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Summary

I. Title of Research

Development of Processing Technology of Bioactive Concentrate and Dietary

Fiber using Vegetable By-products

II. The Objective and Importance of Research

The objective of research is development of processing technology of bioactive
concentrate and dietary. Korean cabbage and radish have been cultivated for a long
time in Korea, but its demand is limited because Korean cabbage and radish are
simply processed to Baechu Kimchi, radish Kimchi, or dried radish. Some of cabbage
leaves, or radish leaves were produced by-product in Kimchi processing. Prices of
cabbage or of radish are fluctuated by demand-supply relationship. When supply
surpassed demand, their prices fell below production cost, unfortunately, cabbage and
radish were occasionally thrown away on farm.

Recently cabbage and radish, and radish leaves reported to have cancer preventive
effect and to have much mineral and dietary fiber. It is useful to make the
concentrate which is having cancer or anaemia preventive effects, using
by-products or surplus of cabbage and radish. Attempt was done to develop process

of bioactive concentrates and dietary fiber from vegetable by-products or surplus.

III. The scope and Contents of Research
1. Selection of liver cancer preventive concentrate and iron absorptive concentrate
and dietary fiber content of their vegetable

O Collection of vegetables and property comparison of main and by-product



O Protective effect of vegetable concentrates on liver cancer in rat

OlIron absorptive effect of vegetable concentrates and dietary fiber content

2. Production of liver cancer preventive concentrate and iron absorptive concentrate
and refinery process of dietary fiber
O fractionation of effective components
O Protective effect of fractions against liver cancer in rat
O TIron absorptive effect of fractions and refinery process of dietary fiber from

vegetables

3. Application of concentrates having liver cancer preventive effect, iron absorptive
effect, dietary fiber and their properties
O Application of concentrate of liver cancer preventive effect and iron
absorptive effect
O Effective concentration of liver cancer preventive effect on rat

O Property of refined dietary fiber and their application on foods

IV. Conclusion and recommendation
1. Selection of liver cancer preventive concentrate and iron absorptive concentrate
and dietary fiber content of their vegetable

Protein, ash, carbohydrate, and glucose, fructose, sucrose, iron, calcium, and
zinc contents were analyzed in Korean cabbage, Korean radish, Altari radish, and
their leaves, which all belongs to brassicaceae family, respectively. Their
concentrates of vegetables were tested whether they had liver cancer preventive
effect in rats or not. In this study it was identified that cabbage, radish, Altari
radish, radish leaf have liver carcinoma inhibitory effects. Altari radish did not
show liver carcinoma inhibitory effect. Liver tissues and blood were sampled from

Sprague-Dawley rats after 9 weeks of the vegetable extract-mixed drinking water or



fed with carcinogen injections for the first week. Liver carcinoma inhibitory effect
was confirmed histopathologically using H&E staining showing the phenotypes of
liver tissues, and it was detected by immunostaining of GST-P+ foci, known as an
indicator of carcinogenesis disease. Although serological analysis was done by
identifying in-blood liver related enzymes’ values as GOT and GPT, there were no
significant symptoms from this analysis.

The vegetables were also tested whether they supply iron in rats or not.
Anaemia had occurred from rats fed with iron deficient feed. Cabbage flour showed
to increase hemoglobin content. Korean radish leaf and Altari radish leaf resulted to
more increase hemoglobin content than the other vegetables.

Dietary fiber contents of the vegetables were determined. Korean radish leaf and

Altari radish leaf showed higher content in total dietary fiber than the others.

2. Production of liver cancer preventive concentrate and iron absorptive

concentrate, and refinery process of dietary fiber

To 1identify the effective elements, anti-carcinoma test with 1st and 2nd
division substances of the vegetable extract was done. These fractions were tested
in inhibitory effect of liver cancer, respectively. The fractions did not show inhibitory
effect of liver cancer. Phenolic acids, indol-3-carbinol, S—methylmethanethiosulfonate,
and sulforaphane, which were expected to show inhibitory effect on cancer, were
analysed. Ferulic acid in Korean cabbage and Korean radish leaf, sinapic acid in
cabbage, m—coumaric acid and p-coumaric acid in Korean radish were higher than
the other phenolic acids. Indol-3-carbinol, S-methylmethanethiosulfonate, and
sulforaphane were detected in trace level.

Korean radish leaf showed high content of iron. Differentiated fractions from
the radish leaf concentrate were tested in iron absorptive effect, hexane layer
showed slightly increase in hemoglobin content in anaemia rat compared with

butanol layer or water layer. To enhanced iron absorptivity, Korean radish leaf was



treated with heat and organic acids. The radish leaf concentrate obtained by these
treatment showed to increase higher hemoglobin content than untreated radish leaf.
Dietary fiber refinery conditions were investigated. Water soluble components in
the ground vegetables in water precipitated to primary alcohol insoluble residue.
Water insoluble residue soaked in hot acidic solution, soluble dietary fiber could

separated, precipitated to secondary alcohol insoluble residue.

3. Application of concentrates having liver cancer preventive effect, iron absorptive
effect, dietary fiber and their properties

Korean cabbage concentrate, Korean radish concentrate, and cabbage concentrate,
which are all having liver cancer inhibitory effect, were applied to simple drink, fruit
juice, milk, yogurt. Korean cabbage concentrate could apply to water of pH 3.75,
sugar 10%, 1-3% level of the concentrate, and also to red Jinseng juice, plum juice,
grape juice in 1-2% level. Korean radish concentrate could apply to red Jinseng
juice, grape juice, plum juice without sensory difference.

Heat-treated Korean radish leaf concentrate, which enhanced iron absorptivity, could
apply to red Jinseng juice and grape juice, and to peach/yogurt, blue berry/yogurt,
straw berry/yogurt in 1% level.

Korean cabbage extract, which was proved to have liver carcinoma inhibitory
effect among the three vegetables, was fed to rats on different concentrations and
the effective concentration was determined. Korean cabbage concentrate fed to rats
on several level. All of tested group showed inhibitory effect of liver cancer, but
degree of inhibitory effect was not increased proportional to the concentrate level.
The minimal effective concentrate was 2.5mg/ml. This study especially reported that
Korean cabbages have anti—carcinoma effects, and further suggests a possibility of
some new healthcare food with the ability of preventing liver diseases.

Primary alcohol insoluble residues from Korean cabbage, Korean radish, Korean

radish leaf, Altari radish, and Altari radish leaf were consisted of protein, ash, and



carbohydrate. Their carbohydrate had high content of reducing sugar. Secondary
alcohol insoluble residues of the vegetables were consisted of high carbohydrate
82-94%, which of 52-90% were galactouronic acid, so they seemed to be
pectin—like-materials.

Korean cabbage flour, Korean radish flour, their leaf flour, etc. were applied to
bread, and rice cake (Baek-sul-ki). Primary alcohol insoluble residues were also
applied to bread and rice cake. Secondary alcohol insoluble residues were applied to

grape juice to evaluate the sensory property.

4. Recommendation
We studied processing technologies of liver cancer inhibitory concentrate, iron
absorptive concentrate, refined dietary fiber. These developed technologies will apply
to industry, and encourage farmer to cultivate Korean cabbage, and radish. There are
need to research further about anticarcinogenic compound and mechanism of
protective activity, and new bioactive processing technology of Korean cabbage and

radish in the future.
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338 &-3}o] n-butanols < EolA ZYEE3le] n-butanol T EE
L -
ES

utanolS 7}skal 23 =
L 3]
T g EFete sRTFEEEE kAt

I~

15. A 2F=E% 9 phenolic acide] +4
Phenolic acid®] free form, estrifed form, insoluble bound f
o g SANY. S WiFesE, dlFsSsE, F55E, THTSFEY AR 10gs

methanol + acetone+water(7+7+6, v/v)E 63] §W-E FZ3lgth o] F&HS Hol 944



Fhoz Yied F5dE $5Fdtel 6N HCIZ pH 22 =43 F
5 T2 AT EA9 T hexane 20ml % Yo 53
HHE- 353 $ hexane 59 =355 #8389t Hexane S5 ethyl ethertethyl acetate
(1+1) 50ml= 6¥FHE-F&3 & 5323l free phenolic acid #4 & AR=Z 3. &%
o] 4N NaOH 10ml& ¥l 47413k Aol A 7heitsiste] 6N HCIZ pH 22 =43 &
Aol 9o A3 AR FE39] esterifed phenolic acid #48& A BE 33t
agal AFHE AN NaOH= 7Fedafighs fleh 5d3 &A= FF3te] insoluble
bound phenolic acid 48 A& =2 At}

b A8 AaE A4 gas® AAAY L SHFR &kl Sepak C18® of 3
st AA AT o] AFAE pyridine®} bis(trimethylsilyl) trifluoroacetamid (BSTFA)
plus 1% trimethylchorosilane (TMCS)E Yo €3d|Az1$ 80C water bathell A 15& 3t
HE-S-Al A A phenolic acid ~-Me3Si F =4 & A48t o] fF=A= HP5973/MS Willy
275 library¢} EEwS L AHew HE F=AE 44 vlaste] SIM modes
Abgsto]l R gaEvagddies 44 gttt AHE S 2§l VF-5MS(30mx
250um id. x 0.25um, Varian, U.S.A.) ©]H, injector <% 260C, oven =% 80C - 4T/

B -260C/HhECo®E &%= programdt i, He gasES Iml/mineZ T 2A 31

ONI

)
N

source <% 230TC, MS Quad. &% 1507C, ion polarity positive, ion source= EI mode
ol =A3sAtt. =A% phenolic acidE= caffeic acid, trans—cinnamic acid, o—coumaric
acid, m—coumaric acid, p—coumaric acid, ferulic acid, p—hydroxy benzoic acid, sinapic

acid, syringic acid, vanillic acid ©] it}
16. A 2FFE%52] indol-3-carbinol, S-methylmethanethiosulfonate, sulforaphene]

