e d AT F h F L E Tk B

EY 2 £ 21 @ § - fpc (rancidity) @ # 5
FOMEH T L ER G SRAFEE RN E g Feni
B U (240 1986) b ek R R F

AE R EIHREEE o 48 FAr

N IR E R L ER
;i

+ 5@ it %‘3 =0 P ﬂu] :}F‘ui TL7§|];"K$P;] § fLiﬁﬁir} M‘ré.i
it fp d & (freeradical ) & 2 "a T p § 7 B A g I
vETRE R F bl 4 F & (chainreaction ) £ ¥ g FE 1t anE (7

(Fennema > 1985) °
p 1960 & 7 A=A ® § ¥ (butylated hydroxyanisole »
BHA) 2 = 7 fA#= A 9 % (butylated hydroxytoluene - BHT)
FEAF CARBEFLR FILRRME Y 2 LA
AR o P PER €S A R RECH > Fla B AR N E R
?

-/_i,*—, sk rlprd] 8 gen % Y & Pz ; £ E i oo mY

5T 7 4R 2 45 4 BHA £ BHT ¢ @ 9 % d 4 2 %« T4

IEHFEB AT AR E et AR (B 1993
Branen> 1975 Imida = - 1983 : lto = - 1983 &7 1986 ; )>
B ETE S NP C RO DESE P IR EROE G OB
R e g8 £R§1 %% R Flet Bogdng MY % 243
R AR FLE A ko & o P 12l B & RK¥Fvz V& 5 a-
4 5 i (a-toc ) Sae T H flagen i RN IR £

m
Mos P PSR Ao A 1L N2 Fg 1A s 4 b ;‘;‘Fé\::‘@éfﬁﬁ
it it * (prooxidation) & F]% » @ F a-2 ¥ % &7
2RI o dm FIFAT R ERESFY T
A endiy it F (Larson s 1988) Flptd g XA ¢
F 23RN RRF PTG ljz'-ﬁﬁ?i-ﬂ;ﬁcﬁi



AFESES E R B RDBEIW AN D GRS~
i~ SRk & (William and Thomson » 1978 ) &8 &2 & > d 3t
AFHESFEFHEEF DT FRE FHR O RO RGBSR R
ARG P EESAFE o HAARRE I R N Faha Y 2B
A vl ~ 24 % (Heath> 1978)° 3% 5 3 M 4 F o4~ chfng it 2
é$¢47lﬂﬂ’jil930ﬁf E R bl4c7 § (clove)~ p 2 &
(nutmeg ) ~ ¢ ¥ (cinnamon leaf ) ~ # #& ( pipper ) ~ i % 3
(rosemary )~ Bl & % (sage)~ & (ginger)~ % (curcuma)~ X7%
( Notopterygium incisum ) % 3 % (fruit of Amomum tsao-koL.) ~ *=
2 & (fruit of Alpinia galanga) % ( £# fr¥ 551989 &% - 1991 ;
T 4egk 0 1996 5 +% 0 1997) ¢
%?5@3%%‘ W S E L 4
S LS RISV E %ﬁ?ﬁﬁw -
WEERE ARy YA PR TRERE R RS
e g P o2 NSV R Fg 1T V- 2o i * 43
F 7 A% A 5 P (Likens-Nickerson extraction) * 42§/ = ¥ 1 s
% P~ ;% (supercritical CO, extraction) 3 B~ g % e g8 4 5 B~ 4r 38 {7 14
Flosz m47 ZFFERS o F Rz Bl -
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Fig 1. Scheme of experimental design.




ok Y

7

L e (lipid autoxidation)

-—_N

Foo& WM gp ¥

W PR R g g 8 Fehg b f&?z ( rancidity ) » QP N -
857 i & BT iTE HAMOP R o2 1L

o LF G R gg_g MA PR TR S TA
AR AR E LR RS S FI FE SR VG o g
WP Rt A R A Y 0 HA MY 57 LR (Kubow
1990 ; Niki % > 1991 ; Minetti % > 1993 )

1.74 *5 B& BT
b P PR - T A S 0T = #3584 (Hudson > 1990 ) :
(1) -k f#3] p& P hydrolytic rancidity )& #5 %» fi& 2| & px( fatty acid
rancidity ) °
AT &Y 77 fEpzi (lipase) & k"7 2 ¥q f2 fiF
SRR RS SR L S
o7 fL L B FHRE o
(2) Pk A f& P (ketonic rancidity ) e
TAd WA AR LT R - M S R SRR
Flgm 2 = pdicd > 2 9 A v 4 o
(3) & i A papr (oxidative rancidity ) e
BT s AR A oL P F § TR arilde g
WAL F e MEE T IER X AL A F i
(lipid autoxidation) e E#F A phpc £ & ¥ 0 7 £ 4 & e 73 ik

2

AT o

Ve

2,04 Pg p ¥ it i * (lipid autoxidation)



AR R F TR KA gty Ao Y B2 T A
( a -methylene ; -CH=CH-CH,-CH=CH-) } F] & & & %% 4
2 -BEFIAA R EREENA D A - HEFTHEE Y
Fg#raldzen o @ Fg 7 3 %ﬁé’—ﬁi,ﬁ 5 352 p o E_xmﬁﬁfﬁﬁi’»—@
B ’,E’i%ﬁijjﬁ:’?%iﬂﬁ"*ﬁ”ligﬁotbﬁglﬁ_kg_!;i’ifé\;ﬁ‘
A, iEF it pd FL (peroxyradical )> £ 5@ 4 F @ A= 7
FRF - AP W EEE o RN F e A
H AR AL § A A i AL e Py Flip B~ B4 E W W A pEE en
Fro@RHEEF LI E A2 FiEF V50 L AJESRE R 2
Meargipf s A3 R EF iAo g p §F L IT* T 452 B

r

=

(1) 424~ % B (initiation of autoxidation )

%g@ H % ¥ (singlet state oxygen > 'O,)~ B & ~ % ~ #
FOE AT ATl A (R ZRFAT A A
(ROO ) £ 3 it B4 F51 5 4sdoF o 2 3 e B d 45 L ehs =
3 beferg e (RH) o # 5 27 & fory ppaehd = 50 T2 7 %4
E-BE T RS Dt TR d & o 2 F R
SRR TR P 2

(2) @4 F ¥ (propagation of autoxidation )

MRS BRI ASHG pd Ao T d AARHgF R
(B 2) chife? &5 F 2+ E5 pd &£ (ROO) > &EF i p
d AL A FHA v A forg s HBE T3 A4 3o ad &
By f 4 3 4 (lipid hydroperoxides) » ¢ # 2% % ¥7i& {7 & 3| &
BLporh Aot A IR A A AL o (R3) F AL o
pE L F L FFE % (Perkins 0 1967) ¢ ¥ it 4~ ¢ L TiF
¥ % %P (inductionperiod) > £3;= & % (* 4 > % d HF * I
A £ BB BiS B 4n A 7



(3) #* .+ F ¥ (termination of autoxidation )

PEHAERE s pd AZRFARIRE S PHETSE
Prod By AN AL AUPFEDE N R’
ARGy 1 A R A TIPS AR E ST PR
P+ (dimer) ~ = ® 4 (trimer) 2 5 B4 (polymer) % B » + 4 &
( B 4) (Allen and Hamilton > 1983 ; Frankel » 1984 ) o

R F ALY A 2 D A BT AR
Prfrf s g am? v TR BLFFLIAE S A
—EMAFHEFRPFTRR S EAL T R B R A
Py iR NERUREREFAIREF B RIEF L P
FEFRERY S ﬁ‘xi}‘;”fé*%r‘%ﬁﬁéﬁiﬁ?‘%)ﬁ%*‘”
ERS o FaMRaEFREFSEE AW g
DS EE T EE RELERIE Fh R S
BiFF L2 W g RAETERHBE L TR BRERERA
Sl i~ s (Yagi- 19875 Mg & - 1996)

A PFMAES G P AL o B & FOTE S A
Rl R RO~ Gk RN s e R 2 b R W en g g
( phospholipids) ¥ > & 72 & fergippk  F = ?ﬁii’i“/f @ A =
Pl AR TeAEI PR F R ALEF R o P
fﬂ%ﬁiﬁiiiﬁif“%?ﬁ’#@-ﬁ*i%@g ERHLEPEE H
]Eﬁﬁ‘ésb;\#ﬁ’fé KRS - L SN U S éiézkiﬁ;:f}%\
BRA T TR R R AR 0 d PR ROE R 2
EAERATZRRT] Lt & ERW 5‘1"’?% ( prostaglandins ) i~
B AFUE A EREZEREE (N AT > 1981
Halliwell and Gutteridge» 1984 ; p L % 5198557 + §' % » 1986 ;
Hudson > 1990 ; Kubow » 1990 ; Niki % > 1991); & m ## &t & %
had RPN drdl s A fEpd A2 EF MR p R IE

D)>

(”

L

o bldeime o7 3 A& F Bt (superoxide dismutase > SO



7§ (catalase) » 5% 3% i (glutathione peroxidase >
GSH-Px) % 2% #3240 if g H 4L 5 dwie h 4 & inp i St ql
kpw-EEFRF AP Fowad £ E (25 A
tocopherol ) ~ f:&; %2 C (43 = & > ascorbicacid)~ 25+ B § 2
( carotenoids ) & %% o CRPLE RSB ES T 0 B AP &

s e g r s (B 5) (2 4% 51986)° & ¥ ki
T O RPRPERART R L A E A EHEEE S
SRS B R A R UE R R U S 2 T
LHEF  EP2GHRENET IR EITF KPR
RS TR gL TRy A chpd AR EINA

IR TR Y TR
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Initiation

activation
] > R. + H
Propagation
— » R- + O, » ROO -
ROO- + RH ’ROOH+I|?-
Chain branching
reaction
ROOH —» RO- + -+OH
RO + ROOH —» ROO -+ + ROH
RO + RH——» ROH + R -
+OH + RH—» H,O + R
Termination
Re + X« —» RX
RO + X+« —>» ROX
ROO.: 4+ X+ ——3p ROOX

B2~ % fFf § R F -

Fig 2. Autoxidation chain reaction of lipid.

RH : unsaturated fatty acid, ROOX : lipid peroxide
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(Nawar » 1985)



INDUCTION PEROXIDE PEROXIDE POLYMERIZATION DEGRADATION
PERIOD FORMATION EDECOMPOSITIONE !

OXYGEN
ABSORBED

REVERSION PEROXIDE

{OXYGEN IN OIL
VISCOSITY

Storage period of lipid

B3~ Pgp 3 vk BIFE -
Fig 3. The stages of lipid autoxidation. (Perkins » 1967)
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RH dimers; polymers;

— p Cyclic peroxides;
hydroperoxy compds.

O 2
ROO:
initiation propagation RH |
cleavage
R.
OOH

R aldehydes, ketones,
hydrocarbons,
‘OH furans, acids

ROOH, ROR dimers R|O- —® keto, hydroxy and epoxy compds.

cle?vage
aldehydes alkyl radicals semialdehydes
| | | or oxo-esters
0 condensation 0

2 2
¢ ¢ hydrocarbons +

terminal ROOH

hydrocarbons alkyltrioxanes +
shorter aldehydes & dioxolanes
acids hydrocarbons
epoxides aldehydes
alcohols

CILSLEE I I X
Fig 4. Terminal products by lipid oxidation. (Frankel » 1984)



"‘OH

Fe'? , 0 @
L
L-
R ARE
LOO"

=

GSH-Px

§

LOOH — LOH

\\b:_f&éﬂfﬁ;

HF AR

AR (L& 5 5 R A foig AL
WA NEF g T e
WAy g LRI

0,
) #»re
00 war &
O i emdgd AR R
O Eaf i FS
] 7% F %
LH
=
=

FUIF 0 fh
Fhmk
(€220 1)

ko fap o
% ’ %’U\:
(¥ 4

BIS~A 587 5 L2232 2 V4] (7 -4 %-1986) -

Fig 5. Formation of lipid peroxides and mechanisms of

antioxidation in vivo.
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N G (e LB Y e L U . o s |
g vt

TERPLE RO RAE S 4 A M F (phytochemicals ) » & 3
Fig b S FrdlRE M EY VR R M e e
%-‘ﬁ«‘ﬁfiéﬁﬁ*i’ﬁ“’i”pp ERS R %ﬁ‘*f?ﬂ’uﬁna\?#"ﬁﬁ#‘a
Flba o 2 Ay RAER 0 Fp B d A 4 L ARG o
(=)

"% p#% , (polyphenols) #4p 4 3 ) 7§ HBA LT § &
wii&ﬁ@wﬁiﬂﬁwoﬁmﬁém%%ﬁﬁaﬁﬁﬁ’ﬂﬁ
%74z 48 8000 F& - & H % e fk (phenolic acid > C6-C; > C¢HsCOOH ) ~
¥ % ik (flalvonoid » C4-C3-Cy) > FlAfsecnHE B % > s B &A™
?%ﬁlkﬁﬂéﬁ’*¢&HWWWm5;%&oﬁ$£¢%ﬂ

ORI IR BHS T B BRI R Y AR o
TE R SRR (VITF S FURITY 2 Ak e HoR IR ks

B WA X T PRR o
PHEE2EHIFIPRIPR -EIMEIER > A B Y
1877 %352 %m (isoflavone) E"%&\ng’ﬁ lignan % ¥
i

LRENE S ﬁx’fﬁﬁ@ s HR S I
fit FepERE > M LR Z R W;ﬁ”f&°ﬁﬁ§*‘?“ TE 2
T AR 5% %A (flavanone )~ R e384 2 B (%5 o R AR
i d g F v o

2
f
SRABER 528 % (catechin) @2k 73§ tenips

A » vwv22 3 chlorogenic acid © % epicatechin ~ =5 % % ¥
BooifE KDY LEMOLF G RS AN KR

s FF  ER2HUEEM BRI SL SR Rk |
( Bravo, 1998 ) -

15



(=) Fug i
PRAREZ 2 ITH BXPRHP cnE gy L IER O PN E D
ERLF R eTiTA ap d AE > £ R R w ¢ T L
ERUIE T LY SUREIFR RN v N LN - RS 5
Ea RS ool d A2 2 iy LITE o Fptip g 2 WA e oy
%ﬁ%&ﬁ&ia@miﬁﬁ%1ﬁ4$ﬁ&@»%ﬁ#§§ﬁﬂ
T E b EeRE R IV (ER 5B o
(=) %5 pe
P SR g CIEF R E R MY o A F pH 2 4
S RT O SRR ARER A N S RRE 2 RRE 0 R 4
dACKEEEF IV F 2 ARSI NI, T2 e
T g B3 0 RS o P VR SRS E R
s g ARy RL (% 2)e
I~ A4
RS ARy LR - g BRIt
( polyphenolic compounds ) =1— # > ZfEdrenz @A > H 3
£ -5 %4 5 2-phenyl-benzo-a-pyrones > € - f& diphenylpropane
(Ce- C5-Cq) e 28 » # A A 440 R 6 “757 (Cook etal, 1996) ;
Hipp + FIB- A2 2 Fa f7d 114238 4000 7§87 el A %
W SR AP R L RS Y ’%“ﬂ']g\ﬁ‘?:‘ﬁ?‘
ﬁ*‘%?gﬁ%@%5° #?1 5ﬂ?%ﬁ“€%”
EEIEkREATE D DA AN FEMY %A FR P
i &4
FH v ESF S Y E Ry S s o R ESEAL
BT oSN dodk 3977 0 O Ak (flavones) » @ fir %
(flavonols) » @ *zfr (flavanones)» @2 § At (isoflavones) > ®
+ =% (flavanols) > ©® =k i3 (flavanonols) > @ & fi* (chalcons)
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%2 ®7 3 % e 2 (anthocyanidins) ¥ > = R4 F B pEEe £ )2 fe

2

(glycosides) #7538 % & o

vt e pERR G L

dw 2 oK

fjrRicw A2 7 g pEA e fepb A (aglycones) {rpb &84 o

2l-fEPasrL iy

_—

P

A
7E o

Table 1. The contents of polyphenols in vegetation food.

o B A P ow oz £
g (mg/100g 52 € )
~ & 1200~1500
BN 30.9
fe 8.6
] ¥ 22~40
% ¥ (mg/100g iz £ )
2k 540~120
% (% icE)
EAR 33.7
=2 0.04
k% (mg/100g ;&€ )
7 % 27~298
% 135~280
iy 50~490
751 50
1 50~100
B2+ 37~429
¥ EF 38~218
£ iv 85~130
% % (mg/100g 2 € ) 20~35
=% (mg/100g iz £ ) 33~33
%2 (mg200ml) 150~210
e (% 2 E) 0.2~10
vv e (% icE) 12~18
v (mg/L) 200~300
=R (mg/L) 1000~4000
‘:f'% 1 (mg/L) 60~100
b (mg/lOOg BE)
*—1 ¥ 25
e 100~2025
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( Bravo, 1998 )



2~ FF ol

A ik did it de# 3 977 (Cook and Samman, 1996 ) > #f

k3 - flavan ¥z > 2 353 B3R (Af-B) 2 7§ 2 pyran %k
C % & m = > hydroxylation 2. =% % 42 & /& %7 55§ fF cdes (%
foo @ R ﬁimi%pﬂémﬁ4vﬁ*fﬂﬁﬁﬁ%’%@7
s (D AR C5~C7 =% 4 is‘?ff{w;; T
ﬁa,fsao(z)Bxga. LHE 1 C3C4F A AR HER SR

3 (Cu” ~Fe®') B4 f & ivx » 7 B 4adrd —é%‘%@i v F 2
F o ()CMINC2C3 mhF Bt U2 A CAF A BIE

LR SVAS R EE ok S A ﬁé“ éﬁﬁamﬁﬁﬁéﬁ@
P¥ > phenoxy radicals ¢ Fl£ Jrscfsm 8% o (4)C R £ C4 5 it A
2 ANCHRY C2 C5 55k ¢33 Ndd $pd A1
AR /—;c—u/f_ﬂbz{ ) e S g;g Lbéﬁi_ﬁiﬁ}%f"—} iﬁtb!ﬁ Hige 3 o ¥
AT R R e E AT R B PWBRAL &4 i
a-tocopheroxyl radical :& i & 4 = a-tocopherol ; ¥ ¥ #% &7 F ¢ 1%
iy H A2 '0, °
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£2s LRGMFMEL LS

ik ena P

Table 2. Major compounds of flavonoid and the source of food

o fr ¥ o fR s ¥ kR
% mr T % W E A
( flavones ) B ¥ % 33
b B BT E
=3 §ARE
Wid % K
5 E
B
T
#4 9
E 7 H % sk %
( flavanones ) = th M A
4 % 15
SEEE o i 2]
( catechins ) A 3
a3 EJ}’%/;/ﬁéﬁﬁ
fig i* & 4
FRE S ET 1B
(isoflavones ) <~ REmE
Genistein
Genistin
= g- % = g o)
(anthocyanins ) R 2 %1""’
4 3Fd % 05
X HEd & R
HE4 pe
&F 2 peik 5 &
73
(Nijveldt et al., 2001 )
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diphenyl propane ( C¢-C;5-Cg)
2-phenyl-benzo- a -pyropanes
Bl 6~ 5% Ak ek A SHER -
Fig 6. Structures of flavonoid.

