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ABSTRACT

The study was conducted to ascertain the cultural growth and nutritional content of the strain DMRO-
1164 of Cordyceps militaris cultivated in India. Microscopic and molecular studies were undertaken
to confirm the identity of the mushroom. Scanning Electron Microscopy was done for micro-
morphological characteristics of conidia and conidiophore formation. Molecular identification showed
99.83 % similarity with Cordyceps militaris. Abundant mycelial density and darkest orange pigment
was observed in Potato dextrose agar followed by OQat meal agar and least pigment was observed in
Yeast Agar medium. Adenosine and cordycepin content was 1.8 mg/g and 9.8 mg/g, respectively.
Proximate analysis of Cordyceps militaris showed that 100 g dry mushroom contained: proteins
39.00g, carbohydrate 40g, dietary fibre 1.97g, fat 7.00, sodium 46mg, vitamin C 113 mg, total ash
7.82¢g and saturated fatty acid 0.12g. Heavy metal analysis showed lesser amount of Pb, Cd (<0.01
mg/kg) and Hg (<0.001 mg/kg). Microbiological evaluation showed least presence of Staphylococcus
and Salmonella on fruiting bodies of Cordyceps militaris. The carotenoid and lycopene content were
also estimated and found to be 0.461mg/g and 0.298 mg/g. Fruiting bodies was fully developed into

orange club shaped structures after 45 days of inoculation.
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Cordyceps is an entomopathogenic fungus
belonging to the class Ascomycota. It is currently
divided into three families: Cordycipitaceae,
Ophiocordycipitaceae and Clavicipitaceae
(Bhandari et al. 2010). Genus Cordyceps reported
to have more than 680 different species but
Cordyceps militaris and Ophiocordyceps sinensis
are being widely used in traditional and oriental system
of medicine in China, Korea, Japan, and other Asian
countries (Sung et al. 2007; Tuli et al. 2013; Shrestha
et al. 2012). Cordyceps militaris was approved as
the first novel food of the Cordyceps species by
China’s Ministry of Public Health in 2009. In recent
years, advanced techniques have revealed that the
nutrients and bioactive compounds in the fruiting body
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of Cordyceps militaris are similar to those found in
the traditional Chinese invigorator Ophiocordyceps
sinensis (Yang et al. 2019: Chan et al. 2015). The
main physiologically active ingredients are cordycepin
(3'-deoxyadenosine) and adenosine, a nucleoside
analogues (Jin et al., 2020). The major properties of
this fungus are immune modulation, antioxidant, anti-
cancer, anti-inflammatory, anti-diabetes, anti-
hyperlipidemia, antithrombosis , anti-viral, anti-
bacterial, anti-pest and skin whitening (Lee et al.,
2020; Chin et al. 2006; Kim et al. 2012; Hong et al.
2016; Park et al. 2002; Seo et al. 2018; Kim et al.
2005; Lee et al. 2006; Ohta et al. 2007; Tran and
Tran, 2019; Kim et al. 2002). Cordyceps militaris is
a pathogen that affects the pupae of lepidopteran
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insects (Sung et al. 2007) and it has been successfully
cultivated on cereal grains and Bombyx mori pupae
(Stensrud O, 2005). Cordyceps militaris, cultivation
and utilisation received a lot of attention during
COVID-19, and cordycepin content in it has been
shown to be therapeutic (Verma, 2020; Jin et al,
2018).

The study has been undertaken to confirm the
identification of Cordyceps militaris isolate, to study
optimum culture conditions for large-scale
commercialization and its nutritional/nutraceutical
composition.

MATERIALS AND METHODS
Pure culture

Pure culture of Cordyceps militaris (DMRO-
1164) was obtained from ICAR-Directorate of
Mushroom Research, Chambaghat, Solan, (H.P.) and
maintained on PDA (potato dextrose agar) slants
according to the procedure of Lin et al. (2017).

In Vitro cultivation of C. militaris

C. militaris strain was cultivated in a brown rice
medium. Substrate was prepared using 12g of brown
rice supplemented with 35ml nutritional broth (glucose
20g, peptone 5g, yeast extract 3g, KH PO, 0.5¢g, Tri
Ammonium citrate 1g, MgSO, 0.5g, Vitamin B,
50mg and water 1000 ml) was taken into 500ml beaker
(Fig. 5), autoclaved for 20 minutes at 121°C according
to the method of Shrestha et al., (2012). The substrate
was inoculated with 3 ml liquid spawn of C. militaris
and covered with polypropylene sheet. The beakers
were incubated at 21°C for spawn run, with relative
humidity 60-70% under dark conditions for 15 days.
For fruiting body formation and development, the
beakers were exposed to light conditions at 21°C and
relative humidity 85-90%. Data pertaining to days
taken for mycelial colonization and days taken for
ascocarp formation were recorded. Average biological

58

efficiency (BE) was determined according to the
calculations by Nguyen et al. (2019).

