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Effect of Different Part of Mandarin Intake on Antioxidative
Capacity in 15-month-old Rats*

Kim, Ji Hye' - Kim, Mi Kyung
Department of Food and Nutritional Sciences, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the effect of whole mandarin, peel, and pulp intake of Citrus unshiu Marc on
the antioxidative capacity of 15-month-old rats. Forty-eight male Sprague-Dawley rats weighing 621.9+10.1 g were
separated into four groups according to body weight. The rats were raised with diets containing 5% (w/w) dried mandarin
powder for four weeks. Three powders were used, consisting of mandarin peel, pulp, and the entire fruit. Total flavonoids,
antioxidant vitamins and dietary fiber was highest in the mandarin peel powder, followed by the whole mandarin powder
and the mandarin pulp. The body weight gains of the whole mandarin and mandarin pulp groups were higher, while that
of the mandarin peel group was lower than that of the control group. Food intake and ratios of liver, kidney and epididy-
mal fat pad (EFP) weights to body weight were not significantly different among the groups, but ratios of EFP weights
per body weight of the experimental groups tended to be lower than that of the control animals. Plasma and liver TBARS
concentrations decreased in all the mandarin groups compared to the control group. Plasma and liver xanthine oxidase
(XO) activity decreased in all of the mandarin diet groups. Erythrocyte and liver SOD activity in all of experimental
groups was not significantly different from the control group. Plasma vitamin A concentration increased significantly in
all of the mandarin diet groups. That of the mandarin peel group was 4 times higher than that of the control group. Plasma
total carotenoids and vitamin C level also increased in the mandarin peel group. Plasma vitamin E level was not signifi-
cantly different among the groups. (Korean J Nutrition 36(6) : 559 ~569, 2003)
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HAZ ] 477 B4 AgE g8t 122 2ty e A
2] 3422 flavonoids, phenolic acids, coumarins, lig-
nans 5°] ALY FlavonoidsE Yy 22 benzo—
y —pyrene T-Z°| g 5AXYA = HEA 33HEo|y
40009 F o449 Z+z} th& flavonoidsE flavonols, fla-
vones, flavanones, isoflavones, catechins, “18]1 antho-
cyanidins 522 FR/IA” A7 A2FHE @3
citrus fruit® 25-€ ¢ 6099%2] flavonoids7} £25
o, A2 BB 8ol AL AR 9ok Citrus
fruitsell= rutin ¥ deosmine¥} 72 YwHAQl flavonoids
9 hesperidin, naringin®} 2+ citrus fruit S5%9) flavo-
noids, 222 At HAoME BoHR] o= ERF o
¢ tangeretin, nobiletin®} 22 flavonoids7} 55l
Utk H tangeretin®] YAFES g LU o) wkx] ¢
M E2 apoptosis FE U WY HEY £33} A 29
A8 et she Ao= us|zlon® EF flavonoids
o 715730 gt A7EA i3} AL, axEF A
£, 3444 4 542! phosphatidate phosphohydrolase
24 oA L Az Az So] BuE 3 3l Flavo-
noids= YA o2 HAHsH= A, A, T3 2 IEF
ol 2ol i-Eo] 3lon aglycone flavonoids ko A
1 AHFE 8% 5~500 mgo 2 theksi)”

olgte| = FHgelli= carotenoids, vitamin C ¥ vitamin
E7} 35-35ct Hwang, Yoon' 9] @3l 2814 Citrus un-
shiu Marc.3F 782 ¥ carotenoids &#S 3= 7.0
mg%, &L 1.5 mg%°]v], & carotenoids®l] thst A
carotenoid=2 ZAEF %= H99] 3¢ violaxanthin
30%, B—cryptoxanthin 20%, B —carotene 1% 528
vebsteh ©]2jdt B —cryptoxanthing ¢ ofjubol] A3k
7L ol EEY HE, 2dX|odls AY 3o
A = Adoleka $et Vitamin C= 7H23H8o)| ok 54
mg/100 g, #Felli= oF 150~200 mg/100 g Fhdo] I
U kel ol Ak, i, Bgol, Lol Bla] 8~10H
AE e Fold, FAFell= 3ol v)&) vitamin C7} 41)
7} o] grin gt} 8 7HEelle vitamin EX E5-8H),
5o 0.3 mg/100 g, #9oll= 25 mg/100 g A& &
Ut ol Pk vitaminsE MUY AL EAAA
o} 3 ANZI2HE 22E BRESHFE IS g

HH, 242 AR 2001 dA) o g4k Eo g =
X 7hg o] AatsEE HARA F2 mandarinAle) &
Fhzo] A 1 ok gy MRy EEL 33
thEslA otd AEHA ke HAREE ol Foll T in
vivoolX|9] A B8 7)ol h AT EF n=

g Aotk 3 2 FAF B S8} ANLEEA A
ZHA A FAEE e s ZEH9 42 AFEsEQ
ol-gell gl #yol Rolq Yot AFZelM 2000
e 7 ERE o 2wt 63 B0, 1 F o 73 Bl
94 29 7t TYHNE Aoz FHHL o]y
& ZEHIE JYE Hr)siohd g B4 &4
¥ oozt BAe Y gqlo] & 4= glowg FEEAY &
dolghs ¥ dAdE 43tk doNe a9
0§ &n)7} ek

