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Abstract : Black and purple rice is rich in functional ingredients, such as anthocyanins, flavonoids, polyphenols and so on. The
paper reviewed the research progress of composition differences in functional ingredients and the factors, especially anthocyanin,
functional studies,functional components strengthening studies based on the metabolic mechanism, breeding and food processing.
According to the progress of comprehensive research and utilization of functional components in purple black rice at home and
abroad, we put forward to countermeasures of breeding utilization, health food, pharmaceutical research, molecular mechanism,
new functional food development and industrialization for purple black rice, which were expected to provide reference for related

research.

Key words:black rice; purple rice; rice bran; functional components; anthocyanin; research and utilization

TR 50% 2L E AN O ' e kok  SMERRATIIIEE R A, RO S AR | 4t

ERBIE PR BOS NI L bt AL PUw Bt
I ORE PR LB SR o 1A S LA T A

Vo TIREREAE SR VR T R B4 0 AR FE 4
SRR B A D RE R AL B R A
PERRA A5 DIRE M KO, DI RERE R R By 36 18 490 )
RO E S NIAN TR ORI, T
FORE 5 TR A5 R K B A il 2 A 1R

Y FE HHA:2014-11-05; #F HHEF.2014-11-24

FIH R y- YR MY S B B
GABA 4i/E % E MAEE = Himisfi 495 100
RGP R, B YU TH R DO R | R I
g B o5 A B A O USSR S s, ThE B AR
e AT T4 A R R A& A T S, oK AR Hh
1L 58 = 2 P gl FH 3850 B T BE B IR 2R AR a2E 1
WAEFR THBRBEIL | B7 Ve A PR s A T, (O

EETWH: =84 A3 AR X TUE (2014RA060) ; = ¥ 4 & & % 7~ % JF & 5 H (2014BD001) %% B ,

1R &

N, LRI, AR, FENEH L EEDTHF N L, E-mail :2657313071@ qq.com, * FEEH. YT X, % R,

Wt AEERF, TENFEAZ MG RAREDEENTHRFAAA L, E-mail: zengyw1967@ 126.com



48 ‘ 4 4 A# & Current Biotechnology

R ) 10 8 R R AN B B T LB
T 0GR AN O WG S PR T S FROR DI RE IR
SrBa T T BT T — R, (H X5 R
KITBER T IR I A FHRA LIE7E 58 R Z5 5
QNGNS E A i

1 EERIIBERSTHITR

1.1 IhEER bR

SERIREK A IR L VR RNk K A 2 i)
A 0.11 mg GAE/g.2.79 mg GAE/g #1 7.35 mg
GAE/ g, &k J iR a I R o5 4k SR 1) 90% 5 FEK
FLLKER K2 Z2 1953 5] o BB 7% 1219 84% F11 86% ,
H H /45 G B IR 4 ) b BRI 85% N 65% , 111 1
KW RN A B/ 456 1o ) b S AL R Y 60%
MA1%"> . =EERE O T SRE K BT e B3 |
TR 2 T R OR D SR K A B R
i HAR R T ERER T ORI A
Mgt £, P2 W P TR 2 [ R 4k
R E y-AYER  E IR AT I ER 4L,
XU R A TE ORI OKE ) 22 5 A T 4
W,

AT, ORI BEORAL T 4L 14 Fh DLR 2
23R R AIAT 25 R -3 A o £ i
REHER-3,5- M BB R 48 R-3-0- 100
T REHHE-3-0-CF I R EHR-3-REHT
AT ER-3-0- B H AT R-3-0-C T AT R-
3-BATHEAFRETT R 2E R 3R B R IR
PR3, 5- AT 12 Fh A E AR, B
K 5 Bl R R (189 pe/g) VI 2 2-3-0-# 4
BEAT RO 2 R-3-D-SF o £, K8 E bR
(3.9 pe/g) IR FOKE R FaLL R B-#i
B NENT - B4EE (279 pg/g) 2 24-T LR
A B R BT BRI R {5 BERT SRR IR PR B
I B P R RR TR AN B4 (55 WP B AR ISR A IR A9 L
oA 1 T BRREOK S 189. 5 mg/ke, B
1 100.8 mg/kg £ 26.2 mg/kg £ 15 13.75% Fl
FHEMR 13.38%% [ AN KT RE LAY LA AE
TRV R WA M 2 g4 R E Y
NE y-AHEZ A TR BT —E i, Bk
TIfe i o B FL25 BR2E Y L S K T R A A3 B L 2Y
PR FT I B3 5 BEOR RN S K I e R oK R e R
FUEAPUAAIE LT R, I ROK 5 20K HoAh

