diabetic GER®  282.4+13.51 313.9414.57™ 30.68+11.55° 34.104+1.76% 0.021£0.00° 86

Diabetic GGER?  280.2429.35 313.0£21.06™ 32.72+23.93° 34.0841.94 0.024£0.00° 86

Mean=SE, Values with different superscript in the same column are significantly different at
p < 0.05. DNot significant at a=0.05 by the Duncans multiple range test, YFood
efficiency ratio : weight gain divided by total feed intake during the experimental
period., "Normal control “Normal germinated rice Diabetic control “Rice “brown rice ,B)giant

. 9 . . . .
embryo rice )germmatlon giant embryo rice

3-2. & 7150 "R G : H2-259049 Fo] F E3 Azke HIF 174
Zroll A 8AIZEO. 2 Aol A5 Bt 17TA17E, Adiafoln] Aol 14A17to 2
3AEe] FSHE AT FuA TN E FadtiEate] & T3 Alglo] 1641t
A e s 12407 Gadnds o*lﬁ, Aol = 9AZE
71EHHH°PUlt A PO = o] HUrh BAwte] Ag- dwtu| o] HAatell H|a|A
Adiafolu] A dto]l 3A7Ee] @EFE Qo GaAFTdAE
FrxAwwol 7F 7TAIZE, GidbolA ol 7E 9A I ZFo| s TS
of s FE3 Alztol %%%D}% e F5T 7 Uk & 7—401% Aol 2ol
= AATEY A5 FAAA Aol §IATF dndlx

v 17.2% 274 dol7l o4 o = )
A=k 794 Aol glle FrtolAd ol 7} Bt Zate] Bl s A
4.3% t7ge] dol7t fFejH o= AU

X

3#%2-25. Aol|7} Zrwdd vA = JF
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Gastrointestinal Small intestine Large intestine

Group(n)* transit time(hr) length(cm) length(cm)

NC" (10) 17.40+0.96° 108.8+10.18* 15.83+0.98%

NGER? (10) 14.40+2.21" 117.1£11.10% 15.83%1.59%

DC” (9) 16.25+0.86° 115.5+7.51% 16.67+2.29%

Diabetic R (8) 12.0+1.51¢ 118.1+14.85%° 14.84+4.06

Diabetic BR” (10) 10.30£1.56° 120.2+11.67" 15.63£2.70%

Diabetic GER” (13) 9.08+1.50 127.0+5.46% 15.72+1.77%

Diabetic GGER” (13) 8.42+0.79 135.4+7.70¢ 17.44£2.22°
EHu A, BT 1 EFY SR, ST AN S-S #12-26 % 2
o ¥ Fo FFe AT dudxd, dRAETE e folH Apelvt
bttt AAbtol HlefA Adfufotn] Aol 84% old Al =kor, e
a2 A, Adiajorn] Aol mlal Z+2b 180.9%, 52.6% froldow A U
bttt GaAlddA e Gzl vl DA el 7b 21%, FidolA )
Hlopm| 7k 48.7% FAZE FelHow Frteldv. W T nd=Fe AT
5 AR Abol7t b=l Aol HlsiA Adiufolr] g kel 82% 2143
QA Edow 53 Gl vl FAlElor7F 10%, B ol tiulof
u17} 22% FAZY oo w FrFeit W o FREEHES EE YRaE0]
AgatEel vl B A%S vt Eal 3 A B L E S ol

t oo JRAR ek ol fae] FFol Fe H EF WopAtiuoln
S AAdlolelss  F3h Aol gon i aFEel G8
W oWel SRBAFE PFTE v FuddT Bho

A = AT ES
OB 5 ATk vl o] AMAS R xe AL Aol
A

AHA o] FEEFTFAdoE Fe Ao T
FAZE dvkar Azbel vk =AM 19 wid
UA=H Adatoll HlefA 7 ehufobm] g duto
=90 2 129%, Zx=Adiolr= 141%, &
obAGMoln &= 152% A FEFOR FoHoR A Yehgth ol 784
Afse g Rusa e 5 A@dAstahgo dlle] e Aoz Helt

3% 2-26. Effects of rice cultivars on total fecal weight, total fecal dry weight,
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fecal water content, fecal crude fat excretion in normal and diabetic rat

Group(n)’ Total fecal Totegriecal Fecal water Fecal. crude fat
wt(g/day) wi(g/day) content(%) excretion(mg/day)
NCY (10) 0.35+0.11*  0.254£0.09* 25.98+11.3" 25.3840.53°
NGER? (10) 0.64+0.10"  0.474£0.08" 26.54+10.9° 57.75%3.73"
DC? (9) 0.98+0.14"  0.67+0.11° 30.68+12.4% 24.26+0.74°
Diabetic R” (8) 0.78+0.21°  0.53+0.14" 30.90+6.17% 22.60+1.78°
Diabetic BR” (10) 1.01+£0.21  0.69+0.15° 30.11+16.3%" 55.66+1.05"

Diabetic GER? (13) 1.19+0.16°  0.74+0.13° 37.2349.45" 58.63+0.23"
Diabetic GGER” (13)  1.46+0.21"  0.82+0.08° 42.65+8.59° 61.2540.28°

Mean#SE. * number of animals, Values with different superscript in the same column are
significantly different at p < 0.05., YNormal control  #Normal giant embryo rice PDiabetic

Dp: 5 S 6 CoT s . .
control  YRice “brown rice, )glant embryo rice )germmatlon glant embryo rice

3-3. BxFAld v[X& F& : dgxo] 5F7A0] SHE AT E] FEAAY
< BATEY] A oA Abel7b vERA] kot FATE HlE] etz
ol SR AHFZIIE ekt (F2-27). FuAldd ollAE Gt gt H
3 F7huforn|at ol thuotu|to]l R F Fol At = wAd
& BATEY] A oA Abel7b vERA] erskom AT s HlE Gtz
ol fFoHoeR HA vEigon dnulzate] vlsiA Aol Fimo}
Adiajotu]te] FrAasATh 359 A ¥ P Idauiae ZATEe] HEA
A et o duAdaites ozl HsiA dadv, dmr g
Ht, B z d FHl

Ry [e}
WopAthufor] = do] skl # AdAd Fm FHAF
Al A A A, aadR 23 .2
Al7F B (polydipsia), tiz(polyuria), ™4 (polyphagia), 18 ol pectine &
HABA S W o= A FuFA o] AASS e
et & Folgh dollA B SAEdadt d5Ss & 5 Aok

3% 2-27. Water intake, urine volume and blood glucose in normal and diabetic
rat >
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water intake urine volume Blood glucose

Group(n)” (g/day) (ml/day) (mg/dD)
NC” (10) 28.54+6.065° 11.61£2.290° 151.33+8.38°
NGER? (10) 37.69+10.79° 15.58+1.795° 146.449.46%
DC? (9) 208.4+29.37¢ 180.6+10.08° 295.9+127.9
Diabetic RY (8) 194.4+28.41% 170.76+23.29° 250.5+188.8%
Diabetic BR” (10) 200.8+26.21% 162.94£23.19° 235.3+£190.3"
Diabetic GER® (13) 184.5+20.13" 147.9421.42° 236.6+1133.2%
Diabetic GGER” (13) 179.0£27.15" 146.10£35.87" 231.24104.4%

Mean+SE * number of animals, Values with different superscript in the same column are
significantly different at p < 0.05., “Normal control YNormal giant embryo rice “Diabetic
control  “Rice  “brown rice

6)giant embryo rice 7)germination giant embryo rice

3-4. FAYAL v X= FT 0 FF o] Wds(glucose tolerance)l mA = 7
T FE-SHHAR] oJE] wEE Ay, FEA] dEe FAATESFT dubve] AT
128mg/dl, Adiujolr] A4 1 GNP FEL 428-323mg/dlol
o2& nIFAE HAY (F2-28). FufPoiETd G 52 d

\)
\]
5

0Q

~
=
=
)
Y

FAE
Bl ko] B Adiajoln] e} BimrolAtujol] o] FEA] HFe Wity X wwd
AF F 30udde BE duAFETEC] AT HEA 5 ddrss Bilon
FrAgujoln], Gl A g uoln], G| 7t Gt ate] HldA W S
& YERATE 60% Foll= BE o 89 FFo] 1Ay AAS A 1208
Fol= Azl vl drtiao] oJH3] FolHo R HE FFEoAL T
Fao e Ao, GitolA g oln| 7t we ol la 180% & T
iz, Dinlel] HsA FrdolAdmfoln], G At uioln], G| 7b fo) F
og o F=FL WL OGTTY Adolr GidopAtujoln], B 7 thufoln],
o] Fgo7t dasEe FHA Y TS FoHoR uFed a9l
=S ¢ F A

¥ 2-28. Oral glucose tolerance test in normal and diabetic rats (mg/dl)
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Group(n)” Fasting 30min 60min 120min 180min

NCY (10) 128.8412.2*4 155.3+11.31*® 170.3+9.18%° 146.049.39*® 141.7+14.06™
NGER? (10) 127.4+11.6™ 160'7iD24'94ac 172.7423.73% 150'4)_216.29& 136.2412.43%¢
DCY (9) 428.145.7%  486.9+46.82% 437.6+72.69% 382.6+70.61°" 367.8+6.24%
Diabetic R” (8) 366.9+86.6"" 424.5+69.27°" 339.5+90.73"* 311.5+61.97"* 299.0+72.51""

349.74+80.56"" 321.3+75.11"
B B

Diabetic BR” (10)  339.3432.2°“F 377.3+48.70"" 201.2+58.67°F

Diabetic GER” (13)  289.3£83.3"" 343.0£58.51"* 295.0+57.10" 299.2494.98"* 270.94+84.49"*

. i‘ . bA . i . bA . i . bAA
Diabetic GGER” (13) 323.0445.5" 367.2451 56" 5227 326 987 317.0 356 27 2631 Z7 84

Mean+SE ~ number of animals, Values with different superscript in the same column are
significantly different at p < 0.05., “Normal control YNormal giant embryo rice “Diabetic

D 5 S 6 . . 7 . . .
control  “Rice  “brown rice, )glant embryo rice Ygermination giant embryo rice

3-5. &%FATe o|FF EIEL A 2P T Fo ddsHe]
A olAguolr] o Atfufoln] 7t mX|= &IE HolE A 2% FRU]
lactose, maltose, sucrose® ZHEE HZFE A}, lactaseZAPL AT EY
A ool 2ozt glom Dt AATE] HE] 534.9% Aol

At HlElA 203.2% Rl 9l FUEEATH (2-29). FeARTAE FRadx
ol HlaiA Aol GadolAt uobr] o] s 9t} Maltase @&
e ﬂoT FIAQ Aol vEbA] @gton Btz Al HlF
124.4%, Adwjoln] Aakatel] Bl 118.3% Frozo= Z7lalddvh. GuAdazt
i Fuozdd HEA Wnadn T Wy Agujoln) it @ drol AU u)olr] o] 7F
25 At Sucrase® 2 XMP?LE,] AL goFel o]= UEhA ekgron i
S Aol vl 116%, 7tiufotn] Aol Hla) 117.5% Fo4 o=

7Vt WaAlga el s Yz vleA dadn oty Jdol A dinljol]
Tol AAHAT. oo o] AT E HlElA HulzTo] lactase, maltase,

sucrase@/do] @ASHA S7EAAR Dozl vl Frdr]at, G ek
v, BadrolA iufobnlstol A & o] ATt yEbst e, of A3} ol riujoln]
ZAdiefoln] dul Fo] AFHuMEIo] Jactase, maltase, sucrase?] TS A A
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3% 2-29. Effect of rice cultivars on lactose, maltose and sucrose activities

small intestine in normal and diabetic rats

Group(n)’ .Lactose ' .Maltose ' .Sucrose .
(unit/g protein) (unit/g protein) (unit/g protein)
NC" (10) 13.75+0.66" 171.6£6.90° 136.2+3.35"
NGER? (10) 28.79+42.19% 176.5+22.68" 135.2+20.03°
DC” (9) 87.30£22.19° 385.3+77.81° 294.2490.83"

Diabetic R (8)

42.86+3.26°

323.4+55.27"

228.0+£29.29%

of

Diabetic BR” (10) 26.96+£3.91%" 181.5+22.48% 195.7+36.72%

Diabetic GER? (13) 23.25+2.77% 193.6£10.51° 206.8+14.23%

Diabetic GGER” (13) 19.04+1.70™ 155.9+56.71° 198.3+15.96™

Mean#=SE * number of animals, Values with different superscript in the same column are
significantly different at p < 0.05., “Normal control PNormal giant embryo rice “Diabetic
control  “Rice  “brown rice

6)giant embryo rice 7)germination giant embryo rice

3-6. @FAEEE : sAs= T BA doIA T EF FH Ttk T

el 7 sl B s Adirtel e des AN FHUsHEY
7F, HDL-Zel e E9] e 3 LDL-Zd L& 2o R olefHind s
T on ojgh g2 AAujate] ooz Qs P eatel o duATH
dgre] e AARlel wsiA 2-58 EA JERdT ols Hee FaE QT
Abge] 70-80%%E AHA gt AL A

Ak AR W 9 Ao WOl F4
A2} Aol g ol freldel Aol gIAR BurizTel AATEA ¥

Ao Fodoz F7HE N Al aited s GxdlEaol(124.43 mg/dD) Y]] A]
oA afobr]H(86.34 mg/dD) oA o2 FHAHAT (3£2-30). <l A3
= gagzdoda FAXe] AAs F7hE e AL 9 tiAtol e R acetyl COA
7h FA o] Ha Aetde] SrkEe] do o] & AHEN} FAHALe] Y=
a5k A AT el 2 oAbl £ DA Aol o)
o vrobdl A& Aolifad SdlA A PFaneld Ao wald dBF
FUl = ETHS Al vlsiA Aol Aol 12.4% oA o= Ay
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3 Fradizto]l Adiujelm G dtel BlElE 25.1% FolHow Frhedth @
Al E Gt Ew(112.3 me/dDolH a4 Fa@r](95.58 me/dD), T

7.45 mg/dl), FxZobA ol (90.47 mg/dDe] FeH oz skl
fxToA dF FZU2HE57HE VLDLY $§A4 3, VLDLY A=<
LDL«] BRZ7PE A FUzHE Fole 9959 shuts Bauglt. 8% HDL-
ZUZEHES AT A Aol vsiA Adiajoln| o]l 15.8% ol F o
2 7 Fadizato]l Adiufoln] g datel HlEiAE 16.5% oA o2 A
sttt ATt Gtz BlEfA ol At ol S 23%-f-] 4]
o= Z7IsIY. suAsteye] A xel FUASA T AT A AT
H 3| A Aol Aakto] 34.5% oA ow AL GuthFdo] dvkn] A
Aol Wl 32.5% frelFom Z7Fstar Akl u]zﬂmu 91% Solxom
7Rt Al et Gadizatel HlsiA Fadv|tS 34%, At
ol 48.8%, FxotAUloln|S 53.2% FojHoR 7”8}0@ i
NA F7FE R T A SA] G oA g wfeln], Adinjoln] & FowA A

[o%

oﬁ

HE AL SAA a9k HDL-Zd v E9 F71e Az i\:} A8 AT}
G zaol HsiA FadolAujor It Aot AT A

FEULHETEe] B FAS YHEle AL Holdgaso]l Tl A
AefAb ZHdel &k v 5o =

3% 2-30. Effect of rice cultivars on serum levels of triglyceride, Total
cholesterol, HDL-cholesterol and atherogenic index in noamal and diabetic
rats. (mg/dl) >
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Group(n)” Triglyceride Total cholesterol HDL-cholesterol Al

NC” (10) 108.8£3.50° 102.5£3.59" 44.62+0.46° 1.2040.09"
NGER? (10) 99.31+5.21™ 89.74+6.34° 51.67+0.39™ 0.78+0.12°
DC? (9) 124.4+3.35¢ 112.3+2.68° 43.13+0.41° 1.59+0.07¢
Diabetic R” (8) 105.1£2.77° 103.245.77" 43.3942.87° 1.4740.14¢
Diabetic BR” (10) 100.1£9.36™ 95.58+5.21%" 45.12+0.49* 1.0440.12"
Diabetic GER® (13) 91.36+1.36% 87.45%2.20° 47.81+0.32" 0.81+0.04%
Diabetic GGER” (13)  86.3442.99° 90.47+16.35° 53.06£2.29° 0.74+0.05
Mean®SE * number of animals, Values with different superscript in the same column

are significantly different at p < 0.05. YNormal control “Normal giant embryo rice PDiabetic
control  “Rice  “brown rice

6)giant embryo rice 7)germination giant embryo rice
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80.9%, 52.6%% frolHo=® Frtstgion JuAgdarites 3
Aol 21.5%, Dol Atiujolu]t 48.6% % Ao
(%2-31). 850 WMoz wlAdE%E coprostanol AF% 94l A

Jabtoll HlsAl Athuloln] A gto] 82.2%% folXow FUtsh
wklof Adjujoln] AdtEdl vsiA ZH7zt 161%, 43.2%%
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Ankg W wobAujujobu Adiuob]o] g4 Aol favt BEA} A4 A
Halel OO MAS SANDSZA B} FHARZelm A TsHE
AR FAAA BFe) Bel2uBe A7 BHHQ Row Y7ol k.

