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Optimizating the alkaline extraction technology of broken long-grain rice protein
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Abstract: To improve the efficiency of protein extraction from broken
long-grain rice, a quadratic rotatable central composite response sur-
face methodology (qrCCD-RSM) was utilized to investigate the af-
fecting mechanism of alkali concentrations, broken long-grain rice
particle sizes and solid-liquid ratios (SLR), based on the results of
Min-Run Res IV factorial design and steep accent experiments
(SAE). The optimal extraction condition was obtained, i.e. 80 mesh
of broken long-grain rice was used to extrat proteins, soluting in
0.09 mol/L of NaOH buffer, with the SLR 1 g : 13.5 mL at 50 ‘C
for 120 min. Under this optimized condition, the protein extraction
rate and its purity was found to be (82.25+2.53)% and (91.68 4
1.26) %, respectively.
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A AK BT (H 5 BRT LA IR 3R 5 1 A 5 R AT 4
RTZEZHW A TR 5 IE IRk A 5w
AR TR )22 HAR A 2 08 A8 i B IR A bz A £
BEVT AT LU A% 18 4% DR 3R % PR 3% i) 58 A% T X g o {19 2
IV VATIR R SR A W LB 0 &) P L C PN
Beit gk R T 22 E B M E AR AR
IIHT T T 2 AR AR 2 R A AR TR AR A D0 AL AN 5 422 AR
R o A S A SRy R RS AR T S B DR T A AR 44 A G A I
(R - B8 B2 e oL FH 7T A5 B2 — e e v o0 L B0 T 1 ) B T
M7 — L BT IR OB SRR R0 R ) TS A
SN B IE  F TTR FE  1  Al N (E 5 22 XF 4 TE I
s AL B A L T T R A R AR AT
R TR AR T2 20 ROK B 1 R AR B A A — E Y
S (EL 2 B OO i A AR L L ol e A e
PR3t s A 3550 DARIAR 2K Sk T 58 %o 2 o DA AER Mk B2 8V A A 912 B
) EAT PRS0 T E 35 X 36 S i SR g o, T 3 3 £ A
173



RIS E N

2016 % 8

Hl K 2 BT SRS BRI L B TR R K B B B TR A

GarmRdts%,
1wk D5k
L1 855
L11 MRS
HIRER - 10 8 s e
1.1.2 35%1')(%&&%
A TR LABCONCO #, 2 [ labeonco /24 5
BB LHL . HERMLE Z323K Y, & Hermle 24 7 5
FL PAE TR K A A DK-98-T1A B, R Tl 48 0 R A 4 A
FRA W
AN WL 4y o6 BE T 752 B, b i R 5 EH O AL AR A R
NI
1.2 FHi&
12,1 himERE A 5w EA
AR 07 D0 7 R B PR 3 75 7K 43 T 2R B
G0 7 SR UK B HEAT B i
L.2.2 KRR A BT mik R T 2
A FE R (50 CHE R BT 24 h) 8 — 5
#—it E— #F (4 000 r/min, 20 min)— kL& & —# pH(A
0.1 mol/L HCI & ¥ £ 5.2)—> & (4 000 r/min,
20 min) =% 7@’»7]4/5’&»1)1] i pH 2 (A 0.1 mol/L
NaOH A ¥ pH £ 7.0 £4)—> &< (4 000 r/min, 20 min)—
Bk TIR(—83 CHA,—53 CTFTA%R TR I8 hH—>KAKE
a i
1.2.3 R R & BT s 4 B 2 m ek
(1> Min-Run Res IV #r R BT 76T 50 56 il b 48125 4%
BBV VA B B4R T FEE R i I ) o 73 O ARz B2 R [ L %o o 7
KR B BRI B0 TR 3R 2 B K 7 5 SEBROK T LR 1.

A0 35 0 23 M 4

Jo 0 R BB IR E A
TR K

F1 HEEITHEDGSEZERKE

Table 1 Coded levels and real levels of factorial design

fty  XoBHORE/ XofiRE X BARAT XoRok X

AKF (moleL™H  JE/T [b]/min  KJEE/H  (g/mL)

—1 0.02 30 30 140 1:6
0 0.04 50 75 50 1:8
1 0.06 70 120 60 1:10

(2) & BE N5 - iy T W) ) 1T Ak 75 7 1 7 (6 #5400 5K
A REFE A3 UL AL LS A AR TR 0 25 R R Tl B T G S G 40
S AT RAE A% PR B B R I R TR R B Oy 28 41
SRR EZEES i ERR LT mEEK.

