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Former stdies of jelly fig(Ficus awkeotsang Makino) were mainly focused on the
gelation properties. Recently, researchers in the frontier of proteomics and
immunology were interested in the proteins and other extracted compounds of jelly
fig, focusing on the structure of oil body proteins and the accompanying antitumor or
immunomodulatory activities. Few attempts have ever been made to characterize
active functional components. In this research, the antioxidant properties of jelly fig
extracts were evaluated. We also tried to search functional components in jelly fig.

Possible active compound in jelly fig achene and receptacles were also purified
and structure identified. DPPH radical scavenging activity of each miligram
methanolic extracts of jelly fig achenes was found to be equivalent to 9 miligram
BHA, and approaching 96% clearance rate. Total antioxidant activity of the extracts
was evaluated by trolox equivalent antioxidant capacity (TEAC) assay revealed that
equivalent to 1.22 miligram of trolox. The estimated total polyphenol of each gram of
jelly fig extracts was 320 miligram gallic acid equivalent. Among the unsaturated
fatty acids present, linolenic acid(65.64%) was the most abundant with linoleic
acid(20.29%) next to it. Inferred from the spectral data and the structural analysis of
acid hydrolysates, the aglycone of the anthocyanins in the receptacle of jelly fig was
thought to be with cyaniding, a glucose attached on the C-3 position. With the
standards of anthocyanins, HPLC, LC-MS and NMR analysis further proved that the
anthocynin from the receptacle of the jelly fig was cyaniding-3-glucoside.

We concluded that the achenes and receptacle of jelly fig , long been regarded as

waste materials, are abundant in polyunsaturated fatty acid, extractable antioxidant
compounds and anthocyanins. Subsequent studies are demanded to explore the

biological effects, potential applications of these valuable components.
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quercetin (Pratt & Miller, 1984)

sesamol ~ sesamolinol ~ pinoresinol ~
seasmol dimers ~syrigic acid ~ frrulic acid
(Fukuda,1986)

hyperin ~ rutin ~ quercetin ~ vitexin »
isovetixin ~ protocatechuic acid -
dihydroxy benzaidehyde (Mitsuru,
Yasuo & Tojiro, 1997)

gallic acid ~ catechin ~ epicatechin ~
procyanidin dimers(Yilmaz & Toledo,
2004)

gallic acid ~ p-hydroxybenzoic acid ~
chlorogenic acid ~ caffeic acid(Yen, et al,
2004)

Ascorbic acid ~ Tocopherol(Tseng et al,
2006)

Anthocyanins(Hosseinian et al, 2008)
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pdAEREF-BLAIBAIHIFI LW [ EPRI A FALI R
(Cheeseman & Slater, 1993)c pd A XL E 5 B & > » HApis2 A3 F R jE
WRI o Rp LA BT R A2 I 2L 2T - BAET2 P
# (Valko et al, 2006) - % 1+ *% 3+ (reactive oxygen species)iZin 7 ¥ 2 % & 64~ +
(Niki, 1992) » & 7 p d K& 2tp d A (% 1-4) (Abuja & Albertini, 2001) = p d £
BEME RGBT A LN A B RS . ’*"ﬁ QR e T g (LT AT A

Ao RBEREd A RFFFAFEMA D A2 0 dod 155 9757 (Ames et al 1993;

pui)

Morrissey & O’ Brien, 1998 ) :

1-4-2 p o 222 5 o
Ryt pd AAEP §ERTOEF L5 T2 RpR
Fe(DNA)H £ » ¢ Biwre X it ~4F G 4 3 7= o (Marnett, 1999; Osawa, 1999)
AP A AL EEEI R AR I R p el B R
GBI oI FAMENE TR J L E ) BRI RE e pd A

S8 i Fike & 1-6 #7771 (Aruoma 1998)
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Radicals Non-radicals

Hydroxyl - OH Peroxynitrite ONOO
Alkoxyl L(R)O - Hypochlorite OCl
Hydroperoxyl HOO - Hydroperoxide L(R)OOH
Peroxyl L(R)OO - Singlet oxygen 'AO,
Nitric oxide - NO Hydrogen peroxide H,0,

Superoxided O,

# 1-5 pd ABEPE kiR

A i) e

Electron transport chain of mitochondria Re-dox substrate

Electron transport chain of microsomal Paraquat

Oxidase Medication oxidation
Xanthine oxidase Smoking
Indoleamine dioxygenase Ion irradiation
Trytophane dioxiygenase Sun light
Galactose oxidase Food processing
Lipooxygenase

Monoamine oxidase
Phagoytic cells
Neutrophiles
Monocytes
Eosinophiles
Endothelial cell
Auto oxidation-reduction
Transition metal irons (e.g. Mn", Fe*', Cu")
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% 1-6 2219 d 2 Edt g ApH2 A

Brain Glomerulonephritis
Parkinson’s disease Autoimmune diseases (HIV/AIDS)
Neurotoxins

Vasculitis (hepatitis B virus)

