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Effect of Water and Ethanol Exiracts of Persimmon Leaf and Green Tea Different
Conditions on Lipid Metabolism and Antioxidative Capacity in 12-month-old Rats*

Kim, Sung Kyung' - Lee, Hye Jin * Kim, Mi Kyung
Department of Foods and Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate effects of dried leaf powders, water, 75% and 95% ethanol extracts of persimmon leaf and
green tea on lipid metabolism, lipid peroxidation and antioxidative enzyme activity in 12-month-old rats, Fifty-four male Sprague-
Dawley rats weighing 542+ 4.5g were blocked into nine groups according to their body weight and were raised for four weeks with
the diets containing 5%w,/w) dried leaf powders of persimmon(Diospyros kaki Thunb) and green tea(Camellia Sinensis O. Kize), water or
75% and 95% ethanol extracts from same amount of each dried tea powder. Food intake was not significandy different among all
groups, but weight gain of green tea powder group was significantly lower than that of control group. Plasma and liver lipid levels of
all the tea diet groups were lower than those of control group. Especially, 75% ethanol extract of persimmon leaf decreased total
lipid and triglyceride concentrations in plasma and 95% ethanol extract of persimmon leaf decreased liver total lipid level. However,
there was no difference between 75% ethanol extracts groups and 95% ethanol extracts groups in lipid metabolism. Superoxide
dismutase(SOD) and catalase activities in erythrocyte were remarkably increased by all the green tea diets. SOD, catalase and glutathione
peroxidase activities in liver were increased by the feeding of ethanol extracts from green tea and persimmon leaf powder. Liver
xanthine oxidase activity was not different among all groups. Plasma Thiobarbituric acid reactive substance(TBARS) concentrations
of all the green tea diet groups were significantly low. It was thought that high flavonoids in green tea inhibited plasma lipid
peroxidation by promoting SOD, catalase activities in erythrocyte. 95% cthanol extract of persimmon leaf also inhibited plasma lipid
peroxidation by high vitamin E and beta-carotene. Persimmon leaf powder decreased liver TBARS concentration by vitamin E, beta-
carotene and vitamin C and by increasing activities of antioxidative enzymes with flavonoids. In conclusion, dried leaf powders,
water, 75% and 95% ethanol extracts of persimmon feaf and green tea were effective in lowering lipid levels and inhibiting lipid
peroxidation in 12-month-old rats. Above all, ethanol extracts of persimmon leaf decreased plasma and liver lipid levels and
persimmon leaf powder effectively inhibited liver lipid peroxidation. Extracts of green tea leaf inhibited plasma lipid peroxidation. In
lowering lipid levels and inhibiting lipid peroxidation, ethanol extracts were more effective than water extracts, but there was no
difference between 75% ethanol extracts and 95% ethanol extracts in lipid metabolism. (Korean J Nutrition 34(5) : 499~512, 2001)
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1. &8 4°f 4|

1) ZE8Y HZE
a2 (A 244, 1999d+4h) 3% 2 ((1999d4)2 7

Zt BAEA G FAEANA g JEHY 28 FYs
fitz mill(No. DASO6. The Fitz Patrick Company)®
2351 40 mesh A& B3pAA AALSGT EF2E
£ YA Hx L 15FY ER NN FET X
AR s A7 2 BEAZzEA &, SRy 2
& 9509 A4 HA 259 70vE gy

B2 EEEL 7} T WYt E Mo o g
BEE 5%, 15%, 50%% Besta E§ 2tzte) 32 2
EE 80T T Aoz 283y &3tk 80TA
FEA0E Az Ax BTHL 159 g2 2 147
4 33, & NHEU¢ FFFET F 94EYA Y 2 5
 FEAg AFET 2 FAARIYG, A2 F
A0 94 FY A= BTS2 15019 oeLE 25TlA
FEF T ol 5 AZHE 3417F 62T 12417 24
A7}, 48A1Z R 2Rt 22 F AR A Ang
FE298& M EH AE sHARSYL

FE2olo ALEE A8 BFEEL A9E T0TA,
NHLZEEE9] F= 95%9) 5% AT 80TA 3
&3 g HF Ao AT F, oldulE} 4o)g 5
%ol et AF EUERE 7 58 A2 @
A& AgHold] 40| AHe3Y .