3£2-31. Effects of rice cultivars on fecal excretion of neutral steroids and

bile acids in normal and diabetic rat >

Group(n)” Cholesterol Coprostanol Total bile acid
(mg/g feaces) (mg/g feaces) (mg/g feaces)
NC” (10) 0.351+0.11° 0.259+0.09° 25.98+11.39°
NGER? (10) 0.646+0.10° 0.47240.08" 26.54+10.98°
DC? (9) 0.986+0.14¢ 0.676+0.11° 30.68+12.48"
Diabetic R” (8) 0.782+0.21° 0.53540.14° 30.90+6.17%
Diabetic BR” (10) 1.014+0.21¢ 0.69340.15° 30.11+16.35%
Diabetic GER” (13) 1.198+0.16° 0.748+0.13° 37.23+9.45"
Diabetic GGER” (13) 1.466+0.21" 0.827+0.08* 42.65+8.59°

37.1%, 37.3%, A2 FAHJT Frtate F = 101%1
2 E ‘17 S7HE e Ae

STZF = Q1% A& wH| 7} ié}ﬂtﬂﬂ W“W oAz FEs] dojuA] &
o} acetyl-CoAFH o2 Qg Xt o] F7hste] U X do] H45 1 4% §
dol doju= Aoz dHA 9

3#%2-32. Effects of rice cultivars on hepatic triglyceride and cholesterol

normal and diabetic rats
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Group(n)” Triglyceride Cholesterol

NC" (10) 34.72+4.46™ 13.74+1.88"
NGER? (10) 39.65+4.21™ 13.39£1.16°
DC? (9) 20.30+2.80° 21.83+2.24°
Diabetic R¥ (8) 26.41£2.71% 17.70£2.65%
Diabetic BR” (10) 27.41+12.23" 16.98+1.87%
Diabetic GER” (13) 31.99411.23" 14.25+1.79°
Diabetic GGER” (13) 35.13+1.72" 13.68+1.84°

3-9. 7t 27 & B BA L GOT ¥ GPT ZAE 4L 113 A4 2
T EASE aAEA 1 o] E4o] HW dFoR WEHE O 71
7] oz oA GOT ¥ GPT &49 977t Fow 3+ 4o Aus
A= 3 BAFES el GOT ¥ GPT 3= 5 2
2-333 2t GOT @459 A A5 45 F40 zbel= YEhA] 29
o AHA(87.23 Karmen/unit/ml), 7ﬁEHHH°}U]7§”?L(78 66 Karmen/unit/ml)ell
s FatfZ3(120.21 Karmen/unit/mle] FoAd oz =711 A7t
of = Fxulxad HlsiA FAdEjeln] i (81.71 Karmen/unit/ml), & xzolA )
Hjjo}w] - (78.57 Karmen/umt/ml) GOTEA =7} ot} GPT &4 x9 A= A
59 AF oAl Aol yERA] tow FATtEel HlEfA it atol
104.5%, 156%= Fodez J7replal Furldaitads dathza(64.89
Karmen/unit/mDel H]8]A Q& VT(48.28 Karmen/unit/ml), T A tiujo}r]
(41.58 Karmen/unit/ml) B2obAiujobr](41.10 Karmen/unit/ml) GPTE&7d %=
7F Skt @4 GOT 2 GPT €4 % Ashe dxdizarel vlal FxdrobAinjo}
nj e} G Agejoln] e A 3he] Edo] o= AE A HTE S & 5 Ak

3£2-33. Effect of rice cultivars on plasma in GOT, GPT activities in normal

and diabetic rats
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Group(n)” GOT(Karmen/unit/ml) GPT(Karmen/unit/ml)

NC" (10) 87.72+3.401" 31.73+3.14%
NGER? (10) 78.66+2.837° 25.34+2.39
DCY (9) 120.2£10.11° 64.89+6.23°
Diabetic RY (8) 102.745.02 57.69+3.64%
Diabetic BR” (10) 88.0£2.45% 48.28+4.23%
Diabetic GER” (13) 81.71+5.44° 41.58+4.64"
Diabetic GGER” (13) 78.57+3.59° 41.10%5.94°
3-10. 23 F9 AAFAIHLSIE SA ¢ A U AdaEES DNAE &45H
ek, EAWe], Frxe] &4 9 wste] vjdom el Stk ol g HikstA &
el AxF He 84, &, 1 A, Adxze] TBARS dsfoltt. Ao 65
T A v Fo AARSE gFeltt. 845 AdRsE e AT E
o] At<e %ﬂ?ﬂ% zko] 7 GERA] FEAIRE, iR Aol BlE|A

Do
w
loe)
=
Y
=

jus)
:l:‘.
—1—‘
=

ox,

.

gabtoll HlslA 31.6%= Foder SUteku (2-34). B
Lrﬂzﬁﬁ-oﬂ HlS A FAl @bl = stolA| =

FHES 1Y AT 100gT vz Akt B9 Adate] A5 F9HQl Aol
E YERA @Fgtom Fadizate] el HlsA 331%, Adinfoln] g el H]
A 325%= Fo]H oz FUheksith %J&Al%%d}% Frdjzate] HsiA

i

obAthujoln] 20.7%= FolAH o2 A wT A AiitEkE %L‘j/kg =LefofE]
71* g e 7 ALk Aol Hle %h‘ifﬂiu of FoHer £ e B
on GrAldaol M= Eop Al otr], Arjajoln] dw7} FolHo R ‘7%0%5} =

H
Adatstze] S7ks Aol ngdAHor S7kE Adatstme AASH
T A 791 Aer dAw wTo AFIatsrt
A 3prkstzt %7}51913}% Ae A
e dtH o %J‘ztﬂ Ao AN A A2t sl= o]
ItshEo] FHA o] Hal 719
ZHaos A FARRE Aol

3#%2-34. Levels of TBARS in plasma and urine of normal and diabetic rats
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Urine

Plasma
Group(n) .
(nmol/ml) (nmol/100 gBW/d) nmol/mmole creatinine
NCY (10) 38.90+0.81° 82.1143.48° 2.22+40.17*
NGER? (10) 36.5940.90° 83.18+3.50° 3.60£0.18°
DC? (9) 48.18+4.06° 353.9+27.3¢ 4.13+0.24¢
Diabetic R (8) 44.84+1.77° 339.4+12.8% 4.0840.29°
Diabetic BR” (10) 44.88+1.09¢ 326.7+£12.7° 3.65+0.24°
Diabetic GER” (13) 43.13+£1.19™ 296.3+11.6 3.74+0.58°
Diabetic GGER” (13)  42.56+1.38" 280.4+16.8° 3.65+0.15°

#2-35v 24T AHAPsIET7E YERH Aoz AT Ee HlEA T
g o FaAgao| A 2ol A gu)olu] 2}

(116 nmol/g tissue)oll HIHA] A ujolmn] g /d-o](110 nmol/g tissue) 2%
o= A FutF(219 nmol/g tissue)o] FATE HEA FeolHoz
71kt GaAgEEt e GadgiEzate v Fau](198 nmol/g
tissue), Y@ (182 nmol/g tissue), T AHH|o}v]#(174 nmol/g tissue), T
oA ol w7 (174 nmol/g tissue) oA o= FHASAT AL Bt =9
749 AT(135 nmol/g tissue)oll v A Adiujoln] A4 (128 nmol/g tissue)®]
o)A or AP W FH(334 nmol/g  tissue)S AATH(135 nmol/g
tissue)@} Ahujolr] g3 (128 nmol/g tissue)ol HIB|A FolH oz F7lsith
AP = iz atdd vleA v (316 nmol/g tissue), BT
(284 nmol/g tissue), B ujo}n] = (276 nmol/g tissue), T ol thufjoln]
(273 nmol/g tissue) oA o2 st Ao A5 4= 45 Fo4
¢l zpol7} YEbUA] ekgkom AAT(65 nmol/g tissue)d ATHjoln] A (67.31
nmol/g tissue)ol] HIFA FrojFxdo] Fodoz Zrhegt. dnAlddF7to =
Gt vlalA  Wxwe| (73 nmol/g  tissue), BEHFF69 nmol/g
tissue), WxAwolu])(64 nmol/g tissue) WxxEolbAHujoln(64 nmol/g
tissue) oA o8 FHASIQUTh olef o] STZ YmurelA A AHistEde] F
7Vele= AL AA 9 XA A PLA2¢ &Aool £7F2 arachidonic acid cascade”’}
Fxlo] wo] &gk Aol F7HE T

_99_



3%2-35. Levels of TBARS in liver, kidney and heart tissues of normal and
diabetic rats

Group(n)” Liver(nmol/g tissues) Kidney(nmol/g tissues) Heart(nmol/g tissues)
NC (10) 116.80+1.343" 135.26+2.501" 65.78+1.343°
NGER? (10) 110.43+1.283% 128.53+3.182° 67.31+7.050°
DCY (9) 219.81+1.279 334.23+1.1326" 101.16%10.19"
Diabetic R” (8) 198.08+2.112° 316.19+1.689° 73.68+6.912°
Diabetic BR” (10) 182.98+1.412¢ 284.16+1.140¢ 69.20+5.768°
Diabetic GER® (13) 174.69+1522° 276.84+1.211° 64.63+2.389°
Diabetic GGER” (13) 174.08+1.521¢ 273.8941.895° 64.98+1.251°

1. 84 5 43t vl A 9 B9 F% g4 F 413 el A9
TE #2-36% #Zrh @45 HEH AvE
AT Bzl BlsiA Al 1ol A
T = H1E} E vE+ 4*&%94

3£ 2-36. Effects of rice cultivars on plasma levels of vitamin A and vitamin E

Group(n)” Vitamim A(ug/d0) Vitamin E(ug/d{)
NC" (10) 12.5440.95%¢ 396.34£37.93"
NGER? (10) 17.26£3.96° 419.7+68.91°
DC? (9) 7.8140.63% 168.8+27.98°
Diabetic R” (8) 6.05+0.68° 187.1+16.08%
Diabetic BR” (10) 8.40£0.97% 220.0+51.07°
Diabetic GER? (13) 10.15+0.93° 232.0+18.16°
Diabetic GGER” (13) 8.83£0.91* 352.54+31.48"

3-12. 2t 23 T 443 5L 3L 0 G Fo AT aL
catalase, GPx, SOD&E A9 &Ad nx= PGS L5 49 +9 =
YERA] gkgtom o S =

ATt (£2-37). GPx= T2 AMxA3} nEZ=glold EAsly A4

kr
i}
BN
Jf
2

us)
<
>
ol
kr
>
X
o)
3
S
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ZAF-lell & e AeEs
Apoli= UERUA @Fgkom ®imdxatol A
o vl 44.7% Ao A FuAH
ol A tfufolu] & 72.6%%  frelHo® A UEhgtl. SODE  superoxide
radical& FLAA H:0.5 FHAAZIBZA thmomTYH AAE HIds G407
s AF Tl Aol yEA @ter BRAEwdd s FadEd

F

of HlaiA GixtolAdHolu]E 14.1% RFoHo2 A YEeRWTh o 2ol
streptozotocing Fo138F FrthZ oA catalase, GPx, SOD&A o] Z4ad AL
T FAoNA BE3} AWabo] ghFo] H& AYA| o] 4bshA AE# A °ﬂ BiEaasi
A7 ZRAEHBZA AL 7|3EC] AbshA &) ThEstE o] gagd ol

Ak Ao wol G

A2 e okl FHdtu Yt B 0¥

NG A 754 AolA EadA o] Gtz

oletx Azte] ),

ol

f

3% 2-37. Effect of rice cultivates on hepatic antioxidant enzyme activities

Group()” Ca.ltalase . Glutathio.ne peroxidgse Sup?roxidedismu.tase
(¢mole/min/mgprotein) (nmole/min/mg protein) (uint/mg protein)
NC (10) 1.76£0.14™ 1.46+0.30° 1.68+0.10"
NGER” (10) 1.92+0.14° 1.5140.17 1.9240.11™
DC? (9) 0.97£0.06° 0.834£0.09" 1.20+0.18%
Diabetic R” (8) 1.02+0.07* 0.986+0.18% 0.95%0.13%
Diabetic BR” (10) 1.53+0.12% 1.37£0.13% 1.03%+0.25%
Diabetic GER” (13) 1.63+0.16* 1.38+0.17* 1.14+0.25
Diabetic GGER” (13) 1.66+0.52% 1.4440.15 1.3740.08"

1) 559 7HFEA

4-1. EFV(EF=d, HA g 2 Holdf = o] HwrAEA
o] UFAQ HHE HsAM = FHNkA] v = doje} H &2 4o 4
Aol upgA g Aolt}, AAR o5 g AFZAANA= 10720% A=
sgsle] FHuksle AHS S AAska ok
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Had g meas wnst 10, 20% 30%°] WlE= Egteto] FHukg 5 4w
e AARE 23 de A0S de &7] 3 Aol did Vakes Aoldw A-YR
= A93 REFR] Eaes v yEEth (£2-38). 9 dHA= A
el 39 209714 Edste] Aurstolw 7 5ws} wnlg ge Eolgith HE:
FRHA B A 10% H7HA b= e el fARE o] VeeE yERfaL
ANow, AHoldf TRPA Afol® 30%7HA FHrtetel= wm| e} fALg A ko]
A5EE Helw otk ohrke R mAige] Aol Edsle] AL B
A7t Fbeke Aol ATt
W2-38. FE, WALER D Aol f mRae] Hukol tig Au A

