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Abstract

Effective synthetic antioxidants such as butylated hydroxyanisole(BHA) and butylated hydroxytoluene(BHT) have
been widely used in the food industry, but they are suspected to be toxic and carcinogenic effects. Therefore, the
development of safely available natural antioxidants such as ascorbic acid, « -tocopherol, A -carotene, flavonoids
and selenium is essential. In particular, flavorioids, 2-phenyl-benzo- @ -pyrones, are polyphenolic compounds that
occur ubiquitously in food of plant origin. Flavonoids occur in foods generally as O-glycosides with sugars bound
usually at the C; position. And variations in their heterocyclic ring gives rise to flavones, flavonols, flavanones,
flavanols, catechins, anthocyanidins, chalcone and isoflavones. Vegetables, fruits, and beverages are the main dietary
sources of the flavonols, primarily as quercetin, kaempferol, and myricetin and the corresponding flavones, apigenin
and luteolin. These flavonoids have biological activity such as antioxidant, anti-inflammatory, antithrombotic,
antimutagenic, anticarcinogenic antiallergic and antimicrobial activity effects in vitro and in vivo. Flavonoids posses
strong antioxidant activities acting as oxygen radicals scavenger, metal chelators and enzyme inhibitor. The
antioxidant activity of flavonoids is determined by their molecular structure and more specially, by the position and
degree of hydroxylation of the ring structure. All flavonoids with the 3’, 4’-dihydroxy(ortho-dihydroxy) posses
marked antioxidant activity. And antioxidant activity increases with the number of hydroxyl groups substituted on

the A-and B-rings. There is as yet no certainty about the effect of the presence of a double bond between C, and
C; on the antioxidant activity of flavonoids.
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Wy gloks-11). olF HE A EL iR
g7l Aoz gFsn e Aixdt ALF
3% g5l slowA g Ay 4
Aohi2). A7R Rud HE FAAEE
-carotene, BE}R C, HIE}® D, Hlgl¥l E 5 wEd
=, flavonoids&, vanillin @ curcumin 28 #Alg,
selenium 2 o}@# gL F&, vieRd & 7713
33E Fol UTHII).

B d7dMEe ol G JistA ke flavo-
noidse} A)@AT P dlE A ZA
AAA 22 BE3D e flavonoidse} 7154 4
Fo2xM9] o] &IlXE YolR R} Frt

Flavonoidse| &9

Flavonoids= 270%©] benzene ringo] AL 73
pyrone ring2 W2 Z§E ] U 2-phenyl-benzo- o
-pyrone ring®] 3}3HE(14)2 ] carotenoids, tetrapyrrole
FeAs P4 2o G i) £30H15). AE
Aol dz] £2&n e flavonoidse B WA=
=@AL du e Y2IFEH oS A
Ae sddz EAFt dihe 7% rhamnose,
glucose, rutinose 59| FF<9} At ulF A (glycoside)
9 g2 AT dwrdgez ¢, ¥, AR
WA 8, Az (woody tissue)2 aglycons© 2 8]0
seedsi= WA 9} aglycons$ ETF A3k UTHI6).

AAH0 2 4000% 0|49 flavonoids7} & A EHH

AZ o) ZA3le  flavonoidse WEEo] flavonols
(quercetin, kaempferol, myricetin)®}  flavones(luteolin,

apigenin)o] k. 9] ¢ quercetint] 7} FHRE
o]2 1 kaempferol, luteolin, apigenin®] HiFHe A%
EAse, B9 B quercetinf FA7E A9} )
BHuoln kaempferol?} myricetin Bl G vF EA)
$T}(17,18)(Table 1).

