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Changes in Antioxidant Activity Regularity in Brown Rice, Rice Bran and
Polished Rice During In Vitro Simulated Digestion Process
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(1. Shenzhen Polytechnic, Shenzhen 518055, China ;2. Shenzhen Tengtai Rice Co. Ltd., Shenzhen 518040, China)

Abstract: The simulated gastrointestinal digestive experiments were studied by the method of
simulated digestion in vitro for brown rice,rice bran and polished rice,Regularity of antioxidant
active substances (expressed in polyphenols) and flavonoids,as well as antioxidant activity were
determined by Folin-ciocalteu method,aluminum chloride sodium nitrite and oxygen radical
absorption capacity (ORAC) during in vitro simulated digestion process. The results showed that the
maximum release of polyphenols for brown rice,rice bran and polished rice were
3.499-,1.753-,6.595- and 4.704-,1.828-,9.113- folder higher than that at the simulated gastric
digestive time point 0 h during the simulated gastric digestion process and during simulated
gastrointestinal digestion respectivly;the biggest release of flavonoids were 1.522,1.961,1.653 and
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3.359,5.958,3.242 times more than that at 0 h as well as the maximum ORAC values raised
3.459,4.849,12.93 and 5.659,5.112,19.65 times respectivly. The results show that the grains bound
polyphenols could transfer to free polyphenols during hydrochloric acid and enzymes hydolysis

digestion and be available in the upper gastrointestinal tract.

Keywords: rice,in vitro simulated digestion, polyphenols, flavonoids, antioxidant activity

e 2 A AT R AT o A v ™ A G e E] AR
WS IR R AR BRAE DL AR R R Y A
RGN IR R4 T s 8 F b, AP HLAR 40 i 0
HAZ A A0 E R, SR PRI, A Y
A R LR AT R B, B LR A W
AT AT SRR AR PO o XL S5 48 M AR AT P s
iR By g A

AT AIF 5 32 WA K A 16 K 98 3 26 9 Jot T 24
THE RS MBS 59, B2 LITR B B+ 6 | i
A A Y T (R SO A LR SR
PLES 58 AT A RE B L T 10 36 g 23 A, {5 ] LA
TEAR S TR SR 7K ik 80 AR P 405 i v B Bl A 0 o
s AT A ) I A R A D SR A
IR E N1 KA 7/ K C R C R N TR R R R A
SAEEET Baublis SR AF5E & LA W) TE B R A E I IH AL
BEAE IR SPCAA TR AT B 3R ORI 4
Yy e b DU AL TS PRI 5 8 B BB, Dt
A 2 16 T I S ST A PR S BE UL 8 I 3 T AR T T
Yy bt S8 A0 1 P D7 vk I R A b LT R OR (/RS
ity ) SR BB G 2o AR S UL A S 56 A A K (B
K RIS K ) FERLAUHE A A b 22 By | B H
PUAALTEPE A AR AL AL, LU B W) 2R 2 dh DR
PTG PR AT B A T RR S B PO, e oA B g AR

FHRREEES,
ML

1 HE57E

11 ## Rk 58=E

PG RE /IR (LA RIK ) R R R B FIORS K
W TR i Tl A RS A 4% E il S
el . BRI . WE TR (+)-LERR
Trolox . Folin—ciocalteu {7 .2,2"~azobis (2-methyl—
propionamidine ) dihydrochloride (AAPH) | %¢ )t %
£ .19 A £ Sigma-Aldrich 23 7] 5 2 5] ¥ 8 [+
P2 BT Al ey v 2 WAL - b I ORI 2 R AR A
72 i3 T2S digital ULTRA- TURRAX & #4035 #l . 14