AR awAa
7] 4 LI A
) 7.71£1.11 7.77£1.25 7. 06+1 68 7. 35+1 37 7.35%£1.58 7.94+£1.44 7.47+1.01
ef e ab d
= 2 = 6.88+£1.45 7.24%+1.39 6.82+1.81 6.24%£1.95 6.77+£1.92 6.82%£1.63 6.59+1.28
<5 ’6‘01'}—10% cdef cde be abed ab bedef cd
= s s 6.41+1.46 6.35£1.80 6.65+£1.80 5.94%+1.71 5.65%£2.29 6.12+£1.90 5. 77+1 89
&% 3t%20% bed bed be abe a abe
= s 5.88+1.32 6.18%£1.38 6.29+1.65 6.18+1.47 5. 65+1 87 6.41%£1.33 5.24%1.30
oo 0}'5—30% abc be be abed abed b
6.65+1.41 6.77+£1.44 7.18%£1.43 7.24+1.56 6.53+1.84 7.12+1.45 5.71£1.83
)E}ic}]ﬂ }5\] 10% bed bede c cd ab cdef be
. + + + + + + +
A3 41209 6.188hcl.59 6.4led1.28 7. 18L 1.02 6. 124mdl 73 6.008 1.77 6.5§de1.63 5.71hcl.31
. +1. 29%1. + + 12x1. .18x2. NS %
2389 41 30% 5.94abcl 14 6 29del 16 6.29+1.86 5. 7lab2 .09 6 IZa 1.36 6 18abc2 04 5 77bcl 60
6.82+1.38 7.12+1.62 6. 88+1 90 6.563%£2.09 7.12+£1.41 6.77+£1.52 5.59+1.87
01'7]'31 ’7“1\— 10% bed cde bed ab bede be
.00£1.32 6.41+1.28 6.77+£1.82 5.94%1. .00=x1. .53+1.28 5.94%1.
b7 52 20% 6 OOHhC 32 6 * 8 6 77bC 82 5.9 * 75 7008 50 6 5?de8 8 5.9 * 68
5.77£1.03 6.41£1.33 6.65+£1.54 6.47+1.46 10.1£17.3 6.41+£1.33 5.47+1.81
op7be] - 230% ab bed be bed o abed be
+ +1.¢ + + + + +
26149810% 7.7731.15 7.41d_ul.37 6.77a1.75 6.4121E(12.15 5.97;2.46 7.595[1.37 7.47:1.38
+ + + + + + +
26141420 7.41@1.28 7. 24Ldel .30 6.53% 1 77T, 24 1.48 6.94;1.56 7.94?0.75 7.35:1.87
+ + + + + + +
2 0] 4 $30% 7.88%+1.17 7. 29Cdel .61 6.88§1.32 7.35z1.17 7.29;1)1.45 7.65;1.37 7'29Z1'98
. + + + + + K + K +
F£2710% 6. 24abcl .39 6. 18 1 70 6. 47 O 80 &. 82 1.59 5.12;1.93 5.41:1.70 3.24:1.39
< .88+1.22 5.88%1. .65=*1. A1x1.42 4.77x2.2 *1. *1.
F2720% 5 888hc 5 88ab 58 5 65ab 58 5 * 77a 0 5. 65(‘h 77 3. 59d 97
F2 3309 5.29+£1.90 5.06+£1.82 4.944+2.08 5.12+1.58 3.71£1.90 5.41+1.18 2.53%£1.55
S 0 a a a a a a a
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gumminess chewiness

cohesive—
ness

adhesiveness spinginess

hardness

%2 o
o

w

-63.33£4.25 0.68+0.08 0.26%£0.04 33.37%£15.83 22.16%9.61

8.56+11.58

100%

30.90%£2.42

41.094£2.38
42.99%5.28

-81.86%+16.15 0.84%+0.08 0.31£0.03

137.40+5.47

10%

36.23+7.64

-87.79£11.67 0.85+0.03 0.32%+0.01

147.67£15.79

20%

@l

42.53+1.40

-117.49£15.91 0.75+£0.06 0.28+£0.01 50.13+£3.28

158.69+9.50

30%
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51.41£2.81 36.96%+1.57

0.28+0.01

-121.71£7.59 0.72%+0.01

186.25+4.37

30%
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vz 10% 148.73%21.50 -105.43+4.65 0.79£0.04 0.28+0.01 35.01%11.49 22.58+9.71
sz  20% 147.35+10.04 -96.65£10.74 0.79+0.05 0.2840.03 28.25+11.14 27.77+9.33
HAR 309 137.74£17.49 -79.20£13.15 0.86£0.03  0.30£0.02 44.28+4.02  32.23+8.07
ol7}z] 10% 151.08+37.77 -99.65+10.74 0.7940.07 0.27£0.02 41.08+12.12 37.80+2.09
s 20% 136.1549.59  -99.65+£10.66 0.82+0.03  0.30+0.02 39.14+1.36  31.53+1.13
HAZ 309 71144356  -79.15£9.41  0.74£0.04 0.23£0.02 16.69+1.89 12.36+1.96
10% 162.81+10.11 -94.66+2.19  0.7620.10  0.26+£0.01 38.47+6.56 48.27+8.19
32@ 20% 146.50+3.56 -97.81£1.80 0.85£0.04 0.31£0.03 51.13+1.86 839'76i13'5
30% 135.35%1.32 1| ouy1ggg 083%0.05  0.30£002 47.69+14.10 29.30+7.78
gag 10% 205364017  -114212047 0714007 026£0.01 37.03+7.23 51.30£2.17
o 20% 143.27£21.54 -94.2130.97 0.82£0.04 0.31£0.00 62.73£0.55 27.35%7.83
30% 138.4144.89 -74.48+9.45 0.66+0.05 0.25£0.02 34.19+4.14 22.61+4.38
AN 48413 Fo] 24>
A= iz{{ hardness adhesiveness springiness COI?}ZS::67 gumminess chewiness
Wu] 0% 156.844.47 -84.3%5.78 0.82+0.04 0.30£0.03 78.6£16.61 64.4%+14.56
10% 219.2427.42 -58.2+17.18 0.90+0.02 0.33£0.02 79.1%16.45 70.8+14.17
Au]  20% 228.6+£10.68 -83.2£23.49 0.9240.003 0.36+£0.04 81.4+9.07 74.8%8.31
30% 278.5447.62 -122.849.47 0.84+0.05 0.3340.02 90.249.40 76.2+2.26
aop  10% 169.1%38.13 -TL6£6.38 0.73+0.02 0.25£0.01 42.2%7.27 30.844.57
As 20% 202.1+£5.64 -116.4+8.27 0.86+0.005 0.29+0.02 52.5+11.73 45.1+£10.20
FRY 500 967.1£13.56 -77.1£31.60 0.75£0.10 0.28£0.03 81.9+13.59 62.3+17.41
sz 10% 1584%2618 -68.7£3659 0.83+0.03 029+0.002 483+16.79 40.5+15.32
% 20% 119.946.44 -58.7+17.85 0.63+£0.09 0.21£0.03 33.7£6.76 21.6+7.47
M 00 6504000  -36.844.10  0.59£0.05 0204001 28.5+4.97 17.0£4.37
opre 10% 2458%2230 -874036 0.78£0.09 0.28+002 62641520 49.2%16.70
S 20% 14514216 -59.4+3.91 0.81£0.07 0.27+0.02 39.5+0.66 32.0+2.32
MY 00 69.042.31  -20.348.25  0.58£0.01 0204001 2544448 14.7+£2.78
10% 17384872 -83.84225 0784005 0.2840.02 48.9+547 38.3%6.55
33@ 20% 71.8+13.52 -49.9423.58 0.59+0.07 0.18+0.01 31.5+12.37 19.8+13.27
30% 61.7+4.88 -37.8+5.11 0.59£0.07 0.2040.01 29.24559 16.6+5.27
) 10% 199.4451.94 -77.1£31.60 0.7340.04 0.25+0.01 39.8+14.65 29.3%5.51
Hﬁj}g 20% 160.6£43.66 -68.4%£25.88 0.70+0.04 0.24+0.02 40.3+7.07 27.5%8.61
30% 145.7+18.93 -68.9+10.75 0.64+0.03 0.20£0.01 43.648.57 27.9+6.30
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4-2. T am o A 71EA Hla

= R

e Aol 4gsl kA Az 57k gRom, Eol ANsE vhsh ol 4
Fumel A9olE 20% Arkstel A2F A3 AWAel FESYh 1w Kol
HERRAE 20% A7kel Aol AwAel FEsTh (2-40).

e
7:\l9 _ _ _ N
AET @ g g A9 NEw
(%) = O

A7k 100 5.20+0.19%  5.3340.15% 5.13+0.18% 5.67+0.17" 4.67+0.16% 5.87+0.15"

3 20 5.07£0.19% 5.73+0.15 4.00+0.18% 4.13+0.17 4.27+0.16" 5.07+0.15

29 R
R 30 4.3340.19% 5.0040.15° 4.87+0.18% 5.00+£0.17° 3.67+0.16% 4.67+0.15%

40 413:0.19%  3.80£0.15% 3.93+0.18% 3.20+0.17° 4.20+016% 4.00+0.15°
50 367+0.19™ 3.80+0.15% 4.73+0.18% 3.07+0.17° 2.93+0.16° 2.4740.15°

200 513+0.19% 5.27+0.15" 5.07+0.18% 5.07+0.17° 4.40+0.16® 5.53+0.15"
300 4.40+0.19° 5.07+0.15" 4.67+0.18" 4.40+0.17° 4.00+0.16°" 4.47+0.15"
40 353+0.19" 4.60£0.15° 4.20+0.18% 4.60+0.17% 4.47+0.16® 4.00+0.15°

Ml o 1
ol o O,
x

1l

50  3.47+0.19" 3.73+0.15% 3.00+£0.18° 3.27+0.17¢ 3.47+0.16% 3.40+0.15¢

20  4.60+0.19% 2.60+0.15° 3.60+£0.18¢ 2.20+0.17° 2.60+0.16° 2.67+0.15°

30 3.80+0.19"¢ 2.13+0.15° 2.13+£0.18" 2.33+0.17"° 2.1340.16" 1.80+0.15"

40  2.00£0.19* 1.13%£0.15* 1.27£0.18" 1.47+0.17" 1.40+0.16" 1.13+0.15
50  1.80£0.19" 1.07+0.15* 1.60+0.18" 1.27+0.17* 1.20+0.16* 1.00£0.15

= ofd
0% 4!
1z
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o &b B Frbeha itk el wele] mE FEE Aol 35
urh o8je dwe) FF9 A% o wvh A9k
WESO Ak Aol FE5o] 493 Bk et ol o9
Avbiel AT dwv] FFo] of 2w o) Frshze] wsA Adiulopy)
K

H7E AL gl

@ Y FAALY] vEv= A A7t gldlen, & FHUiHE ¥
oAt 2 20% H7bto] tiEwrel HlE| oA om uity HDL-Fdl2~HE
v giEzaed vlE] dubu)atat AEWA A 20% HbeS sk AES R
o, T & 20% HMS FYHoR S ET BE A dtollA HDL-Z#
H2/FZd 2% H&MHTR)O] thEo Hla] molgo=a, Tu438t #4=(A.D7}
wolx dF A Aste] anAQl Aoz FAHUr. ol adeE T &
20% FH7brellA gdetlnt. =g WolAgujoln| o] AR o R o HgS W
Atk & ZY 2" Zo] td HDL-cholesterols®=9 H&S Uellls 97319
AAH =S Yehls SUASA S5 gzl vla|a] oA gujoln] o] #-¢]#<l

¥@ off 1
¥ o Mo

Aol 7k QAT

@ Bz F FuzHE FeT dxdd HE ZF fFoHor ugton,
Bz FAAY whw FET A 20% HkLo]l WETel Wl fejHem g
o}

@ 7+e] TBARSE 9 xbsla A<l Catalase, GSH-px, SOD¢ &A4S =4
st Atz HlsiA AT Ee] dubA o R wgkon} 53] ol Adujoln| 7}
FojHoz vty CAT &A=& A& 20% A7V T & 20% A7t
o] gz HlE] fFHow FUE WhH GPx A EE foHow At
SOD A== T+ & 20% H7bolA Fdo= Skt

® FEHA # 20% H7F A3 iz bAoA e] XA akst QA
= & 20% H7be dEaH v 383

e}

ar

= Fie TAHeR AsAZla,
Bzl o] A Akt e e FodeR AR

® 2 2 3, AF, AE, Ao AdAdEE etz HlsiA S At
Hom vhe AYdS woln b AAS AlQlstas oAl atkel= IATh
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s

@ 9 F FU2HETH 2 SAAAE FF2 gzl vlE|A Eu 2o
= = .83 F9 GOTS GPTEA =3l
T 2 20% A7FEA GPT7F 3 A #

30
o

ol 7 2 231
=3

ol SAZHEYN H§EAE tixdol vlsiA AldwEe] WY FALH
=3 @Eate] wid s ST Aom yEseT ole Aol T AolAfa, A
EAZHE 9 Aol Yste] Aol FHzEHEN "HFAY FF7F AsEE
ZAo g Ht}

H
ol go) Az ESvEL AAusEe] FY oAl L AW A A
e wpe mae] BHS FAA Fae P
Z oy L ANe AR )

off
ox
(%
fr
>
1o,
e
oo
o,
N
=
it
O

(3) 51 Aole &g Fsid gy
O A7t B GuaEe ATTrhes Gt vdiAe 1942

kth, Gt xatol] BlafA = , &

a@ge] AAEA e, Aol g At vE FAlE ]

W 2o) g &2 Aol HlsA FrdiRde] WA YERg oy AT

Lojzatel] vl FrAdufoln e FimdelAdiujoln] el Aol g o] 3
@ 7t A, A, #Heo] A7 FAE dubn] GAT Ahujobu] Al

olul & Foigk wellA 9kt mA dERgt oy foH Apolrt yERbA] kokth. A

= = el on 53] Ao A9 26 o

ol He Gzl Z75FA7t
gol v dde] vebst

©® FusAzdE:s Fud7t A3 Rl FE2AFE, 2, ol
ol ew =4 YeRy. el Fa5417F v(polydipsia), Hx(polyuria),

: s
O (polyphagia), atd@olut 7tjujoln|el WopAhujoln] S Fofdt oA T

d A =0 o= Jof FHaAA R Aol
Araie] ol 2 & F3<Q dolrdinjolr] & Athujoln] = g3 Algho] A&
om FTHIAFHES & FYAoRE FTUMAZOH WO FF HiFE ZATE
v 3] GedddET oAt ol Adiajobr]ito] kAo 2 Hkth

© OGTTY ZApellA "ol Athujoln], G thujoln] Fo7F Fas=9
TEA @9 s FYYom dEed anrt Jddlen od i wallas &4
A5 AaTEd vl JnulEae] lactose, maltose, sucrose@Ado] #AA s}
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A 34 S5 AR5 AABH A4 2 Bt
(A28 F3HA)

1. 4738 4H

1-1. AAEY 29 F=

A= ZoNA #8448 BEA7A B sty 549 EHS F=3817] He
o 70% AeE FEL FHINAY. 4F SFrE E47] (cyclotec. 103 sample
mill, Sweden)& ©]&3t 60 mesh® E3 &, 70% NS 59 (w/v)& ¥
AR 7S ARE3te] 40°CollA a9t F=EH o] FEES
No4)Z o743 th, SpeedVac (Eyera, Japan)©.Z 40°ColA &wiEES gloji 1
FEo TS 4T F, -70°Col A BTk

A

~

1-2. polyphenol 33 &34

F ZYdE 3FgE9 FHFL Folin-DensinS F7F WP A|A ZSASG A5E
100% ethanoldl =%l T (Img/ml) 0.5mlS APl FH3ta FHSF 65mlS 7hgh
%, Folin-ciocalteu’s phenol reagent(Sigma F-9252)& 0.5ml 3 7}3tal 3
A wrR e, NapxCOs ¥3H89 1ml¥} deionized water 1.5mlS #7138k
Az X3 Fo] UV/VIS Spectrophotometer(JASCO, Japan) 725nmol| 4]
SAsAY. olw F Z s IJFELS Galic acidE ©|&3std A F
FH S Stk

—_
N
_llil ]I1°1' it

1-3. SEAEF v &

premyeloblastoma cell line¢! HL-60 A X & 5x10° cell/mle] ¥== 10% FBS7}
gHr® RPMI 164081 A& AMEate] AMEFE 23 vy, 14%° DMSOE 7% 8
Azt ket MEE TF T2 38X Z T Chinese hamster lung cellsQl V79 A3
F= 10% fetal bovine serum(FBS)®} 100 unit penicillin/streptomycin®] &2
Eagle’s minimun essential medium(MEM)< AF8-3ld 5% CO»/95% air®] Z713}e
Al 37CeA sttt vl gE AMEs B2 ampuled] vFo] HAH AL B3}
a, Aol ARgst7] el V79 AlxFe] widHd FollA BT rhsAel e
initiation # AMXEQl 6-TG AIFAF AZE AA3SH7] 95t GHAT(Eagle's MEM
containing 1.6x10°M Glycine, 1x10*M Hypoxanthine, 4x10’M Amethopterine,
1.6x10°M Thymidine, 10% FBS and 100Unit P/S) media®lA MEZE wHjSFstStt.

