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ABSTRACT 
 
Cordycepin and adenosine are two very important bioactive substances 
produced by Cordyceps militaris. To obtain the fruiting body of C. militaris CM-16 
with a higher production of cordycepin and adenosine, six kinds of plant growth 
regulators were investigated for enhancing cordycepin and adenosine content of 
fruiting body in wheat solid medium. The most suitable plant growth regulators 
were triacontanol and diethyl aminoethyl hexanoate; for cordycepin and adeno-
sine production the optimum concentration was 2 mg/L. The maximum 
cordycepin and adenosine content in fruiting body was 6.13 and 2.95 mg/g in a 
special cultivation box (wheat 240 g and water 360 g). This study provides a way 
to improve cordycepin and adenosine content in fruiting body and can be widely 
used in artificial cultivation of Cordyceps militaris. 
 
Keywords: Plant growth regulator, cordycepin, adenosine, Cordyceps militaris, 
production. 

 
 
INTRODUCTION 
 
Cordyceps is a broad group of entomopathogenic fungus 
which infects and grows as endoparasites primarily of 
arthropods. About 540 species of cordyceps have been 
reported 
(http://www.indexfungorum.org/names/Names.asp, 2 
January, 2015). Among these cordyceps, Cordyceps sinensis 
is a traditional Chinese herbal medicine and edible fungi 
that is widely used as natural medicine and nourishing 
food by people in China, Japan, South Korea and other 
asian countries for several centuries (Das et al., 2010; 
Isaka et al., 2005).  

C. sinensis contains a variety of active ingredients, such 
as cordycepin (Tuli et al., 2013), adenosine (Yang et al., 
2007), superoxide dismutase (SOD) (Wu et al., 2015), 
cordyceps polysaccharide (Kiho et al., 1999) and ergoste-
rol (Kitchawalit et al., 2014) and many of them are biologi-
cal response modifiers which activate our immune sys-
tems. As investigation into this fungus continues, more 
bioactive compounds with potential therapeutic value will 
be isolated. However, cordycepin is the most important 

active ingredient and the content of cordycepin represents 
the quality level of Cordyceps fruiting body. 

Because cordycepin has been shown to exert a large va-
riety of biological functions of protection against rotavirus 
(Chanda et al., 2015), anticancer (Nakamura et al., 2015), 
antioxidant (Wang et al., 2015), preventing bone losses 
(Dou et al., 2016), potentiating immune response (Yoon et 
al., 2008), anti-inflammatory (Liu et al., 2011) and antitu-
mor (Wu et al., 2016), many people gather and trade on C. 
sinensis usually beginning from June to July every year. C. 
sinensis is mainly distributed in Tibetan Plateau of China, 
Bhutan of Nepal and the northern part of India at an alti-
tude of 3500 to 5000 m above sea level and it cannot be 
cultured. This has led to the gradual dwindling of C. sinen-
sis. 

Cordyceps militaris (L.) link is another much popular 
fungi which attacks the larvae (or pupae) of butterflies and 
moths. The fungus lives inside the larva and grows the my-
celium and keeps the host alive till the former produces 
the fruiting body. It also contains higher  amounts   of   
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certain bioactive compounds like polysaccharide and cor-
dycepin than C. sinensis. Presently, C. militaris artificial cul-
tivation can be done and as such it arouses the attention of 
more and more people. Although cordycepin can be ob-
tained in a chemical process, the cost is much higher than 
fermentation of C. militaris. Submerged culture (Wen et al., 
2010), Sold-state fermentation (Chen et al., 2010) and sur-
face liquid culture (Das et al., 2009) are very suitable for 
the production of cordycepin. The effect of light, pH, nu-
trient and temperature on cordycepin production was re-
ported by Tuli et al. (2014), Hung et al. (2009) and Das et 
al. (2009). The active compounds must be extracted from 
fermentation broth before it is used. In contrast, C. 
militaris can form fruiting body in solid substrate and fruit-
ing body can be directly consumed as food. 

In this study, six kinds of plant growth regulators were 
added into the wheat solid medium and the production of 
cordycepin and adenosine was investigated. The results 
indicated that plant growth regulators could increase cor-
dycepin and adenosine content of fruiting body. 
 
 
MATERIALS AND METHODS  
 
Fungal strain and stock culture  
 
C. militaris CM-16 used in the present experiments was 
obtained from College of Life Science, Northwest A and F 
University, China. The culture was stored in tubes at -80°C 
in 15% glycerol. Cultures were activated and maintained 
on potato dextrose agar (PDA) and stored at 4°C. 
 
