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TRt EREEDRR ORI EBOFRIERICRIETEE

FAERTIEE Fibk M MSATBOE NESLIEEE - SRBIIIERT & MIRMERAERT 7R
BROFOIEE KBETHEBUIEE (D)

[FF3EBH] FEx DFRFBORAE K& OHEEICREDLAEMERE -7V — TV IV OEERFLLT,
BEHFICEETN TOARBIEHE CRERELRFELN., B LT 7V A SRS EFREL T
W5, oz LT, ZNHOFEBLY T VAL IO I, BE OB MLELELT 1,000 fFLL LD
BRECHBAMELZEDLONLLILEALIIIL, BRRE R EOHBLE S EE
SN/HZELER LT, A RITENESEZ, T TVA MO R 2 E JVFEMIZIREET S
HDTHD, Tl b 7 IVA RO K EBRFORZ SR ELL T, EBOFRERICKIETE
BNTEB LT, BB, BRMEEOWKNITER T HIE MR OR LA D720, By
TVANOF AP RSN TE Tz, LZANEE, BB RFCRA T AIE R RIIE « OBER R
BIERTFORBEELN L CEESOFAEICHFSLTRY, B{tmEOKEZBERIC LI R
FEHETHILEBORRAERNBERDNAL VO BB RS BRE SN, TZTAPETIT
a2 ORBEHE O REBREESOF AMICKIETREIC W CHERICRE 52 k%a
HIT LU T O E%AT - 72,

Ak 23 B

[FF3e iR Ex ORBIEWE O KEBERMNEEBIOA AERICKIETEESY, BhE AT
BIGFIGEL~VTiHMET 5 ERREFESLTH20, HITHEELSEICEEI C ZAVTHR
L7,

[(EREOEZE] 1) B EHEOREEBRPESOFBEREZITOHETHEIDRIET 7
B, FATHIFE (Gomez-Cabrera et al, 2008) =& & |5k DML Z 7R A7, ODS T MT

BEOEBIN — = T E2ITHERIBFIZ, EXIV C % 3 E&B%@ﬂi%?ﬁﬁ(%Jnk@:iﬁ%ubf&ﬁ
L7z, BEFRICBWCGEEIN —= 7% D PGC-l1a “CHBR{LEER D mRNA HEIHL L%
EREATLIZS, B4 C MEBENCLAE ARBIEFINEEIE T 52 L1320 o7, 2) FATHE
ZE DB CEME R ASHENL CEIRD 727280 LDAFSE (Wadley ef al, 2010) 255127 R%E
REILTz, Wistar 7y MZHEIOBEBATEITILRAIFIZ, KEOEZIV C #RHEAKRED
BVEEERNE S THEREAVTREILZA, B3 C NEBENCLDA ARBEFIGEEZI
Hl 3B LT 0T, ZDEIIT, EHI C OKREEBERR, BEFINEL -~V TEBORF A
EITHHETEVRERIIBFONT ., thoTBR LB E SRR LT TV A M OWCEHEZITO 7250




DEBRREFELT DI LB TE DT,

> 24

(F5EHE] RIEEORFTIE, BITHETRINEREERY, ©FI C ORERER
EHCLE AR FISEZIMHE T2V R/ N7, 2T, BREFL -~V
T, E#3 C OREREGENES DA AERICRIETREEIC OO TRIL

[BRREOELE] 1) Wistar 7vb%, E4IV C EEEH, KERESHICOT, TNENEIDH
ICHEES R EBEE O 2 BOE 4 BT, BEI C IER) 4 BRIRTICEFIROBRE
L7, BEEIZIIN Y RIVZRWT 6 BEOEBAREZITo7-, SHOEBFA 1%, My

RINERWTEFRETL2ETORG ETRREITVIEMLU7Z, EEEE CIIfF L LRl
T, EITHEBESHEMLIZA, B4 C OKRKEREIZINVENSIRISNDZ L3 eh o7, 2) 2
BIMERE LTz Wistar T b, B4 C R G, KERSHIIHT. ENEhz3bi
FEEBNRE, EENEED 2 BEOR 4 BRI, EXIY C IER) 4 RERIRNSERE DR EL
7oo SEBNEEIZIZNL Y RINEAWT 3 BREOEBI AR E1Tolz, BHEOMERELZ. BOEATN
ARERZIT VR L7z, BB IR L BE LB L T TFEBE D ENFR O LN, 43I C
DOREREGIZIVZENBIRISNAZ LT o7z, ZOIHIZ, ARV ASUZBWTEH, EFIV
C OREFBRPEBORAERZITHHETEE/BRIIBLNRDI 2T,

(] v C o REBRNEBSORFHERZYT20E0% ., BIMERICIY., BHF

BV~ BEL VTR L7203, AT RO RERZRD B4 C IZLDHHIXERD

bR oTe, TE, Fox BRTCEREFAIL B4V C OXREBIUTERICI2ARER

%mé%ﬁ)&‘n‘f;b\twa%&im@éﬁf;énﬂ\éo INHOIENG, LB {LWE O K BB E

BOAAMICRIZTREIIEM TR, EBORESCHRE, ERBVOBEHERED

Rx e B % j‘fﬂm“ék?%zf‘o:hé o T, R B A TITO IR EFRF O RA S
DICERBTHIENMELEEZ LN,




A VAL
INfEE REF MIATBIEANE LR R
EWTFERT & RIEHRE
RE RaOTHIEE

A. BFEHEH

Tl 2 DERIRDOFAE K OHEEICEDDIENE
BFE-T7V—FVINDHEERFELT, B
PIZEFEN TV OB LM E I RERBEL
FELNTWDS [1], B, EHEBR-T7)—7
THANEHEET LR ER T B E R
BRETOIVDLOIEERMS (BT IR
B NEEGRBL TS,

REEEOIL, Yk 2122 FEOELESE
BRI B e EL SR T bwa i
A SOANE - 2t 453 10k
WT, BAFRBEL THWAHELY 7Y A b
(30 S B) [2] OHBbReE . —RBI7REF3E
(23 &B)[3] & (13 ®EB) [4] OFERL
BEL LB ETL 72, ORAC EZAWT, B3E-
R FIcEEN2TBEYEORELIIE
b3 %& 1.7 ~ 522 pmol TE /g L722DIzxt
L. FLBR LY 7 VA BT 4 ~ 19,420 pmol
TE/g &720, — R8P 38 Rip L b3k
BICBWREOHBRILMELEATVDY
VAP ERFETHIEEHLNIT LT,
IO TIANERI AT 554
BE ORENOEITREZSAZEN L&