2) BMo S5} Aol 5 BY

% flavonoids= 7% ¢ WE*®& o]&3la] Naringin
(Sigma Co. USA)Y H%=7} 0~0.5mg/ml ¥ 47} HES
Az FELYos FEFHL AYste 420nmeld F
FEE £33}, Beta-carotened Nilise] #Hi®& o]
£3td HPLCZ E-A43ba, vielyl Cof gape njAy™
< o83 520nmolM FH=5 FHsAG vE E=
AQAC 39 ™o = HPLCE o|&3lq 248 ¥ a-
tocopherol B#(a-T.E.) o2 gl eIt 4]
A FFE ACAC F9 Wl Lee 59 #Wg¥og A
Feo] F8AY Aol f T84 oY 4E Eto
Z o] (total dietary fibers, TDF)9} o2 71338}
Hrct.

2. FEN% YUY

1) NEFEY AL N A9

AF 1271499 Sprague-Dawley® +3 34 54v}2] &
T8l A9 AFR A 1397 2R RGRAR)R
A AT ALV F AFo] 54214 5g9 HAES AF
o w2} W3H(randomized complete block design)l
o3 6rle]Y 9T .2 EREt 4573 AT AYF



Table 1. Composition of experimental diets
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(g'kg diet)
Group” C GP PP GW  PW  GE75% PE75% GE95%  PE-95%
Ingredients i ° ’ ?
Corn starch 698 648 648 648 648 648 648 648 648
Casein 150 150 150 150 150 150 150 150 150
Corn ail 100 100 100 100 100 100 100 100 100
Salt mixture® 40 40 40 40 40 40 40 40 40
Vitamin mixture” 10 10 10 10 10 10 10 10 10
Choline chioride 2 2 2 2 2 2 2 2 2
Plant Powder 0 50 50 0 0 0 0 0 0
Plant Water Extract & starch 0 0 0] 50 50 0 0 0 0
Plant Ethano! Extract & starch 0 0 g 0 0 50 50 50 50

1) C: Control
GP: Powder of Green tea leafiCamellia Sinensis O, Ktze}
PP Powder of Persimmon leaf(Diospyros kaki Thunb}
GW: Water Extract of Green tea |eaffCamellia Sinensis O. Ktze)
PW: Water Extract of Persimmon leaf(Diospyros kaki Thunb)

GE-75%: 75% Ethanol Extract of Green tea leaf{Camellia Sinensis Q. Kize)
PE-75%: 75% Ethanol Extract of Persimmon leaf(Diospyros kaki Thunh)

GE-95%:
PE-95%:

95% Ethanol Extract of Green tea leaf{Camellia Sinensis O, Kize)
95% Ethanal Extract of Persimmon leaf(Diospyros kaki Thunb)

2) AIN-76 salt mixture(gkg mixturel™ : Caleium phosphate, dibasic{CaHPQ, . 2H,0) 500, Sodium chloride(NaCl) 74, Potassium citrate, mo-

ﬂDhyd rate(K;Ca 507

H;O) 220, Potassium suifate(K.50.) 52, Magnesium oxide(Mg() 24, Manganous carbonate(43 - 48%, Mn} 3.5, Fer-

ric citrate{16-17% Fe) 6, Zinc carbonate(70% ZnQ) 1.6, Cupric carbonate(53 -55% Cu) 0.3, Potassium iodate(KIQs) 0.01, Sodium
selenite(Na,Se0:. 5H,0} 0.01, Chromium potassium sulfate(Crk{$0.);. 12H.0) 0.55, Sucrose, finely powdered to make 1,000gram.

3) AIN-76 vitamin mixture{mg/kg mixture)®® : Thiamine HCI 600, Riboflavin 600, Pyridoxine HCI 700, Nicotinic acid 3000, D-Calcium Pan-
tothenate 1600, Folic acid 200, D-Biotin 20, Cyannccobalamine(vitamin B..) 1, Retinyl palmitatelvitamin A} 120,000 retino} equivalents,
DL-o-Tocophery! acetate(vitamin E) 5,000l vitamin £ activity, Cholecalciferol 2.5(100,000tU, powder form}, Menadionelvitamin K) 5.0,

Sucrose, finely powdered to make 1,000gram.

