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Process optimization for carotenoids extraction from
fruit bodies of Cordyceps militaris
Chen Yinyuel, Sun Ye'%, Huo Yongjiul, Zhan Jinshun', Liu Mingmeil, Zhan Kangl, Zhao Guoqil*

(1.College of Animal Science and Technology, Yangzhou University, Yangzhou, Jiangsu 225009, China; 2.Yangzhou
Shuntianling Biotechnology Company, Yangzhou, Jiangsu 225009, China)

Abstract: By taken extraction efficiency of carotenoids from Cordyceps militaris as an index, six different extraction approaches
were compared for selecting the best one, they were heat acid extraction technique, ultrasonic wave extraction technique, heat
acid-ultrasonic wave extraction technique, microwave extraction technique, heat acid microwave extraction technique and
acetone extraction technique. The results showed that heat acid-ultrasonic wave extraction technique was the better one for
extract carotenoids in C.militaris . The optimum approach was adopted to conduct six single-factor experiments, including HC1
concentration, time of soaking in HCI, heating time, ultrasonic power, ultrasonic extraction temperature and ultrasonic extraction
time, then the L,7(3") orthogonal test was designed to optimize the extraction conditions. Results indicated that the extraction
efficiency could reach up to 1 134.88 pg/g under these conditions, they were the 2.25 mol/L concentration of HCI, 30 min of
soaking time in HCI, 400 W of ultrasonic power, 6 min heating time, 25 “C ultrasonic extraction temperature and 25 min
ultrasonic extraction time; These conditions ranked as follows in turn: ultrasonic power, time of soaking in HCI, HCl

concentration, heating time, ultrasonic extraction temperature, ultrasonic extraction time.
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15mL 30 2 3
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4) 0.200 g
15 mL 70 W 400~600 nm
3 min 27 min 3 000 r/min 10 5 nm
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Table 1 Orthogonal factor level table
A Y(mol-L™") B( Ymin  C( ymin  D( YW E( YC K )/min
1 2.25 25 4 350 15 15
2.50 30 5 400 20 20
2.75 35 6 450 25 25
1.3.6 B EMXEE 2 158 pg/g
¥ NFT-SEN
Excel 2003 SPSS16.0 E2 E3) (
[14—16])
Duncan
2 BN
RS 450nm  E3( )
21 AEERAZREEURHELRE MEILK
986.05 pg/g 3 (E4 E5 EO6)
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22 BERREER
s P 2
o5 e ofl  EE2 A3
041~ A oE4  OF5  CE6 2.5
03| j‘f'“&‘:'ﬁ = ﬁ:"‘“”*’%u% mol/L 1 030.81 ug/g
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| "y, o
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Fig.1 Spectrum chart of extracting solution from different 1.090.12 Hg/g
extraction methods
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Fig.2 Spectrum chart of water
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Table 2 Requirements and Results of Single Factor

