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Effects of Different Mandarin Formulations on Antioxidative Capacity and
Oxidative DNA Damage in Fifteen-Month Aged Rats™

Kim, Ji Hye - Kwon, Sanghee - Kim, Ja Kyung - 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 or pulp intake of Citrus unshiu Marc. on
antjoxidative capacity and oxidative DNA damage in fifteen-month aged rats. Forty-cight male Sprague-Dawley rats
(621.9 *+ 10.1 g) were blocked into four groups according to their body weights as control group, whole mandarin pow-
der group, mandarin peel powder group and mandarin pulp powder group. Rats were raised with diets containing 5%
(wiw) freeze dried mandarin formulations for four weeks. Total polyphenol content and total antioxidant status (TAS) of
mandarin formulations were highest in peel powder, followed by whole powder and then pulp powder. The 8-hydroxy-
2’-deoxyguanosine concentrations of kidney in all mandarin groups were significantly lower than that of control group,
and that of mandarin peel group was much lower than whole powder and pulp groups. Plasma TAS levels of all the expe-

rimental groups were higher than that of control group, and

among mandarin groups, peel group showed higher level

than remaining two groups. In conclusion, all the mandarin formulations were effective on antioxidative capacity in fif-
teen-month aged rats, and the peel was most effective one among three formulations. (Korean J Nutrition 39(7) : 610~616,

2006)

KEY WORDS : mandarin (Citrus unshiu Marc.), antioxidative capacity, 8-hydroxy-2’-deoxyguanosine.
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o)e}3l 7+ polyphenols, vitamins, limonoids, syne-
phrine 59 v}oFg 3}ere-& sk glom,” rutin 2
deosmine®} & 2ukzlQl flavonoids 3 hesperidin, na-
ringin®} Z+& citrus fruit 559 flavonoids, 283 AA
U Felo A= BarER] ohs 7M1 tangeretin, no-
biletin®} 7+& flavonoids7} 5ol Qlth” &3] 7= ¥
3)o]= phenolic compound’} ¥ T2 EA57] WE
o] flavonoids®] F3-& FF-go] Hk'”

w3t Zhol| = carotenoids, vitamin C @ vitamin E &
ksl njepylo] FRalth Hwang 559 A7l 2sh4 Ci-
trus unshiu Marc.Z& 729 % carotenoids % 3+
7.0 mg%, B5L 1.5 mg%e)d, ¥ carctenoidsel gt 7l
9 carotencidE9 FAEH %= H¥2] % violaxanthin

30%, B—cryptoxanthin 20%, B—carotene 1% 592 1}
Epdr}. o]2jdt g—cryptoxanthing X %u} &, Q3R]
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= A8 T} gl = Aol gtk 3 FAA
FANE 1 g F =] ¥ vitamin C= ZE4Ale] 4.02
mg, a0 8.55 mg, AEHEl 3.85 mg FE o]
R T} FE RSl v)8) oF 28 ¥9kOH, vitamin
B 7rg Aol 1.95 mg, 279 8.98 mg, 2444
o] 0.27 mg EHH] Qo] ZETH e 7P Wol Eol9le
o o] nlste] oF 33871 =k
w3t 7h Fulof= essential oils7t -5} Y] &
-+ =299 9] flavedo zoneoll 1=, flavedo zone
A wax FO0E G FAE ISR v 2WE F2E
Hoj#En? g A6 AL d—limonene, ¥ —terpinene,
B—elemene, farnesene, hexadecanoic acid, @—pinene,
A—myrcene, linalool, #—pinene 1#]3 e—terpinolene =
o]™, 1 ¥ d-limonene 2] 60~90%% ApA|gHc)
Hakim 7o 2J8}4 citrus peeld F59HS o= dloj
a7t Ao citrus juice$h= AARTAIE Holx] ook
o, o83t AHE JeEbd o] = PR citrus peel oil
2} 90% ol AA|FH= d—limonene s S3th d—limo-
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Fig. 1. Molecular structure of 8-hydroxy-2'-deoxyguanosine.
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Aof A3 7hEE A AlFAt L5704 (Citrus un-