 
Seed culture preparation  
 
The spore suspension of C. militaris CM-16 was prepared 
and inoculated on PDA petriplates followed by incubation 
at 25°C for 7 days. Thereafter, the PDA agar was cut into 
small pieces (2×2 mm) and inoculated in 250 ml Erlen-
meyer flasks containing 100 ml of basal medium (glucose 
10 g, peptone 5 g, KH2PO4 1 g, starch 3 g, MgSO4 0.5 g, fer-
ric ammonium citrate 0.5 g and water 1000 ml) in a rotary 
shaker at  25°C for 7 days. 
 
 
Solid medium cultivation 
 
Experiments were conducted in the special cultivation box 
(300 mm×200 mm×110 mm) for C. militaris CM-16 growth 
and wheat was the main cultivation substrate (wheat 240 
g/box, water 360 g/box). The cultivation medium was au-
toclaved and C. miilitaris CM-16 inoculated. Mycelium cul-
ture conditions includes: The relative humidity and tem-
perature in incubation room maintain at 60 to 70% and 21 
to 23°C, respectively. The volume fraction of carbon dio-
xide is lower than 0.2%. Stroma differentiation conditions: 
The relative humidity and temperature in incubation room 

keep at 70 to 80% and 18 to 20°C, respectively. The vo-
lume fraction of carbon dioxide is lower than 0.15% and 
light 8 h per day at 150 lx. Stroma growth conditions: The 
relative humidity and temperature turned to 80 to 90% 
and 21 to 23°C. The volume fraction of carbon dioxide is 
lower than 0.2% and light 8 h per day at 150 lx. 
 
 
Water extraction, high-performance liquid chromato-
graphy  
 
4.3 and 6.3 mg of cordycepin and adenosine reference 
standards (Sigma-Aldrich corporation, USA) were dis-
solved in 25 ml of ddH2O; the cordycepin and adenosine 
stock solutions concentration were 172 and 252 mg/L, 
respectively. Thereafter, the stock solution was diluted 
with ddH2O at 2, 4, 6, 8, 16, 32 times for standard calibra-
tion.  

Fruiting body was dried at 65°C for 4 h and ground to 
fine powder. The active ingredients of 1 g sample powder 
were extracted with 10 ml ddH2O by ultra ultrasounding 
for 60 min. After filtering the filtrate constant volume to 25 
ml, 1 ml solution was centrifuged at 12,000 rpm for 10 min 
at 4°C, supernatant was filtered through syringe filter 
(0.22 μm pore size) and active ingredient concentration 
was measured by High Performance Liquid Chromatogra-
phy (Waters corporation, USA). 

Diamonsil®  C18 column (4.6×150 mm, 5 μm)  was used 
for sample separation. Gradient elution chromatography 
was adopted, the mobile phase was 5% methanol (0 to 5 
min), 20% methanol (5 to 20 min) and 5% methanol (20 to 
25 min) and driven by a Waters 600 double pump at 1 
ml/min. The detection wavelength of UV detector was 280 
nm and the column temperature was kept at 25°C. 5 μl 
samples were injected using a micro syringe.  
 
 
Effect of plant growth regulators on production of 
active compounds 
 
The preliminary studies were conducted to understand 
how the plant growth regulators such as triacontanol, 
oligosaccharide chitosan, sodium nitrophenolate, tetrame-
thyl glutaric aciduria, diethyl aminoethyl hexanoate and 
forchlorfenuron affect the production of cordycepin and 
adenosine of C. militaries CM-16. Triacontanol was added 
into wheat solid culture and the final concentration was 
1.0, 2.0, 3.0, 4.0 and 5.0 mg/L (The triacontanol concentra-
tion was calculated by the amount of water in the medium) 
and the cultivation medium without tracontanol was used 
as control. Each treatment was repeated 10 times. Fruiting 
body was harvested when the top of fruiting body was en-
larged and the fruiting body dried to constant weight at 60 
to 65°C. Thereafter, the content of cordycepin and adeno-
sine were determined. Further, the different final 
concentration of other plant growth regulators at 0, 1.0, 
2.0, 3.0, 4.0 and 5 mg/L were supplied 
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Triacontanol concentration (mg/L)  

 
Figure 1: Effect of triacontanol on cordycepin and adenosine production. 

 
 
in the medium and the effect of concentration on 
production of ordycepin and adenosine studied.  
 
