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Effects of Dried Leaf Powders, Water and Ethanol Extracts of Persimmon and Green Tea
Leaves on Lipid Metabolism and Antioxidative Capacity in 12-Month-Old Rats

Oh, Hyun Myung’ - Kim, Mi Kyung
Department of Foods & Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

The effects of dried leaf powders and water and ethanol extracts of persimmon and green tea on lipid metabolism, lipid
peroxidation and antioxidative enzyme activity were investigated in 12-month-old rats. Forty-nine male Sprague-Dawley rats
weighing 5201 19g were blocked into seven groups according to body weight. Rats were raised for four weeks with control(ng tea
leaf powder or extracts) and experimental diéts containing either 5%(w/w) dried leaf powders of persimmon{Diospyros kaki Thunb)
or green tea(Camellia Sinensis O. Ktze), or water or ethanol extract from equal amounts of cach dried tea powder. Food intakes of
all tea dier groups were higher than that of control. Weight gains and food efficiency ratios of all tea diet groups were not
significantly different from those of control. All tea diets decreased plasma triglyceride level, especially, green tea powder and
persimmon ethanol diets were more effective than other diet. All the ez diet groups showed decrease in liver triglyceride level, and
persimmon powder and ethanol extract increased fecal triglyceride excretion. Plasma cholesterol levels of all the tea diet groups were
not significantly different from the control, but control. Fecal cholesterliver cholesterol concegroups were significantintrations of all
tea y lower than that of ol excretions of persimmon powder, green tea cthanol extract, persommon ethanol exuract and green tea
ethanol extract groups were significantly higher than that of control. Plasma and liver thiobarbituric acid reactive substance(TBARS)
concentrations of al] the tea diet groups were lower than that of control. Especially, plasma TBARS concentrations of green tea
powder and persimmon ethanol extract groups were sinificantly low. Red blood cel{RBC) superoxide dismutase(SOD) activities of
persimmon ethanol extract and green tea water extract groups were increased, and RBC catalase activities of all experimental groups
were not significantly different. RBC glutathione peroxidase(GSH-px) activities of persimmon ethanol extract, persimmon water
extract and green tea powder groups were increased. Liver SOD activities of all the tea diet groups except green tea ethanol extract
group were higher than that of control. Liver catalase activitics of all experimental groups were not significantly different, and liver
GSH-px activity of green tea powder group was significantly higher than that of control. In conclusion, dried leaf powders, and
water and ethanol extracts of persimmon and green tea were effective in lowering lipid level, inhibiting lipid peroxidation and
increasing antioxidative enzyme activities in 12-month-old rat. Green tea leaf powder with high contents of flavonoids and warer
soluble dierary fiber was most effective in lowering plasma triglyceride, cholesterol and TBARS level. (Korean J Nutrition 34(3) :
285~298, 2001)
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£ dAFeMe felve A% FoA £ Ag] Hefd
7oA flavonoids®] o] wvha W T w4E
Qe ol A= anE FHstax

tRel gy Ed=e ghist viel 2 flavonoi-
ds% el 478 & F 9t} Flavonoids® polyphenol-
ic substance2A] 38724 kel flavonols, flavones,
flavanones, catechins, anthocyanidins, isoflavones,
dihydroflavonols, 52& Fi3l=tP® 74 53} oghL:
T &dld] g 23 Ert cd2a o A Pzt
HidsAE AYAAE 2 Ay FEgs v
At donsta ok wg 2ol el e (agly-
cone) 2 EASAT R G AFs A P
ZAse FoE delA don B3 oy 7] 3EEA
FAHQ agle] o]d gk wlo} flavonoids?) T2 ¢
Rt gt

749 flavonoidZ+= kaemplerol?] WiA9] astrag-
alin, myricetin®l ®W33%] myricitrin. isoquercitrin &
o] ujga] Fe)s 248 Myricitrin® 23 absolu-
te alcoholdl] AR LR Zer}