Table 1. Occurrence of flavonoids in common foods

Flavonoid

Major foods Examples of foods
subgroup
Flavones Herbs Parsley, thyme
Flavonols Vegetables Onions, kale, broccoli
Fruits Apples, cherries, berries
Beverages Tea, red wine
Flavanones Fruits Citrus
Catechins Fruits Apples
Beverages Tea
Anthocyanidins  Fruits Cherries, grapes
Isoflavone Vegetables Soya beans, legumes
PEEe] AioA 7R quercetind F2 ¢}
(284-486mg/kg), H YU(110mgke), B 2] (30mg/kg),

french beans(32-45mg/kg), slicing beans(28-30mg/kg)S-
ALstne 10mgkg ol&toli, AY(1llmgkg), L4
2] (15-91mg/kg), F3(11-56mg/kg), <F(31-64mglkg)=
kaempferolZ 3H3tck A9 quercetin FFL H
Ao Z 15mgkg ALoln e g Atge 2172
mg/kgs 2t Uth Myricetin®} luteolin, apigenin 3
£ fresh broad beans(26mg/kg myricetin), red bell
pepper(13-3lmg/kg luteolin)& A 9)3}1E 1mg/kgo) 8}
olm, o{§&Ho] 71} ¥ flavonoids FFE& Hole
GFAFR), BAA, B39} 2L A s(eafy vegetables)
Astne dlREe Afior AA ©g Aol
A9l gUth19). E %3 flavonoidsE ©F 53}
glo] A AR 7Me e AR JeH
sunflower honey:x pinocembrin, pinobanksin, chrysin,

Rorlr mje

galangin, querceting t}F {3l 313, rosemary
honey= T}aFe] kaempferol ¥ 2A 9} quercetin 8] G5
& FRch20.21).

gaHo g go] xuEHe HAFY 559 flavo-
nol#} flavonedrz-& t}2-3 2TH(22-24)(Table 2).

Table 2. Flavonol and flavone* contents of vegetables,
fruits and beverages

Flavonol and
flavone contents Foods
Low Cabbage, spinach, carrots, peas,

(<10mg/kg or <10mg/ gitre mushrooms, Peaches, strawberries,
Orange juice, white, wine, brewed,
coffee

Medium Lettuce, broad beans, red pepper,
(<50mg/kg or <50mg/ Litre tomato, Apples, grape, cherries,
Tomato juice, red wine, tea beverages

High Broccoli, endive, kale, French
(>50mg/kg or SOmg/ Litre beans, celery, onion Cranberries

*Sum of quercetin, kaempferol, myricetin, luteolin, and apigenin
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Flavonoids®] 8 F9¢& %4, thZF)F, Al 5
o2 ul=ojA flavonoids?) YA M FFL lgiday &
=2 FRsn den ¥E veME 2-3gdayR
A Avlsle X UATH25,26).

Flavonoids®e| 44

Flavonoids®] A) ¢4l (biosynthesis)(27)& %9 4
¢l chalcone synthase(CHS)oll 213 1%%}9] coumaroyl-
CoAS} 387}9] malonyl-CoA7} 23 ¥HS-3te] kAl
9] chalcone-S ¥A3st1, ©]ZAo} hydroxylation, methyla-
tion, acylation, glycosylation 18] reduction 5o
oJsle] flavonoids®] T2E WH3A|Fl=  chalcone
isomerase9} & g 71X F4 50| ALy v
3§ flavonoid F+EAES THE oA THFig 1).

1,3-Diphenylpropane
(1) p-Hydroxycinnamoyl CoA t
+ - Chalcone — Dihydrochalcone
(3) Malonyl CoA | '
| _
Flavan < Flavanone - Flavone
{
Dihydroflavonol ~  Flavonol
. :
|

Flavan 3-ol & Flavan 34-diol

Fig 1. Biosynthetic relationship among different classes of
flavonoids.

Flavonoids Aol @8l HiAw AA phenyl-
alanine ammonia-lyase®} Zo] AFA FAol B3}
+ #4, chalcone isomerase2} 2©] flavonoid classes<)
Ao BASH= A4, glycosyltransferase?} 7o) flavo-
noid modificationd] /3= BAZ UE 4 Yo
(28-30).

