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Abstract  Cordycepin is a characteristic bioactive compound of Cordyceps militaris with various beneficial
effects. Cordyceps grows on both grains and insects, and the content of cordycepin varies depending on the
cultivation conditions. In this study, the effect of culture conditions on the cordycepin content was analyzed and
the extraction conditions were optimized. Analysis of cordycepin content in Pupae-Cordyceps found that it was
highly affected by temperature in culture conditions. In the case of mycelium, it grows well at 20 and 25 oC, but
not at 30 oC. However, the content of cordycepin was highest at 30°C and less at 20 oC. The fruiting body also
showed a similar tendency: growth was 20 oC > 25 oC > 30 oC, but the cordycepin content was 30 oC > 25 oC >
20 oC. The content of cordycepin decreased after the fruiting bodies were produced. Next, extraction conditions
such as solvent and time were optimized for maximum cordycepin content using response surface methodology
(RSM). There was a large difference in the content of cordycepin according to the content of ethanol and the
extraction temperature. Through RSM, it was confirmed that the optimum condition for extraction of cordycepin
was 48.9 oC using 49.0% ethanol, and 160.9 mg/g extract could be obtained under this condition. In conclusion,
this study suggested the optimized conditions for the cultivation and extraction of Pupae-Cordyceps for
maximizing the content of cordycepin, and this may be applied to the discovery of materials using cordycepin. 
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Introduction

Cordyceps is a well-known traditional medicine with

multiple pharmacological functions, such as immunoregu-

lation, anti-aging, antitumor and antimicrobial activities.1-4

A variety of effective chemical constituents including

cordycepin, adenosine, ergosterol, myriocin and poly-

saccharides have been isolated from Cordyceps.4-6 Among

them, cordycepin, 3′-deoxyadenosine, is a characteristic

bioactive compound of C. militaris with various beneficial

effects including antioxidant, anti-inflammation, antitumor,

anti-diabetes, and neuroprotective activities.7-9

For many centuries, collecting fruiting bodies in the

wild was the only way to obtain C. militaris. However, as

the demand for C. militaris increased together with the

development of biotechnology for cultivation, fruiting

bodies of C. militaris have been artificially cultured as an

alternative to natural mushrooms.10,11 The composition of

Cordyceps varies depending on the culture conditions.12,13

In particular, the composition of the medium has a great

influence on the growth of Cordyceps and the content of

useful ingredients.14-16 Cordyceps grows on grains and

insects, which have different compositions in terms of

nutrition. The high content of fat and protein in insects

has completely different characteristics from brown rice,

which is mainly carbohydrates. Our preliminary study

showed a difference in the components of Cordyceps

cultured on brown rice and insects, and excellent content

of cordycepin was achieved in Cordyceps grown on

insects. Therefore, optimization of cultivation conditions

can be a good strategy to secure Cordyceps with high

cordycepin content. 

An extraction process is necessary for the efficient use

of cordycepin, and the extraction process has a great

influence on the content of useful ingredients and the

resulting efficacy. Therefore, the establishment of an extrac-

tion method for each sample is required for efficient use. 
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In this study, the content of cordycepin was compared

depending on the cultivation conditions of Pupae-

Cordyceps. In addition, extraction conditions for maximum

cordycepin yield were optimized using response surface

methodology (RSM).

Experimental

Cordyceps and cordycepin  The strain of C. militaris

was provided by Clean and Green (Sejong, Korea). Stock

cultures were maintained on potato dextrose agar (PDA).

They were incubated at 25 oC for 14 days and stored at

4 oC for use as subcultures every two months. Cordycepin

was isolated as we reported previously.17

Mushroom cultivation conditions  For mycelium

development, C. militaris was cultivated with the Pupae

in 250-ml plastic bottles at 20, 25 or 30 °C under dark

condition and relative humidity of 70% for 50 days as

indicated. For fruiting body formation, 5-day Pupae-

Cordyceps, which were covered by white mycelium, were

moved to a light conditions at 20, 25 or 30 oC with a

relative humidity of 90% and incubated further for 49

days, as indicated. 