TEE, FEsE, FATSES 44 ANEERE FHste SR 10
9 2uiZe] dichloromethane 2.2 33]% FZ3}o] dichloro
-methan £& Fo}A sodium sulfate anhydrous® %<& A A3 . Dichloromethane
= HobA HstEFstel GC/MSD= &5ttt HP6890 GCE Ab&ste] Zd

HPSMS (30m x 250pm id. x 0.25um)°.= 40C/20% - 10T/ - 2710C/62o= &%
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¥ 3 AgALe dukA R (dry weight basis, %)

A A 3| & Z ek ZA A ek 3t &
vy 3 10.2 19.2 2.1 63.5
_ ol 55 11.8 0.4 82.3
4 F
5+ 9.0 11.6 37 75.7
EFE] 8.1 12.3 1.1 785
7 A 16.9 18.8 15 62.7
A
el -4 20.3 20.3 14 57.8

(3) AMxF9 #8F(glucose, fructose, sucrose) =k
Aol A et FAAGE FElEe B4 fstd AlEALE sAAXS
< methanol2 F%3le] HPLCZ 9 ]

¢} acetonitril &= (25+75 v/v)S A&, BAE ZH o2 A carbohydrate
column (4.6 x 250mm)S AM&3t9 2, AEL2 RI detectorz 33tk Al 2F
glucose, fructose, sucrose’t HEFH L, 1 o9 FFHE= HE3A osto]JATH(E 4).
w329} S glucose®t frucose’t Ekou}, HiFE glucose’} Ee wbd Fuj =
fructose’t B BATh, FoF LEFE T wWlFHRY sucrose’t Bokth T LdERE A
< ol At AAA dEgFoR HH wFeof F, e = 750 mg/kgl o],

o

k]

FulF= 12185 mg/kg S2A ol Wk, T dErg T Fol AU

S
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E 4. N@AAF glucose, fructose, sucrose 3% (mg/g-AXE)
2 A glucose fructose sucrose A
Ll 364.8 351.3 14.2 730.3
o+ &l 541.2 575.7 101.6 1,2185
+ 360.7 398.3 28.8 7879
oFebE] T 317.3 70.3 35.0 711.7
Ham ! 117.0 118.3 39 244.3
oete A 55.7 70.3 11.1 137.1
4) N2 F "Fad - H(Fe), Z+#(Ca), oFd(Zn) &=F
A 2= ol A nEFas&s S48 vFaEed #A(Fe), Z4(Ca), ofdd
(Zn)2 B QA A5y 7ldfeln, 2o F&% = 18 3 (water extractable form)-&

Abgrel gAse W AUl 44 F4E 5 9

& Al A 2ol A

=z = =

b

Ao g oy deoltt. fald

ZHFE F=39] flame atomic absorption spectrometer® =74 3}$
t Z#Ca)s B4 wi= g2 o9 W&lE ¥37] 935+ lanthanium chloride
Tgste] EAE AT A A Lo EAEtE FEld H(Fe) 3-18mg/kgella, FEH
Zr45(Ca)2 750-14,000 mg/kg, F218 oFd(Zn)2 6-26 mg/kg o= YELGT o=
i 5 AAAMET FEP H(Fe), Z+(Ca), o} (Zn) T (mg/kg-HxE)
A A& Fe Ca Zn
vy 6.4 4,737.3 26.0
_ Al = 18.4 1,741.5 10.9
& F
n 10.0 1,360.6 14.0
oFehe] T 9.7 756.4 8.6
T ¥ A 4.5 8,912.0 7.0
oete] A 3.6 14,068.5 6.1




Fed H(Fe)ol =%, WiFe Feld Zu(Ca)dt okd(Zn)o] =3tk T3 deke

ol Feld 245 (Ca)el 53] t] BTHE b). wiFo 74, gy Al f9
A
H

AN@BANEFE] Fe, Ca, Zns Feld 2FFS F3 TZFom EA48A Al

AAEE A F drtem Eafste] AvrstAl7IaL, vA] Ao w =HolA flame
atomic absorption spectrometer® A3t 1 A3 F #H(total Fe)> 50-327 mg/kg
|, F Zs(total Ca)v 2,700-20,000 mg/kg, F °FA(total Zn)<2 2-51 mg/kgl =
YERSTHEE 6). FEld A (Fe)d FEld Za(Cael T A3 F Zad A v&s 4
Z AxkgE Axb= 3 73 2 wiFe] A5 2l ® Feol Hl &2 75%% YERsEaL, &l
F 37.0%%2 YEETh weA wj e FaFEn F H(Fe)S o BAY 4 S
Aow oAEATt FHY dEtEFAES FEd H(Fe)ol 1%HRE vl AAT F
P o v Ho o] gL FUhE Bow FAHIIGY FAHN GEE R

[e]
o
T Z(Ca)el 53] Bdth ZHS AFARA 28-87%7F Freld oz EAA &

=

o

[e)
d

¥ 6. & Zl(total Fe), & Z%(total Ca), F o} (total Zn) &% (mg/kg-AZE)

2 A Fe Ca Zn
Hy 4.9 9,828.2 515
REIES 49.8 3,533.5 55
g =
i 98.1 3,835.4 21.0
< EFE] 75.1 2,692.8 3.2
A 3276 19,854.0 32.1
e
< ERE] A 193.9 15,996.5 2.7
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5
FUSHe o B, waE WAL & dvkn LA Aok ARz

o] FalzleHE FAhFdFOoR = 1 1-diphenyl-2 -pierylhydrazyl (DPPH)®l| tf3l uk
So7 zAEAY. T2 2E A AL methanolz2 FEES TEL T3] o
A% ¥wR 8483, DPPH/methanol (10° M)&9lo] 0.1-02mgs 7bti 16239
FAEe WEE ZAEIY datsE S ALtsgnh o A FEE02mgollA e
5.9%, FHlF+= 3.6%, T 2.3%, LEFE ST 33%ZEA HjF7F 4 =& Ao YEhgty
(% 9). 2eiv ¥H3 Ldete P gL 747 574%, 487%=A wiF Ly F-ruh aaksiE o]
=& Aoz Yyt
9. N AL F4595(DPPH)l <3 aitstsd (%)
j%;ji 0.1 mg 0.2 mg
3 2.8 5.9
op s RS 15 3.6
o™ 7 0.2 2.3
e - 1.6 3.3
. 3 459 57.4
TEE L e A 336 48.7

2 60TelA 647
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* significantly different from positive control. (p < 0.05)

#* significantly different from positive control. (p < 0.001)
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E 1L AnFEAACN & APsES AT, 1 H AdAH W] Ao mA =
R
A%+ | DEN A= (gla s Hga & foci #a
57 (%)a
Hj| 5 + 383.79 £ 16.26 | 1551 + 3.10+ | 4.04 £ 0.78+ | 6.80 + 4.16%x
- 380.28 = 18.02 | 10.41 + 1.08 | 273 = 0.18 -
&l 5 + 39141 + 14.86 | 1551 + 246+ | 3.97 + 0.67+ | 650 £ 521*x
- 391.16 £ 30.33 | 1044 * 1.25 | 2.66 * 0.13 -
. + 383.02 £ 1516 | 14.60 + 2.22+ | 3.82 £ 059+ | 9.20 + 3.36%:x
- 38294 + 23.02 984 £ 0.80 | 257 £ 0.11 -
3 + 37523 £ 13.28 | 14.81 + 3.04+ | 3.95 £ 0.81+ | 820 + 4.05%x
- 380.92 £ 2593 99 + 1.04 | 261 + 0.11 -
odEte] + 397.16 = 2360 | 1650 + 254+ | 418 + 0.77+ |12.80 £ 9.61INS
- 396.34 £ 1325 | 1094 + 069 | 2.76 £ 0.16 -
dete] A + 379.84 + 3268 | 15.68 + 2.75+ | 4.16 + 0.82+ | 11.60 + 6.57x
- 387.30 £ 1640 | 1052 + 095 | 2.71 + 0.16 -
o = + 386.30 = 26.67 | 1594 + 437+ | 4.09 £ 0.95+ | 20.10 = 6.84
- 38168 = 2264 | 998 + 1.17 | 261 + 0.19 -
a mean * SD
+ significantly different from non treated control. (p <0.001)
* significantly different from positive control. (p < 0.05)
#* significantly different from positive control. (p < 0.001)
NS not significant
(D Ax FEaRAte)e] Fort ddd B dAd mAl= 9%
AMarFEEFAE)RA FHS AAT AP0 p<0.001d =& FEo=2 o
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Al AL IPES Folal ethanol &N} HX P TP ELS FEIATLE F

3 &2 ThA] 80% ethanol® *°]il ethanol €43 %] e uFES 3 T 4]
75% ethanol® At} o] 243EE ethanol &k W& ° 3

H= ¥ 29 £y, Hexane 7FMAEZE 2 166%, 90% ethanol 7F&AEdL 27.9%,
80% ethanol 7F&-Ad &AL 32.0% = 7F¢ B3, 75% ethanold 532 ¢+ 1HEE oF

ZH1.5%) AA .

i

0

(4) 9353259 hexane, butanol, ZF5 0] o35 23
W 355 =S hexaned?t SFTE 1A 8ot ZHzbe] F& st =+

E WolA 2z 23Tt o] o= #

't} Hexane =< 12.4%, n-butanol &2

4 5
2AY0R E5S sl 49e BRx0oR Uk Hexane 3¢ 13
1 =2

w3 28E (%, M)
Hexane = 124 (%4)
n-Butanol = 55.1 (&A1)
THT = 325 (3H41)
U A FEF] 28 g 3 A7 2A}
A TS EZA AY % hexane, butanol,