Flavonoids®] 712 FZE isoflavoneS #2311
25 benzopyrone2} C;$ ]9l phenyl-2 7} 2-phenyl-
benzopyrone (flavone)o|t}. Flavonoidst THA] 2 7]&
Tz C9 H7F OH7|2 X138 flavonol, C;9} C;9]
o]|Z=ZAgto] E3lE flavanone, ©] flavanone®] Cs;¢] H
7} OHZE X|3+g flavanol, C;ol phenyl?]7t X33
isoflavones 0.8 MEEH T, Ao WE A &
+ minor flavonoidZ chalcone, aurone, flavonone, di-
hydrochalcone §©°] At}(31). (Fig2)

X

OH o

Flavonols, X=0H; quercetin, R1=OH, R2=H; kaempferol, R1=H,
R2=H; myricetin, R1=OH, R2=OH; Flavones, X=H; apigenin,
R1=H, R2=H; luteolin, R1=OH, R2=H

ISOFLAVONE

AURONE

Fig 2. Basic Structures of Flavonoids
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Flavonoids:= gutdog 4o disixe ¢Asht
azbElo] dsiME BotRsd o"E zPdAME
aglycon®] ng]Fz7} MESH s|FEE chalconeo]
gu] oA Atgoz =W HEE chalcone THA 1
28 gA43ld dalo nygn HESoltk32).

7t A1 Zoitt 2AEe flavonoidse] ¥ FHE 2
A £33 Q2l(genetic factors), 723 2.2 (environ-
mental factors), 7}&7]<(processing technique)oll 2]3j
qge Wi Brh3334). #3123 8Ae=E UE
Ao g EZ(ultivars), A% E(maturity), TETA
(development stages)E & 4= 3t} Catechins¥} procy-
anidin®] $%3 g0 He EEHAE HEEEIFE
ot 4¥EZE2Y o X9 catechins, procyanidin TF
o] =91(35), UYFe A% yellowt} red onionse]
7% white onions®t} ©f & <] querceting T
B3 AS(363Ne B o FFo) et flavonoidsEF
o o)zt AUE & & Utk AxEy LETA
metM s flavonoids FFE AolF Holed ¥¥Hy
o7 AA ZJ|early stage) FTqE R EL
flavonoids £E2 Holtlr} wgo] Aagd wat 7
A ZAE BAUES). AF4 2ERY 32 AF
3 )9 flavonoids#] AlE<) naringin®} hesperidin
o) g@e ¥ Fo €T3 Zo] FHE Az T
Z3du) 1 gake] =Tyt Aol PP wet
dRHoR paaE AR BATEY). AT %
Ab& Citrus aurantium(40-42), C. paradis(43)¢} C.
limonia(d4)ol X FY&A vehddh olgke Wz
2 B3 939 flavonoids®} &5 F72+x)2] flavonoids
B o] =@ HAOE, FAE FALE
Wg A0 M &, A% E(matriy)7t 37}
gto) ma} flavonoidss. Z7+ste Ao|th45,46). 3
kangra teao] )3} theaflavin, thearubigins= 27]
e HRAE o)Frt Aol JAHE F¢ A
2 7a3E AR ol £AFdde 4] A
28 BTH47). A#EZ F Cranny SmithF 2 Z7
o HUxZ o]Frr} wa V%t B¢ IAXE FL
A "ot 22u Splendour® S kangra teadl X &
27164 2712 J1AA S0%AE Faddrt 4
Zoe Z7lsle AL HATH849). olF X
flavonoids®} #3} P 7] o Ed ol AHEAF
(cell growth)©.2 2% flavonoids?) 3]4 & 7}(42)9F A
Fo] &A= isoenzyme©]|L} phenylalanine ammonia-

_

lyase, glycosyl transferase®} Z-& flavonoid enzymeo]
os) wraatele] wel 2] g #olch50,51). °f
A% T 4550 B favonoidse) W3
gol B A4e ARy A ogde A%

