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1.2
( =99%) ; ( =99%) Sigma
. , Tedia ; .
MM721 NH1-PW ( ); Waters 2690 (
Waters ) ;s Milli-Q ( Millipore ) ( Eppendorf )
1.3
2% 2% ,0.3% KH,PO,,0.1% K,HPO,,0.05% MgSO, « 7H,0,
. PDA PDA ,28 C 5d, 4 5 mm
100 mL 250 mL ,28 C 5d o
100 mL 250 mL . 10%(v/v),28 C 7d, .
1.4
HPLC 0, Venusil MP-C18 (5 pm,4. 6 mm X
150 mm), 25 °C; 3 0~15 min 15% , 20~
30 min 100% , 1 mL/min, 260 nm, 20 uL,
[18] .
1.5
1.3 (540 W,150 ),1776 g 15 min, ,
100 mL . 25 mL , (NH,),S0, .K,CO,; ,KH, PO,
K,HPO, 4 , . R 30 min,
8 g , 21%, 25%, o
500 pL,50 C s 500 pL s 0.22 pm
500 pL. 1000 uL : . 20 min, :
500 ul, . . 3 .
1.5.1
1.3 : 9 h,1776 g 15 min, .
100 mL 50% 9 h.1776 g .
100 mL., °
o S5
: (mg) s 100%
(mg)
= . (me) 1009
(mg)
1.5.2 .
. ( Do
T C X \C/ if <y < 100%
— v ey X100%
:C N (mg/ml); V N (mL),
1.6 /
e / : (m) :
(my) (my) , (m3), .



_m, m, m, m;
Y m, +m2 —'_mg
1.7
\ 8 g . 1.6 :
3 b b b
1.5.2,
1.8 /
250 mL N s ’
. 1.7 o N L (g):
(g)] , 3 1
3 L. (3%) ( D Table 1 Levels and factors of orthogonal test
9 s
Factor
Level A B C D
’ Power(W) Time(s) Solid to liquid ratio”
5 250 mL
1 340 60 1:60
’ ’ 2 540 120 1:80
° ’ 3 720 150 1:100
’ 1) . (g): (g)
. . D Solid to liquid ratio (w:w) :mycelium dry weight (g): weight of aqueous two-phase
3 extraction system (g)
2
2.1
[(NH,),S0,] (K, CO,; ,KH, PO, K, HPO,)
2 , (NH,).SO,>KH, PO, >K,CO, >K, HPO, , 4
) . ; (96.5340.19)%  (95.6540.15) %,
4 ; / . (93. 74
+0.32)%., (85.43+0.30) %, ; /
2

Table 2 Effect of different mineral salts on cordycepin and cordycepic acid extraction using the aqueous two-phase system

Extraction yield Percentage of cordycepin Percentage of cordycepic acid

Mineral salt Cordycepin  Cordycepic acid  Upper phase Lower phase Upper phase Lower phase

(NH,;),SO, 96.53+0.19a 95.65+£0.15a 93.74%0.32a 6.2640.18d 14.5740.19 ¢ 85.4340.30 a

K, CO; 85.2540.26 ¢ 84.1440.23 ¢ 74.1640.19 b 25.84+0.24 ¢ 9.89+0.21d 80.11£0.17 b
KH, PO, 90.37£0.12b 88.54£0.20b 60.37£0.25 ¢ 39.63+0.31 b 43.374+0.29 b 56.63£0.21 ¢
K, HPO, 82.9540.23 ¢ 82.21£0.27 ¢ 53.4640.28d 46.54+0.22 a 47.9240.26 a 52.0840.24 d

0.05

Different lower case letters in the same column indicate significant differences at the 0. 05 level
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Table 3 Orthogonal test data

Factor
N Yield of extracted Yield of extracted
o. <
A B C cordycepin( %) cordycepic acid( %)
1 1 1 1 81.25+0. 22 83.69+0.19
2 1 2 2 86.96+0. 14 88.72£0.15
3 1 3 3 88.08+0. 16 90.07+0.23
4 2 1 2 97.79+0.18 98.43+0.22
5 2 2 3 99.35+0.12 99.02+0. 16
6 2 3 1 96.45+0.19 97.66+0.12
7 3 1 3 98.58+0.18 98.72+0. 17
8 3 2 1 96.46+0. 21 96.814+0.18
9 3 3 2 97.66+0. 20 97.25+0.13
K, 85.430 92.540 91. 387
K. 97. 863 94. 257 94.137
Cordycepin K; 97.567 94. 063 95. 337
R 12.433 1.717 3. 950
K, 98. 370 94. 850 94. 800
) K, 97.593 94.993 95. 937
Cordycepic
. K; 87.493 93.613 92.720
acid
R 10. 877 1. 380 3.217
4
Table 4 Analysis of variance of orthogonal test
Yield of extracted cordycepin Yield of extracted cordycepic acid
Variance
. F F
origin
Sum of squares Degree of freedom F value Sum of squares Degree of freedom F value
301.974 2 88. 842" 220.915 2 36.091"
Power(W)
. 5.305 2 1.561 3. 454 2 0.564
Exposure time(s)
S 24. 605 2 7.239 15. 965 2 2. 608
Solid: liquid ratio
3.399 2 1. 000 6.121 2 1. 000

Error

*

* Indicates microwave power significantly affected the extraction yield
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Microwave-Assisted Aqueous Two-Phase
Extraction of Cordycepin and Cordycepic Acid
from Cordyceps militaris Mycelium Grown

in Submerged Culture

LU Xiuhua, LIU Lin*
(Shandong Province Key Laboratory of Applied Mycology, College of Life Sciences, Qingdao
Agricultural University, Qingdao,Shandong 266109, China)

Abstract: Microwave-assisted aqueous two-phase extraction technology was applied to extract and separate
cordycepin and cordycepic acid from Cordyceps militaris mycelium grown in submerged culture. The optimal
phase composition was ethanol and (NH, ), SO, with a mass fraction of 25% and 22%, respectively.
Orthogonal testing determined the optimal microwave assisted extraction conditions to be: microwave power
540 W, microwave exposure time 120 s, solid to liquid ratio 1:100 [ mycelium dry weight (g) : weight of
aqueous two-phase extraction system (g) ]. Under these conditions. cordycepin and cordycepic acid extraction
yields were (99. 35+ 0. 12)% and (99. 02 + 0. 16) %, respectively, and the percentage distribution of
cordycepin in the upper phase and cordycepic acid in the lower phase were (95.24+0.25)% and (91. 83+
0.19) % . respectively. The high extraction yields and good separation of cordycepin and cordycepic acid
achieved should facilitate subsequent purification operations.

Key words: Microwave-assisted extraction; aqueous two-phase system of ethanol/(NH,), SO, ; cordycepin;

cordycepic acid
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