=2}2] flavonoids9li= catechin, quercetin, myricet-
in, kaempferol 5| %t Catechin2{+)-catechin®}
(- )-epigallocatechin® 2 F28A 8=l e
flavonoid® =A% Eo]1} alcohol, glacial acetic acid,
acetoned] & &3 A7HS- Eolu etherofis @ H=1f
F9%F, $F, F33 848 AWon oA quercet-
ind glacial acetic aciddll &t} =3 349, ol
4 sEokebd Fo| ¥ nE T UE myricetin® #E B
oA AFH T =1 alcoholdl & HErl Kaempferol
E T =AE alcohol, ether £E akaliesell S=ttx
Hislo] glch. ¥

Flavenoids= hydroxyl radical. superoxide anion
radical, peroxyl radical 52 scavenging™™ & & ohJ
2}, Fedt Cul chelating®s}z &4t} 540 2498 &
ZEANZ o 2 dHat 848 vehliE Zle g defdnt,
9ol = ek, ki, SEAel, Futelel A, &
Y2714 FEAAE 7RIkn Base] ik

Beta-carotene, BIEFY) C, HIE}Y] B9} 22 i3} v
BRI free radical® AAFLZHN oF, Wulg, B4d-5™
ARE odwcin ¢elA] glon, wgle] Aden 4t
a2 el dAAG 2P

T3 Aol fre QU AgtE 4ol o LtEA] g
A O3 4 e Aosed a1 393 B8l
A Ao w2} Agfardo] tiEy, Aty o Laxo
upzt =84 BEA4 0T vl 84 HolAdfe Al
A geld FA&Y FEE 94T FF 429 43
F5rE8 7HaAFa, Ho] Ee =&l bile acids} 4
gl o mjdAgezy gy FH2HE3S AN
A AT 482 dubghbn g Qo E? BgA 4
ol dfre & F5std H3s, i o u g 2E
& A A wot o) Fe] FEd] o A ooz oW
o] ¥ulol BAZE Z7A710
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E A% 479 o3 FHE YR V2EAE v
mepr] B dAgtel A= gda 2ake] AR e g} 23
88 1271459 d70A HAAA Adiaret 3Hidst
Foll v Qe vugoezy g Ag] %
38 Ad FAFAE dolin, Yoyl Ui Ard
E 9 des 2550 38 vadty A dAg Jehy
v AL AAstazt sigich
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1. SEMS QY

1) Yot 542 HE & W YEESFEEY &Y

A (F5 4F 199833 s (AE 1A 199834
v AEAA AxE YY) AE FYsty fitz mill
(The Fitz Patrick Company, No. DASO6)Z 40mesh&
20 F UEE BLEEidan, o]AE A% o8
o}, B FEE2 A4S 15939 B2 95T water batho)
A 1AMZE & F dAER st Al 3 FA AZEA
AL T

Z A|B9] e FEE2 7 7Y e HBse £
st 7ela =2 ARS 742} 15uiRke] 95% ojghd
of FAerAlA 80T 1At ER-FE8I3T o] 4E
o 5} 5t AR 959 B2 E 23] EI|o F£3 F of
s dn o] HagFE ol 3087 10,000rpmel 4]



AR F 2143 LI 2& AYHolel &
o} AF83hrt.

2) HEUFEY MR W A9

AF 12714 € Sprague-Dawley? 53 83 49n}2]&
THste AF AF A 157U0 2P (AR 2
HEAFY, AL & AFe] 520+19g2 HAEL AF
of &t W% (randomized complete block design)el
o} 7ty 7T R EFEte) 4T ARSI A¥E
E2 5 ol2ly Beldlo stainless steel cagedl A AH&-a}
R, Holet F& AHEA HES S}

Al ALEE Ao]o] FAHEL Table 13} 2t} 4
ole] Bt3lE FYo2E LA (corn starch, A%F
W), A FY22E §99f(corn oil, NE)E AHEs}
don, gud FHogE casein(edible acid casein.
Murry Goulburn Co-operative Co., Australia}s AHE:
sttt 771 A3 v 2 AlokEg ARE St T3 AL

Table 1. Composition of experimental diets(g/kg diet)

