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Nutritional and functional components in purple rice and free and
bond state compositions analyzed by HPLC/LC—MS
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Abstract; CIE Lab, HPLC-DAD and LC-MS techniques, combined
with the national standards methods were applied to determine the

basic nutrient and functional compounds of purple rice, and compared
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with the white rice. HPLC-DAD was used to quantitative analyze the
contents of phenolics and flavonoids, and the main kinds of anthocya-
nins were identified with LC-MS. As a result. there is a big
difference on the content of basic nutritional compound: purple rice
protein content is 23% higher than white rice, and ash content is
31% higher. but starch content is 15% lower than white rice. And
great differences on color value, luminance and chromatic aberration
have also been found by color spectrophotometer. On the other hand,
purple rice has higher content of anthocyanin, total phenols and fla-
vonoids than white rice, and mainly existed on free states. Based on
HPLC and HPLC-MS method, the phenolic acids and flavonoids
were analyzed, mainly including protocatechuic acid, chlorogenic
acid, vanillic acid, caffeic acid, epicatechin, p-coumarin, rutin and
ferulic acid, and anthocyanins are mainly knapweed-3-glucoside,
mallow-3-glucoside and peony-3-glucoside. This study may provide
experimental basis for further quality evaluation method and develop-
ment research on functional active substances in the purple rice.

Keywords: purple rice; nutritional and functional compositions; phe-

nolics; flavonoids; anthocyanin
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YNSRI R R Y E AW ST . HEA
SEROK W B IR AN T BE R Lo WF oY A P E AR T K KA
BT R A g A T T B R B Bk A AR
T AR B A 234 25 B RN AT 25 R34 A B O L HoA
Fe Py BARXT B0, SR L % L AR SR B A S o Rk R 4
B 4 THT 40 M o 0 LR X i B A RN 5 A A 2 L 28 W R AN
681 20 4% 4 T 4 AT BF 5 #6400, Shen 20 AR
TN AT e T T € R oK P I S I R R T ATk B
1 T RS K, LR B T A ORORE € R O L B HBIF 5 4
FEG TR B H AR 500K 88 SR 05 #4700 5 L 4
FOAE 61 S W 0T A R SR AT A R 45 4 R AE 43 BT . AT S
A THI 43 BT 580K v 32 B IR DR 8 43 B A L 9T R AR
TR O e o3l — BRI B Oy ik E— B i S 5 4 G
A5 10 Y IR 4 T 2 ) Jo B A €6 14 AL TRD B L R 5 OK 5
KRR R AE S B SR T RE MR AL 4 25 L R AR VL EOK I
J VA B A 56 £ i B TR B TR R A R R bR 2 2 %
1 MRS 5%
1.1 #RE5XEE
LT BRI

BITEK . BE 15, BB TRS M2 RER
INHE]

Esm ok R EFR RS

WE TR IR A BRI TR L D LA R R A s < 4
JE>98%  BTHL T 48 ] 5

RILER ST MR AT pHER U E>
98% , % [ Sigma A 7 ;

G UKESER W R W BESE « (A3 4k, 25 [ Fisher A #]

LR LT IEC e b gl E 25 4L Bk F A IRA A .
1.1.2 EEUHR R

1o T T RE R AR : FWSO f 78, 45N BE A #8 A FRA ] 5

&34y F6 M £2 {% : UltraScan VIS #, 3 E HunterLab
NG

7 U UE ML SB-2500 DTN &L, 7 3 3 2 A W) Bl 4% i
A BR 2 F

Jie % 7% 2 AL - R-3 B, Ky Buchi 23 F] 5

RO €5 3% — Jo I B X LTQ XL A, 35 [ 38 Bk i /R
BHA R AT

LK 2 /AL : UDK 159 BY, b 57 23 % 18 28 B 34 BR 53 1T
NI
1.2 REH*E
L2.1 FEMETALEL T BSR40 B 153
SEKAH BT T A& (=20 CIFEHED .
1.2.2 BAEEHMRER MEFMFRE SRR 5 g 50 mL
7000/ LEE(PH=2) %W 50 ‘CRIR B HE R 2 K. &
AP T G2 Wi S TR B R G5 .
1.2.3 B AMERMRE AR SCERCI4]E ST B 10 ¢
SORMIMA 100 mL IE &b & F #E R H ol = B g 3 k. &
P 20 min, i g J5 58K ) 78 38 KB ACE 12 h LABR #5884 1E

28

B 03 g IS 2k B A 30 mL 80% HEE¥A I 30 C #
PRI 3 IR 1 hy G 9F BV R R AR E 20 mL, MR 4R
WO EEF SR S BEIR % 2B 5 R & A MR U T
5 80 HEERE A4 & 10 mL, B F —20 CukAfFMl .
1.2.4 Z5EEBMRMER R ScEkC15 18 o T . e
1.2.37 1 806 R 5 K 1% BUJS T 4 UL U@ B 4. A 40 mL
2 mol/L NaOH BB EZEIR T A FE 4 h, fH 6 mol/L HCI
b E pH=2,F LR LBRE E A 5 W & A LR £
HKRET.H 80N FEEARRE 10 mL, BF —20 Cuks
(ERU
1.2.5  — g8 hnill &

(1) K&+ 3% GB/T 5009.3—2010 $4 47,

(2) K& & ¥ GB/T 5009.4—2010 $447 .