85K Ei='05a 10 Bl [ i N s T
1.2 IheedIE#AR

SOKBTRE R R IR, EEH TG
T RN LT R 4EA K B2y R AR
PR SFINRERL T, BRIy RE B o B A AR S AE H
TR HEK CEOKEDIRER i, DL SR EOK &k
HR IR NS M B DI RE RSy . H WK E R TR
KAEHWA FF 90 B BT G | L A S
MBS B . Bl HPLC-MS/MS K i 13 v [ 2
K 15 FhEp Ao 604G 8 Fh iR 3 i v flel s
4 FAEE R BORERR G T E B AR A 1) fE
B IEURE, SRR ER T Rk 2R 2 F -3 AT R OK
kBT ZAREUYI Y 88% , XoF T I Akt S S 21 45 4
PERITY ) BEKERAT 21 Bl , b 75 28 K Bk 1w i
2 TR R D 35% 155 & A0 SRAET .
OV I I 20 e A O A R A A BT R R
PR R A SR AL R MR NG YRR B By Bl 1E A
B FRR 7 PR A AL e sk, A A T T B 5500 1 4
P B AR VG M O 1 RE ; A6 B 5 R F M
AT SR A RE T R X s v i 0 o1 i I i SR AL RE D R
IR BOKNAgER AR E MEZHSEER
1B YU THR BRI B B 5 Fidi
EAPRIARE F R Bk v AR A
AHUEAL AW R R EEAE AL 6k Bl i e A
I AT REARIT JAE A 8 A4 K R ARG 1 R 45
FEAEH

ORI B R B 24 b AR T 3 S
PRI R =, FLAL B8 B IF & A X fE . SRR
T H 2 IR cCl4 JFi 05 2 — & i b7 A
PERITT it X v i A g A EL A T S A Al B
MASVEFTS S 1A SR K AR T 2 4 By 3 o e A1
I H I = A 0 T[] st DA TG o4 55 g o 45 4
B MR R E R IR AT RIERTY s
A R SRR R G 1 v I OB PR A A
H O PRl R Y L RO R M 2 R E
FEORAE 8 28 25T 577 400 D) s 27 1 49 R ol ¢
FEIT I RO R B 721 SR BRI B K A
T 2 RERH Lk 1078 P B AR PR B4 T, o i
BB AT , P il 0L 14552 BEOK R AR B
B AR L4530 W5 RAE 5 2 -3 A B
FIRA W, T /N BB g 40 i v B A R A B Y
TR AN KRB PR PR



BN, 45 SRR PRI RE I 2R B BT S A | 49

TEHIIBE, T 5 18 1 2 AR D 20 5 H1 IR R 52
S Iy e 5 AT EE 4 K 2 ) 1 K %
Py JBAh 7T T DI RE i Al Blg LA DR A 5 (4 S AE I
SALIE DRI A A R R R
AL PP B SR G A i T ] I e N 2R
ST T AT A O e T S A e A I T
SR AR N R AR AL R A 2B AL AT 7
TERIA AL SR BRI T 38 2o Bl s 2

78 RO 7L A

1.3 IhEER RIS E =&

SRR TIRE LA it i I S LR k2 R b
PSRN A AT S L R AR R AP
Wi, PEOKFNEF A= A OK B A8 R A SH L, (AW
MRFEHR IR g 27" BEER
DHEZE (% D45 25 -3-0- UMY A 25 % -3-0- 130 H
TN TR E, MO (KRR ER-3-0-C
AT R-3-0-CO M) b TR L TP, K
REBEBE 3 d FFRDIBEAER )7 d JFRiHEA
TR s S B BT AT B A B 1T At ST A BRI TT AR AE
R RRSEEAR T HEARN AT, I
— ST RUR AR -3 MBI ETh 3 bl T
BN AR T 2 B R R DN A R i i P
T AHF R A AT R A TR OR N
RRAH AW E LT BRI ET R
E 530 nm Kb I 2 WSO S AT A b T 3 A
I R g Ot A SRR R R R B Ay ) 2
28%F1 23% ; KRBT 28 i 30 55 75 5 A8 Ak P 3 1 m]
BAFITACTE 2 FEHUEAL ], 220t 5 gkt
[ A7 28 A B0 AR AE F P75 S5 BUAS [R] 9 722 S A
RS SR HOR LR A K S AR A
—FEFEIR, TE D RE 53 A FH I I 22 25 8 0 3R AL
PERTRSZ R 2, BRI B P RS e 32t
HEORLEE B Rk B B R TSR 2
PRI Z 5 %o 42 Hh BT 80 min .20 ~ 80C |
TR RN FEOK (8 2 A8 M R K FE R M
R FRGEMEL PR HE A SRk e 5 3L H
Y, pH R 2.2~6.0 AR 100 ~ 165°C AL FH
KA TT B R 4248 22340 40 T AR 4%
B3-S PRI BE I FEAE R K
6T R A 24k A W R e, 35 i 1 28 ) o O 14
SR BEALTE P R AR A BOK Y BE T
¥k DPPH {if M | #1001 3% 1 — S AL A TNF-a 7™