Extraction of Cordyceps  The harvested C. militaris

was dried at 60 oC in an oven before being ground. The

powdered sample was extracted with the conditions as

indicated and then centrifuged for 5 min at 4500 rpm. The

supernatant was evaporated in vacuo to yield extract. The

extract of C. militaris was dissolved in MeOH at a

concentration of 10 mg/ml and was filtered through a 0.45

mm PTFE filter. The solutions were stored at -20 oC until

HPLC analysis.

Quantitation of cordycepin Quantitation of cordycepin

in C. militaris extract was conducted using a Waters

HPLC A system equipped with Waters 515 pumps, 717

autosampler, 996-photodiode array detector, and Waters

Empower software. Separation was carried out on an RP-

C18 column (5 µm, 10 × 150 mm) using isocratic elution

of MeOH:Water (12:88). A solvent flow rate of 2 ml/min

was maintained throughout the analysis and the injection

volume was 10.0 µl. The analysis was carried out at room

temperature at a wavelength of 254 nm with a run time of

60 min.

Optimization of extraction conditions  A Box-

Behnken design (BBD) with two variables, extraction

solvent (X1) with five levels (ethanol ratio of 0, 14, 50, 86

and 100%) and temperature (X2) with five levels (20, 28,

50, 72 and 80 oC) was used to optimize the extraction

conditions for cordycepin from Pupae-Cordyceps. Regres-

sion analysis was performed according to the experi-

mental data; the mathematical model can be explained by

the following equation:

Y is the response, β0 is the constant coefficient, βi are

the linear coefficients, βii are the quadratic coefficients

and βij are the interaction coefficients. The statistical

significance of the coefficients in the regression equation

was checked by analysis of variance (ANOVA). The

fitness of the polynomial model equation to the responses

was evaluated with the coefficients of R2.

Results and Discussion

Cordyceps exhibits various physiological activities such

as anticancer, antiviral and immune stimulation, and

cordycepin is known as one of the important active

ingredients of Cordyceps. Cordycepin is a component that

is specific to C. militaris (Fig. 1), and its content is impor-

tant for the efficacy of C. militaris. Therefore, for the

quantification of cordycepin in C. militaris, an analysis

method using HPLC was established and used for the

measurement of cordycepin content in Cordyceps cultured

under various conditions. 

Cordyceps grows well on both grains and insects, and

shows differences in growth and composition according

to various conditions such as cultivation conditions and

additives. As a result of our previous study, Cordyceps

grown on Pupae medium contained more cordycepin

content than those grown on brown rice medium.

Accordingly, the influence of culture temperature and

culture period on the growth of Pupae-Cordyceps and the

content of cordycepin was measured. 

To investigate the effect of the culture temperature of

mycelium, C. militaris was cultured on Pupae medium at

20, 25, and 30 oC, and the growth and content of cordycepin

were measured every 5 days. When the mycelium was

cultured at 20 oC, it began to grow after 20 days and

continued to grow until the 50th day. Cordyceps cultured

Y 
0

i Xi

i 1=

3

 ii Xi

2

i 1=

3

 

1 i j 

3

+ + +=

Fig. 1. Chemical structure of cordycepin from C.militaris.
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at 25 oC showed a similar pattern. However, in the case of

culture at 30 oC, the mycelium hardly grew until 50 days

(Fig. 2).

We also measured the content of cordycepin in each

Pupae-Cordyceps culture. Cordyceps cultivated at 25 oC

contained cordycepin until 25-30 days, but the amount of

cordycepin decreased thereafter. When Pupae-Cordyceps

were cultured at 30 oC, cordycepin was observed for 50

days, the entire culture period. The content of cordycepin

was not constant, but fluctuated during the culture period.

