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FHEMEL ~ ERHERE ~ g~ F5R4: - 2004 - A5 KR EE BAOTEE K HIDREREES -
FEE RO 53:221-228 o

FE7K R S R L5 3 2 L BRI RN, T R ok - ok R 1 2
SRR B SR B 0 HO R E R LT RATEL - [EF R Rr A #I 2 i
L&Y > REENAH BT ERNEEY > Y EEAEERE RO REY
F WAL ORI R =R B R ORI RE =/ R iA LY THIGIIEE RS
A BB E EHEATRE )T - AR IEEMR A S A SME T # - MU AR HEREE =
f i ° M HPLC 23 M7 #6 SREEUT » K20 46 B (USRS S M 2 2255 cyanidin-3-glucoside
K peonidin-3-glucoside fEIEH R 5 15 AR AT TR E — R A RO K HTE
R - HOKRNEYABRZEI S E1ET RACRMEE ATHIH 2 B T iR B R B A
iE » T2 B R R S SR ] A SRR I S AT e B S P B - A BRI B PR Y
DIt - AIREE—AW5E  FERTHE S /KRR E(E -

RASEER @ KM - HEOK - FEFR - FAEHEFR - A LEE -
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Al

G &R (active oxygen species) B¢ H FHE: (free radicals) F@EEES » WIEEEHHE (hydroxy
radical ) ~ % H 1%L (superoxide radical) &5 [#EMIENIEE - EMEGHFGEYE - SE%LE - {figE
(b BSE R ENIRAE (LS (Tsuda et al. 1996) « A=THHE KL IMKRE T - AIELIMR ~ BRI - B ~ 429
ER BT~ AR mIENG - (BTN RERE ~ ARG EE - ZRRBREEG RS - giifgiEs
H AR - A8k 7P SRE B R AL - 8 CEE —EPIALRERI R - DI 1L #Ef 2
FH AR B - Fr AR EALEE 2R A H B EERIVEE IR/ NRE - B AR AR
AR B B R PRy AR IR - AR B ARSI TS B SR IR A 1 0 B BRI & AT - TEE R
Frhg — bl 0] DI PLIE (L &% » 40 superoxide dismutase ( SOD) ~ peroxidase (POD) J catalase

(CAT); g —EEJERERAYHIA LY B4 o-tocopherol ~ 13 L ~ B-H 35 38 S FEHZH ( flavonoids )
(f¥5TEE & - flavones ~ isoflavones ~ catechin ~ epicatechin ) ( Takeoka et al. 1997 ; Tsuda et al. 1994b ) »
Fir LBy s &R DALY R T B i - DARHE A BN B AR S LB (Tsuda et al. 1996) -
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APTEREMG EHH - 2 2R TR -
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AP R - 28 2R FE -

BIEH - BTEME ¢ cswang@wufeng.tari.gov.tw 5 {EHEH © (04)23302806 °

wohk LD



222 EERSENTIT FES53E 4 2004

Tsuda et al. (1994a) LISEE Ribhl » Fol AR FIBR il 2 R BT LRE ST S - AR &
T RZ 2GRS A PLEEALRE T » AL Bk Bt 7 R O H A IR R ST 8 LRE ST » M AT 0758 52 Ry kL
e AR S EEE A RRE TS - A O R 2 R FERIEE Rt -

AT E X ER R R IEY) - TR E RS AT L EEIBR - Ak (colored rice) -
H ki R BN ERE L (pericarp) BREfHEY (seed coat) (Juliano & Bechtel 1985) » EHfa 2
HfEH #ER (Chung & Woo 2001 ) » Kb R B E S HATRE S A BB RMEM K S iELEE
J1? A FEEFNEERPIEHFROEE - 2 ;ETTENIIEE  REFRERZZ%E -

L ERER

EEREEY AP BER ARG EOSR T EREEEY ARG v RENER - TEH -
PR E Y AR E R SRS TEARE M TR ARZE @ H]( Takeoka
etal. 1997) - {EHFREHEVBTENZIMELEY) » LR RITENLEY) - Kbl EELE
R BRI R E T R A G R - MTEE R A s R [ AW th v DUNT B R B r = 3 e —
ERER IS WS P kY 552 (Padmavati et al. 1997 ; Sarma ef al. 1997 ) -

B RS RETRENS D - FE(CAITRE R PEEEE ~ FEE - BRI S [ R
FIREHT (BER&YE 1998) - FEMEH RHEA B R EHELFFE (cyanidin) ~ FFAL AR ZHER

(pelargonidin ) ~ XS EIRYIRGE RS (delphinidin) » L =FESEFH REZ AT AR > WAL R
AjEEF (peonidin) EHR L HEF LMK » LEAVEESFFE (petunidin) FFEEBRHZER
(malvidin) ¥R AR R BB AT Mok (Fig. 1) -