Vitamin E deficiency .
) Alcoholism
Hyperbaric oxygen )
. .. Aging
Hypertensive cerebrovascular injury .
. Age-related macular degeneration
Aluminum overload e .
] o Radiation Injury
Allergic encephalomyelitis
o ] Iron Overload
(demyelinating diseases) N o )
. . Nutritional deficiencies (kwashiorkor)
Potentiation of traumatic injury

Thalassemia and other chronic
Eye

, i anemias treated with multiple blood
Photic retinopathy

transfusions
Occular hemorrhage

) Dietary iron overload (red wine, beer
Cataractogenesis o
i i brewed in iron pots)
Degenerative retinal damage ) ) )
Idiopathic hemochromatosis

Red Blood Cells

Fanconi’s anemia

Retinopathy of prematurity
Heart And Cardiovascular System

Atherosclerosis ] )
) . ) o Sickle cell anemia
Adriamycin cardiotoxicity .
. . . Favism
Keshan disease (selenium deficiency) .
] Malaria
Alcohol cardiomyopathy . .
. Protoporphyrin photo-oxidation
Kidney L
un
Metal ion-mediated nephrotoxicity J .
. ) . Bronchopulmonary dysplasia
Aminoglycoside nephrotoxicity . o
. . Mineral dust pneumoconiosis
Autoimmune nephrotic syndromes

Gastrointestinal Tract
NSAID-induced GI tract lesions®

Oral iron poisoning

Bleomycin toxicity
Hypoxia
Cigarette smoke effect
e Emphysema
Endotoxin liver injury Ards (some forms)
Oxidant pollutants (O3, SO2, NO2)

Ischemia-Reperfusion

Diabetogenic actions of alloxan
Halogenated hydrocarbon liver injury
FFA-induced pancreatitis

Stroke/myocardial infarction
Cancer

Organ transplantation

Inflammatory Immune Injur ) )
y Jury Amyotrophic Laterak Sclerosis

Rheumatoid arthritis

dAbbreviations: ARDS, adult respiratory distress syndrome; NSAID, nonsteroidal antiinflammatory drug; FFA, free fatty acid.

PSkin injury due to solar radiation, porphyria, contact dermatitis, and photosensitizers may also involve free-radical mechanisms.
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L E 2P fEEFHHTF 400 f8(Kongetal, 2003) o K L2 EF A F < fE

H A & B4 £ 1-7 #7578 (Cooke et al, 2005; Hosseinian et al, 2008) :

T AengEe 2 X pHEZ B AEEERET d 307121353 flavylium 1
B o IR R L ASBKE Y BRRETRI R B g
@ " %4 (Hong & Wrolstad, 1990) -

SRS S ST SRR PR S S Y S

Tt

R R kSR B BB RIE T

=k

~

FEZ R~ 2 H bR Rk KRR

v

2A A

B

LT PR TG R REE b F MARR IR RIETTEF F B IR A

o

o

=

E 2.8 F k0 MR FNA KRR ARP TS T F 2 %1 (Harborne,1958; 1967) -
RS PF BT RApEITRHPLO) Y M@t africd % L HRITEFTFHE
T MR RSP ©F £ 2 A8 (Hong & Wrolstad, 1990 ) 5 F7 3% ik (LC-MS)
AR I g —,% 2_ /s 3+ ¥ (Revillaetal, 1999)> 11 2 %22 = J& 63 & * >0 p) 2_ic
7 % 2 & ¥ & p ¥ (Giusti et al, 1998) -
[ B o EAE N & 58 i R e “$ TSR R AT AT o ¥
7 AF & i T 2 # i (Kong et al, 2003) - FTRZAEBERG
F-v % it (Ghiselli et al, 1998) ~ i%3#+iT * (Obi et al,1998) ~ 13k % % 4+ (Yoshimoto
etal, 1999)12 2 ¥r+4] Caco-2 ~ HeLa S3 ~ HL60 ~ HT29 ~ RAW264 ~ U937 % " 7

Pz 4 £ (Cooke et al, 2005)
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Aglycone R, R, Color Amax (nm) MW .
Cyanidin (Cy) OH H Red 535 287
Peonidin (Pn) OCHj3; H Bluish-purple 532 301
Pelargonid(Pg) H H Orange-red 520 271
Malvidin (Mv) OCH;  OCH; Purple 542 331
Delphinidin(Dp) OH OH Purple 546 303
Petunidin (Pt) OCH; _OH Purple 543 317
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& 1.+ (Ficus awkeotsang Makino) %3 2% a fFE € 25 % =
AMTL GEFALIE (80C) s fa? o AL TR Y NG K d 5 T i 120

EET LR

ok (5 4 3%4)

23 (4
ilfi !.ui. |1Iu. L LR TR IR Ll T ] e |!|I hi

B0 A1 2 a0 % 1B BT AR 18 M 3

B2l &35 3%

22 F 1 ehk S A A

54 ¢ MR FIRE(CNS)» 8 2+ k= Hlk ek A 8 e i 3

(s

AT kg B E ARG dF st o ke Z R RACRITRZ R L KT 2 D
% 3= 11325 5 (Osterizer, Sunbeam Products, Inc., USA ) 377 % B 12 Beofs $5 (%
B4R 1 By, Taiwan) s > & B F2B~ 10 5 > B30 e Wyg i€ 2 =857 - § »