Fresh weight of mushroom

BE (%) = X 100

Dry weight of substrate
Taxonomy

For the confirmation of identity of the fungus,
taxonomic and molecular studies were undertaken.
Standard protocols were followed for description of
C. militaris (Atri et al., 2005). A colour notation was
recorded according to Kornerup and Wanscher (1978)
for morphological descriptions. Fresh specimens were
examined macroscopically in the laboratory using a
free-hand sections mounted in 5% KOH and stained
with 1% Congo red. The spore shape quotient (Q =
L/W) was calculated considering the mean value of
the length and width of 20 ascospores. The specimen
was studied using light microscopy (Motic Inc., Hong
Kong) and scanning electron microscopy (SEM;
Emcraft, Gyeonggi-do, Korea). For SEM examination,
the conidia were obtained from the dried sample and
were directly mounted on double-sided adhesive tape
pasted on a metallic specimen-stub and sputtered with
gold coating. These gold-plated spores were observed
at different magnifications in high vacuum mode to
observe the pattern of spore structure.

DNA extraction, amplification and sequencing

Identity of the culture was confirmed using
molecular biology approaches through homology
searches for ITS 5.8S rDNA sequences on NCBI.
The DNA was extracted by CTAB method as
described by Stajich et al (2010). PCR was performed
on DNA extracted to amplify 5.8S rRNA genes
region using universal primers ITS-1 (5'-
TCCGTAGGTGAACCTGCGG-3") and ITS-4(5'-
TCCTCCGCTTATTGATATGC-3"). PCR conditions
were set at 97°C for 1 min, 97°C for 1 min and 48°C
for 1 minute, 72°C for 1 minute (30 cycles), and a
final extension at 72°C for 7 minutes. The amplicons
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were sequenced using Sanger sequencing method
(Sanger et al., 1977). The obtained sequences were
compared on NCBI using BLAST searches (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) (Tamaru et al., 2011).

Growth and pigment production

To optimize growth and pigment development
conditions, C. militaris strain was grown on different
solid media, Potato dextrose agar (PDA), Yeast
extract agar (YEA), Modified nutrient agar (MNA),
Dextrose tryptone agar modified (DTAM), Dextrose
starch agar (DSA) and Oatmeal agar (OMA) at 25°C.
Vegetative growth of mycelium in the solid media was
measured by taking the diameter of colony on X and
Y axis for which 10 mm discs of C. militaris were
inoculated in each Petri dish. The diameter of the
mycelium extension (mm) was measured at 5 to 25
days at each 5 day interval after inoculation on
different culture medium. The morphological
characteristics of mycelia such as texture, density, and
colour were assessed by visual observations.

Proximate composition

To determine the proximate composition, the fruit
body was dried at 45°C till constant weight was
obtained. The nutritional attributes of each sample
were analysed using standard protocols. Total nitrogen
was estimated by the Kjeldahl method and crude
protein was calculated using a factor of 4.38 (Kalae,
2013). The crude fat was analysed by following
method (James, 1995). Total ash was assayed
following Manzi et al. (2001). Moisture content was
estimated according to the method suggested by
AOAC (AOAC, 2003). Miner-als including heavy
metals were determined by the method of Jackson
using an atomic absorption spectrophotometer
(Jackson, 1967). Total carbohydrate content was
calculated by employing the following formula:
carbohydrates (%) = 100 — (moisture content + protein
content + crude fat + ash content + crude fiber).
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Microbiological Analysis

C. militaris was microbiologically investigated for
total microbial count (TMC), yeast & mould,
Salmonella and Staphylococcus after 3 months of
preservation followed by (Ratajczak et al, 2015).

Heavy Metal Analysis

To determine the effect of Cd, Pb, and Hg on fruit
body was done by methods described by Zheng ef al.
(2016) and Zhou et al. (2018).

Bioactive compounds

Determination of major bioactive components
adenosine and cordycepin was done using high-
performance liquid chromatography (HPLC)
(Singpoonga et al, 2020).

