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Changes in Polyphenols Content and Antioxidant Activity during in Vitro Digestion of Brown Rice
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Abstract: In this research, changes in polyphenols content and antioxidant capacity during in vitro digestion of brown
rice were studied. The total phenolic content in brown Japonica rice was significantly higher than that in brown Indica rice
(about 1.5 times). During simulated in vitro gastrointestinal digestion, the release of polyphenols (calculated as gallic acid
equivalent) was increased significantly for both rice varieties (P < 0.05), with the maximum value (460.9 mg/100 g) of Japonica
rice being significantly higher than that (401.1 mg/100 g) of Indica rice. The release of polyphenols versus digestion time was fitted
to a power function. The results of ferric reducing antioxidant power (FRAP) and oxygen radical absorbance capacity (ORAC)
showed that the polyphenols released during in vitro digestion of brown Japonica and Indica rice possessed potent antioxidant
activity. Both FRAP and ORAC were calculated as trolox equivalent. The maximum FRAP values of digested Japonica and Indica
rice were 10.76 and 8.44 pmol/g, and the maximum ORAC values were 6.82 and 6.23 umol/g, respectively.
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KA 18 Bl i 44 A RHF e d gt
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ZMGB/T 5519—2008 (45 G258 T H M
EY e TRFE; SIHGB/T 14772—2008 (£
e e ) e K G 17 ;. S IGB/T 5009.5—2003

(i EammmE) WEHEasE: Z2]RGB/T
5009.88—2008 & fib g B LR 4ERIME Y W S 4
e KRARF & LIS AOAC 996. 11 & &
LR R K HMegazyme Amylose/Amylopectin Assay
Procedurei® il & 7 VA & EAE e & &Y,
1.3.2 fR4MHk

PR HM AL FE 2 B Connol Ly A X it 125 1) 7 72,
FRRAE L. FREX12.00 gl K B THER b, hid:
MA200 mL7: 7oK, B J5 I f#7E1.25 mL CaCl,
(1 mmol/L, pH 7.0) ¥ 1) MER - JE K7 EF10.00 mg,
37 CHER AR IR A N, 25 0T 2 A 1 R A
NBEKHY, 42 BIAE S R0. 15 minA130 minH H! — & /AR
RS ALI; T 4630 minj5 H16 mol/L HCIA UK B i pH
A5 %2.00, HIAVEMAES mL HCIE W (0.1 mol/L)
R E R A EE0.24 g, 37 CIEIR/KBIEIRF M, FH
Xof REZHAE TR P AN IONKE KK, A3 IFE R BLT 54 15,
30, 60 minf1120 minHUH —EAFHME; TH2 hE
F16 mol/LEINaOH¥ pHAE %7 %26.80, B 5 I N Ef#AE
Na,HCO, % (0.5 mol/L, 10 mL) (¥ fEEF (0.22 g)
AREA 0.70 @), 37 CHEE/KBEKRY RN, 25 A%
HRZHHE TR R A INRE KB, 2 AE IR BETL 15, 30,
60. 120. 180 minF1240 minH i — @ ARFR I AL T
1ha WG B IR ER 1 kDaiBE i S b i . K&tk
W BT AL 4 °C 850 (10 000 r/min, 20 min) HX FIEVR,
80% N B M UTIE b LW P E AR M ZHE, B0
(10 000 r/min, 10 min) , _E3&EHT—20 CIRAFEE .
133 By ElE

%% Shen YunZe" 5L 9F 3478 M A% . 1 mL4g
BUOB GEJERFS T, InA0.5 mL 0.5 mol/LAE k- ik 7
FH2.5 mL 75 g/L Na,CO,¥&W, WAL, ZElR T#LR
[i2 h, 760 nmi KA e S SIE B W RE . AR AN R
ERE B TREHIAREMZ, DO E TR Y E T EAAN
am SR, 45RERR Amg/100 g.
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K FHPLC I 52 42 BU b By R & & Je AL k™, 8
MR (BETR. SHR]R. FILERKR. WMHER. &
HR. p-HER. TEHERAMEER EARNMr. £H
SB-C,s (250 mm X 4.6 mm, 5 pm) Aifk:, K&
280 nmA1320 nm, AR N40 C, #BEFEEN10 uL,
A QPR MRNHEB (LK) , B BEMRE
FF: A95%~75%, 0~30min; A 60%, 30~50 min;
A95%, 50~60 min. i ~0.8 mL/min.
135  fratbae Sz
1.3.5.1  BRE 10 5 /91 E A R
antioxidant power, FRAP) !