4 (Memmert, Germany ) » ™ 100~110°C3z% 3 5 & o #7752 L 4etf

2 2

s 2o

oy
froh

EASkA LR ks B RS LR Bk FRE A o

ki
\n N
oy
\F‘M

ek g A 452 (Kjeldah method)ip] &0 #%8~ 0.2 2 stk &0 i fe i 1
s A fEE L A~ 10 2 A R (T 1, Taiwan) s B {5 H#-4 f2 ¢ B 20 4 25 (Foss
2006 digester, Foss, Sweden) t » 17 420C % 1 ~ f# ¢ P R EREFEP ; #Fi4

Frisode » 100 2 Z g ]\ﬁ%ﬁ F e § ZA %R (Kjeltee 2100 distillation unit,
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Foss, Sweden)#-3 Z 4 @ 1) 1 12 2_§ ##f2(Sigma-Adrich Laborchemikalien GmbH,
Germany)#: 1z > # {512 0.IN B L (¥ 1 Taiwan)jf 2> p jF €8 £ F 7 £
B R 625aFN e dd 78 oA ih 7 BRI ARG %2 € 2 F T F 2 Bk
BAEE s L 10 2R Bk E »FFRA > L% r g SFRBY ue
(Tedia Company Inc.,USA )i ;i ™ /| PF {8 » B~ T [{] K HE 0 14 R Rk fﬂﬁﬁ(EyelaN -4N,
Tokyo Rikkakikia Inc., Japan)- "fTT izl MEBDERALAEEZ L % R

FEEA T B A A 7 ERIALE R 250 R E M BT o s

%‘w‘r

g (Carbolite, England) 12 550°C % it £ B} & » « L iR E 2 LA F

2-3 32 F %Y a2 A

B 1SR RS EAS N PR EREEE P 2 g anpk o d A Ay
Ry A T PRS0 A B B AR R A i e R il
fE AR K2 T A T4 $ o il TMAH (tetramethyl ammonium hydroxide,
Sigma Chemical Co., USA) #-Pq#5p @ K1t o § AP 0.1mL & 3 F % > 4e »
ImLTMAH {5 > # ¥ 10 2485 > 4 » ImL = K-R&¥ 2 F o> Bodi g 84 T4 »
lg & KEpadp 2 AR ARL kA (6 B Rt Ap AT RA AT 0 AT 2 0E 2

4ok 2-1 2 4 2-2 #75F o

2-4 §2FREBFHEPF 2 UR

B 22§ 23 BERAEMDT %~ L et fig(Echo Chemical co.,
Taiwan)2 ? 8= 87 P2 B3R E B BE B X E B3 HBYHF V5 1:30 5
FEAMIBE P2 > F BB % 11 R A (Advantec, Japan)i g 3 ¥ T 2R R

EEWEEI AME 2HE A FID L % e e R T B o
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#2-1 A58 2 F %Y g iapliTie Y 2 F AR R TR

Instrument Shimadzu GC-14A
Detector FID

Integrator Chromatocorder 21
Column Supelco SP-2330 column
Carrier gas N, (1kg/em?)

FID temperature 280°C

Injector temperature 250°C

Column temperature Gradient (£ 2-2)

322 A8 33 k@ iR 2 GCE R BB 5

Time(min) Temperature
0 150°C
2 150C
22 170°C
27 170°C
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25 B AgE i LR
MY MR peddiz ~DPPH p oo z’%\/ﬁ"‘ﬁ w4 s s v 4 2(TEAC j2)

AR AP SR e R 2R E 2T MR RARERS 2 g Lo

2-5-1 Mpn§ fadBE i =m g 14
*FE 3 %% Mitsuda(1966) % gR(1991)% 2. > % » #-€ 2. F % 3 A E B ~

o-# 7 f%(Sigma Chemical Co., USA)%2 BHA(butyl hydroxyl anisole)( Sigma
Chemical Co., USA)~ %|fe @] = )k & 5 Img/mL 2. ¥ f3/3 % > P~ 0.2mL 4c » '3
BRy¥LE 22 S0mL 487555 ¢ L 4 Bl 4e » 10mL1.3% 37 firid R (45 2 3% %, Japan)
? A% % % 10mL 0.2M pH=7.0 2 iz % b=/ (Merck KGaA, Germany) » /2 = =t -k

TR 25mL o Ets o B4 R 0 B~ A0CEIR SR > TR 24 ) PR
P~ 0.2mL > 4v » 9.4mL 75% % F§i3 % 0 £ & B 4c > 02mL0.02M % i 48 Rk