DOILER{LME 2 BT DRIEEMENE 2 b,

7o, BRI VAL DR MIT OV TEE
EMIREE VTR L7/ R . (b /123
EmOHOIEEMREEEZ R T ERNEDLN
7z [5]

B LY TVAV MK T BB E BT
& [6] Tk, —RIEEED 84 % 23, MbHh

DOIERER M MRS ORIABRRHY,

ZDHBEDIE 50 % B, B LTV AR
EFRALTHAFAL TR EEIE L, —
VB E BPERL Y TV A MIEIFL TV D
RFEEELLTIX. [BENRERORE
(66.3 %)I [ EIEBBRFROFEE (585 %)) [
EDREREMH (56.0 %) [FH-RHOFR
RERD (554 %)) BEL, FmBgby7Y
AMEFIRALTOB/FIALTHIEWEEIZL
THEBHEEZEOILOBFLNREEORETIT
TR LA R72N | TR DY T VAN RE
FHARDEDZER V] EWVHIRERRILICE
DR VRBEAELTCWAERHALN LR
7o

B2, TERFEE L 0T, ORAC ¥ER2E
THEL-RROTELEEF R R LR &M
MEHRBLTRY, HBERNTHE OO
MEBLRRR TREMHBTEL TWD, BBy
B ORISR OMER: - B ICHF 535 7HE
HIEHDB, 20 1 BLBEEEZRTRZH
BILIZLV, 20720, gL iEFRRE M
IZBW LB EO RS | 0L D8RS T
W5, ZhiERICBLEAE VS DOE '
RBFERBREIZEVEWORAMEE 5 2, HiEk
b EOREBREZERLEIEEbNA,

ZOISTHE, ik E O REEREY
BETATHNTESOHBLELD, Wb
WHRERS | OBRER BRFEEDOR
BB OWT [k 1742 A 28
BT REFHRE 228001 ] Tik, BERM
DEMEBIZOWTZEURRT —F, BF
DERAFICBITIZEZEMHOBRESHF
FIRRHLIZE-SERETHIL SN TNBH,
WL Y FVA NI OV TITERBREZ R
BT TARREMENDD, F-, BHFENA
ZEMRBRBERIN VAR LY E X
—EORY 7 =/ —NVEEFEIZRONTEY, K



B DR Y 7Y A RO R &I BLRE R
TROBIESN TNBEEE LRV, RS
FZOLORBRE ST X, LB LY TV AL
DEEMEZIVFEMRIETELOTH D,
ZZ T, AT, LB L T VA PR
BEROZ2MEFHMEE L GEBOF AEICK
T REICE B U, EENIRBROMER - 18
EIZRESF ST, BREEEOHBIMC
IHEMMEBEORLEL D, HERIDIE
B OB L E O i SRS TE T,
LA, BB IR A TAEER R
EEORRAERICEFSLTEY, filg{twE
DREFBEUZIVIEMBRNHEIND L, &
BOF AEALRRHICT BESNTLEIEE
FEONDORENRZINTVS [T, 8],
Gomez-Cabrera Hi% [7]. ZyMIb—=27
EhT &, Uy RINVETORFEERS 2.9
fEIEET AN, Fb—= 7 LRI KEBOE
Zv C ZEIRIEALRRAFEIL 1.3 5T
L2 bipnZ e E Rz, S6IZ, Ristow Hid
[8]. ERNEXRFRELIZARFE T, P —= T LR
BRICKEOEHI C KN E #BET5E,
M—=U ZIZ X ATFERR DU E LT oND
ZEEIRUZ, BH ORI T, EERFRIC
ALBIEHBERICIVIE{LEESER (SOD.
GPx) DFEBTLESDOAEKIZE>TH ARG
BEBRZAH, T {LHE O KREBIUCL-
T, ZhbDF ARIGEL I SN D ZEIR
BEhTW5 [7. 8],
ZDIHNTHEITHRIZE N T, HBItHE
DOREFERUCIVEBOF AN BERDND
AR RSRENTWAN, IR E 2B
HDEV TR RELTEHER L E O RER
ERFICRONTRY, TAWLNTWAHEE
ftHELE 4 C & E DA THD, £ZT
KR TIL, BE R OERRBHET VLT

fEx OB ERMHBIUOTELT 7 A
VROBEAEBIOF AR RIETREICS
WTEEORETHRETTAILZ BRIEL, #F
RERIA LTz,

Rk 23 FEIX. Bx OB E DR
BRI EBORAERICRETEEL,
BERVTEBFRELV AV THET5
ERREMLT D0, KITHR [7] 25%F
WCEH C EROWTHREZET- T

YRR 24 R, ATEEOHET T, 51T
e [7] ToRESNIERERERERY vEIL C
DOREHREINERNCLLIFRLBETFNES
PHITBEVIERITBONIRN -T2 EMND,
B ERL VLT EXIY C ORERS R
EBOA AERICRIETEEIZ OV TR
L7z,

WGk
H23-1) %3 C &R EET Y (ODS Ty
B IZBWT, EXI C oEREEER N
—= RO RRBEFINEECRIET

B2
2B

v&3I C ARkiexR< ODS Jvh 30
L (8 #ih, AR) 2v¥v C ORE5E
(20, 100, 500 mg/kg/H) TRV 3 B
. ENENESLICIEERRE, EBRED 2
BoR 6 BHZoTT, B4 C IEBEREIK
WCIRFILE S LTz, EBEEIZIIN RNV
BAWT 3 BOEBN —=0 7 %1707,
K#oERO 1 B (23~25 KR %IZHE
FEfH R O T A E R L, PGC-1a Kk UL
B2 {k B % (SOD1, SOD2, GPxl) @
mRNA FHREEZ R,

H23-2) B3 C ORKEHRENEERIGE
IZLATY MR D PGC-la. BLUHLEE




LERORRICRITTEE

8 WEHD Wistar RIHETY M ZFFFFLIED)
BICHT, Shicg s a0 C B E5HL
SFRRBHZ T2, EBRE I v FIVE A
WT, BRIOEBZAMR L, B4V C &
ERCITEBRBERIC T 2 2000
mgkg OEFI C ZAKIZENL THRESIRE
O#EL, StREEICIIKE S5 % 72, BB T
4 BFMBRICmE R OBFEfH B LT A%
ERlcHEL, MiEPEsI C RESL
HPLC 2T, BHRH T DO mRNA HEEZ
real-time PCR {EIZTHIELT, iz, B 5
BERERNICEEL, B4 C Ol hEE
FHEABMZBELLTRBFEORMEZIT-
7o