2 T vl 28 stainless steel cagedl A AHS3}
A3, Hojgt B AREA WL Q).

Aol AL 2o]o] FHMHEL Table 13 #3UT). 4
olg] B@3tE FYo® 214HE(corn starch, NEFH)
£, A FY22E S54F(cormn oil, BUE)E AH&3)
Hoo, gz FU0ZE caseinledible acid casein,
Murry Goulburn Co-operative Co., Australia)e AHS-
sttt #7143 vl AoFg ALedle B AV
< 2 Ao FAY 4%} 1% FELZ 2o]d] A
BTt EHabe}l 7Y AlEe] ARL zhzh o] FA9] 5%
TELE Hojo 4of FHEIHL, EF R FEEY F
§- Mol RAY 5%e A&k AXL B 5% L 95%
NHESE FE31e FHAZF AL Hold FHrlslx, A2
3o 2ol SrrREo R REEgd

Ho] AL dFd 33 AT A SR
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AP FEL F 3] 48] 24713te} WL AF e
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AY7|Zte] FEE HAYFEL 1247 AN £ di-
ethyl etherZ vFHAlA /A& & 10ml FA}71& )83}
of MM gAE fHsAT AN Ao $uEHE
1 A3 7] Y3 EDTA(Ethylene Diamine Tetra
Acetate)7} S|S0 polystylene HAIET | Fo} jce
bathel 20837+ 9h=1§ & 2 800rpm, 4'TollA 3087 94
2] (refrigerated multy purpose centrifuge union 55
R, Hanil)3td €48 - 70T deep freezerd] B #atyc},
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HEET AT HETE 0.9% NaCl £ 343l
50% hematocrit suspension{RBC suspension}& "H&
F -170C deep freezerel]l R3}g},
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B ¥EE AAYE o8 A4 kit(FFAPE <183
o] 500nmolA FF=E 54 (HP 8453, Hewlett Pack-
ard)3 v}, 2k} 89 A 5T Blight Dyerd®&
ol 83l ZA3NAT, FAAL R FHLHE FEE Hol
A 25 = AWE methanolZE =9 ¥ Yyabx o v
HoZ A3

(2) YAk}t 789) 3k3HE(Thiobarbituric Acid Reactve
Substance: TBARS)

Y7o} TBARSFEE Yagiol W™& o] 4slef 1.1.3,

3 ~tetramethoxypropane® ¥F899 2 excitation 515

nm, emission 553nm? luminescence spectrometer

(LS50, Perkin Elmer)2 &3340t 749] TBARS &3

<& Buckingham¥$*& ¢|-83l 532nm9 spectrophot-
ometer2 v &3l ot

(3) B2} 7h9) A3HA B g4

akgtA f4 F superoxide dismutase(SOD). cat-
alase$} glutathione peroxidase(GSH-px) #4<& H¥F
et 7ho| A F4319 1, {tellA xanthine oxidase
(XOD)2l 845 SAstqh

SOD 42 Flohe] Wi¥e = Z4slgen ojuf SOD
2] 2% #4& ferriccytochrome C¥ 84S 50% 13l
gl S0DY %45 1 uniteZ YRR} Catalase 84
€ Johansson¥ Hkan % o|&3le] 550nmelM 4%
£ ZZ(HP 8453. Hewlett Packard)¥ % formaldeh-
ydeE EFFHo T jld 42 FEIHET B2 A4t
&9t}h. GSH-px 842 Flohg] Wi ol gated 23
Bl ¥F 2815 NADPHS] 358 365nmelA 30
Z A2 2 387 FA3Y unit DRIE LERAIG.

7+ 279} XOD 84 Stripe$t Della Cortes] 3*
o] £3le xanthine® 7|32 3t9 AHE =4H& 292
nmelA FREE ST o XODe] &4 dele
Fad Z T4E 993 1mgo) B AT wiekS
nmole ¥X2 FAIE

Z g5 84 2L Y3 AHEE B4y oiE
e Lowryy ™ol 3} bovine serum albumin®
Fgdo 3o A3

3. BUNe

2 A7 FEAS AN AT BT BEL
A2 Adslgz, LYulA B4HE4 (one-way analysis
of variance)& ¥ % a = 0.05 &4 Duncan’s mu-
ltiple range testell 2|3t Z+ 28T FF AN FelA4