ole] & A= AFA LFZF (Citrus unshiu
Marc) & #2434, 29y, 18ln 22348 B9Ez
Lol B2slekal 0159 F flavonoids $3& EHIA
om B-—carotene, vitamin C, E, 78|11 4lo)A-§ &ks
F33ich =3 A% 1571€ ¥ =FHARH0A F2dA)
2 A, H5 ARE HoFAY 5% FFEoR HHAA
477 ARSE , "3 71 thiobarbituric acid reactive
substance (TBARS) #%g S743l0] A TS Lotn
11, xanthine oxidase (X0O) ¥ superoxide dismutase
(SOD) & 84, 8% vitamin A, C, E, 183 & carote-
noids® +F& 438t A4 oA 7z o]
AH7E A Fadshs SR ok g3} glon o) 3
AHlsel Wl ksl a4 84 ol 9 2R, &
< A BlEAA Fatsl 24 5 Fo)el 9§ AR A
HR A Siich T3t 78 29 whe} oled Ao A}
o7} JEAE vlLste] dA R HrHY Y= HF
Ho7t B E A ZE ot L 715 Alad AEdE
EA &§ 7FeAdol e dotr it sigid
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Addof] AR 722 2001 1120 AR A4
FA 2372 (Citrus unshiu Marc) 4] 32%= o
Agt £ BXE AASA o)FA EXE AAS R
A2 (whole mandarin) & 313ith Y%= #9) (manda-
rin peel) & #5 (mandarin pulp) 28 2]l o|& A
7H) ARAEE F T8 5%UINe R THAAZS L, fitz mill
(The Fitz Patrick Company, No. DASO6) £ 40 mesh
£ 54 7 =S F23sle] ddold 5% (w/w)Y
A7kt
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% Flavonoids 32 Kang 59} w92 o] L3}
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Aekslol 0™ beta— carotene Nelis 59 W ?og
High Performance Liquid Chromatography (HPLC :

Waters 2690 Separation Module, Waters) & ARg3}3
Aty #4348 LUNA 5u C18(2), 250 X 4.6
mm micron column, mobile phases acetonitrile : dich-
loromethane : methanol =7 : 2 : 1 (v/v), flow rate 1.0
m 4 /min® & 3] UVD (at 450 nm) £ injection volume
20 g £, Run time 40 min®& 3}3{t}. T8 % vitamin C
o] gape njAPe| oJste] £33l o, vitamin E¥
AQAC #¢l ¥ o 7 HPLCE ol&3sle] B33t
BAZAL p—Porasil™ 1254, 10 gm, 3.9 X 300 mm
Waters HPLC column, mobile phase+ hexane : isopro-
panol : acetic acid = 1000 : 5 : 5 (v/v), flow rate 0.8 m £/
min® g 3] UVD (at 295 nm) & injection volume 20
# 4, Run time 25 min® 2 3t 7 F3E a—tocophe-
rol equivalent (¢ —T.E. =1 X a—-tocopherol + 0.5 X
B ~tocopherol + 0.1 X y —tocopherol) 2 $Hilslo] Lje}
ik viRjgto 2 Aol ke AOAC 3% B!
Lee 59 WP o g Akeigich ojw) a8 Ass
1 &ero] o9 85% ethanol® 2~33] F&3 &
£& 7bs) wighim 40C drying oven (JEIO TECH
FO—600M) ol 8Fkgql A=A & Aojldf- B4
AREEIITE BE AlRQ] ditsl B e o

% 1 gl sidshe fte 2 vepdsith

3. MBEE2 ALg A A9

AHEE-2 MELT o) e Fe|olol] 2Fste] EAA ¥
B 298 AN 2 FAE (P ASsEAEAT
Az 22%01d, AW 4.5%018, A 6.0%°1%},
Z38)% 8.0%°]3}, Ca 0.7%°1%, P 0.50%°1 3] Z AHS3§t
157§€% Sprague—Dawley® T3 33 48vkE i
o2 a9t APEEEL B FEASAR &1 Fo 1F
A7 2U IR (OAFTEAEIATAIRE 3
2471 F, AFo)] 621.9 = 10.1 g2 ASL AFol wet
W (randomized complete block design)ell &3l 12
nlly 470 F F-Hte] 457 ARSIt

ANEEL 5 vlg)¥ stainless steel cageolA A3}
Ao Ao)gt B2 AFEA HES A oH, FEARAS
25 22 £ 17, £% 45% WAZ FAAH 2, lighting
cycled 12X F212 AR STk

Aol AHEEH Ao)= gr3lE FYo2yE Seadd
(corn starch, tAHE)) &, AW FUoZE 59K (corn
oil, ALAD 2 HFF (soybean oil, ALADE 3: 2
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(w:w)2 Bl&Z 4]o] AP20]9 10% (w/w) FE22
ARSI T, T FEo
Murry Goulburn Co—operative Co., Australia)& 41¢]
FAY 15% 22 AMEsIcE F7]147 vitamin Al
oFFS AMEE) EFE R (AIN-93M)* & 47 Ao+
A2 3.5%% 1% FF2o2 Aojd 4o FF3I8ith 7=
AA 2 v, & 2L Ao|RA 59 FFEOE o]
o 4o FFsch

Aol Fe AFYe 33 YAF AFl S35,
AL dFUol 13] 22 Azl FAslglon, Ao] AF
oM o= aAY AFo M= 2] Y] AT 54
2A)7F Aef| Ao] 22E wiF3irt.