KR ERAIIER

Reddy et al. (1995) 53 #7 B2 BHEARII /KRGS Purpleputty > DU TR RGN IET R EENZE -
Purpleputtu fEFR & ERAIRVER 3 B R RIE (S50 ~ T8 (8Rf) ~ BE5R (88f0) - H (Ff) - Hifd
()~ 355 (FHE) - L (RIf) ~ sk (1) RFERE (FRMA) RO TUKEHERE
SO AERTEEEEEE » P EERYRST Ry cyanidin > RE Ry peonidin - M{EH R & REix
ZWIE A RS 7 cyanidin J% peonidin B &4 Bk 401 K 292.9 nmoles/mg FW» [fij #& % F b Feg g ~
BEA S BEE - GITE - B - BEE - 35 22D RIER (cyanidin & peonidin Y& &SRR 121.3
B2 1.2 nmoles/mg FW ) 5 H AR |7 cyanidin Jz peonidin #y & & EE HARKEL 73 HURHARKI 2 S 15 -

Substitution Patterns

Aglycone 3 5 7 3 4 5
Delphinidin OH OH OH OH OH OH
Cyanidin OH OH OH OH OH H
Pelargonidin OH OH OH H OH H
Malvidin OH OH OH OCH; OH OCH;
Peonidin OH OH OH OCH; OH H
Petunidin OH OH OH OCH; OH OH

Fig. 1. General structure of anthocyanidins and substitution patterns of some common compounds. ( Wang et al. 1997 )
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B —AFH HPLC JHIE A RIEHEER R /KRS - DUT A FIZE R R A6 R -
ST RIS RAHEE Y (Ryueral 1998 ; Reddy et al. 1995) ~ #EFEE Z (Reddy et al. 1995) K
HEFERE L (Ryu et al. 1998 5 Reddy e al. 1995) =Ff - Z5HGEFE A > Ryu et al. (1998) FlF L2

(95% ZBEH & 0.59% trifluoroacetic acid ) ZEHWER 6 K 1 (A sE R 9 HL - fi DL Sephadex LH-20
column Mi{LZLHNHK > ifi Reddy er al. (1995) IR 1968 RS AVE BB R AR  wEHEE
SZHIFIR 9096 Y FREEZEY « A3 iThs R BB 0 & A ORI 2R/ g il - WRBE ETHITEE =%
HARI TR EEEE LTS cyanidin-3-glucoside % peonidin-3-glucoside —fHEEFZHE » HLL
cyanidin-3-glucoside B F 43 o peonidin-3-glucoside fY & E#x /D - HEACAEMNER K SHK SN
1EHEH - OAER KRG HREEE R R DR K A B EE & TLC 43
Bl&H cyanidin F peonidin - Reddy et al. (1995) HEGmVIRERIEH R A KA BEPIEFT R K™

(anthocyanidin synthase ) HY&EALTG = FIFHEE » Kt leucocyanidin #EEH#B4 G cyanidin » ff AR
FRENEZEZHEEEZFE (proanthocyanidin) FifEEk - [RfEH £ 2 H flavan-3-ols (catechins) Jz
leucoanthocyanidin Fir 2 &1 EEAY B EEAR - BAALLHEAESR E 5 50 £5 - 4R C & 20 fERvPisE b
77 1 BSE WG E B E S A SRR - BE LDL (K& EIEERE ) Rk DIAE R (Tsuda et
al. 1996) - Br T /K TENBEHER Y EE RIS RS  fEE S (Vicia faba ) ~ 5. ( Phaseolus vulgaris ) ~
BRI (Lotus corniculatus) HITHYIRARE » KRG S KZE (Hordeum vulgare) WITHEZ » & 3RAVEE Fy oA
Y& aEEHTEZNKS (Haskins & Gorz 1986 ; Sakar & Howarth 1976 ; Todd & Vodkin 1993 ) -

BEAh > ZE&BH (1996) I HEHIREMRKEENREE 1% HCl BYHEES > FIF Bio-Gel P-2 4
FERIALAEE % > FFLL FAB-mass « "H-NMR ~ 7KfREEVI ST B S8 M- T O 8 i HLRS S Al SR
PR Rk b 8 35t 2 FH cyanidin-3-8-O-glucoside K peonidin-3-f-O-glucoside fiif§a% °