= v
>}

ol

‘
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S AAAERQ] RAW264.7 M|EF+= American Type Culture Collection(Manassas,
VA, USA)A F943tR 3, RBL-2H3 A X5+ Health Source Research Resource
Bank(Osaka, Japan)ollA FdstAth  MEu|ge]  AFEE  Dulbecco-modified
Minimum Essential Medium(D-MEM)-2 Life Technologies(Grand Island, NY, USA)
of) A Y3t3l, fetal bovine serum(FBS)®} penicillin 2 streptomycin
Hyclone(Logan, Utah, USA)ollA FYstdom Z4z} 10%°] FBS ZxA 5%
COE X3 XeFEo F7ldA vkt

1-4. AAH{AE AA Y9 =4

(1-4-1) Linoleic acid®] A|ZA 7443} st A A

0.13 m9 linoleic acidE 33sh= 99% oSS 10 mME 7Fskal o3 ~7]e 0.2M
2F buffer (pH 7.0) 10 me} BA F2E 02 & HA7Fe o, S/TFE 25 HE
S0 9 A S 40°Col A F' et AF AR Ak jhstE fEEHEA
Aoz w-gd U Aike 4HSEE thiocyanate O Z ZA 3T F4atkstEAd
Asl7] gk x2FE2= F4 F4EskA|<l Butylated Hydroxy Toluene (BHT)

oﬁ =

(1-4-2) Erythrocyte membrane ghost T2 A #}4ls}e] gk A &4

* Erythrocyte membrane ghost®] #|=
Cardiac punching®] ¢J3l] E7|olA AES AAHF & FHFH =79 buffer
(10 mM phosphate, 152 mM NaCl, pH 7.4) 100 mlZ 3% ©] Al H3}
A=ttt o] A8 FE AFY buffer (10 mM phosphate, pH 74)2 &
4C°ﬂ/‘1 20,000 xg= 40&3F YA ste] HEHS FFdr. HE
FEE 2 mg/mE ZA3FY -70°Co A B @3tATh

X ulo m{m

membrane ghostS AME-3F A& 3pqks} A&/ 54
930 o] wHEE 50 we] 24 mM t-BOOH (tert-butyl hydroperoxide)s ¥ 1L,
A 95w & FHES 20 w B v, 37°ColA 3083 g wh-g-A] 7t

W83 20%9] TCAS 0.67 %2 TBAS z+z} 250 wX 718 ohg 7tgste] 4
TATE 3)FEty, o] AFHe FFEE UV/VIS Spectrophotometer (JASCO,
Japan)E AR&-3te] 535 nmoll A =4 gt
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15 30z 2484 &3

(1-5-1) Reducing power? &3

T A F=E5E 20 plol] 680 S 50mM Q1AF buffer (pH 6.6), 500 <] 1%
potssium ferricyanide (KsFe(CN)e)E 7}t 50°CollA] 203+ wHgAIZITh WHg-
T, go]& 500 p09F 100 109] 0.1% FeCl3E Folr dojy= e“—ﬂ—g— 700 nmol| 4]
.

g

e
% o

(1-5-2) DPPH &z g AA T A 53

0.1 mM DPPH, 40% ©¥-E, 40mM sodium acetate (pH 55)& X33t 2.5 ml<]
FS-dlo] ZF Tl & FEE 5 WE H7Este ALoA 3087 wSAIZ e, ¥
ofo] z+E3H= DPPH 2o 24 517 nme] 3= 233t AxTd%s (%
-As/Ac)x1002. 2 2FE3tH 714 Aset Ace 27 AP tx2TAAY §3
e T

mrvlo rf

i = o[o (L

(1-5-3) Superoxide radical scavenging &< &34

Hypoxanthine/xanthine oxidase A|2&loA 5ol O¥d W3 & F&E9
Oz 27248 Sgz2rg g3 PAE DMPO-O*9 %S electron spin
resonance (ESR) WHoll &J3dle] A3t G & F55o] gFd AEES 50 ul
°] 2 mM hypoxanthine, 35 ©¢] 55 mM DETAPAC, 15 ¢ 92 M DMPO H¥
0.02 unit?] xanthine oxidaseE ¥ i 0.1 M 14} buffer (pH 7.4)2 AA €4S 200
=2 ZAZTh ESRY setting 24 T3 20w, spectrogramol A 12 O 3
9] Eo]E £743}Y radical scavenging E&< A4S A T} (JEOL, Japan) .
modulation amplitude, 0.1 mT ; recording range, 4 mT ; recording time, 1 min ;

time constant, 0.1 s ; microwave power, 1.8 mW ; microwave frequency, 9.40432.

(1-5-4) Hydroxyl radical scavenging 84 =3
Superoxide radical scavenging &2 A3} 7R g2 wEg-sho] AJA
H kA E 33EQJ DMPO-OH 9] 4S5 ESR spectroscopys AH&-3te] =43t

Agake]l B FZEd] 50 we] 0.3 M DMPO, 50 MM 10 mM FeSO49} 50 2] 10
mM H,0,E 23 0.1 M2 4} buffer (pH 74)2 F €42 200 W=z HEo] W&
of AR&-3tH T ESR spectroscopy®] % Z712 superoxide radical S -5}

ofr
e

3y,
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(1-5-5) M XY ROSY =H

AEZ 28349 B mA s FA41] FE2E9 JA E3E premyeloblastoma
cell line}l HL-605 AF&3te] SA3HtH(Jen-Kum Lin et. al. 2000). HL-60 A|3EE
5x10° cell/ml®] WEE 10% FBS7} 3Hf¥ RPMI 16408} A S A3l A ZTFE %
A3 o, 14%° DMSOE A7F 84z wigste] Alxs 372 Az Al
¥ BIAHYEE oz A3 F, HL-604EE PBSol dEsla 7] 50uM2]
dichlorofluorescein diacetate(DCF-DA)®} =X X7 FEES 78t 37T
A 15%7F 93 g2, 160 nM<] TPA(12-O-tetradecanoylphorbol-13-acetate) & 3
7bsted ThAl 303 WESAIZ T whEo]l B F Al29] ¥ LAHEE FACS(FAC
station, Becton-Dickson, US.A)E AH&-3 flow cytometry® 743} th.

1-6. TUAA JAZE Y 534

(1-6-1) FE=AWe] Y AA

37°Coll Al aF=RF vl E. coli PQ375 WiAIE 10 343 §, ThA] 2413t ul ¢
ot o) Ze wAl 49 B Astar o) 7)ol 6 ng/mle] mitomycin Co} AP FEo] &
FEEE WA 37°CAA 15X Wi Fdeh Mgl F 02 mE FHste 1.8 mee] B
buffer (60 mM Na,HPO, 7H,O), 10 mM KCI, 40 mM NaH,PO; 3H,O, 1 mM
MgSO, 7H,0, 50 mM [i-mercaptoethanol, pH 7.0)¢} 1.6 mg2] ONPGE F o] 30T
A 3023t HEEAIZI T HES-E NaxCOs2 BAAZ B, 420 nmoll Y FFE=E 54
st MTMES= E colidlA &7 3= &4<Ql alkaline phoaphatase©] A
FAstd ok v 0.2 meol 1.8 mle] P buffer (1 M Tris, 0.1% SDS)¢} 1.6 mg2]
PNPPE 7} v 37°Col A 3023 WA HFEXE 06 No| Fitew vk
o] AAH WMol 0.8 me 2 M Triss ¥l 420 nmolA FZ=5 SHIY &
2842 [1,000x A420/t, tssm HESAZHE)]| .2 YERH M, alkaline phosphatase €
of W3t [i-galactosidase &/d9] Hl&¢k (R)S 3ot

ox F

(1-6-2) DNA strand scisson®] 3+ JA| &7 2] =3

B FZ2E 93 DNA strand scisson®] A EF= mitomycin Coll £] 3t
double strand supercoil DNA9] $+Z: strandoll nicking®] Ao] Alg9] H7I=Z <l
gto] JAlH = A=E S Ueda 59 ol w2t 3t 5 0249 ¢
X174 RF DNAE 100mM¥ mitomycin C% 05mM®] sodium borohydrate %
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0.1mMe] CuChL® ZZA3}olA 10mg/me] A FE H7Ie o, 37C 1A1ZHE<H ¥ks-
%, WA ANGB0% glycerol, 0.IM EDTA, 0.1% bromophenol blue)s 3 7}sto]
1IXTAE buffer2 ¢+5A171 1% agarose gellA A7|95S FAstAth AA F2&
o Aol AVYETES WaAT Afe WeAFS DNAE Qiagenile] DNA
extraction kitZ FAF T, A7FEFA AR&stAT A7IFECl B gels
ethidium bromideZ @Agt b3, UV transilluminator® super coiled DNA(RFII)
< Z<Qlstal 7} DNA band®] intensityE Image analyzer(Bio Image 50S Series, B.I
system Corp., USA)Z Z33}le] RFI A RFOIE AZ3s vl &S ALt ATh

(1-6-3) Tumor initiation A& 2] =3

Chinese hamster lung cell f212] V79 cell lineS AA|MEE 7% mutageno] X
3 tumor initiationo]l g+ 1Al A W ole} A&7} 71X E antimutagen 43
S 2439 tH(Kuroda Y. et. al 1996). AF4E7]9 AEE FHate] 5x107] A=
E 1100 dishol HFete] AE7h BFae 2443 A4 wAH wFd T, free
media®l mutagen® A|EE pre-mixdle] 3A17F EF Attt 543 vk ot
NEE 3538k plated 55107 MEE HESIe] oA 7Yzt v Fs}od
colony B4°5(CFA)E A3, plated 1070 AES 5pg/mt e 6-TG wiA A 7
= F5ted 6-TG A4S 7FR tumor initiation©] A|ZHE 8}8h2 whekedd =
H Eddo] M (IMF)E 43 Hh

oo

_ number of cell colony

Colony — forming ability of replate cells= wamber of inocula cell (5% 10 %)

mber of m ith 6 — TG resi.

5 e
Induced mutant frequency/ 10 ° cell suvivors= Colony— forming ability

AE E AZEHS e Yo SYshsc
A48 MEE FR5] 55100 AEE 9100 disholl HE3ke] AE7t 723}

0
= 24417 AA iR vl dE &, free mediad] AFEES HAGH F At 3A)7F
A8t eh. AR wAA 7L7F ¥l ¥ methanol2 AEXE 1%
Giemsa staining®. = AEXE A ATE AL WL free medias A3 AS
AEES 100% 2 ALste, 4z AEES T3
colony number of treated diluted sample %100

colony number of treated free media

Il
o

Survival % =
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1-7. i FAEE o] & HY7]s A& 573

(1-7-1) A A X 2] nitric oxide(NO) H Aol th3 Aoj&A

Mouse macrophageZl ¢l RAW264.7 AZFE AAM|EZE AME3IH 3L, 10% FBS,
100 unit/ml penicillin % streptomycing Z%3h= D-MEM 8l A 37T 5%
COE X3t Eag® F7124 dtelA gtk Mg”, Ca™7F 2FHA @re
PBSZ 33 A3 wjek AEES 025% typsing HEdt] AMEZ dishol A wojd
T, NEZE 96 well plateo] welld 1x105 cells®] Y7/} HEZ EF390. HFF
% 100 ng/mlo] H=E LPS H7tate] 2538 AlEel zHz 1, 10, 100pg/mlo] HE2
frAm AR E HiA o H7Fste 5% CO, 37C 271 3sfol|A] 48A17F v ¥, 3|43
FEd bedl 100 %S Griess  solution[0.05%  N-(1-naphthyl)
ethylenediamine dihydrochloride, 0.5% sulanilamide, 2.5% H;PO4E % il 15&%t
Wxgk &, ELISA reader(Model 550, Bio-Rad, USA)°lA ZA37 470 nm,
reference 3¢ 650 nmolA SAHIPY. AHAHFES st FFEFAHLS sodium

nitrite(NaNO2) & AH&3te] AL o5 7|22 NO9 &5 7

-

(1-7-2) A M E £H] matrix metalloproteinase(MMP) A Aol i3 A o] &4
A Zo] spetFstA o] §7HAl AREA A AETE ZIA S S3ste olsd
o FHlsk= MMPS] €& Zymography® th53 o] A3t
96 well plated] 1x10° cell®d EF3 RAW264.7 M ES 2HGEe] A85 AY3 F,
48X FQF 37T 5% COE X Xst® 7oA wigstart Mg &, 3
T FFd F 100wE Hat sFe] HIZLEY sample buffer(50mM Tris-Cl,
2% SDS, 0.1% bromophenol blue, 10% glycerol, pH 6.8)% #7}3ld AollA 10&
WA gald ARE AZRSAY. AIEE 1%  gelatine] EFH  10%
acrylamide buffer(2.5% Triton X-100)Z 15%% 33] 37T #jg7|oA WA =,
zymogram buffer(50mM Tris, 10mM CaCl,, 50mM NaCl, pH 7.6)2 307t gel
AlF3tar A, 20412 ©]4F zymogram bufferol] HESHAT WEEo] ¢ gelS
25% coommassie solution®l* @3t 2, destaining buffer(45% methanol, 10%
e}

acetic acid)Z EMA1A @A bandS AT}

NeN
=
N

(1-7-3) =Y FAE2] histamine ¥Z9] )3 A JEA

Rat2] basophilic cell lineQ] RBL-2H3 MXFE AAIAEEZ ARSI TE AlX
10% FBS, 100 unit/m¢2] penicillin ¥ streptomycinE X 3}3}= D-MEMH|AE ¥
37C9 5% COE EFshe EFE F7127 stoA mdatsinh. el A8
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AEE Mg, Ca’' 7} 35 A ¥ PBSE Al H3 TS, 0.25% typsin® 2 2] 5}o]
disholl A FA3IATE. A AZe] tyroid buffer(137 mM NaCl, 2.7 mM KCl, 1.8
mM CaCl,, 1.1 mM MgCh, 119 mM NaHCO; 04 mM NaH;PO,; 56 mM
glucose, pH 7.2)2 AXEEE 1x10° cell/mZ ZA3F o 24 well plateol] 3}
Ak 710l F=E AR ARE HUESte, 37T w7l A 1583 WAg o,
Ionophore A23187% HF& =7l 10 uMo] T = H7}star 2087 s F7|olA A=}
WAt A T B $, 4T 10279 A2 jheS 2713 YA B A S 343t
At Histamine®] &S Shore’} X113t fluorometerS ©]&3F =41 4,
WAHste] thF3 ol FstAnt e A 1meoll 0.2m¢] IN NaOH, 0.1m(¢]
1% OPT(o- ph’fhal.aldehycle)E A7Vt AeoA 5EZF WP T o 7]o 1IN HCl
S 02m FH7bste] WS FZEAZ th, fluorometer(RF-550, Shimazu, Japan)E A}
43} 360nme] excitation 333} 450nme] emission= oA =75 T

L o
[o

1-8. A¥FTES 0|88 HYrls 2 FHEA UL

(1-8-1) I FTEAEF o]

ul-$-2 melanoma A XF9 B16F1E 10% FBSS} A A7 E3gHH DMEMHHZ] o
A 37C, 5% CO, wjF7]o A wjdste] 5x10° cells/mle] F&7} HEE 7|8 F,
2)o] 3Fx o] C57BL/c vF-$-2ol 1m¥ I3}FALE =

(182 7 RAAT B 2 W%
Nz‘ﬂoﬂ rﬂ_g_a H71—1;H/\1/q]ﬁ§ _,_94—3}
thioglycollate broth 1ml< C57BL/c "}
A7l w20 BRO Tl Hifste] He O]
715 o]-&3ate] Euihel]
ANE e B S5
no

3]
583t AR E . ATAL A A /‘ﬂE% =°l 10% FBS Bl A7} £
a

1>

stEl RPMI 1640 BiAE Y3 MEE dE3 3, 100 mm A Z¥jFHAI| €31, 3
7C, 5% CO, 27 3}l 2A17F o] Fof FAsIA] 42 Mxe A AT F-2A

Xk wj et
(1-8-3) A E A &5 53

e A M EE PBSE Al W MAHE slal 025% Trypsine A 2lste] di 2 M2
£ 3|53ttt 35E AEZE 04% trypan blueS F%S B3 AEFE SAS Al
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47} 1x10° cells/ml = =% HBSS &9 &etsict. iﬂ_%t‘& A X HBSSO 10
8438t zymosan®@ HBSSO| 108] F41gt luminols ¢AsHA 0.1 ml¥ oy
, WE Adsk x7A4 37T shaking 1ncubator°ﬂ A 3087F  ufeksit,

luminometer(Turner Designs)Z 1< % ght}.

B Z W

1-9. TAEA

33] o] A3 HHTA = meantSDE FAISIHAOH, WHEAFT HH A F9
2 SAS softwareE ©]-83}l Duncan’ s multiple range testoll 9J3|A] HF3tH AL
€0.05°01 4 gk 2+ o7 AolE FetATh

o,

~J

2. 475 g 2 A7

2-1. Linoleic acid®] A A #4tse] dis A &4

A ol £3] EAshe EXSFAEARA linoleic acidE 57| d = 6}04 in
vitrod| A R Ak FAkELE A RZ o|AES dAlEe AR €48
= "ido] 71 ZHAOHANE BHZAO Z ALEHE A2 A A9
ojth. & AFdA= AFHHA 71&Eg protocolel] oA, 4 Eme] AAX
FAS =AY 1 A= <HE3-1>7 2t} linoleic acid #4Fslol] of 3t
= ool 7bg ko, IS A R AHRE = BHTOF A9 Hls=gh
& Btk I tgoZE Aol Asho|da AW AE>TF
F22o £2 FAo] YEyTH

4
&
)‘\_]_
[e2]
=

ﬂww
Lhiley

<3 3-1> Linoleic acid model systemS ©]&3F 5419 linoleic acid I}4+3}
A &
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Antioxidative ability

Optical density(500nm) o of
inhibition

Control 0.10+0.01 0.00
BHT 0.01+0.00 87.85
) ] 0.06%0.06 39.91
ol & vl 0.30+0.09 72.25
F-bol & vl 0.65+0.02 39.67
o} tf v 0.23+0.04 78.40
koA | 0.26+0.04 76.26
ol 24 v 0.20+0.01 81.84
ol 1 0.21+0.03 80.91
T 0.12+0.00 86.87
TSR 0.03+0.00 66.49
7S Al 0.03+0.00 71.40
DN ERN 0.06+0.01 41.35
2 o] -7 8} 0.03+0.00 74.39

Values are expressed as mean + SD (n=3).