. Goups" ¢ Gp NP GE NE GW NW
Ingredients -
Corn starch 698 648 648 648 648 648 648
Casein 150 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100 100
Salt mixture” 40 40 40 40 40 40 40
Vitamin mixture® 0 10 16 10 1¢ 10 10
Chaline chloride 2 2 2 272 2 2
Plant Powder 0 50 50 0 0 0 0
Plant Ethanol Extract 0 0 0 50 50 0 0
and starch
Plant Water Extract 0 0 0 0 0 50 50
and starch

1) C: Control group

GP: Powder of Gamyip(Diospyros kaki Thunb)

NP: Powder of Nokchaip({Camellia Sinensis O. Kize)

GE: Ethanol Extract of Gamyip(Diospyros kaki Thunb)

NE: Fthanol Extract of Nokchip(Camellia Sinensis O. Ktze)

GW: Water Extract of Gamyip(Diospyros kaki Thunb)

NW: Water Extract of Nokchip(Camellia Sinensis O. Ktze)

2) AIN salt mixture{g/kg mixture): Calcium phosphate, dibasic
{CaHPO,2H,0} 500, Sodium chloride(NaCly 74, Potassium citrate,
monchydrate(K,C¢H;O;H.0) 220, Potassium sulfate(K;S0,) 52, Mag-
nesium oxide(MgO) 24, Manganous carbonate(43 — 48%, Mn) 3.5,
Ferric citrate(16— 17% Fe) 6, Zinc carbonate(70% Zn0) 1.6, Cupric
carbonate(53 - 55% Cu} 0.3, Potassium iodate(KIOs) 0.01, Sodium
selenite(Na,5e0,5H,0) 0.01, Chromium potassium sulfate(Crk(SO,)
:12H,0} 0.55, Sucrese finely powdered, to make 1000 gram.

3) AIN vitamin mixture(mg/kg mixture): Thiamine HCl 600, Ribofla-
vin 600, Pyridoxine HCI 700, Nicotinic acid 3000, D-Calcium Pan-
tothenate 1600, Folic acid 200, D-Biotin 20, Cyannocobalamine(vi
Otamin By;) 1, Retinyl palmitate(vitamin A) 120,000 retino! equi-
valents, DL-o-Tocopheryl acetate{vitamin E) 5,000IL) vitamin F ac-
tivity, Cholecalciferol 2.5(100,000 IU, powder form), Menadione(vi-
tamin K} 5.0, Sucrose finely powdered, to make 1,000gram.
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2tz Aol A9 4% 1% TS 2ol 4o FH3E
Aet. &, & B 9L F5T9 43 HelFA9) 5%
AEEe AZPETE B B 5% e E FE31e 4
oldl Aryetar, AEFke Aoly S-S A7)
o BEahet

AoldFEe dF-de 33 dAZ Az} A,
e UFU 18] 2L Az Z4g3tget, olu 2jo)4
FelM 2= 7~ AFe] WalE v o A &
A 2AZ Aol Ao| 1R wWlFRct AMS7|7HEte] dY
B HoldH g 44 AFFEE ALdslda, A7)z
o HFF7HEE 2L Ve el ges o] 7 4
HTE9 4o a8 (food efficiency ratio. F.E.R.}S Al
35t

3) B, A Y 4y

ARFTES §A37] 44H5H 1247H 23] 2A o)
AH3H{metabolic cage)olA] 24417 Eokel WL A3 skq
o}, olw 2elo] gl Wel i)l 2.5 AL W) Ha}
of thApgol = Ao| 1RE Yol FA] ot} ARl &
F 9ARE 24 9A7EA] thAbgelA WE s 2
2 o OAIEE gEY 24 9A7RIE Al B9 AR
oA 2olg HASEE 3§ AlE AF 3UAS &
A INFH F 9A7EA] 12M7 B9 ThA] WAL el A
A-g A3t o] 717HE B2 A@glol kg, A
e AL FAE 243§ -20CM Y5kt