FREZE&PR (1996) ~ Reddy er al. (1995) F Ryu et al. (1998) SERYIFSEAERIGH] » B GKAL
FESR T EE DL cyanidin-3-glucoside % peonidin-3-glucoside Ju ¥ » ¥ R FE S AV R AR R EH
HPTiRK (Fig.2) -

fEERIThEE

Ak ATHIEIRY cyanidin-3-glucoside A FF L HVEBIDIRE » g —HREBZWWAETIA/LHE -
Nishiyama et al. (1993) 5!} - J#E&fE UVB RS T - NEEFINEG B e R E B BE (lipid
radicals ) » ARG EIEE AL > o-tocopherol j& —FHELGFHIHIFHIA > £ UVB FEF T a-tocopherol €
R R BRI L - BEfEE Rt 2% - B UVB IREHE 09 5 FE 2P T REEny H0H Bi5 2
FALTETE - Tsuda er al. (1994a) fEALE B BT ForREEE £ > FEififiEE b &k pHE 7.0 Y
AP TFHEAE T ZRPAIE M > &£ F{ B pelargonidin-3-O-p-D-glucoside ( P3G ) R
delphinidin-3-O-B-D-glucoside ( D3G) % H P& LEEST » {H cyanidin-3-O-B-D-glucoside (C3G) AlF
BEPIELENYE - — M S » (EHF R CRYIEN NEAEE - Igarashi ef al. (1989) fEH! malvidin
3,5-diglucoside fEFEILAYIEDL T HAR SHPELTE M - RILZ2EK pH 7.0 FEE 3-5 IFEH P3G K
D3G WHLEALIE AT o-tocopherol FHEL » KIFLEEF HEGm C3G HIFLALEEHITIRERT P3G K D3G R[H -
Tsuda et al. ( 1994b ) 7F 56 ik i B8 ( linoleic acid ) H AR A LW IR TR ML & LY
( cyanidin-3-O-B-D-glucoside ~ cyanidin }z a-tocopherol ) » Z5H =P E L n] HIHIIEE B ELAE
T » HrDL cyanidin BHLEALRETTRAT & AMEF AR IR E f -H ¥R 2,2'-azobis ( 2-amidinopropane )
hydrochloride (AAPH » H AR ExEERAL =S tERL cyanidin HIFHIRN

& (malondialdehyde, MDA ) JEERYRR i IF - HILL AT HIFE T HAVPLE(LRESJER o-tocopherol 5 -
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Fig. 2. Generalised anthocyanin biosynthetic pathway. The numbers refer to probable enzymes involved in the pathway.
1.phenylalanine ammonia lyase, 2.cinnamate-4-hydroxylase, 3. 4-coumarate:CoA ligase, 4.acetyl-CoA-corboxylase,
S.chalcone synthase, 6.chalcone isomerase,7.flavonone-3-hydroxylase,8.flavonoid-3-hydroxylase,9.dihydroquercetin
reductase, 10.anthocyanidin synthase, 11.flavonoid-3-O-glycosyltransferase, 12.S-adenosyl-L-methionine:anthocyanin-
3’-O-methyl transferase, 13.leucoanthocyanidin reductase and 14.Condensing enzyme and / or chain-polymerising
enzyme. The structural and functional characterization of enzymes 12, 13 and 14 are yet to be established.

(Reddy et al. 1995)
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Wang et al. (1997 ) HI7E A FEMEEECE (cyanidin ~ pelargonidin ~ delphinidin ~ malvidin J peonidin)
I H FRES IR RESI{E (oxygen radical absorbing capacity, ORAC) » #f SR g LE(L G PIATHIAR AL
SALRETIE R K TAERE N LAY ORAC (AN RS X b - OH By A BRI H B Lry e [ e g BAE
FHPUBEE B (peroxyl radicals) BYRES] o 7038 MAEREHRCEARSEH - A & C BREAMEN OH
o BB A OH EMFEE ZAUFE pelargonidin ~ malvidin J peonidin » #£ ORAC {HKFE » 5=
FETEH R0V B B ERIKHE T - Cyanidin 71 B BRAY 374’45k 245 OH £ ORAC {HiK 5 delphinidin
£ B 321y 37 ~ 4t 545 OH £ » H'ER ORAC {H# cyanidin {f - —fii S » IS SR EHE
% PiEALRETI R (Cao et al. 1997 ) AHIGAFR Fr A WY B AR AL EL - §1411 pelargonidin ~ cyanidin
K delphinidin 437045 4 ~ 5 K 6 {il OH £ - {HEA"#Y ORAC {HAI3 Bk 1.54 ~ 2.24 % 1.81 » cyanidin
K¢ delphinidin #F B BR[y 3° ~ 4l HA5 OH %t > {H delphinidin 7F 5’ ¥t &7 OH K - BE R E W AE
el delphinidin #J ORAC {HEAKMYIEA] - AL F#% LA R rTRE L& H R EHIEILRETT -
L cyanidin Ffl » C B2y 3 R0 5 82 |- glucose Y, rhamnoglucoside B LI ORAC FYEET] @ FiEMbIE
MR Ry cyanidin-3-glucoside > cyanidin-3- rhamnoglucoside > cyanidin > cyanidin-3-galactoside ( Wang
etal. 1997)