=

2-2 Erythrocyte membrane ghost B A& 1413} JA| &4
A #Hrkst & Hrtel gk 2 715 Seve dAZA S in vivodl 717}
of| Al ZALELY] fste] E7] HEFubs o] &gk AA e A ks A&
T Ae A A=HS AT AL 7[EH0=E Tsudas e W
bef A AAtstES TBARSE SAsh=A 024, AFARss Q195 e
7171 $1&t tert-buthylhydroperoxide (t-BuOOH)¢] % % X AtstE
] =

doz U] 93 WeAe AR A 49 20 IS o

—_

o tlo by
o AN A
et

> oo ot
o

Ay}, 283-19049 2ol +-BuOOHS FE+ 1.2 mMo] HF3 Aoz el
T AAFLSEE 37Tl A 302 AR FE3] HUged =2 & AU
Z 7}

7t

)
]

293-2). A4 F2EAIQ Vitamin E 1 mMe] 3712 & 12k3}

b2 Ae"s ol &3 AFAAE JAZdd FAH o]

poy
o
fr
i

of e do kI mx 3@ B fu o ox Mo
= e
ol
19
2
o
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—=— Control

TBARS

T T
0 0.5 1.0 10.0
t-BUOOH [mM]

1% 3-1. The extent of erythocyte ghost membrane lipide peroxidation at
each concentration of t-BuOOH(tert-buthylhydroperoxide)

3.0 r

2.0 ¢
-o— Control(+)

1.5 ¢ -+ control(-)
- vitamin 1TmM

1.0 r

o

15 30 60 120

[Z]

¥ 3-2. Incubation time dependent increase of erythrocyte ghost

membrane lipid peroxidation and inhibitory effect of vitamin E.
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N

o e gE
A%

]

ek 3 A%, <E32>014 Bl
o wobdel, wolAuvle] &AgT S %ﬂﬁ%ww} mquz
| 48 AzRANE A AR o

o |

al 1

=

o ¢ o

(]

L

<¥3-2> E7] HE T AAAL ol &¥ S50 FE2E9 AZAANE A2

Extracts TBA values (at 535nm) Inhibition (%)

dalﬁwaw+mﬂgzﬂéﬁml%%%ﬂ7VHfﬂ€ﬂ@§91

Positive control
Vit C
ol el
warola]
oA Yo
kol A o)
PR

2 ro}§-4) )

o
==
=

0.19+0.00 0
0.12+0.00 35.1
0.16+0.01 11.5
0.15+0.01 22.5
0.16=0.03 15.2
0.17+0.02 9.3
0.18+0.04 43
0.20+0.03 -4.9
0.18+0.00 5.6
0.18+0.03 3.6
0.17+0.02 8.47
0.17+0.01 9.7
0.23+0.01 -20.0
0.16+0.01 13.9
0.21+0.01 -9.5
0.18+0.01 29

Values are expressed as mean + SD (n=3).
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2-3. Reducing powerd &3
T FollA Aiufobr]Ql Al

i

AR, AR, SEAURE AFste 2

& oA Rl v, ol 7t ZE= reducing powerE ol of Hlw gt o 24
ol g7t E4ue Ao vAe JFS Blwsdnt (233 2 ¥3-3).

A3 A3, AU A, Lololl ot ARG Ve T sl &dY
o] 2 e

FrolstAl Srtete As & F AAT © Nﬁ“’i 94 F= JAT
o] F7te YWz <l S EAAY FUHE oM, WERIA 9 gl EARE bt
o} o] Wolxgl® FJH A7} superoxide raical F hydroxyl radicalel ©igh
scavenging activityZ7} @A 3] T7tEE A4 AT & 5 AU

1.60
—— MM A (R 2ot)
1.40 1 SO MM BT (o)
—a— 5RO (R 2op)
1.20 <A s O (o)
—e— L (F o}
1.00 B ---0--- HEACH (Lo}
S
A 0.80 |
(@)
0.60 [
0.40 |
0.20 |
0.00
0.16 0.83 1.6 3.3
concentration (ug/ul)

19¥3-3. Comparison of reducing powers between the germinated and

ungerminated giant embryo cultivars.
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®3-3> Adiujolu] FFEH ol g &% reducing power?] Bl

Absorbance at 700nm

Experiments
0.16 pg/mb 083 pg/wb 1.6 ug/ul 3.3 pg/ul

Not-germinated 0.17+0.01 0.35+0.01 0.53+0.02 1.07+0.10

k]
Germinated 0.11£0.01 0.13+£0.01 0.23+0.02 0.63+0.06

AR ZATY Not-germinated 0.09+0.01 0.15+0.01 0.21+0.01 0.67+0.04

Hj o} v Germinated 0.09+0.01  0.11+0.01  0.15+0.01  0.59+0.03

) Not-germinated ~ 0.10£0.01  0.16£0.03  021£0.03  0.61%0.02
819 7 ehw) o} ]

Germinated 016+0.01  0.36+0.03  0.60£0.03  1.27+0.08

B Not-germinated ~ 0.17+0.01  047+0.02  057+0.02  1.40+0.14
3 7 e ul o} v

Germinated 0.1240.01 0.22£0.02 0.31£0.02 0.81+0.02

Values are expressed as mean * SD (n=3).

e Havry F4v 5 S1)9 g reducing powerE = a
3-3 B <3#3-4>oA YERd AH Y 33 pg/ute] FEANE FFMAL, Aol d i
s, ol7te] F 249 reducing powerts 2 Wolth 1@y o]9} L E4
Az 57t == oo Blustd A 2vjo] 4] reducing powerZ}

He] 2

i

o

AdEgd FoXe Taago] Fydnist &4 7M1 JAth ol 3R]
%2 AP reducing poweres FAFEFEI T FEo|AAT wolxiElstH
gAdo] aste S B F AdTh

- 122 -



2.50

—e—tlig|
—a— 50|

200 —A— =3
—x— A A
—x—g37y
—e— Ratol 40|

1.50
—m- ot Ain|
=
1.00 —=—&jol4 RYSHY
s

—e—oj7j2|FA

OD700

0.50 |

0.00
0.16 0.83 1.6 3.3

concentration (ug/ul)

19 3-4. Comparison of reducing powers between the specialty rices

<% 3-4> 5519 reducing power

Absorbance at 700nm

Experiments
016 pg/ub 083 ug/ul 1.6 ug/ml 3.3 ug/ul
EL 0.22+0.06 0.17+0.04 0.13+0.04 0.13+0.08
ol g m 0.09+0.00 0.08+0.02 0.11+0.02 0.23+0.03
ot m| 0.08+0.01 0.11+0.03 0.14+0.04 0.18+0.05
ol A vl 0.10+0.01 0.12+0.01 0.29+0.09 0.76+0.27

kol At v 0.09+0.00 0.09+0.02 0.18+0.03 0.25+0.07

o} v 0.10+0.00 0.17+0.07 0.60+0.20 1.54+0.20
oA v 0.09+0.01 0.40+0.12 1.06+0.14 1.96+0.16
= A 0.42+0.34 1.88+0.25 2.09+0.06 1.97+0.03
e A 0.09+0.00 0.07+0.00 0.08+0.01 0.09+0.02
STy 0.09+0.00 0.07+0.02 0.21+0.12 0.73+0.08
TZFotx2 0.10+0.00 0.10+0.02 0.12+0.01 0.19+0.03

1

o] 0.10+0.00 0.10+0.02 0.15+0.03 0.25+0.03
opbe] F 2% 0.10+0.01 0.10+0.01 0.16+0.04 0.25+0.01
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Values are expressed as mean + SD (n=3).

Radical scavening activity® ZA3h= 714 HHZAQ WHozE 39 gz
9l DPPHOl gt A8e] dAgelsss F4she Aol og_;mmqm e
protocolol]l &3] AHS P33 AH}S
HEel v dagerse gue PRI
A>guslae] AR a2 linoleic acid €] T}*Pﬁ}tﬂ] EH‘§_ o g &Aool 7}
F 9235 Aow Jehd EZ=u|g A olg} e A e B
Agel B 2ABAC 70E e FAs AR

et
oX
o
olof
Hl
=t
i A
\
il
o
QL
B
"
\v
>
&

M

=]
T

rlo

<¥3-5> 5479 DPPH v Zd] 3 AAF S5

DPPH radical scavenging activity

Experiments
Optical density(at 517nm) Scavenging(%)

Control 0.54+0.01 0.00
1%Vit C 0.04+0.00 93.29
1%Vit E 0.05+0.01 90.91
1%BHT 0.04+0.01 91.89
LI 0.44+0.01 19.53
a4 7 0.32+0.01 41.53
T 0.08+0.06 84.98
FTEot 0.12+0.01 77.60
& A 0.34+0.02 36.67
ol7}g] T 0.13+0.03 75.46
2 o) 743k 0.13+0.01 76.67

Values are expressed as mean * SD (n=3).
2-5 Superoxide Radical scavenging &4¢ 3
(2-5-1) Superoxide radical S W &Y

ESR spectroscopyoll A &3 superoxide radicals Hla A A3 superoxide
radical spin adductZ Z#A]7]=H diethyleneaminepentaaceticacid (DMPO)E A}
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SRt mWEkA spin adduct® AFEE DMPO2] HAHS ZAS  Xanthine
oxidaseol] 2]3} superoxide radical®] & WAYZEZ A AdAgstdar, 434,
<9355 49 Zo] DMPOY FZ+ 0.69Mo] 7H AA FFol A3 superoxide
radical®] & TA WA+ xanthine oxidase 7} ¥ 85~90%x % yelgdt (19
3-6).

ool ARAxAslA <2

[
tlo |
'L

d3-7>3 o] ESR spectroscopyES T3t EoHHS
e

superoxide radicals A4 HAEZ F A H3AxL, °lF HEDA S superoxide
radical scavenging activitys Z83t= 7|2EF= A& ATH

2000
- =

1500 /

1000 — -/

Peak area

500 -

T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

DMPO [M]

133-5. The level of DMPO-OOH generation at each concentration of
DMPO.
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2000 —

1 /\\-
1500 ~—

1000 o " \.
500 — \.

Peak Area

T T
0 0.58 0.75 1 1.5 2 3 4 5 6 7 8 [= 1]

133-6. Time cource of DMPO-OOH generation.

2000
* *  Hydroxyl radical
1 * @ Superoxide radical

1500 — * *
1000 — *

) *
500 — (\
A,

-500

-1000 —
-1500

-2000

. : . — : . : . : .
328 330 332 334 336 33 [MT]

Z1¥3-7. ESR spectroscopic diagram showing superoxide radical spin adducts.

(2-5-2) 5571 9] superoxide radical scavenging &3

oFeld Zled xS F=Est Y LoisSavw g FEASSFUIL JHA=
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superoxide radical scavening A& <i3-6> % <i3-7>°] HsAT. ¢4 5F
vl Adl wjopw] 3FFol whste] FAe] woprt olEe] HAF AYdd F
superoxide radical scavenging &3Ol PIX|= FaFES ZAMSHATE (E3-5) o A
o} o] dwtwl= Top Aol superoxide radical 2AZF A ¥ FA &
= W 3FF o A wjobvl= ol APt gty 22 FASA = F

K
u
o
o
o2
X
=
—
=
o
=
=)
fr
e
o
=
=2
lo,
ol
o
s
[6)]
—
=
-9
o
)
fon
o]
(0]
=
o
x.
Q.
[e]
=
o
Q.
=
=R
b
L)
et
o,

<3} 3-6> ol g 3 Auln]olr] 9 superoxide radical 2AZF e vl

Superoxide radical scavenging(%)

Cultivars
0.5 ug/ b 5 ug/ b
Not-germinated -7.56+1.59 14.99+2.84
SR
Germinated -10.51+1.96 8.99+1.20
o Not-germinated -9.24+0.88 14.41+1.042
314 7 o uf o} v
Germinated -24.37+1.45 23.83+1.98
_ Not-germinated 9.13+0.92 39.97+1.98
@& 7t o} ]
Germinated -21.43+2.21 25.03+1.36

Values are expressed as mean * SD (n=3).

Wolalg] gl Frbolxg] Athujoln| o]efe] waM Bl 7B} 5521]9] superoxide
radical scavenging €4S ESR spectroscopy@ Z43tAth £ AFNA AL
superoxide radical HPX/XOD systemol A A ZHo]7] wfjFo|
2784 o] xanthine oxidaseol] thgh A& A2 A Ao 7] 7ol
7] W&ol xanthine oxidaseo] Wt AALAH= FAJo| ZHAATH (3£3-7). SF
A, dolfAm e AAGA o] M E9kal, FFstRA>ET I aA>olrteE A &
Mz o] AEHdem, HoldfdshEe A4S mie Wt 72 Al Fx
A] xanthine oxidase®] &/Jo] A3tA A 3| = A o2 eyt

>
f
Lo
A
a
i)

o H
o Ol

82 ox,
i e

A
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<¥3-7> 541 9] superoxide radical 2A&A4 vl

superoxide radical scavenging (%) xanthine oxidase inhibition (%)

5 pg/ul 0.5 ug/ul 5 ug/ul 0.5 ug/ul

LLE 0.00+2.48 3.03+3.14 -22.05+0.04 -7.31+0.02
Bz} 89.44+0.41 82.30£0.29 113.98+0.09 56.24+0.02
ol & vl 25.52+3.03 -15.44+0.22 15.18+2.19 21.13+0.36
ol v 11.55+1.16 18.38+0.74 -47.51£0.02 -3.86+0.02
o} A o 1) 43.17+4.04 12.53+0.11 7.88+0.16 8.28+0.55
atol A U] v 25.56+1.53 1.70+0.18 16.49+0.96 23.93+1.33
uho}-f-Al 1) 85.75+0.43 53.53+1.26 26.74+0.10 6.010.57
kol A v 91.54+1.20 66.20+1.92 35.42+2.05 22.87+1.32
A 41.27+0.99 15.73+0.03 10.89+0.06 5.05+0.48
T 75.16+1.25 33.86+0.88 9.84+0.07 -1.03+0.57
Hro}-f-A) 1) 85.73+0.43 53.53+1.26 26.74+0.09 0.45+0.58
Exsxa 70.91=0.84 36.43+0.03 -36.54+0.18 6.76+0.56
2o Al Ha 16.24+0.63 11.54+2.42 -12.65+0.18 3.11+0.51
o}7}e] F 2% 65.46+0.15 25.66+1.51 -120.17+0.09 4.13+0.56

Values are expressed as mean + SD (n=3).

2-6. Hydroxyl Radical scavenging 43¢ &3

(2-6-1) Hydroxyl radical 3 W 34

Hydroxyl radical> FeSOs¢t H,O,& ©]-&3t> Fenton reaction ¢ Z¥ A=<
2t ZS  spin  adductd] DMPO$} ¥HS-AlA DMPO-OHZ H#AZl ¥ ESR
spectroscopy & ©]&3lod SA3FATt (TLE3-8).
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* * Hydroxyl radical
2000 4 h yeroxy' red

1000

-1000 —

-2000

T T T T T T T T T T 'T
328 330 332 334 336 33g [mT]

1¥3-8. ESR spectroscopic diagram showing hydroxyl radical spin adducts.

oL

(2-6-2) 571 ¢ hydroxyl radical scavenging &%

Ad) wjotw] 3FF thete] FApe] Wolr} o]E°] B3 hydroxyl radical 47
Aol vAl= dFS dHvE dHETFE st AN (E3-8) o A} o
Yu] = superoxide radical Aol HoFE g vzl A ol 9t 23]
2 hydroxyl radical o tdt AAGAo] TAash= wHE, Adl wjofr]o = AdF
Al wjoprlE ALeE 3 AW wjoim] R FF 74511 Hj ofm] ol A o}t 7g o]
hydroxyl radical &~H&4 <& EUﬂ SAAT = A S Edr 53] 3t Aot
= WolxEr}t g AAGAS 3 ol SN LW A 3FFS AdiEfot
v 7k 34 Adiujolr]= ol elE §8 g At aAGAo] g7

<¥3-8> WwolA g 3 Adujelr] e hydroxyl radical 2A&d <] vl
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Hydroxyl radical scavenging(%)

Experiments
0.5 pg/ 5 ug/ il
Not-germinated 4.890+0.70 40.14+2.21
2wt ol

Germinated 4.02+0.97 27.26+2.59
o Not-germinated 21.11+1.06 38.18+0.53

319 A ofv)
Germinated 22.97+1.77 64.41+0.66
Not-germinated 22.12+3.01 57.91+1.19

HEA T o}
Germinated 38.87+1.71 47.59+0.01

Values are expressed as mean * SD (n=3).