4, = S 1| AfR

ARG717b0] 88 A8 ES 1241 AN £ die-
thyl ether2 w}HAIA 7HEE F 10 m L FAPIE o83}
A AN A& ARASGTE o)W FA)= 3.8% so-
dium citrate €9 0.1 m £ & Y¥Z coatingdto] AHE-3}
Sk YA A2 FusEeE AL WA A3 EDTA
(Ethylene Diamine Tetra Acetate) 7} S°31%= polysty-
lene QAR ol o} ice batholl 2087 BN F,
A7 (refrigerated multipurpose centrifuge union
55R Hanil) & 2,800 rpm, 4CellA] 3083t 44%-a)3lo
olefZe] AdTys} 959 4L wolsty, @F2 70T
deep freezerol] B3 th

AP T2kl ice cold salined H7isl fAdRel7)
(refrigerated multipurpose centrifuge union 55R Hanil,
Hanil) 2,800 rpm, 4CellX 10837 daEalshs Al
H3E& Al 2 wHESISI L, o]¥A sto] dejxl AP
0.9% NaCl §-3} F3jn|7} 1 : 10] HEF 34sle] 50%
AP &N (hematocrit suspension) & e & oA
£ gl aae) F4E SA5P] W7 —707C deep fre-
ezerdl) B33

e dAg AFH? T SA] ice bath $JollA wojulo]
ice cold salineel] ol AlHE thg AXZE E715 A%
%, FAIE Ags) S4sk1 o]AES vkE 70T deep free-
zeroll B8l ARSI A F1} BATY S AN
aI3i) 1 9] R gojA FAE ST

5. opEy 2o

Y7}9) thiobarbituric acid reactive substances (TB-
ARS) & Yagifi® o2 F74319iom, 319 TBARSE
Buckingham®H*& ©]-8-315ic}. @37 k] xanthine oxi-
dase (XO) BAE £%L Yoond W7 o2 33302

+ casein (edible acid casein,
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562/ 7] AAs =0 PAsks

o AYE9} 719 superoxide dismutase (SOD) A2
Flohe 52 & o] &3t XO 9 SOD a4 &
WA L Lowry 7ol Fato] 4313tk 3 U vita-
min A%} E®] ¥E& Bieri 59 W* 2% HPLCE °l%
st} 439t} #4212 LUNA 5u C18(2), 250 X
4.6 mm micron column, mobile phaset 95% methanol,
flow rate 1.0 m £/min® 2 3} UVD (at 295 nm) &
injection volume 20 # £, Run time 40 min© 2 3}t
g2 Y9 ¥ carotenoids 5+ Kaplan LA.S] ¥ 2
2 27330k Vitamin C F5& Bierid] 9} 8%
©2 HPLCZE £433ith ¥4 %21& Polarity™ dC18
4.6 X 150 mm, 5 #m column, mobile phase® 0.01 M
KH,PO,$} PICA, flow rate 0.7 m £/min® & 3}y UVD
(at 254 nm) & injection volume 20 g £, Run time 15
min® & eich, AU Ak} vitaminse] B4 P2 H
Az stollA] o]Fo Rk

6. SHN=

2E A% B4 A= SAS programe ©]-&38t] Z+ 7
o] B TFAE Al deux] F4HEA (one—
way analysis of variance) & 3 & a = 0.05 TFA
Duncan’ s multiple range testol] 2J3}o z} A8 H A
7+ S AR
Az 9 13

B AFoM AFA 22473 (Citrus unshiu Marc.)
S R (HAE, ey, 28 FEAHE A
3} AREC] g Bt a8l 72 B Als
o] 4% 2 H|E4A FAst aE goldna A
15718 ¥ =HAAE 1L T AR & d9 e
s A g, AEel 1k of 48k 54 (SOD) ¢

o

X009 &4, 49 vitamin A, C, E & ¥ & caroteno-
ids 58 &3sl] 28 AEE Holx o2 txvH b

Kk,

1. Y2NEY PN YR

g AA A ) 2 o] AXshe v, 183 24
zre] £R3EES B3] AXlE] B9hg W) TEEAEE Al
2 1 golle 28997} 0.38 g, 2EFTE0] 0.62 g T
o} Atk

B APojA AMS HEETARS 5AAE &R 4
A& el &8 F flavonoids, 48} vitamins, 204
S0} gk 24 Asb= duplicated %2 BH#FLZ Table
13 i), 2R AN RS B4 Ax ¥ $8L 742384
), gEdgo] 247 4.17%, 7.15%, 357%E HE
Ho] Az o] ZEHA 2@ Eygno oF 1.5~24
7V w9tk AEAIRE A, AEYy, a8ln 2
B59] 72 FH|E] ZF Al FAUE 22 1 gol
S0 # flavonoids ¥FE AHBEH, 227 20.12
me/e, 7HEH97} 39.30 mg/g, 181 FHES0] 9.97
mg/g 0.2 Yeht Zaaty ] 450 sl vl
Ael 4v] b Eokoh &, a9 F flavonoids7t 7t
A wkor AEAA, A2S o2 YEiEth

Citrus fruits®l¥ rutin ¥ deosmine™ 72 YUREAQI
flavonoids 2! hesperidin, naringin® 3+ citrus fruit 5
#9 flavonoid, ©} Yol At HUolMs RiHA| e
methoxylated flavonoid7} 31tk Pierre 5% 9 Baik %
o] Atoll ojspd £ AN AMESE Citrus unshiu Marc
9] #39j|= methoxylated flavonoid?! sinensetin, nobi-
letin, tangeretin®] 22k 24 pg/g, 135 pglg, 112 pg/g
gaEol ok gk o7 A7l methoxylated
flavonoidst= GAIES] F& 9 do] =] a7, PAES]
AEAFE FEET 5] e Jog BuHgH.