Tsuda et al. (1996) TR EFBAIBREEHIRNESBESH  EREERALESE MDA » 3]
FHRIM=M{EE#HE (D3G ~ P3G K C3G) #&ul#lifl MDA W9iER » HA L D3G B9RURRIT - BE
BAbE R EALIE A B 32 By OH BRBH AR - Kk D3G 1 B B2 B =1 OH & - RISk
TEER S - MEERESEBENRE AL, D3G IR R - TREER il D3G 9 BB L=
il OH £ » KM =IEHE Zh R mAgHIEIRE 5 C3G EIRE FMEMBE IR - E3EIEHE D3G
If - Tsuda et al. (1996 ) HYREGHE AT Tsuda et al. (1994b) k. Wang et al. (1997 ) Ai-AAHE - RIHESE
TEH REHNAENES & E BEE AR EEENEILRE

Hu et al. (2003 ) FEBLHEKFHISETE F AT LT DNA 2G5 B AR M ARk 1 tha] (R
HHIENE DNA HRZERE H B ERBEmE A - M 25 KE BRI B RAW264.7 IR
lipopolysaccharide (LPS) E# cyanidin-3-glucoside 7 peonidin-3-glucoside %% » B A RIEEEE
FANH NO A piyReST > #ERFEH 100 uM cyaniding-3-glucoside #[If] NO “ERGAYRES TRy 73% - 1M
peonidin-3-glucoside J 359% » FH L A4 cyanidin-3-glucoside AR S » RILIE B ZAIPTEILRET IR
EWTLIFET DNA ZH(izE - IR S (CAY EREHIIEE 4 NO RFAEYIES - R B RE R WTEE
R

A R BB 3 B » RLK SRR B KM 25 AT S S+ W IR BIARTE (L AE (atherosclerotic
plaque) » R A KR 26 T HLSELAYLIHE (Ling er al. 2002) - Xia et al. (2003 ) i B AKEH]
il 2 B IR B IR AE AL > L 37 2R S My B A A S B Je 3 8 - DA RS SR AT A
K& B 1 43 O T DU Y — e P& Ry S b B & -

O
KFg e E T EIERIEY - EFREESHIFEERRN 90%LL L - /KEEREHRR B
Ko BEKRER TR ~ KB AN - KER IR R o KRS S e R ~ M IR g > R MAEAERE R > 7k
A IRE - KRR ER R > R ZEBEENEE » SRR S KSR E K BERE
FRAETAME B EK Bl E—i KB E AN EK - KA SH tocotrienol B4 HIHI BRI
WALIE ~ FLE b e HiEE L EThEE (Qureshi er al. 2001 ) 5 KMz 7k $ib S 97 AT [0 A A B I 0% 58 2% i
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(hyperglycemia ) » SKHEFEAE AT AKX ABBHEHTEZ5E (hyperlipidemia) (Qureshi et al. 2002) » [X] b
KREERENERMEE - MAETK (B £ -/ - BEBOSNERE) PESEHEREBEN
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2k (Oryza sativa cv. Heugjinmi) &5 5 —EEAHTIAIE TN EYE (4-carbomethoxy-6-
hydroxy-2-quinolone ) - K|tk BA SNV E BEE - FrLURRE RS BB R RS » 12
A BRI VR > AME AT A BSERR - S REfe s /K REny A B -

5| FA SRR
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The Composition and Function of Anthocyanins in
Colored Rice'

Yi-Ju Shih?, Toong-Long Jeng’, Tong-Hai Tseng’ and
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Summary

Shih Y. J., T. L. Jeng, T. H. Tseng, and C. S. Wang. 2004. The composition and function of anthocyanins in colored
rice. J. Agric. Res. China 53:221-228.

Colored rice has the characteristic of coloration in the pericarp of rice grains. There are many colored
rice in rice germplasm. The pigments of colored rice are mainly located at the pericarp or seed coats of rice
grain and are anthocyanin pigments. Anthocyanins are plant unique phenolic compounds derived from
flavonoid biosynthetic pathway. The red cyanidins, orange pelargonidin, and purple-blue delphinidin are
three major anthocyanins, which are reported to have anti-oxidative activity on lipid and scavenge activity
on removing free radical. Therefore, they are considered to be good for human health. The results of HPLC
analyses showed that the cyanidin-3-glucoside and peonidin-3-glucoside are two major anthocyanins in the
pericarp of black rice, however, the brown rice pericarp contains proanthocyanins as the major pigments.
The results of animal tests using pigments from bran layer of colored rice demonstrated that the
anthocyanins can relief the atherosclerotic plaque disease of mouse and rabbit through decreasing the
cholesterols accumulation, oxidative stress and inflammation. It seems that colored rice can be used as
health food. Further study on the utilization value of rice grain on human health is likely to be highly

rewarding.

Key words: Rice, Colored rice, Anthocyanins, Proanthocyanidin, Anti-oxidative activity.
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