e ABZEE IS AR R A S HIE HERRAR
2 IfgER B ER

RO R E TP A M EERIFEZ
— R ROk P 2l R A A R A4 B 5T PO i AR 1)
REFER I & R FR 0, BRI, S8 8K K
ERI I RE A3 B 16 02 o i 5% 0 8 I (2R 2R
KB BRI & T TR A B MY
RGNS RS OR T RE & A2 M Re it &
2.1 RiNEBESEMHHAR

TH SRR 9 D18 0 s AR S REDOR PR
& GWA &, HiG v Fa s 288 fEH K .
JRALE R R AR R B IR v AR
TR , 4 FPORPT A TG PR TR 554K UK Ok oK > 58K
SEOKRSKEAK, BEREPUAAE G YW W TARIAE,
8 R DA SRR R ml A SRR S0 2] B R R B 1Y
WAL A DL 529 AR KRR R
FRAHHY 6.4x10°4™ SNPs X} 840 Ff il =y uE471¢
4 5L R 41 S BX 43 T ( metabolic genome-wide as-
sociation study ,mGWAS) , & BRI I Fi 8] £ € 85 r=
Yy 1A SRR S 22 AR S T 36 AN i
b ISR &SRB T I B I A S PSR
FEOK Bk B v RS B IS 2K 18 in i = 2 B4 i
RO REAL, R T 2ORPU LIS MRS (5 F
BT Ik RS 25 IR T A A B 3% [ DNA 3 31 3
14 3R1S CHS 4b 7 11 #5437 51 S H: SNP 3~5
MRS, RS BKRER T EERA
e IKREAE T R A AR L] OsPAL, OsCHS
M OsCHI TE w25 FhFrh 3 K I8, OsF3H,
OsF3’ H Fl OsDFR 25 AN KK T 7E i I K3k,
OsANSTE SR FVEE oK R 0 i i R4 v 20 o
ik, 0sB1 Fl OsB2 TEL WK FE T B rh 3k, 0sCl
FEAEIIR R 5 0k BEOKAE K L i 77 4 v
%5 SODI .SOD2 .CAT Mth F1 Rpnll 3R #5k
R BORAETE R M 137 A
T3 10 41, Horp 9 A~ FEFERT 6 AT L A
VT ZA BT RE SRR, H K
ZEHEH & (near-isogenic line, NIL) Fll 4= 3 K] 2 1
ik A AT /DY Kalal ,Kala3 1 Kala4 #H56
FH ORI TR 1.3 M4 Jetafk B OKAEEE
4 @RI P FNERS 1 Gt iR Pa B [A]IHAETE
I R 50, Pa FRMAETERT H & Ph FRPHAEAE



50 ‘ 4 4 A# & Current Biotechnology

IR e 4 S F/RZ for SEHETEH HAE 2
AP 8 bp BRIEERS I 2EF 2 32 Ra(Pb) HEDH
Pl HLAE 7 4hWF oK 2 bp (GT) B 0 2
ARG A 5 1Y 2 X I REFRIC (InDel-E7
1l CAPS-Ra) I TR E AR > FH R/, £8
KAGTT R HE R RIK AH S Sk H 7 e kAL
SO R T F A T KR U —
FE TR (A O A A 7 W ) 43 LR 52 A
X e

JRUEE e [ R A7 BB R R R 441 4311 {0 %5 3K
BRI AR 5. =~ e E 5 19 2 4%
TH SR AR RE AR 50% ; 2= 7 4 SR T LS v [ 4%
Kz HETEm 3 I SoRF S, S8BT
SR (5.7 v/hm® ) BARIT A= 77 BUAS 55, A48 7
IR XA E R SR 1| S5l ik
8.5 vhm’; Kl 4 SR AN 2 5 SRS
AE I IR I I 28 R P A et i R 5 DR
Tl 1 SREE 1 S8, EHEHEER A
(20.8 TU/100 g) FP R BRI R 559K 07 A%
WEHACEBFHE R MK 2 5
(CNA20070618.7) 3 4 M. A5 4 37 it Fh AL, 2R
ik 8 v/hm® | HAFRLE & GABA (625.4 mg/kg) (45
(226.5 mg/kg) Bk (37.8 mg/kg) FIEE(77.9 mg/kg)
FUReT, BRI C E B EK S A Bl
B NN E AR i 1 B R O =7, VE A T
AP £ T R R R OROR A R B kA
TorEE,
22 WEEMRSMITZMR