H24-1) v43 C OKREERE )N, FEEhok
LR AN R E T B ORETE

37 Lo Wistar 7ok (5 #ih, +2) %,
EHIV C G5, BER (750 mg/kg)
W2, FRENESLICHEES R, EERE
D 2 BOE 4 BlIHTT, EEIV C Y
VFERAWCER 4 FRERNCREIR DRSS
L7e, EEEIZIZ M o RIVEFWT 6 JEH
DOEFBAEREITo7 (VY RIVEE:25 —
30 m/4y, EEEFRE 10 — 60 2/H), FA
JIE, Py RIVERWTESRBET5ET
O5EH EITRBREITV ., EAT FTREEERECFF
fliL7=,

H24-2) ©¥3y C ORER G, 2 RUpER
R OB LA E I KT THE
DIRGE

38 Lo Wistar b (7 i, +R) %,
AR TP B =aF o TINEERE
W 53528 2 BIBERBEL, B4V

C FEHGRE, BER (750 mg/kg) 12471,
ENENZSOIEEBRE, EBHO 2 #F
DR 4 BT EXI C YV T E
AWCES) 4 FFRFNCREIROREL, &
BRI Ly RIVE VW2 3 BRI OES)
AWEITo7r (N RFIVEE 20 m/5r, E
BFR 160 4/ B), THFERRZ R O AR
B (OGTT) TRl § 5Lz, MERMHAE
ZVarnT %) THEHMlLZ,

C. HERBERVELR
H23-1) B3 C G RET vk (ODS Ty
B BT EZIV C oERENESHR
—= RO ARBETHEEICRIET
PGC-lo. 8L SOD2 @ mRNA FEHIZ
L COES B IOy C OEFUIER
#Thotz, SOD1 BLV GPx ® mRNA
HEILESICIVEEIHEMLZR, v ¥
C I IRECELLTEZE Th T, F,
T O a—RARRREITOS B OMEGE
B LT-0, ARRETRO LN oT,
mee#3Iy C EEZ, B4 C BE5EI
e THIML T3, BENC LA IR
bRt HEo T, ZOEBRRTILEEBD
ARAECRIETRBCHEREEBROE
M2 LITREECHHEE X LT,

H23-2) B4y C OREHRGBHEIFAE
B EATNERERF D PGC-1o BLUGLEE
bR OREBIRITTHE

BERE R B LR Z AR ICEBITS PGC-la D
mRNA FEIIHEERES)ICLVERE ICHML
e B C ORERODEFERICIVEN
RIEISNBZ LR -7, BEERIZB T
%, FiBR{LEEEE SOD2 BL U SOD3 OF




BREBTLENRDOLNENR B C O
BRUIZNICEEEThHoT-, T, EIEN
BEIZIYE#I C Ol PEEYHEATRDY
RUSVZESHTh, E#BZED PGC-la D
mRNA REBETLE IS SR o7, Bk
DFERNS, EXIV C T RBRIEZERL
7e&LTh, HEEBRFOF ARB L FINE
BTN EAVRIRE N,

H24-1) ©43V C ORKEHEEL N, EHIZL
DFEFAN I R IE T B OMREE

6 BEEOEBAAFICLY, EERE CIXER L
BB T RTRBETHETIT I yRIV
EEREITUEBERK 1.6 fFleoloid v
3 C OREESIZIVZARMHEIEIND
TR ot W T, BATHREE [7] of
REBRD EHI C OREREITIY, &
BN LA AT OEMIE Fonianzen
RSN, BB OEBARO 20 K%
WCHERE R HL . PGC-1a 38X SOD2
o mRNA #IE, SOD BERIFMHZFRLZ
2K, EBHBLIUEEI C OERUTEZET
Bolz, TNDILEIRE OEBAFTIC VM
FTAHIERMENTNEZ LD, 4 EOEE)
AT RIZE R, N, fERD
R—EO—RTHOFRRENEZLILD, T-
72, S BOEBMRE L, AN ZEMIE2
FRRBE Thole, o T . EXI C D
REBIUL, BEFEMEE BT PiaEES)
BRZIX, 208 BIERZ T 720 FATREMEDS R
Xz,

H24-2) v%3 C OKEB&RED, 2 RIgER
A DB IC LD I RE U I RT3 &
DIREE

3 BRDEBAMIZLY, EERE Tl IE

BELEBIL T, OGTT TEHARL7-MiHEAE D FR
ERUEPRDOONZN, EEI C ODKE
BERIZEDENAIRIS LD LITRD T,
Fo lmE 1~2 BEomE=Me—10
BELLCHAShAMF Va7 VT IR
b, EBICLAWENROONIR, EFIV
C DREBIRUIELETH T, ZNHDT
Eb EFIY C OKREBRIT, 2 BIRER
RT3 D EENFIE DRV R AL TR
REEIT,

D. &

Bt E R BB OZ2MFTMEL
T, B4V C OXEERM»EEOA HIEM
FRETHEVOEITHR [7] 2RI, 819
EROVKRRLEN, EXIY C OREBRND
EEICEAE ARBEFREEGITHILIE
holz, BHOFHETIL, B4 C LS
OFEBLYE B I OB LY TV A MZD
WTh, Bk Z DR EEEFBIZTL SNV THE
42 FE Thotz, LIL, HATHIELE K
THRERNESNIZZE0S, BEFLLT
FR<BPEEL LT, EXIV C DKE
BRESOFRAEICRIETEEICONT
BEILT-, FORER, EXI C OREER
X, EENCEBRFA D OB I OMHERE D
WELIHT DL o7z,

T, Fox BB RERIL EFIV C
RO E OXREBRILEENCLSE A&
TFRBEELH T RNENS | SEITHZ [7, 8] &
BRI HREPEESRESN TS [9, 10],
PoT, MBLHEORKREBRVEBOR
FPEIC RIE T REITHEM IR EB O
HOME, ERBYWOBLEHNE RSO A
REBEZITEATIEEZOND, B
R TITOFREESRFOMREZILICE
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. wm LR
(1) Jun Takebayashi, Tomoyuki Oki, Jun
Watanabe, Koji Yamasaki, Jianbin Chen,
Maki Sato-Furukawa,
Tsubota-Utsugi, Kyoko Taku, Kazuhisa Goto,
Teruki Matsumoto and Yoshiko Ishimi
Hydrophilic

Megumi

antioxidant  capacities of
vegetables and fruits commonly consumed in
Japan and estimated average daily intake of
hydrophilic antioxidants from these foods

Journal of Food Composition and Analysis,

29, 25-31 (2013).