H & FRAPRFAY: 300 mmol/LESER 25 4% 1k-10 mmol/L

(ferric-reducing
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TPTZ# B (40 mmol/L) -20 mmol/L FeCl, « 6H,0 IBRIVHEEE &4 NIBR 1.6 £ A, SiameER

W (10:1:1, VIV) o #£96 FLAR I A20 pLfZH
W GEBEIKRE) 1260 uL FRAPIRF, #2530 min&
1£593 nmyl AL E W HERE . AAS RN BE (1) Trolox I ¥ 4
HbRAE 2, ARAE RO BT SR i IOFRAP{E,  PATrolox
MR, W 25 R Dipmol/g KR o

1.3.5.2 SHEMEERAE /) (oxygen radical absorbance
capacity, ORAC) %'

96 FLAR HHIA20 pLJ 4 H0G & BRI 1260 pL
PRI (0.086 8 nmol/L) , RJ5K96 FLAK
TN R SEHEAR A AE3T C T#420 min, HIEHIA20 pL
225 . (2-FFAETNAEIK) —EER#h (2,2-azobis(2-
methylpropionamidine)dihydrochloride, AAPH) V&

(153 mmol/L) , ¥r¥H#E2], SLRILERUR I K485 nm,
RGTEAKS2S nm kAT N HATIE , HIHEFO6REC N
Jor EEBR2 min BB E R GEREE, WE2 h, KRS
BAE A on fis foooSssn S Soor MRG0
. PATrolox & 115, Wl st R Llumol/g®R s .

SOERE=1 A LAl ol

2 SRS

2.1 RERFRIEEA S 734

WEFRGIRE R WA 2R, R R AL
JR RT3 A ARG FURL RS P AL, AN () i R 288 28 [ s oK
FEAE IR RN RE A AR AE 2 5 AR S BURE B R K
SETETISAANRIRE KA AT 1845 S0 Ik

1 BREREAR RS

Table1l Proximate chemical composition of brown rice
izl JBR IBR

TR /g 23.11+0.83° 22.04+0.95"
LR TR B0 % 8.49+0.16" 8.8610.09°
FELAE I o 93 250 % 2.34+0.12° 2.2140.13°
SRR R B % 78.28 +0.06" 77.00+1.36"
BN R 5 B % 16.32+0.78" 17.73+0.85"
Ji 0 24 I 50 KU %o 3.3640.05° 3.78+0.07
BT R/ (mg/100 g) 106.2540.98" 68.05+0.38"
GESTR A& (mg/100 g) 59.75+0.53" 56.03+£0.81"

i JBROZUREKR; IBROAIREK: FFE. BLE&E bR BT 2
ite FPARTFRFOREREE (P<005) ; FE&IIES KICFAHE.

WME PR, JIBRAME A MM Sk fE 5%
TER R B0 1 N8.49% . 2.34%. 78.28%41116.32%,
IBRH1 5T 5430 5053 5198.86% « 2.21%. 77.00%F117.73%,
JBREIBRHAEAE RN HEERALE (P>0.05) ;
IBRH B 27 455 & 3% 1w T IBR (P<<0.05) , WFFih
5 SCRRIRIE AR 22 Wy 254 5 R K P S LA )
RKEFRER, £—MRRTEANY, BBEHEMLEND,

IBR 1.07 {5247, 2R BIAS A SoFp A1 S BYRE oK 2 By 29 i
GEAEELEEZER (P<0.05) ; L8 H AR
T i B U B A SR TS TR E e, IRk
KFFRLFI (. K/NRTRE 45 9%, Liu LeiZ™ e i s
BHIBRFIBR i M 2 M & i (LB TR Y= ITHED
4 N65.6. 62.0 mg/100 g, JBRA4 &4 5 TIBR, 5
ARSEIG A R B — k.
2.2 RERARANE A FE B S TR i o T

