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Optimization of Intergrated Extraction of Cordycepin and
Polysaccharides by Response Surface Methodology
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Northwest Institute of Plateau Biology Chinese Academy of Sciences Xining 810008 China

Abstract: This paper was aiming to optimize the extraction process for exiracting Cordycepin and polysaccharides from
Cordyceps sinensis and cultured Cordyceps militaris. On the basis of singlefactor experiments three important extraction
factors namely ultrasonic extraction time temperature and the ratio of material to liquid were optimized using response
surface methodology. The results showed that the optimal extraction conditions of cordycepin and polysaccharides were:
72 °C as extraction temperature 30 mL/g as the ratio material to liquid 77min as extraction time and extracted for two
times. The theoretical extraction rates of cordycepin and polysaccharides were up to 53.27% and 41.92% respectively.

Key words: cordycepin; polysaccharide; Cordyceps sinensis, Cordyceps militaris; response surface methodology

o s ( response surface methodolo—
A A gy RSM)
14
9
56 ’
“Sevage .
3
120124249 12013-0546
: ( Y12B031211) ; 10
(2009GJG20004) ; o
(082B371211) ;
(31070475)

E-mail: yige-wxh@ 126. com °



Vol. 25 1429
1
1.1 N : 0.10 g
Agilent 1200 Agilent 1.00 g CSM-8 30
EslipseXDB C18(5 pm 250 mm x 4.6 mm) mL/g 6h HPLC
; NH001 ( -
) ; KQ 5200 DE ( 3 .
) ; METTLER TOLEDO PL : 1.00 g
203 XS 204 ( - CSM8 0.10 g 30
) ; PIODI7TL-D 5 ( mL/g 30 min 55 C
)i ( LC-8A ) HPLC _
DHG-9070 A ( 3 o
) o 1.2.2.2
(5.30.55.80.90 C) .
CSM-8 (20.40.60.80.100 min) (10.20.
60 : 30.40.50 mL/g) . (1 2 3 .4
.D- : So) CSM-8
. 1.2.2.3
1.2 (
1.2.1 . ) Design
Expert o
NN —4.0.1
C1 .
Y:EXIOO Y = Bo+ Bixy + Bay + Baxs + Ppxix, + B3
C X3+ B3 X3 + By xf + By x; + ,833X§
( mg/mlL) ; C, Y ( )
(mg/mL) - Bo~Bi~B2~Bs B2 ~Bi3 Bz B ~Bar ~Bs Xp~
Xy Xy °
Vo % <100 B()X—Behn%en
¢,
(mg/mlL) ; C, .
(mg/mL) o 1.00 g CSM-8 0.10 g
( HPLC)
Agilent EslipseXDB C; HPLC -
- (12:88); 0. 8 mL/min; 260 3 .
nm; ) 10 pL; o 2
oD 2.1
o 2.1.1
1.2.2

1.2.2.1



1430 Vol. 25

1 . (n=3)

Table 1  Comparison of extraction results using water reflux method and Ultrasonication method( n =3)

CSM-8
cultured C. militaris CSM-8 C. sinensis
Methods
Cordycepin yield( %)  Polysaccharide yield( %)  Cordycepin yield( %) Polysaccharide yield( %)
Water reflux extraction 23.85 51.62 23.28 50.14
Ultrasonic water extraction 45.47 39.36 43.55 36.79
2.1.2 2
2.1.2.1 N 3.
60 min. 7.5 mL/g-. 40 ~80 mino,
2 2.1.2.3
N 2, 55 C. 60 min.
30 ~80 Co 2
2 CSM-8 . 4,
> 20 ~40 mL/go.
Table 2 Effect of extraction temperature on the content of poly— 4 CSM-8
saccharides cordycepin in powdered fruit body of .
CSM-8 Table 4  Effect of Water/material ratio on the content of poly—
( C) (%) (%) saccharides cordycepin in powdered fruit body of
Ultrasonic temperature Polysaccharides Cordycepin CSM-8
5 4.66 0.48
30 6.21 0.89 Water(/ r;it‘;rgi)al ratio Polysaccharides( % ) Cordycepin( %)
55 7.10 1.10 10 6.31 0.47
80 8.10 1.36 20 7.56 0.69
90 6.92 0.79 30 7.78 1.26
40 7.75 1.15
2.1.2.2 50 7.69 1.04
55 C. 7.5 mL/g-
3 CSM-8 5 CSM-8
Table 3 Effect of ultrasonic time on the content of polysaccha— Table 5 Effect of times of extraction on the content of polysac—
rides cordycepin in powdered fruit body of CSM-8 charides cordycepin in powdered fruit body of CSM-8
(‘min) (%) (%) () (%) (%)
Ultrasonic time Polysaccharides Cordycepin Times of extraction Polysaccharides Cordycepin
20 3.66 0.22 1 6.31 0.47
40 5.50 0.66 2 7.67 0.69
60 7.12 1.27 3 7.78 1.26
80 8.96 1.98 4 7.75 1.15