(2) Prak M, JNEE BT RA EE, A

R fET

BV C OREROERSFFAEN —
=T EToTY MRV CEBEA IR
JUB L EERTE M IO KT T

%67 [E HANE REFERE, 201345
H25 BAER)

(3) Jun Takebayashi, Tomoyuki Oki, Jun

Watanabe, Koji Yamasaki, Jianbin Chen,
Maki Sato-Furukawa, Megumi
Tsubota-Utsugi, Kyoko Taku, Kazuhisa Goto,
Teruki Matsumoto and Yoshiko Ishimi
Hydrophilic  antioxidant capacities of
vegetables and fruits commonly consumed in
Japan and estimation of daily intake

20th International Congress of Nutrition
(ICN), Sep 15-20, 2013, Granada, Spain (5
KT E)

() Ptk #i, v Bz, R ML L
BB OB, )1 (R RS, FEE (FE G AMETEEOBARN
AR)VE. B B, #EE —F, K R 1. ¥ BAe
BR ET 7L
ARICBOT—RIIZESNTWAER: 2. ERFEEE
OB KETRBLRER LT LD R M 2L
OB AKMETER LY E — A BEREOHE
=1 <BE >
B3, 87, 274-276 (2013), ENRIH [1] Fang Y. Z., Yang S., Wu G, Free radicals,

antioxidants, and nutrition. Nutrition, 18,

2. FLHEK 872-879 (2002).

(1) MNEESEE 7, 7k i, fak MERH AR [2]1 M Bz, A B, EEERK, BARE
e NTHRBL WO RBEWEEZEE TS
B C OREERHHEERFAGERICL WhWAEERSOTIEIICETS
57 NERFD PGC-1 o R OB LEESR e, Rk 22 FEEA GBS
DFBIKITTHE EHEE RMOR L -ZmRHEES
7 66 [H A ASRE - RIBFRKE, 20124F5 ¥ VB tHELZEE T DOLE
A 20 H(LE) BERMROREM - BT 205
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[4]

(5]

(6]

[7]

fo¥s - Sy ERES, 30-36 (2011).
VIR M, R B, B, BARICE
WT— I EIN TOWAERENLD
B LE— R EREOHE, FRR 21
FEELATBREMEERME &
DERL-REWAHEEFE By
BrxERTHOVDLOLIRERMDOR L
- B PRI BE 3 D AT 28 1 #e 45 - S FE AT
ZeERiEE, 15-21 (2010).

PRk M, m Bz, BRIZBONT—#
FINZBIN T RYEN SO LY)
E—HEIREOHE, TR 22 FEE
A GBREN R E RRHORL.
REWRHEEEEX MR EEZEE
TOVWDWLRFERMOREM B2
BT DM IE I RS - RIS E,
8-16 (2011).

A MR, sk BHE, AR BEA,
=& RN, BEMEERE VWb
fEFE RS D RZEMEFMIZOVNT, FRR
22 FEREAGBRFMAERFHEDE &
mORE L - ZERRMEERE [HiEt
YWEEEATAIVDLYIREREMOEZS
P - B NI B 3 AR50 1 R 4E - 4 4B A
FeaR s, 37-45 (2011).

BEE—F, A M, W Bz, 2 H
W, BRI EZEH TV LR
B BT OHBEE BERAE, FR 22
FEREETBRANEEMDE AR
DEL - ZEWRHEERERE [HiBR Y
BxERATHVDOLIRERROEZSE
- BB T A5 R - 4 R AR
ZeE A E, 71-99 (2011).

Gomez-Cabrera M. C., Domenech E.,
Romagnoli M., Arduini A., Borras C.,,
Pallardo F. V., Sastre J., Vifia J., Oral

(8]

[]

administration of vitamin C decreases

muscle mitochondrial biogenesis and
hampers training-induced adaptations in
endurance performance. Am. J. Clin. Nutr.,
87, 142-149 (2008).

Ristow M., Zarse K., Oberbach A.,
Klsting N., Birringer M., Kiehntopf M.,
Stumvoll M., Kahn C. R., Blither M.,
Antioxidants prevent health-promoting
effects of physical exercise in humans.
Proc. Natl. Acad. Sci. USA, 106,
8665-8670 (2009).

Wadley G. D., McConell G. K., High-dose
antioxidant vitamin C supplementation
does not prevent acute exercise-induced
increases in markers of skeletal muscle
mitochondrial biogenesis in rats. J. 4ppl.

Physiol., 108, 1719-1726 (2010).

[10] Higashida K., Kim S. H., Higuchi M,

Holloszy J. O., Han D. H., Normal
adaptations to exercise despite protection
against oxidative stress. Am. J. Physiol.
Endocrinol.  Metab., 301, E779-784

(2011).
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)\ BIEATEEA _ BRORLMRERR
YV BT - SEMAR RENEERS BEKS

Sgee® Mational Institute of Health and Nutrition

IRITITRUE A B3GR RE - REBIR AR
ARRBBETREG RRSFHEE

HMRAKRE &K #

o SRATEURA

?i(% EITIREER - SREMAFUN

ot National Instituie of Health and Nutrition

RREMEEEET 3 bO HREER (ARSI AN EMUBTR

- BERNTREORFLETERHEOFH. RELHRTEADBRTHF
EEOBHR-RUELELT 1000 FULORRIEVREEFTIASNFE
THRERERTRRIORERUT MIETF

H21-22 BEFBHHEFARAREMREEE TV OR IRERAROZLE - AHEICETIHR FIRARE HTH) TRE

=
§ HERENEOXBEDENRT S THATEDDBS

RREMEOXRENLIEROF RIEERUSFARIENSRE

(Gomez-Cabrera et al., Am. J. Clin. Nutr., 87, 142-149 (2008), Ristow et al., PNAS, 106, 8665-8670 (2009))

RELEMEIZErERREL, EASY C F21k E OKRIEREECB-T-HER

[(BIRE/M] BEE-EIERERIC, B40nRIEVEOERRMN
BOERECRETEELEH
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&( * o WIATEUEAN