IKA &N 7 535180 R A R B OHL, 7 [
Eppendorf 28 7] 7™ & ; SY-2230 fH R K G FEIR . 5[
Crystal Technology & Industries 22 ] i ;Spectra
Max M5e Z I EEEAR{L . 3 [E Molecular Devices 2%
Gl
1.2 &
121 Mo ZoX A ey & BERER ORAE RV K43
SIS BOAS , 77 T80 CA4 I, M H .02 ¢ H
FE AT 5 mL 0.01 mol/L HCL; #4817 # :0.04 ¢
JERHE AN 0.25 ¢ AHYT % F 10 mL 0.1 mol/L. NaHCO,-
Na,CO 22 s i, 494 FH AT BC ] o ST | 2 T 4
H o EE WU BE 71 (ORAC) M A [T FHAE i —80 “CIE”
FE I RE K 25 W | 25 6 1 4 JBORE S R B S LT
Y FE i 28 37 CKWE RllfE 4 °CES.0 (12 000 1/min,
15 min)4bFH
122 BAFEB S imuiRR S
Okarter 55 77 75 X RE K KB RIS K i 25 2 1 Al
G562 o | HEAT B, I AR el
D) Z B 82 B HERRARIE 1 g (4T it ) #
dir, 10 mL OE e R g, FE #RAE 3 UG IAS0 mL
TR AT 35 8O% N , vk = 23 (14 000 vimin
5 min),4 °CE L (12 000 r/min, 10 min), Y4 | 3%
W, ERE IERAE S IR, BIF LI 45 Cheft 75T,
B FKERZE 10 mL, AR L1 ,-80 TV A4
2) G ZmRE ERR U 2 WS 5k i
A 20 mL 2 mol/L. NaOH %% , 72 &<, 2 min, i
HERIRGIHEA 1 hy HEEERRA pH 2 2.0, ITA
20 mL 1E O BETR AT, 35 LR IE C e IR 2, #5 sh s
fE 2 % 20 mL &2 S BRIRAT 4 CE.C (12 000
r/min, 10 min) , W& DG, EEZ ILHAE S IR, &9
VR ,45 Chefszz 1T, EB 7K ERZE 10 mL, 14
gh A 2y, -80 CIAE# H .
123 RIMAEM R M H AL RAMERIE L LK S
HEGBCE S 56 J7 12 508 A oK CRE R K BRADRG K ) k47
T AL . RSN fb A 7 (AR S ALL 1 T Ak A4 S 5

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.1 2018



TR A AR R AR A A R AR AR S BB AL AR P A R 0 R AL

P TE A TR 53, RS T fb 2 7 15 T Ak i 5k
Bilt b, MR A0 R S A A R A i Ak B ) s B G )
S22 T R i 38 B e K HL PG S M AR AR
itk

DBLE A B WAL B 20 g (48T
HORES A 200 g A= R 7K BB K VA8 AL I R4k
FEFE 15 min J5 %2, H 228 FKEE £ 220 ¢, H 1
mol/L, HC1 #4 pH % 2.0, finA 2.5 mL &40 8 ; H
25 6 BE AL . 2 R BUAE BEER K (pHT7.0) AR B B 41
B ; B R IR AR AR 0.01 mol/L HCI AR
AR BT AL ) 40N bR T30 R Y &) 4 47 36
I, A FEARSIGAE 37 CHEIRB KB R AL 4 h
(R AR, e 0,0.5.1.2 Fi1 3 h H
BOE B i, 4 CE0 (12 000 r/min, 15 min) , B
VW, %, -80 CIVAF & H .

DFHIA T B A . ak B e
fEEFE (2 h) MIEARH A 1T mol/L NaHCO; ¥
pH % 7.0, N A 5 mL #8187, BEEE- R0+ AL,
gkz BT 37 CHEEKBEIRT, FFEa A/ <H
4 h, aEEXBRA, HEERBEDR 0.1 mol/L
NaHCO;-Na,CO; 28 M A BB W, 43 BIAE I
11 0.0.5.1.2.3 fil 4 h B BUE B M 4 CEO
(12 000 r/min, 15 min) , B35 , 70 %¢ ,-80 CIV 77
= H
1.24 %mragnle ZH 00 E# Folin—ciocalteu
BT
1.2.5 # @R 2
HS PR B EL (0 350,
1.2.6 % A & A O A /1 (ORAC) 8 £ ORAC
A 2 2 BE SR V5 A T
1.2.7 #HE it 54 LR AR Mean £ SD %
/N, 88 3 K, SYSTAT.Sigmaplot V10.0 #4147
YEEL, FH SPSS V18.0 Gt it 4 ik A7 5 50 54 43 #r
EHME R 2 5 B3 M A one—way ANOVA 1) LSD ki
5 ,p<0.05 M A i35 M 25 57 p<0.01 0L A 2
EMER,