B 02mL30%F F ARt o L SRR 2R LY 0 F oz A4 Rl

e

Ak £ 500nm T 2wk {E o
T gy A chiE BF S BRI FSNF B gREF A2

@ﬁ%i@ﬁ%ﬁ%ﬁ@ﬁ@%mﬁwmgmﬁ@mnﬁ@’iﬁ@gim;
Fedfids b & 3 [Fe(SCNY ] » o4 it &4 Ak £ 500nm ™ F B sk i@ o % 5 5
FILBARB A EF LA XARE R d 2 BB L5 ijﬁéﬁ.ﬁ '8

R ARH AR Tl d sk e o) T g § M ARR IR B4
535 o HE NG
ROOH + Fe*” > RO + OH + Fe**
Fe’™ + 6NH4,SCN > Fe(SCN)s™ + 6NH,"

2-5-2 DPPH(2,2-diphenyl-1-picrylhydrazyl) p + Ewﬁ"“,f o 4 20 B
% P& Shimada(1992)2. = ;2 » | 2§ 1 + f&% 5 B4~ 4 2,2-diphenyl-1-picrylhy

drazyl(DPPH)( Sigma Chemical Co., USA)f ¢ 2 i A B AP ImL ¥4
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‘v >~ 0.008%DPPH 7 g3 > R E323 1688 5445 Bl 520nm T 2k @
¥ by BHA § $tfRie o § DPPH o Ak g 505 Ak g Treng & o
1% dp$He $HRR Jm b (T AL UGRR F b bk DPPH G 4 kit 4 e
533 0 Byt sl D
Scavenging effect (%) =[A1-(A-A2)]/A1 * 100%

IR LIPS - L S N
IS TR

A2 ALz mkiE

2-5-3 g it 4 p]T(TEAC %)

* ;% %4 Miller(1993)% Arnao(1996)% = ;% » #- peroxidase(Sigma Chemical
Co., USA) ~ 2,2-azino-bis[3-ethylbenzthiazoline-6-sulfonic acid](ABTS)( Sigma
Chemical Co., USA)#2:E ¥ 1 & (Merck, Germany)i & 353 » & &% A kR & 4
% peroidase 4.4U/mL ~ ABTS 100uM 2 % iE% i* 2 70uM > E3 3BT F i 1]
A SRR EH S B pd AR e AT R 13k A E R
oo A E 734nm Tk E o BAREFSI R R o Vb R RIEE S
Trolox ;ﬁt“,ért ABTS I3+ p d Hea 4 (F- ;;,Lx,ért AR S R E LT E

Begrifth ABTS B4+ § o fenii 4 o

2-6 WA & 4Rl

\\\?{r

<4 Singletonetal (1999)2 = 2 » 2§ 3+ X B4 ¥ 5 10mL 3¢ 7 > 4
» 2mL Z45-k %2 1mL 2. 100% Folin-Ciocalteu’s phenol 3#7#(Sigma-Adrich
Laborchemikalien GmbH, Germany);® w323 {4 > 4r » SmL 2. 20%## f& 4 (Merck
KGaA, Germany){é > £ xR fr3z3 > R THFE 20 ~ 481 > ML & 735nm T B
Hexkig o A9 %112 a3 fi(gallic acid)( Sigma Chemical Co., USA) itk 2§ o
SRR LR SRR ImE AT o
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2-7 §2F % BEBF2 B RAp kAT
BT EP ARG MY 0 3D 0.45um 2 R ER S 0 B o
RAEATHPLOA H A4 H P it 25 234 o EiTiF 24 2-3 2 4 2-4 ¥7

&0 P BR w2k & 01 280 nm 18R] F s aE 0 14 350 nm 1 RISEE AR oo

28 § 1 R IEF AT IS 1

BB L R FE A4~ 73 0199 BpE(% 1, Taiwan)eh?® A% (Mallinckrodt Chemical
Co.,USA) s » M3/ EWACTHERR > BIIBR > L 4 r 77
0.19 e ern®™ ff> £ 5B o2 {8 e B 90 B0k 1R Rk 4548 (Eyela A-3S,
Tokyo Rikkakikia Inc., Japan)#-5 B~ Jk 350 ot P 9718 2 (R Sgi 5 € 2+ 3= o
Foe F PR

Pt ZB % e st 12 Amberlite XAD-7 (Sigma Chemical Co., USA) #4175
BAhR2pagdd o A0 019Rp2 - K -RiRI A G TR PR -

_:_El_‘ié %é_#k E%E e d _% # llz Ol/ﬁﬁ’x7 nﬁ%ﬂz—“"g %/7"&—[ ’ﬁxfgxﬁf’r,}g\‘@/k ‘fﬁ

29 TxFERFETTFREZEE A ITE RFL AT

Mot B R E F R K 474 (Merck KGaA, Germany)fic £ MAW ~ AWH
219G BB e drd 25 F A NEFRTRE AR LT AR
FEEBR Y DA BOFE R o 2 5 Mo X B2 415 3mm Jf S (Whatman
International Ltd., England) » W E Rz + ERH > L &4 Z2F p AL T T > 12
73 00196 R LN oo 4 p gt T w e XFREEE h A2 T
f% ©