2R RN SIEE O I R0 K RES %
Tl P 05 B AR R I R AR B DA . Rk R AT
A BRI RS HE & 2 Wy 2R AN R I e S A TR
AUy I TR AV A T B T A A
G, BFERIIRER AR AR AR . AR AT
RO, AR B b By R BT B s T, Ak
AFF 5038 I AR AN AL SR 56, T R Rl K SR T Ak A
2B RS R, T B AN
T 24 R TR ARk 35
5004P0_ P P2 ‘ P3
o] oo
3504 | 3
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2504
200+

BRMFRIE (mgl00g)

0123456789101112131415
AL
POJSREIRRT B R 5 1. 20504 LUV AR BE 1S min
130 min (P1) 5 3~8% 50 B #E LML, 5. 15,
30, 60 minF1120 min (P2) ; 9~ 15535 A/ NzH AL B
ff1. 15, 30, 60, 120, 180 minfl1240 min (P3) . .
1 SMHE R B R R T

Fig. 1  Analysis of polyphenols release during in vitro digestion

WEIFTR, AAMEMOE. B R/NEG3 AN BOE
R, TBRAG YR TR AL MH AT BOR 4 1N
150.4. 387.6 mg/100 gF1460.9 mg/100 g, % MIA&IME1L
IR R T IBRA I R BT AR 4G RUTBRIEY
Y& EN106.25 mg/100 g, VALY B IBRH 2K
YA R /DRI, B AR BOR M S ot R S
AR Z KM B, IBROGRY oS B 23,7 5, JBR
76 5 ERALEY BORT 1S minpy B A0S, ONIER 1.4 £
FeAis H30 minf5 7 RGN 4300 mg/100 g (2.8 %
FEAD) s BEAE B ATE AT ] R K ITBR A K RS
B, 120 min)5 8K E387.6 mg/100 g (3.7 %) . /MNa
ALY Be, TBRAEY A 5T S BT AL TR S K RIS 18
Wi, M387.6 mg/100 gh¥ ££460.9 mg/100 g, &N
JRR 4.4 £ 4 4
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IBRAE B AL L R h By KM o1 & B R a5
JBRIELL, IBRIY RIS ISR AES N ALK BOR 20 3
95.1. 325.7 mg/100 gH1394.9 mg/100 g, FAHTHILILFERE
B EHFBRABZEY) IR (P<0.05) . s AIBR
T Y 5 & BN 68.05 me/100 g, 1 v Ak R xRl K
R R I IR RN, BRI SN20%~30%. B
AL RS, IBRYE H H7H 430 min/5Ey R0 R & & 2
PUBRE B I, 120 min)5 1 %325.7 mg/100 g (4.8 1) .
NG B, IBRATEY RV & EAIR B, &%
H2%394.9 mg/100 g (5.8 f5) . BACKE, Sk E.
B AN AL B . IBRAI R R i 3 T
IBR (P<0.05) .

TR P A S R L VE A o AR P AL T
W7 A g B AN T A B 4 22 6 Wy SR 0 ot R TR
SETHE, NEEEM B34, 554 5L, SRR
SEIRE 0, PR AME LI R R By 28 5 R R T T R
RHTRKER SR ZmMaT5iEkh. EER. ZHERA
WEMRER S, RRNE SR Be R o R,
EMNIpHAE IR . 15 85 1 B A0 S 00 /E F R mT DA 2
OE. TEMAE AR, g aPgE T ERAamEa
JiR AR B (A R IR L, g b A 1 IR TG DT I e
K AR B, RS B B AT 7K AR OB B PR DO T
{5 22 Wy 2R 25 A RORE I OR AR SKAE AN IR AL B B g
O By 2K B 2 75 . Ti Huihui 28788 5 5056 H Aok
ZARSMNE I R YRS B R E TS (P<0.05) 5 H
TR RUAURI RS RS K S5k Y SR B B AR, ARATE AL
Tob R R A Y SR R TR A AE 22

