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ABSTRACT: The purpose of the present study is to develop a simple, fast and sensitive LC/MS method for simul-
taneous separation and the determination of an active component in the oriental medicinal mushroom Cordyceps
militaris. Based on this work, the contents of cordycepin in Cordyceps militaris fruiting cultivated on various media
were determined and compared. And also, the nutritional components such as minerals and vitamins were deter-
mined in order to provide useful information to consumer as a food material. The analysis methods of nutritional
components were chosen on the basis of AOAC. The optimum separation for cordycepin was achieved using a
solvent gradient consisting of the mixture of 0.1% formic acid in methanol (solvent B) in a background of 0.1%
formic acid in water (solvent A) as a mobile phase and a 3.0x150 Waters XTera column. Selective ion monitoring
(SIR) mode ([M+H]+ at m/z 252) was used for quantitative analysis of cordycepin. The cultivated Cordyceps mil-
itaris on various media contained 1~14/g of cordycepin, 0.65~1.08% of thiamine, 0.86~7.17% of riboflavin, and
3.01~5.26% of niacin. The content of mineral components varied on categories, especially contained 500~3500%
of potassium as a major mineral. Cordycepin, niacin and potassium were found much higher in the fruiting cul-
tivated with soy power media (gold 10) than other media.
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Table 1. Composition of media used in this experiment

Composition”
Media
ISP Y G ISP(P)  Pupa

Plus 2 10 10 40 40
Plus 3 20 40 40
Plus 5 20 80

Plus 9 10 10 80

Plus 11 100
Plus 15 50 50

Plus 30 20 10 70

Gold 1 80 10 10
Gold 10 100

cm? 100

“Control

b)ISP, Soybean protein; Y, Yeast powder; G, Glucose; and ISP(P),
Soybean peptide.

Extraction
0.5g in 20ml H,O
l Sonication for 30 min
Centrifugation
l 3,000 rpm, 10 min
Filtered with 0.45 um membrane
Analysis
HPLC
- C18 column, 20% MeOH. 0.5ml/min
- UV 260nm
LC/MS
- Column; XTera column (3.0 x150mm)
- Solvent A; 0.1% formic acid in H,0 , Solvent B; 0.1% formic acid in MeOH
- Gradient system
- Mass conditions: Source Temp., 100°C; Desolvation Temp., 250 “C;
Desolvation gas flow, 250L/hr; Cone gas flow, 50 L/hr
- Quantitation: SIR analysis, PDAze

Fig. 1. Analytical methods of cordycepin from Cordyceps militaris.
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Table 2. Yields of C. militaris” frutbody on the various cultivating

media
Media” Yield (g/bottle)
Plus 2 100+2
Plus 3 9942
Plus 5 1012
Plus 9 102+2
Plus 11 103+1
Plus 15 102+2
Plus 30 1032
Gold 1 98+1
Gold 10 9942
CcM 25+1

Values are means+S.D. of ten samples; n=10. Amount of initial media
per bottle was an hundred grams.

All Samples was hot-dried, except CM sample. The CM sample was
cultivated in the conventional method and freeze-dried.

Table 3. Proximate and mineral composition of C. militaris fruiting bodies cultivated on the various culture media on cultivation methods”

Media
Plus2 Plus3 Plus5 Plus9 Plusll  Plusl5  Plus30 Gold1 Gold10 cM?
Protein(%) 753+36  809+44  699+09 715437 74437 682425 67670 637430 624434 61.8£29
Fat(%) 20£00  1.8+0.1 38401 3301 32401 54+0.1  24+0.1 1.1+0.1 0.7+0.1 73+0.1
Crude fiber(%) 4.9+05  39+09 48+03 17412 29£04 27+03 49403 4.5+0.1 59405 72+0.9
Ash(%) 35800 25201 29401  44£0.1  15:01 05:01  14£0.1 6.920.1 7.6+02 4.140.1
Minerals (mg)
Ca 120803 62403  13.1+02 59403 1608 01404  55t12  97.8+41.1 12834208 167.6+8.1
p 740.8+405 611.1£59 6863185 8403+123 546.9+57 515358 559+61  756.9+975  6922+128 711.6+85
Fe 163£08 171207  139+02  135:04 18805 184+02 208+tl5  141.8+49 1432493  90.0+414
Na 4585+182 47894237 2613+56.6 364521 542454 545480 587+113 7194332 36711 190.7+26.0
K 5343311 118431 399.1£72.0 10751269 1380423 983422 123.6£169 3121.0+£124.8 34589+124.8 933.0£15.5
Mg 648+167 422405 T727+148 1721432 29.5t12 239+12 29736  307.6:49 3281196 370.1+47
Zn 35£02 2301 4101 39401 1600 1300 0505 5.1£0.0 48+17 237411