QZ’;’ RITTRE - SEEARA
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Ty

FITHAEOBE
[FL—=2F 12 & B 14D E® (Gomez-Cabrera et al., 2008)]
SyrE BRI —=2TF35E, FUYRSILFESTRIRERFMIAS 2.0 4212
= F43Y C £ KRR (500 mg/kg/day) SE=FvrTIE 1.2 EZIzLhvidiily

(RE)- kA MEES B ORA® (Ristow et al., 2009)]
EFAGSERBINL—=2 T E1T5 &, THMRE (AR HSE) HeiET5
= EF43> C (1000 mg/day) + E (400 IU/day) QEM TGSt @b hidis

EBART — ENBRRREE — BibALAED — EROETE
FHEESEFEE etc.

e T E— R
RERE
PGC1a/B. PPARy etc. — EEIDE A

LES= 3 MR N E
ﬁn%s?f?ﬁ?ﬁf EiE AL R B efc.

3

[FrZilE) N
%w@g& 4%

HE) DB REE

[—&£BEE]

1. BITHRREEIC, ESS2 C
AEBDFERERETEHE
o LERR= IR EREL

2. R OWMBREMEIZONT
BHEZE1TS

3. WROTEBIE YT A
DLWTHRIEZITS

[Z€£BEHE]
BRETTLBYER, 8
2 DFBALDES SUHERD
B8 hH T AV D K BIER
AEROE A RIETRE
EHET S

10



ERIMIEZES UARRLY (—H%E)

7 H23-1. @R OB )

\ £55 C OXBREAERAH (3 EN) CLHRETERELIRIETRE

* P<0.05, main effect for exercise
Mean:SE

M
o

SOD1 mRNA
(arbitrary units)
S 2 A =
i

e
=3

NN
-3 4,
1 J

- e
o O
L

b
o
1

GPx mRNA
arbitrary units)

(

"n&wamw 24 ﬁmm-ﬁﬂ Ve (mglkgld)
(ﬂilﬂl t79$&:l:7}‘ﬁ§mﬂi)ff FLYRS)LER) - + - + - +
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ABSTRACT

The sum of hydrophilic antioxidants of 23 vegetables and 13 fruits commonly consumed in Japan was
evaluated by a modified hydrophilic-oxygen radical absorbance capacity (H-ORAC) method. The “typical
vegetable” and “typical fruit” in Japan contained hydrophilic antioxidants that are equivalent to 6.95 and
12.23 pmol of Trolox per g of the edible portion, respectively, on average. Hence, the daily intake of
hydrophilic antioxidants from vegetables and fruits was estimated to be 4423 pwmol Trolox equivalent
(TE)/d based on data of the National Health and Nutrition Survey in Japan. However, the biological
significance of these antioxidant values has not yet been clarified. To address this issue, our data will
provide a foundation for high-quality epidemiological studies aimed at elucidating the relationship
between daily intake of antioxidants and health. In addition, the comparison of the results of the H-ORAC
assay with those of polyphenol content and 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay was also
studied. The H-ORAC values had a strong positive correlation with polyphenol contents (r = 0.956), and
were 1.0-18.2-times higher than the antioxidant capacities evaluated by the DPPH assay.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

dietary antioxidants needs to be investigated not only from the
viewpoint of individual antioxidants but also from the viewpoint of

There is growing evidence that reactive oxygen species (ROS)
are related to many diseases and that foods rich in antioxidants
may contribute to overall health and disease prevention (Lotito
and Frei, 2006; Osawa and Kato, 2005). There is a wide variety of
different types of antioxidants in foods, and these antioxidants
occasionally act coordinately in the body. Therefore, the efficacy of

* Corresponding author. Tel.: +81 3 3203 8063; fax: +81 3 3205 6549.
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mutsugky@nih.go.jp (M. Tsubota-Utsugi), takuk@nih.go.jp (K. Taku),
gotok@affrc.go.jp (K. Goto), teruki@nih.go.jp (T. Matsumoto), ishimi@nih.go.jp
(Y. Ishimi).

0889-1575/% - see front matter © 2012 Elsevier Inc. All rights reserved.
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the sum of antioxidants contained in foods, that is, the concept of
“antioxidant capacity” (AOC) of foods. Valtuefia et al. (2008) found
in a human trial that food selection based on AOC of foods can
modify antioxidant intake, systemic inflammation, and liver
function without altering markers of oxidative stress. Thus, not
only individual antioxidants but also AOC of foods may be helpful
to improve dietary quality for maintenance of good health.
Several observational epidemiologic studies showed significant
associations between AOC intake and health (Brighenti et al., 2005;
Psaltopoulou et al., 2011; Puchau et al., 2009, 2010; Serafini et al.,
2002), whereas other studies showed no significant association
(Devore et al., 2010; Mekary et al., 2010). One possible reason for
this discrepancy in results is that appropriate AOC databases were
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not used; i.e., the databases contained data for a limited number of
food items and/or AOC values of foods marketed in a foreign
country. Hence, to obtain more conclusive evidence from
epidemiological studies, an AOC database of higher quality is
required.

An oxygen radical absorbance capacity (ORAC) method is one of
the most widely used methods for evaluating AOC due to known
and unknown antioxidants present in tested foods (Prior et al.,
2005). Peroxyl radical-scavenging activities of water-soluble and
lipid-soluble antioxidants in samples are evaluated by the
hydrophilic ORAC (H-ORAC) and lipophilic ORAC (L-ORAC)
methods, respectively (Prior et al, 2003). Rautiainen et al.
(2008) reported that more than half of ORAC intake from all foods
in Sweden is attributed to vegetables and fruits. In vegetables and
fruits, H-ORAC values are usually much higher than L-ORAC values
(Wu et al,, 2004a).