(3) WA R T Ak « SR P = UK e 4 0 2 B T A 1 ¢
123 BT R R Ll B KR 38 D T 90 L X B K 2R 1 B IR
W . I Design Expert 8.0.6 B 47T = K & 1K ¥ g §%
b A BT 2R 17 YOk g P A E 2R A 3 ),
L2.4 EAFRBCRSEABRAZMNE B A E AR
R LG TR U (B 4 R B0 5.95°9) . ‘{*‘Mﬁzﬁfﬂﬁ“?
TR T IR SE 2R M . R B IBOR 5 2R Al
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Table 2 Key components for broken long-grain rice (n=3)

%
Ko EA=p Jig Wi s
10.6+1.02 8.1740.81 1.34+0.07 0.8740.04
2.2  Min-Run Res IV #1 BiZ it
B R AR B Rk B TR L B ST () Ol RO B R [ R L X

il B R H 4R BB Y R R L3R 3.

FIF Design expert 8.0.6 Xf 3% 3 PEAT LA W4 4105 15 £

(] U 77 2y -
y=27.02+2.65X, +0.90X, + 1.40X; + 7.35X, +
15.67X5., 3
X2 3 HAR AT T5 22 o3 M 5 R S kA b, AR
F 4,

i35 4 TN AR B 2 M A T O 1B 3 (P<T0.05) B fF
I L, (signal to noise ratio, SNR) Jg 6.795(>>4) , 13 B 5 kg
BERF AR . MRS A IR 2 (R) 38 L AR R S RE A IR &
B XA DE AT 55 2 vk B T 4 STk R AT
BT HRX X HXs H A SRR .54 %6 ,11.88%

x3 WRBTERERKFEER

Table 3 Levels and results of factorial design
75 Xa X X3 Xy X5 EAREER/ %
1 0 0 0 0 0 33.19
2 1 1 —1 1 1 47.74
3 1 —1 —1 —1 —1 14.48
4 —1 —1 —1 1 1 54.65
5 1 1 1 —1 —1 15.08
6 —1 —1 1 1 —1 16.50
7 0 0 0 0 0 34.23
8 0 0 0 0 0 21.04
9 1 1 —1 —1 1 47.74
10 1 —1 1 —1 1 28.81
11 —1 1 1 1 1 63.27
12 1 —1 1 1 —1 12.91
13 —1 —1 1 —1 —1 4.26
14 0 0 0 0 0 33.50
15 0 0 0 0 0 35.99
16 —1 1 —1 1 —1 9.30
17 —1 1 —1 —1 1 16.42
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Table 4 ANOVA and factors significant analysis of

factorial design

2% H T 53 5t
jj; TR AmE ¥y F@ o Pl L;:;f;’
i R 3 485.52 5 697.10 4.11  0.027 4~
X1 74.71 1 74.71 0.44  0.522 Ons 1.54
X, 8.16 1 8.16 0.048 0.830 9ns 0.17
X3 19.65 1 19.65 0.12  0.740 7» 0.41
Xy 575.92 1 575.92 3.39 0.095 3ns 11.88
X5 2 457.03 1 2 457.03 14.48 0.003 5** 50.70
CE 13.39 1 13.39 0.079 0.784 6%
2= 1697.28 10 169.73
LI 1 004.28 6 167.38 0.97 0.539 1
afi R 24 693.00 4 173.25
iR 5196.18 16

Tow o RIORFLIR B (P<T0.01); * F/R 0 i 2 (P<C0.05);
ns R EE AN i 3 (P>0.05)

50.70%, = K B GTHR R Z AR 64.12% . E2H 7 H
Y50 TE B I HE — 25 3 3 2 R R A LA KT
2.3 BREHIKIE

ST R 45 R e R R RS 7 S b K L Lk 5,

IR B2 HE
2.4.1 BIRE BT S BCE SRR SR T S

(model sequential analysis, MSA) JZ I [ T A5 B4 #4) 2 fY 5 25
WA A B e BT A AT 4 SR 3K 8

B3 8 WA, — B SR MR A AU I 3 PR Ay M O R B3 (P>
0.05) , R TRt 3 (P<C0.01) . 48U {2 3 25 7 b B B0 M
RIS AU 5 RO B 22, i T R B R AR %o 4 9 AT U
G TR A L R AR IR 8 (P<<0.0D) , AR
X U HEAT 1005 s B AR B S 1 0 A A AR R 2 (P<0.01)
R*=0.960 7,Adj. R*=0.910 3, &I A . (P>0.05) ,

F6 MEEmMLLERKDGSZRATE

Table 6 Coded levels and real levels of RSM
K X B e 1/ Xy Hll i A X3 [ L
(mol « L™1) i/ H (g/mL)

1.682 0.11 120 1:15

1 0.10 100 1:14

0 0.08 80 1:12
—1 0.06 60 1:10

—1.682 0.05 20 1:9

R7T WMEEMRELETSRESER
Table 7 Experimental matrix and results of qrCCD-RSM

HiZE 5 AT AR PR IX IR TE 2 5 BRI . B L% FE X Xe  Xo EAERE/Y
ek i D AL BET 0 1 0 0 0 80.04
2.4 WIEERALLERS ST ’ ’ ’ 108z 8010