2t BT F AR 0.01%R 2 7 ARY o i RT R k A KRR G
(Shimadzu UV-2100, Japan)i& {7 2 63345 3 F #-7-F F 4 » 3 b pH B2 ¥ e
B ? BEDRFEFRHRF ST kA2 F R fe 4ok 2-6(a) > (b)HTT o
Bte 0 -7 5 14%# pa48(AINO39H,0, Sigma Chemical Co., USA)z 7 4 2. 4 +
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T EPE( S M, Taiwan)id ik be » §F £ F 22 0019 B2 " AR 4P L%

|

KR o AF B RMRTT A PBRLTE A BAMNT § A 12T

EAFRETF AL M (4 2) 2 484 -

%23 AHTT B e 2 B ok ipdn 1T

Instrument Hitachi 6200

Detector Soma S-3702 UV/Vis detector

Integrator LiChrospher 100 RP-18 column (250 X 4 mm)
Flow rate 0.8mL/min

Mobile phase 2% acetic acid in CH;CN

2% acetic acid in H,O  (gradient)(# 2-4)

F0-4 AT ERE B i 2 HR B AR i

Time(min) 2% acetic acid in H,O 2% acetic acid in CH3;CN
0 96% 4%
20 88% 12%
30 80% 20%
45 50% 50%
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£25 Ay E LT REY TF AR L BRR

L % A e = (R AR )
MAW methanol — acetic acid — water 90 :5:5
AWH acetic acid — water — conc. Hydrochloric acid 15:82:3
1%HCI conc. Hydrochloric acid — water 3:97

% 2-6(a) B IFR-EIfE S WA R AL

pH & A (mL) B(mL)
3 39.8 10.2
4 30.7 19.3
5 24.3 25.7
6 17.9 32.1
7 6.5 43.6

A : 0.1M citric acid

B : 0.2M dibasic sodium phosphate solution

2 2-6(b) Bk beid i fie >

pH & A (mL) B(mL)
8 5.3 94.7

A : 0.2M monobasic sodium phosphate solution

B : 0.2M dibasic sodium phosphate solution

25



2-10 o FINA KRB MR &2
b i enfe 5 % 12 Francis(1966)2. = i » 4e » 2N #pL > 30 O5C T K% » &

T3 KEREO0S2551015 2 20 4 4854k 0 gt o 10 AWH 3 & & 5B
Bt R iur kBt AARERAkEL T AH R
B ARz fhokfRy 2 10%= % "=(Sigma Chemical Co., USA)# i (Panreac
Quimica S.A., Spain)i3 ;% & 4F i ig#ic=x > 13 ﬁ? KRR nfk o L1 F P EAF R
S R VR AR AR B ISR RIRNE fo R R AR o 0 HPLC e dt
%% &-(Sigma Chemical Co., USA) » |47 cnfdsf o EFESE T M0 4 9] 5

glucose ~ galactose ~ arabinose ~ xylose # rhamnose - HPLC i £ 4o 2-7 #7571 o

CF R 2 FR P ARSI i £ HPLC#5 fe = § # 1% % &-(Polyphenols
Laboratories, Norway) » 2| %7€ 1 o3¢ ¥ i F % 47" cyanidin-3-glucoside
delphinidin-3-glucoside 2 pelargonidin-3-glucoside » 4 47 i% % 4o » > $- & # #5 4p
2 HE P E Y Wu(2004) 1 vk Gig 2 o A GE 2R W S 2[ETEF R 5 B g2 R 1
ISt AR R B R o @ % XY F F 41(10x250mm,
Sunfire C-18, Waters, USA) s it 7= & p% » i B 5 2mL/min > H &% & % F 2

2-8 814 2-9 #75% o

2-11-2 12 LC-MS | 7~ 5 &

A+ Bl E_ % * HPLC # iz SSI-MS(sonic spray ionization mass

spectrometer)(Hitachi M-8000):;p] #_> HPLC ¥ i 4r% 2-9 2 % 2-10

2-11-3 $2pt & 3 k3§

e i § 2 FFEETF AR T 0.01%4 5 (DCh2 27 A7 fF
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(CD30D)*® - i * #7823 & 3# h(VXR-300/51) 12 300MHz # 7| '"H-NMR -

£27 AT EABATATR Y 2 B oS R An A 4T iE

Instrument Alcott 765

Detector ERC-7515A RI detector
Integrator Chromatocorder 21
Column Transgenmic CHO-682
Mobile phase H,O

Flow rate 0.35mL/mim

Column oven Super CO-150

Column temperature 80°C

% 2-8 AYTTEF A ABAEITR Y 2 B rn g kA K 4T ik

Instrument Shimadzu LC-10AT

Detector Soma S-3702 UV/Vis detector

Integrator Chromatocorder 21

Column Aglient Zorbax SB-C18 4.6x250mm

Flow rate ImL/mim

Mobile phase Methanol & 5% formic acid (gradient) (% 2-9)
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%29 AATTEF R BAFITR Y 2 B AP R ATH R A Fo 4R iF

Time(min) Methanol (%) 5% Formic acid (%)
0-2 5% 95%
2-10 20% 80%
10-15 20% 80%
15-30 30% 70%
30-35 30% 70%
35-50 45% 55%
50-60 5% 95%
60-75 5% 95%