(3) MUEM & 4% GB/T 5009.9-—2008 fy [ /K fif i
AT,
1.2.6 SEEHSEHMNE HHEKRE 0.2 g FEMA MK
B 0.2 g BiERH .6 g TRERET I 15 mL RBLER . 7€ 40 C
10 min,270 °C 1.5 h,480 C 2 h 4/} F F VELP H gh by
k. FEEAERHE EER . EA VELP 2 A 380
RAL i 33% NaOH ¥ .4 %0 W BRI 76 18 B 2 /A
FH 0.1 mol/L #7719 HC ¥ 80 & X560 85 B T iy 5% 4 &
o 6.25, i B 25 R AL AR B 3T
1.2.7 B mRE  MRAESCHERC16 MBSO 38 oK | 5
KEERY .k 100 H i . 5t 43 TR ¥, 6 25 {000 e SOk L
a” b AR L R, o —a %R
NARCERS - 3 R ol Rl s | BN AN
1.2.8 BORBEEH SR RECHRO7 B8 T .
FH pH R 2 SO AT R & &, B e R A
SRR AE YA S 400~700 nm g H P FEAT 2850 4 47 4 L B €
SRR A0 S BOR M B KRR N A s 2RJGH 1 mL 1Y
ook W 45 W 4> B pH 1.0 28 vk (0.2 mol/L HCI :
0.2 mol/L KCI: H, O f&F L 25 : 67 &)l pH 4.5 fyZE ah
W (CH; COOH : CH, COONa @ H, O, & It 0.98 :
1.80 1 97.22) 5 % ] 10 mL, & ik T F-AF 20 min, 43571 I & W
TRE S BEVRAE A F1 700 nm bW SEAE . 8076 0 FF 2 &
R (DI

C7A><V><n><M D
o (e Xm) ’

K.
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CBRYR G A 3 W A KA )Z o AB-8 AL WK B 4% g 46 1k
b B, R 70 Y0 £ DR O AT 4 VR B R0 R Wk 4 IR R R
5 mL, it 0.22 pm LI, £ HPLC—MS i & .

WA S ISR 1. 35 4T Thermo Fisher R AH Cis 8
M (100 mm X 2.1 mm, 1.9 pm), F: iR 25 °C, 4 I 2% i 1
DAD, #FFERFR 10 pL, Ji# 150 pL/min, Kl K 520 nm,

MS Z #: 5k 1 ESIIE & FH # B0, & @8 il E
350 Cs B HEIE 26 V3N, i # 20 L/min,

R1 BERBAZE

Gradient elution programme

Table 1

W) /min 3/ (ul « min~ 1) FBIAE A/% FEIAA B/ %

0 150 70 30
30 150 10 90
32 150 10 90
35 150 70 30
38 150 70 30

TOWEAR Al 0.3%0 HER /KIS AR B O RAR L 0.3 1 30 ¢
69.7 M H PR — LI — KW .

1.2.10  HEE&RmME LS T LR A ALKNO;); —
NaNO, —NaOH . 75 43 51 % 58 K Hp i 2 25 A gl & 5 8 2%
W) 0B B AT R T I L DAVR B C (pg/mL) SR A
B OGEE A S A bR 2 il b ofe i 2601
L2111 BEmammllE DRETFRENK RH
Folinlin-Ciocalteu 2 43 Bl % 5 Kk wp i 2 25 M 25 & B B 22 9 i
BT B & R E DLW C (ug/mL) Ry £ A8 5, W
JEIE A YA AR H AR AE T
1.2.12 W2 HPLC 4387 ol il 28 2 57 . AT 80 26 i
VT E 10 Fh 2 W 2R Fbn i IR A I OB TR 4R
R A LR MM MERR RLAS R RILAS R N T B8R (3
FT L p- B E D 43 P 5 L VA THEDBURN i B 2 [A] 1Y) 4R 1 [T U
KFR @RI .