B-Carotene and lycopene

B-Carotene and lycopene were determined
according to the method of Nagata and Yamashita
(1992). The dried methanolic extract (100 mg) was
vigorously shaken with 10 ml of acetone—hexane
mixture (4:6) for 1 min and filtered through Whatman
No. 4 filter paper. The absorbance of the filtrate was
measured at 453, 505, 645 and 663 nm. Contents of
3 -carotene and lycopene were calculated according
to the following equations

Lycopene (mg/ 100 ml) = -0.0458 A, + 0.372 A, -
0.0806 A,

B-carotene (mg/100 ml) = 0.216 A, -0.304 A . +
0.452 A,

RESULTS

In vitro cultivation of C. militaris

C. militaris was cultivated in brown rice medium
(12g of brown rice and 35ml nutrient broth) in 500ml
beakers, liquid spawn was inoculated and incubated
at 21°C with relative humidity 60-70%in the dark, until
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complete spawn run (Fig. 1). After 15 days, the flasks
were exposed to light at 21°C and RH 85-90% for
fruit body initiation. Primordia formation starts after
20-25 days and fully developed into mature vertical
stromata within 50 to 60 days. The biological efficiency
was 40-50% when monochromatic LED lights were
used to induce the fruiting body of C. militaris.

Fig. 1. Cultivation of strain DMRO-1164 on brown rice
substrate

Morphological, microscopic and scanning

electron microscopy (SEM) studies

The fruiting body up to 7-8 cm long, 0.2-0.5 cm
in dia, erect, often clavate shaped, fertile head, orange

to bright orange, covered with tiny granules giving
powdery appearance, stipe orange and stuffed (Fig.
2). Conidia were generally globose with 1.5~2 pum in
diameter. The oval or ellipsoidal conidia varied from
2~4 x 1.5~2 pm in size, cylindrical conidia were as
large as 7 x 3 um. Ascospores discharged from fresh
stroma of C. militaris specimen were observed for
germination and conidiation periodically through SEM.
Part-spores of C. militaris started to swell and
germinate unidirectionally when observed through
SEM. Oval part-spores, relatively smaller than
cylindrical ones, were usually observed as jointed,
mostly in pairs and did not germinate, whereas
cylindrical part-spores, which were usually detached
from adjacent part-spores, swelled and mostly
germinated (Fig. 3). Elongated pyriform, cylindrical
and globose conidia were produced on tips of simple
and undifferentiated hyphae. First-formed conidia were
somewhat pyriform or cylindrical (Fig. 2).
Conidiogenous hyphae, i.e., phialides, were very similar
to vegetative hyphae, but more slender. Slimy conidial
heads were frequently observed, instead of chains.
Even thin slimy film could be observed between an
immature globose conidium and a mature broadly oval
conidium.

Fig 2. Fruiting bodies of C. militaris
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Fig 3. Scanning electron micrographs of profuse vegetative and
conidial hyphae of C. militaris. A — Ellipsoidal conidia produced
singly; B- Globose conidia; C- Conidia adhered in slimy heads;
D-Oval spore under SEM

Confirmation of identification and phylogenetic
analysis of the Cordyceps militaris specimen

The dry mycelial powder of Cordyceps sample
was used to isolate the genomic DNA. The ITS
sequence was amplified using the universal flanking
primers ITS1 and ITS4. The sequencing was
outsourced through Eurofin Itd. The Sequence obtained
was compared on NCBI using BLAST-n and
phylogenetic relations with closest sequences were
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established using fast minimum evolution method (Fig
4). According to the nucleotide sequence analysis, ITS
sequences of DMRO-1164 showed up to 99%
homology with Cordyceps militaris specimen
(KACC43321) on NCBI.

Physiological and pigmentation studies

Mycelial growth of C. militaris was longitudinally
radial, aerial initially creamish white, becoming densely
matted and woolly in appearance. Potato dextrose
agar (PDA), Yeast extract agar (YEA), Modified
nutrient agar (MNA), Dextrose Tryptone agar
modified (DTAM), Dextrose starch agar (DSA), and
Oat meal agar (OMA) were evaluated for mycelial
growth observation and pigment production. Mycelial
discs (10 mm) were cut from the colonies of
Cordyceps militaris with the help of the sterilized
cork borer and inoculated in each of six different agar
media plates and incubated at 25°C. Colony growth
and diameter was recorded on x and y axis every
week for three subsequent weeks. After three weeks
of incubation, most of the colonies completely covered
the plates. Colony diameter was measured in triplicate
in each medium. The average colony diameter was
calculated. PDA, OMA and DTAM showed abundant
mycelial density and radial growth (Fig. 5).