87 BE 98 F AEIFE dF3ted &
£3g)el gddd

Flavonoids®] 23 §4-S light, temperature, U<
F2, growth location(soil), crop year 53 #& B2
A ad o8 FFE gerh dREY flavo
noids® ¥ W% A (superficial tissue)o] =T chalcone
synthase7} Fo]EHo|7] wjZol 1 WA FHANA
lights®] @3-S o] WA Hh52). webA] lights: B
o] W= X o) quercetin, kaempferol, myricetinz}
2& flavonols®] %3 o] BA =Hi ¥FE 2 v
A E ot AERYole viFTre] EX3A ATHSI).
o] o]f= glass housedl| A g 4E-2 flavonoids
o} gteko] ZAFA Sz we) Heolrp Hof Yz
o] Ze A7ld A AUYFE flavonoids L B
Al DTtH54,55). Flavonoids@A-& A=3t=d 744 &
Aol B AL A(ultraviolet)} white lighto]Th
(56,57). Ydl& %z 7S dry skinol|A] inner rings
o8 Z4E2 quercetin®] A#I:, colored oniono|
white onion®.t} % quercetin 9Fo] B& AL lightsl
3 accessibility] Alojel o3 ¥ X7} th2A Yt
7] g Rolths8). ¥e LEE T EFE FA
flavonoids A& Z7}A]7] =1, Royal gala apple]] A}
=479 cool temperature”} flavonoids F41-L FZA)
719(19) cool-moderate 7]Fo)| A Y= FYFT citrus
fruito] L} AL ME B F e
catechins)¥} polymeric proanthocyanino] F4J&}A THE
o] A th59). ¥ Y T (pathogen)®] FA% flavonoidse] 3
Zo| AgS FA Hed, molde FHE wE AL
o] 7% flavonol glycosider 7+431A HTH60,61). o]
o= T &9 isoflavones ARG HZE 3|
o] WM E flavonoids T FAQ Aol B
THER).

2%, v, AgE %E 393 Fou EEF
ZA) 8= quercetin®] Z], isorhamnetin, catechins, pro-
cyanidins®} 22 flavoncidse FFolu A5z w
BT e Helx §e olE Holxw dAe
(heat treatments), 3§ 7 B}(clarification), ¥ Z(concentra-
tion), A (fining)s} & 743 7]&(processing techni-
queyo] it A A2 (storage conditions)ol] ]S E g%
HH=TH63-66). PickleZ A28 Aiolre
flavonols®] AdEoju} ol obF-d Wayh fled o
£ flavonoidsy} Qu¥tA 02 hot alkaline ZZoA=
A BAFE gE FA £ AMRANME A
4 stan shes ¥ HYEy] @ EolTh3267).
Black teaA]| S 9|3 green tead] YEIA Fol=
gallocatechin®] theaflavins®} thearubigins 2 Wat=t)

flavan-3-ols(or

& wol
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A& A A E o) Z) 3= Flavonoids®] A3} 34

S dazvld HAAE <lFort
73%E Hole ¥ thearubiging ¥
EES W) 2E3] S713TH68-70).

Flavonoids= A4 £l 2 ko] W3lslrx 3=
b ol2g W= FF) uegr ohdstAl Jehve,
URHH O 2 acylated pigmemE Bo] T3 e 4
F2 AR Fo| pigmentatione o F FAF}L, gluco-
sides7} arabinosides®. T} A& ZFd] ©] QHA slTH(71).

EEX(72)9} lupin(73)L (+)-catechin, (-)-epicatechin,
(-)-epicatechin-3-O-gallate 9} 2+o] = flavan-3-ol& ¥
3L AlZX|(Spinach oleracea)(74)= acylated flavonol
glycosidesE, 223 7+2 H}3(75,76) THEFY] hespe-
ridin®} limonoidsE 7}A]31 §lc}.

theaflavins®] 72
AR pase

Flavonoids®| Mz|&4

Flavonoids®] Aje]@Alol #& dAF+= 1936 Szent-
Gyorgyioll 2}3] hesperidin, rutin, eriodictin 5©] Z.A)
28 Fdes AU RaaNF Aol 1 &
Alel®, I ¥ flavonoidse A EM EHul oz} ¥
FF 529 in vito$} in vivo AN o7 71X
A 2 FFES Z2a 9lgo] BuEHAUHTS).

Favonoids= & - #4958 Alshe 2924
(anti-inflammatory activity)e] 7}3}5, o] flavonoids7}
HITHAE, A% 2 SE71 7oA histamine 2 o]
7] 4F5uiAES feEls IA) gEd Aoz
flavonoids®] FZ9] £ weh o] Hol Y&
F QUTH79-8). ol2|gt FHA-E-L apigenin} quercetin
SN 71 BeA UERT 0|2l rutin, hesperidin,
naringin 5 o) A = LFEFATHE2).

