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Optimization of extraction of alpha-amylase inhibitor
from Phaseolus vulgaris by response surface methodology
YU Xue-hui TIAN Tong-tong ZHANG Jian"

( Food College of Shihezi University Shihezi 832003 China)

Abstract: Response surface methodology was applied to optimize the extraction conditions of alpha- amylase inhibitor from
Phaseolus vulgaris.Based on the results of the single factor experiments the effects of four independent variables( volume of
extraction solvent extraction pH value extraction time and extraction temperature) on the o — Al inhibition rate were
investigated by Box—Behnken experimental design of four factors and three levels.A quadratic polynomial regression equation of
the forecasting model was set up.And the optimal extraction parameters to obtain the highest inhibition rate were as follows: the
solvent volume was 200 mL pH3.5 43 °C and 2.3 h for extraction per time.The inhibition rate under the optimum conditions
was found to be 85.30% which agreed with the predicted value of 87.82% . Results showed that the optimized method was
stable and reliable.It could lay the foundation for the research development of the Phaseolus vulgaris.
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Table 1  The preparation of standard curve
1 2 3 4 5 6
3 mg/mL 0 02 04 06 08 10
(mL)
(mL) 1.0 0.8 06 04 02 0
DNS( mL) 1.0 1.0 1.0 1.0 1.0 1.0
1.2.3 a— 0.5 mL
37 C 10 min
2% 2 mL 37 C 5 min
0.5 mL. 40% NaOH 1 mL
DNS 5 min 535 nm
o a—Al
A,—Ay)— (A -A
a-Al (%) {4, (il)z_io)‘ 2 100
CA, VA,
VA,
124 «o- o -

0.5 mL 2 mL 37 C

10 min 0.5 mL 40% NaOH
1 mL DNS 5 min
535 nm
1 mL
a— ( mg)
U. U/mg( )
(4, -4,)
U="axv
A, VA,
vV ;
a o
1.2.5
1.2.5.1 a—Al
5¢g pH 40, 40 °C.
30 h 50.100.150.200.250-
300 mL. a—Al 3 °
1.2.52 pH «o—-Al 5¢g
200 mlL. 40 C .
30 h pH 2.5.3.0.4.0.5.0.6.0.7.0
a—Al 3 o
1.2.5.3 a—Al
5¢g 200 mL.pH 4.0.
40 C 0.5.1.0.2.0.3.0.
4.0.5.0 h a— Al 3
1.2.54 a—Al
5¢g 200 mL.pH 4.0.
3.0 h 20.30.40.50.60.
70 C  «a—AIl 3 o
1.2.6

Design—Expert
Box—Behnken
(A) pH( B) (Q)
(D) a= (Y)
Factors =4 Runs =29

2

Table 2 Factors and levels of response surface experiment

-1 0 +1
A (mL) 150 200 250
B pH 35 40 45

C (b 1.5 2.0 25

D () 35 40 45

1.3
Design— Expert

Box— Behnken



Origin 8.0

° a—Al
2 ; 200 mL
2.1 DNS a-Al
DNS °
DNS 535 nm °
1.0 mL 5 min !
200 mL o
2.2
1.
3 a—Al
Fig.3 Effect of soaking liquid volume
on the inhibition activity of a—Al
1 2.4.2 pH  «a—AI 4
Fig.1 The standard curve of glucose pH 3.0 pH a—Al
1 y = 0.4332x— opH 3~ pH
0.0005 R® =0.9998 a-Al pH 0
0.6~3.0 mg/mL a-Al °
2.3 )
a—Al N
2 o
a—Al pH =4.0 pHo
2
Fig.2 The standard curve of starch concentration 4 pH a-Al
2 y = Fig.4 Effect of pH on the inhibition activity of a—Al
0.9136x—0.0096 R* =0.9996 2473 a— Al
0.1~1.0 mg/mL 5 05 h 20 h
o a =0.9136 20h  50h
: 20 h
U= (AZ_A])
709136 xV 2 h
2.4 2.4.4 a— Al
2.4.1 a— Al 6 20~40 C
3 40 °C ; 40~70 C
a—Al
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3
Table 3 Experimental design and results of

central composite analysis

A B C D Y: (%)
1 0 0 0 0 85.61
2 -1 -1 0 0 82.56
3 -1 +1 0 0 80.59
4 0 0 0 0 85.01
5 +1 0 0 +1 80.48
6 0 +1 -1 0 79.79
5 a—Al
. . 7 0 -1 0 -1 83.03
Fig.5 Effect of extraction time " 0 : 0 . %43
on the inhibition activity of a—Al * * ’
9 0 0 +1 -1 81.08
10 +1 0 0 -1 79.34
? 6
11 0 -1 -1 0 81.82
40 C 12 +1 0 +1 0 80.94
° 13 0 +1 +1 0 83.57
14 0 0 -1 -1 78.61
15 0 -1 +1 0 86.81
16 0 0 +1 +1 85.27
17 0 0 0 0 85.38
18 0 -1 0 +1 86.81
19 +1 0 -1 0 78.46
20 -1 0 -1 0 77.94
21 -1 0 +1 0 81.43
22 0 0 -1 +1 79.50
6 a-Al 23 0 0 0 0 85.83
Fig.6  Effect of extraction temperature 24 -1 0 0 -1 71.07
on the inhibition activity of a—Al 25 0 0 0 0 85.58
26 0 +1 0 -1 80.61
2.5
27 -1 0 0 +1 81.92
2:5.1 28 +1 -1 0 0 82.50
(A).pH(B) (e (D) 29 41 +1 0 0 79.82
(Y) o
2 CD BD
3 4, o
252 Design— Expert 253
3 a—
a— (Y) 7 ° 7 ~pH-.
Y = +94.54-0.69A + 3.07B + 3.60C + 0.40D + o=
2.37AB +0.75AC + 1.75AD-2.97BC-0.79BD-0.43CD ° 4 N
-6.81A* ~5.34B* —4.57C* —2.10D" P 0.01
4. o Tec
4 F 78.95 p <0.0001 a=Al
o 0.05 (p =0.1984)
2 71 o Te 4 pH
. R 7a.  7b 7d
=0.9750 97.50% ; ° o
2 pH-
R =0.9875
pH .
s s ‘ 254 Design— Expert
B.C.D . A°.C°.D AD.
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4

Table 4  Variance analysis of regression equation

F Pr>F
215.74 14 15.41 78.95 <0.0001 ok
A 7.5E-05 1 7.5E-05 0.00038427 0.9846
B 23.30 1 23.30 119.36 <0.0001 *k
C 44.01 1 44.01 225.47 <0.0001 *k
D 23.16 1 23.16 118.65 <0.0001 *k
AB 0.13 1 0.13 0.65 0.4351
AC 0.26 1 0.26 1.31 0.2722
AD 3.44 1 3.44 17.63 0.0009 *k
BC 0.37 1 0.37 1.88 0.1924
BD 0.96 1 0.96 4.92 0.0436 *
CD 2.72 1 2.72 13.95 0.0022 *k
A’ 89.23 1 89.23 457.17 <0.0001 *%
B’ 0.57 1 0.57 2.94 0.1082
c? 31.04 1 31.04 159.05 <0.0001 *%
D’ 27.83 1 27.83 142.60 <0.0001 *%
2.73 14 0.20
2.35 10 0.24 2.47 0.1984
0.38 4 0.10
218.47 28
7 (p<0.03 “*%x7” (p<0.01) .
7 o=

Fig.7 The response surface on extraction alpha—amylase inhibitor of phaseolus vulgaris
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