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ABSTRACT 

Commercial cultivation of Cordyceps militaris has shown a tremendous increase in the last few 

years due to its biochemical constituents and pharmacological properties. Its large scale 

cultivation is conducted under controlled environment system to fulfill the demand for scientific 

investigations and product development for pharma industry. For laboratory scale cultivation 

brown rice is commonly used as a basal solid substrate. In the present study six solid substrate 

variables were used to study their production potential for Cordyceps militaris. The substrate 

compositions were 10% and 20% each of bajara, soya bean and insect cuticle along with 90% 

and 80% brown rice respectively were used as six replicates. Liquid culture inoculated glass jars 

of 500 ml each, which were placed in the culture room for 55 days and after the maturation of 

fruiting bodies production parameters were recorded. 

 Highest average number, length, wet and dry weights of the fruiting bodies were recorded in 

variable II (80% brown rice and 20% Bajara grains), its total production was 59.93% higher than 

control and significantly higher than other variables. Variable IV (20% soya bean and 80% 

brown rice), showed lowest growth and production. Variable V & VI (insect cuticle and brown 

rice) showed lower production as compare to control. Some more locally available solid 

substrate compositions may be tried to find out the most suitable economically viable 

composition for commercial production. 

 

Keywords: Cordyceps militaris, Solid Substrates 

 

INTRODUCTION 

Medicinal mushrooms have been known from hundreds of years for their bio-metabolites (Tuli et 

al., 2014a), the Fungi of the genus Cordyceps are among the most important “traditional 

medicines” since they contain bioactive compounds of high pharmacological value. Artificial 

cultivation of Cordyceps sinensis is difficult (Guo and Yang, 1999; Jiang and Yao, 2003), 

however some attempts have been made to cultivate this fungus artificially on the using host 

insect or artificial media with limited success (Cao et al., 2015; Tao et al., 2016). It was reported 

by several workers that most of the active constituent of Cordyceps militaris were similar to 

those of Cordyceps sinensis like cordycepin, polysaccharides, ergosterol, and mannitol. (Das et 

al., 2010; Patel and Ingalhalli, 2013; Yu et al., 2006 and Zhou et al., 2009). The 

ethnopharmacological importance of Cordyceps militaris has been widely analyzed by many 

researchers like Olatunji et al., 2018; Chiu et al., 2016; Cui et al., 2015; Das et al., 2010; Reis et 

al., 2013 and Chen et al., 2017, since this fungus is considered to be a valuable source of 
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metabolites that act directly on various human metabolic pathways, for example, the alcoholic 

extract of Cordyceps militaris possess antioxidant, antibacterial, antifungal, and anti-proliferative 

properties in different human tumor cell lines (Reis et al., 2013 ), while cordycepin, the major 

bioactive compound of Cordyceps militaris, presented potent anti-inflammatory, anticancer, anti-

metastatic, and immune-modulator activities (Chen et al., 2017; Lee et al., 2020; Nakamura et 

al., 2015; Yoon et al., 2018). Cordyceps militaris can be cultivated artificially and its natural 

compounds are similar to cultured ones (Xiaolu and Yue, 1999).  

Cordyceps militaris is the most studied member of the genus popularly referred to as “Bei Chong 

Cao” in China. It ranks second (after Cordyceps sinensis) among the most commercialized 

Cordyceps species in East Asia, where it is used as folk tonic medicine. Cordyceps militaris is 

sexually heterothallic but its single mating-type can also fruit without mating and meiosis to 

produce sexual perithecia (Lu et al., 2016). Cordyceps militaris has been commercially produced 

using solid-state fermentation (SSF) and submerged fermentation for cordycepin production (Das 

et al., 2010; Lin et al., 2017; Lee et al., 2016; Cui, 2015). Several studies for in vitro stroma 

production of Cordyceps militaris had been conducted (Kobayasi, 1941; Basith and Madelin, 

1968) similarly, different insect larvae and pupae have been used for study of the infection 

process and stromata formation of Cordyceps militaris (Harada et al., 1995; Chen and Ichida, 

2002; Sato and Shimazu, 2002; Hong et al., 2010). Its mycelia and ascomata can be generated 

ex-situ with or without the addition of alive or dead insect tissues (Kontogiannatos et al., 2021). 

The mass production of Cordyceps militaris has long been successful by inoculation of fungal 

propagates on artificial rice media (Lin et al., 2006). However, commercial exploitation of 

Cordyceps militaris is still in need of improvement in solid substrate composition related to 

fruiting body production and content of bioactive compounds. 

The aim of this study was to investigate the effect of various solid substrates combinations on the 

production of Cordyceps militaris in a controlled environment system to find out a cheaper 

substrate composition for its commercial production. 