 
RESULTS 
 
Effect of triacontanol concentrations on production 
cordycepin and adenosine 
 
This study focused on the effect of various plant growth 
regulators on production of the functional compounds of C. 
militaris CM-16 cultured in wheat solid medium. Different 
triacontanol concentration was added into the medium. 
The effect of triacontanol on the production of adenosine 
and cordycepin was determined. Figure 1 showed that tri-
acontanol concentration had significant effect on the pro-
duction of cordycepin, while adenosine was not influenced. 
Increasing the amount of triacontanol led to cordycepin 
content being enhanced. However, the production 
decreased when the triacontanol concentration exceeded a 
certain amount. The cordycepin content was highest and 
increased by 105% as compared to control when the 
triacontanol concentration was 2 mg /L.  
 
 
Effect of oligosaccharide chitosan on cordycepin and 
adenosine production   
 
Cordycepin production profile was studied by varying oli-
gosaccharide chitosan concentration in the wheat solid 
substrate from 0 to 5 mg/L. The experiment results indi-
cated that the production of cordycepin was significantly 

affected by the oligosaccharide chitosan in the medium. 
The optimum concentration range of oligosaccharide chi-
tosan for cordycepin production was from 1 to 2 mg/L. 
The maximum content of cordycepin (4.26 mg/g) in fruit 
body of C. militaris was measured when the concentration 
of oligosaccharide chitosan was 2 mg/L (Figure 2), while 
concentration of oligosaccharide chitosan had little effect 
on the production of adenosine. 
 
 
Effect of diethl aminoethyl hexanoate on cordycepin 
and adenosine production 
 
Diethl aminoethyl hexanoate was another important com-
pound for the production of cordycepin from fruiting body 
of C. militaris CM-16. In this work, the effect of diethl ami-
noethyl hexanoate on cordycepin and adenosine produc-
tion was determined by culturing C. militaris CM-16 on 
wheat solid medium at different diethl aminoethyl hex-
anoate ranging from 0 to 5 mg/L. The optimal concentra-
tion for cordycepin production (4.67 mg/g) was found to 
be 1 mg/L. The maximum production of adenosine (2.95 
mg/g) was achieved at diethl aminoethyl hexanoate con-
centration of 2 mg/L (Figure 3), but the increase ratio of 
the adenosine content was much less than the cordycepin 
content. 
 
 
Effect of sodium nitrophenolate on cordycepin and 
adenosine production   
 
In     order    to     demonstrate    the      effect     of     sodium
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 Oligosaccharide chitosan concentration (mg/L) 
 

 
Figure 2: Effect of oligosaccharide chitosan on cordycepin and adenosine production. 

 
 

 

Diethyl aminoethyl hexanoate concentration (mg/L)  
 

Figure 3: Effect of diethl aminoethyl hexanoate on cordycepin and adenosine production. 

 
 
nitrophenolate on cordycepin and adenosine production, 
different amounts of sodium nitrophenolate was added to 
the cultivation substrate. The cordycepin and adenosine 

production was measured and cordycepin and adenosine 
production increased from 1 to 2 mg/L. Thereafter, the 
content of cordycepin and adenosine in fruiting body of C. 
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Sodium nitrophenolate concentration (mg/L)  
 

Figure 4: Effect of sodium nitrophenolate on cordycepin and adenosine production. 

 
 
militaris CM-16 decreased rapidly when sodium nitrophe-
nolate concentration exceeds 2 mg/L. The highest yield of 
cordycepin (4.41 mg/g) and adenosine (2.84 mg/g) were 
obtained when the amount of sodium nitrophenolate was 
2 mg/L (Figure 4).  
 
 
Effect of tetramethyl glutaric aciduria on cordycepin 
and adenosine production 
 
To obtain the most suitable usage of tetramethyl glutaric 
aciduria for cordycepin and adenosine production, C. mili-
taris CM-16 was cultivated in wheat solid medium contain-
ing different concentrations of tetramethyl glutaric acidu-
ria ranging from 0 to 5.0 mg/L. Figure 5 showed that vari-
ous concentration of tetramethyl glutaric aciduria had 
greater impact on the yield of cordycepin than adenosine. 
The highest cordycepin (4.86 mg/g) and adenosine (2.83 
mg/g) production was obtained at 3 mg/L concentration 
of tetramethyl glutaric aciduria and the output of cordyce-
pin and adenosine increased by 70.9 and 18.4%, respec-
tively.   
 