100 6.87 0.96 5 7.69 1.04
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2.1.2.4 6
Table 6  Levels and codes of variable chose for Box-Behnken
55 C.. 60 min. 30 design
mL/g ndependent ‘ Coded levles
. 5. variables Symbols 0 1
2 R Extraction temperature( C) %, 30 55 80
2.1.3 Time( min) %, 40 60 80
2.1.3.1 Water/material ratio( mL/g) % 20 30 40
2
Box-Behnken N 2.1.3.2
3 XX, X, 4. Box-Behnken
0.1 0 7o Design Expert
X1 = Xi - X0 7 '
AX Y, =47.70 + 17.65 x, + 2.46 x, + 6.03 x, + 4.16
( 6)- x; x,0,— 1.75 %%, + 3.27 xyx,— 10.99 x,°— 7.94
X, Xo x,— 7.15 x5 (1)
AX Y, =37.75 + 10.31 x, + 4.83 x, + 3.38 2, + 6.69
Y 6 7. Xx— 2.58 x,x, + 2.64 x,x,— 8.34 x,°— 9.57 x,°
— 9.45 %7 (2)

7 Box-Behnken

Table 7 Box-Behnken design and the responses of the total polysaccharide and cordycepin yield

Extraction . Water/ material Cordycepin Polysaccharides
No. temperature Time ratio yield yield
x(C) %, ( min) x3( mL/g) Y1 (%) Y, (%)
1 0 0 0 50.93 39.95
2 1 1 0 39.25 17.65
3 0 1 1 33.05 15.27
4 1 0 1 43.38 30.17
5 0 0 0 46.21 33.63
6 1 1 0 52.73 41.62
7 0 0 0 48.24 39.36
8 1 1 0 13.11 11.45
9 0 0 0 45.76 37.91
10 1 0 1 3.72 3.37
11 0 0 0 47.34 37.91
12 0 1 1 27.50 13.43
13 1 1 0 9.97 8.65
14 1 0 1 51.91 31.4
15 1 0 1 19.23 14.9
16 0 1 1 44.25 29.3

17 0 1 4 25.62 16.89
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. AdjR® =
8, 8 ; P < 0.0001 0.9897. AdjR> = 0. 9745 1
( 1 P = 98.97% 2 97.45%
0.9388 >0. 05; 2 P = 0.3796 >0.05) 1.2
R* = 0.9955.R* = 0.9888 .

8
Table 8 ANOVA analysis for response surface quadratic model

Cordycepin Polysaccharides
Source Degree of
frecdom Fvalue p-value F~value p-value
Sum of squares Sum of squares
model 9 4056.27 171.00 <0.0001*** 2539.97 68.97 <0.0001***
A 1 2493.59 946. 11 <0.0001* ** 850. 16 207.77 <0.0001 ** *
B 1 48.31 18.33 0.0036* * 186. 82 45.66 0.0003 * * *
C 1 290. 65 110.28 <0.0001*** 91.19 22.29 0.0022* *
AB 1 69.06 26.20 0.0014** 179. 16 43.78 0.0003 * **
AC 1 12.18 4.62 0.0686" 26.52 6.48 0.0383"
BC 1 42.77 16.23 0.0050* * 27.93 6.83 0.0338"
A? 1 508.36 192.88 <0.0001 *** 292.51 71.49 <0.0001 * **
B? 1 265.65 100.79 <0.0001 *** 385.82 94.29 <0.0001***
c? 1 215.13 81.62 <0.0001 *** 376.41 91.99 <0.0001 ***
Lack of fit degree 3 1.61 0.13 0.9388" 4.10 0.22 0.8761"
Pure error 4 16.84 24.54
R? 0.9955 0.9872
AdjR? 0.9897 0.9706
" P<0.05 **P<0.01 *** P <0.001 P >0.05
1 : AB(P = 0.0003 <0.001) .AC(P = 0.0383 <
A( P <0.0001) .C( P <0.0001) A (P< 0.05) .BC(P = 0.0348 <0.05)
0.0001) .B*( P <0.0001) .
B(P = 0.0036 < 0.01) o
N N Design Expert 7. 0.0 4
X AB (P = 0.0014 <0.0001) .BC( P Y,
= 0.0050 < 0. 001) 1.2 3,
N 1
o 60
2 : min