S8 K1) FEOK ML | R OKE THT AN R (g TIOR3
BAIUIRE R A T AR R 3 SRR &
F5 M ARAE T R A 3 Y AN o-E
Ho3 Tt RIS AR A S I A s T 7] e e BROK rh 2
P 0 % 6 2R it 12 g i B R Ak B A m) i, DA
KB S /NERMEC L 1:9 B ER 1.5% 7K 30% Al
TG ETREN 0.3% 8 T. 280, nl fil 45 M it R 1
S R B IR R SR T Y DAL ZG7 40 mL,
64T 20 mL 22K 20 mL 7K 80 mL Kz (/b
6% FTHEIR 0.08% B il (1 52 A B LR AB R} 1 R
Fr B R EE KR RAE, BRE 15 86.7 401,
SRR KN T B AL T RO B i I 2 iy
P2 B i e, A G R R R B A R TR B OK A
A

3 DhEERSHIFIAS TR

3.1 ARIEERM

SRS TP N P ORI DR K, )
BERU A TT BRI S — Fh 8 B 1) K AR 5 5 (71
ORI IR T A, | vk S A RE R
RIRE G R SRR E M TI6E
Tl I SR KR | 5K R K
I P N o C LD /- AN = SRR D TS
KRGS, BVTEKPE YN = m S KA KA
FSAWNIET= 1/ P VI I/ N 7 € 2= 7 N
TICHI SR VLSRRI AR RS PR, Z% il J5 Bk
FE R R R R 5 BOR ORI TOK Ll A2 8
5o, AR g SAEH . DASR VL 5Ky SRRt il
HP SRR B RTIG | 5EAF T | 58 K 4K T T R 5 K 2R
o DASOK BEERE R 0 5RO o) oh 2 A O g T
AE KU MR L BT R A RO 70 4 oK B = 2R
VRS 2 B T T M2 T DL AR VTR K A SRR R
il BRI 55 K BRIP4 A 11 AR 52 oK A6 e e T 55
I

AR AR KT 2K A RFTUK,
ROKE T2 N T DB B i R OK R |
FOKFET  ROKE A UORE BOK 6 FLR RO IR
Uy, BOKKREEFLERRDPPH - TH% -OH . BFLA
fLfie 01 B & Fe™ fig J1 2 0l B ik 60. 16% |
30. 76% .0. 847% £ 28.43%" ",
3.2 FERIPBERTIREL

FEOK Y D) RE LA B U S b AL RE T 55 )
BRI A2 PRI SR A 1 5 ) 7 AR Ak B AR 1 DA v
IR PR USCRANTEE . SREUSR X BEOK 2
R PRI S K MR < pH> LIRS WOk
o> TRE S IFE]; pH 2 B A I [R] 30 min B2 BOR
50°C R 30 mL/g Rl Z B 70% 9 5544,
SFIHRIE 6.85% ", pH 2.5 BHE H 1:25 i,
FH 40% 1 BEAE 60 C AT, 5K 4RHL 4 h 21
R E (195.6 mg/100g) 1 o K 4 FPEHIF1
6 FRI BRI AT SE B AL, DL 70% MR ik £ 42
BEAET 2 & B s, N 461.72 mg/L, Amberlite
XAD7HP B 25 5 e =5 4 0.406+0.010 mg/g, iR
W BE 7 0.252+0.016 mg/g" . 70% 2 BEiE A 1E R
SR v 22 T 25 R R 25 Ak A 1 0 4 RO R
1E 5 H Bi-Payao- 55 K HE LY H 1Y y-45 4E R OK



I 45 SRR R BRI R A BT S A |51

VB 151 (44.17 mg/g) T H BE-Payao- 5 K46 Uy
MIAETT 2= 2 i (5.80 mg/g) 3 H BE-Payao-28 K
PR H 5K HepG2 4B, KEES KK
Bl AN R 2 AE B SR AR D SRR R IR B
YA G NG D @G R A R -3 A
AT i AT BRT 2R P 5 A R, A R TR B bk 2 4k
g, BKF BT 2-(3,4- R
FE) -4, 6- T FEFE IR I 0K R -3 -4 18 7 46 B R AT 2-0-
(3,4- "R AN BERL) 2,4, 6- At £ 2 ) %
BERR 2 ASErE A= e,