Effect of forchlorfenuron on cordycepin and adenosine 
production 
 
Figure 6 shows the effects of forchlorfenuron on the pro-
duction of cordycepin adenosine in fruiting body of C. mili-

taris CM-16. The content of cordycepin in fruiting body of 
C. militaris CM-16 improved by 47.02% as compared with 
control (no forchlorfenuron was added) at 2 mg/L concen-
tration of forchlorfenuron and the maximum content of 
cordycepin was 4.22 mg/g. Although the content of adeno-
sine was improved after the medium was supplied with 
forchlorfenuron; the increase was slight and the highest 
content of adenosine increased by only 12% at 1 mg/L 
concentration of forchlorfenuron (Figure 6). 
 
 
DISCUSSION 
 
C. militaris is one of the most important medicinal and 
edible mushrooms in some East Asia countries. Due to the 
various kinds of active ingredients present in it (Zhu et al., 
2014), it was popularly used as nutrition and health care 
products. The main active compound was cordycepin, 
which was found in fruiting body of C. militaris and could 
inhibit the growth of tumor cells (Bizarro et al., 2015). In 
recent years, different kinds of method for C. militaris 
cultivation, such as liquid fermentation and solid cultiva-
tion were adopted. For the liquid fermentation, surface 
culture and submerged culture were reported for C. 
militaris mycelium growth and cordycepin production. 
Some culture condition of liquid fermentation were 
optimized for increasing the production of bioactive 
compounds. Although different solid   cultivation,  such  as 
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Tetramethyl glutaric aciduria concentration (mg/L)  
 

Figure 5: Effect of tetramethyl glutaric aciduria on cordycepin and adenosine production. 

 
 

 

Forchlorfenuron concentration (mg/L)  
 

Figure 6: Effect of forchlorfenuron on cordycepin and adenosine production. 

 
 
rice, brown rice, bean powder, wheat, corn grains and 
cotton seed hulls have been developed to culture fruiting 
body of C. militaris (Wen et al., 2014; Yi et al., 2014), the 

factors so far affecting the active ingredients content of C. 
militaris are lacking.   
   In    this    study,    six   kinds   of plant growth regulators,
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namely sodium nitrophenolate, tetramethyl glutaric acidu-
ria, diethyl aminoethyl hexanoate and forchlorfenuron 
were  added in wheat solid medium. It was observed that 
all the plant growth regulators could promote fruiting 
body of C. militaris CM-16 growth and increase cordycepin 
and adenosine in fruiting body in various degrees (Figures 
1 to 6). Since previous study showed that solid culture of 
cordyceps yield the fruiting body with slight production of 
bioactive compounds, many researchers are more con-
cerned with the use of liquid cultivation of cordyceps to 
produce useful and potent substances (Shih et al., 2007).  

However, the results of the present experiments sug-
gested that six kinds of plant regulators used had active 
influences on the cordycepin and adenosine production in 
which the cordycepin had a much better influence than 
that of adenosine. The cordycepin concentration of  
fruiting body increased by 105% as compared with the 
control at the 1 mg/L concentration of triacontanol and the 
maximum cordycepin content was 6.13 mg/g (Figure 1) 
which was more than that as reported by Shih et al. (2007) 
(2.21 mg/ml surface liquid culture), Masuda et al. (2006) 
(0.64 mg/ml submerged culture) and Masuda et al. (2007) 
(2.50 mg/ml submerged and staticculture).   

Plant growth regulator is an organic, natural or synthetic 
compound that acts like a plant hormone and modifies or 
controls some physiological changes of plant. Plant growth 
regulator can regulate plant growth and development at 
low concentration effectively, including cell growth, cell 
division, germination, flowering, fruiting, maturity and 
shedding and can also enhance fresh and dry biomass of 
plant (Chakravarty et al., 2015; Khalil et al., 2016). There is 
no information if plant growth regulator has effect on 
fruiting body of C. militaris growth and active ingredients 
synthesis. Our experiment results showed plant growth 
regulators could enhance cordycepin and adenosine of 
fruiting body. The fruiting body of C. militaris can be di-
rectly consumed as food. Thus, culture Cordyceps with 
high content of active substances has a great market pros-
pect. 
 
 
Conclusion 
 
In this study, the effect of six different kinds of plant 
growth regulators with different concentration on 
cordycepin and adenosine content of C. militaris CM-16 
was studied. The maximum production of cordycepin and 
adenosine was 6.13 and 2.95 mg/g which could be used as 
potential medication. The study would be helpful for 
researchers producing and extracting cordycepin and 
adenosine from C. militaris. 
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