The final goal of this study is to elucidate the relationship
between daily intake of antioxidants and health. For this purpose, a
reliable analytical method is needed to establish an appropriate
AOC database of foods for epidemiological studies. Recently, the
analytical precision of the H-ORAC method was improved
(Watanabe et al., 2012). This improved H-ORAC method is one
of the few analytical methods for evaluating AOC of foods validated
by an interlaboratory test in accordance with internationally
harmonized protocol (Horwitz, 1995). Based on this reliable
method, an antioxidant database of foods suitable for the Japanese
population has been developed. This database will enable high-
quality epidemiological studies concerning daily intake of anti-
oxidants and health in Japan. In our preliminary note (Takebayashi
et al., 2010), H-ORAC values of 23 vegetables commonly consumed
in Japan have been reported and the daily intake of hydrophilic
antioxidants from these vegetables in Japan has been estimated for
the first time to our knowledge. However, the sample size for each
vegetable was very limited (n = 1), and thus representative values
and variances of the H-ORAC values for each vegetable were
unknown. In addition, foods other than vegetables, especially
fruits, appear to contribute to the daily AOC intake. Hence, in this
study, H-ORAC values of 23 vegetables and 13 fruits from 3
independent samples each were obtained and daily intakes of
hydrophilic antioxidants from these vegetables and fruits in Japan
were estimated.

2. Materials and methods
2.1. Selection of vegetable and fruit samples

The most consumed vegetables and fruits in Japan were
selected for this study according to the annual report on the family
income and expenditure survey in Japan for 2005-2009 (Statistics
Bureau; Ministry of Internal Affairs and Communications, Japan).
This survey showed annual purchase weights per household for
raw vegetables and fruits, and the weight for 23 vegetables shown
in Table 1 and 13 fruits shown in Table 2 accounted for 83.4% and
84.5% of the total weights for purchased raw vegetables and fruits,
respectively. Percentage of intake for each vegetable was
calculated as follows:

[W x (100 — R)/100]

(W x (100 — R)/1003] * 0%

Percentage of intake (%) =

where W (g) is the annual purchase weight per household of each
vegetable, R (%) is the discarded (or inedible) portion from the
Standard Tables of Food Composition in Japan — 2010 - (Council for
Science and Technology; Ministry of Education, Culture, Sports,
Science and Technology, Japan), and 3_{W x (100 — R)/100} (g) is
the sum of the estimated annual intake per household of the 23

vegetables listed in Table 1. Percentage of intake for each fruit was
calculated in the same manner.

2.2. Chemicals

Sodium fluorescein, 2,2’-azobis(2-methylpropionamidine)
dihydrochloride (AAPH), Folin-Ciocalteu reagent, and 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) were purchased from Wako Pure
Chemical Industries {Osaka, Japan) and Trolox was obtained from
Aldrich Chemicals (Milwaukee, WI, USA). All other reagents were
of analytical grade.

2.3. Food sample preparation

The 23 vegetables and 13 fruits shown in Tables 1 and 2 were
independently purchased in raw form in 3 prefectures of Japan
(more details on where and when the samples were collected are
shown in the footnotes of Tables 1 and 2). In each case, most of
the samples were acquired from one local market, but some
samples were bought on the Internet due to unavailability. At
least 2 units and 200 g in total for each vegetable and fruit were
collected. These samples were cooled on crushed ice before
cutting to avoid loss of antioxidants by enzymes such as
polyphenol oxidases, and inedible portions were removed. Then,
sample size was reduced by sub-sampling, and the edible
portions were snap frozen by liquid nitrogen and were promptly
freeze-dried. The freeze-dried samples were milled until
homogeneous by using a Grindomix GM 200 knife mill (Retsch,
Haan, Germany) and stored at —20 °C. The antioxidants in the
freeze-dried samples were then extracted by using an accelerated
solvent extraction system (Dionex, ASE-200) as described by Wu
et al. (2004b) with some modifications. Briefly, each freeze-dried
sample was first subjected to extraction with hexane/dichlor-
omethane (1:1) followed by extraction with methanol/water/
acetic acid (90:9.5:0.5; MWA), and then the H-ORAC assay,
measurement of polyphenol content, and DPPH assay were
performed using the same MWA extracts.

2.4. H-ORAC assay

The interlaboratory precision of the original H-ORAC method
(Prior et al., 2003) has been shown to be insufficient (Watanabe
et al., 2010), and some methodological improvements to assure
satisfactory interlaboratory precision have been made (Wata-
nabe et al, 2012). In this study, this improved H-ORAC method
was used. Briefly, the MWA extracts were diluted 10-fold with an
assay buffer (75 mM KH,PO4-K,HPO, at pH 7.4) and then further
diluted with the assay buffer containing 10% MWA. Trolox
calibration solutions (6.25, 12.5, 25 and 50 wM in the assay buffer
containing 10% MWA) were made to obtain a standard curve. The
diluted MWA extract, Trolox calibration solution or blank (35 1),
fluorescein (115 wl, 110.7 nM in the assay buffer), and AAPH
(50 w1, 31.7 mM in the assay buffer) were incubated in the assay
buffer at 37 °C in a 96-well plate sealed with a plastic film. The
fluorescence (Ex. at 485 nm, Em. at 528 nm) was monitored every
2 min for 90 min by a Powerscan HT instrument (DS Pharma
Biomedicals, Osaka, Japan). The net area under the curve (AUC)
was calculated by subtracting AUC for the blank from that for the
sample or standard, and the H-ORAC value for each sample was
determined by comparison of net AUC for the sample with that
for the Trolox standard. More details are shown in the reference
(Watanabe et al., 2012). Data are expressed as moles of Trolox
equivalent to the amount of water-soluble antioxidants con-
tained in a sample, that is, umol Trolox equivalent (TE) per gram
fresh weight of the edible portion (mol TE/g). Each value is the
average of determinations for two separately prepared extracts

16
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Table 1
H-ORAC values for vegetables commonly consumed in Japan.
Sample name Item No.? Percentage H-ORAC (pmol TE/g)® Contribution Polyphenol  DPPH radical
of intake (%)° (%)% content scavenging
14 2¢ 3f Average SD  RSD (%) Max/Min (mg GAE/g)" capacity
(wmol TE/g)'
Onion, bulb 06153 11.2 6.71 13.17 1228 10.72 350 327 2.0 17.4 0.61 0.59
Cabbage, head 06061 111 374 388 240 334 0.82 246 1.6 53 0.27 1.04
Japanese radish (daikon), 06134 10.1 393 293 478 388 092 238 1.6 5.6 0.16 0.59
root without skin