A(P <0.0001) .B(P = 0.0003 <0.001)

A*(P <0.0001) .B*(P <0.0001) .C*(P < :
0. 0001) : C(P = 0.0020
<0.01) .

> ’
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Fig. 1 Response surface plots (3-D) and contour plots ( 2-D) showing the effects of variables ( X, : extraction temperature; X,: ex—

traction time) on the response Y,
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Fig. 2 Response surface plots (3-D) and contour plots (2-D) showing the effects of variables( X,: extraction temperature; X;: liq—

uid-solid ratio) on the response Y,
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Fig. 3 Response surface plots (3-D) and contour plots ( 2-D) showing the effects of variables( X,: extraction time; X, liquid-solid

ratio) on the response Y,
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Fig. 4 Response surface plots (3-D) and contour plots ( 2-D) showing the effects of variables( X, : extraction temperature; X,: ex—

traction time) on the response Y,
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Fig. 5 Response surface plots (3-D) and contour plots ( 2-D) showing the effects of variables( X, : extraction temperature; X;: lig—

uid-solid ratio) on the response Y,

Fig. 6 Response surface plots (3-D) and contour plots ( 2-D) showing the effects of variables( X,: extraction time; X, liquid-solid

ratio) on the response Y,
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o 6
0.10 g
10, 73 C 35 mL/
; g 65 min 2
; 50.20% RSD
= 0.76% 36. 92%
° RSD = 0.64% o
Design Expert 7.0.0
3
72 C 30 mL/g 77 min
2 53.27%
41.92% »
Savage
2.2
9 3
50. 90% )
72 C
RSD = 1.09% 37. )
30 mL/g 77 min 2
28% RSD = 1.42%
CSM-8
9 (n=3) 50.
Table 9  Verification of optimal extraction conditions for the to— 90% 50. 20%
tal polysaccharide yield( n = 3) 37.28% 36.92%
CSM-8
Cultured C. militaris CSM-8
No. 1 Liu DZ( ) Chen W( ) Gao XH( ) et
Cordycepin yield( %) Polysaccharide yield( %) al. Progress of research on cordycepin ( 3. -Deoxyade—
) 50.75 37.19 nosine) . Acta Agric Shanghai ( ) 2004 20
2 50.79 37.38 (2):89-93.
2 Kim JR Yeon SH Kim HS et al. Larvicidal activity against
3 50. 16 37.27
Plutellaxylostella of cordycepin from the fruiting body of
23 Cordyceps militaris. Pest Manage Sci 2002 58:713-717.
) 3 Yu RM Wang L Zhang H. Isolation purification and identi-
0 fication of polysaccharides from cultured Cordyceps militaris.
Fitoterapia 2004 75:662-666.
(n=3)

Table 10  Extraction yields of cordycepin and polysaccharide of
C. sinensis using the optimized ultrasonic extraction

conditions( n =3)

C. sinensis
No.
Cordycepin yield( %) Polysaccharide yield( %)
1 50.54 35.46
2 50.57 36.25
3 50.48 36.06

4 Cunningham KG Manson W Sping FS et al. Cordycepin a
metabolic product isolated from cultures of Cordyceps milita—
ris. Nature 1950 66:949.
5 Zou XY( ) . Comparative analysis of effective compo—
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) Wu W( ) Gao XH(
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