R2  HHSAHALBRFRREEEASNT

Table2  Analysis of phenolic acids during in vitro digestion
b L HR (nglg)
MB waTm FLER FYNR pEYmR BB
PO nd 3.20 nd nd 1.61
P1 nd 1.05 nd tr 2.51
JBR
P2 nd nd nd tr 2.32
P3 nd 17.60 nd nd 2.58
PO nd nd nd tr tr
P1 tr nd nd nd 0.80
IBR
P2 nd nd nd tr 1.05
P3 2.48 10.80 nd 0.93 2.14

P POJRIAM B EED o PLIESHII B P2 MM B P3N
A BL . nd KR IR

WR2FTR, HAMNEERLEM B, REK 22 sk
Byl NPT BEIR . R LRI NIp-& SR, 5Bk
SEIRAL. RSN AR AR T ORER R BT B R B, (H
B A FRAE K, IBRIM AL 8RR & S A
1k, (HIBRYS AL R SRR & i W &3 (P<<0.05) .
N A B2 (L IBRANIBR A i) LR IR B i, B¢
TR 4 A F17.60 ng/gfl10.80 pg/g. T AL FEx RS K

p-HE GRS EEWEVN, UBRE/NGHEGEp-& GRS
BAHDREYN (0.93 ng/g) o Ml iR HHBR
TR S BN, Ti Huihui &P 50 6 95 22 WA RS K78
PRAME AR T R LA ER AP 2R IR & B, S AR T 4G
RN —3.
23 RERMARAME IS FR TR By W R TR B 1 550 B
0 4 Jek R A Py 2847 ol R T 5 Y AL T R A7 7E
FRIEF AR, T B R A AR 0 B % T A B B 2K R
PR TS0 B B B ) AR A 35, K A () A0 B B RR R 7] R RS K
R Y R R R AT R B A, B B AR AMELALL I AN
W A R RS DK T 2 0 o R TSR T B0 0 AR, B
AT UTER2 TR .

/;0 400~ a = JBR

g 350- © IBR i

& 300F x 5 =

i 250 2

j%

& 200

= 5

T 150w/
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Fig.2  Kinetic curves of polyphenols release during in vitro digestion

JBRANIBRITE T 14 B B 1y 28 4 I 8 st A7 16 2 Bl AR
T A o Ak AR R T 20 SR TR I A B T [ AR 4
BT RREY=aX’ (XN, YA DR
i, R, bNMEEED S B K
YRR TR AN E) 12 S HON RS . 1E B HA NG AR
B, REK R 2R R 5 VA AL TR A R S R R
B G m, RMEIN0.95VL . aft oK M FH AL
R, PR AR s bARIRAR R AL R) R 2
VTR UM 2R AR A . B3RV A FE R, IBR
FUBRMBE A &7 7, R BA R HE A
ARk . HEDE TR AR R ADRE K & TR K
KR, B EEA R RIS R AL, A EN LR EF R
AL ML HIBRMa{E ) m FIBRMaft, & UIHF
VALK BRIBR A 5 5 RS JECE: 5 TIBR . 3X S5 IBRJGURHH
Y2 55 4 B v T IBRIFF 5745 FAH X
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Table3 Kinetic parameters of polyphenols release during
in vitro digestion
A FE 5 a b R
.. JBR 130.4 0.22 0.959
o IBR 100.5 0.24 0.951
JBR 375.5 0.034 0.981
N7
IBR 327.5 0.034 0.979

24 REORMIMEAEFE P PTG M BT

T ) I 2 K oK R A SR K PR AT PR T
Z Wy ) I L B R RS K I LR RE . AR SR s
AT A FR Gl 2 WA AL, (RIS SR FHFRAPAI
ORACH F 7 v 8 TH AL LA AL BE 7T, e 4 R ]
3. 4FR.