Bl 7~ 5% g 80 B -
Fig 7. Structures of flavonoid scavenged free radical. ( Cook and

Samman, 1996 )
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% 3~ EpE Ry 4
Table 3. The antioxidative activities of flavonoid

o
R
wht
=
e
-5
hz!
L

yof i

o

o

g
==

~
=
o
<
=
=3
a
7

~—

eSS ECH 2,34-0x0 2 3-OH -

*BI%\,F -OHA*% % A% & C52%2 C7+ 3 -OH > +=3
itk ag o

* $13¥ 1t |4 ! lutein > apigenin > chrysin

]
:E: O

45 & C7 2,3 double bond-4-oxofu * § 3-OH-

O\ % B! -OH4% A& CSZ C7 ¢4 -OH- $ad
0 fbfdAx 5 o
+ fr % (flavonols) |*k ¥ it |4 : quercetin > myricetin > morin > kaempferol
O * 13 it |+ ! taxifolin > naringenin > hesperitin >
? hesperidin > naringin

(0]
it (flavanones )

wh
¥
g

fo OH tficp 2 s =% 4 B -
x H FF v ] > flavonols % flavanones °

O

(0]

2 ¥ Ak (isoflavones)

% genistin » daidzein Bz o
*#m;& I ]"}7‘[ » F] & '__Ji ;J—};}’}r,, 9 LL Lx‘? ""%—ﬁi 'y
* orthodihydroxyl g °

o
o
u: O

+ %% (flavanols )

U 5E %Jsf?d *+ C ¥k & 4F {rihheterocyclic & & AB
i%F’“m/ T ZEEE o Fy PR E PR -OH &
flavones % flavonols i & o

* 13 it |4 ! catechin-gallate > catechin

&k ( chalcones )

% butein > phloretin » phloridzin & 2. °
KEH F A AT A E R g
lichalcone A -

* £ 5 Bt4id (51 > dihydrochalcone > chalcone

Q
\/*
o
:O

[

(anthocyanidins )

* Antioxidant : cyanidin > cyanidine-3- /3 -D-glucoside
% Cyanidin 2 flavylium cation #7755% 5 A pFFeg i |+

fid (pH2>pH4>pH7) » B B g 1L o
* Cyanidin=dephindin > malvidin > pelargonidin

o
]
Y,

~ O .
Z & % frpE

( flavanonols )

ko v gg o2 flavanones > fv OH erdicp % B~ X i ¥
LE
% taxifolin - fustin 2. o

( Cook and Samman, 1996 )
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R sz VR AL

B P enp § 08 F BiEARY 0 75 A2 et B Y €
LEi- KF %Y (inductionperiod) B, HRF I &7 &
Lehr g2 > RERHAZ2 3EF V5 > d g 54
EERBFERERA [ IS E DT ERR A A
ﬁx?él"b-ﬁig’%ixxgﬁ em T ApEE A XERYFZ RS A
REMME ERNES RF AL E o  HREF Y B AL
SRR w2 o A4 - LEFERLEL Tl d b gEpTTd 2
AP R ERY BB A Aded F SFEE B9 B kA
REEY s G RGRFRAILADFLAfra FEFNY e Fa
L R ] r‘?‘}-f% [

v
*

£
REGHULEOF A S L P o R PR R e R
AEE S G okende 1 2 RS

T AR E 2 (Hudson 0 1990 ) :

TR P ORIrA R AR F L 0T BT 0 B 4t

(1) MER T 5 2§ 2%k o

(2) ¢ * 25

GRFraD 2PE-

(4) &3 1% -

(5) & MR -

R FRGTRRGFF G R R i

B CFFMNFEF M F ROET AT N e p F R
A F 12 A > (Hudson > 1990) :

=k
b

(1) = *h kiR g v F]F 0 e &4F MOF - ﬂ,%-i kpg s £ H

12 “ PR
Kﬁ’: 4 ";11 °

Q)R A BERF S ek B (4 Bags ).
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¢ 2 (E¥%% ~nlok) F 4 (peroxide) E et & ¢
B SRR ) NE TR

G) B F F i

(4) @5 e Ko

g iR ey e HSHy ™ SfEer 4500
Lpd Az i "% | (free radical scavenger )

Lo Al by iCom < A 5 B Al it & F  ( phenolic
compounds ) iz X FlimAlit & 2 BT F A hd B
AE-BLFAEIERE- BFFENETE 2 2 e
alkylperoxy radical (ROO - ) enp d L iE* @ % b 7 75 Fp ¥
GRS Ed N FRSE DI ST IEL R L
=& fﬁ (resonating structure ) ¢ PF4 3 K ¥ R 5 se ¥ g § =
B a %40 % £ (B 8) (Sherwin > 1978) -

&7 ¥ R eapd fl_\‘}%'-“,frfif?'l-“f” A

( butylated hydroxyanisole » BHA )~ = 7 A #= £ @ % (butylated
hydroxytoluene » BHT ) ~ iX & + fi 5 fig ( propylgallate » PG) %
% = 7 7 & fig (tertrarybutyl hydroquinone > TBHQ) (B 9) %
AL NFLE VRGN A o

(1) 7 A== A9 5 % (Dbutylated hydroxyanisole - BHA )

BHA d 2-tertiary-butyl-4-hydroxyanisole # 3-tertiary-

butyl-4-hydroxyanisole & & & = > [ H 5 % 3 -k 33t e
FE by~ B s PH @B W BERRINE AR

¢ hvh o PRSI FRAILE U3tk 4R o 22 BHT »
TBHQ ~ PG - Az i¢ * ’éi#ﬁ%fﬂ* R ARF ok L i o

e B F MR M E2 002% (8% % 0 1998)-
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(2) = 7 &5 A& " F (butylated hydroxytoluene > BHT )
ERCAE 2 SR I O G R R N =N - A

By R .o v & BHT ~» TBHQ ~ PG - 42 % * °‘)?J§
sz 22 002% (3 %2 % > 1998)-
(3) 83 @Ep fis (propylgallate » PG)

“\:":EIEE'*;: 77\16%&}7 87:,7/[-‘!{(//\% ka/%%“bﬁgxﬂ/éo

PG § b M £ H BHS  E o PR 8 S R
PG T L LA (4o R Jr“f&).L/,J v KPR 2 ¥ & TBHQ
- Az ¥ o ® ¥ 2 BHASBHT &% o e £ F M0 300 75 ¢ £
2.0.02% (& %2 % »1998) -

He

2.8 % fx § 2. & & (singlet oxygen quencher)

-

if‘??%éf{é{?fﬁmQ%’ﬂi VR s

—_

A i
§ (triplet oxygen® "0,) i 5 o fid ®gd L F ¥
¥ DB e md g R ey R ITR AR &
(lipoxygenase) B.it T 4 ¢ B2y ippeE 425 b F B G 5k
Bovo¥ 7 o3 - & sk g A ( photosensitizer ) - ¥ % %
( chlorophyll )~ s ¥ & ( haematoporphyrin )% % % % (riboflavin )

Fopep sk o KARRA I FFE A F

%%%?%@%’%ﬁﬁ%ﬁimgﬁi*ﬁikaﬁAE
§ ey L H R F (singlet oxygen > '0y) 0 ot ¥ AL F R
VIR B S I S qgﬁﬁ’x PR F RA L S VP o FF
AT iE b s deB- BF 2 (B-carotene) EHIRF E T
é#yﬁﬁ*@§W%w’&#§€%éuﬁﬂ%g@zﬁﬁ

2 A

f@ﬁﬁ&ﬁt@iﬁeﬁi@iﬂﬁé’%ﬁtwi%ﬁ*ﬁﬁiﬁ%
R P H B R ey R F O 8 5 (Kellogg and
Fridovich » 1975 ) -
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3.4p % #| ( synergist)

5k AL P ondp ko 0 sk o f8 (ascorbic acid) 5 & o
ERAAL T ERERG CF]FEY o a A TR A2
R+ zZpAlpd Ko e WAy A2 dy I
( Hudson > 1990) (@ 10) -

4. % & # & #) (metal chelator)

ST AN A s AT o FRE
SEUH: AL SR I SCREY A T
L 4

MO D"+ RH —»  M" +H" +R-
Fe® +ROOH — *® F¢’" +RO - +OH
Fe’" +ROOH — *  Fe** +ROO - +H"

HoP ooy 2 g B L REEFG T F i 2c%k (Bawn v 1953 ;
Waters » 1971 ) FJ}t > § 8 & k3P T2 5 K& K04 2
PR d P g E P Bt g gl s
i 3 & ¥ & (citric acid )~ ¢ = "2 ¢ & (ethylene diaminetetra
acetic acid » EDTA) (B 11) % gifk (phosphoric acid) #72 4

A
F o
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OH
Ri

0
ROO . ROOH é
I
0
> é
ROO. ROOH H
O

A
v
O O 0O
‘ R: Ri R:
| +“—> +“—>
AN
OH OH OH

Ri

Free radical scavenger

B8~ p o ghif Al e 8]
Fig 8. Mechanism of antioxidation for free radical scavenger.

(Sherwin, 1978)
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OH OH

HO OH
C(CH3)3
COO(CH:):CHs OCH3
propyl gallate butylated
(PG) hydroxyanisole
OH OH
(CH3)s C(CHs)s C(CHy)s
CHs OH
butylated tertiary butyl
hydroxytoluene hydroquinone

RO~ #2413 g=fg WA -

Fig 9. Structures of main synthetic antioxidants. (Hudson, 1990)
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LOO-

LOOH

« -tocopherol

a -tocopherol *

BI10 ~ 4p A2 1% 841 -
Fig 10. Mechanism of antioxidation for synergist. (Hudson, 1990)

®11 ~ EDTA% & g+ 56 4 2 S W -
Fig 11. Structure of chelate formated between EDTA and metal ion.

(Namiki, 1990)
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H¥WP LW gy PR ME TR e R K i
A E_"E M Fg g 1Y gk 4F 2 2 (Namiki- 1990) e d 384 1
#.§ “# BHABHT & 7 B R g P2 B HT 2w % Y
FEBRLAARLF RS Eow £ p 1975 EA RN T

FripdEv g b piF %’“% 3R % (Branen > 1975; f’?

1993) i imd A 1 & X g 1L & rw%&
O F A S O i“‘ﬁ% ?;%ﬁﬁ;
(tocopherols # tocotrienols B] 12) > % & F1H ® & & R 4 & §
I 4§ 27 2 BHA 2 BHT > Ficif €~ «gﬂhu v e
FHE AL TEREATERY XY PEp RR A

FHLFRY PSR RE CPFLSG %Mﬂi‘gizw th

=

N Y

hpas)

ETIRS

RF ST E AR B RY FH X Ry VA F 7

P TET AL OER Y A F A RISy R
BikEkmg it hit by THASE 2T R
(tocopherols ) ~ #F ¥ @+ 2 (flavonoids) ~ 2 (alkaloids )
# % 2% 472 F ~(chlorophyll derivatives )~ "% L fit 2 "= #F ( amino

=

acids and amines ) ~ =3k & ¢ (L-ascorbic acid) % #+ & § %
(carotenoids ) % (Larson @ 1988) < iz 4+ B chiz o A_Fl{E 4~
B T LR KR ORKET A EEE 25 3
1 (oxygen toxicity ) #1 3 # ulacg » FlpjE m P ok A
QR FHIE pd A2 i~ F (excited molecules) 2

§ o b s 3§ E o Namiki (1990) #-% 2Rywg i+ F
ﬁ“f Facd 40 m g P F 2 AP Y ?f’rﬁﬁ@;‘ﬁrz\ 50
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R(R,)
m phenyl [R,]
8

chromanol
\/\)\/\)\/\)\ -
4
phenyl [R;]
Methyl group Tocopherol(R;)  Tocotrienol(R,)

5,7,8-trimethyl
5,8-dimethyl
7,8-dimethyl

8-methyl

a-T a-T
B-T B-T
v -T v -T
0-T 0-T

B2~ % Ry B2 T2 SHE -

Fig 12. Structures of natural antioxidant tocopherols.
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Table 4. Natural antioxidants

Plant Oil seeds; Grains; Beans; Vegetables;

Fruits; Leaf waxes; Barks and roots
Spices
Medicinal plants
Seaweeds
Microbial products
Animal products
Fermented products
Protein hydrolysates

Maillard reaction products

(Namiki, 1990)
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EOSSpuf P TR AR

Table 5. Natural source of antioxidant compounds ( Moure et al., 2001 )

Jerezsherries ~ Cavas

E L4 £ %
K & FE @4 in% ~EH B 5 Abuja et al., 1998; Heinonen et al., 1998; Heinonen et al., 1998; Prior et
§opr o~ A al., 1998; Wang et al., 1999; Wang., 1999; Wang et al., 1999; Saleh et
al., 1998;Dawes et al., 1999; Donovan, Meyer et al ., 1998; Romani et
al., 1999.
s NS DY SN SN Sanbongi et al., 1998; Al-Saikhan. et al., 1995; Friedman, 1997; Ramamurthy
. o ke new L s et al., 1992; Abushita et al., 1997; Gil et al., 1999; Ganthavorn et al., 1997;
=R L S I
o 4d - ag Tsuda et al., 1994; Markus et al., 1999; Matsufuji et al., 1998; Aruoma et al.,
1997 (rosemary ) ( Che Man et al., 1999; Giintensperger et al., 1998; Jaswir et
al., 1999; Ozcan, 1999; Nakayama et al., 1999.
T I ’Fi’ﬁ . McPhail et al., 1999; Kitagaki et al., 1999; Monedero.,1999; Stué-Gracia.,

1999.
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N

LR NBRE SR B

Roibs tea ~ § 7t %

Lin et al., 1998; Cao et al., 1996; Chambers.,1988; Chen et al., 1998;
Frankel et al., 1997; Lin et al., 1996 ; Singh et al., 1999; Yen et al., 1997,
Wanasundara et al., 1998; Yokozawa et al., 1998; von Gadow., 1997 ; Yen et
al., 1998; Benzie et al., 1999; Copeland et al., 1998.