“Values are means+S.D.(per 100 g dry weight) of one sample in triplicate; n=3.
Al Samples was hot-dried, except CM sample. The CM sample was cultivated in the conventional method and freeze-dried.
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Table 4. Vitamins content of C. militaris fruiting bodies cultivated
on the various culture media

Media Thiamine (B1) Riboflavin (B2) Niacin
Plus 2 0.860.05 3.46+0.55 3.79+0.55
Plus 3 0.65+0.14 2.48+0.61 4.12+0.30
Plus 5 0.65+0.14 1.98+0.55 3.28+0.11
Plus 9 0.65+0.14 0.89+0.30 2.88+0.11
Plus 11 0.65+0.15 0.86+0.39 3.06£0.11
Plus 15 0.65+0.15 1.33+0.27 3.01+0.14
Plus 30 0.72+0.17 1.86+0.39 3.27+0.39
Gold 1 0.73+0.03 2.52+0.04 5.06+0.14
Gold 10 0.64+0.14 2.69+0342 5.26+0.69
cM” 1.08+0.05 7.17£2.00 3.98+1.34

Values are means+S.D.(/100 g dry weight) of one sample in tripli-
cate; n=3.

All Samples was hot-dried, except CM sample. The CM sample was
cultivated in the conventional method and freeze-dried.
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Table 5. Amino acid content of C. militaris fruiting bodies cultivated on the various culture media

Amino acid Media s

Plus2 Plus3 Plus5 Plus9 Plus11 Plus15 Plus30 Gold1 Gold10 cM”
ASP 3.040.7°  2.5+04  1.240.9 3.2+0.0 2.4+0.4 2.3+£0.3 22409  3.940.5 3.6£1.7 5.4+0.6
SER 7.5+0.3 6.6t1.1 33428 7.0£0.6 7.6x1.1 7.7+0.5 6.7£2.0  6.1+1.6 5.0+0.8 4.8+1.1
GLU 8.8+2.0 7.6£1.3  3.7#2.8  10.1+0.1 9.5+14 9.6+1.0 8.6£3.5 6.5+24 5.7+2.3 5.7+0.3
GLY 5.8+1.4 44+0.7 1.9+1.7 5.2+0.4 5.0£0.7 4.4+0.4 42412  6.7£2.8 4.0£0.3 6.0£0.6
HIS 4.9+0.6 44+0.8 3.5t14 4.3+0.6 4.5+0.5 5.0£0.0 3.9+0.5 4.1+0.8 4.0£0.4 3.8+1.3
ARG 8.5+0.3 7.8£0.5 3.8+£3.2 7.7£0.9 6.8£0.9 6.5+0.4 6.0£1.3  8.4+1.8 8.0£0.5 6.3+4.1
THR 7.2+0.4 6212 34429 5.9+0.6 6.3£0.8 6.2+0.4 55412 6.1+1.2 5.3+0.0 6.1£2.6
ALA 5.3+1.4 43+0.8  2.0+1.7 5.5+0.5 6.0£1.0 5.4+0.8 53+2.5 3.7+13 2.4+1.1 3.6£0.3
PRO 7.5+14 6.6x1.2  3.1£25 8.1+0.4 9.2+14 7.9+1.1 8.0+£3.5 5.1x1.6 3.8£1.3 3.5£0.8
TYR 7.6£0.5 8.6+1.7 4.5+3.8 79+14 102+13 12.8+0.5 9.4+1.0 3.7+0.8 3.7£0.7 4.0£2.7
VAL 4.4+0.8 3.740.6  1.8+1.5 4.2+0.1 4.3+0.6 3.8+0.4 37414 3.9+1.2 2.9+0.9 3.5+0.8
MET 3.2+0.2 29+0.5 19+14 3.0£0.3 3.7+0.4 4.5£0.3 3.540.6  1.0+0.2 0.6£0.1  0.+6+0.8
LYS 2.1£1.0 13402 0.7+0.3 0.9+0.6 1.1£0.2 0.8+0.1 1.1+0.5  3.7+1.6 2.4+1.8 3.7£0.0
ILE 4.6£1.0 47£0.9  1.5£1.6 4.7+0.0 5.0£0.6 43£1.2 42+1.0 4.4+1.1 2.9+1.5 2.9+1.0
LEU 12942.1  11.742.0 55447 134403 158422 14.5+£1.7 13.7452  7.6%2.1 5.1x1.6 4.4+1.4
PHE 13.6£1.9 13.242.6  7.846.4  12.0+£2.2 14.4+14 164+02 12.7+1.2  7.7+1.3 7.1£0.7 5.2+3.5

Values are means:tS.D.(-g']) of one sample in triplicate; n=2.