2t Bl AE F BAE A

il =

shiy Marc) 4] 52 AASS
o} ol8A FXE AT RS AAE (whole mandarin)
2 3loich Y= 39 (mandarin peel) & & (manda-
rin pulp) ©.& #Est] ol A 7k AEAEE F TF
5%uREC 7 EANZS)AL fitz mill (The Fitz Patrick Com-
pany, No. DASO8) % 40 meshE 38 4+ SIx=E B
stato] Agalolo] 5% (w/w) 4 A7ttt
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1) 3 Po\ypheno\s ’8%‘5’31
% polyphenols %2 AOAC F<1 #1519 Folin—Denis
R elated ?%*o}air:}. Z i AR 200 mge 140
ml THTE 5ARE BF FET § ?20173 TEE 1 mE
WAZ2}A~3 100 ml Aol €3 75 m
o] & 283l 1 % Folin—Denis A9
Ef 33 (35%) 10 mE ¥ 3—% %—
Jg_aki At o)L T sl A
A1Z1 & 760 nmolA spectrophotometer (Genesys 10
UV) 2 &35 8 =733tk & polyphenols %2 tan-
nic acid (Yakuri pure chemicals Co.) & ©}-43l] 23k
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612 / 22439 =334 Faksls 9l DNA £4 94

2) Total antioxidant status 244

Zraiak Age] TASE McCusker 5%} Marklund 57
o] WS S8l Egsisisd, 1 e v &2
t} ABTS (2,2 —Aziono—di—[3—ethyl—benzthiazoline
sulphonate] ) & peroxidase 2 H,0, 9} 37 vlioksld ABTS'
9ko]& radicale] A==, o] radical® 600 nmolA &
o ZAA v e HEANS 7HAA bk ojelgt
AR &of] Bol9)l ksl 42 off ulalisie
b AAHBE, AAEHE JEF o] &3t AR
© TASE SA%it
o)d= TAS kit (ABTSR Randox Lab. Ltd., UK)
BAEY AZE A7 1 goll 95% ethanol
Y 90CollM 2413 85 FESIT ol W7}
AR oJFfala AAEREIGITE o8 A dofr
0.45 pm filterZ AMgsl] Az} oJulsta 71 o9
£ AFE ARSI AR 20 ol A 1 ml
2 42 th2 spectrophotometer (Genesys 10
27] THEE 600 nmelr A 3, 71 200
S3ty) FAl AE8SH 38 Fol FHEE S5}
& 72 37TColA o] Fo{H o, blanks Al

G5 AREPY, standardt kit Vol 320 Q)
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£ tdoR sigick A¥EEES 2 TR U F
of 15Ut TY& yHuIE [(HASEFEAEATA]
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I Aog} & AEA HEF eglon, FEARAS &
£22x 17T, &5 45% WIE FAAIZ 21, lighting cy-
cle2 12417F F712 AA3HA 33t
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ol AREEE Aol BrglE g o2 yE S5 AE (corn
starch, WdF23AD &, AW FH0E2F 55/ (corn
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Table 1. Composition of experimental diets (g/kg diet)
) Groups” ¢ WM MPE  MPU
Ingredients
Cormnstarch 700.7 650.7 650.7 650.7
Casein 150.0 150.0 150.0 150.0
Com oif” 60.0 60.0 60.0 60.0
Soybean oil” 400 400 400 400
Mineral mix" 35.0 35.0 35.0 35.0
Vitamin mix” 100 100 100 10.0
Choline chioride 25 25 25 2.5
~cystine 1.8 1.8 1.8 1.8
Mandarin powder - 50 50 50
Total 1000 1000 1000 1000

1) C: Control diet (Mandarin free diet)

WM: Experimental diet containing 5% whole mandarin powder
MPE: Experimental diet containing 5% mandarin peel powder
MPU: Experimental diet containing 5% mandarin pulp powder
2) Fatty acids per 100 g fotal fafty acids of com oil (%): 16 : 0
10.36,18 : 01.80, 18 : 12659, 18 : 260.43, 18 : 3 0.82.

3) Fatty acids per 100 g total fatty acids of soybean off (%): 16 : 0
10.45,18 :04.11,18:123.17,18:255.18, 18 : 37.08

4) Minerat mix (AIN-93M-MX) (g/kg mixture) : Calcium carbonate,
anhydrous 357, Potassium phosphate, monobasic 280, Sodium
chioride 74, Potassium sulfate 46.6, Potassium cifiate, tri-potassium,
monchydrate 28, Magnesium oxide 24, Ferric cifrate 6.06, Zinc
carbonate 1.65, Manganous carbonate 0.63, Cupric carbonate
0.3, Potassium iodate 0.01, Sodium selenate, anhydrous 0.01025,
Ammonium paramolylbdate 0.00795, Sodium meta-siicate, 9 hy-
drate 1.45, Chromium potassium sulfate, 12 hydrate 0.275, Boric
acid 0.0815, Sodium fluoride 0.0635, Nickel carbonate 0.0318, Li-
thium chloride 0.0174, Ammonium vanadate 0.0066, Powdered
sucrose 209.806.