P IR GRS € 7ii=N v | RE WA N = 5[5 71 =0
TSR AL R - F B R E LS oK
WRERIE WREFEKETRZRZRY
(29.0 mg/g) JEANR B2 B 8 5, N 2R B2 3% K
(489.1 pg CE/g) FI%E H HH ELIE R 71 (433.6 pwmol
TE/g) 73 BIEANE K 4.3 4550 5.5 £

4 RE

SRKAETEH R0 i m R AR E M B A
AR EE B R B R A AR F A R DU
P 300 552 PR 28 52 W) 1) A S AUF 50 30 e W35 R T HA
THRE LI 5 A E 1 A 52 W [A 3R AT 5 41 0
b RESRREKR TR I 2 i Hi AT Re &
fi, ROKAE G S TR 44K E 2
AN I T ] LR S5 D R S 73 B 2 B 2 4
2E AR EK A A b K A RS I A | 24 LA
I AR B B AR AR RE P 45 R AT 982 4 I A
FERYTE KL, 2K T BE LI A AR X5 /0 W R finaie
TSR PR RE AR B AL RABA BT AL
MIAETE 2R FETDRE I 25 B2 i 5 Ty T, FROK
PSR BERE .28, 5K 5 JROK T RE L 14 5 7] 1
Ao RE . FAI, 58 ROK B 5 EOR BRI D E IR
SHHTBRAR TR TSR L | (H 5 ROK S 5 TR
KEINBE R AT e . R SRR
SRR RER K, If H 3 BRI 701 5 A
AR Sl I T T2 — S PR (H5 JROK i L=
AR AT b K S-S A T 5 RO Y 7l A
P, SEHORIIBE R A A2 WAL TR B B, R
BR T SRR M SRR SRR A FL  ROK R
HIERZ SR ; B i N8 P i) 5% 2RO 1
DIRE R Al H 4532 B 5GTE B 1 58 FROK DI RE 2L i Al
2 A IR R G RO E R S BROR U AR AUl

Y151 DI T RE S U T AR i Al
DI & Mtk .,

g4 E AR ORI B A 25 B )
B PR DI RE R L ORI B AR B AR s
240 o3 T HLELAE 5 B HOBr AU ) B8 & E R 5
Pl AR R AT . % BAKE & 100 ZFIE Y
JEi I RERL A & R B T FALTT R, W N 5
KRR HALTIRE A B R LR 4R ER
T2 R By A A FH 45 A ) B o, @R 45 IR
K R A B R B N AN B AT RO DO RE A
SR T 2 B A A 20 RO B AT A 50% LA 1 1 R
FERFIF 58 SRR B dat AN i thE FURR T 9
1) 0.01% ., UL, #7 K EKFEEMH S E
Pl e B 2 R4 S DI RE £ T & o $E Tt
LK B IR NFE MRS I 52 g, 4 sh H =l Ak
HERR s U T AT 28 FE PR Jhy 4ty R ] 412 5 4
WL SE DRI Y TAERCR ) S R AT L AR
Syt BRI R N TSR @S T AT R
ra b JFDIRE LA G NG 2 PUsss PR |
Prad ORI 7 A4 55 15 PR BE S AR AL S 52 i
JE 5 O i R SRR T R AL I A, K R OK
H B — TR A AR S RIS Sk IR S IREESE
— IR E A UIRERTK, S ROKRTE R EILE & Yitie
BB D RE & B AT KR OF5¢
B E 161 RS ATES R &Y
JOT A RIS AU (AR A L

2 £ x #t

[1] Friedman M. Rice brans, rice bran oils, and rice hulls:
Composition, food and industrial uses, and bioactivities in
bumans ,animals, and cells [ J]. J. Agric. Food Chem.,2013,
61 (45).10626-10641.

[2] Shao YF, Xu F F, Sun X, et al. Identification and
quantification of phenolic acids and anthocyanins as
antioxidants in bran, embryo and endosperm of white, red and
black rice kernels ( Oryza sativa L.) [J]. J. Cereal Sci.,2014,
59 (2):211-218.

[3] WGSEC, AR 45, A B, 45 2 B R A O b BUORS OK 20 BE A 43
ARG 22 S MR AR VAR [ ] D=2 56 2 #r , 2010,
30(12) :3388-3394.