All Samples was hot-dried, except CM sample. The CM sample was cultivated in the conventional method and freeze-dried.
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Table 6. Contents of fatty acids from the fruiting bodies of C. militaris cultivated on the various culture media

Fatty acid Media s

Plus 2 Plus 3 Plus 5 Plus 9 Plus 11 Plus 15 Plus 30 Gold 1 Gold 10 cM”
Cl14:0 01+0.0” Tr 0.1+0.0 Tr 0.1+0.0 Tr Tr N.D. 0.1+0.1 0.1+0.0
C15:0 0.1£0.1 0.1+0.0 Tr 0.1+0.0 0.1+0.0 N.D. 0.1+0.0 0.1£0.1 0.2+0.0 0.3£0.0
C16:0 13.6£0.5 12.7#0.1  15.7#0.1 13.1x02  12.4+0.0 13.4+0.1 12.1£0.0 15.5£0.0 15.4+0.0 21.0+0.3
Cle6:1 0.8+0.0 0.2+0.0 0.7+0.0 0.3£0.0 0.2+0.0 0.2+0.1 0.2+0.0 0.8+0.0 0.3£0.0 0.8+0.0
C17:0 0.4+0.0 0.5£0.0 0.4+0.0 0.3£0.0 0.4+0.0 2.0£0.0 0.4+0.0 0.6+0.0 0.7+0.0 0.7+0.1
C18:0 3.320.1 3.0+0.1 3.9+0.0 2.6+0.0 2.9+0.1 2.7+0.0 2.6+0.0 5.3+£0.6 6.7+0.1 4.9+0.1
Ci8:In  22.0+£0.3 219402 26.3+0.0 25.2+0.0 23.6£0.0 252+0.0 21.6+£0.0 15.5¢1.5 10.840.2 26.3+£0.2
C182n  53.5+1.1 53.8404 36.9+04 52.5+0.5 53.7£0.1 53.6£0.0 56.2+0.0 54.6£2.0 57.6£2.0 21.4+0.3
C20:0 0.4+0.0 0.4+0.0 0.3£0.0 0.4+0.0 0.4£0.0 0.5+0.0 0.4+0.0 0.3+0.0 0.3+0.0 0.2+0.0
C18:3n 1.4+0.1 1.4+0.1  12.2+0.2 2.2+0.5 1.4+0.0 0.7+0.0 1.5+0.0 4.5+1.5 5.7£0.1  22.6+0.7
C22:0 0.4+0.0 0.4+0.0 0.3£0.0 0.4+0.0 0.5£0.0 0.4+0.0 0.5£0.0 0.3£0.0 0.4+0.0 0.1£0.0

C24:0 0.4+0.0 0.4+0.0 0.3£0.0 0.4+0.0 0.5+0.0 0.5+0.0 0.5+0.0 0.3£0.0 0.3£0.0 N.D.

Values are means+S.D.(% Total FA content) of one sample in duplicate; n=2. Trtrace; N.D, not detected.

"The sample was cultivated in the conventional method and freeze-dried.

Table 7. Amount of cordycepin of C. militaris fruiting bodies
cultivated on the various culture media®

Media” HPLC LC/MS
DAD 260 PDA 260

Plus 2 2.6+0.01 2.4+0.02 3.3+0.24
Plus 3 4.4+0.01 4.5+0.03 5.6+0.09
Plus 5 2.2+0.04 2.2+0.01 3.1£0.15
Plus 9 2.740.01 2.740.01 3.6+0.20
Plus 11 3.0+0.02 3.0+0.04 4.1£0.13
Plus 15 0.7+0.01 0.7+0.01 1.2+0.04
Plus 30 2.4+0.03 2.2+0.04 3.240.14
Gold 1 6.7+0.09 5.8+0.03 7.4+0.19
Gold 10 10.2+0.38 9.3+0.06 14.3+0.31

CM 7.8+0.01 6.9+0.02 7.8+0.15
CM-H? 1.5+0.02 0.3+0.04 0.6+0.05

“Values are means+S.D.(-g") of one sample in triplicate; n=3.

YAll Samples was hot-dried, except CM sample. The CM sample was
cultivated in the conventional method and freeze-dried.

9A CM-H sample was cultivated in the conventional method and hot-dried.

1 Hlaskith(Table 7).
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Fig. 2. Chromatograms and mass spectrum of cordycepin and
control sample.

Table 8. Effect of extraction methods on the amount of Cordycepin
from the fruit body of C. militaris”

Reaction time Sonication Hot water
(min) H,0 EtOH 95)
15 11.9+0.10" N.D. N.D.
30 12.0£0.36 0.5+0.29 N.D.
45 13.3£0.06 1.6+0.01 N.D.
60 11.8+1.18 N.D. N.D.

In this experiment, a sample was cultivated in gold 10 media and
hot-dried.
"Values are means+S.D.(-g") of one sample in triplicate; n=2.
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