%

31t} Polyphenole

ksl Ed 2 FAE L JE H, dAsEES 43 5943 w38 HXE 4 Ay

#9077 wiEo]At}. Polyphenol $#e A.O.A.C.ol £39 Folin-Denis Wil <
o]

BEA3lo] tannin FFCEA EAEYA T Hexane =04 0.33mg/g, butanol =9

Of

ol



A& 3.34mg/g, water Zol| A= 047Tmg/g 2 A EF+27 butanol Zo| 2ok

¥ 156, WiFs=E29 E3E F polyphenol &3

73 polyphenol ¥ (tannin® 24 mg/g)
Hexane & 0.33
Butanol & 3.34
THRT F 347

o] ] hexane, butanol, water= 12}, 22} £8 &l A3 F ol A
H7b gle Aoz vergrh oebA e Al

(1) WMiF5=% T A E(glucose, fructose, sucrose)2] oFaF
FAELE AAAAGES oA FHET B2 HFS AAsta Jlen
2 1A FAEY FHS ZAsAT. 9 R e WFESHEA A methanol® FE3HA
HPLC®Z 3 HZ &3t o] %A (mobil phase)© &4 water?t acetonitril &Y
(25+75)% A} B8 Z¥ o2 A carbohydrate column (4.6x250mm)S A& 3+

A3, AE2 RI detector® 3t w55 F =l A1 glucose, fructose, sucrose’t &5

o
ol
45/
ke

¥ 6. W3 =% F glucose, fructose, sucrose % (mg/g)

FTEE glucose fructose sucrose A
W 55 261 287 27 576




A3, 1 ol FFE HESA olsto| AT 16). HlFFFE2 glucose”t 261 mg/g,
fructose?} 287 mg/g o & B3 FEo]Q Il sucrose & 27 mg/glE A EA S,

A7A Fe w5 A 576 mg/gE AR

) Bl el -, 49 w5 EF oA phenolic acid 33

A phenolic acids £ ¥4, FALE, FLelx, ndLlA 5 ol
A AE 5 sttm LelAm vk ool ulel FRAGNA gt A ETo]l Y=
Ao ey wEREEE, FEREEE FEEE £3%Z2dA phenolic acid 33
g 2agn

Phenolic acide 2l &2 EAst= FHdl o} 37HA 2 vzt x4
Yol A FaAe2 &8s 83 (free form), glucose YW quinico] ester® 235
A o =E A7 (esterified form), 183 ZA o] ©w3d] AFHo] Eo X &&=
42234 (insoluble bound form)e] Ut} o]elgt A33 phenolic acidE Z+2t 7Fr&

slste] frE]l@ o0& whEo] gas chromatogray® 2|33l mass spectrometry® 213

2

i

‘|—‘

&
M
1
$
14
. .ﬂ

HFsSEd dFssE, F55E, THESEA EAse FH9F
phenolic acid & % 173 2t} w555 A& ferulic acid’} 265 mg/kgO]SfiI’_
caffeic acid7} 22 T2 2 22.8mg/Kgel 1, thE phenolic acide A& A Ut}
WEF5s5Ed+= 213 phenolic acide AEFXA Yo, F&x5Ed+= syringic acid
7F 20mg/Kgo. 2 AZHAt. FH 55 = #88 phenolic acide AEW A &gk
t}.

W F 5559 JulF55E, F55E, THTHE EAste d-d24F3E
(esterifed) phenolic acid &2 XE 183 2o}l wFF
12.8mg/Kgo. & 7} ©9kil, o-coumaric acid’} 9.6mg/Kg, p-coumaric acid’}
79mg/Kgo 2 OS2 Wttt YulFF &A= sinapic acid’} 25.4mg/Kgo= 7}
Wttt &= m-coumaric acid’} 13.7mg/Kgl & ®Bti, FAHAFEE=
ferulic acid’} 654 mg/kgo. = 7} ®kal sinapic acid 39.6mg/Kg, caffeic acid
25.4mg/kg, p—coumaric acid 20.5 mg/Kgel 2t} AA A o2 o ~&A3F}3] phenolic acid

=

ZEo| A= ferulic acid’}



X 17 MiFssE, dlFesE, Fese, FEsSEd A8k el d (free
InY

form) phenolic acid (d

weight basis, mg/Kg)

Phenolic acid w3 REIES 5 77
caffeic acid 22.8 n.d. n.d. n.d.
trans—cinnamic acid n.d. n.d. n.d. n.d.
o—coumaric acid n.d. n.d. n.d. n.d.
m-coumaric acid n.d. n.d. n.d. n.d.
p—coumaric acid n.d. n.d. n.d. n.d.
ferulic acid 26.5 n.d. n.d. n.d.
p-hydroxy benzoic acid n.d. n.d. n.d. n.d.
sinapic acid n.d. n.d. n.d. n.d.
syringic acid n.d. n.d. 2.0 n.d.
vanillic acid n.d. n.d. n.d. n.d.
sum 49.3 n.d. 2.0 n.d.
nd @ FAEF¥A 25 (not detected)

%18 wFssaE, $MFsE5E, FE55E, TAsSE EAe A 29
(esterifed form) phenolic acid (dry weight basis, mg/Kg)

Phenolic acid LIS REIES 5 77
caffeic acid 3.0 n.d. n.d. 25.4
trans—cinnamic acid n.d. n.d. n.d. n.d.
o—coumaric acid 9.6 n.d. 2.7 2.6
m-coumaric acid 1.6 n.d. 13.7 15.4
p—coumaric acid 7.9 49 n.d. 20.5
ferulic acid 12.8 n.d. n.d. 65.4
p-hydroxy benzoic acid 2.3 1.1 2.1 175
sinapic acid 51 25.4 n.d. 39.6
syringic acid 3.3 2.7 2.6 n.d.
vanillic acid 2.5 n.d. 19 438
sum 48.1 34.1 23 191.2

nd. @ AEHA & (not detected)




o FAE FHETFHE 191.2mg/Kgo.2 7+ &3, I v w=F
481mg/Kg, ¥lF+5=5 34.1mg/Kg, F5=% 23.0mg/Kg & o]t}
W3 s5Ee JuFeHE, F55E FHTFEN EAse E88ATY

(insoluble bound) phenolic acid $+#& # 19¢} Zt}. wWFF=F=E A+ ferulic acid’}

olf
Hy
i

32.5mg/Kg, trans-cinnamic acid 7} 13.2mg/Kgel il ¢Ful 55 & X sinapic acid

7} 75mg/Kgel Atk Fol A& p-coumaric acid’} 12.0mg/Kgo. 2 UYL FH &=

p-coumaric acid’} 34mg/Kg 92t Ax Aoz 284 A3 phenolic acids= 3%
FolA 7Hd w2 52.8mg/Kgelflal, dulFs5= 158mg/Kg, an 17.7mg/Kg, F+7%

74mg/Kg w°] At

8 HgAATS o] 217} 48-53mg/Kgl =

FE= A
7‘19] H]%l’ @'%% EO]*‘E =] OO]ZHH—%—Q]— E—, —‘:,’—‘g_‘(_} oﬂz\_FJ 7‘_3163—6:101 7]_1}. u]—o)\.]:]_

£ 19 MFEEE, PNFEEE, PR PSRRI A% 2E9ATY
(insoluble bound form) phenolic acid (dry weight basis, mg/Kg)

Phenolic acid i 5= &y = R 4
caffeic acid n.d. n.d. n.d. n.d.
trans—cinnamic acid 13.2 n.d. n.d. n.d.
o—coumaric acid n.d. 1.9 n.d. 2.0
m-coumaric acid n.d. n.d. n.d. n.d.
p—coumaric acid n.d. 2.8 12.0 34
ferulic acid 32.5 1.5 n.d. n.d.
p-hydroxy benzoic acid 2.1 n.d. 2.2 2.1
sinapic acid 1.5 75 n.d. n.d.
syringic acid n.d. n.d. n.d. n.d.
vanillic acid 3.6 2.1 3.5 n.d.
sum 52.9 15.8 17.7 75
nd @ AE5A &5 (not detected)



FsSEd dilFssE, F55E, TsSEA SAsts FadH o~
5 phenolic acid®] & 3 203 #t}.