[4] VWS, XEE  ERRFE, 5. SO B BOTR & &
SOHASRPZE R )] A KRR, 2003, 17(1) :25-30.

[5] Banjerdpongchai R, Wudtiwai B, Sringarm K. Cytotoxic and
apoptotic-inducing effects of purple rice extracts and
chemotherapeutic drugs on human cancer cell lines [ J]. Asian
Pac. J. Cancer Prev.,2013,14(11) :6541-6548.

[6] Hou F L,Zhang R F,Zhang M W, et al.. Hepatoprotective and



52

4 4 Kk & Current Biotechnology

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

antioxidant activity of anthocyanins in black rice bran on carbon
tetrachloride-induced liver injury in mice[ J]. J. Funct. Food,
2013,5(4) :1705-1713.

Pereira-Caro G, Watanabe S, Crozier A, et al.. Phytochemical
profile of a Japanese black-purple rice [ J]. Food Chem.,2013,
141 (3) .2821-2827.

A B 2R S R AR BUR KR B A 1 Sk
B R ARL] P EFE, 2014, (2) :58-59.

Jang H H,Park M Y, Kim H W, et al.. Black rice ( Oryza
sativa L.) extract attenuates hepatic steatosis in C57BL/6 J
mice fed a high-fat diet via fatty acid oxidation [ J]. Nutr.
Metab. (Lond) ,2012,9(1) :27.

Wang Y, Liu Y, Xiao C, et al.. Simultaneous determination of
15 phenolic constituents of Chinese black rice wine by HPLC-
MS/MS with SPE[ J]. J. Food Sci.,2014,79(6) :1100-1105.
HouZ H, Qin P Y, Zhang Y,
anthocyanins isolated from black rice ( Oryza sativa L.) and
their degradation kinetics[ J]. Food Res. Int.,2013,50(2) :
691-697.

Choi S P,Kim S P, Nam S H, et al.. Antitumor effects of

et al.. Identification of

dietary black and brown rice brans in tumor-bearing mice:
Relationship to composition [ J]. Mol. Nutr. Food Res.,2013,
57(3) :390-400.

Zhang X M, Shen Y X, Prinyawiwatkul W, et al.. Comparison
of the activities of hydrophilic anthocyanins and lipophilic tocols
in black rice bran against lipid oxidation [ J]. Food Chem.,
2013,141(1) :111-116.

Peng C,Wang X B,Chen J N, et al.. Biology of ageing and role
of dietary antioxidants [ J/OL]. BioMed. Res. Int, 2014,
http ://dx.doi.org/10.1155/2014/831841.

Huang J J,Zhao S M, Jin L, et al.. Anti-aging effect of black
rice in subacute aging model mice [ J]. Chin. J. Clin. Rehab,
2006,10 (3) : 82-84.

Kim H W,Kim J B, Shanmugavelan P, et al.. Evaluation of y-
oryzanol content and composition from the grains of pigmented
rice-germplasms by LC-DAD-ESI/MS [J]. BMC Res. Notes,
2013,6:149.

P2, TR, 2RI ER , A EORAEE T A 5 IR X S 1
HHR R BRPAEIILT]. BB ,2013,34(3) :261-263.
R, SR A CRER I e} SONEN IV PPN
RN P I T ] ELdl R, 2008,29(10) :540-542.

Xia X D,Ling W H,Ma J, et al.. An anthocyanin-rich extract
from black rice enhances atherosclerotic plaque stabilization in
apolipoprotein E-deficient mice [J]. J. Nutr.,2006,136(8) :
2220-2225.

Guo H H,Ling W H, Wang Q, et al.. Effect of anthocyanin-
rich extract from black rice ( Oryza sativa L. indica) on
hyperlipidemia and insulin resistance in fructose-fed rats [ J].
Plant Foods Hum. Nutr.,2007,62(1) :1-6.

Chang H, Yu B, Yu X P, et al.. Anticancer activities of an
anthocyanin-rich extract from black rice against breast cancer
cells in vitro and in vivo [ J]. Nutr. Cancer, 2010,62(8):
1128-1136.

Hou Z H,Qin P Y,Ren G X. Effect of anthocyanin-rich extract

from black rice ( Oryza sativa L. Japonica) on chronically

[24]

[25]

[26]

[27]

[28]

[31]

[32]

[33]

[34]

[37]

[38]

alcohol-induced liver damage in rats [ J]. J. Agric. Food
Chem.,2010,58(5) :3191-3196.