% 2-10 g7 A+ BTk * 2 F oo ipipRiTiE i

Instrument Hitachi L-7100

Detector Hitachi L-7450A

Interface Hitachi D-7000

Column Aglient Zorbax SB-C18 4.6x250mm

Flow rate ImL/mim

Mobile phase Methanol & 5% formic acid (gradient) ( 2-8)
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R
B 13 R Bk BRSO BERA e e 2 AL T B

Fdrk 3-1oHY > R fEZF A2k PAL T EE % d § 125
F P inpi ot TMAH #7950 @ At > B g g k47 R4~ 47 0 #7122 7 40 % 47 B
4o@) 3-1 977 P 2 g BTN T AR e A fE R A ey YA
ez BY UL R E R4 65.64% B 5 LR peo 4 20.29%
W ELR) L 6.85% 5 A Ap o AL eI A 0 R AFAE & 5.95% 0 R PR Ec R 4 1.26% e
MZfEEET P2 3REBRE L3 B AA @23 HF P H 3B F 4o

% 3-4 47m o 2 (3 vUELE fedBix DPPH p d Atk i 4 2 TEAC 23k 1 1 5
Bl fif 04 T BEBS LG 2 fiF ox% > 2 1 DPPH A 4 A
“,f fe 4 712 96% TEAC § £ RI:ET] 1.22mg/g @ Bfssg 2 £ 7700 9 [R5 Bdr i

AR B kB 0 £320mglg X &I L R o %7 AR5 B4 2 HPLC 4 47 >

ELEBETFAEERAH AL G L AL TFF BN TG R pH
BZRET R ASjTA R L REFRE LI RE T A RFERREN
B E A AT > 02 MAW ~ AWH 22 [%HCl = 67 Fi3 B B > 2 RpiEx
100 4 % 3 29.8~ 11 2 5.7 5 XAD-7 3 s it 2 £ B i x k¥ #8 » # 0 1

Z A R E > A %W 5 530nm > 328nm % 283nm e (2 1 R A L {82

=

F Rk R 0 R A s Szl & R 530nm £2 283nm o -7 F 14908 B4R B
A2 LT FRER R T F T A2 00100 B T EERRY T LK X
FhoFRAr 0 TFF07 LETEAR|TAE F T3 % 0 Anax B 5290m
T# 3 549mm e #-F G XAD-7 it~ B 3mm gt v L fEF

it TF F AR E R BRI R T ARAT R R AL el

Refo g 2 MR fRE T PFEPR 0 BT 3mmg A 0 L AWH BB 0 F R
EFFR VAR RS B T T E 2R E T AR G - S T4
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HPLC f5 e b th i 5 Fosic 4 7 2 TS 2 M50 5 0 5 4
#€ 2 F %42 - § % & cyanidin-3-glucoside ~ delphinidin-3-glucoside
pelargonidin-3-glucoside + /1 &+ » /" $47F § R (Rt) » T 1= 4 2 fd5f &

cyanidin-3-glucoside o o F## F§ 1 % 3 - F £ 2 & + %74 % [M-glucose

residue]” % 2870 € 3 3 i= T B2t Bl I A 8.99 ~ 8.23 ~ 8.04 ~ 7.06 ~ 6.93

™A 6.67ppm 2. =¥ > & %W i H4 ~ H6’ ~ H2” ~ HS” ~ H8 ¥ H6 2. H proton %z

i frk%rH % ¢ @ 5 cyanidin e
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W= +=0220

._

-l

SEE8 S
WHWE-E8LD WFA0:020
WRWEZQLD
i — %
WHLBLD WEF08LD
Wi £0:910
WEE N 01D T

cPa'h

(a)

BRWENEBLD

WHWTZRLD &b
WHLBLD sep
WHi0gL <7

&l
s =1
. L

WEFHQ9LD °F

.

Bl 3-1(a)%a " AR 2 & (b)

ip & 17 B ¥

5

ERE R SRV

)

§
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%31 §33 %2 %2 AA3L0 049

3R kA (%) Ae e %% (%) v (%) s (%)
Ja % 6.38+0.02 10.461+0.07 12.74+0.69 2.15+0.03
X3 80.74+2.40 4.34+0.08 4.58+0.46 11.7340.06
% 32 AREFBP A XL
PR ¥ EE(@) A F(%)
e = 3.56+0.07 11.8740.4%
e e fy 0.4840.04 1.6%2+0.13%
9 fg 2.12+0.04 7.7%+0.13%
Frd phdBiz
A500
3.000
—— ez
2500 || WL PR fig
—A— 7
2o || R
—%— BHA
—— 4 T i}
1500 -
—+—control(? f%)
1000 -
0500 -
0.000 ‘
0 2% 48 7 9% 120 PR

B32 §23%% 7 FRMEPP 2L g i
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F% % (%) DPPH"% S