¥% (herb)~ ¥
# (medical plant )
% A F 4L (spice)
et

& A& ¥ -~ § ~ Ganoderma
spice ~ dinttany ~ § jk#x
# 7= (Chrysanthemum ) ~
# ~ Honeybush ~ & 2 ¥

Abdalla et al., 1999; Aruomq, 1999; Guillén et al., 1999; Marinova et al.,

1997; Wang., 1998; Wang et al., 1999; Wang et al., 1999; Weinberg et al.,
1999; Yanishlieva et al., 1999
; Kikuzaki et al ., 1993; Yen et al., 1999; Moller et al, 1999; Bandyopadhyay
et al., 1990; Chuda et al., 1996; Duh et al., 1999; Ogata et al., 1997; Ferreira
et al., 1998; Al-Amier, 1999; Cuvelier et al., 1996; Houlihan et al., 1984; Wu
et al., 1982; Hall., 1998

%4 < & ~ Thalictrum flarum,
Nerium oleander L. ~ #Fé R K ~
B D 19 -

Quercus suber s 2k ~
Fraxinus ornus 2. 2 ~ %

B2 37y

Osawa et al., 1992; Mallet et al.,1994; Jukunen-Tiito, 1985; Zhishen et al.,
1999; Torres et al., 1987

Yan et al., 1999; Cadahia et al.,1998; Conde., 1998; Marinova et al., 1994;
Sawa et al., 1999.
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% * + (tamarind )~ canola ~
' 2% (evening

primrose ) ~ 3 Jf (sesame ) ~
T iz (flax seeds) ~ 3% 7
g g /ke (lupinus
seed)~ & ¥ (buck wheat )
% B % (sunflower) ~ Rosa
rubiginosa ~ $#f (cereal ) ~

3 3k # (corn kernel )

Tsuda et al., 1994; Krygier et al., 1982; Naczk et al., 1998; Wanasundara et al.,
1994; Balasinska et al., 1998; Wettasinghe., 1999; Shahidi et al., 1997; Oomah et
al., 1995; Tsaliki et al., 1999; Pryzbylski et al., 1998; Kubicka et al., 1999; Moure
et al., 2000; Baublis et al., 2000; Lehtinen et al., 1998; Kurilich et al.,1999

A

A B%E~BE B
¥~ %Y 343 - Phaseolus
vulgaris <N’z & % 2 & %%

?‘"J‘i‘

Yen et al, 1993; Yen et al., 1994; Yen et al.,1995; Duh et al., 1995and 1997a; Xing
et al., 1997; Duh et al.,1997; Watanabe et al., 1997; Shahidi et al., 1997; Onyeneho
etal.,, 1992; Tsuda et al., 1994; Muanza et al., 1998; Baublis et al., 2000.

BeE R EE R
Bt 2 Bk~ E R~ F
FREFRAETEE
MEES 2 A~ B+
BRI XFE TR A
S~ WrEE A e 20 ZEHTE A

Rodriguez de Sotillo et al., 1994; Sheaber et al., 1988; Visioli ret al., 1999;
Gabrielska et al.,1997; Karakaya etv al., 1999; Peki¢, Kovac et al., 1998; Pietta et
al., 1998; Saint-Cricq de Gaulejac et al., 1999; Saura-Calixto, 1998; Wulff, 1997,
Yamaguchi et al., 1999; Bonilla et al., 1999; Larrauri et al., 1998; Lu et al., 1999;
Meyer., 1998; koga et al., 1999; Lu et al., 1997; Lu et al., 1999, 2000; Bocco et al.,
1998; Chen et al., 1998; Zandi et al., 1999; Azizah et al., 1999; Vargas-Arispuro et
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AR BRERE S B e
T2 whersih ~ BEAZ

,
8

ek

/

B Ja
S

al., 1998; Hosny et al., 1999; Bertholet., 1998. Li et al., 1998; Seymour et al., 1996;
Wang et al., 1999

B ~ 3w (B-alanyl
L-histidine ) ~ Fv # ~ &9
B -kjz+ (protein
hydrolysates ) ~ -k 45844
v ('soluble elastin
peptide ) ~ "K73 1 39 B

( water soluble protein ) ~ /&
4 Fd® 2513k 39 (pressure

treated B-lactoglobulin )

Kansci et al., 1997; Lee et al., 1997; Hendricks et al., 1998; Roch et al., 1998;
Amarovicz., 1997; Hattori et al., 1998; Okada et al., 1998; Mgller et al., 1998

# 78 (essential
oil )

% & L i (linoleic
acid) % Bifq B
( phospolipid )

Zygadlo et al., 1995; Chen et al., 1997; Bandarra., 1999; Chu et al., 1999; Saito et
al., 1997

3 (hot chilli
pepper ) ¥ F (T *

g f-+* By % (palm

oil [ -carotene) % iz

Farombi et al., 1999; Henderson et al., 1999 )
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(capsaicin )

1 5 (Maillard )

Alfawaz et al., 1994; Bersuder et al., 1998; Lingnert etal.,1983; Nakamura.,
1998;Pischetsrieder et al., 1998; Tubaro et al., 1996; Wijewickreme et al., 1998;

F A
Wijewickreme et al., 1999.
TR Niwa et al., 1991, 1999.
( brewing

seeds ) ~ ik~ 1

&

Lin et al., 1999; Shimoni., 1998

*F % (ligin) &
CERCEN TS
# (arabinoxylans )

Cruz et al., 1999; Lehtinen et al., 1998; Ohta et al.,1994.
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1~ "W s

g H AR 2T 0 T2 RN
Fukuda % (1986 % 1988) &z fr (sesameseed) % & 3 frib

v IR “$ z v-2 %> %3 sesamol ~ P, ~ sesamolinol ~

pinoresinol~sesamol dimer & lignans 5§ # syringic acid-ferulic acid
B B (R 13) -

Pratt £2 Miller ( 1984 ) j&_Spanish peanuts 4 & | E g it 4
58 % ik %2 (flavonoids) —#L A fit (quercetin) °

2 F %

Igarashi & (1989) &% 4 p &~ F % (Vitis coignettae) P 4~
. # 4 malvidin-3, 5-diglucoside 3 $i3 it 4 F(® 14) -

Igarashi & (1993) #A ic+ (Solanum melongena L.) ¥ % i
delphinidin-3-( p-coumaroyl-L-rhamnosyl-glucosyl)-5-glucoside % i*
% 4F 35 chdd 1 A () 15) -

Ramarathnam etal. (1995) dp iz d &5 d 3% 7 7 |E § i
FRONEIM o Fl B AR FERY LA F o

Wang et al. (1996) #F3 L= f-k %%k ? 2 S p o fpd A
N SRR S A S A R L A
2 g v B :“‘f Tkpd 3 CHE - B-carotene 2 h > BT AR
Al 3k (- H dg (b 4 o

Tsuda % (1996) j&s» & (Pisum sativum L.) &+ *t L Z B~ 5
% ¢ % cyanidin 3-O-B-D-glucoside ~ pelargonidin 3-O-B-D-glucoside #*
delphinidin 3-O-B-D-glucoside » £ 5 4 i OH ~ <O, 2 sc # ¥ 3¢ *& %
<9 BAFRY By P 4-MDA 2 2 A E o

Saito (1998) % #MH § + X3 24 2 H #77 2 procyanidin £
FLT A end mtae o ¥ i ] procyanidin MR & 4 £ F %
pd Aendng TR BRI K2 F BT
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M B R 5 kB2 4 5w (Saito et al. o

-
Ny

procyanidin ¥ £ F-v 915 0
1998 ) °

Lu & Foo (2000)& # Mg %A% 77 s i3 v a
-tocopherol #1¥ it |4 % #c i3 chfny L 4 F o

f(2001) p 3 7= F & & = X B~ po it 4 vanillic
acid-4’-decenyl ester ~ 1-methoxy- naphthalene-6,7- dihydrofuran -
dilinoleic acid-1- methoxy- naphthalene -6,7- dihydroxymethyl ester = &
FLF AR o

3~ FFH

Inatani & (1982~ 1983) f it it 4 (rosemary) iz & ¢
¢ e X P~k ¢ 4~ #t carnosol ~ rosmanol -~ epirosmanol 2
isorosmamol & » f& % FLF it F o

Houlihan % (1984 -1985) a2 R ic g F ch? I Bf v
s # #z_ 4 rosmaridiphenol 2 rosmariquinone > H FF 14 F ¥ 4L
% BHA(H] 16) °

Toda % (1985) &% & (Plantogo asiatica L.) » # W E
L ¥ * it £ 4 curcumin 7t g 4F it 4o Kikuzaki 2 Nakatani
(1993) ¥ g eh= & " =5 Bk ~ 30 5§ gingerol #f chit & 47
% 8 #4 diaryl-heptanoid #7724 4 » # ¢ 3 12 @ a-24 7 fE o

Kikuzaki ¥2 Nakatani ( 1987 ) 32 Nakatani £2 Kikuzaki( 1989 )
WH EY (oregano) FE R T BRI B A dr it Iy it
PR AT RavkR iy (B 17) -

Nakatani % ( 1989 )& 7 2 4 (thyme )4 #t thymol =7 biphenol
A Y5 Z fAsE % Bk (flavonoids) 2 FiF it 4 FF o

s & (1989) o K # (capsicum ) ¥ 4 3 capsaicin
dihydrocapasicin Fk *k # H %2 # K FL vk ¢ capsaicin
dihydrocapsaicin #7% 4~ 313 i 4 o

Cuvelier ¥ (1994) 7 &k # (% &K4L) v & ¥ (sage)
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R I R LN

| (1996) pf EFe fac fEFPfsdit gy it =403
eugenol fr isoeugenol # 6-methoxy eugenol ¥ eugenol 2 /72
(B 18) -

B 2% (Thymus vulgarus L.) @ % i & 33§ ik 28 -methylated
flavonoids % eruodicytol ( Haraguchietal » 1996) 2 # ¥ 7z 7 I #&
¥ v E A 0 29 ferulic acid amide F s e it 4

(Rice-Evans et al » 1997 )« i# & (onion) * 7 g it 4 5 5 55§

it quercetin> ® i E P ZE MY B A NAGFREELRAA&SH
Hegnisedn 9 HDL-C EAR 2 5 iz 2 g b av ? > HFRS
2w Tﬁ GSH-Px~SOD /& {4 2 B F $ M 3 F 5% BT ¥ 1 2 5 MDA
7z ¥ (Dogru- Abbasoglu etal » 1997 ) »

4~ FE

Hara ¥7 Kubota( 1984 )~ Matsuzaki ¥? Hara( 1985 )~Lee( 1988)
K REE? pipdic T g g3 a-4 7 s i catechins
% theaflavins °

wE (1991) =247 2 &% £ 2 catechins 7 £ > F -

FLx v 2 catechins 2 4p B & o

5~ % $ESF

Osawa % (1992) &~ # £+ (young green barley leaves)
LR oL B -t TEARE DR ST
27(3”)-0-glucosyl isovitexin » ¥ #r4| I b feif s + &~ J& o

6~ W2 U B

Osawa £ Namiki ( 1985) j& % 4§l ¥ (eucalyptus leaves)
i Y 4 3L # T ) n-tritriacontan-16, 18-dione shfn g it 4 F o

% § Z 7 a-tocopherol ~ ascorbic acid ~ catalase ~ flavonoids ¥ #o

§ % % (Mckibben and Engeseth,2002) » # & e it 22 g
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MM heF T AT RN IRE

T~ R ABRRYZ s

Ramarathnam % (1988 ~ 1989) d #%#% (rice hulls of Oryza
sativaL.) ¢ 2 I3z % 1 $ isovitexin °

Duh % (1992) & B A B # =4 2 (peanut hull) 4~ 3 &
N A& fF it F luteolin o

K Ek (1994) p ® 3 F L% v 31 myricetin-3-O-glucoside
% quercetin-3-0O- ( 2-glucosyl-6-rhamnosyl-glucoside ) % = f& 2£ 2
FR g %4 (F 19)

oo gk (1996) b 7 &% & & & v - mangostin 2 a -
mangostin o ¥ fegk (1996) & f & -4 d 20 - (374757 -
trihydroxyphenyl ) - ethyl - margarate ~ isorhamnetin-3-O- S - D -
glucopyranoside - quercetin - 3 - O - 3 - D - xylopyranoside Fr
quercetin ; ¥ frgk (1996) = f* g L+ %2 F oo, g BHitad
Fog iSRS AL N FTEY 24734 0 v - mangostin BT i
ST Rl G Y JRE IR 1 (R 20) -

L kR E BRI RFLREF EA B
cyanidin -3 - O - B - D - sophrose » i # ¥ i* 2 cyanidin -3 - O -
B - D - rutinoside » % cyanidin-3 - O- 5 - D - glucoside % = #& i~
FHozEPERT A (R20)

B (2000) p B HRE T L igFBde P b A 202 (37,47,57-
trihydroxyphenyl ) -ethyl-stearate 2% it 4= & (B 22) -
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0 OCH3

/9 0 HO
O
0 0
0 H - OH
0 0)
O
H
H o OCH3
_/
CH3 0
synpreoxideglycone sesaminol pinoresinol
/‘\O
O
OH OH
0)
0) O, O
\\ ) O
0 0 o—/
sesamolinol OH .
sesamol sesamol dimer
OCH3
OH OH
HsCO. OCH:s OCHs
COOH CH=CHCOOH
syringic acid ferulic acid

B3~ 52 4nf A A
Fig 13. Structures of antioxidants in sesame seed

(Sesamum indicumm L.).
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malvidin-3,5-diglucoside

Blld-p AT 4 F 52 duf b o

Fig 14. Structure of antioxidant in Vitis coignetiae.

delphinidin-3-( p-coumaroyl-L-rhamnosyl-glucosyl)-5-glucoside

BI15 ~ 503 2 Fif it & A o

Fig 15. Structure of antioxidant in Solanum melongena L.



carnosol isoromanol
HO OH
O| CH;
CH
CH;
CH; CH;
rosmaridiphenol

6~ 2§ 2 42f (% 4 o

HO
O\\
O
OH
H
rosmanol
0O /CH3

O CH
AN

CH; CH;

epirosmanol

Figl6. Structures of antioxidants in rosemary

(Rosmarinus officinalis L.).
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H
H COOH H

protocatechuic acid caffeic acid

Ro—@—cm
Rm :
OR 0

2-caffeoyloxy-3( 2-(4-hydroxybenzyl)-4,5-dihydroxyl Jphenylpropionic acid

HOH:C

HO 0 0 H
|
H 4@7(%0& H
H

4-(3,4-dihydroxybenzoyloxymethl)phenyl - 5 -D-glucopyranosine

O
O

rosmannic acid

17~ N 2 4af (A -
Fig 17. Structures of antioxidants in oregano

(Origanum vulgare L.).
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OH OH

OCHs OCHs
CH.CH=CHz- CH=CHCHz3
eugenol 1soeugenol

OCH:

diphenylpropanoid

HsCO

OH
H:CO OCHs R.
CH3
* i:> N 7 §_> N\
Rs OH

CH:CH=CH: H:CO

6-methoxyeugenol diphenylpropanoid

RIS~ p B2 g it =4 o

Fig 18. Structures of antioxidants in nutmeg.

8\\31

g
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Hirosue & (1978 ~ 1988)~ Toda & (1985) #F ¥ % » ¥ &

R O A A

Su % (1986) &% 230 f& 7 FplE g > H Y 4 22
FEE g Yo b EFE B Y B 7 (Osbeckia chinensis L.) 1
AR P s &S BB F 2 2 K 23] tannins £F ¢h5g fuf

% (Su % > 1987a~ 1987b ~ 1988) - (®] 23 ~ §] 24)

L (1991) K EFF P EBP P B NRag-2 T AR IR

% 1 #| phenethyl ferulate -

Efegk (1993) A ¥ 75 (Psoralea corylifolia L.) » #t
it iy a2 TR S Y ose %k 48T BHA gy it 4
B bakuchiol - (] 25)

% (1994) A 7 (Mosla formosana Maxim ) -k 35 B~
Pt e s Al it £ 4 0 2 ¢ luteolin-7-O-rutinoside 33 >t
a-4 3 B2y t e E S FEE D P (flower buds of
Sophora japonica L.)® Fg 5 P~4» ¢ 2. 3 & 42§ i* $ F L rutin (F
26 ~ § 27) -

T (1996) & % % (fruits of Amomum tsao-ko L.) ¥ fig % B~
¢ osdiea-4 72 v 4 caffeic acid ~ 1-(4- hydroxy-
5-methoxyphenyl) ethanone ~ 1, 7-bis-4-hydroxyphenyl-3, 5-
dihydroxy(3R,5S)-heptane % 3<% i it 4 4p 4 >t a-24 T e 1, 7-
bis-4-hydroxyphenyl-3, 5-dihydroxy(3S, 5R)-heptane( ] 28) °

sk fegk (1996) i M 7 (Artemisia capillaris Thunb) 7 f%
Frofd s A BHA S pr A 2§ oM
quercetin-3-O-D-robinoside % isorhamnetin-3-O-D-robinoside( B

29) -
R (1997) &= & & (fruit hulls of Alpinia galanga ) ® f% % B~
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Bt g - 4 ¥ R 2 i it P methyl paraben ( 4 -
hydroxybenzoic acid methyl ester ) ~ 4 - ( hydroxymethyl ) - 1,2 -
benzenediol ~ 3,4 - dihydrobenzaldehyde ~ trans - p - coumaric acid ~ trans
3 - (4 - hydroxyphenyl ) - 2 - propenal 2 3 - (4 - hydroxyphenyl ) -

propene ( B] 30) -

% (1998) i % % & (rhizoma of Alpiniae officinarum ) ¢ & ¢
fin 5 B4 @ % v ) 1,7-bis —diphenyl -3,5-diketo- 2-heptene ~ 1,7-bis
-(4’-hydroxyl -3’-methoxy phenyl) -5-hdydroxy- 3-keto-heptane %
1-(4’-hydroxy -3’-methoxy) —phenyl -7-phenyl -3-5-dihydroxy-heptane
$ fiHF (R 3D

i (2000) p 3% (seeds of Astragalus) ¢ fat fig 5 B4~ ¥
W oiv 4 3-5- dihydroxy -4’-methoxy-1,1- (1’2-ethylenediyl)
bis[benzene] -~ 6’- methoxy — 7 - methyl formononetin # p-coumaroyl
triterpenoidyl ester & = fa4iF it $ F (H 32) -