WolAlg] g FZopxig] Athujorv] ojefo] TaA B 7|E} 5|9 hydroxyl
radical scavenging &/J-& ESR spectroscopyZ Z743tA . A& hydroxyl radical
< Fenton W3 T3t AHdE Aol7] Mol A8 Sy £7A&Ao] ol
& ZH A QA chelationdl] 711 7hs/dol 171 ol Ho]ol] gk chelation &
A Al SASAT. 54 A3, <k3-9>o yebhd AAHE doprAv e A
A>Zaasoprte Y] sME B0l AEHULH,

u

=

dol 78 =i, FFex
2ol dfrdshde] gL w9 FUth 7} A5 FE)XA xanthine oxidase®] €73
o] AatA A HA Be AOE YERTH

<¥3-9> 541|9 hydroxy radical 2A&A vlx
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Hydroxyl radical scavenging (%) Fe chelation (%)

Experiments
5 ug/ il 0.5 pg/ b 5 ug/ il 0.5 pg/ b
W o 21.13+3.09 -6.86+0.54 -0.77+0.018 -0.254+0.02
kol & ] 59.37+2.67 20.27+ -4.57+0.76 -4.26+0.63
Fkol- & m] 3.70+2.57 -4.96+2.67 -2.18+0.00 -1.58+0.01
ol A o v 83.04+0.62 17.40+0.20 0.92+0.02 1.32+0.03
Sakol A o vl 61.49+5.16 6.06+1.43 -3.00+0.19 -2.58+0.14
Hho}-fr- A 1] 84.40+0.34 44.15+5.16 0.87+0.01 -0.49+0.01
fkol-f- A v 76.17+2.07 26.15+0.23 -3.11+0.59 -2.95+1.25
= 3 95.05+0.350 74.35+1.51 -1.65+0.01 -0.990+0.02
s Al 28.45+4.27 7.08+1.14 1.77+0.01 4.144+0.04
STy 66.90+1.44 13.78+0.89 -2.31+0.01 -1.901+0.01
Hho}-fr- A 1] 83.11+0.090 29.64+0.55 1.61+0.02 0.437+0.00
T 64.28+2.06 15.66+0.69 5.75+0.01 -0.425+0.02
2o Al Ha 45.22+0.77 5.52+0.08 1.16+0.02 -0.885+0.01
ol7tg] 2 54.10+2.65 17.70+0.41 4.49+0.01 5.201+0.06

Values are expressed as mean * SD (n=3).

2-7. Polyphenol 39 &3
Polyphenol 3}3E-2 ikl A4S zte SFEEA 2F5Y polyphenol 313
shuQl dakst gAH e #AVE Uk
16} 2 o]f= ojm| gl Fubojn], T2jal Z} 5417} 7FA= polyphenol 3%

ZALSFAH-

o
o

fllo

3E3-10>0 4 B nhe} o], du]e ol o] polyphenol o] F71etA L
U, Adivl= 232 50%clst® kel =i, fFAvs Wolg st tha I
= 129 polyphenol o] 7}

A

o
o
B
9‘15
fr
i
A
il
f
ro,
£
N
o
A
>
=
9
X

<3#3-10> Tolu] P E S| 9 polyphenol ¥
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phenolic acid

Extract Absorbance at 725nm concentration
(18/mb)

i of & 0.0935+0.0159 17.3407
ol v 0.0230+0.0025 1.7051
2o} A o 7] 0.0464+0.0043 6.8936
ol A o vl 0.0843+0.0153 15.2897
o} 1] 0.2142+0.0180 44.0961
okt A1 vl 0.2529+0.0276 52.6807
] ek Ly 0.0570+0.0061 9.2528
2} o] A fr 0.0564+0.0096 9.1109
ol7}g] F 2 0.0406+0.0078 5.6149
s A 0.0224+0.0056 1.5721
SRy 0.2271+0.0726 46.9601
= A 0.9017+0.1005 196.5462
d 7 0.1103+0.0152 21.0695
Hrob Al A Z A vl 0.0740+0.0118 10.9106
koAl A 2 A v ) 0.0775+0.0137 13.7931
o} s} At 7 0.1189+0.0101 22.9727
Frotst A Ao v 0.0553+0.0163 8.8596
HobtE A 7 0.0660+0.0168 11.2321
o3 At v 0.0605+0.0061 10.0273
o oof o Wk o 0.0571+0.0157 9.2735
ok of o wkom 0.1257+0.0188 24.4693
Vitamin C 4.3870+0.2492 969.3363

Values are expressed as mean + SD (n=3).

2-8. M|Z U reactive oxygen radical®l] 3 LAHEA
olm] 1xp A= e 7} Woln] ¥ 541 9] superoxide radical ¥ hydroxyl radicall

gk &2AZAE ESR spectroscopy® Skl ®Hargk vb vk 2ejvh A AWl A
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A7) AsiMs Dt A a9
AFA A AFL3SE 2+ AJE<¢] ROS &2AEA
ol #slA £ AFo|A= premyeloblastoma cell lineg!
HL-602 A}%o}%ﬂ\u‘r. HL-60= DMSOY A=Fo g 332 23xn, B39 HL-60
= TPAZ A=F3E W respiratory burst’} dojyt thaF9] hydroxyl radicalS A4
glo] <A ot olw] Mo DCFE-DA (dichlorofluorescein diacetate)S A Zuj o]
Fstd MEUelA LbstE]o] EASHA =], flow cytometryE AHESHHE Al
A o] Bxo HEE ST 4 9tk DMSO Ao og Axe] FslEFH
o} TPAX 2|2 1§+ respiratory burst®] flow cytometry Z23E <1¥3-9>0] el
At olet Z& S AMEste 7 S4v] Al87F 7EA= ex vivo®] ROS AR
< st

to
A
ozi
]
e
L o
_\,L
32,
u}

<71¥3-9> HL-60 £3}o] wE ¥4 M3 L respiratory burste

flow cytometrogram

Morphology
§ ;
|
3 T T 8 il M
Flow §3‘ ‘EE"
cytometry E; CE
=k
= >
i w' owd e g - TR R
FL1-H FLa4
Non differentiated HL60 Differentiated HL60

whofm) o} Fkolu 9] hydroxyl radical 2AES SH 2H7F <#E3-11>0]t}. 80
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pg/mle] AlgEFEolA woldu|= oF 92%9 AATAHS R, WwolfAvx= of
88%° AAYARS HA=U, o ZAIe FEordwep FrolfAu|e] hydroxyl
radical 2AZAQ 27%9}F 53%0 HIgt] AAZA] T7tE A & F AUk ©]
of Hlste] Atjujoln|= ol O = hydroxyl radical &AZAd0] 93%A 35%=
23]y AT WA FdAe FFeEE AAEA] 100%=2 7HE =%
T 238 59 AAZAHE A ASE YERTH
ol ZAMSE Z+ AlEd guZd AAGA 0] AlETF THAe MEFAZY #F-o]
2 ARE golry] 93t TPA A g® £38 HL-609] AZAE HAe AR
S d0ug/ o) ABZAS N MTT Hog A3 uh3E3-11). 28 2,
ol AN u 7F ¢ 20% =] MESAHS RS oz 5dH3] AXsA4dS Yehd
A= ¥ AoZ Hol ZHE hydroxyl radical 2A&HY] A|EE Ao/t A5 9]
X

540 7108 AL ohTe dee A

<¥3-11> A EY ROS £2AHEA

ROS scavenging activity (%)

Experiments
40 pg/ml 80 ug/ml 120 pg/ml
ol | 24.00+3.54 92.77+1.75 96.81+4.08
ol vl 15.78+1.28 27.08+3.31 19.44+2.41
oA o 7] -31.99+3.000 35.55+6.59 92.81+3.02
Fkol At | 64.32+12.19 93.53+1.53 100.93+2.99
uko}-f- 4 1 34.72+4.70 88.029+6.51 101.53+2.50
Fkolf- 2 n| 33.91+4.25 53.10+1.81 50.62+4.81
SZex 92.96+0.36 100.60+2.51 101.05+1.03
2 o] A2 59.37+4.000 93.06+3.88 88.38+2.49
o} 7}e] F 83.34+5.08 89.95+1.77 90.29+2.55
s A 10.13+3.63 11.1342.75 29.11+2.73
Iy -224.95+21.10 -283.04+22.98 -377.99+46.39

Values are expressed as mean + SD (n=3).
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B9 oS BHristy] 93 R GARAM, Z S5 B FEAH
A4S =As9nt <H®3-12>9] JERG AAE, JEdno =

A, FRW s> ol d s> ote| F e Y. 53] st 4
7 A

o

=
, 78t Bnle} vlaste] FEAMo|BA 0] WS ErHE AHLS STk

e
X
flo

E§ Auujolnle] AL <E3-3>o]M HRo] ol Atujolr|} $451gon
£35) ol 84 Aviulolr)s} FF Avulolule] B4e] S5t

<¥3-12> E41)9 FJ=dHo| A

. Alkaline . o
_ [-Galactosidase Antimutaginicity

Experiments . phosphatase R-factor

(units) . (%)
(units)

Negative control 6.71+0.57 40.37£0.97 0.19 100.00
Positive control 19.19+£0.24 14.69+1.07 1.31 0.00
Ll ] 18.18+1.43 15.77+1.10 1.20 10.20
5] 2] 18.65+0.47 18.44+0.56 1.01 26.86
T 16.34+1.99 19.62+1.27 0.85 41.49
TR 9.55+0.39 14.16+1.15 0.68 56.12
AR 14.17+0.39 16.88+1.82 0.85 4131
op k] F 2% 15.35+0.93 15.97+0.91 0.96 31.12
2l o) d 72 14.61+1.48 16.04+0.72 0.91 35.64

Values are expressed as mean + SD (n=3).

<¥3-13> Adjejoln] 2F X9 FJEAHo| A
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Alkaline

. [i-Galactosidase Antimutaginicity
Experiments . phosphatase R-factor
(units) ) (%)
(units)
Negativie control 5.62+0.55 36.51+£2.17 0.16 100.00
Positive control 2.46+3.17 27.87+1.73 0.88 0.00
Not-germinated 21.92+1.38 25.16+2.20 0.88 1.10
SR
Germinated 23.84+0.98 32.25+1.57 0.74 20.00
3 A Not-germinated 21.41+0.71 28.32+1.84 0.78 17.10
Ao w] Germinated 20.89+1.45 37.66:2.77  0.65 45.66
U A ) Not-germinated 23.61+1.23 31.18+1.95 0.76 13.93
Hiefe) Germinated 22.54+1.57 34674203 055 32.28

Values are expressed as mean + SD (n=3).

2-10. DNA strand scission ZA o] 3 JA A H7}

FEEgel 3 @At DNAS Edwol7l wAstAY DNAY &4bo] wAsle
458 BN G719 Bdwelrt wAshe Aoz Aztdn welbd 2 A
A

+ in vitroo| A EAW ol ¥l 3l mitomycin Coll 93t FE=H DNAS &4
ZtE B FEE9 MR JAE F A=AE ZAEFA Y. DNA strand scission
E T X 174 RF DNA(RF D)7} 3% Ab&e] &4o] dojud RF I DNA
2 ’Foll A phase’t AEEH, & o BT £3e] oy linear DNAZF
o FIIPoR AgH= A= Adstdnt. <T1-3-10>0] 4F 277 ve 3l
i Z} DNA band¥ ZEE &A%t FA535 3lo] <3E3-14>0lth. <3k>°] Uephd
AAH wug 7] HAREGD @ujy Adiajolr], 241 e] DNA strand scission

2 =L
N
o
OHT r

st A o] =tk 53] dwule dolo] st A3 dAGAF o] T
fraul= Polx g2 okt &Ado] AR N Wol, Fbolx oA HI=E o
g8 BAY Wul= 1 AAZ DNA strand breaking activity s E 3t} 54

vl Fodle Aol dfge] dAEAdo] M =2 v T, oyt R,

A2 mitomycin Coll 2]3F DNA strand scissiong JA|5HA] Z3FATHEE 14).

- 136 -



1 2 3 4 5 6 7 8 9 10 1112 13 14

<1¥3-10> & FZEEF 2 Mitomycin Co] ¢ ¢ DNA strand scission QA & 3}
1,CuCl-AH &7 2,CuCl-RIA |t 2+ 3, Wdoldn|; 4,Fdoldn]; 5ol A u)
om]; 6, FTot A u]otn]; 7, ¢olfMm]; 8 ol 9 FFet2A; 10,4 o] A

2 11,017k F 2 12,8 WA 13, &= 14,9 7]

<3#3-14> Mitomycin C f+= DNA strand scission®] 2 F&E&0°] v|X & &3

RF DNA phase conversion(%)

Extracts

RFE 1 RF I RF I
Control(+CuCl,) 0.00 63.71 36.29
Control(-CuCly) 84.46 13.90 1.64
ol m| 53.08 4453 2.39
ol E v 22.11 72.18 5.70
oA o v 9.34 80.24 10.42
ol A o vl 65.36 32.66 1.99
o} A | 56.25 41.72 2.03
oA vl 66.69 32.49 0.81
ELE 0.00 92.63 7.37
T 0.00 23.02 76.98
o7t F % 0.00 28.81 71.17
Tk 423 69.31 26.46
g Al 0.00 76.22 23.78
2 o] At 18.92 77.01 4.08

- 137 -



2-11. MTEA ] =

2+ Al87E 7 F9EAE SAs] AdMe ARTE BAAAE delE e
of gth. AAAMER AMEHE TEMEFAEFE o

2 F A=A AR S 5o 3
7YA7F oy B A ¥ o A= chinese hamster cell line?l V79 MEXF=
AeEtATE 1 olfre V79 MEFE FAA Fu dA 9] Fejrt 84 primary
chinese hamster /H];‘L_QJ- Y37 wEol AEAE)Fo] 7 vl A EF -
primary cell?} 7Hg fFARE SAS 7HA 7] wiiEolth. V794 2t A8 5 sEHEE
MRS W AEYELS <E3-15>0 AYsAdoh. vl Adhujoln], fAvE
o} Lbolo] TA| Qo] AEALS AASHA oA gror}, Fwbol fHahme] A
FEdo] ot =& RO FE Ut o]d Hste FFaRA, Aoldia Al
2, FTaaad o=AHE AEEAo o7 #yEon 2ol dfae A
4ol /Mg & Aem Yeut

focs
rr
P
¢

<¥3-15> Woln] 2 Edn|o AEEA

Cell viability(%)

Fxtracts 10pg/ b 20pug/ il 40ug/wl  80ug/ul 100pg/ b 120ug/ 18 160ug/ 1l
ool @ m ND ND 101.20 ND 96.04 ND 10815
Frol& | ND ND 100.48 ND  103.12 ND 98.68
oA v ND ND 99.40 ND 98.92 ND 90.77
Frol A o vl ND ND 103.96 ND 98.08 ND  101.32
Hro}-f- A 1] ND ND 101.32 ND 98.44 ND  109.47
fkol-f A v ND ND 83.21 ND 94.84 ND 92.81
T % = 65.18 57.06 25.58 ND 0.00 ND 0.00
2 o] A 77.76 80.52 10.40 0.05 0.00 ND 0.00
op7te]F 92.52 90.66 88.22 82.48 2.40 0.00 0.00
g A 90.55 ND 92.93 69.16 85.73 62.21 ND

