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Optimization of Key Factors for Protein Extraction from Rice Bran

GUAN Xiao, JIN Zhou-yun, JIN Jing, HUANG Cheng-long, JIN Long

Abstract: There usually are some shortcoming such as low protein extraction ratio and dark color during the rice bran protein
extraction. The factors which caused these problems include extraction temperature, pH, ratio of solvent to material, and
auxiliary agent amount. The central composite experiments and response surface analysis were used to optimize these factors.
The experiments results showed that 60.4% protein extraction ratio and extraction supernatant color (L value) 56.7 were obtain
under the optimized condition of temperature 40.8°C, ratio of solvent to material 12, pH 10.5, and auxiliary agent amount 0.5%.
The actual protein extraction ratio was 59.5%, and L value 58.1, which showed that the optimized conditions were accurate.
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Fig.1 Effect of extraction temperature on protein extraction
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Fig.4 Effect of auxiliary agent amount on protein extraction
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Table 1 Factors and their levels of central composite rotational
experimental design

IR i
Xoifh 5 1°C Xo R E XspH  Xe 5B /%
-2 30 6:1 9 0.2
-1 35 8:1 9.5 0.3
0 40 10:1 10 0.4
1 45 12:1 10.5 0.5
2 50 14:1 11 0.6

R2 podASRBRITEER

Table 2 Trials of central composite rotatable design and their results

B YRR

IS g R pH . 0 1% Y2 L{H
1 -2 0 0 0 48.14 51.92
2 -1 -1 1 -1 56.40 38.63
3 -1 -1 1 1 54.22 49.66
4 -1 -1 -1 -1 46.78 51.20
5 -1 1 1 -1 59.75 54.31
6 -1 -1 -1 1 46.83 52.76
7 —1 1 1 1 61.28 53.10
8 —1 1 —1 1 56.66 57.42
9 —1 1 —1 —1 51.53 58.86
10 0 —2 0 0 50.36 42.30
11 0 0 2 0 60.37 46.31
12 0 0 0 —2 57.41 50.76
13 0 0 0 0 57.06 53.50
14 0 0 0 0 57.16 53.55
15 0 0 0 0 57.13 53.69
16 0 0 —2 0 51.99 59.82
17 0 0 0 2 55.74 60.76
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. L " A Y1 E R L Table 4 ANOVA of color of extraction solution (Yz) model
L S 2 N N ’ o
" e i U 1% TEKIE P M % Ffii Pl
18 0 2 0 0 54.08 71.45 iy 1020.14 14 72.87 7.55 0.0001
19 0 0 0 0 55.84 53.51 X1 6.27 1 6.27 0.65 0.4321
20 0 0 0 0 56.85 52.95
. . . < 0.
” 0 0 0 0 o5 60 e371 X2 543.31 1 543.31 56.26 0.0001
2 0 0 0 0 55.60 53.74 Xs 279.69 1 279.69 28.96 < 0.0001
23 1 -1 1 -1 58.33 39.07 Xa 93.02 1 93.02 9.63 0.0068
2 1 —1 1 1 53.38  50.65 XiXz 3.05 1 3.05 0.32 0.5817
25 1 1 1 -1 58.88 51.19
" 1 1 1 1 18.89 5250 XiXs 2.12 1 2.12 0.22 0.6454
27 1 1 1 1 60.73 53.05 XiXa 3.39 1 3.39 0.35 0.5615
28 1 -1 -1 1 47.28 54.70 XoXs 8.1 1 8.1 0.84 0.731
29 1 1 -1 1 57.67 59.40 XXa 40.61 1 40.61 4.21 0.0570
30 1 ! ! 1 55.24 57.713 XaXa 23.21 1 23.21 2.40 0.1406
31 2 0 0 0 57.35 56.88
X¢? 1.95 1 1.95 0.20 0.6590
Xa? 3.65 1 3.65 0.38 0.5471
X2 10.13 1 10.13 1.05 0.3211
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184.6776Xs — 0.04368X1X2 — 0.1457X1Xs + 0.9212X: X4 +
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Table 3 ANOVA of protein extraction (Y1) model