5) Vitamin mix (AIN-93-VX) (mg/kg mixture) : Nicotinic acid 3000,
Calcium Pantothenate 1600, Pyridoxine-HCI 700, Thiamin-HCI 600,
Ribofiavin 600, Folic acld 200, D-Biotin 20, Vitamin By, {cyanoco-
balamine) (0.1% in mannitol) 2.5, Vitamin E (allrac- ¢ -tocopheryl
acetate) (600 IU/g) 1500, Vitamin A (all-rans-retinyl palmitate)
(5,000,000 IU/g) 800, Vitamin Ds {cholecalciferol) (400,000 1U/Q)
250, Vitamin K (Phylloguinone) 75, Powdered sucrose 974.655 g

og ALgstgdm Gz FY0 2 & casein (edible acid
casein, Murry Goulburn Co—operative Co., Australia) &
Aol fLAL] 15% FFoa AMsIGIth 7143 vlge
AekFS AMgSto] E§HeE 2 (AIN-93M™) & 242} 2]o]
BAY] 35%8) 1% 507 2olof] Ao} FHsIich 7
224 9 23], B& 18 2olFAY 5% FEOE A
ojefl 4o} FEBITH
Aoy a2 d5Yel 33] A Alztel S8k, A
2 AFUef] 13] 22 Az SA3Iglom, o] A el
= #EAH A weE B Y] A 54 2
el Aeo] 232& w3l

4, @ 5 Aol AfR

A7) FRE ARFES 1247 AN T die-
thyl ether& PIEAIA B3 3 10 ml FAE o]&381o]
Aol A dbg AQFst olu] FA | 3.8% sodium
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citrate 49 0.1 mlZ W52 coatingd}od AFLSISITE A3
gt Ao S aEE AE WS 93] heparin (25000
1.U/5 mb ¢} E013)¥ polystylene G223l ol ice
bathell 20%F WA &, Y377 (refrigerated muk-
tipurpose centrifuge union 556R Hanil) 2 2,800 rpm,
4CollM 307 AAEelsk olasel Agye 952 d

FE sk, 842 ~707T deep freezero] B #3ISITh

S QAL QYHF T 24 ice bath Sl mofufjo]
ice cold saline®] ¥o] A3 b A2 2715 A|AF
T, FAE 48] H48k3 o)A & vkE —707T deep free-
zerol] H38te] 80HAG #4ol] AMgstoitt.
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Alof 8-hydroxy-2 ’ -deoxyguanosine 3

A% 3544 DNA+= DNA Extractor Wako kit (W ako,
Osaka, Japan)& o|&3te] % - ¥t el€
DNAE Helbock 52] #H?e] 9J&}o] nucleoside 52

2 74R8lA 7 HPLC 240 AR89 2, DNA 50~
100 ug/BO ul D.W.E 40 mM sodium acetate (pH 5.0)
50 o] 591 & nuclease P1 (Sigma N8630) 1 units %

7kste] 37 ccﬂﬁ 307 Hhg-AFATE of7]efl 1 M Tris—
HCl (pH 8.5) 10 ulE Ar)sie] vkg-d-g pH 8005 gt
% U5 alkaline phosphatase (Boehringer Mannheim, Ger-
many) 1 unitS F71sky 73] & 412 & 37T 1
AZE ERE HESAIZLE olE G40 BAS FuA7 Y5t
o] 3 M sodium acetate (pH 5.0) 10 219} 50 mM EDTA
10 p1E 7k 3 10,000 Da®l membrane filter tube
Millipore, MA, USA) & o|&so] ojr]71a1, 05 47,
10,000 x goliA] 587 dAEgst & HPLC #4700 A}
33k HPLCeY 213t 80HAGS] #4& Waters 2690 Se-
paration Module®|4 Supelcosil™ LC~18-S column 5
pm, 4.6 mm X 25 cm; Supleco, Bellefonte, PA, USA) ©f]
LLC~18-DB precolumn cartridge S vl F&slol, o)%
A+ (10% methanol, 50 mM NaH.PO, buffer solution; flow
rate 0.5 ml/min) o] UV detector (UVD, 254 nm) & Wa-
ters 464 pulsed Electrochemical Detector (ECD, +800
mV)E AP0 2 AUEE dAZdste] AMgsielt) Az
o) DNA £ 5= 109712 A4t deoxyguanosine (dG,
Sigma D7145) & £A418k= 80HAG (Sigma H5653) 9] 4=
= e

2) &7 L2 total antioxidant status &%
g2kl TAS 752 TAS kit (Randox Co., UK)E ]