ARzl FEE AUEESE 1247 4N 7 £ die-
thyl etherZ v} A|A 745 F F4L 1 BAF 98 3.
8% sodium citrate €9 0.1ml2 W52 coatingdt 10
ml A& AHEEle] A& el ol g A st A
AL FiEE A& EA8] 98] EDTA(Ethylene Di-
amine Tetra Acetate)”} 5943 polystylene 1422
ol ol ice batholl 2087 W28 & A4l Ha]7)(Sor-
vall, RT 6000B)= 2,800rpm, 4TolA 3057 94184
g olglZ2l red blood cel(RBC)# AL ¥aslz,
e W AR RS A 2357 Y8
- 70T deep freezerol] Xastgict

oleiZe] RBCE 39 ice cold salined #7lslod 4
AE2712 2.800rpm. 4TAA 1087 AR 5h= A
B4-& Aate w335t washed RBCE 99Ut} o] RBC
< cell® 0.9% NaCl &9 P3u)7} 1 : 1] HEE 3
A3}e] 50% hematocrit suspension(RBC suspension)
= e F astg 4o 848 2330 AR -710T
deep freezers] B@stsithH
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Yeolg AHE £ ice bathyolA FA 7+& Hof ice
cold salinecl Yo} A|H% g QA& E7|E AAT F
2AE 2452 82 - 70T deep freezere] H#3td
atEoka E484 S ARSEHITL

4) Ba9y 2N

(1) ¥4, 74, wo] Apiddhek

Ao EAW ST Fringsy,® {3 #o) A% ¥
% Bligh® Dyer#*g ol&3d 43}, ¥33
7b, We] FAAMPETE GPO-PAPY & o83 kit(FF
Az sl n BF, 7 ¥ FH2HE == &
A& oS¢ kit(FEA L E o &3] ZAsAT =
g4l HDL-Z#2H & 5 =% LDL({Low-Density Li-
poprotein) 2 VLDL(Very Low Density Lipoprotein)
& AAXN F Erfos HDL-ZH2HEY 558 &
A3 kit(FEAL 2 FH AT

{2) 3A3 7+2] Thiobarbituric acid reactive substance

34e] Thiobarbituric Acid Reactive Substance(TB-
ARS) 332 Yagie] w2 £43(=t 1.1.3.3-
tetramethoxypropane2 E&-&d22 o] luminesce-
nce spectrometer(Perkin Elmer, LS50)% excitation
515nm. emission 553nmell+ A #slct. 7+¢] TBARS
3HeES Buckingham¥®& o83k spectrophotometer
(Spectronic 301. Milton Roy)= 532nmef|A] 8)447 g}
ot

(3) ¥y} 7o) HAbEHA A4 84

=g el 7k} superoxide dismutase(SOD) &4 FI-
oh 522 Wy o ZA4Hct =, xanthine©| xanth-
ine oxidase®] 2J# superoxide® A3, | supero-
xidedl] €)% ferriceytochrome c{Fe**)9] ferrouscyto-
chrome c(Fe*" )22} £4& SOD7} Waighs A& 550
nm(HP 8453, Hewlett Packard)oll A 30 H8o 3 37
7 vl A st old SODe £9 &4 =& ferr
iceytochrome c2] #9& 50% Wafist= SODS 42 1
unite 2 3t YeRfct.

A& -9} 719] catalase 2442 Johansson# Hkan™y
o) 9}&] spectrophotometer(Spectronic 301, Milton Roy}
Z 550nmellH FFEE S3% F formaldehydeE EE
fao2 3o AL FEFJHAoERE L A

A& 79| glutathione peroxidase(GSH-px) ¥4 Fl-
ohg} uHA®E o] 43} F3&t¢ct. Glutathione perox-

idasex #9% glutathione(GSH)Z H.0.9 #5& &
AXNA 898 GSHE 4338 glutathione(GSSGI 2=
AFA) 713, o] GSSGE glutathione reductased] 4§
22 NADPHZ NADP=E A8A17]< “§Alel thAl GSH
2 ey olw ¥3L == NADPHE d#32 #HA
%= NADP7F Bthe 928 oj&3ic), lunitd 1EEet
1.00M ¢] GSH7I GSSHE Atg}E= 712 i),