12-P0 P1_ P2 ‘ P3

| OJBR
‘®IBR

FRAP/ (pmol/g)

0123456789101112131415
THALE R
B3 MR R E AR S R T
Fig.3  Analysis of antioxidant activity in terms of FRAP of in vitro digests

ZIEARARENDTTIERABHE, BEL)8
BT A0 A R A R A DG v M, L
SE K 2R 35 R T AR 9% Y TR T A R A T
WEBHIR, *FIBR, 3 MHEALH BARKFRAPE 4 5 i
AR BEA0.94, 1.08 {5 AI1.54 1%, R AL FEHTBRYT
AT R R . AT B R A I FE X FRAPE MR
BN, AR/ AT FEFRAPE B2 8 (P<<0.05) .
12 B /NG S A B b, B TE AR R E4T, JBRI
FRAPHIF A KA RFEL (P>0.05) , HZA{HILE
10.76 pmol/g,

TH AT FE P IBR A K Y) i FRAP{E 5 TBRAS AL &
HFEAL X TIBR, 3 MEMHBORFRAPIE 73 Ak ih
BrB113, 1.48 {5 F12.01 £, F ML FE(EIBRYL
AAGTE TR R G . s T A R X FEFR APAA 5% 1 4
AN, B RN AT FEFRAPE BB 8 (P<<0.05) .
TE B RN & E A B, B TE AL (3R 47, IBRIY
FRAPHIFEA RAREL (P>0.05) , RAMELET
8.44 umol/g. KNS, MFEWHILE, JBRIJFRAPIH
BEETIBR (P<0.05) , i SHARSNEALERE Pt
FALEYE S R R TR R C R, RFPUAEME N
MR a5 BT & By R R & =R B B — 3.

8-PO_PI_ PR P3
“DIBR

ORAC/ (pmol/g)

0123456789101112131415
W

4 EIMHALERE P B DIEAE BB
Fig.4  Analysis of antioxidant activity in terms of ORAC of in vitro digests

WE4 R, WFIBR, [ H AL X HORAC
BTG 5, H B AN B WA Bt U s v 2
5, FH/NzE G BEPU A A TE 1 B3 S T B A B
12 B ANz & A A B, BEE AR T E K, JBRIY
ORACH HFHAH BEFEMELH (P>0.05) , HF/NGH
1Y B e A5 3)5.35. 6.75 pmol/g. % TIBR, [
WAL FE X HLORACE G B 3 s ma, {H B R/ g i AL
B A AGTE T B g, NG E A Bebt AT T
FHEam T HHEWH B . £ 8 #1015 minf5, ORAC{AFE
%, BB B & ORACHE H5.04 umol/g; E/NTH
1460 minj5, ORACAHFE(K, /NiziH I B4 ORAC
f5755.28 pmol/g. HEAKINF, BESWLHT B, JBREIBR
HJORACIH LR FE 2R (P>0.05) , /NaWALHEL,
JBRIJORAC . # & F1BR (P<<0.05) o

11 A

10r
y=0.013x+4.507

R*=0.786
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Fig. 5  Analysis of correlation between polyphenols release and

antioxidant activity during in vitro digestion

BEI5 S s A A0 T H oy 28 I R i S AT
PEAH 4> BT . TEFRAPFIORACH Pt btk &, W
AR AT S V5 1 R R TR AR AE — s AR .
KW R PR S, HFRAPFIORACTE Ml E . JBR
W, JHLTFRAPIE 5 ORACTH 5 K4 iR iU 2 [l 77
fE— B, HERIBAERE (R 43 580.786.
0.655. IBRH, JHALIFRAPAE S5 24 5 B i B 2 [A) A7
ER A S, HLR?90.888, TH AL ORAC 51 24 i
B EAM AR R (0.352) o SR/ EAE AL
W AL TE PR 9T S 4R I AP T S 5 2K
R EALAE— E A, AARRPUAMAR RAH M2
EAE, HAWR L REA—FE,

FRAPFIORACH #7720 5& TBRANBR:U AT PE 45
RAAEREEZES, W5 PR 7772 A B s P I AL
HIAFEG K. FRAPIE BUAM IS KPR, K
WLIR R FE S B SR FT, AN RE R R o — i [ el 2
(B R AE7T: ORACHII & J5 3 /2 X & s 77 #, W&
MR RG4S RS Lee™ M D) R 5PV 15 5
ZER AL

3 & #

JBRANBRHM L A FNEMG ek A0 BB ek 1
GRILEENEZR (P>0.05) ; IBRYEEFHGER
ZETIBR (P<0.05) ; JBRHZEYZSY)F & & NIBRK)
L5 5k A

NVISERESU R R b P NI L /R =2
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