 

MATERIALS AND METHODS 

The pure culture of Cordyceps militaris was procured from Directorate of Mushroom Research, 

Solan, Himachal Pradesh and following steps were used for its propagation  

Step I: Culture Plates/Slants Preparation 

Culture from master culture Plate/Slant was collected to inoculate it in Petri dishes on PDA 

Medium to produce working cell culture then agar plates incubated at 21 ± 1°C temp for 17-21 

days in dark and after it transfer in light followed by keeping in the fridge at 4 °C. 

Step II: Liquid Culture Medium Preparation 

(A) Preparation of Liquid Culture Medium 

The liquid culture medium consisted of Potato starch 1 Litter, Dextrose 30 g L-1, Peptone 10 g L-

1, Yeast extract 5 g L-1and MgSO4 0.5 g L-1, pH 6.0. Mix all material in Flask and Five hundred 

milliliter of liquid add into each 1 Lit. Flask and Autoclave at 121°C & 15 PSI for 50 min. after 

autoclaving, place the conical flask in the laminar air flow chamber to cool it down. 

(B) Liquid Culture Preparation 

Small pieces of pure culture (around 1cm x 1cm) from PDA Plate/Slant containing pre-cultured 

Cordyceps militaris were sub-cultured into Liquid culture medium and grow for 5-7 days at 22 

°C temp with shaking at 121 rpm. 
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Step III: Substrate Preparation 

(A)  Preparation of Substrate 

The liquid culture medium consisted of Brown Rice 20 g and Liquid Medium 40 ml in each jar. 

(B) Liquid Medium for Substrate 

The liquid medium consisted of Peptone 10 g L-1, Yeast extract 5 g L-1, Dextrose 20 g L-1, 

MgSO4 0.5 g L-1, KH2PO4 2 g, Tri Ammonium Citrate 1 g L-1, Vitamin B1 0.05 g L-1 and 

Vitamin B12 0.01 g L-1 pH 6.0. Mix all material in 1 litter Distilled Water and 40 ml of liquid 

add into each jar, containing brown rice then Autoclave all jars at 121°C and 15 PSI For 50 min., 

after autoclaving, place the Culture Jars in the laminar air flow chamber to cool it down for 8 h. 

(C) Inoculation 

Take the Culture from liquid culture containing pre-cultured Cordyceps militaris were inoculated 

in all the variable substrate, then cultured Jars were incubated in culture room at 22 °C for 12 

days in the dark, followed by transfer to light for 43 days. The primordia of the fruiting bodies 

began to form 12 to 15 days after lowering the incubation temperature at night with culture 

temperature maintained 22 °C during the day hours and relative humidity was maintained at 80-

85%. Light cycles were controlled using timers and the CO2 level was maintained by circulating 

sufficient fresh filtered air into the incubation room. The culture bottles were placed in 20 °C and 

65% relative humidity. After the maturation of fruiting bodies production parameters were 

measured (Number of fruiting bodies, Maximum length, Wet and Dry Weight of fruiting bodies 

per jar).  

Substrate variables and their combinations for the study: 

Control: Brown rice (Oryza sativa) 20 gm and Liquid Medium 40 ml. 

Variable I: Brown rice 18 gm, Bajra (Pennisetum glaucum) 2 gm and Liquid 40 ml. 

Variable II: Brown rice 16 gm, Bajra 4 gm and Liquid 40 ml. 

Variable III: Brown rice 18 gm, Soya bean (Glycine max) 2 gm and Liquid 40 ml. 

Variable IV: Brown rice 16 gm, Soya bean 4 gm and Liquid 40 ml. 

Variable V: Brown rice 18 gm, insect (Philosamia risini) cuticle 2 gm and Liquid 40 ml. 

Variable VI: Brown rice 16 gm, insect cuticle 4 gm and Liquid 40 ml. 

For each Variable 50 jars of 500 ml were used and the experiment was repeated thrice. The 

production results are the average of these observations. 

 

RESULTS AND DISSCUSION 

The results of the study are summarized in table 1 where the solid substrate brown rice was 

treated as control for fruiting body production and six variables,  Bajra grain 10% and 20% with 

90% and 80% of brown rice (Variable I & II) Soya bean 10% and 20% with 90% and 80% of 

brown rice (Variable III & IV) and Insect Cuticle 10% and 20% with brown rice 90% and 80% 

(Variable V & VI) were selected to study their effect on the production of fruiting bodies. After 

the maturation of fruiting bodies in all jars, their average number, length, wet and dry weight, 

were compared with the control. 

The brown rice is usually considered as a better substrate for higher fruiting body and cordycepin 

production (814.2 mg/g) as compared to wheat (638.8 mg/g) and oat substrate (565.2 mg/g) as 

reported by Mohd Adnam (2017). 