W358 29 ferulic acid’} 71.8mg/Kgl & 713 B, 71 ths& caffeic acidZ A

i)
iib)
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25.8mg/Kgol A th. duF5=EL sinapic acid’} 329mg/kg® 7Hd ®gta, FE5=E0
+ m-comaric acid®} p-comaric acid”} 13.7mg/kg, 12.0mg/Kg o & #H] =&} t}.
FAFE=EE=  ferulic acid7b 654mg/Kge 2 7F4  @ekal,  sinapic  acid’}
39.6mg/kglo® 1 thgoz BUT FHEFE A phenolic acide 198.6°2.= 7174
Wi, O o ® wFsHES 1502mg/kg &2 EIYT duFEHEYN FHEE

Eo| = 49.8mg/Kg# 42.7mg/kg Z 35 o] 2T}

® 20 WiFsHE, dlFsHE, F55E, T 555 EA3F total phenolic
b

acid &% (dry weight basis, mg/Kg)

Phenolic acid Hj 3= RIS T 4
caffeic acid 25.6 n.d. n.d. 254
trans—cinnamic acid 13.2 n.d. n.d. n.d.
o—coumaric acid 9.6 19 2.7 4.6
m-coumaric acid 1.6 n.d. 13.7 154
p—coumaric acid 7.9 7.6 12.0 23.9
ferulic acid 71.8 15 n.d. 65.4
p-hydroxy benzoic acid 44 1.1 4.3 195
sinapic acid 6.7 32.9 n.d. 39.6
syringic acid 3.3 2.7 4.6 n.d.
vanillic acid 6.1 2.1 53 4.8
sum 150.2 49.8 42.6 198.6

(3) Wi, FwiF, F, A9 FE=EA indol-3-carbinol, S—-methylmethanethio

—sulphonate, L-sulforaphane®] 3%



WEFs5E9 4 FE2E FAH¥EES dichloromethaneo. & %
zFeoy GC/MS=E 2+ peakEs S—-methylmethanethio
—sulphonate, L-sulforaphaneg 323}t
wo 9] peak’t LAESN O Y S-methyl methanethiosulphonate =

=

= 270(2058% area 0.32%; 22.48% area 5.91%)%to] AL A},
We 49 peak’l EATFAL

indol-3-carbinol,
W22 ggnteade 13 59 7

FAE £ peak

R
=]

P FEsEHE] AZnEINLS I9Y 63 T B
1} S-methylmethanethiosulphonate® 4 =& 3709 peak(11.38% area 0.34%; 21.88%
area 1.36%, 22.37% area 225%; 23.9% area 0.42%)7} 27A %<1, L-suforaphane &

FAE = 1709 peak(24.4% area 0.27%)7} @A %3, indol-3-carbinol® H.o]+= 1709

peak(25.05, area 0.24%)7} =A% 3t}

.......

EIEE]

||||||

||||||

D=



FEEY ARviEafe 249 73 2o B2 9 peak’t AL
S-methyl methanethiosulphonate® F4 %+ 4709 peak(7.86% area 0.55%; 21.88%
area 0.93%, 22.48% area 6.81%; 27.29: area 1.502%)7} =715 It}

TAHEEE] ARvEaNS a9 83 Zuh Be 9 peakrt TAE L
S-methyl methanethiosulphonate® FA %+ 4709 peak(20.59% area 0.46%; 21.88%
area 0.49%, 22.48% area 1.83%; 27.29% area 0.95%)7} &A% ) 1L, L-suforaphane &
FAE = 1719 peak(24.4% area 0.39%)7} 27 =t}

kv

a8 o 7)ol FHE peaks FEO] 1-2%% g o} A Aol okslm
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small foci large foci
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O 12 ¥ F 5= R AR wE dekd i W
A D GST-P'9 g M(a, ¢ MiIF%EE 25 mg/ml A3 2 small foci,
b, d : thET9 large foci) B : GST-P'foci 4=
* significantly different from small foci control (p < 0.05)
+ significantly different from large foci control (p < 0.001)

++ significantly different from largel foci control (p < 0.05)
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golw ] ekoktt. d3F  ALP(Alkaline Phosphatase), r-GTP(Gamma-Glutamyl

Transpeptidase) S Ao 22X HH9 32+ =29 O]/\l- G 7 Asle] G5

E #ad F ded olgd Wt dixad) vl FElg AfolE HolA] gttt
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sE= wolol w

o -
o GOT GPT* ALP*
e (Iu/L) (Iu/L) (Iu/L)
2.5 mg/ml 135.69 + 27.85 73.92 £ 11.41 249.23 £ 36.37
10.0 mg/ml 119.60 = 13.40 75.20 £ 15.07 233.67 £ 37.89
20.0 mg/ml 117.40 + 16.81 71.40 £ 15.30 243.47 £ 29.89
control 125.27 £ 28.96 80.33 =+ 14.63 260.20 £ 40.83
2 mean + SD
71#A GOT: 75-150, GPT: 25-60, ALP: 60-220, ALb: 2.7-4.0, GGT: 0-10, T-Bil
0.0-1.0
X 23 = WFEEE Fold 2 AU AEEA (AF)
e Alp? GGT® T-Bil*
e (g/d?) (lu/L) (mg/d2)
2.5 mg/ml 495 + 0.70 0.62 = 0.77 0.18 = 0.04
10.0 mg/ml 513 £ 0.43 0.47 = 0.64 0.12 £ 0.04
20.0 mg/ml 5.01 £ 0.40 0.47 £ 0.74 0.12 £ 0.04
control 5.35 £ 0.45 0.53 £ 0.74 0.13 £ 0.05
. mean + SD
71%x  GOT: 75-150, GPT: 25-60, ALP: 60-220, ALb: 2.7-4.0, GGT: 0-10, T-Bil:
0.0-1.0
(4) TG AHo M HlFFEHFEL (X ALA W gk A5 H)
HF55Ee vl Fos #EUddAe dds AxE /A2 s AAEE &
o1ttt At (W FA el GST-P7F A" AXE o wel small foci®t large
fociz Yol #Ze A3 BE focidl A p<0.005 52 o4l A7 #EEH A
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gube vehls] fistel e FEE mobdol stgith pH 3759 AFTsh WA

O >~
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% 25 WFFEEHES pH ¥ 73%
Al d T
- pH 350 pH 3.75 pH 4.00
o) 2.7+1.1 2.8+0.8 2.8+0.9
A 3.8+1.0 3.8+0.9 3.945.6
W AR 3.0+0.7 32+1.1 3.1+1.1
B\ 4.2+0.7c 3.3£0.8b 2.6%1.0a
ot 2.9+0.9a 3.5+0.5b 4.2+0.6¢
THH Vse 2.1£1.0 3.0£0.9 2.61.4

A, A%, Wk 1-okF oFsht}, 3-n otk bookd Aok ; 9w, WAl FHA S5 1-oF ymeh 31
Folt} 5=o}F ETh; a, b, ¢, 2 A= FAHLE Aol7t 2 (p<0.05)
2) MFEEES S5 8317 S dAHIG=
35280 5% Ed8H =FFo ascorbic acidE AFg3te] pH3.7H= %4

shal, AEto g T2 8% 10%, 12%, 14%% sto] #%54 EAS xAS A3 I 26

o
Al T

g F= 8% g 10% TE 12% T 14%
oo 2.8+0.7 2.6+1.1 2.3+0.7 2.4+1.2

Al 3.3£0.7a 2.8+1.0a 3.1£1.0a 45%0.7b

W AR 3.4%0.9 24+1.1 2.6%0.9 3.0£1.3

Algk 3.8+1.4 3.6+0.7 3.3x14 3.4+1.2

ook 2.8+0.7a 3.0£0.5a,b 3.6+0.7a,b 3.8+0.9b

THH VEe 2.4+0.9 2.6+0.9 2.8+1.0 2.8+1.0

A A gk 1=o}F okaith, 3=nBolth 5=} Zatth ; oW, WAl A JEE: 1=o}F vl

e

3=HF ot} H=o}F FTh a, b, T2 A= SAHSE Aol7F A (p<0.05)
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*E 30, TA/MFEFeRS #H5A 54
Ald T EASES TAeE TAeE TS E+
& &= MFEsHE0% | MF5HE1% | MF5HE2% | 355 E3%
SR 3.80.5b 3.0+0.8a,b 2.5+0.9a 2.6+0.7a
A4 3.3+0.7 3.9+0.8 4.1+0.8 39+1.1
WA 3.4+1.2 3.4+0.7 3.3+0.5 3.1£1.0
Algk 3.0+1.3 3.4+0.9 2.6+0.5 3.4+0.7
ot 2.9+1.0a 3.5+0.9a,b 3.4+0.9a,b 3.9+0.6b
THH Vse 3.4+0.9 35+0.5 2.9+0.6 3.0£0.7

® 3L F/E e5e] #eA 54
e A+ AT+ A+ AT+
g EFE5HE0% | MF5HE1% | MF5FHE2% | 5535 E3%
o] % 3.1+1.0 2.3+0.9 3.4+0.7 26+1.1
A4 1.8+1.0b 2.1+0.6a,b 2.8+0.9a,b 3.1+1.1b
WA 3.0+1.0 3.0+0.5 2.6+0.5 2.5+0.5
2lgr 1.4%0.7 2.0+0.9 2.5+0.9 2.1+0.8
ok 1.8+0.9 2.1+0.8 25+0.9 2.8+1.1
34 VEe 3.1£0.6 2.3+1.0 2.4+1.0 2.0£0.9

A, A% @k 1=0}F okaith, 3=nBolth 5=} Zetth; 9%, WAl FFH 7 EE 1=o}F e},

3=RHFo|t}. b=o}F Ft}; a, b, 2 Az = AR Aol7t -5 (p<0.05)




Hol(plain) THLTFEE BV THQTEZE FAQZE THQFEE HEol AT
2ZE, EF g (blue berry) IAQTEE
A

A S ATH(GE 32).

