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Abstract: The extraction of polyphenols from red rice bran was investigated and the purification conditions of red rice polyphenols were
established by selecting macroporous resin and eluent concentration. Additionally, the major components of red rice polyphenols were
identified, and the effect of red rice polyphenol on the related digestive enzyme activities and glucose adsorption during in vitro small intestinal
digestionas well as adsorption of carbohydrate was evaluated. The results showed that the adsorption and desorption rates of red rice polyphenol
were relatively high when using macroporous resin HPD400A, and the-desorption rate of red rice polyphenol could reach 0.97 with ethanol at a
concentration of 70%. The main contents, of red rice polyphenol/are proanthocyanidins. Red rice polyphenol could inhibit the activities of
a-amylases, a-glucosidase, maltase, and sucrase, with 50% inhibitory concentration (ICs) values of 3.61 pg/mL, 2.81 mg/mL, 5.48 mg/mL, and
6.55 mg/mL, respectively. Furthermore, the higher the concentration of red rice polyphenols was, the stronger the inhibitory effect became.
Additionally, red rice polyphenols could inhibitiin.vitro intestinal glucose uptake; the higher the concentration of red rice polyphenols was, the
stronger the inhibitory effect became: At the concentration of 2.01 mg/mL, the inhibition rate of red rice polyphenols against glucose uptake was
72.32%.
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different macroporous resins

FHPE 1 AT, KFLI S HPDA0OA X4 k£ yk
TV 0.89, M 0.89, HHAMKALIIE
L, R BA B HIRN R SRR, BA RAFH)
WRBFS A SRR RE, BT LA EE HPDA0OA 1ENZIK 2 B
AR o
212 HRBLA) THik

FHPE 2 A%, KALI S HPDA0OA £1 K 2 Iy
HWE CRER PRGN R, LERAREE N T0%HT, 20K
LI ARER 097, LEERFEEEF] 70%)5, MRS
KIEEBAR T2 IR EE G R BA 1 LB TS,
WeFE 70% CBHHONZLA Z B et 7
213 dhifbidfeh Lk S B

AR SRR LH-20 Bk A& 1 o,
Yk 170~220mL e BEZE LA BWAR G R TR



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

RIS A 21K £ 15y K F Foiln-Ciocalte 72305
NS, LRZHam SRS 2KRZH RN
LRI S5 Alifh D IR K Z Byl FE WSk 1 R,
RS RNAKZHIAIRE N 90.8%. %2 M EATE
FoE L 71.8%.
100 1
80 +

60 -

40

TR /%

20

0

30 40 50 60 70 80 90
ZEERIEL /%
[ 2 RERE ZEEXLR S BRI AR RS20
Fig.2 Effects of different ethanol concentrations on the desorption

rate of red rice polyphenols

10
k
0.8 . w
~ ! L
o6 I
< 1
pru| L =
= - / L
= 0 53 \
o~ P \
00—-‘" o S ~
0 20 %0 120 160 200 240
PEM AR / mL

[ 1 AZEXEIRYERR LH=20 5B EAT ]
Fig.1 Sephadex LH-20 gel chromatogram
R TR LRS B
Table 1 Purity of red rice polyphenols during purification
SErshAARE o MR | RIURTAESEIL LH-20 sk
% Bk E % 13.940.64 64.14.77 90.842.13

2.2 K% B A oK kA R

221 4R Z @3t o B iE R

A-VEMTIE o-1,4 WYRIEREENE, EiemdT
BIHCHIEE . I 4TI, 20K a-Tek il
AEAEAMEE R, HAMS 3R BELT K 2 By B S KT v
UKL IR A 0.101 mg/mL B, X} a-Se kB
HRIE 90.87%. U E KRG KB —EFEEERT, 2R
WK TR M4 T2 o0 S, B
J7H2: Y=33.5X3+3571.9X-70107.5X+399701, R*=0.93,
FH UL RE T DASR HE 21K 22 56t oS KA ) 2 PR P
N 3.61 pug/mL.