On the contrary, when cultured at 20 oC, the cordycepin

content was very low throughout the entire culture period.

That is, it was confirmed that temperature during

mycelium culture had a great influence on the growth of

mycelium and the content of cordycepin, but the growth

of mycelium and the content of cordycepin was not

directly correlated. In addition, it was confirmed that the

cordycepin content changed depending on culture days.

Next, we investigated the effect of the culture conditions

of the fruiting bodies on the growth of C. militaris cultured

on the Pupae medium. Pupae-Cordyceps were cultivated

at 20, 25, and 30 oC, and the growth and content of

cordycepin were measured every 7 days (Fig. 4). The

fruiting bodies grew well at 20 oC, followed by culturing

at 25 oC. The fruiting bodies started to grow on day 21

and grew to the maximum on day 42. Pupae-Cordyceps

cultivated at 25 oC showed a similar pattern to those

grown at 20 oC. The fruiting bodies began to grow on day

Fig. 2. Morphology of C. militaris mycelium grown on pupae depending on culture period.

Fig. 3. Effect of incubation days on the growth of mycelium [A] and cordycepin content [B] in Pupae-Cordyceps. 
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21 and grew to the maximum on day 42, but were much

smaller than those grown at 25 oC. However, a few

fruiting bodies were produced in Pupae-Cordyceps

cultivated at 30 oC (Figs. 4 and 5A). 

The content of cordycepin was also compared according

to the temperature during the cultivation of fruiting bodies

of Pupae-Cordyceps. Cordyceps cultivated at 30 oC

contained a high amount of cordycepin, and the highest

content was obtained when cultured for 20-30 days. The

fruiting bodies of Cordyceps cultivated at 30 oC for 28

days contained 42 mg of cordycepin per 1 g of dried

Cordyceps (Fig. 5). Fruiting bodies of Cordyceps cultivated

at 25 oC also contained cordycepin, and when cultured for

35 days, the content of Cordyceps was up to 28 mg/g

dried Cordyceps. When cultivated at 20 oC, the content of

cordycepin was lower than those cultivated at 25 and

30 oC and increased at the beginning of the culture and

then gradually decreased.

Judging from the above results, Pupae-Cordyceps had a

different content of cordycepin depending on the

cultivation conditions, and temperature during cultivation

had a great effect on the content of cordycepin and the

Fig 4. Morphology of fruiting bodies of C. militaris grown on pupae depending on the culture period.

Fig. 5. Effect of incubation days on the growth of mycelium [A] and cordycepin content [B] in Pupae-Cordyceps.
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growth of mycelium and fruiting bodies of Pupae-

Cordyceps. When the culture temperature was high at

30 oC, the growth of mycelium or fruiting bodies was

weak, but they contained a relatively high cordycepin. In

particular, the formation of fruiting bodies in Cordyceps

cultivated at 20 oC was good, but the cordycepin content

gradually decreased, indicating that the formation of

fruiting bodies and the content of cordycepin were

inversely proportional.

The fruiting bodies of Cordyceps are produced from

mycelium, which is usually stimulated by the environ-

mental changes.11,18-19 Temperature is one of the important

environmental factors that promote the production of

fruiting bodies. In many cases, exposure to coldness promotes

the production of fruiting bodies of mushrooms.3 Therefore,

to secure fruiting bodies, it is effective to cultivate them at

a low temperature, as observed in our present study.

Cordycepin is synthesized through biosynthetic enzy-

mes.20-22 It has been reported that these enzymes related to

cordycepin biosynthesis are distributed more in the

mycelium than in the fruiting body. In this study, in which

Cordyceps were cultured using Pupae, the content of

cordycepin decreased as fruiting bodies were produced.