120
100 | 96.57
80 I

60

40

19.34
20 7 754
0
e L i e iy " P

B 3-3 €3 %3 ki3 A 5545 DPPH g d A igif i

TEAC
Troloxs &

1.4 122
12

1
0.8
0.6
0.4
0.2

0

av

¢ e i "

=
c

B34 €313FB%% FRAHERFY TEAC § £
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mg/ml

0.35

D
(Y]

03 |
0.25 |
0.2 |
0.15 |
0.1 |
005 F o0 0.02

AR v fe e fy Gl

B35 €23 %2 RAMERS? Gz 7 8
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Fr e bbbyl EN LY
W & s o n o Ty
8 ¥ - e u
=] L]
= @
o D
-
=8 o
. .
—A- = e M,
g g
(b) Lttt enbrnndbrennrrndrrrrnsrrereELbELl
wy [+ w = wr = W -] wr =
_— — (] ™ L 2] T T iy

B 3-6 2 F ERAETELFIHEET"HBIEPRS 2 TR A ITH
(2)280nm (b)350nm
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Bl 3-8 & 2+ %4 7°

=
e
ks

RHE A EB(ER kid 28 44 u 5 MAW -

AWH £ 1%HCI)
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B398 23 %430 a2 WK KITH(ER & 55 MAW 2 ) 5 5 XAD-7

FHZERAS L 0 L RIF 5E XAD-T ¥ 1)
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B3-10 §25 237+ 2 5893 FAKHH(ER A 55 MAW d 21 4 @A

v

E

& XAD-7 ’g O R UINE B R R URVE I S ’F b )
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200 . i i ' . | | |

Bl 3-12 jg il it {52 7§ & &k kR

40

lI : Eanﬂl
|r I| ;’ 'lll
A I- I\. "J : i
b 1.000) " 328nm
S L
L \. 53[;]1.1111 u
0.00 : , - ot .
200.0 4500 7000
W avelength [nm.]
B 3-10 42 § 515 F % 5k L
1.00 : . | ‘ | | |
h - -
b 0.5008 283nm =300
-3
— \L
0.00 . , . | _ l |
2000 4500 2000
Wavelength [nm.)
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SRR
Y S
e
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0.500 ' \ o
I I|_ '.-' '\-I '|l \ lf.r .
'.L I.I 'J f
- ‘-I' II, il ,
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530nm

Rt=27.10 min

(a)

328nm

Rt=27.5min

(b)

283nm

P Lo

(©)

Bl 3-14 27 @ RIAE T F 5 XAD-7 g 4% it -5 % 2 HPLC R

(2)530nm ( b) 328nm (c) 283nm
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-t 530nm

| Rt=28.8min
(a)

- 328nm

. Rt=27.1min
(b)

HE==N 283nm

Rt=26.3min

(c) B2
Bl 3-15 27 I @ RIA & T g i -5 % 2 HPLC Bl

(2)530nm ( b) 328nm (c) 283nm



530nm

12.50

37.50

25.00 L Rt=32_1min

50.00

o
B
(3]

B 3-16 Bt & 530nm T AR 4 2 L 4% HPLC B3
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6 2 5 10 15 20
7K A% B fa] (mim)

W 3-17 754 4 204 k2
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" Rt=17.5min

Bl 3-18 fk-k #4248 HPLC Bl

"'\'\__ + Glucose Rt=17.4 min

Bl 3-19 pe-kjzd &2 § F 48 i1 842 #5547 HPLC BIG#
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+Xylose Rt=18.7min

R

W] 3-20 pa-Kjzde & k& i3 b2 44g HPLC Bl+#

#3383 F 5 F T+ 22 BPHPLCHF TR~ 47 %

R (A)
Glu Xyl Gal Ara Man
i 16.7 18.1 19.7 219 23.7
S EE 17.5 - - . -
fs K 24 +Glu 17.4 - - - -
-k iz 4 +Xyl 17.5 18.7 - - -
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Delphinidn-3-glucoside Rt=23.7min

~ Sample R=28.1min

B 3-21 € 33 %3« ’{i% % 22 Delphinidin-3-glucoside % ;1 &+2_ HPLC B3

Gt { Sample Rt=28.2min

A e R

4 " Petunidin-3-glucoside Ri=31.5min
750 o

B 3-22 € 2+ % 3 {° § % & Petunidin-3-glucoside % i #+2. HPLC M]3
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Cyanidin-3-glucoside Rt=28.0min

B 3-23 € 2+ % 3 {- § % & Cyanidin-3-glucoside + /i #+2. HPLC B3

o
e __________ Delphinidin-3-glucoside Rt=22.9min
i;;,_;;;—_;—_ ———  Cyanidin-3-glucoside Rt=27.1min

~—————  Petunidin-3-glucoside Rt=30.5min

Bl 3-24 € 1+ % 3 - § % & Cyanidin-3-glucoside ~ Delphinidin-3-glucoside £
Pelargonidin-3-glucoside # ;1 &2 HPLC )%
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AN