7+e) GSH-px &4 42 7he) SOD 84 &34 A=
sto] HEg AAYS o|fste] YT} HFUF WHOE
23381, e A5 A¥T9 29 t-butyl hydro-
peroxide th4! H,O.Z AHEEIA T, catalased 248 9
g7} 4ste] 1mM sodium azide® 2718t
7t AAEe) S5 E A8 AHEE AT 0o @R
812F2 hovine serum albumin(Sigmale EFEgo =
3He Lowry ® o 2 v| A3 ksl el

2. Flavonoids & FFE4

Flavonoids®] &k Hg®e] whgE o)&sle] A s}
gt AZFAE 1gd 50% WEHE 60mlE 718t 80T oA
1AZHESE $R5ET F, WAAA 50% EEE 100ml
2 ghdo] odmxz g AL Asggez ot Al
&2 diethylene glycol 10mls}t A58 1mlE FHall 2
F§3 F of7]e] IN NaOH 1mlE 718k oAl & &3ts)
31 37CAA 1A17HE A ¥ 4220nmolH FRES F
A5 2, blanki= AEE9 dldlel 50% g &4 ©]
23190} B, JergFEE W 3h-4 flavonoids 33
AR Ao 9 AzslEd B, ke FFEE FHEAx
AA Baste & A Re) FYE e R S48

3. Mo HEDIY FFRY

Beta—carotene(Pcarotene)2 Nilis2] wh™®o2 HP-
LC(Pharmacia LKB, Pharmacia)& 4884 Column :
Ci{ODS-2, 250 x 4. 6mm 5p), Mobile phase : aceto-
nitrile : dichloromethane = 8 : 2. Flow rate : 1.2ml/
min, Detector : UV 450nm, Injection volume @ 20u%1
Z7d A 24akqct, vlelel Co FFL vy ojate]
243kt 2 HlElNl E= AQACHA 3498 i e
Z HPLC® 273 Column : pporasil, Mobile phase
hexane : isopropanol : acetic acid = 1000:6: 5, Flow
rate : 1.0ml/min, Detector : 33 E7] (excitation
298nm. emission 324nm)oA 4% ¥ o-tocopherol
equivalent(o-T.E. = 1 X a-tocopherol + 0.5 x B-to-
copherol + 0.1 X y-tocopherol) @ #h4tate] vFERASITE



4. Y°IN 7Y ITRY

2o] Af 43 AOAC 39 39 Lee 59 ug®
o2 FFHFL. AF A= 1gd AHE a-amylase, pr-
otease, amyloglucosidase® A71sle) A3 & cruci-
bledl @< residued F3te] £-8A4 Aol (insolu-
ble dietary fibers, IDF}2] %o & Ztatga, £31 o7t
el 60T ethanold <7} R} 4u|wrF 7iale] A&
oA 1417 5<t AN F Aofsie Az AL &
Al 2ol M-8 (soluble dietary fibers, SDF)¢} eto =2 7}
3ttt o|2A 3ted Ao IDFS SDF9) & #sld
% 2]o] Af(total dietary fibers, TDF)&] %22 75
3.

5. 5WANE

£ Axe FEAS A9Ags 4979 4 Y 59
A5 Adstga, d9ulA 2434 (one-way analysis
of variance)& 3 F o= 0.05 &F14 Duncan’s mu-
ltiple range testell &3t 2z} 28T BN F94
& A& Flavonoidse} 3t4tal vjepmel g 24
A= duplicatedt gte] {H#E T3k vERIA T

R E

1. 39 5/ HEY) 8 F&E, H2& FEE Y fla-
vonoids % TS} BIED AlO[Y & B}

B AgoM ALgg ZAa KA1l B o8k 338
o] 3&+8¢ 9 A¥ FE2E Ud ##9 flavonoidset
34438} ekl beta—carotene, HIEF C, ¥ E &
22 Table 29 234}

dgE+EEe &2 F8 790 17.59%, =3} 29.
69%2 =male] 0] ER EFFEY F£E&2 7Yl
13.89%, =247 17.04% 2 HA] Fake] =80 =5t B
55 vl dgE32 8] =)