HPLC 4 ff: Alltima Cys £4,3% # (250 mm X 4.6 mm,
5 pm), HIR:30 °C, KK 280 nm 5 320nm, ik
0.8 mL/min, Wz :A KK @ ZBURF L 99.5 1 0.5),B
RZE KRB 50 1 500, Lk 2,

FK2 BEEBRAZE
Table 2 Gradient elution programme
Bt /min FEBIAH A/ % FEEHA B/ % W/ (mL + min~ ")
0 90 10 0.8

50 40 60 0.8
51 0 100 0.8
55 0 100 0.8
57 90 10 0.8
60 90 10 0.8

2 RS0
2.1 BEREFHSON

M2 3 AU SOk 5 0l FOK K 70 F i AR — B EROK
TR B A R OR R 2300 VK R EOK 3106 . T
VEM S IR T 1K 2y 1506 DRI o A B A 55 3 B4 0 T 560K
55 K22 R

K3 ERMBAARMNELIRSEE

Table 3 The basic composition of purple rice %
FE i Koy W5y BEH BIER
2k 11.94£0.13  1.01%£0.05 8.59+0.11 73.944+0.23
Hk  11.6540.05 0.70£0.08 6.55+0.21 84.5340.33

2.2 BIBRI

M2 4 AT ORI B WIRE L i T 50K ORIt
a" >HK e ERMEEME 0T >HK b 5o MR R
P BELHE , SOk " <HXK o SRR ERNBERA XK
R EAEE L SEAK R AMERESR AE" HOFERE
A EARAE RTAKAE R EARMA KA
BORHY (%

ORI UK B 3R AE 45 2R RE A R B P 2 A K 1) 4y 3
PP —— B0 22 5 . T O RS K S 0L At S 22 S 1 PR 42 116 A A
2B RS .

2.3 FEINGEMBSREAREENSN
2.3.1 BAEGH S B FE S & AT mi3R 5 A 5
KA IO IS I B T EOR R EAR

R4 ERMAXBBRT

Table 4 Color Coordinates of purple rice and white rice

it L~ a’ b c* h AL AE”
£ 31.2040.17 3.27+0.03 16.16+0.21 2.14+0.08 3.51+0.06 —20.212£0.15 26.02+0.14
EP/S 86.1840.22 —0.3240.02 0.21+0.03 6.17+0.12 94.1640.15 —6.69+0.23 6.7940.17
T L BB e RLLEAE 0 RE O B A OTE. AL IR EER AE HEEE.
x5 EXIEDREVRENESE
Table 5 Concentration of functional active substances from purple rice

v BAEET/ B/ (mg GAE « g~ 1) K/ (mg RE » g 1)

Bl g Cyagle - g ) i 9 e i Hih

£k 2.51+0.03 5.44+0.28 1.9840.18 2.93+0.14 0.330.02

SRS 0.01740.00 0.37+0.04 0.31+0.01 0.18+0.03 0.20+0.04
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EAEETT K BB & iy 2.51 mg Cy-3-gle /g; %
KBS LW & wm TAEE 3 IFRSEm S 2T
AR IR R Shen 1 WA ARK TR S ZH
FIEEA DR IT 25 AR 5 S B A PR e 4
A2 WY BT 28 ) T 50 LG AL A 7 v A A T 2 R 3%
Pl FTRE S R A f AP DL R W BT A . Bk
UFRd S 2 B M B W & & 4 3 F 5. 44 mg GAE/g Al
2.93 mg RE/g, ¥ & @ T B0 K IiF 8 & £ B M & Bl & &
0.37 mg GAE/g #1 0.18 mg RE/g; 5K 45 & 75 2 1 1 & [
T 1.98 mg GAE/g 1 0.33 mg RE/g. B & & F ([ K &5
B Z WM & 0.31 mg GAE/g 1 0.20 mg RE/g, %
K DI REME Y B BRI A B H R BR AR ) P B AR T T
A0 I A B2 e T ARV S ok R 3 R E B R
W5 NS R T 38 oK S L T A = K
FRAEY ONE Tk LSO, 1 5 HAl A7 4 4K 7= fh
MBS SOk AR A S i M R T
2.3.2 BRI A 25 4y AL Ay M SR 1.2.9 HPLC
T [ B30 5 B e 10 R 1 TR B R 26 W L TR B b E B3
P UL 1,10 Fob iy 15 o8 I 2 0 00 €6 3% 06 43 B9 B 94

53X SR T e B A R 5 A A T TR B 2 4 T R AT 4
B S5 RF B SO R LA IR 7 B R L 4 R I L I MR R L 3R
IR p-HEER S THMBRERESMSEEE DA
K, UF 888 2 W 28 W R b & & 0w 09 2 R L 2SR
(14.48 mg/100 g) , HWRJ& 7 KR (6.59 mg/100 ) FiI B £ g
(2.41 mg/100 @) 7E45 6 A5 W 28 W) I3 v % sk do v 1) 43 31 O