100 -
90
80
70
60
50
40t
30+

20 1 1 | | 1 | ]
0.00 002 0.04 0.06 0.08 0.10  0.12

Z WY / (mg/mL)
4 FEIRELLRSEX o - B RIS
Fig.4 Effects of red rice polyphenols with-different concentrations

it # / %

on a-amylase activity.

222 R ZEA o-F A FEEE KR

100
80

60 -

it # / %

40 -

20

3 6 9 1.2 15 18 21
Z WY / (mg/mL)
[ 5 PRIRELRSEX o -FAEFEHEEE RIS
Fig.5 Effects of red rice polyphenols with different concentrations

0

==

on a-glucosidase activity

o- B HEE AT CUKRRER ) a-1,4 BEERE, H4
RIS i AT A R PT A N AW USRI R PR 20 o el ]
500, BEELORZMIMERIIN, X o- & MBS
PERFDEIE ARG MK Z ERRE )y 20 mg/mL B,
HXE o7 2% W5 B (4 1) 220k 81.3%. fEWKEE 10
mg/mL LA L, $EIWER BT gENg . K 5 3T
TEARLEM A, BEATRE: Y=12.36X%+17.91X%-
1.64X+0.05, R?=0.99, 1 7 R AT LASK HE 4K Z Bt a-
AT R A FE N 2.81mg/mL.
223 k% EBxf AR M

TEHMIS R, B A PR A I A B EpE mT
DAE FE R i RE R M i SoR (SR 3L
TR RPN 2E 08 22 2F = FERI AR SRS I o2
TG A RENIC, DA 20 E R RSSO T 7K i S P F i
1) N SN AR S A o N
B A 2 2R, PPN, SR 2 Myht 22 2 A
TR HRE R 1 () S0 SR A0 B 21K 22 ik P88 1 o 44 A
MK LRI N 40 mo/mL I, Hook 22 2R B 30
il 215 98.67%, Xf REFERGIKIIHI 1L 96.04%. 1EHK

137



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

JE 5 mgimL PL_L, ZIK 22 Mt 22 2ER il e e B R
e BT E e tg . i 6 #HT 2 oAk LA,
1532 25 Bl B4 ) R (B U 7 R . Y=-4.00X+12.84X°
-0.53X+0.007, R*=0.99, H1iHt /7 2] DASK HL 41K £ Fy ot
R AN B 5.48mg/mL;  RERE R
[EH75F%: Y=0.49X3+9.99X%-0.34X+0.003, R*=0.99, i
UE R AT DASR HE 212K 22 M %o JRE W 1 4 R B 6.55
mg/mL.
100 -

80

60 -

M 1 %

40 - L IFNEN
—o— [T RN
20
D 1 1 1 1 1
0 9 18 27 36 45
ZMRIY% [ (mg/mL)

6 FEIRELLKS I EIFHERS. FEpEREERISIm
Fig.6 Effects of red rice polyphenols with different concentrations
on maltase and sucrase activities

& 4. 5. 6 A, ZLKRZMRN o-iEkE. o7
HIVETHE. REVERE. ZPMERRS IR AMGIER,
TV E AR - RN R R, LK Bk ik ar
T BRI o 32 BK Dy 22 W o 3 R R v P
Fr DUl BB N A R A B S il AR R e I A
BRI EWD, LRGN FBER /K s G54 T BLAR, K
B RRARFZIG I, B> TR RRAEDER, i PeE R
R B T2,

2.3 LK S Bt/ i R el B

25 =T

—— LHHAE 0.67 mg/mL
20 —— ZMKEE 1.34 mg/mL
—v— LEKAE 2.01 mg/mL

H R E / (mmol/L)

1 |

0 20 40 60 80 160
i 1] / min
& 7 ARIRELLRZ BT/ A E S ER U BT 520

Fig.7 Effects of red rice polyphenols with different concentrations

on intestinal adsorption of glucose
7 AREANRILLA 2 W50 /N Hi TR RSP 52
Wi, PEI 7 RTOL,  JE PN ETE RARIRSCER S ]
HEhEaYs, FERNE, HERERPICER LK E

138

Py A< FEE 38 T AT, 5 L AT DAR BRI K 22 Tk B sy
TR PSSR - BB 21K 2 Tk BE (38
ZINBE T R TR RO BRI, A 2.01 mg/mL 41K 2
P 7E 100 min B0 56 5 BRI SRR 208 72.32%.