ZF AzxzAE gl g-Hol = £ flavonoidse]
ZYAR 20.72mg, SAYAR 25.62mg, T g
ZE 9.98mg, =4 ANELFEE 17.08mg, 7L 25
5.69mg, 53 EF55 11.30meollt). A} AR fla-
vonoids #e| 7F¢ 3, oehe, EFEESAME
=2k 3&22] flavonoids ge] vl Z+ Alg2uUle] &
flavonoids FAA olgh-&ol B+ flavonoidsy ¥&S A
2kshd 732l % flavonoids®] 47.68%7} olg-Eel =i
flavonoids$ &9, == % flavonoids?] 66.67%7} ol
B&o == flavonoids® VERGT. 3 Eol B2 fla-
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Table 2. Extraction yields of ethanol and water extracts, contents of
flavonoids, beta-carotene, vitamin C, vitamin E and Total dietary fib-
er in plant powders

Groups

. GP GE OW NP NE NwW

Constituent

Extraction yields(%) - 175 13.8 - 296 17.0

Total flavonoidstmgle 567 99 56 256 170 11.3
plant powden

Beta-carotene{rg/g plant 915 1371 -" 353 284 "
powder) ’ ' ’

Vitamin Clmgfg plant 5 4y 405 059 156 069 032
powder}

Vitamin E pglo-TEZ 798" 3040 09 196 407 16
plant powder)

Total dietary fibersi%)  34.78 478 587 32.24 6.02 504
IDF(insoluble dietary 53 39 365 324 2000 4.28 1.97
fibers}{%)

SDF(soluble dietaty
11.39 113 3.63 1215 192 3.07
fibers)(%)

1) N.D: Non-detectable

vonoids®] W& AlAbetH Z49le 27.46% . =3k 44.10
%= et
ghibs} velule] geke ol y] Y Alsule] beta-
carotene, ¥EfT C, HlElT] B9} 348 SASAY A%
A& 1g% Beta—carotene TER 7+ fdE-el 91.56pg.
=3h o) 35.35ng, 7+ oEE FEE0] 137.13pg, 5
2t ofErE 2&50) 28 47Tug2 F beta-carotene¥FE 7t
o] BAET % ARAE 1g9 HgT Co T
74 ARo] 3.417Tmg, 53} FEo] 1.565mg, 74 odE
F%Eo°] 1.05Img. 53 AehEEEE0] 0.699mgH o]
7Y BEFEEE 0.59mg, =3 & FE5EL (.328mge
2 e o] dA] B EEY] Fado| ZAAE BT 5
At AZRAE 1g9 HEMY E(o-tocopherol equivalent)
o] gL 2y AEol 173.8ng, =4k 7] 19.6pg, 2
A S22 L 324 Opg, =3 ARt FE 5o 40 TR
% EFEES 098, F3 EFEEL Log® Ad
7 AE@EFEEAd ele] Fdoeu EFEEA 53
7} BT 4050 AdTe Heln =3e) ARAR
1g@ total flavonoids= ZH7} 15.5mg. 31.1mgelsl.e.n,
B-carotene 32.80pz, 100.45pgo19l =, HIEM O 0.17
mg, 1.35mg Bl E= 0.58pg, 0.20pge|ic). o] &}zto]
LA, =847 Fo) GE GRARe wel o5 dild)
B2 gfe] th2 oz Jehdg. Tt B A4
¢} o] AHTNM K total flavonoidsE HabHEe] =
stor dlerl BE gdn el v 3 NEEFEE
oA BlEl E¢} beta-carotened] #ako] AR M} &
olfriz. S FEEL ABAZIAY F o] ofEhga o
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290 /137 ol 4] e, 5Ake} AAE A 2

£ HlElle] that &0 A= AHAH vis) 48 3
HlER #3534 AT 2FAGAA vgnle] SE3

2257 ¢7) fEoz Algdct gid A4z A8 ot
ulelwl E9} beta—carotene?l #FHS dEE&FEE W9

gaEc o 52 Ao Y74

Z 2ol f= 74l HRol 34.78%, Iab 7Akte] 32.24
9% 7+9) e &EZE L 478%, KAt ¥ EFEES 6.02
%RL, Y EF %%3 5.87%, =2 B54EES 5.04% %
[:]. 7L01_L+ h;]._] % A]o])d (=] z;]-eg;oﬂ =2 Z}Ol‘—
o]A] gpgter} it °ﬂ S50 £ 2olifr el #

