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Process of Enzyme Combined with Ultrasonic Assisted

Extraction of Podophyllotoxin from Sinopodophyllum hexandrum
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Abstract  Objective: To study the ultrasonic assisted extraction method combined with the use of enzyme
extract podophyllotoxin( PPT) from Sinopodophyllum hexandrum and the extraction yield of PPT under
different methods was compared. Methods: A single factor experiment was used to investigate the effects
of the amount of added enzyme pH of enzymatic hydrolysis temperature of enzymatic hydrolysis ultra—
sonic time methanol volume fraction and material-liquid ratio on the extraction yield of PPT in the ex—
traction process and Plackett—Burman design was used to select the significant affected factors. Second-
ly the extraction process parameters were further optimized by response surface method. Finally the
PPT yield obtained by ultrasonic—assisted extraction combined with the use of enzyme was compared with
other extraction methods( heating reflux extraction Soxhlet extraction ultrasonic extraction and enzy—
matic extraction) . Results: The optimized conditions: the amount of added enzyme was 0. 004 g the en—
zymatic hydrolysis pH was 3 the enzymatic hydrolysis temperature was 30°C  the material -liquid ratio
was 1:30 ( g/mL) the methanol volume fraction was 50% and the ultrasonic time was 10 min. Under
these conditions the maximum yield of extraction was 5. 20%. Conclusion: Compared with other extrac—

tion methods the ultrasonic—assisted extraction combined with the use of enzyme has a better extraction
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Table 1  The mobile phase ratio of gradient elution
( min) A( %) B( %)
0 15 85
4 15 85
10 24 76
15 24.5 75.5
20 32 68
25 32 68
35 55 45
40 55 45
0 S 10 15 20 25 30 35 40
Jgph
Za00f A
£ 300t
i L
_]1:911; 0 b —
<100 :
B[] (min)
__250F
D 200 B
150
= 100
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Fig. 1 Chromatogram of sample( A) and control
substance( B) of podophyllotoxin
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Table 2 Factors and levels of Plackett—Burman

A (g 0. 002 0. 006
B pH 2 4
C (C) 20 40
D (%) 40 60
E (g/mL) 1:20 1:40
F ( min) 5 15
2.7

Plackett—Burman

(X,) g/mL
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( X;) min Box — Behnken
( BBD)
. BBD 17
12 5 o
X~ X5 X,
-1.0 1
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3
Table 3 Independent variables and their coded and actual
values used in the response surface
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3.3 Plackett—Burman
2.6 Plackett—Burman
4 Minitab 17
5.
4 Plackett—Burman (N=12)
Table 4 The results of Plackett—Burman

A B C D E F (%)
1 1 -1 1 1 -1 1 3.55
2 1 -1 -1 -1 1 1 3.54
3 1 1 -1 1 1 -1 3.55
4 -1 1 1 1 -1 1 3.53
5 -1 -1 1 1 1 -1 3.54
6 -1 1 1 -1 1 -1 3.49
7 1 -1 1 -1 -1 -1 3.46
8 1 1 1 -1 1 1 3.61
9 -1 1 -1 -1 -1 1 3.47
10 -1 -1 -1 -1 -1 -1 3.44
11 1 1 -1 1 -1 -1 3.49
12 -1 -1 -1 1 1 1 3.63
5
Table 5  Significance test of each factor
T P
A 0.008 33 0.00785 1.06 0.337 4
B -0.001 67 0.007 8 -0.21 0.840 6
C 0.00500 0.007 8 0.64 0.552 5
D 0.023 33 0.007 8 2.97 0.031 * 3
E 0.03500 0.007 85 4.46 0.007 * % 1
F 0.030 00 0.007 85 3.82 0.012 * 2
: P<0.05 (*) P<0.01 (% %),
Plackett—Burman P=0.022<0. 05
5 5
P : .
3.4
3.4.1
( X,) mL,
(X,) %- ( X;) min 3
Box—Behnken
( BBD) RSM
6 o
(%) 3 Y
X, (g/mL) X,
(%) X, (min) .