S AA3N AR ] gt B 9 Ao e B4
= duplicate?t 2 FHgre= Uehhdc}
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1.NE& $& THY 8

s 53y ARy FE2EE9 32 547 flavon-
oidset &3ts} vlElRY g2 Table 29 23t E55
B9 A% 7HY¥ =2 2% flavonoids §FE &k ot
£ zpol7} gl wiElY C #aRe 70T Eker o]
Bl B AT 70T A of g3 deEFEe9 73
4. 793 =3 % flavonoids®t BlEM C #5R2 75%
2} 50%71 & 2o §lo) 95% R w3k A4 ulEhIgl
A%t Ee] $R2 95%7t 7Y Eto o ® 75%0|%
3. 50%7} 713 @skot, o] 2xis 72009 I 2
flavonoids®} HIE}R) A, Eo] &2 R0THA k. ¥l
Bl CY Bt 7Y 80T, Ak ALoA Eodrh ot
kAl odl§r&e] FX = flavonoidst HlER Co] geke &
ot 7] Yt 75%, A-&4 vlElN] Ast ES) 52 ¢
ol® 7] 3t 95%7F HHF Aoz ARHY FF &
=& 80T7 7MY A, o9$ 43 E Ed= EF
£E9 ALE T0C REE, dE2FEEL 30T 29
A 5% 95% olets ful2 F&8= AL FF T
2 MAs

2. 4 SR AFAo I gMD 2E W oM G AT

g HAH B EAH AL @ 7, 3}
ARH B, 5% R 5% JESFEES 2 78 F -
avonoids, &3} vlelln Aol d-f-o] kS Table 3¢l
e AT

F& T&L FYH 527 v|eE 1 5% e FE
Eo| 7H4 o} B3 31.80%, 24U 29.67%IUc). 2
oy AE 1gd Eo 3= % flavonoids® ¥ &
B ANEZAAM w27t Zeuo gten 53 5ake] 4
$(35.45mg) ¥ 75% cle-2322(31.2Tmg o] 71 =4
FHEUG B 7Y 53 25 F flavonoids F F&
£-ofjo] w}g} &5+ flavonoids®) H]-& X ESit.

Beta-carotene $32 2E A& FHA #Ye] w3
BT} B5k1, F UF 25 95% de23E B0 ARG
ko 719 95% ol€-2F&E(167.33kg)°] 7MY =X
v} 3, EFE2BAE AEHA sttt vepl Ce
Qo] mAtel vl Firel €83 ok TR BE(39.
28mg)oll 74 ®ol Fa=ERi. viEls E(e-T.E)9 %
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< F O BF dEEFEEd Wl AERUE £, carotened WEY) E9] ko] FriEE] d@eRE
53] 79 95% ANBEF2E(396.150)0 71 =dth. B8 AEFUHA F ekl vlERe] oju] §&Fof Al
ob&2 duldYeA odEFE v glpof et beta- [EYIFAAC] A Qg F Aoz welth wiby

Table 2. Extraction yields of extracts and contents of total flavonoids, beta-caratene, vitamin C and vitamin E in plant powders, water and
ethanol extracts of persimmon leaf and green tea

c . G'l) P 2)
onstituent L
Total Beta- Vitamin C  Vitamin Total Beta- Vitamin C  Vitamin E
flavonoids carotene (mg/g {vg/g flavonoids  carptene (mg/g (g/e
Groups (mg/g powder) (ug/g powderl powder) powder) (mg/g powd- o nowden)  powden) powder)
P, 290 £ 047 494+£02 14402 2594+ 09 284 +03 90301 393+00 3101+ 05
we 957 1hr 161 £ 1.1 N.DY 04 +03 68+ 03 12506 N.D. 234 £ 05 56+ 00

70¢C 1hr 152 £ 09 N.D. 0500 111+ 0 123 £ 03 N.D. 278 + 0.8 44+ 00
80T 3hr 188 + 16 1479 £10 03+00 4070+ 23 233 +27 1896+ 02 189+ 05 4488 + 5.1
25% 3hr 43 +1.2 1011 +£07 02+01 2128+ 41.0 43 +07 828x16 5208 1971 £ 146