U RSO B SRR B A B
7N R RS A AL P T T i L B 4T Na -
EIREILEEEHE SRR - N L2 S35 AR Na'-
HIRPEILHE AR . NN A e R,
T/ NBRIRZE SGLT-1 444k % ) S8 &5 [z Na*
%, TERESYIEIR Na' i B RERETT a1 N 20,
WE] Na" I SZ e ATPBEf, CAERRE i 4h
Na" ¥R T o A T P 525 e IS ) Bl B i ds i
GLUT-2, Bz Ak L4 A o 8 2 05 SR A, AR A R P
BEE VBRI B pE S Is , (R AT N, 5
B0 AN AT 0 LA b Sl £ | A SEALGE VAN
o A1 2 WA R 21K Z2 Tl T % ATP BT
P, BT A NaSREERAE, Bl Na'i
e B S PR

3 ZEig

ASEH T LK 2 By X oK A S P A f v
FHEHA BRI IR, IR T LK 2 ik AL
BHEMCIE P AR TR i SR e, TER DAL
KW B KA A VE AT R 2 S DL B i — 2
o LORZMMFERINEET =, LKRZER a-
VERINGE . o-HIEIPETNE. 22 2PHERE. RERERETE IR
HIVER, HAmmIE FBAERE- RN R R, K2
P FERk ey, S E R 2K 2% o-TE R
o-HIGEINEEEE . FEMERG. FURERGISEADHIR 1Cs 737
A 3.61 pg/mL. 2.81 mg/mL. 5.48 mg/mL. 6.55 mg/mL.
LI Z T A g R A AR 2 DR 22 g b oK B
My i K B A SRS &, R TR,
FECRRIEE, TSR KA S . 20K Z XS
RN IR ER, 2k s, Fd)
WAL FH B o R B S 2.01 mg/miL 21K 22 By ol e i
WS ZRIE 72.32% . LK 2B KA A P0THE AL
TSR 4 FH T DA s R i 26 W 1 2B B 5 R
PZ,  AIMRGE N AR IS S IR FE, BB PR AL 2]
—E IR S A= EH . 20K 2 By s mmh KA S0
SRR 75 1 — A 5T

B IR

[1]  BRIRA E/AMR SR A AL, 5 LK E ORI L L 2 7 ).
frah Tk AHY,2013,9:210-213
WEI Zhen-cheng, TANG Xiao-jun,ZHANG Ming-wei, et al.



R BRBHL

Modern Food Science and Technology

2015, Vol.31, No.10

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

optimization of processing technology for red rice beverage
[J]. Science and Technology of Food Industry, 2013, 9: 210-
213

NI B Je e, 2 B A5 KRR (o & B I AR AT Ut
JE[J) Mt A% B 2741, 2006,2:239-245

SUN Ming-mao, HAN Long-zhi, LEE Kyu-seong, et al.
Advances in genetic research of grain anthocyanins content
in rice [J]. Journal of Plant Genetic Resources, 2006, 2: 239-
245

FREHE, N AN, RO 2K E TR R D) R I
O FBAL L IR F0RE RE (9] 7T, 2006,5: 50-54

WAN Li-hua, YE Xiao-ying, LI Jie-gin et al. Advances in
nutritional health benefits of black rice and red rice and their
genetic mechanisms [J]. Seeds, 2006, 5: 50-54

Ming-Hsuan Chen, Suk Hyun Choi, NobuyukeKozukue, et al.

Growth-inhibitory effects of pigmented rice bran extracts and
three red bran fractions against human cancer cells:

relationships with composition and antioxidative activities [J].