| 2 =5t

21 WBAESH EWNSERRALEG

FLA X 45 9 £ L 48 A0 BE 0 A 32 2R IS
G277 AT B B HOAS 5 B AL 3% 23 o) B Ui S
2 Wy 45 5 22 Wy, P o 0 A% 0 0 22 8 5 i R

) SR P SR A R - I

SAALTE TSR A W B A AR RE T RO R B
K BB AL Z By W BT, K (N T B2 BORS  5)
SEPEAD R E R,
22 EAMERUELEREPREXRSHMITHAE

PRSMELLE T fbad B OB R CROBR FIDRS K £
Rl 2R LI 1(a b M o) iR . SRS
THAL O h A EE, KK | SKOBEFIRE K 1Y 2 B BTl i 7E
0.5 h I T+ 5 (p<0.05) , B K KM I 2 B B Tl
WIEHIFE 2 h A1 h J5 T RGE (p>0.05) 85 K
2 W BECE 7R 3 h A A B VTR (p<0.05),
=B A PR R A RDRE K KOR R R G R ALY
2 W B O AR B AR 5 8 B35 A8 1k (p>0.05) ,
A K 5 1 6] HE 2 1 22 1 B 7E 0.5 h Py I 35 T
# (p<0.05),0.5 h J5 ¥ FEE (p>0.05), M H &K
1 il o 2 2 A DK T A A B i R o R L
TR (R TR ) XoF il oK KB T 4804k ) Jo 1) B i T 0
SCUR T R R R BT AR A T I R AT L Y
M) ABEH0L S T AL 3 h SRR HORE R OKOBEFIORE K 2 19 1)
R BR (10.29+0.45 .24.54+1.98 .9.615+0.440
pmol/g) 43l A B iH L 0 h (2.940+0.145 14.00+
0.54.1.458+0.117 pmol/g) iy 3.499 1.753 .6.595 £i5 .

PRSI T Ak 4 h 2 B P R K 22 1 R i 1Y
AT BN 1(d e L) P, SEAUHIEAL O h
(o BPBEHLE 10 2 h) AR H R oK KRB RIS K 1) £
By REIETE 0.5 h Wi ETHE (p<0.05),0.5 h J5 i
FAE (p>0.05), = 15 25 H O HE A 2 ) B il
FEREAD I T 10 HT S 28 B 2 AR Ak (p>0.05) . MRS
P05 1 1 A A R OB R RO FIDRS K 22 T 7 e KR
i (15.01£0.13 ,25.03+0.20 ,14.49+0.25 pwmol/g) 43
S0 AL 0 h 9 1.521 ,1.081,1.697 1518 #4k 0
h 1) 4.704 .1.828 .9.113 1. ¥l 1(A,.B, ¥l C,) Al &
HE RSP i T A 2ok B b BT A Ak W R R i iy 2
TUHR R 1 R X R K R ORS K ) I K A

A5 v 5L TR M 0 T B 22 T (L B
i ) S5 HE Ak 2F W B A, T T 22 W R R 1 T e
() Z AR v e A b A L& M, 1E & R A Folin—
ciocalteu 72 E R IUTE AL I IS WA 2 & &,
F Folin—ciocalteu 1 X%§ Z fy 259y i (1) I 5 IF A BHA
et (e 2T A B R R G W), B
I, BBEALLIH b o R v 22 W 1 R i o AR AR AL AR T I
2T PR AR SR R 1 A2 AL A L Nagah 55 A1
WFFE A A Rk K | 4 22 A oK AE MR AN 4L 1S B T

LHSEHRAZIL 2018 FE 7 HE 1




RESEARCH ARTICLE

WAN Hongxia,et al: Changes in Antioxidant Activity Regularity in

Brown Rice,Rice Bran and Polished Rice
During In Vitro Simulated Digestion Process

15 - —e— 7SN IR
— —o— HEXIEAL
212 VAR
o c C
g b b
=~ 91
ﬂﬂﬂ
a a a a a
3 & S - —08———9
® : a a a a
0 : : : : :
0 0.5 1 2 3
t/h
(a)KHf
32 4 —e— I[N R4
B g —e— HEIEA
= BEDL I W2H c
ERZE ) < ¢
ﬂﬂﬂ 20 A
> 16 - a a
N 12 a a a a
8 .
0 0.5 1 2 3
t/h
(b)kEAK
12 —e— ZEHN AL
& —e— x4l
= 101 AL e d e
6] !
=
£ 4
§ 5 a b b b b
4 :’ @ > 3 :‘
a a a a
0 . . .
0 0.5 1 2 3
t/h
(OLiES

1 —e— ZE[XfHA4L
5 181 —e— TR A
% 15 4
= 12
I
=9
o
= 64
N 5
0 E T
o) o¢m) 0.5 1 2 3 4
t/h
(d)KAfe
32 - —e— A FIXTHE4L
B g —o— BEHHWA
3
£ ]
I
§ 20
o _
= 16
N 12 4
oF) odm 05 1 2 3 4
t/h
(e)fitk
18 —e— ZSHXf AL
= ] —o— Bl
E 15 4
2 12
il
¥ _
= 6
N 3
0

o) o os 1 2 3 4
i
(OIS

T« Al — i 2k /NG PR R 3R 22 5 B3 (p<0.05) .
B 1 SMERLE AR E X RE K R R TR ) S BB EN R E

Fig. 1 Effect of in vitro simulated gastric and intestinal digestion on phenolics released from digested rice ( rice bran,

brown rice and polished rice)
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