=%1(83,84)2] epi-catechin gallate, epi-gallocatechin
gallate, P]u}2](85)9) isothamnetin®} persicarin, &]& B
2191(86)2] isoflavonoide} wU(87)9] flavonoid: &%
Aol g-A(antimutagenic activity)S 7}X]1 ok o]
QX oregano(88)o A F23} galangin, quercetin, 2}
3Hpeppermint), A o] X|(sage) B 2] F(thyme)(89)2]
luteolin £z Fo| IFH= LLFEAI TrpP2
(3-amino-1-methyl-5H-pyrido [4,3-b] indole)s)) thal 7
g Ed¥e] JAAZ ) ooz FAYZ
(Humulus japonicus)(90)) A ¥-8]3 quercitrin®} luteo-
link EAWo] AFAE VeI 27F9) flavonoids
E 7}A 3 aflatoxin BI(AFBI)of 3§ 3Scduio] &
A& ZA] 2 A3} chrysin, apigenin, luteolin}
luteolin )2, kaempferol, fisetin, morin, naringenin,
hesperetin, persicogenin, (+)-catechin, (-)-epicatechin&
0% ol4el Eddo] AAES BYY} o} F=

w

Aulo] BHE flavooidse] FESH Qe B Y&
g} free 5-, 7-hydroxyl group2 FEdwo] AL 9
& ¥4EH Fxoln 23-double bonde] F3hojro}
4-keto groups] EAFFE FEAWole] 7= T
T Aoz JERHTO.

o]9}+= 22 rutin(quercetin  3-O-thamnoglucoside),

o,

quercitrin(quercetin  3-O-thamnoside)™ Z<&  flavonl
glycosidesel] 7}=%-38) E4rt Z4goaH FEEo
U2 quercetin, kaempferol, myricetin®} 22 flavonol
aglyconso] 233 o] FRELZE FEIdE
Byx §lck92,93). 53] quercetin®} -2 O-dihydro-
xyphenols & phenol}aE A7|E Cu, Feo] 27}
e AtA 2N A= Ames testoll A A
A3slo] DNAEA H8S Fo=M 9wl
Tt Bag b 9lrh94).

a2 2T Ames testo]A] EdHo] HLER
2 QAAY quercetind} 1 9} flavonoids7} 2R &
AdgdME FEAXY G dAzls AdBA
(anticarcinogenic activity)S 2= AHCE RUEI Q]
TH95,96). Red raspberries(97)} 1 9] i@ 7}z AZ
o EAde Mx)F¢ skin, colon,
mammary cancersol| A $3 dgEAg ZLgEan
AAY dEE A &= }H98).

Soybeandll FA| &= isoflavonel genistein, daidzein,

quercetin&
human cancers2]

glycitein, formononetin, biochanin 52 estrogens} 7%
7} fAF8le] phytoestrogens . 2 20 estrogen &
A2t A= antiestrogenic activityo] 25} estrogen-
dependent breast cancer$} colon cancere] ‘A E3} A}
TS 25, #47] 4499 estrogen PoE Q
3 fiHe 23Sy oy AgJAAEs
g 9lgol uelgdth 53] genistein®  quinone
reductased]  $4¢ EJAA FIBHL Uehdr
(99-106). 7<) flavonoids9) quercetin@} tangeretin
< &9 AF Hol(metastasis)S Zro}F11(107,108),
limonin, nomilin®} 2-& citrus limonoids%Z limonin&
7739 oral carcinogenesis)-2 A A 518(109,110), 7+l
o] EA3le flavonoids® 7 Fg¢aHE-& welg
(111,112). &3A  flavonoidsQ! quercetin, kaempferol,
myricetin, apigenin, luteolin®] ¥3Fg ZA}HE A
B, A, 23YH, WEEF(<Imgll), AEEF,
X X 572(4-16mg/L quercetin, 7-9mg/L myricetin), 3¢
T2 (7} <Smg/L, lemon juice= 7mg/L, tomato juice
BmgL)Z ey Hx19k £31¢) flavonoidss= b)
RRTK1LI).