32(2001) p fo* (Asiasarum heterotropoides var. mandshuricum )
L e figZBode @ it 4 methyl paraben (4-hydroxybenzoic acid
methyl ester) 2 trans p-coumaric acid
[3-(4-hydroxyphenyl)-2-propenoic acid]® fdi+ws it 4 5 (B 33) -

% (2001) p & v (nucleoid of Polyporus mylittae ) ® [f% % B~
¢ v 0t 7-4’-dihydroxy flavanone-7-O- 8 -D-glucopyranoside -
4-hydroxymethyl-benzaldehyde # 4-hydroxybenzaldehyde % = fé %
L5 (B34)-

¥ (2002) p B 4% (nucleoid of Pogostemon chablin (Blanco)
Benth) ¥ % 5 B4 ¢ % it 41 4-hydroxyethyl-catachol-1-O-(2°- a -L-
rhamno pyranosyl)- 5 - D- glucopyranoside ~ adenosine % O-coumaroyl-

B - D- glucopyranoside % = fa4v3 i 4= & (B 35) -

M (2003) p *~ ¢+ (Ligustrum lucidurn Ait) ? s 3 B30 ¥ &
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it 41 1-(4-hydroxy phenyl) ethyl acetate > 4-hydroxy-3,5-methoxy-benzoic
acid methyl ester > 3-[4-hydroxy-3-methoxy phenyl]-2-propenyl-1-ol -
trans-ferulic acid 2 3-[4-hydroxy-3-methoxy phenyl]-2-propenal ¥ 7 f&
T (H36)

FF (2003) p ¢ 5" (root of Paeonia lactiflora Pall) ¥ f% % P-4~
¢ % it 4 pentagalloylglucose > methyl gallate > gallic acid ° methyl
vanillinate » benzoic acid » benzoylabiflorin 2 benzoylpaconiflorin % -

faig - F (R37)-

R (2003) p % L ( Dichroa febrifuga Lour) ¥ f% % Bt @ & it
41 4-hydroxy-3-methoxy- phenyl-2,3-dihydroxy-1-propanone -
3-[[6-O-(6-deoxy- a -L- mannopyranosyl)- 5 -D-glucopyranosyl]oxy]-
caffeic acid 3-[( 5- D-glucofuranosyl)oxy]-4-hydroxy phenyl ethyl
ester » 3-[( S -D-glucopyranosyl)oxy]-caffeic acid 4- [( 6- deoxyl-a -L-
mannopyranosyl ) oxy ] - phenyl - ethyl ester » umbelliferone
( 7-hydroxycoumarin ) » trans ferulic acid » 3- (4-hydroxy-3-
methoxyphenyl ) -2-propenal % = fa4i¥ it 4= 5 (B 38) o

WA EE S KA - RN Y
RLFA~L X 2NRTE Ry RS FHEHT RPRESFHEE
FREFT FEABHI D RELNI RF LA EI P W
A AREBA TG R Bk A1 S SR AR -t T
FoBFL PR RLAFRL B Y DI Ry R AL

@ S

EEFFE ot B A L FFAS Y RN B R
g e bR 2 BEBS RS AR g g

% 46K 4L F PR (Namiki > 1990) -
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OH O
HOH:C
—O
OH
HO | HO OO CH:
OH
CHs —O
OH

myricetin-3-O-glucoside

OH
quercetin-3-0-(2-glucosyl-6-rhamnosyl)-glucoside

B9~ R 2 2L % Z 3l4g it =4 o

Fig 19. Structures of noncatechin typical antioxidants in tea stalks.
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Y oA

HO O N

HsCO

OH

& -mangostin

Y oA

HO O N

HO

OH

7 -mangostin
B120 ~ b7 & B2 ff b & A o

Fig 20. Structures of antioxidants in fruit hulls of

Garcinia mangostana L.
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OH

O
I
CH2-CH2-O-C -(CH2)15-CH3

2’-(3,4”,5”-trihydroxyphenyl)-

quercetin
ethyl-margarate

isorhamnetin-3-0- (- quercetin-3-O- /&-

D-glucopyranoside D-xylopyranoside

FI21 ~ Bz g i A o

Fig 21. Structures of antioxidants in flower of Delonix regia.
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I
CH2-CH2-OC-(CH2)16-CH3

2’-(37,4”,5”- trihydroxyphenyl)-ethyl -sterate

BI22 ~ B L T2 Fif LA A o
Fig 22. Structures of antioxidants in flowers of

Lanata camara.
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OH
HO
O
H OR:
OH
R, R,
1 H H
2 OH H
3 OH 53 -D-glucopyranosyl-(1-6)-
3 -D-glucopyranosyl
4 OH 53 -D-glucopyranosyl
5 H 5 -D-glucopyranosyl

BI23 ~ %3 7 2 R B 4L L e o
Fig 23. Structures of flavonoid antioxidants in

Osbeckia chinensis L.
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N\ ,/ OH

H OH OH OH

HOH2C

QH

Lo Yo

-
mr{_>*< /) OH
nd  on bu om

H

CO2

~CH oH
OZ/%O\EH
| H

Co to

O
HO OH OH OH

HOH:2
OH

OH
Lo o

ol 3 on
\

H({ >)H 6H OH

H

H
HO "X
HO™ = CO2_ CH
O
HO_~ | 0] H
H OH OH
HO XY
OH

R124 ~ d g 7 2 2 BAlF A A o

Fig 24. Structures of tannin antioxidants in Osbeckia chinensis L.
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HO—@—C}H:H

bukuchiol

BI25 ~ A Faz2 dg it 24 o
Fig 25. Structure of antioxidant in Psoralea corylifolia L.

HO OH

OH
luteolin-7-O-rutinoside

BI26 ~ % Z 243 it 34 o
Fig 26. Structure of antioxidant in Mosla formosana.

rutin

HO OH OH

OH
W27~ ffE 2 fif A A
Fig 27. Structure of antioxidant in flower bud of
Sophora japanica L.
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O CH:

CH=CHCOOH \ /

OH OH

OH OCH3
cafteic acid 1-(5-hydroxy-4-methoxyphenol)-ethanone

OH OH

g 9y

1,7-bis-4-hydrophenyl-3,5-dihydroxy-heptane

HO

BI28 ~ & %2 FiF i =24 o
Fig 28. Structures of antioxidants in fruits of

Amomum tsao-ko L.
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R, R, R;

1 Gal(6—1)rha H OH
2 Gal(6— 1)rha H OCHj;
1 : quercetin 3-O-D-robinoside

2 : 1sorhamnetin 3-O-D-robinoside

F120  FHUE 24 (A o

Fig 29. Structures of antioxidants in Artemisia capillaris Thunb.
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OH
OH
OH
CHO

COOCH:
methyl paraben (4 - hydroxybenzoic 3,4 - dihydrobenzaldehyde-trans -
acid methyl ester ) p - coumaric acid
OH
OH
H
e
/
CH:0H

4-(hydroxymethyl)-1,2-benzenediol 3-(4-hydroxyphenyl)-propene

OH OH
=0 CHO
OH
trans-p-coumaric acid trans- 3-(4-hydroxyphenyl)-2-propenal

B30~ o2 2 fug it A o

Fig 30. Structures of antioxidants in fruit hulls of Alpinia galanga.
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1,7-bis-diphenyl-3,5-diketo-2heptane

(H) OH
HO@/ M\QOH
H:CO OCH;

1,7-bis-(4'-hydroxy-3'-methoxy-phenyl)- 5-hydroxy-3-keto-heptane
OH OH
HO@/ M@
H3CO

1-(4-hydroxy-3-methoxy)-phenyl-7-phenyl-3- 5-dihydroxy-heptane

B3l 8 2F2FF L 2 & o

Fig 31. Structures of antioxidants in rhizoma of Alpiniae officinarum.
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0
|

C ——O——triterpenoid

p-coumaroyl triterpenoidyl ester

OCH3

3-5-dihydroxy-4’-methoxy-1,1’- ( 1°2-ethylenediyl ) bis[benzene]

OCH3

6’-methoxy-7-O-methyl formononetin ( 7,4’,6’-trimethoxy isoflavone )

BI32 -~ VideF 2 Fig it 24 o
Fig 32. Structures of antioxidants in seeds of Astragalus

complantus.
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trans p-coumaric acid
[3-(4-hydroxyphenyl)-2-

propenoic acid]

methyl paraben (4-hydroxybenzoic acid
methyl ester)

B33 ~ m3 2 Fif 1t A o

Fig 33. Structures of antioxidants in Asiasarum heterotropoides var.

mandshuricum.
CHO CHO
OH CH:OH
4-hydroxybenzaldehyde 4-hydroxymethyl-benzaldehyde

OH

7-4’-dihydroxy flavanone-7-O- (3 -
D-glucopyranoside

B34~ F 1 2425 b2 A o

Fig 34. Structures of antioxidants in nucleoid of Polyporus mylittae.
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HO 0o—
H\PH H
H H
HO O
CHs
H H
OH OH

Rha-(1-2)Gle-O—

H
6 2
5 3
1
CH:CH.OH
78

4-hydroxyethyl-catachol-1-O-(2’- a -L- thamno pyranosyl)- 5 - D-

glucopyranoside

N(IS{Z

Z N2 N
>
5?&1\1 4N

O

HOCH:

adenosine

B35~ R A2 4id it 4 o

O-coumaroyl- 5 - D- glucopyranoside

Fig 35. Structures of antioxidants in nucleoid of Pogostemon chablin

(Blanco) Benth.
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¢ =0

B

1-(4-hydroxy phenyl) ethyl acetate 3-[4-hydroxy-3-methoxy

phenyl]-2-propenyl-1-ol

trans-ferulic acid 3-[4-hydroxy-3-methoxy phenyl]-  4-hydroxy-3,5-methoxy-

2-propenal benzoic acid methyl ester

BI36 - & f 32 3§ (LA o

Fig 36. Structures of antioxidants in fruits of Ligustrum lucidurn Ait.
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5—00G HO
4/0G 32 o
1 HO 4 ! (ll,—OCH
GO 372 ) 7 8
OH 6
oG 0 O
G = —C— :>—OH
OH
pentagalloylglucose methyl gallate
_OCH
OOH 3 Oy, OH
7C
1
6 2
4
gallic acid methyl vanillinate benzoic acid

benzoylalbiflorin benzoyl paeoniflorin

BI137 ~ v ”J"E’J/F} Ha2 :}mg (Lo SAE
Fig 37. Structures of antioxidants in raw and roasted Bai-shao

(root of Paeonia lactiflora Pall).
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4-hydroxy-3-methoxy-phenyl-
2,3-dihydroxy-1-propanone

COOH CHO
trans ferulic acid 3-(4-hydroxy-3-methoxyphenyl)-
2-propenal
Rha (1-6)Glc

OHL

3-[[6-O-(6-deoxy- a -L-mannopyranosyl)- /3 -D- 3-[( B -D-glucopyranosyl)oxy]-
glucopyranosyl]oxy]-caffeic acid 3-[( /5 - D- caffeic acid 4-[(6-deoxyl- a -L-
glucofuranosyl)oxy]-4-hydroxy phenyl ethyl ester =~ mannopyranosyl)oxy]-phenyl-ethyl ester

Bl 38 ~ # Lz JiF it & A o

Fig 38. Structures of antioxidants in Dichroa febrifuga Lour.
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J=4
EUN
N
a4
(“
>

EHZN% (;‘L,@k%fr%ﬁ?ﬂ” TYEA L B 2003)

2107 (GFy >>) R ((*35 >>) Ra (R )) 3
(<<535*\—"r>>) AR )) 0wl (RFTAX)) #
ik(<<ﬁ75>>) é@:?““ﬁifﬁiﬁ "?ETJ};_\E,.O}%'%B,}LWZ
Polygonum aviculare L. ( B8] 39) -

By w"w"w"mwww'mwwwm
e

B39-FK3F -
Fig 39. Polygonum aviculare L.

—EAF A B IS~S0EE o B RAL o AagH S
PR R GRS B E BT A EsE 9 2~3
EoR o m gt adey o VRN IWRA 0 & S~16 FF 0 W
1.5~5 F 3 » Lagh 4 > A3 2450 % > a5 ;
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FAIRF W RS o FTe~10 A AEAER ) e F R
FRBLe FBPE S TARSE CSFEHN B I F% o Bk
WHELIPEI R2ZE V8 f THE, FSE 3T ThRE
3tk e BT ROFCARN TRy IR FE A B
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P() FEE~F B R ?Mwﬁﬁ%@ﬁﬁﬁw
?%,; Q) EE~E B

BOERG 20 Bk 24 AR
%14’#F4ﬂ~?iww*f T gk T g ¢15~2%%mﬁ 3)
B~ L 37 ¢ 4140 VA o fdhi2 A EREHET ca #ie
%m.iﬁ@+ﬁa%ﬁ%¢m’&iﬁif1%’ﬁ4%ﬂ%°bﬁiﬁm-
BEEISEEBEE  FO6~10mF « T gdfik? » B2 507
~1E 3} o(4) v F ¢ ~$4*’4”‘ 3~4 PEERF EFY IR
WoEAF ~THER AT 2XFY mra:s: 12~15 B 4 - %
FEe oo R I~2 X g b E Rk RFIERRE S THEIE
foan BoFigae 1o A KRB ARG A o

p

%T °

B iR RY O ERRIRAH L Y > B R 15~3 %
¥ 2dHBled A B RFREL LRI R FWA S AF L
frd u §ENSREP h g SR EED - ST AIOE S THA
R E R B TR 9 ¢ o P S ER A RN A
Ao R AT NS R RE o AN EIR S 2 o 2 F ke
ERXF % TATRI  EHES kT o MR 14 = &Rk

Ao F RS kiR B E S RO RRTH R E R
XA P RBIDA P e e v FI s Ll s FHR PSR B

a—

*A D rF Z EE (avicularin) ~ A& (quercitrin) ~ d-52 &
fi= (d-catechol) ~ ;2 & & fi& (gallic acid ) ~ wwefit (caffeic acid ) ~ ¥
f4 (oxalic acid) ~ # & (silicic acid ) ~ /& A & (chlorogenic acid) ~ p-
A 2k (p-coumaricacid) ~ A5 ~ § 45 - R B2 BAE o

LAIVRIE* R mER » FE 7 PURE* o fA 20 5 /2 783 Bk
éﬁm%wﬂ?’%%~@~@#zﬂﬁﬁ’%amﬁww*@,
HAm 73 e fRs I%"ﬂ“;&é.ﬂﬁljﬁﬁnr’% ERE Iy N ,
4FAARA NE I F M TR o

LMBITH I EE KR BRBEIM SR A S F ERIT
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Ji%'éfr_g » ¥ OH IT:‘/”}—Q-)Z‘A}‘&%IQ—*? —‘ﬂ"é‘:J
4. FFET 1110 SR EE D ’fzi“?P\ TR LR Frdlier o

ﬁ‘sm;;;]m#»riﬁ (T % 33 o

5.8 i IR MRS @R OgRE R F R0 7 ER TaIEY
FOOTAG B o BE KR A IRET o BRI
7 22 g (2.57~4.26 mg/kg) > ¥ & PR R ot AL 4 o

AMIREEFFLIAFEAF AT RECZAAAUZ T FH
EH M T AR o W & ‘"Pl?iuﬁi" | (10~20%) & 7} &
(1:40) chd ] R7&B 520 F 2/ 7 > #8150k 4 (1:50)
Pla 2FH/a07 0

Tl éi?
EENE -
L {(A5): “%%’i°”
2.(%g): “mF 7
3RS R CBE O RE
4.(AF ) REE

\"'q,\

249 ki B B

o

o

#»AAge DU RO BA s BH o RF R R 0 KBE
Fodw o AR EE S RB o
L{Ag): “2%iE > HAARBE > BRZF 7
2. (M) T kT aM o
3R R RSB OE vy &
4. (Eph): A2 T F 0 p R > x fepihc o
5.Ea 23 ) “FUL s e B o A MHIEF M &
T A F AR F P RHM G Nd R g o7
6. (p): “ioEpowmo I
TAFHRESEL) D “ino ) AR PR T
8. (imd ¥ ) “ipirf iEkd WIRB K o7
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FER RERE LAY

KRt
- RERHMHERT RE

L7 &+

AP 2 BHEEGT AR R E4 By dD 2
PEYEFE RS ERE (P FY B LF RIS R B
Fe3 7 oid i 200 mesh & It 2 o
2.0 A7 3R