Table 1. Yield of different parts of mandarins, contents of total flavonoids, 8-carotene, vitamin C, vitamin E and total dietary fiber in

mandarin powders

TYpe of powder Whole mandarin Mandarin peel Mandarin pulp
Constituents

Yields (%) 417 7.15 3.57
Total flavonoids (mg/g powder) 20.12 39.30 9.97
B-carotene ( 1« g/g powder) 8.63 41.31 1.78
Vitamin C ( ¢ g /g powder) 4,02 8.55 3.85
Vitamin E ( 2 -TE mg/g powden " 1.95 8.98 0.27
Total dietary fibers (mg/g dry powder) 161.04 173.54 157.72

IDF {(mg/g dry powder) 49.83 140.57 25.71

SDF (mg/g dry powder) 111.21 32.97 132.01

1) e-Tocopherol Equivalent=1 X e -tocopherol + 0.5 X g-tocopherol+0.1 X y -tocopherol



2 Age 7haie Alg9] 43 vitaminsd $ES
AHRE B —carotene AA|7E E= 1 g5l 8.63 ug
of FrEle] e, AEAAE 41.31 ug, FEHAES
1.78 pgol ERHol UM E#HH B —carotene F
frego] 2ol uidl ofF 23] A =& AL ¢ 3
%At} Carotenoids+= provitamin A°]™ free radicals 4
A, gap junction 733}, BAAA 733}, Edy} HAH g4
g4 240 22 BEE 7155 k' Carotenoids

FFE= a—, B—carotene, lutein, zeaxanthin, lycopene,

B—cryptoxanthin®] 911, I £ A —cryptoxanthine man-
darin juice®ll 3.9 mg/100 go} E9 3o HY, ¥
5ol & E9F Bol=d ole ¢ BAYe F 3
Ql free radicals® AASH= @37 9l7] Wil Re=
Hy=ok™ 3k Y A AFRola AatEls
citrus fruits®] 3¢} #-goA B —cryptoxanthing =
Sk Ay} 2 AFollA 291 Citrus unshiv Marc. Fo0) 713
W& B—cryptoxanthing -3k ATk 53] HIlol=
W& % (Citrus platymamma Hort. ex. Tanaka, Citrus eyth-
rosa Hort. ex. Tanaka) o] 8]d}o} B —cryptoxanthin®] 5
vl 719k wgkon 8o\ % Citrus unshiu Marc.Zo)] 24l
7VF 2 B-cryptoxanthing -3k1 319ick 3 Cir
rus unshiu Marc.2] 39} 3-8 v|w S o, Hal= 3
F9) ¢k 7ujell 2= B —cryptoxanthing -3l U
o} olHE AFE B w, 2 Ao 2 YT A4
e ) B- cryptoxanthin®] FHE Q& FASE A
g9k

ELNE 1 g F FEo] Y vitamin C ZEAAl
4.02 mg, 7239l 8.55 mg, =50 3.85 mg 0=
veht 22397} el v o 2 w2 RS &
F A%k T3 EEUAE 1 g F TRE e vita
min E& ZHAA 9] 1.95 mg, 72374l 8.98 mg, 72
5ol 0.27 mglE vieh} ZETael 71 Bol o3
o g ulste] oF 33u) 71 w2 & L 9
pel= g

A o7 A} vitamins 9] $FL 7y £0)
7V Eokor, EAA, a8l 72EaEe eol3ith

HERT MRS Aol TS =EHA7) 161.04 mey/
g, #E397} 173,54 mg/g, ZEH50] 157.72 mg/gl
2 Yept 3ol 74 e Aojdfrt s IR
o}, &, 2R geE Qe Aoldfe oF 81%7t
84 Aol A ety a5 39 84% 71
o] 84 Aol /Rl Aoz veyth 3 ZaHA) £
T A5 F Aol gao] EAA 2 16.1%F
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ARAEEAL llen, 1 F B84 Aojdf TEdA v
2o 4.9%, 5849 A9E 11.1%E 2X8kL AL =
3 gy 229 B9 17.3%7F £ AoldaFol o,
1 F B8 Aol Rrt 14.1%, 84 Aoldw7t 3.3%
R, FEIS B2 A F AoldRPol 15.8%F
AL e B84 Aoldfo] 2.6%, T8 2
ool 13.2% 3t ol Eun 0] 4% 79 4]
ol df el nigte] ot w2, 1 ol Eun 59l
BN a2 2F 2F (Citrus aurantium var) 2 2
o) A3 ) Fol t27] yiEd ZAog AzhEd

E Ao 2T ARE 71 s ARES
A, AAZ 87t g g ¢ e o= 3
59 gkt AREo) TREY UeA AuET|E sH3lth
2000 =9l FoF AFFV Qaha F3 2719 7
£ ¢k 100 g AEolx AFHRY) 5 T oF 89%9]
o 397} 2RER= HlE2 22% A=k siick Edk B
AGeM ARSEE 27 A9 RS 73% J RO
t} o2t ARE TAR sl Srt W 72F g ) (100
g) B A3 B2 =5 34 B9 polyphenolst 7
2739 050 g, Il 0.23 g o} oH, flavono-
idse ZrEde]] 0.24 g, 350 0.09 g FHo] Yok =
gt g3} vitamins @} 7% 8 —carotene B 2.53
rg, H5F) 0.16 pg o] ov, vitamin Cx 22
o 52.36 mg, 5ol 34.06 mg, vitamin EX =3
]} 54.78 mg, ZEHFol| 2.49 mg FHEo] ot wiH
nog ZHERA F Aol %2 10.6 mgolH, 1
Z B8 Aoldf+ 8.6 mg, €A Aode= 20 mg
HrElo] ok 183 FHE TS Aol F AoldRrt
13.9 mg, B84 AolAd7) 2.2 mg, 84 2047t
11.7 mg 5o &= Aoz ettt olgdx 7= o
NE AAE o, AAE 27t " A5 w8l #2je
Aaael] AoA-FE AT YA Falst FEaEo)
o 22 & FREe] e A € 5 ATk