2R 2% FR(F, 2000040 4 o ok ok Ao & e g RS e
o 2 ERE o ES AL R RFIEEHBE KRR B TR D Z(2000)4 7% * 20 € %
FAPEZ AFLRY2E T I A s R Rk T EIRIZLRA
dOT Y kR C R R BART TR T 2 RTH R R G 0T R (R
4-1) o

B G }I%(Chua etal,2008)4p 1 » € 1.3 % P A R iap AR o 15
PSRRI R LR RN R e R IEY R LR - AER S A
s AR (R 4D FREBEEN (R LDt 0 SRR YT
2 =0 B b fa(d 65.64%) 0 FlUt & 2@ 2 RN B 2Rk T B UF

=K g;};ﬁ:/éy ﬁ’;ﬁ o

VIERE AR R LB AE R M4 T BE R R
§i-»c% > 2 DPPH pd i s 57 £33 96% - @ TEAC § 22 Apa 7 £ 7 &L

=H2? BFF o {&- %L HPLC # 47 - ¢ HPLC Rl ¥ &7 R34 2
FOIRIEREAFAB LAY W R HERRELIREE ST AT E T BRE
gy B IE 5 R ZR4s 1V B2 B4 KA B o WF 7%

EARPHET > A8 2 F %P X2 L o B¢ a2 20 P
L P FLTET A AL BB (WP BT Z AFHFE)2IF o T R
Hlfed LFF 2 TREF o RE I RN L TR Y R

i

AL 4 %G 8 pLfe (Harborne, 1958) - v R e X PR i 2 L H¥#HFH > #3]=
BEmRBALFEZ ¥ » &8 57 LkF2 520nm 2% % *h k%2 283nm %
328nm> T k2 v F % HPLC A 47 = fL £ R i p]> 2 H| 4735 B 2
FRBERpE e £ XAD-7T gs o HY i FF 782 Mo e i A
AR SRR D A P e g A 2 M Tt e FTBR v R g d R 0 Y

- HA KT AL -
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20418 33 R4S R

3R i kA (%) A2 (%) ek (%) A~ (%) 2?&%’?‘{%’%
T B 6.38+0.02 10.46+0.07 12.7440.69 2.1540.03 *# 73
3 80.74+2.40 4.34+0.08 4.58+0.46 11.73+0.06 +~# 7%
% 7.52 12.34 6.95 3.28 % (2000)
5 J 11.98 1.84 3.30 10.50 % (2000)
342§ 1 F %k g eEE A A AT A
R %k 7z (%) 7z £ (%)
T ;;% AT (Chua et al, 2008)
= I T e 65.64 62.65
I e R 20.29 18.24
W e 6.85 10.62
i3 5.95 5.33
AR 1.26 2.05
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Pgd AT T AL BT 2 RMEF R 0 A E 328mm e £ R
% NIk £ HPLC #4570 g Ak 47§ %1+ F o f’*i}f‘i%‘ré ",% E P
TE2xE oAt 3 F R F AL 3280m et £ F R TE 0 AT
BT ERRES I AARST ARG BREAET 0 % Eu/Busmac 2B 250
Harbone(1958)2. #&¥54p 1! » % Eaao/Evismax 2 " B 5 24 P¥ > & 77 cyanidin & C-3

2B oA

REifaspse » G HITH 2 TTF R T AU MIBIRLEI D I RS K
¢ (Amax & 520nm ##5 T 549nm) > BEon o7 A2 B 77 S ApMR2 & 5 Ao

% ¢ B(aglycone)f& & cyanidin,delphindin 2 petunidin = ¢ # ¢ 2 — o #-{=F F e

Erop e k454 o A w0l AWH - MAW 2 1%HCl % B/

¥
e
It
=3

15 o FILAWH 2. B B ek it » EH P RH ABFRAK - BT+ 2
FERF3mm gt 0 UAWH S BB REF RAKIT - LR35 FF 22
§H P RN T T EF 0.01%HCl 2 7 fE#-TTF % w e £ 2 HPLC #ipl
FE R g AR ATRER R T R L e g e

CF R A RR R AOKIES A B R R B HLS N ET - B

3 BREP995) 1 £ o BRI 6 0 RF S LS R B R S

% & & .(cyanidin-3-glucoside,
delphindin-3-glucoside ¥ petunidin-3-glucoside)4 %];x & » HPLC » - 4} H % ¥ pF
> ¥ 2§ 5 % & = cyaniding-3-glucoside °

d LC-MS 7 # 2 %77 % [M-glucose residue]” 5 287 o ¥ % ¥ 1 pmin gt
“ ¥ %22 & ¢ B cyanidin(~» + & 5 287) &2 }J% i# ([M-glucose

residue] =287)(1§,1995; Duenas et al,2008)4p # o d 'H-NMR B3 ¥ s 1 %

}jx.

i

%2 %54 ®5 cyanidin -
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‘
ER

Rt

1~ 823 BEP 2R EI BEFRE2Z 10%2+ 0 BP9 E A7 &fcrgihp
ik 6.85% > 5 &7 4 fory Bk (b 85.93% > & AT AERZ § R M TRk ik
65.64% 5 BB B A G RpH o R 2029%  BEZ 5 E A 5 R
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