F % * 2.7 f& (methanol » MeOH ) ~ ¢ f& 2 fig (ethyl acetate »
EtOAc)~ & ¢ %= (n-hexane)~ [5 fix (acetone) RLp # Fgtd = &
a -2 750 (a-tocopherol)~ £ 3 ¥ fi5 (CD;OD) %2 7 Zhsgf® 5
¥ (butylated hydroxyanisole » BHA ) ptp # R Sigma = & » & it 47
4 (FeCly) 2 pgpt (acetic acid) PEp 48 B Merck > &7 Jfrib f& (linoleic
acid )~ Fr § fa4%(NH,SCN )~ & ¥ * 4 (NaOH ) &t = & 47 (KH,PO,)
PEP P & Wako 2 2 o 12 F 495 RIS L EE & HPLC & o & i
Pl oe g BB EAS 0 A K3 2mL 4k 4 «JIFl 555 % 0 BT -20°C 4 i
Bg# &l B FELATRGE -

3.8 % R E
(1) i 3¢ R Rk S5t

# * p & Tokyo Rikkakikia 2> # #7 Eyela Cool ECS-50 %]k
(2) % b - 7 0 %k %2k

i * p & Hitachi = & 77 U-2001 Spectrophotometer °
(3) otk

% p AT+ (JEOL) IMS/SX/SX 102A B3 & ©
(4) it R
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i * VXR-300/51 4| e+ #= k3 % ('H-NMR 2 600MHz ~
PC-NMR 2 75MHz) ]
(5) % »xi% 4p % 7 &k (High Performance Liquid Chromatography)

i #* p A Hitachi = & L-7100 3] % 4p & 47 &k » P # Hitachi =

7 L-7420 3] ek = ’F}EW "7 & 47 % 5 p A Hitachi = # D-7500

ek 4748 TR IR A o

(A) ~ 73] % »cik 4p ’%i 5
¥4 % P & Nomura i § 2 @ 2 Develosil ODS-5 ¢ ¢
(4.6x250mm)

(B) ® &3l % rxiktn k45
%4 % P A Nomura i* & 2 7 2 Develosil ODS-7 ¥ &
(20x250mm)

4. L E A

(1) Silica gel 60 #f75 (70-230 mesh » 48 & Merck = & ) °
(2) ODS #t75 : Cosmosil 149C13-OPN ( P & Nacaliai Tesque = & ) o

5. HPTLC-Fertigplatten Cellulose F ( 4¢& B Merck 2 & ) ©

- ~F &2
Lieg 124 iR

AR LY PR RS RATZ A EA4BIZ (ferric
thiocyanate method) (7% 9 % - 1967 ; g % > 1991) % 5 g i* |en
B > 2 (B 40) -

BRI~ a - 25 pE (a -tocopherol) % 7 AFFAT F
¥ (butylated hydroxyanisole » BHA ) 4 %|fe @l =t k& 5 1 mg/mL 2
PERAR > 2P~02mL 4 » B EFEF AS50mL = 4075 o
WRERE 4 » 27 FER02mL)» = 487357 > £ & %4~ 0.13
962 I b f ? A% 0% 10mL 2 1/30M pH 7.0 2 gifit ¥ =% 10 mL>
Bofs i3 g kR R 25mbe ¥z AITH B~ 40C AR ILE
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WA o FIR24 ) EF RN TES F R T AT o

Bid F s Pob b F AT 02mL I 5 94mL75%" Fiokia
g Y o Lk de & VAR BAA R (245 x107g FeCly / 10
mL 3.59% HCl) 0.2 mL » %5 § 4% ;% (3g NH,SCN / 7mL dist. H,O)
02mL-3cFR2RRE35] > F = A 4ais > £ #PIAE 500 nm ~
2 BT IR e

WS F A A F B B BT (FT ), g g
oz BT (F ) sk it ehz R4S o mf il
3 (SCN ) F oam 4 X d fn§ fedhiss i &4 [Fe(SCN), )
d BT L H B S00 nm k2 B KT f 4R chm sk E o F W ih
FUOARRGR SEF LA LTS ] RS E P
E R rjf;@ 5 oppd 4 i&;@;‘;&‘-’ Fptd Rk @k o T e m (F i
A2 R TV Ay MBS o HE Bt deT

ROOH + Fe?*— RO « + OH + Fe3*

Fe3* + 6 NH,SCN — Fe(SCN)s + 6 NH,*

Fe(SCN)63_ : red pigment complex at Amax 500nm
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(A & & = (BHA > « -tocopherol)  #=+#]%e
0.2mL(1mg/mL) 0.2mL(1mg/mL) (7 B%)

v
4o 10mL I Frid fe / ¥ B33 % (0.13 1 100 v/ v)

v
4 10mL 1/ 30M pH7.0 B4k 3 e

v
F W24 pERIE FLF VA2 R

B~ b ifia R 0.2mL

4v 2 75% @ B8 9.4mL

dv o~ Fr§ B4R R 0.2mL

deor 7 F Iz BAERA R 0.2mL
Fg = A48 0 P H 500nm2 sk sk B

A e

B140 ~ Fifk § 480F 2 P T A2 ] o
Fig 40. Analytic procedure for the ferric thiocyanate method.
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DEEF AL F s AE M

2-1. #13? RN Y

B6 DTHEER AL IOLZ P BEAFFEZ X~ BRRE
o T 1 g g R Rk ﬁﬂﬁg"L 1 40C T ik ﬁﬂt'é
Prawrl ALz B e e fEAF RS 0 G K A RS
BTEDID e SRR L B o AR T LT B
P LU BRABERBIL AT FIRAREBP 2 fE o

Hrr 18 2 e F P

2-2. ® "4 g 4Lk 47 (silica gel liquid column chromatography )

BHcpe fa¥odr kypl 41 97m RARE THF C A A2 A
B A LB F Y2 BTy ¥ $.(6.5%90cm) ik (7 4P F
kAT B kpiEERAEILT SR e Ay (viv) =100
0-~80:20~60:40~40:60~20:80~0:1002% 2 phe fig - 7
e (v/iv) =50:50~0:1002 3% » #4115 % 500 mL 5 H
FlREFER FIRERSD Kb Am-T Ak kR RFR
A £ 270nm 2. Gk BT F AL TR RSBIRE wA G S BRSO
et E A A wRHRE 0 A WAL RRABGE RRRIE S T

2-3.0DS i 4p & L 4 17

BhmEfig Y2 R A VIE ~ v F Cosmosil 149 Ci3-OPN 2.
ODS #1752 # +1(2.5 x 50 cm)i& 7R 49 F HA 47 » ®e A VIZ "0k i2
L33 k" @ (v/iv) =100:0~75:25-50:50~25:75~0:
100 2 ® B 2 Ak (v/v) =50:50~0:100 2 7% % » #4kip i
S50 mL 5 B e imip > Zigicipad #ohm-v o ke sk k
FHRFRAE 270nm 2 K EH T EALITHR 0 RS BIL wA S
5B R A 0 MR R A BEE A B R B R H HRF 1
Moo

2-4. % = = ODS je4p ¢ 4 7

B ¥R FLE 2 % A VI-1 2 VI-2 &2 HPLC A 4514 » ‘Elz‘ﬁﬁ
m 5= ODS/&*B?’}I@’H %SFA\VI13~V12/"
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» Zu ¥ Cosmosil 149Cis-OPN 2. ODS #3752 ¢ L (2.5x50cm) & {7

AP E AT 0 B AV 2 VI2 2 R iE L 3 43 kT B (v/iv)

=100:0~95:5~90:10~85:15~80:20~75:25% 70: 30
cd ¥

AR RENE SOmML FHEEEA KRR EANRERE
AT R Rk R F R R L& 270nm 2 sk ki T SR iE
B> 2 R mA S 5 BEHA B TAAS RS T fAs
ER LR R IR A

% »T;% 4p & 47 (high performance liquid chromatography » HPLC )
Bt EFiy L2 % A VI3~ VI-(142)-7 f1* 3 i 4p i 7i8
At AR B RRAB AT FES RGP RARIEL L
2P IEE R A A B RAP AT EAF S I IE e B

BOTRAP R AT 2 S TR 0 BT R

2-5.

¥ TR AR R AT 0 2 A e T

(A) #1473 % »cire 4p & 17

¥4 % P & Nomura i § 2 & 2 Develosil ODS- 5 ¢ 41 (4.6x

250mm )’ * #%& ;% ¢ methanol 2 water & & 177 & d 7 FRF I 2
oriE 5 0.8mL/min > MR & 5 UV270nm ©

-~

(B) @ w A% »citn k47
¥4 % P * Nomura it § 2 # 2 Develosil ODS- 7 ¢ +& (20x
250mm )> % #% /% ¢ methanol 2 water & & 177 & d 7 FAF I 2

siiE & 5.0mL/min 0 18 R = UV270nm -

3-1. Bt Pz gk k4T
£ 74 - Cellulsoe
BB R 20% -ﬁﬁé’ﬁi%ifé

& ¢ A& : FeCl, (3% in methanol)
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3-2. 'H-z2 BC-mEie ('H-2 BC-NMR) kzp 2

#-ih iy 2_ g 1 A A A w)% %Y methanol-dy ¥ 0 2 VXR-300/51 7
Ppi s 4R %3 %k ('H-NMR ™ 600MHz ~ "C-NMR 12 75MHz) ] Z_°
e BliAa A 5 CD;OD » k3 fF47 12 § % 1 1 & =4 (chemical shift) >
I 1 TMS ( tetramethylsilane ) “v & v L % 8L > g & 7 H %

(singlet) ; d % 7+ g4 (doublet); t % 5 = 3% (triplet); q % 77
2 44 (quartet); br % 57 B % (broad);m % 7+ % £ &4 (multiplet) o

3-3. FE R
AF R Z Rl P R FEMNYZ T H (Fast Atom
Bombardment Mass Spectrometer * FAB-MS) » i 4 b & 4 B+ ¢
tehXenon i+ K & L& PFHLR 0 & * HF R 5 IMS/SX/SX 102A
(JEOL) 3 ik -
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Polygonum aviculare L.

Ground; extracted with MeOH; filtered,
concentrated

| |
residue MeOH crude extract
| Extracted with n-hexane

n-hexane extract residue
| Extracted with EtOAc
|
EtOAc extract MeOH extract

v v

Antioxidative test (ferric thiocyanate method)

v
EtOAc extract

i Separated by silica gel column chromatography

n-hexane 100 80 60 40 20 0 EtOAc 50 0
EtOAc 0 20 40 60 80 100 MeOH 50 100
fraction I O m v v VI VI
i Antioxidative test (ferric thiocyanate method)

VI
lSeparated by ODS column chromatography

H,O 100 75 50 25 0 MeOH 50 O
MeOH 0 25 50 75 100 acetone 50 100
fraction 1 2 3 4 5 6 7

Antioxidative test (ferric thiocyanate method)
HPLC analysis

v v

VI-1+VI-2 VI-3
i<7 Separated by ODS column chromatography
H,O 100 95 90 8 80 75 70

MeOH 0O 5 10 15 20 25 30
fraction 1 2 3 4 5 6 7
*‘7 HPLC analysis

VI-(1+2)-7

ri isolation with HPLC g
v

1,2,3and 4
B4l ~ Fafis 07 2420 o

Fig 41. Scheme on separation and isolation of antioxidantive components from

Polygonum aviculare L.



4L 24 =A
‘ﬁp % e Pd‘ #m

7

- CRECHCMERFAT 3 AL Fe . g
o

[d

1.3 v & A 2 4 & 5 B

—

- e i—*{ﬁ’\‘% RSN NOF S I I S S R

SIS G A R o M6 D TE TR AL 10 L2 0 fEE AF 5B
3ﬁwﬂ%@ﬁ@%ﬂﬂ“@ﬁﬁ%@%ﬁﬁ%&%*4OCTkﬁﬁii’
TR A ERY s LB 4L 2 1 YRR e e T e 5B
PERFPZ 0 BEPRRGFIACY L > TR L RS L LT iy
g B FIRL IS REEERI G T RE P 2 FIRAS P
2 AFLA 60 RAFK S 13.06% 0 = 57 b M E B R F
WirplBIE L F CRBIE%RA L BHA> ¢ e fip 5B
FPOPBmEBRL>IL REBRLE>g-4 TR>ENE (PRE) B
BHrhaeRemEPPLIis PHEL B RBAZTESFY By
1> ¥ H Fg {33 g - tocopherol » ® ¥ BHA 2z 7§ i“ F 440 %
(B 42) FIp P E e fet fig 5 P47 :2 (7 silica gel /e4p ¢ LK
7 °

2.Silica gel % 4p ¢ = % 7

HEEL e ﬁﬁi’ﬁx# LAl * L F e A L # silica
gel 2 #4 (6.5x90cm) EFRApE A > B RRHFEERAE
fre% ooy (viv) =100: 0~ 80: 20+ 60 : 40 ~ 40 :
60~20:80~0:100 % e fez fig: ? % (v/v) =50:50~0:100
oA s RN EFLS00mL A HE g B h R FAL R R
Had R chm-w L kaock k¥ kAL 0 ik E 270 nm & 5T
S iE B 270nmzv1%fﬁi%ﬂ’t%»‘fif%l§%]’#?.Tﬁm/’v\*—“ B % A (F
43)e " A GRFEFE P REAF(R T RAEF S 7592
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% ERAMETRBZRAPERT VI (R44) BEHETF
S VIzZo 4 1 MR o d) 58 3% a -tocopherol 0 iR BT A VIAY &

EE L IRTIE RPN

2O R LABHER L AT

Table 6. Yields of the solvent extracts of Polygonum aviculare L.

Extract Weight (g) * Yield (%)
n-hexane extract 163.6 2.73
EtOAC extract 76.4 1.27
MeOH extract 543.5 9.06
Total 783.5 13.06

* sample weight : 6.0kg
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Fig 42. Antioxidative activity of the solvent extracts from Polygonum

aviculare L.
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Fig 43. Silica gel liquid column chromatogram of elution fractions from ethyl acetate extract of

Polygonum aviculare L.
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Table 7. Yields of elution fractions separated from ethyl acetate extract of

Polygonum aviculare L. by silica gel liquid column

chromatography
Fraction Weight (g) * Yield (%)

I 3.0 3.93
I 3.6 4.71
I 5.2 6.81
I\ 10.7 14.01
\% 3.3 4.32
VI 30.7 40.18
VI 1.5 1.96

Total 58.0 75.92

* weight of the ethyl acetate extract : 76.4 g
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Fig 44. Antioxidative activity of elution fractions from ethyl acetate
extract of Polygonum aviculare L. by silica gel liquid column

chromatography.
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Fig 45. ODS liquid column chromatogram for fractionVI from ethyl acetate extract of Polygonum aviculare L.
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Table 8. Yields of elution fractions separated from fraction VI of

Polygonum aviculare L. by ODS liquid column

chromatography
Fraction Weight (g) * Yield (%)
VI-1 5.8 18.89
VI-2 3.6 11.73
VI-3 4.7 15.31
VI-4 2.8 9.12
VI-5 3.0 9.77
VI-6 2.7 8.79
VI-7 1.3 4.03
* weight of the fraction VI:30.7 g
| ) 77.85
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Fig 46. Antioxidative activity of elution fractions VI from Polygonum

aviculare L. by ODS liquid column chromatography.
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Fig 47. ODS liquid column chromatogram for fraction VI-1+VI-2 from Polygonum aviculare L.
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20 EHC e faE itk T A VI-1+VI-2 5 ODS i 4p 8 ok 47
R RFFLASF
Table 9. Yields of elution fractions VI-1+VI-2 separated from ethyl

acetate extracts of Polygonum aviculare L. by ODS liquid
column chromatography

Fraction Weight (g) * Yield (%)
VI-(142)-1 1.1 11.7
VI-(142)-2 1.6 17.02
VI-(142)-3 13 13.83
VI-(1+2)-4 1.3 13.83
VI-(142)-5 13 13.83
VI-(142)-6 1.1 11.7
VI-(142)-7 0.7 7.45

Total 8.4 89.36

* weight of the fraction VI-1+VI-2:9.4 ¢
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(A)

Column : Develosil ODS-5 (4.6x250mm)
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : 0.8mL/min

b) Detector : 270nm

—

S T Sk o B R B QN SRR BRE B SR O L RE R S - T S o e N SO S

Retention time (min)

(B)

Column : Develosil ODS-7 (20x250mm)

Eluent ! MeOH : Water (v/v) =50 : 50 ﬂ
Flow rate : SmL/min
Detector : 270nm

B N R T

Retention time (min)

B 48~ FHE LR MEPF R %A VI3 2 32047 R (A4
173 B)EHF 3 -
Fig 48. HPLC chromatograms of fraction VI-3 separated from ethyl
acetate extract of Polygonum aviculare L.(A) analytical HPLC
chromatogram (B) preparative HPLC chromatogram.
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(A)

Column : Develosil ODS-5 (4.6x250mm)
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : 0.8mL/min

Detector : 270nm

- ——

Retention time (min)

(B) 1

Column : Develosil ODS-7 (20x250mm)
Eluent ! MeOH : Water (v/v) =50 : 50
Flow rate : S5SmL/min

Detector : 270nm

Retention time (min)

BlADF 5o e fi B i 4o 12 % % 4p & 47 B (A)2 453
B)H % 1 -
Fig 49. HPLC chromatograms of the isolated component 1 from
Polygonum aviculare L. (A) analytical HPLC chromatogram
(B) preparative HPLC chromatogram.

