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Abstract–Cordyceps militaris possesses several compounds with medicinal properties, and is commonly used
in traditional Chinese functional food and medicine for a variety of health benefits. Because of its rare
occurrence in nature, the market demand for artificial C. militaris is on the rise. Furthermore, efforts to
increase its bioactive ingredients have also been considered in research. In this study, we aimed to
investigate the effect of different growth supplements such as potassium fluoride (KF), Glycine (GLY),
Adenine sulphate (AS) and Ascorbic acid (AsA) in rice medium on the enhancement of biomass in C.militaris
fruiting body. A wide range of concentrations of all the growth supplements were added to the culture
media during the cultivation of C. militaris fruiting bodies. The number, length, fresh weight and dry weight
of the fruiting bodies in supplemented media were measured and compared with control (Standard
medium). The biomass as fresh weight and dry weight per bottle in C. militaris fruiting bodies in the growth
medium supplemented with 500 mg/l Glycine was enhanced 51.2% and 77.22% respectively. A remarkable
enhancement of dry weight biomass (77.22%) in the fruiting bodies of C. militaris was recorded. These results
demonstrated that the dose of glycine as amino acid in rice medium could stimulate the growth of C.
militaris fruiting bodies and may enhance the production of bioactive ingredients that possess useful
antioxidant, anticancer and immunomodulatory activities.

 INTRODUCTION

Cordyceps militaris is an entomo-pathogenic fungus
that belongs to the Cordycipitaceae family classified
under the category of medicinal mushrooms by
Zhang et al. (2012b). This wild macrofungus exists in
different forms such as fruiting bodies and mycelial
biomass. Wild Cordyceps militaris is a rare and
endangered species that is found at high altitudes
(3000_5000 m) in the Himalayan range (Jang et al.,
2015).

This fungus has long been used as an alternative
medicine due to its antioxidative, anti-
inflammatory, antibacterial, and anticancer activities
(Wu et al., 2020; X. Liu et al., 2010; Aida et al., 2009).
The beneficial effects of C. militaris are attributed to
the presence of abundant biologically active
substances, including cordycepin, cordyceps acid,
cordyceps polysaccharides, ergosterol, (Lin et al.
2016; Sharma, 2004; Valverde et al., 2015; Varshney et

al. 2011; Wang et al. 2012; Zhou et al. 2019) and
mannitol by Ng and Wang (2005) and carotenoids
(Lin and Xu, 2020; Nabi et al., 2020; Venil et al., 2020;
Bhatt and Patel, 2020; Maoka, 2019). Despite its high
value, the production of C.militaris faces several
challenges, including slow growth rate, variable
yield, and in consistent quality under natural or
conventional cultivation methods. Therefore,
optimizing the culture conditions to enhance the
yield and quality of fruiting bodies is crucial for
meeting the growing industrial demand.

However, the resource of this wild edible fungus
has been decreasing sharply in the recent past and
has been reported to be insufficient to meet the huge
market demand (Li et al., 2006; Yue-Qin et al., 2002).
In view of this, production of C. militaris in a
controlled environment has been initiated, which
involves various technologies including the
development of temperature-controlled microfluid
devices and the use of biopolymers (Lin et al., 2011;
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Zhang et al., 2012). At the same time, approaches to
optimize the artificial culture medium (Zhang et al.,
2020; Tang et al., 2018; Dong et al., 2012) to promote
the production of bioactive compounds in the C.
militaris fruiting bodies have also been adopted.
Growth conditions have been shown to affect the
production of metabolites and hence to obtain a
uniform and stable content production under
controlled conditions is favourably considered.
Cultivation in a controlled environment is also
important for the protection of Cordyceps in the wild.
In light of these premises, several studies in the past
have focused on optimization of the culture
conditions by Shih et al. (2007) and media
composition by Xie et al. (2009) for mycelia liquid
culture. However, only a few studies have
investigated the conditions for solid-state cultivation
of fruiting bodies. Therefore, the present study has
attempted to optimize artificial culture conditions to
investigate the effect of growth supplements in rice
medium on growth and biomass production of C.
militaris fruiting bodies.

MATERIALS AND METHODS

Cordyceps militaris Cultivation

The stock culture of C. militaris strain 1164 was
collected from ICAR DMR Solan, Himachal Pradesh
and maintained on agar slants containing 2%
glucose, 2% peptone, 0.2% KH2PO4, and 0.3%
MgSO4. The inoculated plants were incubated at 21–
23 _C in the dark for 10 days and then stored at 4oC
for mycelial growth. The normal solid medium
comprised 36 g of rice with 63 ml of the nutrient
solution (2% glucose, 2% peptone, 0.2% KH2PO4,
and 0.3% MgSO4) in a 300 ml cylindrical glass bottle.
The different concentrations of Potassium Floride,
Adenine sulphate, Glycine and Ascorbic acid were
added to the solid media. All media were then
sterilized for the cultivation of C. militaris on a solid
medium. Each solid medium was prepared for 5
parallel bottles. After the completion of mycelial
formation, they were transferred to normal and
growth supplements solid culture media and
incubated in the cultivation shed, where the
temperature was maintained at 21oC to 23oC with
the air humidity above 70% and in the dark for 20
days for base cultivation. After the complete spread
of C.militaris mycelia on the medium surface, they
were subjected to an alternating light–dark cycle of
21–23oC in 12 h of light and 16–20 oC in 12 h of
darkness for 30 days to stimulate fruiting body