Q AeEgr B £ B84 Holdqs 58
4 HoldfE BT A W 284 HoldR) Aol ¥

Al el A8 Bolu & FEEAE 784 AolAd
F7t B84 o] AfRct =

AHH oz 7+ele HElY C beta-carotene, HIEHF]
EE o] #fstgxn, 5Ae total flavonoids? 32
o & 4o)d{ vtk

2. HYTEY Y%

1) MOINZY MFFIIT | A28
NYER F W Aol A AB/|ENY HF
Z71ea) Ao E &L Table 37 23t}

Table 3. Food intake, body weight gain and food efficiency ratio”

Groups Food intake  Body weight gain Food.eff_iciency
(g/day) (/4 weeks) ratio

C 195 + 04" 213 + 1057 0.04 £ 003"
Gp 216 + 1.0°° 161 + 48 0.03 =+ 0.00
NP 213 + 04 275+ 54 0.04 + 0.00
GE 231 = 1.0° 27.3 £+ 16.0 0.05 + 0.03
NE 227 + 0.2° 246 + 9.7 0.04 £ 0.01
GW 212 £ 06" 221+ 87 0.03 + 0.01
NW 220+ 0.7 205 + 2.3 0.03 + 0.00

1) Mean = Standard Error(n = 7).

2} Values with different alphabet within the column are significantly
different at o = 0.05 by Duncan’s multiple range test.

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

§49 Wat SlNgE v 2E JAolEol B
Fol wjsie] egkon B3l gast A dReRd
o w3k}, A9/175ee] AFFARS Fel¥Y et

1n

ARon} 54 AREH LY AL F2T0| B AFE
UehiRlE e ARFel b Relth. Holag we A
F B71a sl R 99 o)t gigledt 24 o
Bg 2E 2ol Holxgol 7 we BT VeI
3. g
1) BYY 3, 3YNY, § 2YLHE R HOL-292
HE 5&

Be) AUALE Stob) 98 248 AL, T4
v 239 AU, HDL-Sd 282 3 STl 2 o
 HDL-27l25 8] ¥ &€ Table 49 23teh.

@) 3% FEE E cHAolTol dZE Bt u
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Table 4. Plasma total lipid, triglyceride, total cholesterol, HDL-cholesterol concentratians and HDL : tota! cholesterol ratio”

Plasma total lipid Plasma triglyceride

Groups

Plasma total cholesterol

Plasma HDL-cholesterol  HDL : total cholesterol

(mg/100ml} (mg/100m!) (mg/100ml) (mg/100ml) ratio
C 352.65 £ 31.21% 112.76 + 5.54° 5535 + 9.42™% 2435 + 216" 022 = 0.01°
GP 288.48 + 22,55 90.53 + 8.20" 5601 + 8.80 27.94 + 3.39 028 + 0.03"°
NP 246.37 + 18.93" 80.81 + 4.88" 43.66 + 10.16 21.68 + 2.20 0.28 + 0.01*°
GE 24579 + 24.04° 77.24 + 3.68° 51.76 + 10.89 2232 + 1.16 0.29 + 0.01*°
NE 314.53 + 18.03*° 97.29 + 726" 4266 + 771 29.51 + 2.92 0.30 + 0.02°
GwW 297.59 + 2218 88.48 + 8.81° 41.89 + 694 27.29 + 436 0.28 + 0.03**
NW 285.45 + 12,75 88.15 + 5.51° 5408 + 11.18 31.25 + 3.24 0.30 + 0.03°

13- 3) See Table 3.
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Table 5. Liver total lipid, triglyceride and cholesterol concentrations”

Liver total lipid Liver triglyceride Liver cholesterol

Groups (mg/g wet weight) (mg/g wet weight) (mg/g wet weight)
C 3207 & 2652  2.08 + 015° 1.63 + 0.05°
GP 1853 % 2.27° 1.50 + 0.09° 1.02 + 0.02°
NP 2707 + 240 159 + 0.14° 098 + 0,02°
GE 2295 + 3.39° 1.67 + 0.12° 1.01 *+ 0.01°
NE 2266 + 233% 160 £ 0.12° 1.01 £ 0.02°
GW 1516 £ 1.32° 1.51 £ 0.11° 1.05 + 0.02°
NW 2715 + 310  1.64 + 0.15° 1.00 + 0.01°