96



(A)

Column : Develosil ODS-5 (4.6x250mm)
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : 0.8mL/min

Detector : 270nm

et —————— (]

Ly

Retention time (min)

(B)

Column : Develosil ODS-7 (20x250mm) ﬁ
Eluent : MeOH : Water (v/v) =50 : 50

Flow rate : 5SmL/min
Detector : 270nm

Retention time (min)

BIO0EE e fac fE st it i 2 2 B oA & 15 B (A)A 453
B)E# 3] -
Fig 50. HPLC chromatograms of the isolated component 2 from

Polygonum aviculare L. (A) analytical HPLC chromatogram (B)
preparative HPLC chromatogram.
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A Column : Develosil ODS-5 (4.6x250mm)
( ) ﬁ Eluent : MeOH : Water (v/v) =50 : 50
i Flow rate : 0.8mL/min
f Detector : 270nm
/ i
Retention time (min)
3

(B)

Column : Develosil ODS-7 (20x250mm)
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : SmL/min

Detector : 270nm

Retention time (min)

BIOlEEe e ¥ st b i 32 3ociptp k7B (A)A 453
B)H#% 3 -
Fig 51. HPLC chromatograms of the isolated component 3 from

Polygonum aviculare L. (A) analytical HPLC chromatogram
(B) preparative HPLC chromatogram.
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(A) Column : Develosil ODS-5 (4.6x250mm)
Eluent : MeOH : Water (v/v) =50 : 50

Flow rate : 0.8mL/min

Detector : 270nm

Retention time (min)

(B) 4

Column : Develosil ODS-7 (20x250mm) |
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : SmL/min

Detector : 270nm

Retention time (min)

Bl 52 EHCpie faiBd it &% A VI-(1+2)-7 2 & 2% 40 & 47 B
(A)~ 173 B)W# 3 -
Fig 52. HPLC chromatograms of fraction VI-(1+2)-7 separated from
ethyl acetate extract of Polygonum aviculare L. (A) analytical
HPLC chromatogram (B) preparative HPLC chromatogram.
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(A)

4  Column : Develosil ODS-5 (4.6x250mm)
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : 0.8mL/min

Detector : 270nm

gL

| =
|y

l =

-

Retention time (min)

(B)

4 Column : Develosil ODS-7 (20x250mm)
Eluent : MeOH : Water (v/v) =50 : 50
Flow rate : S5SmL/min

Detector : 270nm

i

b

‘ﬁ";‘f

- j £ 1
+—1 4 <3 =1

Retention time (min)

RO REHLeMLMmEFPFHIL ST 42 320ipk 7R (A)A 473
B)E# 3] -
Fig 53. HPLC chromatograms of the isolated component 4 from
Polygonum aviculare L. (A) analytical HPLC chromatogram
(B) preparative HPLC chromatogram.
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S EES ST BER A R 4 R
L 1 2 s

BivgE 1 A8 ¢ k% o Cellulose TLC (& B | 20% -ﬁ'ﬁ-‘rﬁf}ii%
% 0 B 54) Re0.25 > UV A max (MeOH)nm 255.6, 267.3 (sh), 348.5 &
luteolin §&  #g v ( B 55, Harborne et al. 1975 ) - FAB-MS (m/z) 7 & -1
AT A 449 MHH ) #T A R B 33 s 287( (M+H-glucosyl)’,
(luteolin+H) “ X Bl 56 ) 4&ip] 5 luteolin ¥ # 5 #& - 'H-NMR(600MHz,
CD;OD - B 57) » 6 6.95 (1H, d, J=8.7Hz), 7.40 (1H, s), 7.42 (1H, d,
J=8.THz)% 7t 1! luteolin B Z + C¢-H, C-H 2 Cs-H e+ A3 5 8
6.49 (1H, d, J=2.1Hz), 6.60 (1H, s), 6.80 (1H, d, J=2.1Hz) > B] 5 luteolin
Ce-H, Cs-H, Cg-H e/F =+ jh3n 5 &ed #2384 8 5.06 (1H, d, J=7.2Hz),
3.39~3.98 (glucosyl 5 protons) > +* ¥t4p B < 1,% ( Harborne and Mabry
1982)> s iv 1 H 1 thig 4 # % 5 luteolin-7- O- B -D-glucopyranoside
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Component 1

Luteolin-7- O- 5 -D-glucopyranoside

CH20H
H 0
OH H

HO

UV A max (MeOH) nm : 255.6, 267.3 (sh), 348.5
Formula : C,;H,,0y;
FAB-MS (m/z) : 449 (M+H] ', 287 [ M+H-glucosyl ] *
'H-NMR (600MHz, CD;0D) : &

7.42 (1H, d, J=8.7Hz, Cs:-H),

7.40 (1H, s, C-H),

6.95 (1H, d, J=8.7Hz, C»-H, C¢-H),

6.80 (1H, d, J=2.1Hz, Cs-H),

6.60 (1H, s, C5-H),

6.49 (1H, d, J=2.1Hz, Cs-H),

5.06 (1H, d, J=7.2Hz, glucosyl C,--H),

3.39~3.98 (glucosyl 5 protons)
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component

Bl 54~ FES M3 F ik kT -

Fig 54. TLC chromatogram of the isolated components from
Polygonum aviculare L.
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WAVELENGTH SCAN/1 05/26/04 14:50

L 000

RISS5~BHEH 125 k-7 AL LR -

Fig 55. UV-visible spectrum for the isolated component 1 from
Polygonum aviculare L.
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Fig 56. MS spectrum for the isolated component 1 from Polygonum aviculare L.
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Fig 57. "H-NMR spectrum for the isolated component 1 from Polygonum aviculare L.
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Fig 58 .">C-NMR spectrum for the isolated component 1 from Polygonum aviculare L.
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it 22544 %k Cellulose TLC # + (& ik 20% fiF ik
K% ) Re0.46 (B 54)> 2 5 3% FeCL, " fRiairvf REIMES » &
B C-4 fr A B = 2 53 OH (Harborne, 1975) > UV k3% (B 59)
'H-NMR %3 (B 61) o it £ 5 3 L aggin s L B s
FAB-MS (m/z) (Bl 60) A 3 33 42t 595 M+H ) "> '"H-NMR 3 >
BC-NMR %z (B 62) 325 = B glucosyl £ ® » s} #1if (Harborne,
1993 ; Harborne and Mabry, 1982) » ' it 1= 7 2 chi3 4 # % 5 apigenin
7,4°-0- 3 -D-diglucopyranoside °



Component 2 -
Apigenin 7,4’-O- /3 -D-diglucopyranoside
UV A max(MeOH) nm : 255.8, 264.6, 299.8, 358.8 (sh)

CH20H
Formula : Cy;Hsg0 v
ormula 27013015 "CHZOH 8 1 . HO H
FAB-MS (m/z) : 595 (M+H]) © 00 , "L
)
'H-NMR (600MHz, CD;0D) : § 1O ; OH H

7.83 (1H, d, J=2.1Hz, Cs-H),

7.76 (1H, d, J=2.1Hz, Cs-H),

7.57 (1H, d, J=8.4Hz, C,--H, C¢-H),

6.86 (1H, d, /=8.4Hz, C;-H, Cs--H),

5.23 (1H, d, J=6.9Hz, glucosyl C;~-H),

5.15 (1H, d, J=7.8Hz, glucosyl C;»-H),

3.74~3.85 (10H, m, 2 x glucosyl 5H)
BC-NMR (75MHz, CD;0D) : &

179.44 (C-4), 166.08 (C-2), 162.92 (C-7), 158.77 (C-4"),

158.41 (C-5), 158.42 (C-9), 139.57 (C-2°, C-6"), 122.88 (C-1),

117.65 (C-3°, C-57), 105.65 (C-10), 105.33 (C-3), 104.24 (C-6),

101.90 (C-17), 99.93 (C-8), 94.74 (C-1""),

78.06, 78.34 (C-5, C-5"7),

75.70,77.13 (C-3, C-3""),

73.15,75.06 (C-2, C-2""),

69.98, 71.18 (C-4, C-4""),

61.91, 62.52 (C-6, C-67)
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WAVELENGTH SCAN/1 06/08/04 03:13
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Fig 59. UV-visible spectrum for the isolated component 2 from
Polygonum aviculare L.
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Fig 60 .MS spectrum for the isolated component 2 from Polygonum aviculare L.
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STANDARD 1H OBSERVE |
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o e
k. o3 0 %
exp3 stdilh < PR
i
SAMFLE DEC. & VT L l 4
date May 27 Z004 dfrg 300.066 i i~
solvent CD300  dn H1 |
file exp dpwr 30 |
ACGUISITION dof a |
sfirq Z00.067 dm nnn
tn H1l dmm c
at 3.413 dmf Zoo
np 32768 dseqg
S 4800.8 dres 1.0
iy 2600 homo
bs 4 PROCESSING
tpwr 59 b 0.10
P 6.2 wtfile
dl 0 proc i
tof 723.5 fn BSS536
nt 256 math f
ct 112
alock n werr
gain not wsed wexp
FLAGS whs =
il nwnt =
i n b
dp ¥
hs mn
DISPLAY
sp -601.3
wp 4800.8
vs a2 =
sC (1] o~
wo 250 o
hzmm 19.20
is 500,00 )
rfl 1591.6
rfp 990.2
th 19
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\-3.239
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13 1z 11 10 9 a8 7 ] 2 1 - -1 ppm
W o oL i
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Fig 61. "H-NMR spectrum for the isolated component 2 from Polygonum aviculare L.
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B
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Hay 26 2004
T cDE00

DEC. & W1
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Y
dnm A
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Ly -
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math 2
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Fig 62. "C-NMR spectrum for the isolated component 2 from Polygonum aviculare L.
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B3 EF § Bk o Cellulose TLC ¥+ (B B % 20% Fy e
ki % OR:0.78( B 54 ) UV 2% (§] 63 )& 3.5 flavone % 1 266.2nm
5 A TRk 03235, 3441 (sh) 5 B ks » 434 élﬁ%?g’i‘rl?i’
apiin #p % %17 (Harborne etal., 1975) - FAB-MS (m/z) ( B 64) % 7
A3 HEF A 455 (M+Na ) 7433 (M+H ) © > %75 84 35 3n 395

(M-H-2H,0 ] " » 428 A4 F 3% CyHyOyp > 7 F 24FEfAe & (aglycone )
apigenin 4r + — = #pE o 'H-NMR k3 (600MHz, CD;OD, B 65)
856.93 (2H,d, J=8.7Hz) ,7.88 (2H,d,J=8.7Hz) %~ %W % 1,4 = =X B
% + phenyl C3-H, Cs-H > 2 phenyl Co-H, Co-H = e AH + 3
8649 (1H,d,J=2.1Hz) ,6.81 (1H,d,J=2.1Hz) ~ & % A%} 1,2,3,
5 w P~ % cfiphenyl Co-H , Cs-H f®t meta = ¥ 8+ 4318 5.15(1H,
d,J=7.4 Hz) % [-form glucosyl C;~-H #f + L3 > §3.40~3.85 R %
glucosyl 5 & § = 3 » PC-NMR (75MHz, CD;0OD, B 66) gt i =+
27 4 3 TH-NMR k3 enda 20 vt 42 }]?%( Harborne, 1993 ; Harborne
and Mabry, 1982) # < % it # % 3 % apigetrin (apigenin-7-O- 3
-D-glucopyranoside ) °
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Component 3 -

Apigetrin (Apigenin 7-O- /3 -D-glucopyranoside)

UV A max (MeOH) nm : 266.2, 323.5, 344.1 (sh)
Formula : C,;H,,0q
FAB-MS(m/z) : 455 [M+Na ] ', 433 [M+H] ",
395 (M-H-2H,0 J *
'H-NMR (600MHz, CD;0D) : &
7.88(2H, d, J=8.7Hz, C»-H, C¢-H),
6.93(2H, d, J=8.7Hz, C5-H, Cs-H),
6.81(1H, d, J=2.1Hz, Cg-H),
6.65(1H, s, C5-H),
6.49(1H, d, J=2.1Hz, C¢-H),
5.15(1H, d, J=7.2Hz, [3-form glucosyl C;»-H),
3.40~3.75(5H, m, glucosyl 5H)
BC-NMR(75MHz, CD;0D) : §
184.07 (C-4), 166.78 (C-2), 164.78 (C-7), 163.43 (C-4"),
162.88 (C-5°), 158.96 (C-9), 129.62 (C-2’, C-6"), 123.03 (C-1"),
117.66 (C-3°, C-5°), 107.31 (C-10), 104.09 (C-3), 101.61 (C-1""),
101.18 (C-6), 96.05 (C-8), 78.38 (C-5"), 77.85 (C-3"),
74.72 (C-27), 71.28 (C-4"), 62.46 (C-6"")
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WAVELENGTH SCAN/1 04/16/04 02:27

L 000

Bl 63 BEWS 5 32 % k.7 0 kM -

Fig 63. UV-visible spectrum for the isolated component 3 from
Polygonum aviculare L.
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6-3-7-G
1035 40 (0.227) Cn (Cen,5, 80.00, Ht); Sm (SG, 2x0.75); Sb (2,1.00); Cm (12:183) Scan FB+

100- 395 5.84e5
373
393 .
433
371
3::-,679 374 413 434 455 N
309‘311 { 385 411 (415, || 437 465477485  aso

T oo o . R ot O o g

300 310 320 330 340 330 360 370 380 390 400 410 420 430 440 450 460 470 4S80 490 500

Bo4 - RES LTI FHMm -

Fig 64. MS spectrum for the isolated component 3 from Polygonum aviculare L.
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STANDARD 10 OBSERVE [
STANDARD 1H ORSERVE ‘

Pilse Sequence: sipul : " :
| b @ Pulsa Sequencel s2pul
[ " "
| I
|
|
| H
| n
| LL]
- |
a
v ! If
|
I

%851

&L BLE
—&.808
. E.ms3
CoElass

s.081

T ——
e
<
4.1z

W65 EHHMFHH 32 HPps iRk -
Fig 65. "H-NMR spectrum for the isolated component 3 from Polygonum aviculare L.
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6-3-7-G
exp2 stdl3c
SAMPLE

date Apr 23 2004
solvent CD30D
file xp
ACQUISITION
sfrqg 75.460
tn c13
at 0.869
np 32768
sSw 18858.0
fb 10400
bs 16
tpwr 55
Pw 4.8
d1 2.000
tof 1220.8
nt 16384
ct 16384
alock n
gain not used
FLAGS
i1 n
in n
dp y
hs nn
DISPLAY

sp -664.5
wp 9.0
vs

sc

< 250
hzmm 5.44
is 0.00
rfil 4361 .6
rfp 97 .1
th

ins 100.000

nm  no ph

128.151
~-123.025

121.225
-119.470
. 117.060

—129.616

164.783

T.162.845

—166.781
158.955

184.067
107.067

156880
107311

142.783

<
2
3
©
~gc_, R
293
oS
o84S
S
RS
>SS0S
<
S | -
=

49.000

—48.275
\.48.710

~—49.839
49.564

/

76.142
74,723

- 79.387
62.456

-

~-71.275

\69.642

.48.420

\__48.146

66~ FHEHLHEI2 PC-himsirkiim -
Fig 66. "C-NMR spectrum for the isolated compone 3 from Polygonum aviculare L.