T E T 103.50 95.54 72.82 23.20 0.00 ND 0.00

= 3 103.50 96.18 89.81 ND 14.99 ND 0.00

3y 101.67 95.65 82.48 ND 30.94 ND 0.48

ND : not determined

2-12. Tumor initiation TA A FL¢F A9 H7}
7y 7154 54719 FYEHE tumor initiationZ} tumor promotion?] F TAZ
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w0l S48 Tumor initiation A/GAE] Fzte] EAWel7l EdHoR
A dAg Sl Blele FAREES FHSHA Xstd AlxrE 73 F4eEs 7kl
transformed cellS D3l=d], ojv] X& BlGFAEFY APoe AEY contact
inhibition®] glo]Zd o &2 213} cell colon y«] HAAS AHEE tumor initiation Aot
HH 2 anti-tumor initiation&4d S S = Atk EE o7 12 WX Ecolis
R AIAEZ SOS chromotestOE Ao A DNAS £AH4EE Ao Z A, A
9] anti-tumor initiationZ/& A2 HIishul Qo) o] AJAES AWM
A OFTS AAAER AREEY] Wi A EoA B = FFHAHAA

(carcinogenesis)= J &3] A dstrlol= 27 Aok

B AFo] AAMEZ ALEH chinese hamster cell lineQl V794 XF+= AHAH
hamster A9 A9} AMAY FHARE HEST YT AMEEA, V79 A FEL
colony FA2 QI7tS HIES AW EANA ojh= tumor initiations HiH g}l
g 5 o B AFdAMe sehd @kl 4-NQO(4-nitroquinolin - 1-oxide) <}k
EMS(ethyl methanesulfonate)S A2 && @ F'ZH= tumor initiationo] 51| €]
AEAE R dAEE JEE S48 anti-tumor initiation &4 H71stdth A F
o] Alg® 4-NQO % EMS9 tumor initiation XS FAFSIETE <3E3-15>9)
4NQOY FEE 1x10°M, 5x10°M, 1x107M, 15x10'M=2 F7}A17175-9)
CFA(Colony Forming Ability)E YWetHlth. 54 ¥ CFAS HlE o= A2 =W
o] WAEE, thA] LA tumor initiation©] °]01‘)' gE<2! IMF(Induced Mutation
Frequency)E A4+ g Zlo] <33-16>0]t}. ©] et AAE 4-NQO9| F&=7t
1x10°M¥Y ® IMF7} 15522 tumor initiation®] ] F£Fo2 dojdt Aoz A}
stal, o] &N A4FS IPstA

o

l:Ll

o
3

—_

<¥#3-15> Carcinogen 4-NQO9] cell Colony Forming Ability(CFA)

concentration colony number CFA’
1x10°M 314.33 1.18
5x10"M 316.00 1.19
1x10"M 277.67 1.04
1.5x10"M 187.33 0.70

" CFAE HZET9] colony5¢l 26601 tak vl&<

<¥3-16> Carcinogen 4-NQO<| Induced Mutation Frequency(IMF)
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concentration colony number IMF'

1x10°M 1 0.85

5x10"M 9 ‘6.4

1x10"M 20 15.52
1.5x10"M 3 1.70

" IMF= CFA9] W3t 3 colony number®] H &<
ETHE $eARl EMSH M E FYE AT S s, 2 A3 EMS 5008
/e FEE tumor initiation®] FHA FoEE=E AFota HAFES FYSATHIE3-17,

¥3-18).

<33-17> Carcinogen EMS] cell Colony Forming Ability(CFA)

concentration colony number CFA’
10048/ me 283.33 1.07
20048/ ml 276.67 1.04
50048/ me 251.67 0.95
10004g/ me 238.00 0.89

" CFAE W79 colony5¢] 2660 3t &<

<#3-18> Carcinogen EMS9] Induced Mutation Frequency(IMF)

*

concentration colony number IMF
1004g/ mé 7 8.26
20048/ me 23 15.77
500¢g/mé 19 32.34
10004g/ me 69 60.13

" IMFE CFA9] o3t 34 colony number®] H-& <

A AR Fxo] 318 weldo g A X9 tumor initiations FE3H S
7} wroln] @ E4=1]9] anti-tumor initiation Z4S FAFSFATH olu] ALEE A
T olv] 7Eg ARY AEZA fFE5Y SHA AFE 7PE AEEA0]
S FE=2A, Holdu| 40ug/me, Fdoldw] 40ug/ml, oAU R 40ug/
m¢, FobAY] 40pg/ml, FIob+Aw] 40pg/ml, FFSHEA 10pg/me, 2 o)A 2
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20pg/me, oF7FE]l T2 10pg/ml, AR 10pg/ml, S=r2 10pg/ml, =2t 10ug/
m¢ 283 dv] 10pg/ml< /‘}%0}9\5‘\\1}. 4-NQO°| W3t anti-tumor initiation A&
A AR u, 4 A]8¥ CFAE <¥3-19>9} 2t} o|E 7|Fo 7 7+ A|g9
tumor initiation 49 IMFE =43} tH(33-20). ©] 23S KW Fol JHul,
ﬂm‘*’@-’ YREE P 9] anti-tumor initiation /o] =gtk S 0}7}ﬂ$*’é1—
e ta dABNS HYoy TF2AT Ao HdF8L 1x10'M 4-NQO A4 Ktk
23]¥ tumor initiation FEFE o] =S At o] Ay} dojd U o

Me Ae 2ARl AT

2 1o

<¥3-19> Carcinogen 4-NQO©| W3+ A& 9] Colony Forming Ability(CFA)

Al = colony number CFA’
o} & 305.67 1.15
kol g 24233 0.91
ol A o v 249.00 0.94
kol A v 247.67 0.93
bl A 310.33 1.17
= 23 % 247.00 0.93
2l o] A & 240.67 0.90
of7he] F 2= 209.00 0.79
S 228.67 0.86

S i 195.00 0.73

= 3 243.33 0.91

d v 328.67 1.24

" CFAE HZ79] colony5¢l 26601 ta vl&<

<¥3-20> Carcinogen 4-NQO®°| g A& ¢ Induced Mutation Frequency(IMF)
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Al B colony number IMF

ool & 7 18.4 16.01
2ubo}E n) 4 439
ol A vl 14.2 15.17
T ko] A o u) 20.67 22.20
T ako) g A0 ) 13.2 11.31
T F s & 46.2 49.75
2 o] A& 23.6 26.08
o}7}e] S 2 10.2 12.98
2 8w A 7 8.14

S 9.4 12.82

= oz 0 0.00

- 11.2 9.06

" IMFE& CFA°] H3k 33 colony number?] Hl-E& ¢

EMSe] isiM= 4-NQO<t sdg 4= sdsaly, 1 AHAS <3E3-21>9 <3i3-
22>0] A3t APAAE v ol {FA17F 100%2] tumor initiation <A
ETE BRYT AIAY, 23528, olrtg]FE A8 o] thAh tumor initiationg &
A gto]l yEbytth 1 71E} AIBEES 500pg/mlEEe] EMSHTE =& tumor
initiation& A °] A5S & F AU olef FE& AF{TE A5 9 pro-oxidantol] o] gk

AJNA AFRE A A AT

<¥3-21> Carcinogen EMS®]| t 3 A| 5 9] Colony Forming Ability(CFA)

*

Al B colony number CFA
ol & 7 168.67 0.63
kol d m 199 0.75
1ol A ) 24233 0.91
Fol A v 184.67 0.69
ako}-g- Al m 193 0.73
= =3 = 197 0.74
2 o] A 167.67 0.63
o} 7} F 2 195.33 0.73
I S 252.33 0.95

= 2} 194 0.73

Gl el 204.33 0.77

" CFAE thET9] colony5¢l 2669] thdh &<
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<¥3-22> Carcinogen EMS®] 3 A|J 9] Induced Mutation Frequency(IMF)

Al = colony number IMF
d o} & 44 69.39
kol g ] 32 42.77
o} A o m) 43.8 48.08
oA v 35.2 50.70
oAl v 0 0.00
= =3 = 21.6 29.17
2l o] A 25.2 39.98
o}7}a] S 2 21.6 29.41
S 24.8 26.14

5 X 23.8 32.63

d4 7 28.2 36.71

" IMF= CFA®] i3 #H colony number?] &%)

2-13. A A E 9] nitric oxide(NO) A Ate] o3k AoJ@A 9 =

4

Reactive Nitrogen Species(RNS)2] ¥F o2 HAGA R vk ol AAA ] o277}
A AEAYE 2des gz NO9 Aitel gk 75 S5

e AT NO= 53] AEGA AHxe] w2

AZ7E A st A HE NOE #1413 444 gz
AE AAs= As & F Atk 284 #ZF9 NO WE2

£ fFE37] Wi WAHGA ] &Asted dag HFHF NOAAte] agHrh
wEtx] AA E4n] FE2E0] AT 8 lipopolysaccharide(LPS)E A% O] 24|
7h Adske NOE AAd & UeA AFE AT AAAEZE vk 4
AEAA Frefgh A EFQ] RAW2647H XS AFBSHTH A3 23, <3#3-23>9]
A Bol Al FE7F 100 pg/me ZXNA FHd A AR Aol
oF 34% AEE b =7 YegA v, NORAC i AdAwsl =otn 3gsly)
ottt 1 ¥ oprtg]F 2, FFE2Ae] NO dAleS vig w3, 53] 4
o] Ao AAGAHS A LA skt

X
32
o
2
N
g
X
£
>
>

Z
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<¥3-23> LPS A= RAW264.7 Al X 2] NO A4ite] g E4v JAEA

Nitrate(HM)
Extracts
1pg/me 10ug/mé 10018/ me

Nagative control 0.630+0.314" 0.630+0.314° 0.630+0.314°
Positive control 31.591+0.949™ 31.591+0.949% 31.591+0.949°
L 35.703+1.257° 26.371+9.811° 20.836+2.605"
T 30.325+4.043™ 31.551+1.323" 20.875+2.578"
op7he] F 24 33.568+1.009™ 33.251+1.443° 26.609+1.283"
o= 28.981+2.158" 29.535+5.307° 25.818+2.435°
RS AR 30.642+3.029™ 32.065+2.178" 22.378+1.076"
2} o] A -4 26.767+6.686° 31.037+1.990° 29.614+1.507*°

Values are experssed as mean+SD(n=3)

Values not sharing common letters are significantly different at p <0.05

wolm o] ASox Hutzow FEstA NOo M-S JAsts 58S 4R &
ATh ohRF 100 pg/mé AIEFH7E 2R A dolfAm| e} Ftol Atiujoln] st Zhz}
49% <t 70%9] A S HPOW(3E3-24), 53] FHAT & F H

o] NOA Al gt A& o] 53tk AMA o] YerRtT

o

<¥3-24> LPS A= RAW264.7 A X2 NO A4to] tj3l wolum o AAEA

Nitrate(UM)
Extracts
1pg/ ml 1018/ ml 100ug/ me

Nagative control -0.296+0.184¢ -0.296+0.184° -0.296+0.184f
Positive control 17.095+0.304 17.095+0.304 17.095+0.304°
ol & 1 16.733+1.451° 14.196+0.822" 10.332+0.457°
F-atol & m 13.673+0.424% 12.868+0.457" 12.425+0.672°
hol-f-2 1 13.915+1.027" 12.546+0.526" 8.681+0.792¢
Sbolf-A 1 11.942+1.779° 12.908+1.278" 12.787+1.152°
1o} A o 1) 16.169+1.673% 15.928+1.107° 12.063%1.625°
Fibol A A 15.807+2.510™ 11.217+1.278¢ 5.098+0.776°
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Values are experssed as mean+SD(n=3)

Values not sharing common letters are significantly different at p <0.05

AR FEFolA tHAAHES NO Aitel theh A& do] T
Aol A A | g3l 231 HAAEE NOALS A4

A
5

H% s A3}
d ThsAol Ak olet 2 TeAS YolR7] #ste LPSE AFA7IA e
RAW264.7/‘1]4‘_01] 27 BAR 2222 YIS u NO9 A AEE =3 o
I ATE <#E3-25>0 AP stAh AdoA BZo] EFH FEE AAZ= diAA
ZE AFsted NOE A7 84S 7HAL A skt
<¥3-25> LPS ¥ A= RAW264.7 A E2] NO AAd v E5v9 &4
Nitrate(1M)
Extracts
1ug/ml 104g/me 100ug/me

Control -0.677+0.258b -0.677+0.258b -0.677+0.258bc

kL H| -1.341+0.070b -2.997+2.835¢ -1.622+0.070c

A is -1.542+0.241b -1.180+0.319bc 0.750+0.553a

o}rbe] 2 -0.778+0.424b -1.059+0.553bc -0.617+0.847bc

&8 % -0.496+0.570b -0.014+0.727ab 0.067+0.424ab

g A 1.112+1.031a 0.630+0.724ab 0.871+0.791a

2ol & 1.072+0.664a 1.675%0.557a 0.992+0.672a

Values are experssed as mean+SD(n=3)

Values not sharing common letters are significantly different at p <0.05

A7 A 2 dolu & LPSE ASFA|7]|A] 2 RAW264.7 Tt M EFE 23] NO
£ A= EAS 7HRA UA Z T (3E3-26).

<¥3-26> LPS FA= RAW264.7 Al X 2] NO A A v X & dolu e A
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Nitrate(HM)

Extracts
Tug/ml 10ug/ ml 100pug/ ml

Control -1.515+0.416d -1.515+0.416c -1.515+0.416¢
ol & n -0.524+0.316c -0.104+0.450b -0.014£0.156b
Zlold n| 0.857+0.406b 1.248+0.180a 0.497+0.275b
dho}f-ai m] 1.638+0.528a 1.218+0.188a 2.209+0.364a
Fkolf-2 v 1.488+0.426ab 1.308+0.341a 1.788+0.156a
Hkol A ojj v 0.047+0.512c 0.227+0.364b 0.077+0.360b
Frol At v 1.278+0.275ab 1.218+0.138a 1.698+0.715a

Values are experssed as mean+SD(n=3)

Values not sharing common letters are significantly different at p <0.05

2-14. WA X gF3dd e S5 FE229 24

WA E7E ZFAA A SJsto] L3
A} A%HW AsreEad) ma
i PAEATE EAste 2Hd aAAETE &S %E}. MMPZE Al

WA HAEAAY AR FoF TS F-SAN, AMETF S22 &
std AdEiel o2 MMP7E 3t EHlEW Q3] Hdd i FA ARAEE
st dSRESo] FEEe T FAEo] yEdy. wEkd MMPY
AT WA S o 75}3‘47501]/\1 dojupe F&-89 o] 7t
T3He 40 REEo] LPSE AZE WAAET} BHIse
MMPE] B7dE Aloldte &S zymographyol oJdte] A3t <T™3-11>7}
zymography ¥ ZA3Z A, MMP9| protein band®] intensityE densitometryZ =74,
223}8 Ao <{3-27> olt}. <> AP, dolu|e] A= §Alu s} wro}
otz EFoA MMP A4 Alsol of 30% 8 es 7HE =& Wb, Aty
ofml= o}, Fikol xHoA EF MMP A4 JATS WA dEisoh wAda
2o Saule AwAes MMP A4 Aso] Ad AAAT, FRFRD o
Fogwko] Zhzh of 24%9F 19%2] AAZAES HAt Ly AW AET Aol
frae 2382 70% oI’ MMPS] A8E S3A7E Aoz Yyt
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1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16

<a1¥311> LPSE AFE RAW2647 HE g S50 matrix
metalloproteinase 4] #| o] &4

1, Positive control; 2,Nagative control; 3,o}&@w]|; 4,5 ol dn]; 5 ¢ol-FAu]; 6, F
wrolfAw]; 7ol A m];, 8 F oAU W], 9, Positive control; 10, Nagative
control; 11, 7]; 12,85 1; 13,017} F242; 14,5538t 24; 15,3 FW A2, 16,4 o4
g

<¥E3-27> RAW264.7 A X2 MMP A U3 E4ve AAGA

% of inhibiton

Extracts at 100xg/ml sample concentration
Control(+LPS) 0.000
wlo} 3 n) 17.412
Saroa) 27.638
EIR =V 29.405
Zabol-g Al 30.920
HLO]—}] EH U] 8.998
Saro A v 12323
o 35.938
. 23.867
SRR, 0.395
AR -71.607
o] 4 g 84218
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2-15. 3 Q79 histamine E AAE T FLA27]) 249 53