% 08 flavonoidse] AgBAHozE AFAS o
A AEL 5 F Yrhig115). thEe] flavonoidsQ)
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6 FUAEAZFFESA A6H A1E5(199)

epicatechins¥} quercetin(116,117), £=-2-9] flavonoids
(118), h5%9 isoflavone(119), Z12}1 morin, fisetin,
gossyptin®} & HE flavonoidse A]FA] AU
5o ItAE 28349 LDL-oxidations %A
3 AH(120,121), nitric oxide radical( - NO)(122), pero-
xynitrite(ONOO-)(123)0]]  ZHg-o 24 J[FFHA3%
(coronary artery disease), 5% 74 3}(atherosclerosis)9} 2
e AER R 4RIV WA PG A2
7l &S Fri124).

AEA A Hol7]1Z EZZ €83 flavan-3-ol 3}
FEL FAA 3 A (enzyme inhibitors)Z ZEFT o
o Z2URA125)3 $4 531200914 Belsid
flavan-3-of  3}g-EL  angiotensin converting enzyme
(ACE)Z A#AIA n¥dol J&L F1(127), =3
9)(128,129)3 cacao bean husk(CBH)(130)Z%-E #2)
8 A flavan-3-ol JFEFL FA9 HAAA gluco-
syltransferase (GTase)E A& dt) FH oL EA=Z 4
JAel S83 vk A} o] Yol FFAHI3NZRE
223 9 flavan-3ol FFEE FF9 YA EF
xanthin oxidaseE A&+, hF(132)¢) genisteind
AZE L3l FASE tyrosine kinase BAE AT
o} ol2{3t AFdA HXo| flavan3-ol HFEL
2AHAZA 5 AfsE ¥ USS ¢
=3

723 uE o] naringin(133), ¥ 42| flavanone?]
pinocembrin(134), %3} 49] isothamnetin(135)2 &t
Z}-8 (antimicrobial activity)S 7}X % isoflavone(136)2
A+ g 3} (hetbicide effects)S B.QIch o] Q= o=
9] rutin(137), 7233 %9] hesperidin(138,139)9] &
QA 3} & FHhypotensive  effects), ©HE(140)2]  kaempferol
f=A el 7EF(141)9] sinensetin, nobiletin®] &3 Y
31 &% (antithrombotic effects), 3Hu}o]e] A 2}-8-(antiviral
effects)(142) S°] RS0l ok

P o

Flavonoids®| &asigy

Flavonoids®] FZ¥E phenolic antioxidants®} wjj-$-
AT H8T2E AT Ao} H2E PN T3
g Aoty X8 flavonol FEA QY gossypetin
quercetagetin®] 34t A7} BIEJN, 1 o|F F
< #AH FAEHO] ¢HAA =HATH143).

a8 8AS e flavonoidsFE S HEHoZ Y
o}(144,145), ALZH(146), FFF$(147,148)9) EA8}
£ quercetin®} 7+91(149,150), French bean(Phaseolous
vulgaris L)(151), ZHE(Z715)(152,153), =x(154), 3
ZEZ(155)9) &3 catechin®} rutin, kaempferol-2-

5 4 dok =3 2$A(156,157), B2 Y(158), thyncho-
sia(Rhynchosia insignis, R heterophylla)(159) S &4
= isovitexin, 132(160,161) Fo EAd+E luteolin,
rooibos tea(162)2] aspalathin, rosemary(163)2] hesperi-
din, 7+&7}39)(164-166)2] narintin} naringin, ¥£E74
A(167-168)] acylated malvidin glucoside$} 7+z(169)
9] licochalcone, glabrene, th5(170)2] genistein 5%
71%¢] ¥4k31A1Q BHA, BHT, tocopherolB.t} © 7
FAUY HIvie Fads 84E Bt =@
myricetin, naringin, motin & canola oil(171)o| }
palm cil(172)} &% 7} Al AFAEE AN E
o BHA, BHTR T} T§ &7}t

