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activities of polysaccharides from germinated brown rice
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WE: L F k& K % # (germinated brown rice polysaccha-
rides, GBRP) 42 B & % 3% 47, & A Box-Behnken 4% & 4 44
GBRP ) g M By 2 I L £ B 2 Fe'" w9 2 R A, 2
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Abstract; This research studied microwave assisted extraction
process of germinated brown rice polysaccharides (GBRP). The ex-
traction process was optimized by response surface methodology. An-

tioxidant activities of the germinated brown rice polysaccharides
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(GBRP) were also studied. On the basis of single factor experiment,
the microwave assisted extraction rate of GBRP from germinated
brown rice was optimized by Box-Behnken model. The antioxidant
activities of the GBRP (in vitro) were investigated based on reducing
force to Fe* ', scavenging rate to DPPH + , O3 « , and « OH, and
inhibition to lipid peroxidation five testing factors. The results
showed that the optimal conditions were as followed: extraction tem-
perature 40 ‘C , microwave power 604 W, ratio of solvent to material
24 mL/g. and microwave time 3.83 min. The optimized extraction
conditions led to 2.82% extraction rate of the GBRP. The absorbance
of the reducing force to Fe?" of the GBRP was 0.196. The DPPH -
scavenging rate of the GBRP reached to a maximum value of
52.71%, resulting half maximum effective concentration ( ECs,)
value 0.34 mg/mL. The clearance rate of O3 reached to 40.18% , re-
sulting EC5o value 0.23 mg/mlL. The maximum scavenging rate to
« OH was 88.41% , resulting ECs, value 0.211 mg/mlL. The scaven-
ging rate is 1.37 times higher than that of Vitamin C (V¢). The
maximum value of inhibition to lipid peroxidation was 60.86 % , get-
ting EC5o value 0.077 mg/mL. The inhibition ability is 1.5 times
stronger than that of Vitamin C. Testing results showed that germi-
nated brown rice polysaccharides (GBRP) possesses relatively strong
antioxidant ability (in vitro).

Keywords: Germinated brown rice; polysaccharides; ultrasound as-

sisted extraction process; antioxidant activity
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(1) ffis oy 2% . B OB B2 40 °C L BB B 1] 4 miin, Y
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I A5 B 1Y d5 f 48 4% R 32 B0 GBRP., B2 )5S ¥ 7R T M 15
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Figure 1  Effect of microwave power on the extraction effi-
ciency of polysaccharides from germinated brown
rice
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Figure 2
efficiency of polysaccharides from germinated

brown rice
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2.87 %2 GBRPMEER®IEITRE
< 25t Table 2 Experimental design and result of response surface
% % of germinated brown rice prolysaccharides
féé .l i 5 A B C Y/%
Z 1.9} 1 1 0 —1 1.68
‘ . . ‘ ‘ ‘ 2 1 0 1 0.98
1.65 ll() 15 20 25 30 35{@/{4?2 3 — 0 1 0.92
Liquid material ratio/(mL - ¢ 4 —1 —1 0 1.22
B 3 #&Akat GBRP R & 85 %0 5 1 —1 0 1.49
Figure 3 Effect of liquid-solid ratio on the extraction efficiency 6 1 1 0 0.83
of polysaccharides from germinated brown rice 7 0 0 0 278
2.2.4  FEWWEOY GBRP $EECRIGZMW & 4 "] H SR 8 1 1 0 0.90
TR IRCRAAE SR 2 TR 1 2 B 48 U (2,56 00) AHER T 42 9 0 1 1 0.80
BT A (LA YO BN T 29 1 4% s SR ECR B T 2 Wi L JR K 10 0 0 0 2.79
SEHR TSR, AR RIS 2 7 % 18 320 2 I 0 0 0 2.87
NH. 12 0 —1 —1 1.93
3.0 13 0 0 0 2.82
§ 25 14 0 0 0 2.75
b B 15 0 —1 1 2.10
i}; % 20 16 0 1 —1 2.10
g LS 17 —1 0 —1 1.33
% 1 2 3 4 5 6

PRI B
Extraction times
B 4 FEBORHT GBRP A6 #
Figure 4 Effect of number of extractions on the extraction
efficiency of polysaccharides from germinated

brown rice

2.3 WK ALK BB S K S B IR ER GBRP &4

2.3.1  ma R AR AL IR T RS R R R g R R A
Wi 7 T Box-Behnken #IT , 3 $5 [ A8 5 24 il ) 2 0ORHLE
T AL, L GBRP 320 (Y) Sy i A8 3503 = I & =k F
N Nl P S S T

2.3.2 mpp AR IR BT KA R RAEER 2 W R.EH
Design-Expert 8.0 ¥4 g8 1+ 8 f4F # 17 Z u |l H 1 &, 13 2]
GBRP $i B3 % 5 78 1 30 2 38 L A0 I T FBOR LU i — 3R
Z 0[] 9 )7 72
Y=2.840.076A —0.26 B—0.28C—0.085AB —0.072AC —
0.37BC—1.1A*—0.59B% —0.48C?, (5)

i 3R] J L B i 2% (Pyen <C0.000 1), 2 LG 36 AS (2

&1 GBRP MEESHEREKER

Table 1 Response surface analysis factors and levels

K ABEIIER/W BRG]/ min - C BORHHE (mL/g)