During the present study average number of fruiting bodies in brown rice substrate remained 

22.7 per jar as compared to 27.1 and 30.1 in Variable I & II, 32.4 and 30.1 in Variable III & IV, 

and 18.2 and 13.4 in Variable V & VI respectively. Average length of fruiting bodies per jar was  
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Figure 1: Photograph showing the Substrate 

jars of Control Group with mature fruiting 

bodies (average length 7.03 cm and average 

number 22.7) after 55 days of inoculation 

 
Figure 2: Photograph showing the Substrate 

jars of Variable II (Brown Rice 80% or Bajra 

20%) with mature fruiting bodies (average 

length 8.53 cm and average number 30.1) after 

55 days of inoculation 

 

 
Figure 3: Photograph showing the Substrate jars of Variable IV (Brown Rice 80% or Soybean 

20%) with mature fruiting bodies (average length 4.7 cm and average number (30.1) after 55 

days of inoculation 
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Table 1: Showing Results Production of Fruiting body of Cordyceps militaris in different 

solid substrate Variables. 
 

 

Grains 

 

 
 

Variable 

 

Average 

No. of 

Fruiting 

Bodies per 

Jar 

 

Average 

Length  of 

Fruiting 

Bodies 

(cm) 

 

Average 

Wet 

Weight of 

Fruiting 

Bodies per 

Jar (gm) 

 

Average 

Dry Weight 

of Fruiting 

Bodies per 

jar (gm) 

 

Percentage 

Increase 

Or 

Decrease 

Brown Rice Control 22.7 7.03 16.9 2.77  

 

 
 

 

 

Brown Rice 

+ 

Bajra 

Variable I 

Brown Rice 

(90%) 

+ Bajra (10%) 

 

 

27.1 

 

 

 

8.01 

 

 

21.2 

 

 

3.61 

 

 

+30.32 

Variable II 

Brown Rice 

(80%) 

+Bajra (20%) 

 

 

30.1 

 

 

8.53 

 

 

26.1 

 

 

4.43 

 

 

+59.93 

 

 
 

 

 

Brown Rice 

+ 

Soybean 

Variable III 

Brown Rice 

(90%) 

+ Soybean 

(10%) 

 

 

32.4 

 

 

5.22 

 

 

16.1 

 

 

2.70 

 

 

-2.5 

Variable IV 

Brown Rice 

(80%) 

+ Soybean 

(20%) 

 

 

30.1 

 

 

4.7 

 

 

14.5 

 

 

1.80 

 

 

-35.0 

 

 

 

 

Brown Rice 

+ 

Soybean 

 

Variable V 

Brown Rice 

(90%) 

+ Insect cuticle 

(10%) 

 

 

18.2 

 

 

5.94 

 

 

18.16 

 

 

2.70 

 

 

-2.5 

Variable VI 

Brown Rice 

(80%) 

+ Insect cuticle 

(20%) 

 

 

13.4 

 

 

5.70 

 

 

15.23 

 

 

2.55 

 

 

-8.0 

highest in Variable II, about 21% higher than Control. In Variable IV it was about 32% less than 

the Control 

The maximum wet weight of the fruiting bodies was significantly higher (54.4%) in Variable II 

as compared to control while it was lowest 14.5 g in Variable IV which was 14% lower than 

control. The average dry weight in Variable II was 59.9% higher than control. It was also 

significantly higher than other variables. The lowest dry weight was recorded in Variable IV. In 

Variable V & VI insect cuticle was used with Brown rice but the total production was lower than 

the control. 
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Pathania and Sagar (2014) have successfully grown Cordyceps militaris by using Maize grains, 

wheat grains and sorghum as solid substrates, but no clear methodology for commercial 

production was provided of this fungus. 

Adnan et al., (2017) reported brown rice as the best Basal substrate for cordeycipin production. 

Gregori (2014) reported the production of cordeycipin over spent between grains using different 

strain of Cordyceps militaris in the range 100-800 mg/g. depending upon the concentration of 

solid substrate, however this method was not found cost effective so low-cost grains like bajra 

and soya bean may be used for commercial production of fruiting bodies of Cordyceps militaris. 

Some more solid substrates may be tried to find out cost effective substrate compositions to 

increase fruiting bodies and Cordycepin production. 

 

CONCLUSION 

Cordyceps militaris has gained importance as a functional food because of its bioactive 

macromolecules and its medicinal significance. The results obtained in this study could have 

significant impact on industrial scale production, using combination of cost effective grains, out 

of six Variables. Variable II showed highest production of fruiting bodies under controlled 

conditions. The lowest production was recorded in Variable IV which was 35% lower than the 

control. Further research would be for the precise determination of physicochemical compounds 

responsible for higher production of Cordycepin and Adenosine Contents. Some more cost 

effective Solid Substrates and optimized fermentation methods may also be explored to improve 

production and their impact on the active ingredients. 
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