2. MPEE M7 X MAIY gt

ARFES] 8 HF HoldFT ¢ ARV T4 Al
357F&2 Table 28} Z3trt. sk Ht 2o]HFHAZE o
2T BE A4o] LEolA KelAl Apolrt o,
Azt Aelle ZEAAT FEgTo) Tl
Blate] 7t v FEAN T Za ATS YR
ot 224 Table 3014 B 5= U%e] &9 A% 2 23t
A Tl F22Q Aot e, &9 AF T

28 AL FA AA FAHL byt Al 7EA] ZER T Al
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Table 2. Food intake and body weight gain in Sprogue-Dowley
rats fed diets containing different parts of mandarins”

Table 4. Plasma and liver thiobarbituric acid reactive substances
level in Sprague-Dawley rats fed diets containing different parts
of mandarins”

Groups” Food intake Body weight gain
P (g/day) (g/4 weeks) Groups” Plasma (nmol/dh Liver (nmol/g)
C 2403 + 116" 6.44 + 9,51 C 403,083 = 17.0% 6.05 = 0.18°
WM 2648 + 1.63 16.38 + 557 WM 275.04 = 10.22° 536 + 0.15®
MPE 24.32 £ 095 - 484+ 5.17° MPE 233.31 + 18.52° 506 + 0.32°
MPU 2427 £1.20 2416 + 3.63° MPU 375.79 + 31.14° 5.52 + 0.28%
1) Mean % standard error (n=12) 1) Mean = standard error (n=12)
2) C: Control diet (Mandarin free diet) 2) See table 2

WM: Experimental diet containing 5% whole mandarin pow-
der
MPE: Experimental diet containing 5% mandarin peel powder
MPU: Experimentat diet containing 5% mandarin pulp powder
3) Not significant at @ =0.05 by Duncan’s multiple range test
4) Values with different alphabet within the column are signifi-
cantly different ot e =0.05 by Duncon’s multiple range test

Table 3. Ratio of liver, kidney and epididymal fat pad weights to
body weight in Sprague-Dawley rats fed diets containing diffe-
rent parts of mandarins” (Mg/g)

Groups? Liver Kidney Epididymal fat pad
C 26.58 = 0.10" 3.42 + 0.14"° 19.05 £+ 1.44"
WM 25.55 + 0.55 3.31 £0.09 16.24 + 0.88
MPE 25.98 £ 0.92 3.43 £ 0.27 1514 £ 1.19
MPU 25.00 = 0.44 3.16 £ 0.09 18.49 + 1.88

1) Mean * standard error (n=12)
2) See table 2
3) Not significant at e =0.05 by Duncan’s multiple range test

22 AFE FEo] gzl vlsk e A3 vehd
et 22T AF i A% OE AF0ME B
F= e, ZdEny AFHA AAGFe] st Fells
HE 34 2 8 & FAYe] gashke F AEH9 A
7t AF7AF) AU G vl oleldt AFHFE
3= 72233 U9 polyphenols, flavonoids, 2lo]d+
5o 93kl Aoz BuEt) ogdt AT7ATde B 4
oA AMgE ZAFRY A8 F e SAYE fla-
vonoids, 2lo]4+ ko] dix=T 9 vE A¥wEdl vl
3 e o ghrEo] QI A FUGUE ALeE Btk
33 742 294 2o)9] F Kcal AFFel 2t AlFel
g7l 98 7FsAE EA%t 3 Colker 179
Folx ZEz el gislo] Y alkaloids A9 sy-
nephrineS Z7AAAE A0 2 FEA7IE 2H80] A
o] tja} A ZH AL dto] AAY Zhel E37}
Aok Hosieict

3. SFEY BMesl Ot IF
AE g} 222 A diiiPgeld 9491439 agle)
o& fE8 AR7Ie BT sto] Aol AF

=] 7 et Az et 289 peroxidation< M|EEHS] &

3) Values with different alphabet within the column are signifi-
cantly different at ¢ =0.05 by Duncan’s multiple range test

Ak

+& 7HR 23, ol2gk MEHte] MZ2] net charge
wslel AHRSE W3S ofrisle] A3 AUt FAlE o]
218 A dilgolA AdEE ST gl E
oL} AT 22 A3ty AEHAV} MR B
9 A21A Alej 3ol £AI3H= xanthine dehydrogenase
(XD) = xanthine oxidase (XO)& #FEH" xanthine
oxidase™ purine (xanthine® hypoxanthine), pteridines
heterocyclic molecules, 281 aldehydes?] 4t3hs &
N7 G40tk QA oA xanthine oxidases A
318 AEgA Al superoxide radicals (O, ) 2} hydrogen
peroxide (H.0,) & AIEH= yhgoll Bojdict. ol 84
AbiZo|L} A7 |25 E] AHAE superoxide dismutase,
catalase, glutathione peroxidase®} #-2 3itst a45
¥l 547 golH Al B olye}, glutathione, ascor-
bic acids, @ —tocopherol, flavonoids 53 -2 H] &4
EA S0 95l BEHck?