—1 500 3 2001
0 600 4 2501
1 700 5 3001
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&3 GBRPMMEEIFHRBHFTENFR
Table 3 Variance analysis table of response surface regres-
sion equation of germinated brown rice prolysac-

charides

KW FIA BmE 5 F P RFE

AL 10,07 9 1.12 470.19 <<0.000 1 % x

A 0.05 1 0.05 19.55  0.003 1 % x
B 0.56 1 0.56 233.90  0.003 1 x =
C 0.63 1 0.63 263.61 <C0.000 1 * =
AB 0.03 1 0.03 12.15  0.010 2 «x
AC 0.02 1 0.02 8.84  0.0207  »
BC 0.01 1 0.01 2.68 <C0.000 1 % x
A? 5.08 1 5.08 2 135.45 <C0.000 1 % =
B? 1.48 1 1.48 623.35 <C0.000 1 * =
C? 0.95 1 0.95 400.96 <C0.000 1  x =
KRR 001 3 279%10° 135 03775 AEE

afi 2% 0.01 4 2.07X10°3

B 10.09 16

tox x AR P<C0.01), x Ky i3 ( P<C0.05);R?=0.998 3;
R34=0.996 2;C.V(%)=2.74,

#F (Pyy >0.05), /] i T $2 L GBRP 4 56 i B 5 2% R 3R %
GBRP $2 A A 52 6 A2 5 IR/ S S0 T 18] > 80k e > T8
Y% AB.C.BC. A B \C* 2% & % » ABLAC 31 g 3%,
Y25 RN GBRP 2R 2 B o AR R PE R AR .
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=3 by
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Figure 5 Reducing capacity of prolysaccharides from

germinated brown rice
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LRI GBRP X - OH ¥ B fig 1 th J2 B & ¥ B (9 3% K i
Hi L kB — W AH S T AT AR . Y4 GBRP Wk ik #|
0.5 mg/mL B, %F « OH (7% B 33k i KA (88.41%0) . fH
VeERHRBEXS « OH YEBRFRAL N 64,4600, MG ML Y=
183.57X 4+112.04 (R*=0.909) i} %15 5| GBRP 1§ it K&k
MM BE (ECso) {2 0.211 mg/mL. i8] GBRP ¥ & %t
« OH ARSI IEBREE ST - A AL F 30k 24 1R 3E 1 5 38 B
KAKAEZHEXT « OH WY IR B EBRFE (63.820) . B B & F Ve
BN BREE ). $RARBEOKTE R TS 2 0 S T 4 Fh G, 2T

TRVEFIMAS T 2R 4R B T 2 MR bt E e s .
2.4.3 GBRP Xt O, « (RN B 7 7T, ik 4 B
AR HU GBRPE WX Oy« 1 ¥ Bk 36 0 2 Wk BE 1 3% K
1007
©
2 80t
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& £ o60r
Z g
= < 40y — GBRP
T 20} Ve
e}
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TR

Solution concentration/(mg *+ mL™)
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Figure 6 Scavenging effect on hydroxyl radical of prolysac-

charides from germinated brown rice
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Figure 7 Scavenging effect on Super oxide anion radical of

polysaccharide from germinated brown rice

BN MR PR F] 0.2 mg/mL B BR R A F] 40.18% .
BG4 Y=188.67X +6.214 4 (R>=0.916) j}27%
ECsf 24 0.23 mg/mL. S5HFWER VAL, Void O, -
H5 9 22 05 Kk B 95.41 % . GBRP W IHIE O, - MBE S Ik
Ve g .
2.4.4 GBRP %} DPPH « Wi BRFEM Bl 8 Al %, 8 4
B BRI GBRP ¥ i % DPPH - ¥ Bk g J) B & ¥k B 1 1
KT HE I V5 B Rk B B KAB S TP A . X4 GBRP ¥k EF ik
£ 0.4 mg/mL i, % DPPH - i bk 28 35 £ i K fH (52.71%0) ,
R Ve fE Bk BE % DPPH « 35 B 3835 90.49% . Wil 4 i £k
Y=24.728X+41.712 (R*=0.875) {1 % GBRP [ ECs, {4
4 0.34 mg/mL., 5% %0, GBRP % i 4 DPPH « {3 %
REJIART Ve ifi 5 3cmk L2411 25 14038 (9 7] e B 1) 3% 58
B OK KB 2 Wl 75 W00 DPPH » (935 BR BB 1 (51.8 YO HIE .

1007
g
£ 801
M E
& €
#r g 60F
. 5
= T 401
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= E 20§ —e—\r/
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AR
Solution concentration/(mg * mL™)
B 8 GBRP s DPPH - & 5 B 4E A

Figure 8 Scavenging effect on DPPH radical of polysaccha-

ride from germinated brown rice bran

2.4.5 GBRP % i§ Bt B AL P BB R it Atk
FEHE = A ZFUNY F 2 W, AN U L 251 £ R 40 i ) g
iR, I LA SRS MR M & AR . HIE 9 A, fok
i i SR EU GBRP V5 Y% 10 44 Jig 5 3ot 40 1K BE F1 B GBRP
(7 3 KN 2 8 4 . 24 GBRP ¥k B2l 0.5 mg/mlL A, Xt
il fg B AR e ) B T OE AR (60.86%0) . T Ve Wk B 7E
0.5 mg/mL B (Y 4 39.97% ., il &4 Y =568.12X +
6.473 4 (R* = 0.865 2) il & 13 | GBRP ) ECs {H N
0.077 mg/mL., GBRP ¥ & 040 il B8 Jit it & 4L g 1 A =
F3CHk 27 14 38 1 37 38 BE K oK M 22 B 19 (49.30260) . 38 & F
Vel R KARFLBUAE T ZWOEE BE T2
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Figure 9 Inhibition of lipid peroxidation of polysaccharide

from germinated brown rice

W BT AL BE T IR X R T AR AR I B A AR D B
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