Jia H, Chen W, Yu X P, et al.. Black rice anthocyanidins
prevent retinal photochemical damage viainvolvement of the
AP-1/NF-kB/Caspase-1 pathway in Sprague-Dawley rats [ J].
J Vet. Sci.,2013,14(3) .345-353.

Tanaka J, Nakanishi T, Shimoda H, et al.. Purple rice extract
and its constituents suppress endoplasmic reticulum stress-
induced retinal damage in witro and in wvivo [J]. Life Sci.,
2013,92(1) :17-25.

T TR R AL TP A A RO R [T ]
BH,2008, (4) :143-145.

Choi S P,Kim S P, Kang M Y, et al.. Protective effects of
black rice bran against chemically-induced inflammation of
mouse skin[ J]. J. Agric. Food Chem.,2010,58 (18) 10007
-10015.

Yang J Y,Kang M Y,Nam S H, et al.. Antidiabetic effects of
rice hull smoke extract in alloxan-induced diabetic mice[ J]. J.
Agric. Food Chem., 2012,60(1) :87-94.

Wongjaikam S, Summart R, Chewonarin T. Apoptosis induction
in colon cancer cell lines and alteration of aberrant crypt foci in
rat colon by purple rice ( Oryza sativa L. var. glutinosa )
extracts[ J].Nutr. Cancer,2014,66(4) :690-699.
Pannangrong W, Wattanathorn J, Muchimapura S, et al..
Purple rice berry is neuroprotective and enhances cognition in a
rat model of Alzheimer’s disease[ J]. J. Med. Food,2011,14(7
-8) :688-694.

Summart R, Chewonarin T. Purple rice extract supplemented
diet reduces DMH-induced aberrant crypt foci in the rat colon
by inhibition of bacterial B-glucuronidase[J]. Asian Pac. J.
Cancer Prev.,2014,15(2) :749-755.

Kim M K, Kim H A, Koh K,
quantification of anthocyanin pigments in colored rice[ J]. Nutr.
Res. Pract.,2008,2(1) : 46—49.

Yoshimura Y, Zaima

et al.. Identification and

N, Moriyama T, et al.. Different
localization patterns of anthocyanin species in the pericarp of
black rice revealed by imaging mass spectrometry [ J]. PLoS
ONE,2012,7(2) :e31285.

LTSS N SARSEIE R S 2 A SR AR S H )
FE[J]. P EKFERL ,2006,20(6) :384-388.

ARG , X006, 150 H 7, 45 5L a X EORAE T 2R & A
PAL TGPERY 2 [ J]. 7 Mgl B2 B %4 4z, 2012, 21
(1):8-10.

Peng C, Lin Z, Lin G, et al.. The anti-photooxidation of
anthocyanins-rich leaves of a purple rice cultivar [ J]. Seci.
China C; Life Sci., 2006,49(6) :543-551

R IR BAL, XNABIH , 46 =R R E RN VE Rl B 1 BT
TP RALRE D W RE ML [T E AL R
2007,40(9) :2045-2052
RO ERRE NI )], R TR %M,
2013,27(3) :215-219.

Sui X, Dong X, Zhou W. Combined effect of pH and high
temperature on the stability and antioxidant capacity of two
anthocyanins in aqueous solution[ J]. Food Chem.,2014,163;
163-170.



Mg, 4 28 BORFh R BE 445 A o 5 R ‘ 53
[39] Surh J,Koh E. Effects of four different cooking methods on [55] Z= 8, W te R 5 4 2 Bk A Rt yokhn T
anthocyanins, total phenolics and antioxidant activity of black 25E [J].&d T, 2014 ,35(2) :3-6.
rice[ J]. J. Sci. Food Agric,2014,94(5) :3296-3304. [56] Min B, McClung A, Chen M H. Effects of hydrothermal

[40]

[41]

[42]

[43]

[44]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Bhawamai S, Chen Y H. Effects of cooking process on
antioxidative and anti-inflammatory activities of black rice
extracts[ J ]. FASEB J.,2014,28( 1) :S830.4.

Goufo P, Trindade Phenolic

H. Rice antioxidants: acids,

flavonoids, anthocyanins, proanthocyanidins, tocopherols,
tocotrienols , y-oryzanol ,and phytic acid[ J]. Food Sci. Nutr.,
2014,2(2) :75-104.

Chen W,Gao Y Q,Xie W B,

analyses provide genetic and biochemical insights into natural

2014,46(7):

et al.. Genome-wide association
variation in rice metabolism[ J]. Nat. Genet.,
714-721.

Belefant-Miller H, Grunden E. Carotenoid metabolism is
induced in rice bran during very high temperature stress[ J].]J.
Sci. Food Agric.,2014,94 (9) 1808-1815.