13-2) See Table 3.
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Table 6. Fecal weight, and fecal total lipid, triglyceride and cholesterol excretions”

Graups Fecal weightlg dry weight/day} Fecal total lipidimg/day) Fecal triglyceride(mg/day) Fecal cholesterolimg/day)
C 099 + 0.1g™ 1641 + 576 0.62 + 019 0,14 + 0.04°
GP 201 + 017 49.60 + 7.09° 1.85 £ 0.19° 0.72 + 0.20°
NP 202 + 0.25° 34.25 + 6.84*" 1.49 + 0.24*° 051 + 0.10%
GE 1.13 + 0.07° 36.71 + 10.64*° 1.77 £+ 0.43° 0.54 + 0.12°%
NE 118 + 0.10° 3317 + 613 1.21 & o.21% 0.66 + 0.20°
GW 113 + 019" 20.80 £ 5.13° 0.73 £ 0.17° 0.23 £+ 0.05°
NW 1.22 £ 0.11° 2862 + 7.06*° 1.00 + 0.21% 0.30 £ 0.06™

1y-2) See Table 3.
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Table 7. Plasma and liver TBARS Jevels”

Plasma TBARS Liver TBARS
Groups (nmol100m| plasma) (nmolfg wet liver)

C 70.76 + 611 7.98 + 0.58
GP 4758 + 4.04" 6.38 + 0.37°
NP 33.65 + 3.71° 6.60 + 0.48°
GE 3365 + 3.71° 6.53 + .30
NE 45.49 + 205 6.55 + 0.26"
GW 40.22 + 456> 6.49 + 0.39°
NW 52.43 + 7.05" 7.30 + 0.38*

1) - 2) See Table 3.

Table 8. Erythrocyte antioxidative enzyme activities”
Groups  RBC SOD" RBC catalase” RBC GSH-px"

C  11.28 + 227" 32971 + 339.7™" 0.070 + 0.013°
GP 1718 + 0.67° 36143 + 1497  0.148 £ 008"

NP 1270 + 3.89°  3867.8 + 397.1 0.170 + 0.066"
GE 3110 + 447" 3690.0 + 2159 0232 + 0.029°
NE 1637 + 3.30° 35497 + 1274 0.114 = 0.016%
GW 17.86 + 3.27° 3603.0 + 970  0.186 + 0.016™
NW 2165 + 7.01°" 35359 + 1933 0.108 + G.018%
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Table 9. Liver antioxidative enzyme activities"

1} 3) See Table 3.

4) Superoxide dismutase(SOD) activities are expressed as Units per
minute perrng protein{! urit will inhibit the rate of reduced of cy-
tochrome ¢ by 50% in a coupled systern with xanthine oxidase at
pH 7.8 and 25T in a 3.0ml reaction volume). Catalase activities
are expressed as nmole formaldehyde utilized as standard permg
protein. Glutathione peroxidase(GSH-px) activities are expressed as
unit permg protein(1 unit will catalyze the oxidation by H,O, of 1.
Opmol of reduced glutathione to oxidized glutathione per min at
pH 7.0 and 251

Groups  Liver SOD* Liver catalase®  Liver GSH-px™
C 2530 + 1.33"9 12568 = 1918.8™ 1021 £ 0.16°
GP 3135 + 2.83*" 14603 + 19486 1.319 + 0.30°
NP 3337 £ 1.79° 13379 & 23996  2.562 + 0.70°
GE 2847 + 1.99°" 14611 + 15088  1.182 + 0.35°
NE 2642 + 133" 14104 + 21257 1537 £ 0.21*°
GW 2904 + 233" 15012 + 11999 1556 + 047*°
NW 2808 + 1.80°" 15784 + 25203  1.105 * 0.24°

1) - 4) See Table 9.
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