Tomato, fruit 06182 8.6 3.14 343 286 3.14 0.29 9.1 1.2 39 0.28 1.18
Potato, tuber 02017 8.0 6.85 7.72 553 6.70 1.10 16.5 14 7.7 0.46 122
Cucumber, fruit 06065 6.6 1.68 154 169 1.63 0.08 52 1.1 1.5 0.15 0.30
Carrot, root with skin 06212 6.4 526 146 335 336 190 56.6 3.6 31 0.22 0.74
Chinese cabbage, head 06233 6.1 3.10 333 196 2380 0.74 264 1.7 24 0.22 0.82
Mung bean sprout 06291 4.4 6.17 6.05 557 593 032 53 1.1 3.7 0.45 0.46
Crisp lettuce, head 06312 43 261 109 302 224 1.02 454 2.8 1.4 0.15 0.54
Eggplant, fruit 06191 34 15.55 28.62 38.79 27.65 11.65 42.1 2.5 134 1.39 8.26
Pumpkin, fruit 06046 3.2 3.88 278 317 328 0.56 17.0 14 15 0.32 0.97
Spinach, leaves 06267 28 820 1059 729 8.69 170 19.6 1.5 35 035 0.75
Welsh onion (nebuka-negi), 06226 24 232 272 279 261 026 98 1.2 0.9 0.26 0.57
leaves, blanched

Sweet potato, tuberous root 02006 22 . 6.18 528 733 626 1.03 164 1.4 20 0.51 2.47
Taro (satoimo), corm 02010 1.7 8.33 7.15 1483 10.10 4.14 41.0 2.1 2.4 0.46 247
Green sweet pepper, fruit 06245 1.6 695 7.15 11.83 8.64 276 32.0 1.7 2.0 0.84 4.14
Edible burdock, root 06084 1.5 52.17 68.85 77.19 66.07 12.74 193 1.5 13.9 3.18 19.37
Broccoli, inflorescence 06263 1.3 11.00 18.74 18.55 16.10 441 274 1.7 3.1 0.98 3.59
Edamame 06015 1.1 1332 1475 8.82 12.29 3.09 252 1.7 1.9 0.61 1.74
Shiitake mushroom 08011 1.0 258 306 294 286 025 88 1.2 04 0.21 0.62
East Indian lotus root, 06317 0.8 19.57 27.18 21.60 22.78 394 173 14 25 1.64 12.76

rhizome
Bamboo, shoot! 06149 0.5 206 451 839 499 3.19 64.0 4.1 04 0.64 0.34

2 Item numbers in the Standard Tables of Food Composition in Japan.

> The percentage of intake for each vegetable was estimated from the data in the annual report on the family income and expenditure survey in Japan for 2005-2009 and in
the Standard Tables of Food Composition in Japan - 2010. Details are shown in Section 2.

¢ The H-ORAC value for each vegetable is expressed as moles of Trolox that are equivalent to the amount of water-soluble antioxidants contained in 1 g of the raw vegetable
(mol Trolox equivalent (TE)/g of edible portion).

d The samples were commercially purchased in Kumamoto, Japan in June or July of 2009. The H-ORAC values presented in this column are from the reference (Takebayashi
et al., 2010).

¢ The samples were commercially purchased in Nagoya, Japan in November or December of 2009 or January 2010.

f The samples were commercially purchased in Ibaraki, Japan in August 2010.

£ The estimated contribution of each vegetable to hydrophlic AOC intake from vegetables. Details are described in Section 2.

" The polyphenol content for each vegetable is expressed as mg of gallic acid that are equivalent to the amount of polyphenols contained in 1g of the raw vegetable (mg
gallic acid equivalent (GAE)/g of edible portion). The average values from 3 independent samples each are given. For details see Supplementary Data (Table S1).

! The DPPH radical scavenging capacity for each vegetable is expressed as p.mol of Trolox that are equivalent to the amount of water-soluble antioxidants contained in 1 g of
the raw vegetable (jmol Trolox equivalent (TE)/g of edible portion). The average values from 3 independent samples each are given. For details see Supplementary Data
(Table S3).

i Bamboo shoots, canned in water, were used because raw bamboo shoots were seasonally unavailable.

from one freeze-dried sample of each vegetable and fruit to
reduce the error associated with extraction and measurement of
H-ORAC.

where Avg. H-ORAC (pmol TE/g) is the averaged H-ORAC value for
“typical vegetable”.

The averaged H-ORAC value for “typical fruit” and contribution
of each fruit were calculated in the same manner.
2.5, Calculations of the averaged H-ORAC values for “typical
vegetable” and “typical fruit” consumed in Japan and contribution of
each vegetable and fruit to hydrophilic AOC intake

2.6. Measurement of polyphenol content

Polyphenol content was determined according to the method

To obtain the averaged H-ORAC value for “typical vegetable”
consumed in Japan, the H-ORAC values for 23 vegetables
were weighted-averaged considering their consumptions as
follows:

Averaged H-ORAC value for “typical vegetable” (umol TE/g)

= Z{H~ORAC x P/100},

where H-ORAC (mmol TE/g) is the H-ORAC value for each
vegetable, and P (%) is the percentage of intake for the
corresponding vegetable.

The contribution of each vegetable to intake of hydrophilic
antioxidants from vegetables was calculated as follows:

Contribution (%) = H-ORAC x P/Avg. H-ORAC,

17

described in International Organization for Standardization (ISO)
14502-1 on the basis of the Folin-Ciocalteu assay (1SO, 2005) with
slight modifications. Briefly, the MWA extract was diluted more
than two-fold with water. The diluted MWA extract, gallic acid
solution or blank (1.0 ml) was dispensed into tubes. A 1/10 dilution
of the Folin-Ciocalteu reagent in water (5.0 ml) was added to each
tube. After an interval of 3-8 min, a sodium carbonate solution
(7.5%, w/v, 4.0 ml) was added. The tubes were then allowed to
stand at room temperature for 60 min, and the absorbance at
765 nm was measured. The concentration of polyphenol in the
MWA extract was calculated from the standard curve for gallic acid
ranging from 10 to 50 pg/ml. Data are expressed as milligrams of
gallic acid equivalents per gram (mg GAE/g). Each value is the
average of determinations for two separately prepared extracts
from one freeze-dried sample of each vegetable and fruit to reduce
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Table 2
H-ORAC values for fruits commonly consumed in Japan.