Cordycepin is produced by cordycepin biosynthetic

enzymes in the mycelium; therefore, cordycepin content

is not correlated with the growth of fruiting bodies. These

observations highlight the importance of an appropriate

culture temperature and period to secure Cordyceps with

the maximum cordycepin. It is suggested that low tem-

peratures such as 20 and 25 oC are suitable for the

production of fruiting bodies, and a high temperature of

30 °C, which does not produce a fruiting body, is more

efficient for securing cordycepin. 

The content of active constituents in extract together

with their biological activity are highly affected by extrac-

tion conditions such as extraction solvent, extraction time

and extraction temperature.23-25

We further optimized the extraction conditions for

cordycepin from Pupae-Cordyceps using a Box-Behnken

design (BBD) with two variables and five levels. Extrac-

tion temperature (X1) and ethanol concentration (X2) were

chosen as independent variables, and cordycepin content

was the dependent response. Five levels of these variables

were determined as extraction temperature (X1, 20, 28, 50,

72 and 80 oC) and ethanol concentration (X2, 0, 14, 50, 86

and 100%) based on a preliminary single factor experi-

ment. The variables were coded at five levels (-1.4, -1, 0

and 1, 1.4) and the complete design consisted of 13

experimental points including three replications of the

center points whose variables were all coded as zero

(Table 1).

Multiple regression analysis of the experiment data

yielded the following second-order polynomial regression

equation as follows: 

Cordycepin content (μg/mg extract) = 105.15 – 36.00X1

– 2.24X2 – 45.47X1
2 – 88.64X2

2 + 7.63X1X2

The values of the coefficient determination (R2) and the

adjusted coefficient determination (adj. R2) of the predicted

model in this response were 0.935 and 0.888, respectively,

suggesting that the regression equation can explain the

observed value to a high degree.

Relationships between the two variables in cordycepin

content were shown in a three-dimensional response

surface and contour plot (Fig. 6). The cordycepin yield

increased with increasing extraction temperature and

ethanol concentration to a certain level, but decreased

thereafter. Based on our results, the extraction conditions

for maximum cordycepin content were optimized by

RSM as an extraction temperature of 48.6 oC and ethanol

concentration of 49.0%. To confirm the optimal conditions,

further investigation was performed and the cordycepin

content was found to be 160.9 μg/mg extract, which

matched well with the predicted value of 161.7 μg/mg

extract (Table 2).

In this study, C. militaris was cultured in Pupae and the

effect of culture conditions on the production of fruiting

bodies and the content of cordycepin was studied.

Fruiting bodies were produced at low temperatures of 20

and 25 oC, but not at 30 oC. On the contrary, the cordycepin

content was highest at 30 oC, followed by 25 oC. In addition,

cordycepin extraction conditions such as temperature and

solvent were optimized using RSM. Extraction with

Table 1. Box-Behnken design for extraction conditions of cordycepin
content

Run 
Order

Actual variables Observed values

Extraction 
temperature (℃)

X1

Ethanol 
Concentration (%)

X2

Cordycepin 
(mg/g extract)

1
2
3
4
5
6
7
8
9

10
11
12
13

50
50
28
72
50
50
72
20
50
28
80
50
50

0
50
86
14
50
50
86
50
50
14
50
50

100

79.6
160.1
100.1
101.8
159.5
160.1
148.0
152.2
159.9
104.3
63.0

159.6
68.1
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49.0% ethanol at 48.6 oC yielded 160.9 mg cordycepin

per mg extract. As a result of the above, an optimization

study was performed on the culture and extraction

conditions of the Pupae-Cordyceps, which could be

applied to development using cordycepin. 
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Fig. 6. [A] Surface plots and [B] contour plot of extraction variables of cordycepin content in Pupae-Cordyceps extract.

Table 2. Predicted and observed values of cordyceps content
under optimized conditions. 

Extraction condition Cordycepin (μg/mg extract)

Extraction 
temperature (℃)

Ethanol 
Concentration (%)

Predicted Observed 

48.6 49.0 161.7 160.9