XL I KB 1 B o 2045 W 1 oo o
AL W i 5 SRk P W3R 6. 5 0 0 0 83:15

me o7 T O AL IR B T R A R AR T i IR e 1R 25 6 1 1 . 58.58

®5 RBEFRBEITSER 7 ! —1 1 74.22
Table 5 Design and results of steep accent experiment 8 0 168z 0 68.78
9 -1 -1 1 45.10
KBS K XoBR s/ Xoflimok  XoREREL  HER 10 . . . 25.08
(mol- L) #E/H (e/mb) RE/X% no 1 1 1 50.44
1 X 0.06 60 1:10 35.79 12 1682 0 o 55,90
2 X+AX; 0.08 80 1:12 73.05 13 1 1 1 57.91
3 X+2aX; 0.10 100 1:14 43.56 14 1 i 1 45.00
4 X+3AX; 0.12 120 1:16 60.25 15 1 1 —1 70.59
5 XH4AX, 0.14 140 1:18 58.79 16 0 —1.682 0 50.15
T AX;=40.02 mol/L;AX, =20 H;AX;=1: 2(g/mL). 17 0 0 —1.682  57.00
x8 MEBEREWEFEIN
Table 8 Sequential analysis for the building of RSM model

gE| df  FIrM 75 Fi F f# P{d R? Adj. R? R4 P (H

— B Lk A A 11 3202.01 291.09 117.04  0.154 8™ 0.3225  0.166 1 0.008 5% *
TR LR 8  2544.37 318.05 127.88 0.493 1ns 0.461 4 0.138 3 0.007 8+~

AR 5 180.82 36.16 14.54 0.000 2** 0.960 7  0.910 3 0.065 6m

=R pEAl 1 38.73 38.73 15.57 0.245 0" 0.990 8  0.950 8 0.058 6

Wz 2 197 249

T o RIOREMM B3 (P<C0.01) 5 * £/RFI I (P <C0.05) sns FRFIAA R E (P >0.05),
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0.96X, X, —8.38X,X;—13.64X%—8.65X; —4.56X}, (4
2.4.2 BITT7 22500 S IRA ST AETRY T 22 43 A A0 (el
SMTEE (R O R F W, BIE B AR B & (P<<0.01),R* =
0.960 7,Adj. R* = 0.910 3, {jd BH % 5 7 RE fi B¢ 2 48 5 19
91.03% . LT 2 LI AN 35 (P=>0.5) 2 B FiT 32 5 T %) $ 4

PEAT TN AN 23 36 OB 2 J . 78 5 R (CV) 2 A 1 A5 TR

% B R AT A P 0 T PR A 48 AR B B L R R T AR
BRI CV 2y 8.53% , 7 SNR 2y 14.107 (>4) , )i B % K5 7Y
ATAR A 1) 197 T H8CHE 43 BT R4 R T

HH 2 9 AT BT A — YR BRI RO XE A XS AR
(P<C0.01), ¥R I X3 i 3 (P<C0.05) s & B AR HI T X, X, fil
X, X5 AN B3 (P>0.05) , X, Xy 1 . 25 (P<C0.01)
2.4.3 BRI GEHAER ) HHEBEREAEZK
SR T 005 HE T A R kT i Rz (19 5% ) A5 B 52 F AR
P4 ) 7 T PR A e 4 I 1) o i, R B R R A R

F9 EHAEEFESHTESEENH
Table 9 ANOVA and regression analysis of

regression equation

FEEKWE P BHEE BEWM F {8 P{H
[m] AR 4 547.59 9 505.29 19.04 0.000 4+ *
X, 711.64 1 711.64 26.81 0.001 3 *
X, 427.98 1 427.98 16.12 0.005 1% *
X; 386.78 1 386.78 14.57 0.006 6" *
X, X, 88.18 1 88.18 3.32 0.111 1
XX, 7.33 1 7.33 0.28 0.615 4
Xy X 562.13 1 562.13 21.18 0.002 5% *
X? 2 095.88 1 2 095.88 78.96 << 0.000 1* *
X3 843.83 1 843.83 31.79 0.000 8 *
X3 233.98 1 233.98 8.82 0.020 8*
skEW 18579 7 2654
A 4135 180.82 5 36.16 14.56 0.065 6
4l 5 25 35 4.97 2 2.49
BARZEI 4 733.39 16

o ox BREIN B E (P <0.01); * ER PG % (P<0.05);
ns KRR 3 (P>>0.05) ; BB & R4 R? =0.960 7,45
P R Adi. R2=0.910 3,
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Response surface and contour plot for factors interaction
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