AdT] A A [ HAAE | BEeF + | Ewuel

e MEEEE | E25EE | MFEEE | E5EE | WFERE
91 7= % | 4.0+0.9b 2.8%1.0a 3.8£0.5b 3.6£0.7b 3.5£0.8b
U A =S 6+l.1a 3.4+0.5a 3.3£0.7a 3.1+1.0a 4.1+0.8b

WAl 715 % | 2.8409a 3.910.8a,b,c | 3.4+0.9b,c 3.0£1.2a,b 3.9£1.0d

Algk 7= 3.8+1.0 3.3+0.7 29406 3.0+1.1 3.3+1.2

wut A= 2.910.6a 3.5£0.8b 3.8£0.9b 3.91£0.6b 3.5t0.5b

2.910.6a 4.0£0.7b 2.910.6a 4.0£1.1b 4.0£0.9b

CEAATEE A A%, gk 1=0}F okalth, 3=nEolth 5=olF Zait} ; @, WA, FHH M BE

H
1=o}F vpmth 3=3Folt} 5=0}F FThH a, b, ¢, d, ThE AN E FAH2RE 2ol7 9 (p<0.05)



3® 33 "yt SR TEES WA 54

Al 2ZdY o+ aZy + aZd + aEY +
o= Fs5E0% | MFs521% | MFs5E2% | MF5553%

9] 4.4+0.7 3.0£0.9 3.3£0.5 3.3£0.7
Aol 3.5%0.9a 3.1+0.8a 3.6+0.5a 3.9+0.4b
Wajel 7|5 % 4.3+0.5b 3.4%0.7a 3.4%0.9a 3.4%0.7a
s 3.3+05 35+1.1 35+1.1 3.0+1.1
ot 3.6x0.7 3.8+0.7 3.5%0.8 3.6%0.9
THH VEx 4.3+0.7b 3.8%1.0a,b 3.3+0.7a 2.9+0.8a

fol
oz
o
(ru
(m
1=
>,
2

AW, Wk 1ok oFsirh, 3-mBelnh 5ok Zatth ; ¢k, WA, FRH Ew:

?_
1=0}5 Umt} 3=nEolt) 5=0}F T} a b, UE FATE EAROR Fo]7t A& (p<0.05)

(10) EFue 42T 2E it wFeHE S48
F:sses &7 S48 T2EC 1, 2, 3%E 44 st #s A
sS4 ARG wiFESEol 1% &g wel ofud T4 7S vobxlal,



B=olx + B ol + B ol + B =ofbx +
(H2T) | iFE581% | %5 82% | W35 583%
3.6+0.7b 3.8+0.7a,b 3.8+0.7a,b 3.0£0.8a
2.6+1.1b 2.8+0.7b 3.3£0.5b 4.3+0.5a
2.8£0.7 3.0+0.8 3.3+1.2 3.0+0.8
3.6£0.9 3.3£1.0 3.4+1.1 3.1£0.6
3.4+£1.1 3.6£0.7 3.8£0.7 3.8£0.7
3.910.8b 3.4£0.5a,b 2.910.8a,b 2.6t1.1a

3.8+0.9 3.1+0.6 3.1+0.8 3.611.2
4.3+£0.5 3.6+0.7 3.50.9 3.6£0.7
3.310.9 3.4£0.9 3.4£0.7 3.5%0.9
3.310.5 3.5%0.8 3.5%0.5 3.6+0.7
4.4£0.9b 3.310.7a 3.5£0.9a 3.0£0.8a
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4.3%0.7c
3.4+0.7
4.0+1.1

3.1+0.6

4.1+1.0b,c

3.6+0.9

A VEx:
(p<0.05)
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[e)
(e}
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FERER
3.60.7a,b
39+0.6
4.3+0.9

3.4+0.9

3.1+£0.6a,b
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BEolth 5

sttt 3
a, b, ¢, o

S

4.1£0.6b,c
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FAZOE pH/L Eobdol wet Ae o Fstelm
opstol ek Alutel ZEi pHAF AstRel mel Fshelgeh wukel FEE A A A

S
27b BUF FEA0%)YNE pHAF Rold 5% s Wil =AM Aow vyt

¥ 37 FEEEY ¥, S8 AE pH 3=
I TESE
9] = o] "ol 7k AA
FE (%) 413
ME (B2 %) 1.2
pH (&9 10%) 49
AT (ARE7F %) 53.8
¥ 38 FEEE Szo pHYE #5373 EA
Al g
gz pH 350 pH 3.75 pH 4.00
ol 7 2.9+0.9 2.4+0.7 2.2+0.8
A 2.3+0.7a 2.9+0.3a,b 3.4+1.0b
WAl 2.6+1.0 2.0+0.9 2.2+1.0
Al gk 4.6+0.5¢ 3.3+1.0b 2.4+0.7a
ok 2.4+1.0a 3.4+0.7b 3.6+0.7b
THH VEx 2.7+1.1 2.4+0.5 2.3+0.5

A Agh gk 1=olF oFslt}, 3=rRFolth 5=o}F Zaith ; 9@, WA, FFE V|5 1=o}F v
3=HEo|t} 5=o}F ETU}; g b, ¢, TFE FAdE EAZ 2= 2307t S (p<0.05)

(13) Fs=ee w80 &8t A% Fo5e] 44 9=

FE5EHEo] 5% X3 F7Fol ascorbic acidg AF&3le] pH 3752 43}
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3.0+0.9a
3.3x0.7a
3.1%1.0
4.2+0.9¢c
2.4+0.5a

2.7+0.9

(p<0.05)
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olp

2.7£0.7a
3.0£0.7a
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Al | ZHAx + 7]x + IRl ZF* + | HFolx + | EF W=
s TEZE2% | FE5E2% | T E55E2% | T 55E2% | T &55E2%
o & 3.4+0.5a 4.8+0.5b 3.3+0.7 3.5+0.9a 4.4+0.9b
24 24+1.1a 3.3x0.7b +0.8 2.5+0.9a 4.0+£0.5b
AR 3.4+0.5a 4.3+0.7b 3.8+0.9a,b 3.1£1.0a 4.4+0.7b
Al gk 3.3+0.7 3.4£0.5 2.9+0.6 2.8+0.5 3.4+05
oo 2.9+0.6a 3.5£0.5b 3.4+0.7a,b 3.8£0.5b 3.5+0.5a,b
Z 3
° H B 3.1+0.6a 4.3+0.7b 3.5+0.5a 3.310.7a 4.3+0.5b
73 %

CEabaTEE ;A A b 1m0l obalt), 3=nEolt 5=olF Zad ; 9w, WAl EqH /5w
b SAHoZ Zol7t AL (p<0.05)

Al & 7] %+ 7] %+ o 7] %+ o 7] %+
KR T55E0% TEEE1% TE522% TE523%
o] 4.3+0.5¢ 3.6£0.5b 3.6+0.7b 2.5+0.5a
A4 3.81.2b 3.5+0.5a,b 3.3+0.9a,b 2.6+0.9a
WA 45+0.5b 3.9+0.6b 4.0£0.5b 2.9+0.6a
215k 3.3+0.7 3.4+0.9 3.540.9 2.9+0.8
oot 3505 3.3+0.7 3.0+0.8 3.0+1.1
THH Vsw 3.8+0.7c 3.6+0.5¢ 3.1£0.6b 2.4+0.5a
CEAATEE A A @k 1=olF osit}, 3=REo|th 5=o}F ittt ; o, WA, FHA V5 E:

l=o}F vhmt}, 3=nFolth, 5=0}F Eth a, b, ¢, HE A= FAHOD o7k E(p<0.05)
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AT
g g% 8% g= 10% 9= 12% 9= 14%
o 3.1+0.9 3.3+1.0 3.1+0.8 3.1%1.0
A 3.3£0.9 3.1£0.8 3.4%0.8 3.3£0.9
AR 3.9+0.8 3.4+0.9 3.6£0.5 3.8£0.8
Algk 3.3+1.0 2.9+0.9 24+1.0 2.6%1.0
ok 2.9%0.3a 3.0+0.7a,b 3.3+1.0a,b 3.8+1.0b
THH VEE 2.2%1.0 2.6%1.2 2.9+0.8 2.2+0.8

A%, gk 1=o}F ofebtl, 3=RBolth 5=olF AT} S%, WAl FH JEm: 1=o}F vhmr},

3=RFolt} b=o}F Frh a b, ©E AN E FAHLE Aol7t A& (p<0.05)

(24) FHFFHFES S5 8317 Y3 FFFEHE 44 5=
Y FEr=ES S5E 837 93 v2&9 FFS 2As7] YJato] %
HFE5HES 1, 2

# 5L FulF s5E FEE deH 54
AT FlF F5E | PilF 55 | diF T5E | PiNF 5=
3 & 1% 2% 3% 5%
o] 3.4+1.2ab 3.840.7b 3.2+1.0a,b 2.4+1.0a
A 1.9+0.8a 2.6%0.7b 3.2+0.4c 4.6+0.5d
WA 2.240.7a 2.9+0.6b 3.1+0.6b 3.8+0.7c
218k 3.1+1.3 3.1+1.0 3.1+0.6 34+0.7
ok 3.3+0.7 3.60.9 3.4+0.7 3.2+0.7
234 75w 3.3+1.2 2.8+0.8 2.8+0.7 2.7+0.9

A, 15 Tk 1=obF okabth, 3=wBolth b0} At} ; o, WA, FHA JIEE 1=0}F vpm),
o} Eth a, b, ¢, U AL E FAHoR Zol7) A 5(p<0.05)
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$EE] TPl MR £ AL Faelfn, WA ERE obrh ¥

% 54 ARH/AUEEG SR Bsd 54

AR ] AR g | bR o | AR R | ARk
iy FEEE 0% | 35F2 1% | F5%8 2% | 253E 3%
ol 4.2+0.7c 3.2%0.7b 3.3£0.9b 2.4£0.7a
A 2.0£1.0a 2.8+0.7a,b 3.4+0.5b,c 3.9+1.1c
WA 4.1£0.7c 3.810.8b,c 3.2+1.0a,b 2.7+0.7a
Alsk 3.310.5 3.0+0.5 3.61.0 3.0x1.1
whut 3.7+0.5 3.0+0.5 3.3+0.5 3.0+0.7
THA Ve 4.0+0.7b 3.0+0.8a 2.910.9a 24+1.1a

oFsit), 3=mEolth b=olF Zetth; i, WA, FHH 75 1=o}F me}.
stk a, b o OB FAME EAGCZ o7 A& (p<0.05)
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29 e 245t 1@6}% APAGTH, SDE, £7) ovtdE F A9 2o
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(@) AFFl 9% mIRule F7}
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o owE AFol o ARG 58 W, FeeE, B U As AFFFol

ATHEE 60).