TR PR A I % F {8 P 1{E
R 458.01 14 32.72 8.87 < 0.0001
Xi 26.82 1 26.82 7.27 0.0159
Xz 135.71 1 135.71 36.80 < 0.0001
Xa 197.51 1 197.51 5356 < 0.0001
Xa 0.050 1 0.050 0.013 0.9092
XiX.  7.656 X 10° 1 7.656 X 10°  2.076 X 10°  0.9642
XiXa 3.62 1 3.62 0.98 0.3366
XiXa 2.90 1 2.90 0.79 0.3885
XaXa 10.58 1 10.58 2.87 0.1097
XoXs 24.08 1 24.08 6.53 0.0212
XaXa 5.94 1 5.94 1.61 0.2225
Xi? 23.25 1 23.25 6.31 0.0232
X2 30.51 1 30.51 8.27 0.0110
X2 0.053 1 0.053 0.014 0.9062
Xa? 0.089 1 0.089 0034 0.8786
B2 59.01 16 3.69
KA 55.84 10 5.58 10.58 0.046
gliiRz 3.17 6 0.53
Mz 317.02 30

M3, 4040, YR Y BER T REM P (/N T
0.001, FKWIRBIARL G FEISIM 2. PRI 5 R I WE &
#(R?) 7514 0.872 15 0.813, —fiik i R2 KT 0.80 F 1]
05 FR LA 17 L e 1aa-18 IR g T A g DA 7 R TR S s
o Al AR AU LSS R, FZ AR TR 0] S 46 R 4T 43 T A
T2 A
222 MR TH S AT

DLEE (IR UCR iR AR, MR 3 FTEH, 34—k
(LS« WBORHLE AT pH R < AN VR I (RS ALBCRLLE)
A8 HL T (OB L L5 %0 B 79 FH 28 A )i 3 K F
(P <0.05). Put, AN 4 AP 2o 8 e
B IAEAE L o DA FE 15 W0k X $2 X 236 1) 52 i ok
fl, K5 w4 A DA, EE pH E S B
F IR, A0 2% 5230 il N a1 S R B A 0k LE (7 386 K
I S PR3 n, 7 B A 8 TR AR A B R R R G R
BT 56 386 0 s vk, 29 40 °C kb Ry # T A

DARR IO (B 28 Ry H8 AR, MK 4 TR, 34—k
(REHEG S pH BRIl Bh 70 ) 38 B K, BT IR
THURIAZ BTGB AN 25, DRI AT DA Ay 75 % 52 0 1) A il 3 56
BB M DL pH (EARNBOR 4 0 (0
P A5, I 6 (R N i 434 T A, SRR
FE(L AH) B A pH AR T vy T 2 9/ (L AR 9/ 36 I
DGR, B BORE L IR 3G i 2 1k 1O .



28 2012, Vol. 33, No. 10

=sSt3
~ DD

il =

X TLEHA

R HY R 9,
121 HAREUE %
= 11 22
3
S04 ma -
B 911 ~_
81 B9 _ [B439k
'35.00 37.50 40.00 42.50 45.00
Rz 1°C

[ 5E K. pH10, HihHIH7E0.4%.

Bl5 Y= f(Xy, Xo) %5 HHNZE 5 0 1 0 B I 5 55 i % R
Fig.5 3D response surface contour plots for the effects of X: and Xz on
Y: (Xs = 10, X: = 0.4%)

10251 Bz
i ,’, ;J, __.r"
T 000 o0 /
9.75_ ‘,’ V4 .-':
9.50

g1 91 101 111 1211
WO (mL/g)
[l 57K F: i 40°C, SHBIFIHE0.4%.