EEsE S gt 39(7) 1 610~616, 2006 /613

o] BABIICE A EA] 149 ©]Wie] heparin Azl &

2 20 plol Wbl 1 mlE W A AL oy spectropho—
tometer (Genesys 10 UV)E 600 nmollA] 271 &
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200 wE Wil 3 FAlel Ags] 3%
Jstsiot. gL 37CellA] o) F
ol or, blankyx A SHFE AR, standard
1= kit vlell Z3F o] le BFAE o] 833l
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»E Ay 2A A= SAS programe of-&3te] 2k
o] B BFELAE Aol el A4 (one-
way analysis of variance) = ¥ & ¢ = 0.05 F=FIA Dunr
can’ s multiple range testoll &ate] 24 AEF HF= |7
Feld& AAsich
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1. UBAE2| 3 Polyphenols BF ¥ ZMes

B Ao ARESE AR Yo e F poly-
phenols S 2l TAS 24 Aubs= Table 29 &skt} &
Az BAAZ B ] gof E08)= F polyphenols®] 3
S S48l s wl, fEael B ol o] AAkhEey
7:1%?%% %%EW B53] =ohom travks kel s
Ak =9t} Gorinstein 579 A-9} vlws) 1.
=] 7%3—1}? &y, eulx|wag, 1ely eI b
5}o] & polyphenols $rge] #=9kow, TH9S Wi T poly-
phenols $8:&- 0152 33} H|Sskodth Li 52 A4
oM T Tt e dix|vsel vistel oF 2m P2 phe-
nolic compoundsZ &3k gl Ho = YeEth

ek P AR 2] F SR dotRy) fist
o] TASE &4¢t A%, 7EHEAE 1 g9 TAS F5&
ZFEA A7} 3.76 mmol/L, AE37}F 4,12 mmol/L, 1¥
ZHebgo] 2,52 mmol/LE FhaEe] Bgo] 7h &
M3lsg 74 Aoz Jehdth

6] Aldini 57e] elap # ArellA] F4sE TASS)
HZegk Al ddelae) F ses dokEe TRAP
(total reactive antioxidant potential) 3 FRAP (ferric re-
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Table 2. Total polyphenol contents and total antioxidant stafus in
mandarin formulations

Type of mandarin

powder Whole Peel

Pulp
Constituents

50.82 9422 2576
376 412 252

Total polyphenols (mg/g powder)

Total antioxidant status (mmol/L)
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ducing ability of plasma) 52 WS 84 fofolAnt
243k 714 49 free radical generator® AMESE7] wiE
o] lipophilic phase®]] 3= B—carotene> AL Z&HA]
et Zlolt o]F A ATE Garry 579

2 5§ 4 3l FRAPC 2 F dHibksle i AUFasi
Z%3} vitamin C, phenols, 181! carotenoids$+2] %
HAAE 22 AR A3 vitamin C7F 0.90, phenols7}

0.99% Flsled} off £ AAHAE Eole ks

LE—H

carotenoids= —0.05% SRl AAAA T Atk

Hwang 572] Aol 21818 Citrus unshiu Marc 7HEe]
¥ carotenoids 3R HE= 7.0 mg%, A5 1.5 mg%

o 7HEAA 2 THel

o] W3] ¥9h,

nlsto] 3] Yl f-carotene®
ek ARz ZEAA FE 1 gol
= B—carotene®] 8.63 pg, TEHolE 41.31 pg, &
FoEo = 1.78 pgol R A FEHEe p-
carotene $--Fo] 7HEdgo] vlsto] £ AE & F Sl
o} webd g3 TAS 72 AARG 94hgr] H
04% 7}‘%@5 011:]—

2 AdeM A% rErn 89 5 F
(TAS) )| Jg-2 U] AE QRREE ofe] ATellA] HEFE
°] polyphenols, @48} HIEF Fo] gzlovh 7h ujof
e = 7}'%“ 2 Z2] sh}9] essential oils®
Abglse] 71048 Zow AlgFc) Kim 72 Citrus unshiu
Marc.2] AA2RE AL-2 Baaly BAlsisr Az 7
¥ F9] AH TS 1.00~1.16% (w/w) HoH, olAE
ARAER B AlA 3o o 0.17~0.20% (W/W) of #%F
e RS 98 4 slthar s, JoseDh e
unshiu Marc. 9] #3] | 855 <)
90.3%7} limonene©]3l o™, y—terpinene®] 4.3%, myr-
cene®} 1.7%, a—pinene®] 0.5%%1, LA essential oil
V_._ U]r)ﬁoi J.sl—go{ 1%\4;}.31 i}, ®3+ Tian %34>%
779 4] limonoid7t 8 § FH2HE 7% 9EHF
o, FFd a%E 7 ZA0E Basta Qlvh ofd g