£.959,” 25¢C 6hr 44 + 04 1011 £ 01 02+ 00 24471 £ 104 41 06 871 +1.1 54+02 2534 %+ 0.2
25 12hr 35+ 05 920+ 02 0203 2031+ 20 47 +£07 122515 6503 2559 =£102
257 24hr 45 + 2.1 975+ 11 03+£03 2330 24 50 £13 1163+30 70+04 2714+ 35
25¢ 48hr 55+ 07 9.8 £ 06 03 +03 2860+ 288 75412 2173410 98+ 1.1 3429+ 14
80¢ 3hr 247 £ 1.5 20+00 0201 3058+ 07 263x15 67 £0.0 25007 398+ 02
25T 3hbr 189 +13 N.D. 0600 1630+ 24 178109 55+ 00 20601 2213+ 1.0

E-759,9 257 6hr 18.7 £ 0.9 N.D. 0.7 £ 01 1447 + 1.2 240+ 16 31 +£00 18406 1623+ 34
25¢ 1zhr 177 2 0.8 N.D. 06+02 1923+ 06 236+ 04 3500 19703 2771+ 19
257 24hr 194 £ 13 N.D. 07+£02 1957+ 29 214+ 04 67+ 00 214+01 2489+ 10
257 48hr 212 £ 09 N.D. 07 £01 2067 % 1.1 224 £+ 03 43+ 00 205+02 1956 £ 154
80T 3hr 235 £ 00 N.D. t4+£01 248+ 05 256111 N.D. 284 +£19 305+ Q2
25¢C 3hr 195 + 1.0 N.D. 0.7 £ 04 37+ 0.1 171 £ 08 N.D. 190 £ 0.2 56 £ 01

£-50%7 257 6hr 2053 =048 N.D. 0.7 + 041 24+ 00 19408 N.D. 279 + 0.8 47 = 0.0
25T 12hr 202 + 0.3 N.D. 0.8 £ 0.2 20+ 00 206+ 06 N.D. 289 +£ 04 6.7 &+ 00
25¢C 24hr 191 £ 0.9 N.D. 0.8 £0.2 26 £ 00 199 +03 N.D. 256 £03 75+ 00
25T 48hr 193 £ 09 N.D. 07 =03 1+ 0.0 237 £0.2 N.D. 256 £ 0.7 64 £ 0.2

1) G: Green tea leaftCamellia Sinensis O. Ktze) 2) Pi: Persimmon leaf(Diospyros kaki Thunb) 3) P, Powder

4) W: Water Extract 5) E-95%: 95% Ethanol Extract 6) E-75%: 75% Ethano! Extract

7) E-50%: 50% Ethanol Extract 8) N.D: Non-detectable 9) Mean + S.D.

Table 3. Extraction yields of water and ethanol extracts, and contents of total flavonoids, beta-carotene, vitamin C, vitamin £ and total
dietary fibers in plant powders, water and ethanol extracts

Groups"” cP PP CW PW GE-75% PE-75% GE-95% PE-95%
Extraction yields(%) - - 209 21.8 31.8 29.7 249 20.0

Total flavonoids
(mg/g plant powder)

355 + 047 28403 222403 12606 313+03 242415 224402 206+27

Beta-caratene 397 £ 02 90301  ND? N.D 16100 62+00 91.0%06 1673 0.2
(ug/g plant powder)

Vitamin C 8401 39300 02+01 285+05 02+01 231107 02400 166 +05
{mg/g plant powder)

Vitamin E

1696 £ 05 3101 +£05 69+03 4500 1576 + 0.4 3658 + 0.2 1904 £ 1.2 3962 + 5.1
(ng/g plant powder)

Total dietary fibers

334.1 375.8 523 58.2 45.1 307 69.6 46.6
(mg/g plant powder)
IDF(nsoluble 2251 £ 34 257637 176 +02 213 +09 306 +12 209+ 03 461 +21 347 +13
dietary fibers)
SDF(Soluble
: 1090 £29 1182+ 31 347+ 14 369+13 145+00 98+01 235+01 119 +05
dietary fibers}

1) See Table 1 2) N.D: Non-detectable 3) Mean =+ S.D.
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3 UHEFEY YT
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Table 4. Food intake and body weight gain

Groups”  Food intake(g/day) Body weight gain(g/4 weeks)
C 19.9 + 04" 38.8 + 4.8*
GP 20.2 = 0.9 147 + 6.3°
PP 210 = 0.9 27.5 + 6.1%
GwW 206 + 0.5 25.3 + 5.5%
PW 19.86 = 0.6 15.8 + 4.1

GE-75%  19.6 = 0.7 221 + 8.7%

PE-75% 215 + 09 33.8 + 5.3%

GE-95% 19.4 + 0.4 182 + 4.6"

PE-95% 19.7 £ 0.5 20.1 + 2.1

1) See Table 1

2) Mean + Standard Emor(n = 6)

3) Not significant at ¢ = 0.05 by Duncan's multiple range test.