B 6 Yo= (X, Xo)hh B A () W N TH 5 45 6 25 A
Fig.6 3D response surface contour plots for the effects of X. and Xs on
Y2 (X = 40, X+ = 0.4%)

223 EARAAFI R AR R B E S5
SFRMR R R IO 5, R SR HCR W R, 42
ORI B 0 R B (L 8K) « R Design Expert %
PR 2 B bR DAL DhRE, 13 BKREER A A S L4 B T
SRS 40.8 WRHEE 12:1. pH10.5. 4l B

i 0.5%, TR NEARIEITREN 60.4%. &
JE LN 56.7, 45 HEEA,

SRR T 2R AT IO UESE S0 . Bkt
PEEAT KRB (132, SER R 3 Ik, STl & (3R HUR
PYIME N 58.2%, (L LH A 57.9, 5 HIINE ¥R 2 4y
B4 3.8% F12.1%, BEWISKH RSA IR 2 (1) 5256 2
s mrge, HALHNE.

3 & #

KBRS T2 AT RN B A 4R BSE G, 5 5
B OB pH A LR Sl B SR8 o0 i 1 4 R R
PEROR BRI, R o 2L A i 6 45 A i N T 49 AT
TIER LA AR REAT O, 49 BRI T2
£ iR E 40.8°C . WOREHEL 12:1(mL/g). pH10.5. #fibh
FIF - 0.5%, ERLAAE T ER IR IUR SR IR (5 B [ i
I FRAR R R, $R IR BB 60.4% . (4% L {1 56.7,
I UESE R, HRHOR SRR (PR 225 i 3.8% FI
2.1%, UEEAARALES R fE .

EEPd ¥

[ SRR, AR RN ¥ R ke A v [ (RyBsAE AR FA[CY. o B
A T AR R SCIE R, 2002: 12-16.

[21 RO KBRS AR E MBTSC[D]. T8 VLRI K%, 2002.

[3] HELM R M, BURKS A W. Hypoallergenicity of rice bran[J]. Cereal
Foods World, 1996, 41(11): 839-843.

[4  PRIREE, WhEs, sk N 5E, SE KRBTV TR 1 ISR 2R e
FE[3]. 1 i, 2003, 28(2): 46-50.

[B]  ZHitE, wHLEE, IRk AR AR T Z A AU ). frfE
2%, 2010, 31(22): 251-254.

[61 sk, FR&K, EMS. ASRIBG AR A0 R SR BRI T
[3]. ¥R, 2008, 29(9): 178-180.

[71 W&, RS, B, . N R RIL BN R
FERISZWA[I]. Hh EDR 244, 2012, 27(3): 15-19.

[8] PRAKASH J. Rice bran proteins: properties and food uses[J]. Criti
Reviews in Food Sci and Nutri, 1996, 36(6): 537-552.

O 2R, fr RISk B A RS> 1 S LN RIWFFL[]. ) M i Tl
R, 1997(3): 12-16.

[10] SENGUPTA R. Enzymatic of mustard seed and rice bran[J]. Journal of
American Oil Chemistry Society, 1996, 73(6): 687-692.

[10] A=, Sl SERE AR, ROMEER (BRI R AR S AR ¥ S A 9], fr o L
MR, 2012(2): 218-223.

[12] GURPREET K C, SOGI D S. Functional properties of rice bran protein
concentrates[J]. Journal of Food Engineering, 2007, 79(2): 592-597.

[13] XIA Ning, WANG Jinmei, YANG Xiaoquan, et al. Preparation and
characterization of protein from heat-stabilized rice bran using hydrother-
mal cooking combined with amylase pretreatment[J]. Journal of Food
Engineering, 2012, 110(1): 95-101.

[14] GUAN Xiao, YAO Huiyuan. Optimization of Viscozyme L-assisted
extraction of oat bran protein using response surface methodology[J].
Food Chemistry, 2008, 106(1): 345-351.

[15] COCHRAN W G, COX G M. Some methods for the study of response
surfaces. in experimental designs[M]. New York: Wiley, 1992: 335-375.

[16] LEEJ, YEL, LANDEN W O, et al. Optimization of an extraction
procedure for the quantification of vitamin E in tomato and broccoli
using response surface methodology[J]. Journal of Food Composition
and Analysis, 2000, 13(1): 45-57.