e o] § wolA A7 e EtAl FHste] A4
RBE 3MAES AAT FE ok A71e 8494
L A delx EUglol mHeolxH, AbslH &3E ¢
2t adske) AEE X AL REshA AbstE L v
2gol ule} ARAZL Al EEE7] wEe] o2t 3
AR A ] PPt dojux] Eaka EAEE? ol d =
glo] WE AkgA SAke) AnpEolal & 5 Qe R T
¢} TBARS $%& £7%% A= Table 49 23tk 8%
9] TBARS &#& A=A paddids 43T T
o] LTl visle] FoAHo = Wotow, 7HanyEY TB
ARS &ao] 7h ¥iA vtk au ST ol
z7o] vsle] {24 Aol Qiglth 7] TBARS 32
ZAENEE AFHE FEo] YTl Hlgl] W FFES B
Qdon 1 F gEuue] UrsA FE vk f3
o= vy Jebgth 7 A% 837 72 TBARS &%
ZAEABE AFT To) gE vFt B IS B
A1, 2o ZEFHYTo) o) HlE] foHor
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Table §. Plasma and liver xanthine oxidase activity in Sprague-
Dawley rats fed diets containing different parts of mandarins”
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Table 6. Erythrocyte and liver superoxide dismutase activity in
Sprague-Dawley rats fed diets containing different parts of man-
darins"® (unit/min/mg protein)

Groups? P!osmo . ' Liver o . .
(umol/min/L plasma)™  (nmol/min/mg protein) Groups Erythrocyte Liver

C 11.16 £ 0.28"% 15.39 + 2,88 C 16.99 + 0.78" 24.94 + 0.87"°

WM 10.69 = 0.63 8.31 = 1.71° WM 16.11 = 1.66 23.28 = 0.73

MPE 9.66 = 0.62 7.72 £ 1.54° MPE 15.80 + 1.02 22.84 + 0.44

MPU 10.76 = 0.68 9.80 + 1.80® MPU 17.14 £ 1.26 24.16 = 0.32

1) Mean = standard error (n=12)

2) See table 2

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

5) Plasma xanthine oxidase activities are expressed as umol of
uric acid formed per minute per liter of plasma

6) Liver xanthine oxidase activities are expressed as nmoli of uric
acid formed per minute per mg of protfein

A VRt

XO+ superoxide radicals ® hydrogen peroxideS A
ke gavol 3 9 ofe] AW Feoll ot 4lsly ~E
g2 st ojgfs X0 848 39 1l &
A3 & A, Table 5914 £ = 3l%o] 342 XO
A2 7 el Q1 Abolrt gl ot e o)
7P W& AR VRl e, 1tk XO 848 A=
AA BT FEHE] dFHTo] diETel vlste] #2134
o7 @3 848 Btk & AEH9 T W X0 84
© % QI3 superoxide radicals ¥ hydrogen peroxides
7 o Tl vlal] A YA AlEHE E4E 8 B A
o2 AlgHt

Flavonoids% 2 AA7F X0 reactive site®]] 2o XO
9 A& AAB*” flavonoids?) 5—hydroxyl E= 7-
hydroxyl group®] xanthine oxidase? 84& Ao
EM1 Oz ) g]_ Hzozgl ,\g;\.]_o_ 7]'5\—}‘]7‘]:]'37— EH:]' ® Costan-
tino 5"l 2J3H4 flavonoids?] 437} X0 4L @
Zm, 7 % apigenin®] X098 84 afAoz vty
Buskgion, 3t quercetin® myricetin®] X002 &4
L A= Aow BHysignk? Jeng 2= U9 fla
vonoids7F X028 84& RF A2E Ho|q, & HF A
UeRd ZA | 2ha] v F-9lel] vis) 7] o] B &
<] flavonoids7t E+tEof 1ol X0 848 7 gl %
F 202 Bt

A8t 54 F SODE &Y A9 BEE e x5
o] glor E3] 3k A 713 Yol EAgtt” &3 SOD
© Al 2EYHAZRE AXY 374 fT1AIE BEst
7] 93k free radicals A4 2] 2713ANA supe-
roxide anion radical (0, " )& H,0,2 #gA710, o]3 4
ARE HO,v tif-i2 24, 53] 113 AP 7ol gol &

1) Mean * standard error (n=12)

2) See table 2

3) Not significant at @ =0.05 by Duncan’s mulfiple range fest

4) SOD activities are expressed as units per minute per mg pro-
tein (One unit inhibits cytochrome ¢ reduction rate by 50% in
a coupled system with xanthine oxidase at pH 7.8 and 25
in a 3.0 ml reaction volume)

Ash= catalase”} A9} B2 FEIAITEY B AFolA
=AY 9 7oA SOD 84& BAs A= Table
63 &8kt =, SOD 840l Z} F#3hell 21 Apo]7}
gloy aauFe] SOD E4de] s 9 ozt
H]3to] tha wit Kelloggt Fridoviche] B oA=
Sprague—Dawley F 4] k2] SOD &4 1}olo
2 H3Pt glgled, AT SOD A% 818l vt
HE} glvke B 93 Fadithe Hus Qiok st
£ A7 el AHET ) e Jl=R Fo 72
< YR Ak 2B g TR o 3 S0D 848 A