Flavonoids®] #AF31 &AL flavonoids7} 4H3t& X
Az 287 343 AFFezHN FE5E A A (metal
chelating agenZ ZH(173)3h=7 Sh, $42FA)
(hydrogen donator)& Z+-8-3}] free radicals¥} Z FH(free
radical acceptor)(174)3t A1} quercetin®}  Z+o]  lipoxy-
genase$} T2 radical A FEAEQ FES oA
(17922 2432 AAEA Dot Flavonoids7} 1
F 92 FxolAY IR systemoAe P4k A
7} AR ¢k o1 lipid-aqueous B+ lipid system
gME BTAQ] FAdAZ FALEH citic acid,
ascorbie acid, phosphoric acid 53 A5&3HE Yeld
th176). ©]&lgt A3t AHE flavonoidse] FZ3 A
ol 93] thFstAl e}t Flavonoids®) 2}3}H3
T2 P43t B9 BAE BA i3 B
pyrone ring®] C32} hydroxyl group, C,9] ¢}F 43, Ce
9] carbonyl groupa} #A7} 91tk Flavonoids®] metal
chelation® B-ring®] ortho-dihydroxy(3’,4’-dihydroxy) <}
Cringo) A 9] ketolmZol] 7|18 ALZ ¢l5 1EFE
Z ZHox 3y} REFA =Y flavonoidse]
chelating 532 ZAHAY 1A TH177-179). ©]9}
2o} ring?) hydroxylation®] %9} 9 F4kst &
g A3 7 8% 8909 Bk Bringo) ortho-
dihydroxy(3’ 4'-dihydroxy)E Zt= ZE IgEL 23
izl #49-¢ Zom o] 42 A% Bringd ¥
5 hydroxyl group®] ¢} $X|o we} FFS LA
"ok Aningd C¥X]9] OHS H7l= gossypetin,
herbacetin®] ¢ 33t A& F7HAIFIY, A-ring
o] meta-5,7-hydroxylatione 34+3} A4S EEA
AWA|ZIt}. Flavonesd flavonolsE F 2  B-ring2)
P4 IR OH7|E 7FA YA Hrutin), 49X\
OH7)E& Zt:=rUHnaringin). ©]59 3J43l8g RA
B-ringe] 3’,4’-dihydroxy$] rutin®] #Aksielo] 1A 7
33 49X OHE 1/} ZYE naringino] 2 T2
2 7% B4 vehysl, Bringol OHZZ} glE
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galangino] 713 & BHE HITH180)

Quercetin(3,3’,4°,5,7-pentahydroxyflavone)-2 733
A3l FAS A JE flavoneo|th whHO] e
9] OHE '+ flavonol?l (+)-catechin(3,3’,4°,5,7-
flavanpentol)-2 &/dc] 4B E Yt} o]} & Az
£ flavonoids®] 413 S AA3I=d QlolA
OH7|9] & FAZL 28 ©A] A-ing, B-ringol A
9] OH7]9] $XTo] Faditte AS JEhZlz
Brh(181). ©lA ¥ OHV|9) YAst &Azte] BAA =
22} OH7IS} 9 847 #A gsire F4
3 APHA gty B 4 Uk

Phenolic hydroxyl group®] &R+ phenolic  acid]
84S ZF7FA171Y hydroxyl group2] methoxylation&-
_?.3124 B4 74 A171Th Quercetind} rutin, catechin

2 OH7|7} EA3lA %+ flavone 2 apigenink T}

"3ﬂ%"3°] 78 o] OH7]9) methyl7|7} A%HH
hesperetin® hesperidine A2]@Ao] w|eksic(182,
183). C-rihg®] C,-carbonyl”]$} 2,3-double bond9] Zxj
st s BT BAGRE ok Beusin,
2,3-double bond9] ZA7} radicals®) <A Sl(stabilization)
o Foste] gatdd BAE FMITIER 9 o)F
ZA%}o] hydrogenationd 1A =W izt gAe
284 2o olge 28 G Gy olFA o]
$1¢](flavonol>flavanonol) x} A1} ketone groupo] 10 =)
+ Z(flavanonol>flavan-3-ol)& AL Z7lA1Zitkzn
By 97= 3ty %3 hydroxyl scavenging property
T G G Y o]FAFe EAANde BAJD
I BE Px ITH(184-186). Diosmetin, apigenin}
Z2 flavones2 naringenin 72 flavanoned} F¢ 3+
sl a9E B