Py

=

2 Citrus

24+ essential oils9

0 3esla 9l essential oils$} BakaFsof #sk A+
wx] ool 7k 19l essential oilsoll HlEiME W 4

A9 E Zlo® Adn)

2. 3R ksl OX: I

A9} BAAFS *ﬁﬂ ellA) R glo] ThEelA]H,
AA Uef|A] AHeA A A oIty DNAE A4 32
of 7P Fas el Alghd &4E AlEHoR 4
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Table 3. Formation of 8-hydroxy-2'-deoxyguanosine in celiular DNA
of kidney tissue of fifteen-month aged Sprague-Dawley rafs fed
diets containing different mandarin formulation

Groups" 80OHJG/10° dG
C 7.09 £ 0.897<
WM 4,48 + 0.52°
MPE 3.47 = 0.43°
MPU 451 £0.19°

1) C: Control diet (Mandarin free dieh)

WM: Experimental diet containing 5% whole mandatin powder
MPE: Experimental diet containing 5% mandarin peel powder
MPU: Experimental diet containing 5% mandarin pulp powder
2) Mean + tandard Error (n = 12)

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

Richter® ol 2Jad 317} DNA| A1 45 S71A

71, oA & wglo] wE BALFL] T, FaksEd
ZJ/\ iz kil ;ﬂ/\} tﬂo:‘ig] 7+~ 2 DNA SR Z7}o]
2 Aolgty stk 8K Schmerold 78 SD #F 3
# 9] ofz] z&olx DNAE FE3lo] 80HIGE AT 4
B 9A ¥k Az A o] OHAG F75E0] Holel
2 g oeg Frweln, 570E3 3071832 8OHAG
F270] Z717} glolM= 1.84), Al 3.7201% ViRt
FA ETh Aol e 2pe)7} v AA Ve L B
-3]_031;}
B Aol wslel whE Akeld &te] AvEolE & 5
3= 24 8OHAGE 78 A3k Table 37 Skt
14229 OHIGY F2 Aaid A58 AFs 4
1r5o] gz vlste] A o® wopor, f94
1AE AR AFTE FolM Eahy] AFrol 7Hg
W& 8OHAG & VFEhISith

Noroozi %€ flavonoids$} vitamin C7} DNA /4%

RAFETL Busigit) ols

£ human lymphocytesE fla-

O

£

ol

ok r>~ %0

o

vonoids (luteolin, myricetin, quercetin, kaempferol, quer-
citrin, quercetin—3—glucoside, apigenin, rutin) 2 vitamin
CE st wjefoollA vzl Av), izl Hislod fla-
vonoids$} vitamin C& Hglgt A3+E 257} DNA &

A AANZ Aor YeRgtl 1 F g ol
glt= Aoz &7l rutind} querceting &3+ 72 DNA

AR ZV2E 82%, 22% ZHAAlZ o, vitamin CE A2 $t
T2 DNA 42 78% AZTh ]743E RHo} 73
o)) vhF @%Qoi 91 flavonoids 2 vitamin C7} DNA
) o] AT 7]ojstEE Ao Mz},

Lee 0] } & EH”_E ZAF W B—carotene, vita-
min E, vitamin C& 457F 353 2% vitamin E, 34,
B —carotene, 18] vitamin C ’“H:TL«] 8OHAG F==°]
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Tabie 4. Plasma tofal antioxidant status levels in fifteen-month
aged Sprague-Dawley rats fed diets containing different mando-
fdn formulation

Groups” Total antioxidant status (mmol/L plasma)
C 1.06 + 0.047

WM 1.35 + 0.06%

MPE 1.49 + 0.03°

MPU 1.25 + 0.09°

1) C: Control diet (Mandarin free diet)

‘WM Experimental diet containing 5% whole mandarin powder
MPE: Experimental diet containing 5% mandarin peel powder
MPU: Experimental diet containing 5% mandarin pulp powder
2) Mean = fandard Error (n = 12)

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

7}7} 33.8%, 31.7%, 19.8%, 18] 18.1% z}*ﬂ‘ﬂr)f 1
2131 vitamin E&} Z4R2 0]59] AF|7|7o] dojd4E §

OHAG 580] ZFAashs Aol dei3) eyt & ”5401]}\1
Ae] 80HAG 52 thz=rel ulsted ZhadAlo] 36.8%,
FEAIATL 51.1%, T3 FETETS 36.4% As

o} o]2f3t Adl= ofe] A el gk W2l & carotenocids
= A vitamin C, E 0] g3 tollM 71 =3d A

=& Avjolty,
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