A BEkA] e o2 Bat) Chen 99 AFolA fla-
vonoids &l W2 superoxide anion?] AA &S A
B=Hl, naringin® 21 427%5°] quercetin®} H]52513.0.
t} hesperidin® superoxide aniong &A1 st}
T3 Kim 572 d7elM SOD 848 4% a3, 712
ollA FZ3%t hesperidin @ }\]ﬂEL_ hesperiding 23
TE5°] 27 ¥ naringing ¥ T HIgt] #9J3
o}zl kAR WY& SOD %"é% JeERQ) 23 &
AP A AREEE 74 (Citrus unshiu Marc.) 8] #ujof &=
hesperidin® $Hr@el ot T 2T H]3) o
o, naringin< AEFHA kvt )5 sk Karli
Kjersti 592 739 U ¥ flavonoids® 90%7} hes-
peridin®]g}al B33 o] 0% Hol & AFofa] 2l
2998 F2 flavonoid hesperidin®] ™, 7318
vja] A2 02 naringin FFo] Fomg SOD Ao]
s Qe Adidez v Jehd Aoz Bl
o} s ZhEaETelA 32 XO 849 84 Ao
SOD #4o] ot EAex X0 &4do] ol supe-
roxide radicalsE & A4d38kA Hi o|gA =d SOD7}
AAH oL & superoxide radicals7t A2 2 SOD2] A
o] W& Holz} Aztdc}. 21 74EHaef thE Soil
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Table 7. Plasma vitamin A, C, E and totat carotenoids level in Sprague-Dawley rats fed diets containing different parts of mandarins'

)

Vitamin E ( «g/ml) Total carotenoids ( « g/dD)

Groups” Vitamin A (2 g/dl) Vitamin C (x g/dl)
C 87.33 = 7.78% 109.03 + 3.31™
WM 190.05 + 20.03° 186.31 £ 9.84°
MPE 361.36 + 35.35° 203.81 £ 19.64°
MPU 166.13 + 22.77° 168.01 = 15.96°

452 £ 035" 2.26 £ 0.31°
531 £0.36 7.18 £ 0.92%
6.63 = 0.53 12.90 + 4.90°
479 +0.32 4.08 = 0.31°

1) Mean = standard error (n=12)
2) See table 2

3) Values with different alphabet within the column are significantly different at ¢ =0.05 by Duncan’s multiple range test

4) Not significant at ¢ =0.05 by Duncan’s multiple range test

+ hesperidin -2 flavonoids7} 1213t X002 84-& o
Aoz 0,7, HO0:.9 WS ASAA 3 ulo] it
3x)7 geke AAA ZoF Helth ojRog Hol B
APeA SOD2 4L 3w 3k Fbst A ego
A2 g F2) @2 Aog KBk 13chA o)y $
FAarsl G4 9o A v)EAF AR =HEFH
FAkskeel Auj st YFE FUSA Lol ES Sl

Vitamin A, C, E, 28] 1 carotenoids 53t $jollA A5
3t flavonoids £} 7] WA FAkskA|2 243t Vita-
min A¥ singlet oxygeno|\} free radicale T2 2 M4
Az AN DAE a5k, f—carotene D B—
cryptoxanthin & ¥38h= carotenoids free radicals
£ 392719, beta—cryptoxanthin< in vitroolX 8-
carotene ¥ a —tocopherol®.t} 1] 733t gAtklE & vhel
WAE® =3 vitamin EX free radicals®] 3242245 €
Axer 21Ae BE 3} XPAHS A BE T oA
2 Zgsitky 2eld 3% vitamin C= 5843 Atelel
A A2FE WeojEo 2 Aa ditsle] Asnbe-S Abds}
o, g —tocopherol® B —carotene 72 x|-g4 Akl
A9 AL Fevha gHA Ak

g W) vitamin A, C, E ¥ & carotenoids 55
4%t 222 R Table 72 294t} Vitamin A%l 35
FEAIRE AT TEo] gl vlat] foFow
FEE YehidEd, 1 ST ZEauTY Ay
Z2ol vjste 49 o & FE& YERAIh
ol uparkA 2 A W9l & carotenoids +F E3t
Faau g A7) dxay a3l vist
o fFeHoR Fte), sk B AoldAFE VIR
Al B—carotene® 37 Ft HAHFS FEAAT]
°F10.36 pg, AERITS 49.57 pg FEIASTE 2.14
p1gs B—carotened AHsIGCE 1 A, F WY F ca
rotenoids =52 ZrEAAlTo] izl vldte] 3.184) &
7Rl on ZEosEe 5716, AEReTS 181 F
7¥etedct. ¥, 27 B —carotene FHE 2olE A

my

L rlo

kA @gro v & carotencids TF Fte E 22
o B50] & B—carotene?] FT) Ao AR
g 2997 % vitamin AY SR EHEEY
8% carotenoids FF°o] %W A AWAA F QUth
Z, 7En9Fe] 5ol & B —carotene| retinolZ
o) AgE o] HF vitamin A FF0] 71 Aol 4
E2831=

g7 U9 vitamin C B¢, AFTEC] BF izl
Hste] foA 0w o AT E F§ AEAVET A

AT 84 ) vitamin C 0] 71 & AT B9
FAk FHe AellA vitamin C7F FYHEE 2ol F
wall A ggton, st Hi Ao RS Ve E H
FHATELE vitamin CE 8% B+ 4.82 mg A3,
S 10.26 mg, 18 AEASTE 4.62 mg
A3k 1 A3}, 8% vitamin C 552 tZ7f v]
slo] 7rERAlTe] 1.719) F71sleie, =S 1.87
v, 181 A EeE-2 1.544) F718F3e). Vitamin C 4
22 zlo|7} Hlnd FLE EFSty 5 52 2
olg Holx| &2 AL vitamin C7} G-8-d0)ojA] )
o2 AFHE RE& Ao E wiEE ] WY Rojth
g3 9] vitamin E 52 L& 0l #9949 o]z}
Aoyt T 7MY w2 AE eI ET, o
F B Ao)AFEE 71Fo 2 AXkeld dZREL 3F ¥
7 0.19 mg9] vitamin EE A3 o, ZHFAAEL
el vlgte] 2.34 mg RFE d A, e
2 1078 mgg, AEHETE 0.27 mge ] AFsIch
2 A7, 8F vitamin E & EAATL 23t v
st} 1174 S7keksin, e 1479, 8ln 3
BT 1.069 St ol FA Tl vlste]
vitamin EE ] o] AFHNTNE F F50] %ol F
7¥ekA] e AL 7919 vitamin E7} 7HRE AREE A
o] ol Alxut FE FASEE AHAEE poolo] HHE
A8 vitaminel B1& 7] B Ro g AlmHe) He-
idi §%o] Aol 84 ) vitamin C @ B —carotene®)