P
N
N
2
i
=)
ox
il
i—'a
N
=
2
=
oo 1o

# ° st7] wiEel 23 e FIAE
HI7E AAlE g deA AR e w83 s ztet 2 AF
M ratd] TETFAEFR RBL2H3MEE AAAEZE AFE-31S ionophore A23187
2 AS53E ol FASE histamine WES 45 & FEFE0] AAds FEE WA
oAtk <#3-28>9 <#3-29>0] wolv] FE=S ARSI Aot WAL e
Fr FE2ES AHSEE 23S 47 AYsiddh <s>ollA Bxo] 10 wg/mle] Al
Lo A histamine W&ol e AAZgo] vEtgtoy, woldw|(15% JANE Al
A= Aol BEHA &t WA B EFre A Ao,
Stxd, Zgusld gl ooyt gl Aalddo] Ha 28%A 35%2] W
HENoY FAHLZE ol 47bA] S5 gl 22 FEHC] e
JYu WA AeE AREE e et Hud W FAHCE Fod JAgHS B
At

k=1
<]
&

@ ol Ok off

<¥3-28> Woln] =& Fo] YT A EF RBL-2H3 A X9 histamine W39 7] X

= 9%

ng/ml of Histamine ( % of Inhibition)

Cultivar
1ug/ml 108/ ml 100ug/me

Control(+A23187) 90.39+6.71(0.00) 90.39+6.71°(0.00) 90.39+6.71°(0.00)
Hhol- & vl 75.80+8.03%(16.1) 76.85+4.31°(15.0) 82.19+4.57(9.07)
Tato} ) 83.70+5.31%(7.40) 89.54+3.86°(0.94) 89.40+2.11°%(1.06)
HFo}-f- A ] 91.79+9.15°(-1.55) 95.68+7.75"(-5.86) 103.3+8.27°(-14.3)
S-bo}-f-A 103.3+6.29°(-14.3) 106.4+3.01%(-17.8) 95.20+2.28"(-5.32)
Ho} A o m) 121.0+4.54*(-33.8) 115.146.34°(-27.4) 139.6+1.81°(-54.4)
Frol At vl 125.3+2.62%(-38.7) 112.4+3.77%(-24.3) 139.9+12.91%(-54.7)

Values are expressed as mean * SD. (n=3)
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<¥3-29> E4u &

E9o] SHTFAEF RBL-2H3 A £ 9] histamine W& 7|3

= 9
ng/m¢ of Histamine ( % of Inhibition)
Cultivar
1ug/ml 10pg/ ml 100ug/ ml

Control(+A23187)  43.47+1.75%(0.00) 43.47+1.75°(0.00) 43.47+1.75°(0.00)
A ] 39.45+3.24°(9.26) 38.62+2.17°(11.2) 57.40+1.97°(-32.0)
2} o] Al 29.30+1.00°(32.6) 27.98+2.37°(35.6) 44.15+9.50"(-1.55)
FE8kx 32.77+1.46°(24.6) 31.25+4.83°(28.1) 39.96+3.11(8.08)
38 A 33.53+1.01(22.9) 29.16+1.27°(32.9) 36.67+4.06°(15.6)
op7te] F 2 34.71+2.43°(20.2) 31.30+0.52°(28.0) 40.63+0.92%(6.55)
T 37.29+1.17°(14.2) 42.48+3.29(2.29) 50.38+0.61°(-15.9)

Values are expressed as mean + SD. (n=3)

Ionophore 231872 A W Ca*" =2
frEshe Aoz d#A vk 13114 A = 1
57 el tig g7t Aol o] AL T 5
Agste] AlZEY welA anti-DNP IgE2 #=3F RBL-
A7t o3t AT histamine WEo] A
<33-30> 2 <3# 331>0ﬂ ﬂ]/\] 0}9511:} <3£3-30>0f A
o} u]u] 3}

SAAM ZdTe 2RHE

g3y e
uuﬂgq Fee 584

=
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A _P4

g0
ol
o

folr
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il

B oo

2
M 2wy lo

i)
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<¥3-30> Loln] FZEEo] YT HEF RBL-2H3 4| ¥ 2] histamine W&o 1] X

= 9%
ng/ml of Histamine ( % of Inhibition)
Cultivar
1ug/ml 10ug/ me 10018/ ml
Control(+IgE) 539.8+11.4™(0.00) 539.8+11.4°(0.00) 539.8+11.4°(0.00)
H}o} & m) 527.0+6.80°(2.37) 509.1+12.3%(5.69)  554.9+10.1%(-2.79)
Tato} ) 523.9+26.9°(2.94) 519.5+18.1°(3.76)  503.2+5.95"(6.78)
HFo}-fr- A v 531.3+17.4°(1.58) 487.3+5.29°(9.72) 534.4+40.5°(1.00)
kol 24 vl 522.6+9.57°(3.19) 521.6+45.7"°(3.36) 493.9+14.6°(8.51)
dro} A o v] 558.7416.1°°(-3.50)  540.8+14.6°(-0.18)  581.8+8.37°(-7.78)
Bulol A ] 571.9+11.8%(-5.95)  516.7+19.2°(4.27)  742.3+14.7°(-37.5)

Values are expressed as mean * SD. (n=3)

ng/ml of Histamine ( % of Inhibition)

Cultivar
1pg/ml 10pg/ ml 100ug/ ml
Control(+IgE) 480.5+5.94°(0.00) 480.5+5.94°(0.00) 480.5+5.94°(0.00)
u o) 347.4+28.7%(27.7) 369.1%6.55°(23.2) 423.5+40.6°(11.9)
2l o) 447 8+12.2°(6.82) 384.5+17.0°(20.0)  504.7+98.8"(-5.03)
TE= 244.5+29.8°(49.1) 377.5+19.8"(21.4) 451.5+42.7°°(6.04)
A Al 561.9+100.0°(-16.9)  476.9+123.6%(0.75) 417.6+24.4°(13.1)
op7he] T2 380.6+20.1°(20.8) 366.1+19.0°(23.8) 534.4+66.6(-11.2)
ot 349.7+16.9(27.3) 437.5+34.8"°(8.96) 405.4+2.58°(15.6)

Values are expressed as mean + SD. (n=3)

2-16. A FTES

8% S4ve FaH B FIAAETY B}

(2-16-1) o] B FIA X 2T FIFIAY AAEE 53
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o FAEQ melanoma cellS U}%’\gl i o]t FFS A=
A A dolm] B HAET e EFu o Aoyt §F] Ao ojujgt aE
2 =7k tiete] ZAFSIATE wh-Ae 712 A S 2 chew dietE Aolstdlal &5
v 7} 23E 2 o]= chew dietdl] 65.2%9 S50 #E¢S HUIgE AS AMEE ST
S50 Hole WA 353 Fostal melanoma AEE o)A t& oA 373 F
A3t 2olE FoAstAt 2olE Al&g A 65 Fo w-2F IAAIAA w29
Asd FAE T4 TFS SHSAT WA Hopr| o FFF o dF Aolss
ZAEE Zlo] <3E3-32>olth. WA dutdv|E Ao xR sto] FolAthulo}
v el Aol & melanoma A et JAEARE SHT A3, TFY Hd A
 THFS T wol e ol Atiujoln]E 2 o]g AP AtoldlA FAA L
2 {3 Aol HAHA Fdt
<¥3-32> Wolu] o] ne Ao HF L o]XFF ¥

Cultivar Weight(g)
Body Solid tumor
R 23.1+£2.85 2.55+£3.17
oA | 24.3+2.74 3.79+3.55
oA v 24.6+1.95 4.05+4.12

Values are expressed as mean * SD. (n=6)

U 249 AYL 54 WAL ARE Adste] 1 ATE <H336>e] 4
Jaran. & ANt $Fexas FRFRL 540 Arz 49991, olF
Save] g@ dEARRE WS AxsE AR WYE Agsad. 4
A w50 2879 S5l A28 AT JIE LY HETA Mo
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Weight(g)

Cultivar
Body Solid tumor
) 24.0+1.83 8.78+1.70
FEot2% 23.1+2.25 7.27+2.88
STy 24.3+1.03 3.98+1.66

Values are expressed as mean * SD. (n=6)

" means significant difference at the level of p<0.001

(2162) 5509 Hol7t FFol 4 whg2o] YA AN FHBA) MAE
9%

94 QA A7 A%, GBS Yold HAMZS HABHol Fx A3
Hol dtta BHaxo] vk o]gh e AMEE TS o]AF whezoME HEEH
aL 7] wZell AAE7E A e W 27 WA 28 ¥ ozt
TR E T3 &5 @98t dae vedth weby 2 A= o
v 7l&d WAl T S Aol A yehd T¢I 49 A gl ti
Azl Aalede] Z4stet Bdo] UeA ARE ZALSAT. 2 AP A B4 A
Ee 7 SFUE Aol vk EAWAAEE ARSI dAeY S HAR
optionization®¥l zymosan< WA M E7} Ad24et= 58-S luminometerZ 37 313 T

o
WA Gurdn] ol gETE
RAAEY HAS 2 2
Hlshe] o 46%] A4 el BAE W, WolAulolElE 232 o 42%¢]
HA5Y o #2932

H =4
o B4E EdT e Fawsiols oy WA AT (£3-34)

ofl

<E3.30> ol o] mhes BAWAMEY H4FH A&

Phagocytotic activity(luminometer unit)

Cultivar ) Stimulation with
Resting
Zymosan
Rl 0.16+0.02 1.12+0.12
FolA v 0.12+0.01 1.64+0.06"
ol At vl 0.11+0.03 0.65£0.06"

Values are expressed as mean + SD. (n=6)
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Wk

means significant difference at the level of p<0.01

©

TYS AFS FFNRAY TS Holgt wheo A ZARSI O, o W
vE Aolgh w25 HETE AU <3#3-35>9] AFeA HZo] FFdtx:
e wiuo] Hste] o 2% Aol FHE AOFE e O UH(p<0.05), F
FHo FEFHIetE FHSATY. WY, SdAS A3 B tiAAlEE dixTol
Hlgtod oF 200% o] AAsde] SE AS & F UANL AA FHa 2o
2 TS FFol 5% A= 7&5& ROz  YEGTH(p<0.001). TS

optionized zymosans H7}3tA] &2 ZAAM T dlZFo] Hlste] 200% H=9 A
250l F7tE e Aol #EEH ‘:]'( o] Adte el Aol tiAA
AAeS A S7HA71H, °] 71% AAse F717F o]Agk TUMEY F

o
2 AT 99 AL A

ﬁo f1°

<¥335> 540 Ho| rpx BY ALY A5

Phagocytotic activity(luminometer unit)

Cultivar _ Stimulation with
Resting
Zymosan
LR 0.022+0.006 0.115+0.029
=25 =8 0.037+0.015 0.167+0.007
T 0.066£0.014" 0.355+0.003"

Values are expressed as mean + SD. (n=6)

means significant difference at the level of p<0.05, 0.01, and 0.001,

respectively.

(2-16-3) 19 Aozt FFol4 vz ZlojA WAHAE NO A4 mA=
9%

A A oA A FHls= NOZF Z44rAdES 4 il
defjetes 9= FHIT= AMdo]l WE AT 3 ojn] V&g H}Q} %ol
B3k Ao A Al 2= NO A A= Hurzk 7] wiEdl,
NO #4%Fs A7 AL FFTAH el Tasva st i &
o= S5 Hol7k AAE NO A vAle d&FS ZAbskio. |
ol gl ol thufobr] o] Ao)7k NO Aol mAl= &3E dWrdv] 4ol&

=
=OIL_4‘
ﬂi?l‘
{‘-1&

[}
—_
i
;g
0_L4

o\
o2
bl

_>.i ofN =
o2

o
-

4 X mz i o
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Z2 sho] ARG o] <#3-36>c|tt. Ftol Aujujotr] ol dETtol] Hlsho
NO A& 92% FIAIZH o™ (p<0.01), Fold Aujujoln] 2o]= oF 350% A= F
A A TH(p<0.001). webA Adhujolr] o] Aol= hAAZ2] NO S aRFor

SN = A S & F AT

<¥336> Wolr] Ao mhex B BAMES NO B4 BA

Nitric oxide(uM)

Cultivar
Resting Stimulation with LPS
Rl 0.38+0.06 12.4+5.50
FkolA v 0.15+0.11" 23.8+1.33"
ol A o v 1.17+0.25" 55.741.98"

Values are expressed as mean * SD. (n=6)
© ™ means significant difference at the level of p<0.05, 0.01, and 0.001,

respectively.

B A& Ao)7} tlaAze] NO Aol WA s
ok <H337>OlH HRol, BFHEME Holt thAL NO B #
g HAA ggtor}, FFFAE o 0% NO 4L odAse AeE g
(p<0.001).

<E337> B4 Ao mhes B fAMES NO B4 BA

Nitric oxide(uM)

Cultivar
Resting Stimulation with LPS
B 0.56+0.21 11.5+1.75
FZokx -0.02+0.17** 13.8+3.03
Iy 0.06+0.29* 4.59+7 5%+

Values are expressed as mean + SD. (n=6)
© 7™ means significant difference at the level of p<0.05, 0.01, and 0.001,

respectively.
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(2-16-4) ESFm e Aozt FdolH mezd oA WHAEY
metalloproteinase(MMP) A Aol v|X &= FT
H FEE Aot FFo] o]AE mhe AAEY MMP Ao plX= fw
ZASFATE < E3-12>04 Kol HAWtA oz u|y Adiujolu|E 2 o]g v

=
229 WAAZE HARES Hol AFRT RAT 2ANANE MMPY $9 Zd
S|
=

o =gttt ¥t ofye} LPSE A=53 ZHoAE wAlZe] Fe-Hog MMPY &
A E7E 2ol A Ho 128 7bA] = XTH(3E3-38, 3£3-39). LY ZHZhe] tiETE AL
£8 WMo} gurdnE 2ol A<} nlwste] MMP &4do] FEElatAl ztol7t U
A Fe AHoM S o7k MMPe] &4 Alojol AFHE A Rdhe AR B
Ak

<®3.38> woln] o] nl$x B pAMEY MMP ¥4

Proteinase activity Index(Relative activity)

Cultivar
Resting Stimulation with LPS
#m 4.57x10°(1.00) 1.42x10°(1.00)
kol A v 5.81x10°(1.27) 1.22x10°(0.86)
2ol A o v 5.76x10°(1.26) 0.86x10°(0.60)

<E339> S50 Ho] thex B RAALY MMP BH

Proteinase activity Index(Relative activity)

Cultivar
Resting Stimulation with LPS
9 ) 1.59x10°(1.00) 6.65x10°(1.00)
FE8 xR 1.37x10°(0.87) 6.73x10°(1.01)
S 3.46x10°(2.18) 6.27x10°(0.94)
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A
1 2 3

LPS e T . &

MMP2 » - 4 72kDa

B

LPS - + = + = +

MMPS » <4 92kDa

<T¥3-12> @opr|] H Su| Yo vheX fiYMEL MMP £H &4
A. 1,8v]; 27 %ot Adufotn]; 3,20} Athujoju].
B. 1,97]; 2,558t 2%; 3,84
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2 erythrocyte ghost cell membrane A& 9] Z}ikstol] thdt A &4, reducing
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Linoleic acid A&AFstel] thgh JASAH S o2 ol Au| 7t 7HE &

H, erythrocyte ghost cell membrane A& 9] #ikstol]l g A &S ol A oH|
otm7} 7k = A YES T Reducing powere FrolfrAiu| o} T, ol AT
Hjokm] 7} -5t Atk Superoxide anionol ek AAZAL FohfAn], Wolf-A)
v, &5 2 FFstxAo] 43893, hydroxyl radicalell thgh &AZdL do}
], dolAtuot], SR P FFEEBC] AT AX W ST

of g AL FFeta, WolFAn], FolAtiuloln], ol gl
e 7F 8kt E. coli PQ37S AAMEZE mitomycin C7} =38 DNA
olof thgh JA e FFt2A, WolAuolr], T B FgHAgo
3193, mitomycin Coll 2]g 4F3}4 DNA strand breakagedl tidt A|&d-e Fi
obfrAim], wropfAm], ol Atufjoln] B ol u|o| A A YEt TEE
A9 A @A tumor initiationo] W3 A AL V79 cellS XAAEE AL}
AR A3, 3 4-NQOS AHE3ls o) A Ald, kol ot gl
op7tE]F2ge] F4e] $FE Tk LPSE A58 tAMEF RAW264.74 29 NO

oo e
41 o 2 2
)

O

Aol tig AL Fado]l 7P A, MMPY ¢ thgh AT
Fodopfu], drobfaiw], Fkoldw] gl Fagdo]l 43tk HITHAEFQ
RBL-2H39] histamine ¥Zol 3t A4S AR 23, A23187 9 IgE A5 &
FoAA FFetE o AdAaRs BHEEAOY I BHL =4 Gurh T
oA thufotw], Lol Ahujolv], TFa2A B Faae] 2olrt FAF A wAE
FTFS A 29, TR fFoeA TFY FA4S AT tiAAEe] ¥
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