growth. The cultivation environment and growth
status were examined regularly. After 30 days, C.
militaris fruiting bodies from normal (control) and
growth supplements media were harvested and
number, length, fresh and dry weight of fruiting
bodies were measured.

Statistical Analysis

All the assays were performed in triplicate, and the
results were expressed as means standard deviation
(SD). The degree of statistical significance between
the control and sample groups was analysed using
an unpaired t-test (GraphPad Prism 10 software, San
Diego, CA, USA). Significant values are represented
as * p < 0.05, **p < 0.01, and *** p < 0.001.

RESULTS AND DISCUSSION

Number, length, fresh weight and dry weight per
culture bottle of fruiting bodies of C. militaris raised
in the Normal (control) and growth supplement,
Potassium fluoride (KF), Adenine sulphate (AS),
Glycine (GLY) and Ascorbic acid (AsA) added
medium. In the present study, we successfully
obtained C. militaris fruiting bodies from normal
(Control) and KF (0.001,0.01, 0.1 and 1.0mM), AS
(50,100 and 150 mg/l.), GLY (0.5,1.0 and 1.5 g/l.) and
AsA (50,100 and 100 mg/l) supplemented media.

Biomass production in C. militaris fruiting bodies
raised in KF supplemented medium

As shown in Figure 1 and 6A and 6B, we found that
in all the media normal and supplemented with the
0.001, 0.01, and 0.1 mM KF, the growth of fruiting
bodies was examined. This was not in line with
earlier studies that have reported the inhibitory
effect of high doses of fluoride on the growth of
Cordyceps militaris (Chae et al., 2018; Li et al., 2021).

Fig. 1. Number, length, fresh weight and dry weight of
fruiting bodies of C.militaris onControl(normal),
0.001 mM, 0.01 mM,0.1mM and 1.0 mM potassium
fluoride supplemented medium. (mean ±SD, n =
3), *** p < 0.0001
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Notably, as shown in Fig. 12. 25±0.51 g/bottle dry
weight of fruiting bodies was obtained from 0.1mM
KF. The mass of freeze-dried fruiting bodies from
normal Medium (Control), 0.001mM KF, 0.01KF, 0.1
mMKF and 1.0mM KF was 2.08±0.82, 1.71±0.34,
1.6±0.44, 2.25±0.51 and 1.97±0.93 g/bottle,
respectively. We found that the biomass of C.
militaris fruiting bodies was promoted in the solid-
state medium containing a dose of 0.1mM KF Fig.6.
The optimization of fluoride addition (0.1 mM)
resulted in an increase in biomass of fruiting bodies
to 9.5±0.45 percent.

Biomass production in C. militaris fruiting bodies
raised in Adenine sulphate (AS) supplemented
medium

Adenine sulphate provides adenine, a purine base
essential for synthesizing nucleotides, such as ATP,
DNA, and RNA. During the active growth of the
fruiting body, rapid cell division and metabolic
activity require large amounts of nucleotides for
DNA replication.RNA synthesis for protein
production.

Studies suggest that adding adenine sulphate to
the cultivation medium stimulates the growth of
mycelium and enhances the yield and quality of the
fruiting body. Adenine sulphate can regulate key
pathways involved in cell differentiation and
induction of fruiting body development (Masuda et
al., 2007; Liu et al., 2018). We next analysed the
biomass production of fruiting bodies in C. militaris
cultured in Adenine sulphate (AS) supplemented
medium (Fig. 6C). As shown in Fig. 2, the mass of
freeze-dried fruiting bodies from normal Medium
(Control), 50 mg/l,100 mg/l and 150 mg/l. AS was
2.08±0.82,2.575±0.82 g/bottle, 2.575±0.91 g/bottle,

1.842±0.58 and 2.295±0.31 g/bottle, respectively.
Notably, the highest 2.575±0.91 g/bottle dry weight
biomass of fruiting body was achieved from 50 mg/
l. adenine sulphate supplemented medium which is
14% higher than the dry weight biomass produced
from KF supplemented medium.