4) Values with different alphabet within the column are significan-
tly different at=0.05 by Duncan‘s multiple range test.

O

4. NyoA

1) 839 3N, YNNG, FEY2HE ¥ HOL-BA2
HE

g3 W AW, AR FZHAHE, HDL-ZHA
HE 5= 9 FFH26 8 i3 HDL-Zd=u82] ¥
&€ Table 59 JERgch

g4 FAY 2T 2Y4Y 53 ARE 4FHE B
AETEC] 2T e fojF oz yokry ey 7hel
o &3} 25 AgAzduel f43 aole giiev
2+ 15% S EEFFEe| UHA) R AR S ¥
B gtk S EEE RE OF AYEE] dET
o) B3] vt BALE FolMe dET 7H Wkn
oA ZED = Alolsl gisien AUFE FAME 5
% gEFE 2o YT wig] felgez g}
9 2ZY2EHE 5, HDL-SH2HE 55 ¢ 239
2H 39 g HDL-Zd 2829 v &e RS AYFLE
Atolel Fr=]Zl &pel7t gigiet.

2) U FNY, FYAY U FEYAHR

4o A FARAY 2 2HY2HE 5= Table 6
% Zsget,

o] 2 ¥ 5= RE OF AYT S| el v)3)
S A% Bt A AERAZYYY oE 73t
o)z} gigiout 49l Holle, AR H|Ele 22EF
Eo| wglony E3| 95% A@LFSETo) Roxer
et AW T ity AEF EFEET dFF
7 H)&Eg oy UniA] vF Ao|FEL gxEut #9
Fog ugtty BE AZAZWHAA ZeEe] XAl
vsf @okth 3, SAE 2 FEEFEC AEY B
FEET vd foHo dgton} 7L AlgAzw
Bol| @2 zo] glo] BF thzzo] HlEo oo
Ut FZYAEHE FEE BT UF o2 gzFrt

Table 5. Plasma total lipid, triglyceride, total cholesterol and HDL-cholesterol concentrations, and HDL: total cholesterol ratio

Groups” Plasma total lipid Plasma TG Plasma total cholesterol Plasma HDL-cholesterol HDL: total‘

{mg/100ml) (mg/100ml) (mg/100ml) (mg/100ml) cholesterol ratio

C jg47 + 88" 179.1 £ 11.0° 68.5 £ 1.4™ 276 + 09 0.42 + 0.04"
GpP 3049 + 23.0% 91.6 + 62° 61.2 + 31 280 £+ 2.0 043 + 0.02
PP 291.1 % 13.3% 1525 + 14.1%* 58.6 £ B.O 290+ 1.8 0.48 + 0.06
Gw 277.7 & 24.5% 123.1 + 6.7 59.8 + 6.4 282 + 21 042 + 0.05
PW 3174 £ 21.2° 132.1 £ 180° 624 + 2.6 345 + 36 0.53 £ 0.05
GE-75% 2708 + 31.7™ 1241 + 8.0% 543 1+ 72 293 + 29 0.4% + 0.07
PE-75% 247.4 +19.3° 735 + 5.4 56.4 + 49 30.2 £ 5.3 048 + 0.08
GE-95% 3157 + 15.8° 1276 + 17.2% 62.6 £ 3.0 315 + 46 0.52 = 0.07
PE-95% 2882 + 17.8% 1141 + 126" 675 + 1.8 282+ 18 043 £ 0.03

1) See Table 1 2) - 4) See Table 4
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Aol vlg] ohd: Egvh. AR i E L A ARy 7
A AR T ugo® 7Y 95% &I EL] YT
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Table 6. Liver total lipid, triglyceride and cholesterol concentrations

