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Optimization of Ultrasonic—Assisted Extraction of Total Alkaloids
from Plumula Nelumbinis by Response Surface Methodology

LUO Ping, WANG Shasha, SUN Junjie, ZHANG Meng
(College of Chemistry and Chemical Engineering, Chongqing University , Chongqing 400030, China )

Abstract: The optimization of the ultrasonic —assisted extraction of total alkaloids from Plumula
Nelumbinis by response surface methodology was studied. Based on the single—factor test analysis,
the Plackett—Burman experimental design and steepest ascent design,while take extracted amount of
total alkaloids as the response value,response surface method was applyed to analyze the influence
of various factors and their interaction on the extraction of total alkaloids,select an optimized
progress to extract total alkaloids from Plumula Nelumbinis. In this study,nonlinear mathematical
model fitting way make independent variables and the dependent variable relationship extend to
curved surface,so that the experimental data become more precise. The experiments obtain an
optimal ultrasound —assisted extraction of total alkaloids from Plumula Nelumbinis progress
conditions : solid-liquid ratio as 1:40.4;volume fraction of ethanol as 64.4 % ;ultrasound extraction
time as 40 min;model predict its productive yield can reach 128.695 mg/g. Under these conditions,
extracted amount of total alkaloids from Plumula Nelumbinis can reach 128.673 mg/g,which is

consistent with the predicted values.
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Table 1 Range and factors of Plackett—Burman design

-1 1:20 15 60 70 30 40 1
1 1:30 35 90 90 40 60 2
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Table 2 Factors and levels in response surface design

A FRET AR (g/m])  1:31.59  1:35  1:40  1:45  1:48.41
B 75 5] [] /min 31.59 35 40 45 4841
D C AR 5350/ % 56.59 60 65 70 7341
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Table 3 Plackett—Burman test design and result

e | A clpl|Eg| r|¢| EPRE
(mg/g)
1 R

Fig. 7

114.476
2 1 | =l | =l =i | =l 132.624
3 -1 1 1 -1 1 -1 -1 119.654
4 i =l 1 | =l | =l 93.953
5 1 -1 1 1 -1 1 74.741
6 1 1 1 -1 1 1 -1 103.602
7 =l 1 1 | =l 1 1 115.549
8 -1 -1 1 1 1 -1 1 81.426
9 =l | =il | =i 1 1 | =l 106.535
10 = -1 -1 -1 1 1 1 99.827
11 =l =i =i =l 1 1 133.648
12 1= RS S = S 59.747
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Table 4 Analysis of variance of regression equation

7 7 5560.08 79430  50.49 0.001
2 4 62.93 15.73
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Table 5 Partial regression coefficients and significance test

ity 102.98 89.94 <0.001
A 5.76 5.03 0.007 e
B 3.89 3.40 0.027 i
C 2.50 2.18 0.095
D -14.01 -12.24 <0.001 B
E 1.98 1.73 0.159
F -1.82 -1.59 0.186
G 14.32 12.51 <0.001 B
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Table 6 Experimental design and results of steepest
ascent path

S50 | Allg/ml) L
25 80

535/ (mglg)

1 1:25 98.542
2 1:30 30 75 100.768
3 1:35 35 70 120.344
4 1:40 40 65 128.560
5 1:45 45 60 124.748
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Experiment design and result of Central

Table 7

Composite Design

Az Yy 5
580 (mg/g)
1 -1.000 00 -1.000 00 —1.000 00 120.814
2 1.000 00 -1.000 00  -1.000 00 124.807
3 -1.000 00  1.000 00  -1.000 00 122.768
4 1.000 00  1.000 00  —1.000 00 122.748
5 —-1.000 00 -1.000 00  1.000 00 120.483
6 1.000 00 -1.000 00  1.000 00 122.622
7 -1.000 00  1.000 00  1.000 00 121.046
8 1.000 00 1.000 00 1.000 00 121.324
9 -1.681 79  0.000 00 0.000 00 118.535
10 1.681 79  0.000 00  0.000 00 121.224
11 0.000 00 -1.681 79  0.000 00 121.211
12 0.000 00 1.681 79 0.000 00 121.006
13 0.000 00 0.000 00 -1.681 79 125.278
14 0.000 00  0.000 00  1.681 79 124.807
15 0.000 00 0.000 00 0.000 00 128.430
16 0.000 00 0.000 00  0.000 00 128.560
17 0.000 00 0.000 00  0.000 00 128.952
18 0.000 00 0.000 00 0.000 00 128.944
19 0.000 00 0.000 00 0.000 00 128.782
20 0.000 00 0.000 00  0.000 00 128.256
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Table 8 Significance test table of regression coefficient

B | EPE| EX 4
:% §
W1

128.649 0.147 58 871.734 <0.001
A 1 0.608 0.097 92 6.209 <0.001
B 1 0.104 0.097 92 1.065 0.312
D 1 -0.282 0.097 92 -2.875 0.017
A*? 1 -3.072 0.095 32 -32.229 <0.001
B? 1 -2.638 0.095 32 -27.671 <0.001
D? 1 -1.247 0.095 32 -13.079 <0.001
AB 1 -0.408 0.127 93 -3.190 0.010
AD 1 0.132 0.127 93 1.029 0.328
BD 1 -0.405 0.127 93 -3.165 0.010
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Table 9 Analysis of variance of regression equation

9

B 232.01 257879 19695 <0.001

s 3 6.280 2.093 2 1599  <0.001
5 3 223.09 743430 567.79 <0.001
A2 H. 3 2.783 0.927 5 7.08 0.008
R4 10 1.309 0.130 9

AL 5 0.903 0.180 5 222 0.201

Al iR 7 5 0.407 0.081 3
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