Hir

I 60. RIAFAANA AGA LT 5wl o AT Wk (g)

AT 0F 15 25 35

e (H29) 130.6+12.7 155.6+13.1 171.5+14.0 193.8+15.6
Hl| 5= 1386+ 3.9 1689+ 4.9 202.1t 6.8 22691114
Rl e 126.0+ 84 155.6+ 8.4 184.4+12.5 207.3+154
R 136.8+ 4.5 166.1+ 9.8 194.3+£10.9 213.4£12.8
s 1386+ 8.8 170.0£15.1 200.8+21.1 221.5+19.2
A 134.7+10.5 165.1+10.8 197.6+12.1 220.4+13.5
ebe] g 139.5¢ 9.9 169.4 +16.0 195.8+14.0 206.1+£30.2

(8) Aidy ALt TFAIETL RIAAY ATl nX= IF
A (FeSO,~TH0)S #4189 35mg/kgl 2 HEdt A& A4
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# 61 AN AP} BEL AR T AT Wske)

A 0 1= 25 35

e (H29) 130.6+£12.7 155.6£13.1 171.5+14.0 193.8+15.6
| S+l 1372+ 7.0 1674+ 8.2 208.3+ 5.7 219.2+37.7
G F+ P BT 1351+ 9.7 161.2+10.4 193.2+15.0 217.8+12.2
FrEEET 129.2+£12.0 159.0+£11.7 185.7£15.0 213.5£174
dete+EEET 131.4+ 83 161.2+ 7.5 1925+ 9.7 213.5%15.5
FArEEET 133.1+ 89 165.7+10.6 196.2+10.5 225.4+13.0
St A+ HE ST | 131.4+10.0 165.6+13.0 198.7+17.1 227.5t23.8
o (E ) 132.6+13.1 155.6+£13.0 184.8+14.2 198.8+£16.0

& 62 N A NA AlFA e Tl g A | == Rle] Wsk(g/dL)
AT 0 1 25 35
= (H2E9) 38.1+0.8 7.2+0.8 6.9+0.7 6.8+0.9
Hlj 3= 9.0+£0.6 8.1+0.7 7.7%0.7 7.5%0.7
& 9.0£0.8 8.4+1.3 7.8+0.9 7.5+0.8
T 8.1+0.7 75%1.0 7.0+0.7 6.5+5.0
SERE -t 8.5+0.6 7.3+0.6 6.9+0.6 6.5+0.7
gt 9.4+1.1 8.7+0.7 8.3+0.7 8.8+0.8
e T T 8.9+0.6 8.2+0.7 8.5%0.8 8.4+14
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& 64 N A NA AlFA e Tl % Fre] FHFHE(%, 457 A
E i Eia s H] % ks A7
e (HZ29) 3.4+0.3 0.5+0.1 0.8+0.1 0.8+0.1
Hlj =< 3.3+0.6 0.6+0.5 0.6+0.1 0.7+0.1
Gl = 3.4+04 0.4%0.0 0.7+0.1 0.7+0.0
Tt 3.3+04 0.5+0.1 0.8+0.1 0.7£0.1
oFete] -t 3.2+0.3 0.50.0 0.7£0.1 0.7+0.0
gt 3.4+0.3 0.4+0.1 0.6+0.0 0.7+0.1
et A 35+0.3 0.5%0.1 0.6+0.1 0.7+0.1
o) 22 (78 <t )+ 3.840.4 0.2+0.0 0.4£0.0 0.8+0.1
* A5 5H Hol X3HE AYAERE ASH AP
E 65 HWIEF A ALt AR EF Tl o 47 THHE
(%, 47FA15)

Ad s ] % s s
o =t (H A )* 3.4+0.3 0.5%0.1 0.6+0.0 0.7+0.1
Hj S+ 3.2+0.4 0.3+0.0 0.5%0.1 0.7+0.1
ol -+ H Bt 3.3+0.3 0.3+0.0 0.5%0.1 0.7+0.0
FE R 3.4+0.4 0.3+0.1 0.5%0.1 0.7+0.0
SERY BT 3.5+0.5 0.4+0.1 0.5%0.1 0.7+0.0
FA+E S 3.6+0.4 0.4+0.1 0.5%0.0 0.7+0.0
Rl = R R ST 3.6+0.3 0.3+0.1 0.5%0.1 0.7+0.0
o 2 (H T )* 3.1+0.4 0.3+0.0 0.5%0.1 0.7+0.1
* G F e Hgle AARE FF; == o] B Ho| HEEs 3
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X 67. ¥ H=E9 hexane, n-butanol, =FFol 93 £ &
=9 1HE (%)
Hexane = 184 (=41)
n-Butanol 22.4 (3A)

< 59.2 (F4)

of mE sherd JR 2

(1) +AH5=E 5 34 E(glucose, fructose, sucrose)e] 3%
FAsEHEANA ddFE £4387] 915+ methanol® FE3te] HPLCE 3
F2 BA59H). o] A (mobil phase) .24 water®} acetonitril £33 (25+75 v/v)S
Abg3tdar, B8 Z- o2 carbohydrate column (4.6x250mm)S AFS3FR L, HE
& RI detector® 3FATE FAH5EFEoA glucose, fructose, sucrose’} AZ=¥ U, =L

ol9]o] FFE HETA olstelATHAE 68). F4 FTHE = glucose?t fructose’t &4
%!

SHoE At A2 dagor vy EHEEES 306 meg/gl

¥ 68. ¥ =% % glucose, fructose, sucrose &% (mg/g)

TEE glucose fructose sucrose A
4 5= 150 156 0 306

Td=3 E(Fe)

Mo
o
ol
i
ne
rlo

%258 hexane, butanol, THFE



#(Ca)d %<& flame atomic absorption spectrometer® =43 AtHE 69). Z%(Ca)S

e = g ol WElE vyl 93te] lanthanium chlorideE =3 sle] 435}

t}. Hexane ¥ 8 &9 #H(Fe)2 93 mg/kg ©) 1, butanol #&Eo= H(Fe)o] 310

mg/kgl 2 7Hg wol EAs Atk THF ¥ BT 59 mg/kgel EASATE wEbA
[e)

I
Ae Y% butanol RV EAFORA AFAEIY AFHo] Yt Mo we o
3]

2

2 AAFEHAIY. ZE(Ca)e hexane #FEd+= 446 mg mg/kg, butanol =3 Eo+=
1,547 mg/kg, 7 Y 2= 2547 mg/kgl® THT B E 7MY Bol EAs Y
o wEld e gRE 84 ZwoR EAsE AoR AAHAY. FHE F
Fet 84 AEITeaAE AGEHA.
% 69. T v5EY #9E T T HFe)H T ZA#w(Ca) FF (mg/kg)
9 A (Fe) Z+4(Ca)
Hexane % 93 446
Butanol & 310 1,547
THT & 59 2,547
(2) FHEYE o3 NF/RdE I}
F 455 ES hexane®® 8 & butanol ¥ &, SHFEYEER 717 1354
HdF o Fojste] RPN ARE ARG A3e 1 709 2t Hexane w3 &ES
butanol F+gEolH F/FF £S5 S FAEo Wdo] gk /HHH AL butanol ¥
E2 o] A=A skt AFHAA B 4 FYES U2 FED S As
o] Hl=gto = Al ATl oA Fo3k Aol Holx| RUTH(IE 71, 72). Hexane ¥
E W} butanol & Eo|A F Hl(total iron)e] o] =2o% butanol & Eo|A Hl

AR YA e A2 Ho] AFFor EATFoREN FEA B AR

A2 A

() WdA Fede] T5
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£ 73 WA BAREI B 9@ AF (@9 W

At A (F) Aft 3| &t
0 134.4 131.7
1 1779 1774
2 197.9 199.5
3 226.8 228.3
o ZEFUNIAAS 1% A rEAE S wreElEe] =
FH o= ZH(total iron)o] EFRIro|E AFEFEo|A HlEe MHEIHI} AXA
grhal Azkgel] wel FAY HEFE NIV S BRE dTsidn sEA Pl
A freld® Fostd A Fauoe] WE/pHERE Blo we, FA O EAlee H
o m3E A% A(bound iron) 02 EAse], ARl FEA n MALE Ao 4
ZrE ok Mt FA 9 A8 EH S F8 ZH(free iron) o2 v E HHES AN

>
r>~
z
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o
filo
il
9
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F 74 AR FAe 100TeAA 7FEAE T 2 E e ¥ (mg/Kg)

7FE A7 (100°C, AR T (mg/Kg)
0 0.04

0.10

0.13

0.16

0.18

0.19

Ol WD+




3E 75 AR B 121To A 7taAE T AT

7FEAZE (121°C, ®) el dd " (mg/Kg)
0 0.04
15 0.19
30 0.24
45 0.26
60 0.28
6 0.28

acid, lactic acid &l Fo] FZE3Ith FEF3E ¢ 7TEAZTFHAA fFrelse &
steks A3 Ay % 763 2o SHFRE FESE AF 4A7ke] AFEIE W &
gL 0.07mg/KgolQ1, ascorbic acid &4(24%, w/v)E 4X7F FE3 H9=

Ao m FE3

ol
0.15mg/kgo]l 2t} acetic acid €A 2 %3 F$E 0.09mg/Keg, HE
1d

ofo
2
o
u
o
e
e
o
Ho
N
S
o
K
3:10_‘
v

74 9-+= 0.13mg/Kgo| 1 t}. ©]F ascorbic aci

# 76 7FEA Y FAO FE T 2T F(meg/Ke)

F=8m / F=AIZE (80T, AIFH) 0~ 2T 2A12Y AN 7k
T 0.04 0.06 0.07
ascorbic acid €< (25%, w/v) 0.09 0.14 0.15
acetic acid €94(25%, w/v) 0.08 0.09 0.09
lactic acid 8 9(2.5%, w/v) 0.10 0.13 0.13