Groups” Liver total |ip'\d Liver TG . Liver cholestt?rol

{mgfg wet weight) (mg/g wet weight) (mg/g wet weight)
C 42,5 + 3.2 8.80 = 0.46° 4,67 + 0.68°
GP 406 £ 09° 7.89 + 0.44° 3.75 + 0.58"
PP 418 +17 581 £ 0.53° 2.83 + 0.27™
GW 393+ 1.3° 8.28 + 0.55° 3.15 + 0.37"
PW 384 + 1.4% 485 + 0.83° 218 + 0.20°
GE-75% 387 + 0.4° 3.61 £ 0.32° 2.59 + 0.43%
PE-75% 383 £ 2.1* 513 £ 1.07° 252 £ 0.29°
GE95% 394 + 1.5 4.09 + 0.59% 230 + 0.09°
PE-95% 335 £ 1.4° 386 + 0.74% 239 + 0.26°

1) See Table 1 2) See Table 4

3) Values with different alphabet within the column are significan-
tly different at == 0.05 by Duncan’s multiple range test
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AR AT NAFL BF O4F ARTE0] d2FEd &
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. F3E) Q] 5% AEESFEELS Y AR F
A FE5, 7Y 95% e rEELS P Wl AdFE
& 7H FAem 3% g9 R 4E AFATEe
Aol YUk,

5. BUs

1) 93 e A EnHM L E

3 7te) A FbEE (Thiobarbituric Acid Reac-
tive Substances: TBARS) &2 74§ d3t: Table
81} &},

e AN FEL UF YolEEel tE2TR
o wgit}l, B3] Habe] B, 76% 2 95% et REEd
3 749 95% & EEETE YT vls) freHem
St wE Al2eM 2T 54b Aleld] {93 A
ol Yo A 71A] FEEFENAME Akl YT
Hop opd wigi}, 2k AZaPEE ¢ES 54k 95% 9

Table 8. Plasma and liver TBARS levels

Groups“ Plasma TBARS Liver TBAR.S
(nmol/100m| plasma} (nmolg wet liver)

C 1243 + 662 1461 + 2.34°
GP 109.0 + 34% 1052 + 0.61™
PP 103.1 + 10.0°* 772 £ 070°
GW 957 + 62" 1052 + 1.19®
PW 1161 + 6.0% 949 + 0.67*
GE-75% 859 + 6.2 11.86 + 235
PE-75% 1054 + 5.6 11.81 + 2.00®
GE-95% 944 + 47 13.98 = 2.36°
PE-95% 95.1 + 10.0% 10.59 + 1.62%®

1) See Table 1 2) See Table 4 3} See Table 6

Table 7. Fecal weight, and fecal excretion of total lipid, triglyceride and cholesterol

Fecal wet weight Fecal dry weight

Fecal total lipid Fecal cholesterol

Groups” {g weight/day) (g weight/day) {mg/day) Fecal TG(mg/day) (mg/day}
C 0.95 £ 010" 0.62 + 0.07° 344 £ 471° 0.43 £+ 0.22° 230 + 037
GP 1.73 + 018" 1.24 + 0.08" 80.0 + 9.5 2.38 + 0.38° 5.36 + 0.67
PP 3.00 + 0.45° 1.64 + 0.19° 852+ 96 2.07 + 0.26° 7.63 + 0.65°
GwW 0.99 + 0.13° 0.59 + .05 375 + 24% 0.80 + 0.29" 2.35 + 0.25°
PW 1.29 + 0.16° 0.67 £ 0.10% 433+ 68 0.47 + 0.08° 449 + 0.81%
GE-75% 1.10 + 0.08° 0.67 + 0.07" 43.7 + 40™ 0.86 + 0.17* 313 + 0.27*
PE-75% 217 + 0.30° 0.99 + 0.07™ 624 + 53* 1.00 + 0.23% 752 + 0.64°
GE-95% 1.16 = 0.19° 0.73 + 0.1 62.0 + 10.4™ 1.13 + 0.20% 420 + 0.68"
PE-95% 1.62 + 0.29" 091 + 0.10¢ 619 + 110° 128 + 0.23° 624 + 096>
1} See Table 1 2) See Table 4 3) See Table 6
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Yol a3 A4 superoxide dismutase(SOD)
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HYTe] SOD AL BE I3 A9} 7Y EFEE
Fo|A gzEE} 980 Bt ARA2EEE
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EEdAME Zaigo], B2 EdMe 4dde] 942
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Table 9. Erythrocyte antioxidative enzyme activities