DEC. & VT
dfrgq 300.066
dn H1
dpwr a9
dof 0
dm Yyy
dmm
dmf 92539
dseq
dres 1.0
homo
PROCESSING

1b 1.00
wtfile
proc ft
n not used
math f
werr
wexp
wbs
wnt
O L s me e e

200 180

I e e S

ppm



4L‘$ It ;f;v ’Fﬁ’ 4 i%ﬁ-%ﬁ’fi’i

BSR4 Bk ¢ 8 & > Cellulose TLC (& B | 20% —ﬁ'ﬁif]ﬁ%‘\
#)R0.84( B 54)) 2 '"H-NMR F 448 - BH FaEopE i 24
UV sk k3§ (B 67) Amax(MeOH)nm 255.8, 264.7 (sh), 299.8 (sh),
358.8 22 rutin 17UV ( A max, nm) 259, 266 (sh), 299 (sh), 359 4p & #f
s gip) H xS LA Ak (quercetin) cHEEFE o FAB-MS (m/z) (B 68)
B AT ok 627 (M+H ) "o ¥R 9 33 L 5 465

[ M+H-glucosyl J *, 303 [ (M+H-2xglucosyl)’, (quercetin + H) " J -

'H-NMR £ 3#( 600MHz, CD;0D, B 69):8 6.20( 1H, s), 6.39 ( 1H,
s) ,6.86(1H, d, J=8.1Hz, H-5"),7.58 (1H,d,J=8.1Hz) ,7.83 (1H,s)
& w5 il ik Co-H, Cs-H, Cs-H, Co-H, Co-H e /f =+ 3 > # ¢ §7.83
= ¥Li fr 7-O-glucoside £ 4’-O-glucoside s B =+ A 318 5.15( 1H,
d, J/=7.8Hz),5.24(1H, d, J=7.8Hz )~ %] & [ -form glucopyranosyl C;--H
2 Cp-H e+ 3 0 8 3.41~3.85 R & = & glucosyl F 910 & F +
A2 o PC-NMR 7 % 4% + it 3 3h(R® 70) 0 i 4 T4 g TS5
quercetin-7,4’-0- 5 -D-diglucopyranoside °
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Component 4 :
Quercetin 7,4’-0- 5 -D-diglucopyranoside
GH20H

UV A max (MeOH) nm : 255.8, 264.7 (sh), 299.8 (sh), 358.8
Formula : C,7H3405
FAB-MS (m/z) : 627 (M+H] ', 487 [ M-glucosyl+Na ] ",
465 [ M+H-glucosyl ) *, 303 [ M+H- 2xglucosyl ] *
'H-NMR (600MHz, CD;0D) : &
7.83 (1H, s, C,-H), 7.58 (1H, d, J=8.1Hz,Cs-H),
6.86 (1H, d, J=8.1Hz, Cs--H), 6.39 (1H, s, Cs-H),
6.20 (1H, s, C¢-H), 5.24 (1H, d, J/=7.8Hz, glucosyl- C;--H),
5.15(1H, d, J=7.8Hz, glucosyl C~-H),
3.41~3.85(10H, m, 2xglucosyl 10 protons)
PC-NMR (75MHz, CD;0D) : &
179.43 (C-4), 166.13 (C-7), 162.95 (C-5), 158.99 (C-2),
158.42 (C-9), 149.91 (C-4’), 145.79 (C-3°), 135.57 (C-3),
123.18 (C-1’), 122.92 (C-6°), 117.76 (C-5"), 116.08 (C-2°),
105.36 (C-10), 104.26 (glucosyl C-1, C-1"""), 99.94 (C-6),
94.76 (C-8), 78.35, 78.08 (glucosyl C-57, C-5"),
77.15,75.70 (glucosyl C-3°, C-3"7),
75.07, 73.17 (glucosyl C-2”°, C-2""),
71.20, 69.99 (glucosyl C-4>*, C-4"),
62.53, 61.91 (glucosyl C-6°, C-6")
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WAVELENGTH SCAN/1 06/03/04 14:09

L, 000

Bl 67~ FEditd i d2 o k7 Lk LHF o

Fig 67. UV-visible spectrum for the isolated component 4 from
Polygonum aviculare L.
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6-12-2-B
104601 3 (0.051) Sm (SG, 2x0.75); Sb (2,1.00 ); Cm (3:92) Scan FB+
5.606e0

100, 3:|33

4
]

207

|| 223 - 391 . as87
241 273 1 1318 369 ) |-

™ F"""—'- Raflat 1

noan b

L L " L,

et el S asalinapalneadt el tal tvopedion —_— . "  Da/
380 400 420 440 460 480 500 520 540 Sed S80 600 N

230 240 260 280 300 320 340 360

0 _l.'-
200

68 - 5584 4L O -

Fig 68. MS spectrum for the isolated component 4 from Polygonum aviculare L.
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B-12-2-B
exp2 stdih

1,181

SAMPLE DEC & VT
date Jun a 2004 afrg F00.066
solvent CDo30D dn 1
1e exXp dpwir 30
ACQUISITION dof o
sfrg Z00.067 dm nnn
T H1 dmm
at F.413 dmf 200
np 2276 dseq
S 4800 .B dres 1.0
fib 2600
bs a PROCESSING
£ per 55 1b o.10
pw 6.2 wtfile
dl 0 proc fr
rof rz23.5 fn B55386
nt 512 math L
ct 512
alock werr
gaimn ot used wexp
LAGS. WS
i n Wit
in n
dip ¥
hs mr
DISPLAY
sp -601 .8
- AB0D .B
wE 162
sC
wC 250
hzemm 19.
is 1z2.
£ s58z.0
rfp 990.2
th i
ins 100 . 000
nm cdoc ph
=
=
=
~
- T T — — ¥ T T T T T T
13 iz 11 in 9 8 7 6 a 3
R g — —
1.2%.22 2.85% z.81 29.95 14_78 .88
1.04 z.71 3.1@ F.22 2.2330.4a4

69 FEWHF 842 HPsmEHm -
Fig 69. "H-NMR spectrum for the isolated component 4 from Polygonum aviculare L.
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6-12-2-8

Pulse Segquence: sZpul

69.703
61,907

\

SRR

-
S
. _
- -~ 5o = =
= T P e A r~m . =
= > o »
T ] -
= H 2 =
g Se = _
g = = _
= - 5 i .
3 == :
& S 5
- = i 3
w on £
- 8. . E
= = : )
= 8= = S |
- =7 3
= = e
b - -

—_— 119,907

B 70~ J 4 42 PP R R
Fig 70. "C-NMR spectrum for the isolated component 4 from Polygonum aviculare L.
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5.5 0 F B deg b4 pla

S HPLC A8t~ #ivis o B JEd & Bk A7 g 4
fals it 45 > & % 4 luteolin-7- O- B -D-glucopyranoside (1) ~ apigenin
7,4’-0- B -D-diglucopyranoside (2) ~ apigetrin (apigenin-7-O- 3 -D-
glucopyranoside ) (3) % quercetin-7,4’- O- 5 -D-diglucopyranoside (4)
Se EEEMAR o Umi gz RERE 4 (BT TE
luteolin-7- O- B -D-glucopyranoside ~ apigenin 7,4’-0O- 5 -D-
diglucopyranoside # quercetin-7,4’-O- 8 -D-diglucopyranoside % = &
PEE G ey it 4 > Hing it4 2 BHAMW Y o

’ —&— Control
25 | —=—BHA
—A— « -tocopherol
5 k —— Component 1
—X*— Component 2
—&— Component 3

—+— Component 4

Absorbance at 500nm

Component 1 : luteolin-7- O- 5 -D-glucopyranoside

Component 2 : apigenin 7,4’-O- 3 -D-diglucopyranoside
Component 3 : apigetrin (apigenin-7-O- 5 -D-glucopyranoside )
Component 4 : quercetin-7,4’-O- 5 -D-diglucopyranoside

B 71~ d B E A chd -5 2 fug e

Fig 71. Antioxidative activity of the pure components isolated from

Polygonum aviculare L.
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Fr g LFEHSLZFY
¥ E v g

S FEBE M A A

g & hovA (flavor) — fkdg enE & K Grel afpr o © VER AR E
gk fof vk R R (taste) 50 2L B & T N goAE A 2 2 B
£ 4 F (odor) PIZ d L8 By F b 4 GorAd 2 g i - &
.:L "? /\ ’.?L‘}é’&ﬁgffﬁ ‘Pal}' f"‘-r,‘?'”‘zam-rl} aw}kpﬁﬁ\:‘—:@
P 4g e F (Thomson » 1986) -

/

s £

oy

R vk = 4 (flavor component) & 4p % &4 4 vk 945 ;
PlAdciE e R en & B F A - F WELER  FEAT PR AT PRAR > fin %
%#ﬁﬁé%*@’%wé%%mﬁ’ﬁﬁsmﬁﬁotﬁw@wﬁ
FEPRAZHFESALE TR AR RS WA -

o

:Hu

PR A A F BT S f e T

14k & fJ2 e 3¢

BRI EARY B A B LB A BT £ A
Ad L BHUEL 8 TR N AR T RS #1K
.%

A”§~ SR A A i & e 4 chEa, s 0

(Pesek » 1985) o Pruthi (1990) 7= 45 ) M8 Btk & e 8L 5 R &%
ok o re o F VAR o MRS A R A B SR e i

2GRN FIASRG WA AERE
2.7 A i #

AR A R F R e 2 0 3 4k (Cuo 1989)
3.% X B 2

Eiserle & (1972) Rld4p &1 0203 # & & 5 PopF > Kf#i’s"ﬁ"f“ié””\ﬂ ’
R A R i I

&
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b k4 B (falvor substance ) ¥ 4 = = #f :

(1) * 22 4 =k 4 & (natural flavoring substance ) > ¥ E 4% 14 4 38 > & j&_
TRRELEIK AT L EEFEIR AR E A
pA R A I B RPE TR RPEENZ
A2 450  BFEAHRLpEFHRED2Z f’w%%
£ S % o

(2) = ZR#FZ N R vA P F(natural-identical flavoring substance) > & 1 *
CE A RE AR TAMB A A A S S
AR R o p P FEIRY a2 PRESERF D LG E 2
Bl4cd X4 (vanillin) o

(3) * i A =k4 & (artifical flavoring substance) o 7 # 1t & £ = 2 3
R 2 3 A AR B X 2 blave AR X H
(ethyl-vanillin ) e

650 4 LR eT (F 0 1986)

(1) = A 4F5e o eket 5] > B30 & Soeh g § 24 ¢ 424 700 & -

(2 B F FAER KL A0 5 F 2dicppm 3 100 ppm 2 F > 75
3 10°~107 ppb ¥ -

Q) oz FarERZEARIEL -

(4) miEA 2 A FIARE R o

(5) * I =& B % wh % (ordor potencies) & 3 £ £ 4 o

@)ré%*ﬁﬁ“ﬁﬁﬁfﬂﬁk’flﬁ» b E kA ER

U)é&éﬁ%*ﬁ#%ﬁ**ﬁ’ﬁ*%* LR LR
@) ¢ &

NE R L L LY RS

FERFAFLFEEG 2 AR R LR A d



P Eens 3¢ %R G T+ B (atomic group ) 0 L2 & F 4 B
(osmophore group) 4r# 10 #77F o 2 & S vRA;5 5 M2 it &4
e L

1. "5 %#pa i & ¥ (aliphatic acids )

A+ E 2 g% dodkpé (formic acid) ~ fy e (acetic acid) »
i i (propionicacid) & > % & 3 {1 f 2 fhrk & 7 'Iﬁ?J f-ef ek (rancidy
odor) Am trEMAFE B il S5 PR K &P
FooblaeD T Rene faitA b B4 g H b g ek o fbTd bR
23 ELEAR A o

2. %3¢ (alcohols)

M3 B enfEag B f o ¢ (spirit-like) 22 4
H 4v f PRBTE 1 & § vk o & % Chepty alcohol ) 3
alcohol) % I fi% (nonyl alcohol) 7 Emid F ° ¥ "Pi”ﬁ
o BFAREIERBER F o 4o f-2 WipE (S-hexenol) F w2 F X
Lo ¥R Y hg F ARG FHRZEBE ot g
(linalool) o @ % % — 44 § vk o

3. ik %8 (ketones )

S LR IS TE P SRR Rl SR A |
A 'rf.] P F o F B OEMEEF PA{%E 0 4o F ¢k (benzophenone )
A2 E R A § 4 FrsE (diketones) » 3 AF g vh o Ao ff
¢ fie (diacetyl) & 7 #7@#4mid F 3 HAR TN d 4 > ¥V a0 B-%
B@m (a > B-ionone) £i%x% k%2 §Fng 524 o
4. Fa %8 (esters)

fadpd AFLRMEEE U F L3 REHDFF > - &d T

ALl G E R £ MEJ F o2 ;R R Ay (isoamyl acetate )
¢ fafin (amyl acetate) 7 fix N fia (amyl butyrate ) & 5 #5024 Ef vk o
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¥oobd § A S A a0 § SRR o 4ot ¥ fiy (methyl salicylate )
A TR DA R A F A 0 B%RF T KT Ay (methyl anthranilate )

f
[ it*“%”f%{ MiEHED Y CEHF A5 0 F " LY fig (methyl benzoate )

- Ay Y pEREZ A BRI ﬁ%*?éﬁ“ﬁﬁ%’%fééi o4& fr
B 4B (fatty aldehyde) # - gtdfc] 4§ 4 §F B3 5T H 7 AL >
BB D Co~ Cp~ Cuy B RIS £ A leenicg o 2 & o
#f (unsaturated aldehyde) “ifad 45 ha § i &4 7 (RE & > 4o i}
0 (citral ) ~ 4 5 g (citronellal ) 3 #F i@ 704 # o
6. = % %% i &£ # (aromatic compounds )

FRIEIBAMBARCSOR L EF LSRN BFE
T & g4 d o 4oF P AE (benzaldehyde ) ~ 7 & ¥ 7 fF ( methyl
benzaldehyde ) h B o AR (cinnamic aldeyde) % p 1%
AiFwe L BFF 1 EPH o

v

7. % (terpenes)

- & H 2 fe F it & 4 e (citronellol) 2 F 7 47 fr )TJ’; &4
(48 ;%8 erinerol » & ;% geraniol) A E R A F & 0 ¥ T - 1
RAF -~ MRk SR P o

8.7 mrit & ¥ (sulfur compounds )

AL EFHAFZAMDERAF I EF o BlAc X EE A
g F RS A LR B AL 4 £ (allyl sulfide ) FF &7 allyl

mustard oil ) i £ 4 F F A+ 4 5 B f FF A Ay (allyl

isothiocyanate ) °

A £

9.7 ¥ it &% (nitrogen componunds )
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Bay M ",5‘ 4 & % %% (amines )’ 4 ¥ %( methyl

(dmethyl amines ) ¥ > 351 3v TR pTis 2
Hif4od Ad@pany o FF - LB R MBS
W TS ERR A

10.p fiz (lactones )

SAp R eRa s By~ O h e AR R AP iy ¢
FBH @ )4 e b4o? o -lactones #_d 7 -hydroxy % acid S aifd i
FOROREER A T TP fig 0 R AkRIEIFEET LR
v -lactones % FUfE ~ dvid 2 2

X EERAL[E T
LRUSFEREF 4

cd
Fooo
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210~ 2 & ch3 4 A

Table 10. The major osmophoric groups

FE P T H 5 AW
7% 2 (hydroxy group) - OH
Az 7% (aldehyde group) - CHO
## Ak (carbonyl group) - CO

i 2k (ether group) - ROR’
fin 7 (ester group) - COOR
#¢ & (carboxyl group) - COOH
P fg (lactone) - I&)
¥ 2 (phenyl group) - CeHs
A 25 (nitro group) - NO,
47 A 4 £k (nitrite group) - ONO -
fi "= 2k (amide group) - CONH,

2 5= % #(isothiocyanate group) - NCS
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SFF MR 2 F B s SR FE

P s 2 53 2 i@ 8 k4§ Faita 217 5
Pagf S (F 19865 3¢ 5 1991 5 4k » 1997) ¢

1.2 # 35 B~;# (direct extraction )
(1)i% /i% 3B~ (liquid-liquid extraction )
TQ JUK'}A\”Q’% *B", *B’\E&,Efbé\%ﬁ”/w\:”/;\:\"’?'}IJ’#B%%&
%_,*3 L4 ;?75 - ;‘g{!\ﬂ}nm I N A £ ¥ el A,\ﬁja,;viz oo -4 ?—’;
H

AHLI R o HR AR FIARAY e B EE O LSRG A X
¥R PR R AN BT R R R LF LS SR 1 R

¢

ﬂﬂ’EWEQﬂ?ﬁﬁwﬁi@%%%m’gﬂn%ﬁ%%?ﬁ’
FLF MR §EBEPTRAP > DR 2T Pk (B 72)

A FE PR L AR T S ZARE - TE E D] U %ﬁ’ﬁ
ERBARLNRARSL D H G A4 cRBL AR
TR bldoid g v 2 4 2% - kel Fadg-

Q)A/i% 3B~ » % X 3B~z (solid-liquid » Soxhlet extraction )

%ﬁ@ﬁ%ﬁ»ﬁ?ﬁﬁm»f%%i%%@ﬂ*rw%,@ﬂ
FlFimAp FP4k &9 2 4ekd 7 0 3 H 8
WAL R - TERAHTREFR Y

A

L

A AFg e > =

3
B % %ﬁ%@%o%

2.0k 7% F 74k i% (steam distillation)

%ﬁiii%%%w’%%ﬁﬁﬁﬁﬁii,_é;ﬁﬁuk
Bod st FERY ZF R MR RF kgL R
IR TE 5 % T Ae§] 74 47 %;&%%ﬁ%%{smﬁawﬁg@r
&?Vﬁﬁé%%?’¥“¢%% ﬁ$»¢%%€ﬂ%%ﬁﬁ@
R [ A2 2R G hge
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3R & F -4 % R 5 P~2 (simultaneous steam distillation solvent

extraction > Likens-Nickerson extraction )

pLi% %t 1964 # d Likens % Nickerson = % B3 o {5 k3 3% § iz
2 597 ;2 (Marrse and Belz » 1981 ) > H 2 5 & * 2 BLe93 F 0 B]4e
TS D F T RO EERE RBEL R PRIET RS A
Beg 1 e R A A 5 R ] i
PRENF P ¥ R P F R o L N RMATR DA R TS A 44
B R AL o B AeR] TS -

4. F 387 R “$ i #522 (head-space adsorption )

Brien™ 2 TR ET O BHFEFEY Sof o B U B e B PR

FHOEERICFHEFTRY  RFREE ST AZHRPIIKE S
AoR R R RS TR F AL FF R PELSITE K 1978
~1980 # & 3 #7e0> ;2 2 4 (Charalambous » 1987 ) % % 4§ 76 > |
FIREF MRS o Bleg § N 5 0 IR o KR
A e E ¢ LA B R e R P A A gk o v
)3 Parapah Q (ethylvinylbenzene-divinylbenzen copolymer) % Tenax
GC (2,6 diphenyl-p -phenylene oxide ) o ' & = /2 i BELZ 7 A g &2
PSADF A SR S RIT P o R Rt TR R &
LA GORA A £ M 0 P g g 3 'Y (Heath > 1981) -

542§ okl 5 P~;%  (supercritical fluid extraction > SFE )

BRI $ 5 TR 8 (critical point) 2 {5 F #87 FIR 4
HAvd it A FERAFAF CRApE FApT - 4p > T
ATRA AL (B 77) (B> 1992) 0 o H 20 it - 2 H &
FAME RO B VAP BRELRRRE RERE
e Parde W AR ho - F it HfRR R R & 31.3C AR
L 729atm TRR Y » AT F 2PEA 0 BAM S BA T N
N ETERR R BED G &R e 0 P T R B A
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ZRA S RBAHAERPE FLABT ARG RERE XA NE
(Westwood » 1993) B 4-@l 78 - 5d FPjkigis #rif 3] 3 43
N EBR o RBAFER > F G ﬂé’»—i’é%‘]"f-i o ¥ * kg
X Bt o 1§ AP K 47 R (gas chromatography » GC) % § 4p & 7 -
B ## & (gas chromatography-mass spectrometer * GC-MS ) 4 3 2 4T
FHS e s e s b sex sk (infrared absorption » IR ) ~ ¥ ¢h s ex 5k
(ultraviolet absorption> UV ) % % £ + #& ( nuclear magnetic resonance °

NMR ) 3 e A 4772 40 1L FE_o
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Y

‘}
i
WA
@
i
s

R e F I
2E IR AR, K HLHAR,

5 ) &

~

~ ~ = N »
BI72~ % 8- RI B2 XL B

Fig 72. Diagram of liquid-liquid extraction equipment.