(3) Ascorbic acid®} citric acid®] =¥ #Fdd F&3 9

sk S g A e FA4021C, 308)E S

(05 - 25%. w/v), citric acid &4(05 - 2.5% w/v)og2 7+z}
]_

3t EoF Sy FEd

, ascorbic acid &

0Celx F=3staL, F

o I

= 4 FHS SRR =
o e HEES OO6mg/Kg°] 31, 05%(w/v) ascorbid acid
£ 0.10mg/Kgol AL, 2.0%(w/v) ascorbic acid o2 3
A ZF FE3 A= 0.22mg/Kg o 24, ascorbic acid %"“«] T e E Y E

Z7Ferd el 05%(w/v) citric acid & o2 33X 53 A= Fe kol
0.06mg/Kg, 2.0%(w/v) citric acid 42 FE3 H9+= 0.12mg/Kg o 2 A, ascorbic

o=
acid &<e] Ao Hlustd FEE = e ddFde] o

O

¥ 77. 7FEAEF Aol A ascorbic acid £ N3} citric acid & Yol 2J3te] F=&F

#0833

2% 4 ) FE=8 v 0 A 7HE 3 A 7H
/FENLEOC) | #el 2 Hme/Ke) | 212 # FHmg/Ke)
Chluk _ 0.01 0.06
05 % 0.03 0.10
ascorbid acid & <} 10 % 0.03 o1l
20 % 0.04 0.22
30 % 0.05 0.22
05 % 0.03 0.06
citric acid & L0 % 0.03 0.10
20 % 0.03 0.12
30 % 0.05 0.12
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100 C
W2 A 3 F(mg/Kg)

0.09
0.15
0.21
0.17
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P (mg/Kg)

0.09
0.17
0.18
0.18
0.21
0.25
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0.036mg/Kg o & F7batqlar, FH7He FA 5 F R ke o) o Z7hshdch

79 AN FAEF A T Y Ed
ZFEAIZE (1217C, &) T ddE  (mg/Kg)
0 0.001
15 0.011
30 0.010
45 0.009

» BREG] DPRIY 1 38%

A

¥ 80. 7t A g Aol thdt ascorbic acid B7F7F 8 A 3o n X E o3k

ascorbic acid #7}=F 7] 2A1 7E3(807C) vz o
(%, w/v) s 2% me/Ke) | w2l ddFHmg/Ke) | | ©
R 0.006 0007 5.1
0.01 0.007 0.010 51
0.10 0.009 0.012 51
1.00 0.023 0.032 45
2.00 0.023 0.036 42

(7) ANgEF=3IAbel] dgE FeHe] 225=
18k 7o o g2 (ethano)S
1332380 A9sld 1532 LA S
F 719 élar &3} ascorbic acid £ 2

77} 3
817} 2tk AAFHS aUR BE FE2F F$ A 0228mg/ke] FEHAL
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0.228
0.803
1.884

< 0.803mg/kgel FEHJ 1, 714
o] 1.884mg/kg
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shel AAGTot FAY PHTEG o ARIEE FFol FrArh FRRAS

&S bmg/mlet 2omg/mle] FFEo R FEE AALolMe RS2 E] e o

uth FOHOR mohATh o|2H AFFHolt THRAFFEL ABALRA Fe
pn deEe g9 2/7E 8 Beo] B 4 b Aow vepy

E & AR FolF 4ol AT W)

| AEAE 05 15 25 3% 4%

1< AA7Y 160.4£1.6 | 183.5+14.0 | 217.2+16.8 | 232.5+29.2 | 268.2+23.3
-4 2]

2" . 154.4+5.9 186.3+6.9 | 225.7£16.8 | 253.3+19.8 | 280.6+23.7
oW &2

3T | 7FE AR LY | 17534151 | 2055165 | 202.8£17.9 | 25224257 | 301.8+285

i

O:

m O]
N
it

158.1+125 | 194.5+15.2 | 231.0£16.2 | 256.8+21.0 | 284.8+24.2

5y
i}
_‘
B

0N
S

o‘m aulo‘m
o
mot

o5 161.2+15.0 | 177.0£19.1 | 205.6+£31.9 | 235.7£25.0 | 267.0+26.3

d
_1
_1

(25mg/ 'ml)

D aAd 72 w38 &, corn starch 621g, casein 200g, soybean oil 100g, AIN-76 mineral mix
(Fe ¢1<) 35g, AIN-76 vitamin mix 10g, colin bitartrate 3g, DL-methione 1g, alpha-cellulose

BA T

30g, &7 l,OOOg ;YA RS A gl weed] 7Axste] B wE A EREF
a3 FFLe 015 mg/KgO]B‘r FAREIAEE AAPAIEY alph cellulose WAl FHREZS
2 /\FEOIU} %) A FHE 121TCTlA 303 7FEAE s & 25% ascorbic acid & %A
stal, dxEHAE 2 7}%—‘?*&—5—%% FEATFS 056 mg/Kgolth 7FHeFAd i Aas d4
AArEe] dAER o= Al JFERHERS 9 algolty; Y AMd FHS 121TCoA 30%
7FE A8 e $ 25% ascorbic acid & o2 184 FE8FaL oJHste] AdEES MEFHES

oo

= 73 Zo FadstEe 145 mg/Kgolth

m{n

==
> =



E 83 YRS FolF gAY dmFEue W
T A AALR 0 15 25 35 45
1+ 249 9.9£1.7 9.1£t14a 8.6+1.1a 9.1+1.6a 7.7+1.0a

2| FAE FAEE | 10.0£1.0 9.1+1.0a 8.5tl.1a 8.5t0.9a | 8.0t1.3a,b

37| T AEEE 9.7£0.5 9.5£0.6a 9.5£1.0a |(10.3£1.2a,b,c| 9.1£0.5b

THEEE
4+ S5 10.8£1.0 9.7+0.7a 9.8+0.6a 9.7£0.7b,c | 10.1£1.3b
(bmg/ml)
THESE
5 STFo 10.4£1.0 11.2+16b | 11.6+x1.4b | 10.9+0.9d 10.7+1.0c
(25mg/ml)
AEZA Y9 FY; a b, ¢, B SATAE A 2ozt AL (p<0.05)

9. AFFEFE AFo] T S84
7h gmo d@ FRRA TSR] &8
(1) ¥ 3 EHs5ES guol 8387 918 A4pHe} 445
AEFEEERA FARAEZES ojgdle] SRR Axse YU XA
Atk NEF FA RN EHEY TR, AR pH, GEE F 849 2k FARAEEE
S 25% Ei 50%E a1, AEoR FE 10%2 FR5 E£3d PRRIAeRE ¥
e FeAA dd 9ol B A 5A4E SR AbEY

$- pH3.70% YEeholaL, 50%=2 34
7% pH3.67 el HApHH AW AATHE 85). FHEZES 25%% 34
A5 Ao] oFstxnk WA e} Alut, wute] Frh ofth ek oz yERA 25%

397t 50%°] Agnt A% Aew AzE A
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_ZTI
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3!

(pH 3.67)
2.4+0.7*
3.4%1.0
4.3£0.4%
4.3£0.4x
3.0£0.9
2.4%0.9

Tl Es= 25%

(pH 3.70)
3.3:04
2.4%1.0
3505
3.5%0.5
3.4+0.7
3.1+0.8
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hFo] F7tstod Az WAl = Zol7F gt Algte Y ESsHEC] F1E
B3 =ARE ", ol FAHENEEFE E3E ascorbic acid WjEo|H, FHE

Ay
d
lo,
>
pos)
o
oy
B
>,
N
2
ol
s
oo
jall
lo,
o\
s
2
N
fols
k1
rr
=)
>,
ik
S

o
t
o
K
L)
32
5

AT | AR - | AR R ¢ | XESR ¢ | SRR ¢ | BEFolgE 4
Ea FATFE2U| T A EFE2R | T A EFE2%| T A SF 2% | THsSE
o] 7 3.30.7b 3.7+0.9b,c 4.3+0.5¢ 2.4+1.0a 2.1+0.6a
A 3.240.4c 2.7+0.5a 3.8+0.7d 4.7+0.5e 2.6+0.7a
WA 3.4+0.9 3.4+0.9 4.2+0.7 3.4+1.2 3.9+1.3
28k 4.2%0.8a,b 34+1.1ab 3.9+0.8¢ 2.9+1.0b 2.8+0.8b
st 3.1£1.0 3.3+0.7 3.1+1.1 2.7+1.1 3.4%1.0
jiii 3.2+0.7 3.3+1.0 3.6+1.1 2.8+1.0 2.8+1.0

w
f
oft
o
o
&)
1]
o
N
o o
nj
»
k=)
o
o
i
N
>
5
2
I
f
pey
)
o
i
2
o
)
32
oo
)
/N
o
o
S2