Flavonoids®] #4+8}2]2 catechin, epicatechin, gallo-
catechin gallate®} & flavanol(flavan-3-ols)°] 7}3 7
3t 21 o] flavonols, flavones, flavanones &=A]9)
TH(187). Flavonoidse] tht #4tsl 2489 A7} =
T AAFAT g 2ALE & A3} ($)-catechino]
71 & AAFTAS S HE1 I theoF mtin>
quercetin>naringin=hesperidin&=©. 2 1}E}yt © vi(188) 4-
catbonyl®} 5-hydroxyl group® 2 ¢13}e] isoflavones-&
flavone H.t} ] #Alo] At} Isoflavones] 3}H4+st &
42 ring®) hydroxyl groupe] =9} WHE TAo) 9
t}(189). Butein®} Z+& 3,4-dihydrochalcones flavones
o]i} chalcone®.t} &Aool © = 1(190) flavanonese
chalconeB.t} #oF oz Aol ¢ Zth191). Flavo-
noids®] superoxide anion radicalsol ©}3dl 3}ArkzlE o
quercetin>myricetin>rutin =)™ (192), hydroxyl radicals
(- OH)ol W& #2388 flavonolso] 7}d =m,

3} Flavonoidse] 34+3} &4 7

myricetin>quercetin>rhamnetin>morin>diosmetin>naringeni
n>apigenin>catechin>robin>kaempferol>flavone @ o™
ol Bing®] OH group?] 49} dibsl FAIvte] &
AE BAFTH193).

A4 BA oz st Bud
B2 ol B BY 228 54 B
A4 FRE AN A AT 3
(194,195).

ool FEh 9B A
A 2ht dodE o5 3AL Ue 2Ae 4
S hae 29 49 A48 202 Bva
98 we Folnz ool WE 4ol PEsolo}
¥ ol o1gel $58 Ad2 2719 o
S5 AT 4R 45 0ss QY @7
NEREES SEP R LT
AAEE FAok & Aol

E¢ BPEd 39 YABAE 4370 23
AMAY HBEY 293 gome os A%
g 23 2§24 24 7% 52 ol ¢

Qg VUL oL EHBAY ReE Bol
A 2 4 Y WAEe] sl A7slolor ¢
Aol vIANEY 48 YoT F4a3 AL v
29 498 840 1 SXA o] Foizok
ERERGEREE RIS A A2 2
249 2, A AA7 G435 olFoiAet T A
o,

2 9o

HEAelA BHAS BHTE 4348 Aznoz
J%W FasA2A 2hae g g

a

=

o Zefol BRAn SR HE R EA
7t 5EEA o] A U3 ddgdasAd o
g #do] FokAa gtk EAZA BmE JE @
A8 A2 f-carotene, BIEM C, BIE}Y D, ©jglyl
E 5 HlelYlH, flavonoidsH, vanillin ¥ curcumin 2
< FA8, selenium @ o} & F&, vlEFol
w

rlo

#7133 E o] Utk o FA % flavonoids
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£ 2709 benzene ringoll A4S T3 pyrone ringS
w2 AgEo] U= 2-phenyl-benzo- o -pyrone ringS]
FFEZA] FZA zold ule} flavones, flavonols,
flavanones, flavanols, catechins, anthocyanidins, chalcone
22)3 isoflavonesC 8 dth AAFH o Z = 400085
0]/9] flavonoidsyt EAaH AE Fole F2 T3
A8 WA 2 EAFcr o]l F flavonoids
= gabslg Bok ol et 34, $¥9RA, 34, 3
virus, dAYAHAA, FEdde]l, ELANFE, 4
Z, 18 AW 59 o7 1A 484 FEol A
t}. Flavonoids® 43} A2 48d F43% A%
AU FAZHAZ FEstd P43 2ARE WA
U EE 434 E JAFoEH 4 Audx
E3Z Jehdth Favonoids?] 43 8- 159
BAF72 &, ring 7?29 hydroxylation®] $Jz]e} o))
s ZAso Ak YutxoZ ortho 3, 4 YA
OHE ZH& flavonoidse 73 Hsl8AE Holi,
ring®] OH7|9l 7} 371245 i3t B 37}
Al Foh Gb GAtele o]FARY EAFTIH
flavonoids®] 3H4h8} BAle)) vlAle ETbe olF By
A2 dct
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