FES 3 A9, A3 AEHAS BE AREo] 3
2Felell Hl&te] vitamin C @ 8 —carotene FF0| F93
o2 yoton] 1DLY) malonaldehyde $2& F43og
Z7ktEY 18l 8% ) vitamin CY ¥57) 5855
g7 JasAA AL dAEE R o E Busisich

Z, 2 A4 83 2 712 TBARS %2 &4
o] AHg el Uz nisl FrAHor Wgton,
oM XO 842 radole AFe #50) uxF
off Biste] Aol kARt W ARE BN, kel
A9 XO 84S a3 @ 22949 es A3 T
o] Yz viste] foH oz Ygith wide Yy o
7k} SOD 8732 adolg AAg wEol] dizatl v
slo] R RS Byt =3 F= vitamin A, C,E ¥
Z carotenoids TEZ HHEAOlE AFAT TE0] HET
o vlst] Fkow, 53] EFHANTE E F vitamin A,
C 9 % carotenoids FFNA tiToll nlste] {220
2 S olelgt A%z E o), SODS K= 7=
A28 flavonoids Z &% vitamin A, C, E ¥ caroteno-
ids7F X098 48 239 superoxide radicals & hyd-
rogen peroxidesE thE Tl H|a] AA AJAA
7t TBARS %2 @& 202 Azdr), olg} FAldf
A8 flavonoids ¥ 8% vitamins7tF A4 radicals
Z HEAF R 2AATIEEN A FAsE
Q1 Zeg walt},
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2 A7l AFAE 572 (Citrus unshiu Marc.)
S EAA, gEy, a2y dEdss 2askei 3
kst B4 o] d=re Ay, AT 1571493 w33
oA o]&& HAHAAE W) THEFe] B9 o] AT A
Y ghtslks SR ofudt a7t 9led, o] akslhsol
W37} kst §4 B4 Tt 9§ 20, 32 A
Bl g4 st B3 £F F7he) o3 AAA] dolrn
A} 3k

1) 729 @it 32 493 F flavonoids §% ¥
B —carotene, vitamin C, vitamin E, 1281 2lo]d§ &
22 SH5 A, o5 A BT AEduEdY st ¢
o] o] AR om A, AEHS £O0E Vel

2) 315 Bt AoldFHHE dxdd RE A3olrE
oAl FelFQ) Aolrt glYlon), AFHste] A-ede g
AAT} Zrg ool dizwel vste] F7iekd] Blal 2+
AL A AT et @ AT 3 Al
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2] FAE FrF xol7t ey, 99 AF T F1
A FAE fdE8E oy Al 7R R T MBS
AAT TEC] dzT visk] W FEE eIt

3) 37 k2] TBARS 2 IE2AISE A% ¢
o] izl st} R AL BT, el HEH
o] gz H|sty felHoz gkt

4) 3 U X098 &2 7k Fel Fe3 Aol7t ¢l
Qo Tl 7R W BEe Yehglon, 11|
219 XO 84L& 7234 A ZEdy 43 o
Z7ol vjste] fojF o= wgith Ty AT 9 7k
A12) SOD €442 7z} w7kl #9231 zjol7} gilonv 7
28372 SOD &/do] 7235 9 vzl vzt o
N Sl

5) &% W9 vitamin A, C, E ¥ & carotenoids 5
& BN A9E B9, vitamin A2 3% ZEAEE AF
3 FEo] Tl vlgt FHoR 2 #F& UE
Uiist, 1 SAME EHuEe] As gzl Hlsy
4] o]} ¥& FEE JehITh o)9 vixbriAz 8%
We] F carotencids & 3 ZHaEduEd AFdo] o
273 S A3 vlst] foFe® Eohon, &
% W9 vitamin C8} 74 A¥TE0] BF dxTol vt
o FoHoR Y HETE ol AEAAET 4H
ol 7 =tk 83 U9 vitamin E 52 B E it
of o3 zlolrt ot EHT o] M 2 F
£ HERSITE

ol%de AAE FH nd EAA, ey, gy
29 Al 71A] ZEAE FolA flavonoids, 343} vitamins,
a3 oAy ¥ EF iR Ede] /vt w4
Eigon, tgog A=A, ZHETS eItk Al 7EA
ZEEE Aol AANAE A ¥4 T U AR
37 @3] JAlE v, g 9 7 Y] XO 84L&
@okor SOD AR W A3E nlck =3t ¥ F vi-
tamin A, C, E @ £ carotenoids +52 20| 45
& TEo] T vjste] Eoth oldx AT 7
2A #its7) A" RS FAEE G40] Zgol oA
2}7] Br}= vitamin A, C, E, 28|12 carotenoids Z&
vlgAad gl A 57 SR g AYs ¢
T ARG T3 AHAR F AERIEYo] dibste 5
el 74 & &3E ¥3lon, AF A4 adx vehdrh
wEbA 7S §AAAET T ARl A 2AEE o
2] THIAE E-E AAJAT| L Yo cdsh=dl &
HAY Aoz 7gEy, 53] s §Aast 7154
AR AFLEEAY BE 7Fsol 5 Ao Agdnh
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