Journal of Agricultural and Food Chemistry, 2012, 36: 9151-
9161

KapilSharma. Biotransformation of tea catechins into
theaflavins with immobilized polyphenol oxidase [J]. Journal
of Molecular Catalysis B: Enzymatic, 2009, 56: 253-258
Alé-Ruiz, M S Garce-Falcdn.
polyphenols on antioxidant activity
brancellaored wines [J]. Food Chemistry, 2009, 113: 53-60
FAEA, FWCE BT 4 MY 2 B I e B 1 F [0 9 5A
eI 9 57T, 2005,4: 508-517

WANG Xiu-jie, YUAN Shu-lan, WEI Yu-quan. Cancer
preventive effect and anticancer activity of plant polyphenols
[J]. Natural Product Research and Development, 2005, 4:
508-517

Gordon J McDougall, FainaShpiro, Patricia Dobson, et al.

Influence of major

in menck and

Different polyphenolic components of soft fruits inhibit
a-amylase and a-glucosidase [J]. Journal of Agricultural and
Food Chemistry, 2005, 7: 2760-2766

TR G (SR ], 2 A= #F5%,2000(1-6):170-172

CHEN Qi-xuan, LING Wen-hua, MA Jing, et al. Effects of
black and red rice on the formation of aorticplaques and
blood lipids in rabbits [J]. Journal of Hygiene Research,
2000(1-6): 170-172

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

5 1, RE R, e o 5 R R $R I ) e Ty 55 B S B Ak
PR FE[J) AT 7T,2010,2:253-256

GAO Gang, CHEN Da-hai, GAO Xin, et al. Total phenolic
content and antioxidant activities of blue berry pomace ext
racts [J]. Bulletin of Botanical Research, 2010, 2: 253-256
g, FARHEAETT R AL B By A DI RE W ST [D]. 4
HEHLITEE R ,2010

MA Rui. Studies on Extraction, Purification, Ingredient and
functionality of procyanidins from pine needles [D]. Jinhua,
ZhejiangNormalUniversity, 2010

kS P B, 2R T, S5 2 T I TR SR |
s[J] AR0lA#,2005,6:157-162

ZHANG Li-ping, SUN Chang-xia, LI Jun-ging. The present
conditions and development trend of plant polyphenols
research [J]. ScientiaSilvaeSinicae, 2005, 6: 157-162

Haslam E. Polyphenol-proteininteractions [J]. Journal of
Biochemistry, 1974, 139: 285-288

Qiang He, Yuanping, Lv, Kai Yao. Effects of tea polyphenols
on the activities ofa-amylase, pepsin, trypsin and lipase [J].
Food Chemistry, 2006, 101: 1178-1182

M, WL, e L R AR R 2 Wy S AR IR - TE KD I
FECHERNE[I]. P BE 24T E,2009,25(2): 156-160

LIN Feng, YAO Jiang-wu, TAO Tao. Interacti on of black tea
and green tea polyphenols with porcine pancreatic-amylase
by fluorescence quenching [J]. Journal of Oral Science
Research, 2009, 25(2): 156-160

Rodriguez SM, Guimaraes KC, Matthews JC, et al. Influence
small iintestinal

of abomasal carbohydrates on

sodium-dependent  glucose cotrans porteractivity and
abundance in steers [J]. Journal of Animal Science, 2004, 10:
3015-3023

Wright EM. Renal. Na(+)-glucose cotransporters [J]. Am. J.
Physiol. Renal. Physiol., 2001, 280: 10-18

Reuss L. One-hundred years of inquiry: the mechanism of
glucose absorption in the intestine [J]. Annu. Rev. Physiol.,
2000, 62: 939-946

Silverstein LJ, Swanson BG, Moffett D. Procyanidin from
black beans (phaseolusvulgaris) inhibits nutrient and
electrolyte absorption in isolated rat ileum and induces
secretion of chloride ion [J]. Journal of Nutrition, 1996, 6:

1688-1695

139