6001
5001
400/
= 300}
g
200+
100+
0 T h T I T T T L T T T
0 5 10 15 20 25 30 35 40 45 50 55 60
fi[a]
Time/min
1 WEFR 2. FILEMR 3. SR 4. HEMER 5. UNHERR
6. FILAE 7. p-FTE 8T 9. FIEER 10. HEEEE

B 1 10 By 8L 3% A KRS AR S 49 HPLC
&35 B/ (280 nm)
Figure 1  HPLC chromatograms of a standard mixture of

phenolics andflavonoids(280 nm)

B2 (30.21 mg/100 @) & KL (4.53 mg/100 g) Fl &k J5 iR
(2.38 mg/100 g),
FHE 6 AT, BV SR FT S IR B IR Y R A+ & L 1

BriAG 8 Bl AR B MW L R AR R LAS R p- i R
We B 35 A B S A A A A B SR — B0 T A 423 U B 2
LA R R BORE SR R AR A A S PR & i B
BRI M. BATBIRMAEE L T h xS R

Xt N RE R AT A ) A B B S B R O 1 S A P OR IR R
Boiw AL B AS TR T AR 10 B 2 2 S B B AR 0
A ORER P BRI AT S R B B B R P H A&
JUA R AR BB TR s A By S 2 R A — B H %
o3 RS A NIRRT 5 AR OK A B A AR R IR A O

K6 ERPHBREMANENSE

Table 6 The content of phenolics andflavonoids in purple rice mg/100 g
453 JRILZE R 2R R i e FILKER HFER T o] 258 iR
W RS2 14.484+0.33 1.5940.20 6.53+0.34 1.3240.19 0.32+0.15 1.8440.34 1.0440.29 2.41+0.33
Z&ES 11.2640.13 2.38+0.23 4.53+0.40 1.0140.21 0.42+0.15 1.6540.21 1.5640.23 30.2140.24
2.3.3 FORPAEET RY T LRI x5k Pk @A 240 000 f
KW AT HPLC—MS 4347, i 45 (0,33 1 WL &) 2, 3 i % 32 200000
B3 AT — R ORI 4 R 35, 5 123 ggg
@3 IE 1(Rt=6.94 min) .73 T B 1 m /2 Jy 449, R 2 0000k
iﬁﬁii\ﬁ?%% m/z %449 %féﬁ%%%% [M7162]+ 40 000}
IR B F m/> 287, iS5 B AT Hl m /2 287 JE R L, 0
‘ - 0 16 20 24 28 32
FTHEWTIE 1 2R E S R-3- M A M . (|
Time/min

{304 2(Rt=10.05 min), 53 T8+ m /= Jy 463, _ %
B BoR o T8 T om/x N 463 KRE— T HERE [M—
16217 19485 B F m/= 301, A5 B W A m/= 301 J2AT24
R B 2 BATER-S- A .

g% 3(Rt=11.88 min) , 7> T & 1 m/z N 493, %%
R R R G FEF m/z N A3 RE—FFHERE [M—
162] R BT m/= 331, Ui {5 B AT m /= 331 JE 4 2%
e, B W 3 R4 2E-3- AT

H &L 2 A7 g i 0 AR VT Sk 3 R A 0 H Ay AR
Lo ESER KN S RN TR VA R SR B QRSP S

30

LORFRR-SWHA 2. ATL4-3- AR 3. HRSE-3- AR
B2 ¥ARfé&Fey HPLC B
Figure 2 HPLC chromatograms of the anthocyanin

extracts from purple rice
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Figure 3

Mass spectrum of peak 1 structure of
Cyanidin-3-O-glucoside
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Figure 4 Mass spectrum of peak 2 structure of
Peonidin-3-O-glucoside
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Figure 5

Mass spectrum of peak 3 structure of

Mallow 3-glucoside

2350 JRAY SR E K 3100, 1 B TE A B AR K
2915 %6 5 W2 {5 114 €5, 128 3 F 3% 1) 4 DK R 1 K A € B 3B W
S5O I AR Y (2%

(2) ZRh T BB A S SRS RS T Ak %
Kb BAE AT MY Y 2.51 mg Cy-3-gle /g, T [ K o B A
ARG EOKRP B MY R EE RSB RN
FLEKRIFESZM &R 5.44 mg GAE/g. B ¥ Tk
We B & itk 0.37 mg GAE/ g 22 K i 25 Wy $2 I b 2/ & it
2.93 mg RE/g, B B /& F K H 5l & & 0.33 mg RE/g,

(3) 50K M e K 25 W 25 ) o 6 8 A0 45 R L 25 R L 4 UL
BB MERR R ILAS R p-F TR TR 2R %
6T 3228 i 2% 7F 35 -3 4 B T L 4 253 A M T R AT
23 AR AN .

5% 3k
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