6 RSM
Table 6 Box—Behnken experimental design and

results for total PPT extraction yields

(%)
(X)) (g/ml)  (X;) (%) (X3)(min)

1 1 0 -1 5.11+0.021 4.99
2 1 -1 0 5.06+0.01 4.88
3 0 0 0 5.19+0.01 5.17
4 0 1 -1 5.06+0.07 5.09
5 0 0 0 5.15+0.001 5.17
6 -1 -1 0 4.88+0.04 4.94
7 1 1 0 5.16+0.03 5.12
8 -1 0 1 4.93+£0.04 5.06
9 1 0 1 5.13+0.02  5.05
10 0 -1 1 4.97+0.02 4.93
11 0 0 0 5.19+0.08 5.20
12 0 1 1 5.11+0.04  5.09
13 0 0 0 5.16+0.06 5.19
14 0 -1 -1 4.92+0.01 4.95
15 -1 0 -1 4.88+0.01 4.93
16 0 0 0 5.19+0.02 5.18
17 -1 1 0 5.00+0.01 5.02

Y=5.18+0. 096X, +0. 063X, +0. 021X, -5x 107"
X,X,-7.5%107° X, X, +0. 0000X,X,-0. 077X,*-0. 074

X,’-0.087 X’ ( 3)
( ANOVA)
. 7 P <0.0001
(X, X, X;). (X* X, X%
(Xl X, X, X, X2X3) P
(X)) (X,)
(Xs) X, X,
XX, X, X, .
(X* X,> X% o
RZ
R> 0.984 6
o (adj-
R*) 0.964 9 (pre- R*)  0.8631
(C.V.) 0.42
% BBD
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Table 7 ANOVA for response surface quadratic model s
F P 5 (¢
0.20 9 0. 022 49. 84 <0.000 1 X
(X)) 0.074 1 0.074 167.62  <0.000 1 (d)
1
0.031 1 0.031 70. 68 0.000 1
(X,) <
3.612x107° 1 3.612x107 8. 17 0.024 4
(X3)
XX, 1x107* 1 1x107* 0.23 0.648 9
X1 X3 2.25x107* 1 2.25x107* 0.51 0.498 7
X2X3 ~1.388407% 1 -1.388%07"® -3.193d0°"  1.000 0 °
6 e
X, X, 0.025 1 0.025 56. 1 0.000 1 (e)
X, X, 0.023 1 0.023 52.5 0. 000 2
X5 X, 0. 032 1 0. 032 71.67 <0.000 1 (f)
3.095107° 7 4.421107*
1.575%107° 3 5.250d07* 1.38 0.369 6
1.520407° 4 3.8x107*
0.20 16
0.021 R? 0.964 9
R? 0. 9846 R? 0.863 1
0.028 0.42
(%) 3.4.3
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Design Expert
3.4.2
Design —Expert 8. 0. 6
30 (g/mL) 50%
(X)) . (X,) . (X,) .
( Y) min
5.19% 5.2%( n=23)
4.5.6
’ 3.5
4 (a)
27 .
(b)
7o
(a) (b)
1.00-4
0.50
By
=
A\ 4
z 0.00
%
B
-0.50
1.00
4.9 0.00 }
-1.00 475 T T T T B: Eﬁ@%ﬁgfﬂﬁﬁ -0.50 1.00 -1.00 -0.50 A: RUR L
-1.00 -0.50 0.00 0.50 1.00 SLUU L
RHE H
4 (X)) (X,)

Fig. 4 The contour figure and response surface figure of variable parameters including ratio of material
to liquid( X,) and methanol volume fraction( X,) on the yield of the extracted podophyllotoxin
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Fig. 5 The contour figure and response surface figure of variable parameters including ratio of material
to liquid( X,) ) and ultrasonic time ( X;) on the yield of the extracted podophyllotoxin
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Fig. 6 The contour figure and response surface figure of variable parameters including methanol volume

fraction ( X,) and extraction time ( X;) on the yield of the extracted podophyllotoxin
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