AlE A TR TheE 4 TAeE 4 TAEE 4
i FAEHE0% | FAEFEI% | T 5 FE% | FHEHEI%
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92 Bpol/FHEY IHLTEES A5H EA
Al FAEEE0% | FAHESEL% | FHASEE2% | FAFESE%
T I HEGOIQ T EE |+ RFOQFEE [+ EFOQTEE [+BFOQFEE
<] 4.0+0.8c 3.6+0.7b,c 2.9+0.8a,b 2.8+0.7a
4 2.3t1.4a 2.9+0.8b 3.5+0.9b,c 3.9+0.8¢
WAl 3.3+0.7 35+0.9 35+0.8 3.8£0.7
25k 2.840.7a 3.5+0.8a 4.0+0.8a,b 4.0+0.9b
ok 3.8+1.2b 3.5+0.8a,b 3.3+0.5a,b 2.5+0.8a
THH VE= 3.8+0.5b 3.1+1.0ab 3.1+0.6a,b 2.4+0.7a
T ERATEE ;A A%, Gk 1=o}F ot 3=REolth 5eolF ATl 9w, WA, $%
2 71E%: 1=o}F ymir}, 3=REolt) 5=0}F Fuh a, b, ¢, 2 FAIelE BAHOR o
7} 915 (p<0.05)
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Al & 7] %+ o 7] %+ o 7]+ o 7] %+
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B 4.6+0.5¢ 3.6+0.9¢ 2.6+0.5b 2.3+0.7a
A 3.4+0.9 35+0.5 3.1+1.1 3.0£1.2
HAY 3.6+0.9a,b 4.1+0.4b 3.5+0.8a,b 3.3+0.9a
215k 3.4+0.7 3.6+0.7 4.040.9 4.4+0.9
ook 3.1+1.0 3.1+1.1 2.8+0.9 3.0+1.3
THA Ve 4.1+0.8b 3.9+0.6a,b 3.00.8a 2.9+0.8a
T EARTEE 5 A A%, vk 1=okF okajrl, 3=mBolt) 5ol Zaith ; 9@, WA, T
2 71E % 1=o}F ymir), 3=REolt) 5=0}F FUh a, b, ¢, 2 FAIelE BAHOR Ao

7b A5 (p<0.05)
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s 4.6+0.5b 4.1+0.6b 3.0£0.00a 2.4+0.5a

A 4.2%0.8¢c 3.8%0.7b,c 3.0£0.5a,b 2.9%1.0a

A 3.8%0.9 4.1£0.6 3.9+1.0 3.6%0.9

At 3.3£1.0a 3.1%1.2a 4.1+0.8b 4.5+0.5b

et 3.5+0.8a,b 3.1+0.6a,b 2.4+0.9a,b 2.6%1.2a

THY V2= 4.0+0.8b 3.8+1.0b 2.9+0.6a 2.8+0.5a
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¥ 100. F7krbe} A 7kALe] A 2] A 7HE galactouronic acid 3
i ZEAL 2 ZEAL
(mg/g- 3 ZZHAL (mg/g- 3 ZZHAL
2712 (F-Ae) 42.0 4.0
30+ 35.0 17.3
60+ 116.0 32.8
90+ 1315 40.9
1204 128.3 48.2
150 130.0 579

Qate] FErh 24T REHBA Yol MAE GFE A kel
- 5N d2HHCD O 2 100T ol Al
s

0
2 224 FELAEZ S galactouronic acid® A

4% Aabs #1013 2o FAbe] A SRR FEE 45 184me/gol A
Ao}t 0.IN HCIE Agshd, 37.7mg/g o & F71stdth FH A e A9E S/RFE
23 2% 8Ilmg/gelett, 0N HCIZ A#d A$ 208mg/go = ZF7hstact &
B AAbe FRSE AP 49 114mg/geld i, 0N HCIE A#d Aes

SlLimg/ge=  S7belgla,  ete]®dy abe] A= 0IN HCIZ  AHgetd
galactouronic acid®] A o] Z718tHtl. 0.1IN HCIolA 0 T
S7tetod e, A= galactournoic acid®] ¥ U ol FrFeAl &Fdth HCIY &%=

= 0INe] H9d Ao e

(3) EajHo] pH7F 23S FE&AE o Ao nAE= 3k
Wi 5O dERe ) dEEF A Y ZARS 0N HCIZ A 2 8ka 100°C o

A 1AZE APt =844 AFE =84 Al Zelste] moluia olgE® A



3101 AL, FAZEAY, e - 3bAL, dERE A 3ALS] HCIA E] s =1 galacto
&

oAb i ZEAL A ZEAL dete] AL | dEE R dAY
(mg/g-A 23D | (mg/g-ZE=AD | (mg/g-A %A | (mg/g-A XA

(jii) 18.4 8.1 11.4 8.0

0.IN HCI 37.8 20.8 51.0 16.3

0.2N HCI1 27.3 19.8 46.5 175

0.3N HCI 34.8 15.3 49.5 20.1

0.4N HCI 26.5 14.6 40.9 20.2

0.5N HCI1 33.7 14.5 43.3 204

¥ 102. Ed el pHE 2x4L¢FEEAEZH S galactouronic acid®] 3%

pH 2.0 pH 3.0 pH 4.0
o 5= AL 0.45 0.45 0.42
i ZRAL 0.51 0.62 0.62
A KA 0.56 0.50 0.54
oERE] AL 0.44 0.54 0.48
orelE] 7 AL 0.51 0.50 0.56
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" ' (25.8) (38.9) (2.8) (32.5)
o 905 1.8 4.1 0.5 3.2
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121, LEpe] i B, depe ity o] Aol s A 54 wX= I
L st ppw gk | S TEEE
Aol A 1.6£0.7a 2.9+1.2b 4.8+0.4c
71 F g A 2.9+0.3 2.5+0.9 2.7£1.0
71&A7 3.0+0.5 3.0+1.0 3.1+1.0
e WA 3.0+0.8 3.0+1.0 3.0+1.3
o] 3 2.1+0.8a 2.7+1.0ab 3.4+1.5h
o] m| 1.8£0.9a 26+1.2b 3.8+1.2b
e 34+0.5 26+1.2 2.6+0.9
s iy 3.0+0.8 26+0.8 26+0.7
A3 4 2.1£0.6 2.2+0.8 2.81.0
THA 73 3.8+0.5a 3.2%1.1b 2.4%1.3b
A q=olFofattt, 3 WE, 5 olF Aty B d A4 1=o}F #UsA @}, 3 BE, 5 o} FF
stth; 71827 1=o}F4t} 3 BE, 5 ofF Atk - WA 1=c}F ¢fsinh, 3 BE, 5 ofF7 6}
ok old 1=d8 {3 WE, 5 ok Asth ol 1=d8 fut, 3 BE, 5 obF Asth w¥A
1=71¢] itk 3 W%, 5 ofF @ oty @t 1=o}Fddlt}, 3 WE, 5 ofFduaith; BAA

4 1=48 FMAAL=
FF a, b, & AL

¥ 122, 1S ZFELAEAY 5 g Ao Hujel 3 UE
Al g
) o) = 1-AIR 0.6% * 1-AIR 1.2%
35
B4 (cm?) 3,058 2,636 1,295
=% (g) 817 307 834
™ % (g/em’) 0.27 0.31 0.64
« GElREA M de 1(FLFEEAEAS WrkFo] EE v &

th 3 HE 5 ofFARAAL; A 7SR 1=olFym 3 BHE 5 of
o= BAA zo]7F UL (p<0.05)
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MFel As o Ak FRAHANA BET Aol QYA 7 Fe] 2 Aol
wolx glom, FHo A4 /1FFA4e] %u AFA/} 2 Aoz e 1
dusey, aud, FAYYe dETe NET 2F Fo7t fgoRs Awel 2%
ot GFS vAA BE AR ehgrh AAY NERAN dET APTE BE
Aol7k gl Ao vhebu

-~ AR o = vl 1-AIR | ¥9 1-AIR | 39 1-AIR

Ay 1.7+0.7a 2.7x0.7b 1.8+0.8a 3.9£0.8¢c

71 d A 3.7+0.9b 2.8£1.0a,b 2.7+1.3a,b 2.3£0.7a

71837 2.3+0.9a 3.9+0.9b 3.7£1.0b 3.7£1.0b

T WA 3.1+0.8 3.4+0.9 3.3+0.9 2.6%1.0

o] F 1.6+0.7a 2.0+£0.5a,b 2.0+1.0a,b 3.1+0.9b

o] m 1.4+0.5a 2.2%0.7a,b 2.2+1.0a,b 3.0+1.4b

w4 3.1£0.8 3.3£0.7 3.3£1.0 3.3£0.5

ekt 2.8+1.0 3.3£1.0 3.3+1.1 2.3+0.7

FAH A 2.2%1.0 2.0+1.0 1.9+0.8 1.9+0.6

234 7155 3.4+05 3.6+0.7 3.2+1.3 2.9+0.9
# 14H2REHEAA-AR: A 1=o}Foith, 3 BE, 5 o}F Zahth 13w 1=okF w2
A etk 3 W, 5 o} EAsth 71 AT 1=okF AT, 3 BE, 5 ok Atk T WA 1=o}F
efatt}, 3 B, 5 o}F etk oA 1-73 ik, 3 BE, 5 ok Atk ol 1-4F g}, 3 B

[¢)
%, 5 ok Adtth 984 1719 gtk 3 BE, 5 o}F @ gelty Wy I-o}Fdst, 3 1
¥, 5 ohFuEsith $AYA 1=98 RAAALED, 3 BE, 5 ofFARAAY; FEA5E
5

ol um. 3 nE 5 ol FET a, b, ¢, T A EAA Aol7h 9L (p<0.05)
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s o = v 5=2] 1-AIR 79 1-AIR 39 1-AIR
A 1.0£0.0a 2.8%0.7c 2.1+0.3b 4.0+0.5d
o] # 1.8+1.3 2.3+1.0 2.2+0.8 2.6+0.8
o] m 1.4+1.0 2.2+1.1 1.8+0.7 2.3+0.5
g4 3.2+0.8 2.71+0.7 3.0+0.7 2.8+1.2
gk 3.1+0.8b 2.7+0.7a,b 3.0+1.2b 2.0+0.7a
G 1.9+0.9 29+1.2 2.7+0.8 2.7+1.1
THH V3= 4.0+0.5 3.4+1.3 3.4+0.5 3.6+0.9
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