EFEET A AR vl&) v g8l

%, A¥T7] P 45 84S HE, SODe B
=3 A B2TER AY EFEETA, catalases &E =
ate] Al2FE A, GSH-pxE 53 95% @L32ET
ojA o] o] Eol =ake] A7 7 viskd A
Yo st AAES B4 S o AfHolgn &
4 ATk

3) U9 M ZARY HY

28] SOD, catalase, GSH-pxd] #4€ §A¢ e
Table 103} Z3ttt,

+9) SOD ¥4 & w3t EF3EEL AN X U/ A
FHEEC B2 ET fFoE Ut ARPHER B
W 7Aool =Aun 2 A%E Bt 532 EFEE
o Hlg] AL T NS FEETY ¥Yo| & v, 7
gl M FELte E A}e)7} g

Catalase 84 =3} 95% 252527 49 #
B7o] =Rt foH o 29w E31e] 75% <lehe
FE2E, E5EEY £ME Ut APEE 59, A

RBC catalase(nmole/mg protein)

RBC GSH-px(Unit/min/mg protein}

2237.0 + 448.6°
5586.1 + 740.0°
3244.7 + 655.3%
4533.1 + 468.3%
3863.3 + 761.1%
5449.0 + 865.3°
23409 + 256.7°
4763.4 + 758.3%
3128.4 + 494.4%

0.055 + 0.031°
0.146 + 0.070®
0.133 + 0.027*
0.073 + 0.019°
0.127 £ 0.012%
0.075 + 0.025"
0.064 + 0020
0.191 + 0.022°
0.057 + 0.031°

Groups” RBC SOD"(Unit/min/mg protein)
C 101 + 2.807
GP 21.8 + 274
PP 103 £ 1.15°
GwW 205 + 333
PW 32.1 + 2.86°
GE-75% 29.1 = 4.00*
PE-75% 11.0 + 3.62°
GE-95% 32.7 + 5.36°
PE-95% 105 £ 1.70°
1) See Table 1 2) See Table 4 3) See Table 6

4) Superoxide dismutase(SOD) activities are expressed as Units per minute per mg protein(l unit will inhibit the rate of reduced of cy-
tochrome C by 50% in a coupled system with xanthine oxidase at pH 7.8 and 257 in a 3.0ml reaction volume). Catalase activities are
expressed as nmole formaldehyde utilized as standard per mg protein. Glutathione peroxidase(GSH-px) activities are expressed as unit
per mg protein(1unit will catalyze the oxidation by H,O, of 1.0pmol of reduced glutathione to oxidized glutathione per min at pH 7.0

and 25T}

Table 10. Liver antioxidative enzyme activities

Groups” Liver SOD¥(Unit/min/mg protein)

Liver catalase(nmole/mg protein)

Liver GSH-px(Unit/min/mg protein)

C 131 £ 501

7883.1 + 1232.4°
GP 280 + 9.88% 8026.5 + 1888.5°

0.410 + 0.022°
0.618 + 0.143%

PP 37.5 + 295° 15184.0 + 3470.8” 0.351 + 0.168"
GW 153 + 1,92 10029.5 + 1029.5*% 0.418 + 0.025°
PW 316 + 3.19° 79069 + 939.2° 1.077 + 0.136%
GE-75% 38.6 + 4.05° 13264.7 + 1727.2* 0.707 + 0.179™
PE-75% 3.0 £ 469 9672.6 + 1474.1™ 0.570 + 0.218%
GE-95% 306 + 541° 16042.3 + 2483.2° 0.813 + 0.181™
PE-95% 369 + 263" 8435.6 & 1592.0° 0.452 + 0.061°
1) See Table 1 2) See Table 4 3) See Table 6 4} See Table 9



Table 11. Xanthine oxidase activities of liver

Groups” Liver XOD¥(nmole/min/mg protein)
C 682 + 1.27°
GP 6.07 + 0.87
PP 563 £ 1.24
Gw 672 £ 1.86
PW 6.49 + 1.16

GE-75% 6.22 + 1.04

PE-75% 448 + 1.00

GE-95% 5.28 £ 0.57

PE-95% 466 + 1.23

1} See Table 1 2-3) See Table 4

4} Xanthine oxidase{XQOD) activities are expressed as the formation
of nmole of usic acid per minute per mg of protein.
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% beta-carotene™ WEF E7} w]EAH o2 230
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