=
R
w3

B73 % “EEEH
Fig 73 . Diagram of Soxhlet extraction equipment.
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=AEAD (4 )
RAREO
ZIRAQ (25 )
=RIKEO

=0

.ZK

=

5
FEBIN

CO ] @y AN & O DD P

W74~ kEF B2E2ALE
Fig 74. Diagram of steam distillation equipment.
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1 BBEAO

2 REEE0

3 RAKAO (257C)
4 RIKEQ

o BE

6 0

T FREBN

L

~

BI75 ~ k7§ m4-5HEL B -
Fig 75. Diagram of Likens-Nickerson extraction equipment.
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I &%A0

2 &
3 ’RIKAO (257C)
4 RXKEO
5 RHIE
1<) 4 ; j
'% ;
2d.:,\

FI76 ~ 1 38 kR A 2 K B -
Fig 76. Diagram of headspace adsorption equipment.
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Pressure (bar)

Meclting line

Salid

Supercritical Nuid
i cp
rA N B IO .
Boiling line
Liquid
i TP Gas
Sublimatlon line :
-56 11.05°

Tempersturz (C )

B 77~ 2T - % PR = APW -

Fig 77. Various phases diagram of supercritical carbon dioxide.
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g 1
[ ) \ o
-
0

1 : carbon dioxide supply tank » 2 : syringe pump > 3 : check valve -
4 : check valve for controlling compressed carbon dioxide > 5&6 :
extraction vessel » 7& 8 : restrictor > 9& 10 : vent » 11 : jacket of

extraction vessel » 12 : controller of extraction apparatus

RI78 ~ Agqft i 5 P2 KR R

Fig 78. Diagram of supercritical fluid extraction equipment.
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$o 8 FEEBELSL 2P

b

- FRHRE SRS

1.4 &
AR SRR P FEEW2003ET7 by g 2Ef
FoEF o AL ERB(c Y KIS R BRIV E
200 mesh & 3t p 2_fe s o

2.

-

ol
21 FEEEELE TP 2 A

ks ATR Y 2 5P Al e Bl (diethyl ether) ~ & AUz
(n-pentane ) ~ = % ¥ *2 (dichloromethane) % & B Merck 2 &

GR % ZE % » # % o LT FApS L o
2-2 FE L MR AT 2 R ERE LR

a-2 5 % ( a-tocopherol > & 95% ) % 7 A" 5§ F
( butylated hydroxyanisole * BHA) % BEp % K Sigma = & 2
FodE o

2-3 g (VAR RITR 2 H U EH
I jpid f& (linoleic acid ) ~ £ § fc4% (NH4,SCN)~ 3 5 it 4
(NaOH )~ Fifa = & 47 (KH,PO,) & 5 FEp P & Wako = 7 o
% 1 748 (FeCly) BEp 40 B Merck = & -

3.% 4P & 17 & ( gas chromatograph )

i# * 2 & Hewlett-Packard =~ # %% 2. HP-589011 %7 -
4.% 1R & (GC-MS)
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# * % ® Hewlett-Packard 2 @ #]:2 2. HP-5972A MSD 2
589011 # 4] GC -

VAL 2 5040 20 47 i A2
BOE R 2 A 47 AR Ao B 79 ¢
QAT E B

(1) -k 7Z % 7Z47% # % P~ (Likens-Nickerson extraction )

FEB~F Bk A& 200 g~ -k 2000 mL 2 p 455% 100 11 (1 ppm
3-ethyl pyridine ) *= » Likens-Nickerson % ¥ 2_ [f] K &5y ¥ > 147K
A ER O OFFLS50 mL3A (A% epm=1:1>v/v)
AHEP2 )P BRI & o
(2)42 5/ = § 1 B2 3 P~* (supercritical carbon dioxide extraction)

FEEEL A 80 g 0 100mL hE B¢ o 1% A2 fRh F
B~ % (modle 260D # R enlsco > ) MR it = % (20 mL »
0.3 mL/min)3 ;"48 » FB8 R 2 40C > 3Bz % 2l
i #57Z (solvent trap) > & * A& 5 90mL 2z & ~A=/Z F 7 r=
1> FBUR4 5 1500 psi -

BATH LI P 2 DR
W A EE RS AL E b A0 AHE T
SR FEAF A T A0C T RS A S 9 ImL s g
FORICE 03mL 2 5 B E B g o

A E b 2 MR EE

Mo bR EF BB BEE LR EFLFHI B Sy
YEAREATR (GC) 2 Fip k4T - Tk (GC-MS) &7 4 47
Lo
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Polygonum aviculare L.

l

Ground and sieved (200 mesh)

) A 4 ) )
Extraction of essential oil

\ 4
Likens-Nickerson extraction Supercritical
\ S \
Concentration Concentration
v v
Separaton and identification . .
¥ by GC and GC-MS Determination of

. . .
ﬂﬂ+1 n‘r1An+117r\

Bl 79~ B3 vk EF BA-B RS2 2 Rk - §
RIS SR oV B L e A ST A

Ve = ~ A
iR 3 Bk r iR

Fig 79. Flow sheet of experimental for the study on chemical

compositions and antioxidatvie activities for volatile extracts

from Polygonum aviculare L. by Likens-Nickerson extraction
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and supercritical carbon dioxide extraction.

4-1 5 40 R 47
F ARk A7 v 4 ik 7 4 45 0 T CP-Wax 52CB (60 m x0.25

mm 1.D. > 0.25 ¢ m film thickness » WCOT > j= # Chrompack = #)
R F () 5 1.0mL/min s iAo~ v 2 ERIFERET 5 250
C i 548 40°C » 2B B 3C/min > ¥ 8 5 2207C - i#

* 2_ 1R B 5 Hewlett-Packard 2. HP-589011 GC(Plao Alto » CA >

USA); &P B 5 Ligidag S i if jp) B (flame ionization detector >
FID) -

4-2 F 10 K A7-F A 47
* A AT ER T F AR A7 T 3 &R (Hewlett-Packard 2
HP-589011 GC 4= HP-5973A MSD - Palo Alto > CA » USA) » # *
2 E R b F AR KT L F o R F R(F F)ind ]
mL/min > A > v @R 5 250C > FARA B REFTHKRL A e ER
B bk e B R A 1T 6E 2 40T i 4
+ f & 4 3+ it (electron impact

T RHETRS

5 260C » w22
RE R S 250C 0 & R
ionization * ED)* s £ 47> 2 3+ st £ 5% 70 eV 7
1353V o

Wird FAR AT - T RATIT 2
A& (Wiley 2 NIST / NBS Spectrum Library) 2% B 5 4+t $+ 8
T APHTEZ R P S E [T HRTE L TIBE -

F AR K AT &R A AT T AR 5
pyrldme) AE S FERR Y R M E

FHRE R e L THT

AN SN
S B2 Fii iR
?‘&1 TEREE S )@‘*ﬁﬂ

SATH B 2 A

AR BB E

CEN TN Y PG

138



BOE 5 1968 5 FRE 0 1991) #ah 4F Cenigipl o H KRR L )
PABEEF NI F AT LT RN S - BT RE

Ves

o L BEMETIRE AL NGB LR HEE RS

B2 bt § I A B D R e L R SR 2 RF 2 5
5oL ER 3 HERS BHAZ q-2 THL R E

02mge Hi migRlERF LIRS = F2F %> 2
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%t

REh 25 KEFZH-BZREPE2LRA-F PREPZE
Bl g R BIEH A \+%#’iﬁlﬂ LERHRL FE
A F 4L T 40C T kRS ”ﬁi%ﬁﬂfa S EH ImL; BF 0§ eRic 2 03
mL > £ 54 Fipk+7% F AR 47 ¥Rl 0 555 Wiley Spectrum
Library 2_ B3 - ’r—f%‘,’;’fauiﬂ 133 A& 0 Hea s S Egug 10
B BT WA AR AT B 3R A iR 2
B A2 A 248 (3 12)

PR R R A E B et B 2 A% 5 0.011 £0.001% 0 @
VAZTRA - F RGP ATE R P2 A K 5 0.153 20.055% 0 £ T
KRk - §F PREPZROLEF EH-BFREPZ T REDE T &
FRA R OREF EE-BZREFEZRIEE NS ML PR
EhfLiEFn it o RN F VPREEERNE A Y -
fo R F R AR - F RSB 3RS 2 MU~ R 2 g R PR
Eedm 4 F B

VUK R R AR M E Bk ot 2 M 45 GC 2 GC-MS A 4 0 ¥
FERNIBAEE P (BI80) > e o & FEFEAE 10460 A5 7 8 fasf
AfE oA BW 3EEA L5 B2 H S wm2EE
5 2 fE 0 H i & 4 12 E-anethole (A% 22)% £ & % 9 1: 3.18% H =
> %] % 4-vinyl-2-methoxy-phenol (G4 *# 27) %) ik 2.92% ~ (3 -ionone (4
i 24) % ik 2.52%methyl hexadecanoate (j& *% 28) %) it 2.29%~linolenic
acid methyl ester (G *8 33 )% it 1.80%~caryophyllene oxide (;& ' 25)
¥ & 1.53% ~ dihydoactinidiolide (74 *%# 30).%) & 1.48% ~ methyl linoleate
(A 32)5 ik 1.33% ~ crysanthenyl acetate (A% 20 )5 ik 1.11%%
furfural (A% 18 )4 1k 1.00% ; M 4gTef = § 1L g 5 Bt 18 2 5 5e
F5GC2 GC-MS A7 2 FZ N I3 EFH (B8 Hex s e
FEREAE 3 MR folE 3 M2 MBI A B 14
pralis &4 2 g 148 B 1 &4 2 4-methyl-2-pentenal (L% 1)
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d 25590 16.80% » # =4 B 5 methyl linoleate (4% 32)% ik
2.37% ~ lauric acid (;& *# 31)%) i 1.78 % ~ linolenic acid methyl ester (i
W 33) 41k 1.27% -

AR B FME S LI LG x% TR G ok EF R AR
B EPEAE 2N ERRA - F PREPEZ R
RE2 thEpp g P i@ Flanfd 28 % 2 1 BHA
S BELEEFFSUELIPS ST REES D> a4 T >

>R FEF EE-BREERZS>LEA -5 PAREEZE(R 82) 7 F
P AR ER PG Ry s Sl AT &
FBhE b Lo RFAVa A RAEBRFEVEFEREIR S L

B4 HF s Al s
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Fe 1L~ KR ZEF BRI P2 B R RS 2L B FHE L
Table 11. The chemical composition of essential oil from Polygonum

aviculare L. by Likens-Nickerson extraction

Peak No. Compound Retention time | Peak area (%) | Content (mg/kg)
1 4-Methyl-2-pentenal 7.73 0.13+0.03 0.16+0.04
2 Hexanal 10.25 0.74+0.09 0.88+0.10
3 1-Penten-3-ol 12.82 0.19+0.04 0.22+0.05
4 Heptanal 13.96 0.21+0.00 0.25+0.00
5 3-Methyl 2-butenal 14.70 0.48+0.09 0.57+0.10
6 Isoamyl alcohol 14.94 0.08+0.00 0.09+0.00
7 1,8-Cineole 15.04 0.09+0.00 0.11+0.00
8 E-2-Hexenal 15.20 0.42+0.09 0.50+0.10
9 2-Pentyl furan 15.53 0.29+0.01 0.35+0.01
10 1-Pentanol 16.17 0.20+0.01 0.23+0.01
11 2-Isobutenyl furan 16.37 0.19+0.03 0.224+0.04
12 |P-Cymene 17.52 0.07+0.00 0.09+0.00
13 1-Octanal 18.49 0.13+0.00 0.15+0.00
14 E-2-Heptenal 19.50 0.53+0.10 0.63£0.12
15 6-Methyl-5-hepten-2-one 20.56 0.43+0.00 0.51+0.00
16 Hexanol 21.79 0.31+0.08 0.37+0.09
17 |Nonanal 23.85 0.39+0.02 0.46+0.02
18 Furfural 27.17 1.00+0.08 1.19+0.09
19 Benzaldehyde 28.13 0.80+0.06 0.9540.07

20 Crysanthenyl acetate 30.77 1.12+0.27 1.33+0.32
21 ar-Curcumene 37.04 0.77£0.05 0.91+0.06
22 |E-Anethole 38.83 3.18+0.11 3.78+0.13
23 Geranyl acetone 39.81 0.81+0.01 0.97+0.01
24 /3 -lonone 42.76 2.52+0.19 3.00+0.22
25 Caryophyllene oxide 44.39 1.53+0.07 1.83+0.09
26  |[Thymol 47.96 0.52+0.16 0.62+0.19
27 4-Vinyl-2-methoxy-phenol 49.11 2.92+0.24 3.47+0.28
28 Methyl hexadecanoate 49.49 2.29+0.04 2.73+0.05
29  |Decanoic acid 55.18 0.65+0.06 0.77+£0.07
30  |Dihydoactinidiolide 58.61 1.48+0.04 1.77+0.05
31 Lauric acid 61.11 0.95+0.06 1.13+0.08
32 Methyl linoleate 62.76 1.33+0.14 1.58+0.17
33 Linolenic acid methyl ester 65.01 1.80+0.04 2.14+0.05

Total 28.55+2.21 33.96+2.61

'Each value is expressed as meanstSD(n=3)
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2012 AR RA - F CRE B AR EM S L 2 R P AL
Table 12.The chemical composition of essential oil from Polygonum

aviculare L. by supercritical carbon dioxide extraction

Peak No. Compound Retention time | Peak area (%)

1 4-Methyl-2-pentenal 8.15 16.80
18 Furfural 26.91 0.05
19  |Benzaldehyde 28.28 0.08
20 Crysanthenyl acetate 30.69 0.06
21 ar-Curcumene 37.11 0.09
22 |E-Anethole 38.87 0.16
24 /3 -lonone 42.79 0.22
25 Caryophyllene oxide 44.42 0.18
26 Thymol 48.05 0.07
29 Decanoic acid 55.14 0.70
31 Lauric acid 61.24 1.78
32 Methyl linoleate 62.76 237
33 Linolenic acid methyl ester 65.06 1.27
Total 23.82

'Each value is expressed as meanstSD(n=3)
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Fig80. Capillary gas chromatogram of volatile extracts from Polygonum aviculare L. by Likens-Nickerson

extraction.
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Fig 81. Capillary gas chromatogram of volatile extracts from Polygonum aviculare L. by supercritical carbon dioxide

extraction.
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Fig 82. Antioxidative activity of the extracts from Polygonum aviculare L.

by various extractions.
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AFA G LR R E Polygonum aviculare L. 5+ i (7 F i &
VAR ¥ 10 X e M LB S B R &%*ﬁ‘ﬁ:‘i"

BEche fee fai Bt iod AMA I ER 0 B 4 BB
B o & %] % luteolin-7- O- 3 -D-glucopyranoside (1) ~ apigenin 7,4’-O-
B -D-diglucopyranoside ( 2 ) ~ apigetrin ( apigenin-7-O- S
-D-glucopyranoside ) (3 ) ~ quercetin-7,4’-O- 3 -D-diglucopyranoside (4 )
Fw ARy prpe o

RERLFREHET LR 330 &4 0 27 s 1046
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