Biomass production in C. militaris fruiting bodies
raised in Ascorbic acid (AsA) supplemented
medium

Ascorbic acid, commonly known as vitamin C, plays
a significant role in various biological processes. By
acting as an antioxidant, a growth regulator, and a
metabolic enhancer, it significantly influences the
yield, bioactive compound production, and
nutritional value of the fungus. The role of vitamin
C (ascorbic acid) in the growth of Cordyceps fungi
has not been extensively studied. However, some
researches indicate that Cordyceps species, such as
Cordyceps militaris, contain various bioactive
compounds, including vitamins like B1, B2, B12, E,
and K, but not specifically vitamin C (Ko et al. 2017;
Li et al., 2004; Kim and Yun, 2005; Leung and Wu,
2007; Li et al., 2010; Kang et al., 2014) also reported
vitamin B1 as an active growth supplement in C.
militaris for cordycepin production.

In the present study we observed that (Fig. 3 and
Fig. 6D) the mass of freeze-dried fruiting bodies
from normal Medium (Control), 50 mg/l,100 mg/l
and 150 mg/l. As A was 2.02±0.63,3.225±0.66 g/
bottle, 3.212±0.26 g/bottle and 3.177±0.43g/bottle,
respectively. Notably, the highest 3.225±0.66 g/bottle
dry weight biomass of fruiting body was achieved
from 50 mg/l. ascorbic acid supplemented medium
which is 59% higher than the dry weight biomass
produced from normal control medium.
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Fig. 2. Number, length, fresh weight and dry weight of
fruiting bodies of C. militaris on Control (normal),
50 mg/l., 100 mg/l., and 150 mg/l. adenine sulphate
supplemented medium. (mean ±SD, n = 3), *** p <
0.0001

Fig. 3. Number, length, fresh weight and dry weight of
fruiting bodies of C. militaris on Control (normal),
50 mg/l, 100 mg/l, and 150 mg/l. Ascorbic acid
supplemented medium. (mean ±SD, n = 3), *** p <
0.0001
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Biomass production in C. militaris fruiting bodies
raised in Glycine (GLY) supplemented medium.

Glycine serves as a building block for protein
synthesis in fungal cells, contributing to the
structural and enzymatic components necessary for
fruiting body formation. It can also act as a nitrogen
source, which is vital for the growth and
differentiation of fungal tissues, including the
development of fruiting bodies by Masuda et al.
(2007).

Though specific studies on role of glycine in the
growth of Cordyceps fruiting bodies are not reported.
However, research has shown that various amino
acids can influence fungal development and
metabolite production by Kredich and Guarino
(1961) which incited us to utilize glycine as amino
acids as growth supplement in medium for the
enhancement of biomass of fruiting bodies in
Cordyceps militaris. As depicted in Fig. 4 and 6E
biomass of freeze-dried fruiting bodies from normal
Medium (Control), 0.5 g/l,1.0 g/l and 1.5 g/l glycine

(GLY) was 2.02±0.63,3.525±0.766 g/bottle, 2.962±1.11
g/bottle and 3.29±0.83 g/bottle, respectively. The
amount of dry weight biomass of fruiting body of
Cordyceps militaris was significantly increased to
3.525±0.766 g/bottle when glycine was added 0.5 g/
l in medium.

We next compared the percentage increase of
freeze-dried biomass of fruiting bodies produced in
optimum concentrations of all the growth
supplements KF, AS, AsA, and GLY in the medium
shown in Fig. 5 and 6E. We found that the increase
of freeze-dried fruiting body biomass in KF
(0.1mM), AS (50 mg/l), AsA (100 mg/l.) and GLY
(500 mg/lit.) was 9.4±0.45%, 21.66±1.34%,
59.58±0.49% and 77.49±0.44% respectively.

Fig. 4. Number, length, fresh weight and dry weight of
fruiting bodies of C. militaris on Control (normal),
500mg/lit., 1.0 g/l., and 1.5 g/l. Glycine
supplemented medium. (mean ±SD, n = 3), *** p <
0.0001
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Fig. 5. Fresh weight and dry weight of fruiting bodies of
C.militaris on KF (0.1mM), AS (50 mg/l), GLY (500
mg/l.) and AsA (100 mg/l.) supplemented
medium. (mean ±SD, n = 3), *** p < 0.0001

Fig. 6. Fruiting bodies of C. militaris in A. normal
(control) medium and B. KF 0.1mM, C. AS (50 mg/
l.), D. AsA (100 mg/l.), E. GLY (500 mg/l.)
supplemented medium.

CONCLUSION

Cultivation technologies to support and empower
the production of C. militaris are valuable for
meeting increasing market demands, but very little
attention is paid to enhance the biomass production
of Cordyceps militaris using different growth
supplements in rice media. This is the first study, to
the best of our knowledge, that utilizes the different
growth supplements for promoting biomass
production of C. militaris. Results depicted in our
study concluded that a significant increase of
77.49% dry weight biomass of fruiting body of
cordyceps militaris was obtained in the glycine
supplemented medium may be critical in artificial
cultivation systems of Cordyceps militaris for the
nutrition, metabolic pathways, secondary
metabolite and cordycepin synthesis.
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