Sample name Item No.* Percentage of H-ORAC (p.mol TE/g)® Contribution  Polyphenol DPPH radical
intake (%)° (%)% content scavenging
1 26 3" Average SD  RSD(%) Max/Min (mg GAE/g)"  capacity
(wmol TE/g)
Banana 07107 205 8.69 8.61 5.14 7.48 203 271 1.7 125 0.62 3.56
Apple 07148 20.0 16.89 ND! 1914 18.02 - - 1.1 29.5 0.85 426
Satsuma mandarin, 07028 19.5 1328 1293 1449 13.57 082 60 1.1 21.6 0.77 1.72
juice sacs, early
ripening type
Japanese pear 07088 7.6 189 ND 1.28 1.58 - - 1.5 1.0 0.12 0.32
Strawberry 07012 5.7 3432 2979 3630 3347 334 100 1.2 15.7 2.29 15.74
Japanese persimmon 07049 49 7.54 475 4.62 5.64 1.65 29.2 1.6 23 0.74 5.48
(kaki), nonastringent
Watermelon 07077 49 184 179 1.98 1.87 0.10 5.3 1.1 0.7 0.14 0.30
Grape 07116 4.0 3.23 421 421 3.88 057 14.6 1.3 1.3 0.29 1.21
Grapefruit, juice sacs 07062 33 1723 2128 1589 18.13 280 155 13 49 1.01 3.38
Peach 07136 3.1 28.59 ND 17.96 23.28 - - 1.6 5.9 0.92 5.71
Melon, open culture 07135 2.8 2.80 1.86 2.99 2.55 0.60 23.7 1.6 0.6 0.28 1.03
Kiwifruit 07054 2.0 6.45 7.66 9.02 7.71 128 16.6 14 1.3 0.90 5.78
Valencia orange, 07041 1.7 18.91 2121 2026 20.13 1.16 5.8 1.1 2.8 1.24 343
juice sacs

® ltem numbers in the Standard Tables of Food Composition in Japan.

b The percentage of intake for each fruit was estimated from the data in the annual report on the family income and expenditure survey in Japan for 2005-2009 and in the
Standard Tables of Food Composition in Japan - 2010. Details are shown in Section 2.

€ The H-ORAC value for each fruit is expressed as moles of Trolox that are equivalent to the amount of water-soluble antioxidants contained in 1 g of the raw fruit (pmol
Trolox equivalent (TE)/g of edible portion). :

4 The samples were commercially purchased in Kumamoto, Japan in August or September of 2009.

¢ The samples were commercially purchased in Nagoya, Japan in November or December of 2009 or January 2010.

f The samples were commercially purchased in Ibaraki, Japan in August or September of 2010.

& The estimated contribution of each fruit to hydrophlic AOC intake from fruits. Details are described in Section 2.

" The polyphenol content for each fruit is expressed as mg of gallic acid that are equivalent to the amount of polyphenols contained in 1 g of the raw fruit (mg gallic acid
equivalent (GAE)/g of edible portion). The average values from 2 or 3 independent samples each are given. For details see Supplementary Data (Table S2).

! The DPPH radical scavenging capacity for each fruit is expressed as wmol of Trolox that are equivalent to the amount of water-soluble antioxidants contained in 1 g of the
raw fruit (pumol Trolox equivalent (TE)/g of edible portion). The average values from 2 or 3 independent samples each are given. For details see Supplementary Data (Table S4).

J ND means not determined.

the error associated with extraction and measurement of
polyphenol content.

2.7. DPPH assay

The DPPH radical scavenging capacity was measured by the
method described previously (Oki et al, 2003) with a slight
modification. Briefly, the MWA extracts were diluted two-fold with
a 10% methanol aqueous solution and then further diluted with a
50% methanol aqueous solution. Trolox calibration solutions (40,
80, 120 and 160 M in a 50% methanol aqueous solution) were
made to obtain a standard curve. The diluted MWA extract, Trolox
calibration solution or blank (100 pl), a 200-mM 2-morpholi-
noethanesulphonic acid (MES) buffer (pH 6.0) (50 1), and a DPPH
solution (50 wl, 0.8 mM in ethanol) were pipetted to each well of a
96-well plate. After the reaction mixture had been allowed to stand
for 20 min at 30 °C, its absorbance at 520 nm was measured
(Multiskan JX, Thermo Labsystems Oy, Vantaa, Finland). The DPPH
radical scavenging capacity was expressed as moles of Trolox
equivalent per gram (wmol TE/g). Each value is the average of
determinations for two separately prepared extracts from one
freeze-dried sample of each vegetable and fruit to reduce the error
associated with extraction and measurement of DPPH radical
scavenging capacity.

3. Results and discussion

3.1. H-ORAC values of vegetables and fruits commonly consumed in
Japan

The H-ORAC values, which reflect the sum of hydrophilic
antioxidants contained in samples, for the 23 vegetables are shown

in Table 1. The values ranged from 1.63 to 66.07 pwmol TE/g. The
relative standard deviation (RSD) of H-ORAC values from 3
independent samples each ranged from 5.2 to 64.0%, and their
max/min ratios ranged from 1.1 to 4.1. The five vegetables
possessing the most potent antioxidative activities were edible
burdock, eggplant, East Indian lotus root, broccoli and edamame in
that order. The averaged H-ORAC value for “typical vegetable” in
Japan was obtained by weighted averaging the H-ORAC values for
vegetables evaluated according to their consumption as shown in
Section 2. As a result, the averaged H-ORAC value for “typical
vegetable” was calculated to be 6.95 umol TE/g. Then the
contribution of each vegetable to intake of hydrophilic antioxidant
from vegetables was calculated as shown in Section 2. The top five
vegetables contributing to hydrophilic AOC intake were onion,
edible burdock, eggplant, potato and Japanese radish (daikon) in
that order. Of them, onion, potato and Japanese radish (daikon) had
medium H-ORAC values, but they were frequently consumed. The
contributions of edible burdock and eggplant were due to their
high H-ORAC values rather than their percentages of intake.

The H-ORAC values for the 13 fruits ranged from 1.58 to
33.47 wmol TE/g (Table 2). The RSD of H-ORAC values from 3
independent samples each ranged from 5.3 to 29.2%, and their
max/min ratios ranged 1.1-1.7. The five fruits possessing the most
potent antioxidative activities were strawberry, peach, Valencia
orange, grapefruit and apple in that order. The weighted average of
H-ORAC values for “typical fruit” was calculated to be
12.23 pumol TE/g. The top five fruits contributing to hydrophilic
AOC intake were apple, Satsuma mandarin, strawberry, banana
and peach in that order. Of them, apple, strawberry, and peach
possessed both high H-ORAC values and intake frequencies,
whereas the H-ORAC values for Satsuma mandarin and banana
were medium levels, but their consumption frequencies were high.
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