/(mol-L™") /min /min /W /'C /min Nuge™")
0.5 40 4 300 25 30 900.00
1.0 40 4 300 25 30 919.19
15 40 4 300 25 30 943.60
2.0 40 4 300 25 30 957.56
2.5 40 4 300 25 30 1030.81
3.0 40 4 300 25 30 971.51
2.0 20 4 300 25 30 931.40
2.0 30 4 300 25 30 1070.93
2.0 40 4 300 25 30 1051.74
2.0 50 4 300 25 30 102733
2.0 60 4 300 25 30 102733
2.0 70 4 300 25 30 1 .004.65
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= 2(4)
/(mol-L™") /min /min /W /'C /min Nuge™")
2.0 40 3 300 25 30 973.26
2.0 40 5 300 25 30 1090.12
2.0 40 7 300 25 30 1039.53
2.0 40 9 300 25 30 1023.84
2.0 40 11 300 25 30 994.19
2.0 40 4 250 25 30 952.33
2.0 40 4 300 25 30 959.30
2.0 40 4 350 25 30 961.05
2.0 40 4 400 25 30 994.19
2.0 40 4 450 25 30 992.44
2.0 40 4 300 10 30 1067.44
2.0 40 4 300 20 30 1161.63
2.0 40 4 300 30 30 1116.28
2.0 40 4 300 40 30 1101.74
2.0 40 4 300 50 30 1097.09
2.0 40 4 300 60 30 1026.16
2.0 40 4 300 25 10 1043.02
2.0 40 4 300 25 20 1091.86
2.0 40 4 300 25 30 1 030.81
2.0 40 4 300 25 40 1023.84
2.0 40 4 300 25 50 1002.91
2.25 2.50 2.75
mol/L 25 30 35 min Duncan
4 5 6min 350 400 2.25 mol/L
450 W 15 20 25 C 30 min 400 W
15 20 25min 3
P 6 min 25 min
23 EXRBEHER
25°C
3 4 6
2.25 mol/L
30 min 6 min 400 W
25°C 25 min
#*3 EXRBRER
Table 3 The project of orthogonal test and the results of extraction
A( B )Y B( 4 ) C( ‘ )/ D( YW E( Yie F( ‘ ) {1
(mol'L™) min min min (ng'g)
1 2.25 25.00 4.00 350.00 15.00 15.00 994.19
2 2.25 25.00 4.00 350.00 20.00 20.00 1022.09
3 2.25 25.00 4.00 350.00 25.00 25.00 1001.16
4 2.25 30.00 5.00 400.00 15.00 15.00 1051.74
5 2.25 30.00 5.00 400.00 20.00 20.00 1093.60
6 2.25 30.00 5.00 400.00 25.00 25.00 1098.84
7 2.25 35.00 6.00 450.00 15.00 15.00 964.53
8 2.25 35.00 6.00 450.00 20.00 20.00 969.77
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% 3(5)
A( ; y BC )y cC ) p( YW E( ye O {1
(mol-L™) min min min (ugg)
9 225 35.00 6.00 450.00 25.00 25.00 1029.07
10 2.50 25.00 5.00 450.00 15.00 20.00 971.51
11 2.50 25.00 5.00 450.00 20.00 25.00 1074.42
12 2.50 25.00 5.00 450.00 25.00 15.00 1058.72
13 2.50 30.00 6.00 350.00 15.00 20.00 957.56
14 2.50 30.00 6.00 350.00 20.00 25.00 1 036.05
15 2.50 30.00 6.00 350.00 25.00 15.00 922.67
16 2.50 35.00 4.00 400.00 15.00 20.00 931.40
17 2.50 35.00 4.00 400.00 20.00 25.00 887.79
18 2.50 35.00 4.00 400.00 25.00 15.00 905.23
19 2.75 25.00 6.00 400.00 15.00 25.00 995.93
20 2.75 25.00 6.00 400.00 20.00 15.00 976.74
21 2.75 25.00 6.00 400.00 25.00 20.00 1027.33
22 2.75 30.00 4.00 450.00 15.00 25.00 1030.81
23 2.75 30.00 4.00 450.00 20.00 15.00 1009.88
24 2.75 30.00 4.00 450.00 25.00 20.00 994.19
25 2.75 35.00 5.00 350.00 15.00 25.00 1 037.79
26 2.75 35.00 5.00 350.00 20.00 15.00 1016.86
27 2.75 35.00 5.00 350.00 25.00 20.00 1043.02
x4 HRESNE
Table 4 The table of variance analysis
E

A( ) 14 389.76 2 7194.88 577 0.015

B( ) 19208.83 2 9604.42 7.70 0.006"

C( ) 8 673.11 2 4336.56 3.48 0.060

D( ) 25538.10 2 12 769.05 10.23 0.002"

E( ) 2409.20 2 1204.60 0.97 0.405

F( ) 1213.82 2 606.91 0.49 0.625

17471.74 14 1247.98
ok (P<0.05)

2.4 FNERIGER

1 105.53 pg/g
1 134.88 pg/g
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