XESCHE Bk W, R =, A5 RAE S AR AE AL IR & CHS 2
BRI B3 e 50 28 S 43 A7 [ ] WU R 222 4. HARBE 2 AR,
2011,48(5) :1214-1220.

BRFEDT  ARARE R AR, S5 KR AL T 25 U DG L R iy I
2 RIBFFE[J] AR ,2013,27(1) :9-14.

Zuo Y Y,Peng C,Liang Y T, et al.. Black rice extract extends
the lifespan of fruit flies[ J]. Food Funct.,2012,3(12) ;1271
-1279.

Kim C K, Cho M A, Choi Y H,

characterization of seed-specific transcription factors regulating

et al.. ldentification and
anthocyanin biosynthesis in black rice [J]. J. Appl. Genet.,
2011,52(2) :161-169.

Maeda H, Yamaguchi T, Omoteno M, et al.. Genetic dissection
of black grain rice by the development of a near isogenic line
[J].Breed. Sci.,2014,64 (2) :134-141.
WU ZERA, XL S5 A AR T
FEHR IR ,2011,12(1) 1 13-18.

FZE R A5 RBCEERRIEN 4 51 % G REF
URIGHEN M) ] 23 TAEYIE T, 2011,9(6) :688-691.
INUTSE R AR, AR R AL AR KRR AR G 1 B 1 3t A5 I AT 2
JE[ 1] REMIERAL BEIR2AA, 2006,7(2) :239-245.

B ERE A, X LR, SRR A PRIKE REK
07 MEH SR 1], P41, 2013,25(4) :5-7.
BBAE, b . KA g T 1 B[]0k T, 2009,
(6):25-27.

R, X2 AR, S BRI RE S ER T
\k,2009,16(2) :3-5

T[] M I

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

processes on antioxidants in brown, purple and red bran whole
grain rice ( Oryza sativa 1..) [J]. Food Chem.,2014,159,106
—-115.

Deng G F,Xu X R,Zhang Y,
bioactivities of pigmented rice[ J]. Crit. Rev. Food Sci. Nutr.,
2013,53(3) :296-306.

FHIBERE JEVE 5K A, 55 MBI B SR BE 2 SRR AR [ )]
AT 577 % ,2014,35(4) :53-55.

A T, RS, A ROR R IEFL IO RS AL T
W5 (1], BMETIESIT 4 ,2014,30(3) :4-7.

et al.. Phenolic compounds and

UG, FLER BT, A5 U 75 Bip ) 9 AL 42 B K
GRKBITR )] Rk TR, 2012,28 (1) : 339
—-344.

BUARAE I o7, A5 SOR S MR T 2 Ryt AT

WEFT[T]. B 5L, 2013,29(3) ; 111-115.

Kang Y J,Jung S W,Lee S J. An optimal extraction solvent and
purification adsorbent to produce anthocyanins from black rice
(Oryza sativacv. Heugjinjubyeo) [ J]. Food Sci. Biotech.,
2014,23(1) :97-106.

& I, WA'%EJIJE@H A FUTA [F 785 S e X SR B LA
BT A R R [ )] R AR, 2012,37(12) 1 136-139.
Sutthanut K. A local Thai cultivar glutinous black rice bran: A
source of functional compounds in immunomodulation, cell
viability and collagen synthesis, and matrix metalloproteinase-2
and -9 inhibition [ J]. J. Funct. Food,2014,7.650-661.
Kamiya H, Yanase E,Nakatsuka S. Novel oxidation products of
cyanidin 3-O-glucoside with 2, 20-azobis-( 2, 4-dimethyl )
valeronitrile and evaluation of anthocyanin content and its
oxidation in black rice[ J].Food Chem.,2014,155.:221-226.
Jang S,Xu Z. Lipophilic and hydrophilic antioxidants and their
antioxidant activities in purple rice bran [ J]. J. Agric. Food
Chem.,2009,57(3) :858-862.

Rt h R, A, 45 AT bR IC AR R A s
AR CIE R TERE ) 5 AL AT 5 Y B SR [0 ] A= 3R
J’¢,2014,4(4) :236-244.

Bhaz2e i W, 45E AT R A B RERT STt
FHBTSEL )] AR R ,2013,3(4) :346-352.
Kim S P,Yang J] Y,Kang M Y,

J& i
et al.. Composition of liquid
rice hull smoke and anti-inflammatory effects in mice[ J]. J.

Agric. Food Chem., 2011,59(9) :4570-4581.