With respect to growth and pigmentation of the
colonies on different media, PDA supported the
maximum radial growth of 85.2mm in three weeks
and showed orange pigment with white margins, but
the density of mycelia was low. Mycelia with orange
pigments were found in high density on OMA with
radial growth of 80.0 mm while DTAM supported at
growth of 79.6 mm with very high mycelial and
orange pigment was visible. There was moderate
mycelial growth and very little pigment production on
MNA (72.1 mm) and DSA (72.6 mm). On YEA
there is little radial growth and no pigment could be
seen (Fig 6).
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Fig. 5. Growth of C. militaris mycelium on different media

Fig 6. Pigmentations in C. militaris colony after three weeks of
light exposure on different agar media [A- Potato dextrose agar;
B - Oat meal agar; C - Dextrose tryptone agar modified; D -
Dextrose starch agar; E -Modified nutrient Agar; F- Yeast extract
agar]

Biochemical, bioactive, heavy metal and
microbiological analysis of C. militaris fruit
bodies

The fruit body analysis of Cordyceps militaris
(Table 1) demonstrated that the dried fruit bodies
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were particularly good sources of proteins (39 g/100
g) and carbohydrate (40 g/100 g). Moreover, fruit
bodies had significant amounts of total ash (7.82 g/
100 g), sodium (46 mg/100 g), and dietary fibre (1.97
g/100 g). B-carotene and lycopene content in the
extract of fruiting body was 0.461mg/g and 0.298 mg/
g. Cordycepin and adenosine were the key bioactive
components of the C. militaris. The concentration of
adenosine was 1.8 mg/g, while cordycepin was 9.8
mg/g. Lead, Cadmium, and Mercury were discovered
to be within permissible limits, according to the results
of the heavy metal contamination. Besides these,
pathogenic bacteria such as Salmonella and
Staphylococcus were found absent. Considerably
low total bacterial count (1570 cfu) and yeast & and
mould (220 cfu) were obtained.

DISCUSSION

In the study, DMRO-1164 was identified as
Cordyceps militaris based on taxonomic and
molecular studies of the fruiting body, conidia, and
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Table 1. Biochemical, key bioactive components, heavy metal
and microbial analysis of Cordyceps militaris

Parameter Unit Results

(dry weight basis)

Total Energy Kcal/100g 288

Fat 2/100g 7.0

Protein g/100g 39.0

Dietary Fibre g/100g 1.97

Sodium mg/100g 46

Total Carbohydrate g/100g 40.0

Sugar 2/100g 2.15

Vitamin C mg/100g 113

Saturated Fatty Acid g/100g 0.12

Total Ash g/100g 7.82

Total Moisture Content % 4.62

(fruit body)

Cordycepin mg/g 9.50

Adenosine mg/g 1.80

3-carotene mg/g 37.42

Lycopene mg/g 1.359

Microbiological Analysis

Total Bacterial count cfu/g 1570

Yeast & Moulds cfu/ g 220

Salmonella cfu/25 g Absent

Staphylococcus cfu/25 g Absent

Heavy Metal Analysis = Max permissible Results
limit

Lead as Pb Max 0.20 mg/kg <0.01 mg/kg

Cadmium as Cd Max 0.10 mg/kg <0.01 mg/kg

Mercury as Hg Max 0.20 mg/kg <0.001 mg/kg

ascospores (Lincoff ,1981). Sehgal and Sagar (2006)
have also conducted study on morphology and
anatomy of Cordyceps militaris and our results
pertaining to measurement with slight variations are
in agreement with them. The contents of adenosine
and cordycepin were found quite good in the strain.
Wang et al. (2016) also studied cordycepin content
of cordyceps militaris. 3-carotene and lycopene are
the pigments responsible for orange colour in C.
militaris and are antioxidant in nature. Our results for
the concentration of the B-carotene and lycopene are
in agreement to Choi et al., (2020) and Joshi et al,
(2019). Shrestha et al. (2012) showed that the
biological efficiency was 14 —27% when brown rice
was used as the culture medium for cultivation. Similar
studies were done by Chao et al. (2019). Many
researchers have focused on the production of
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polysaccharides from Cordyceps militaris due to
their biological activities and health benefits (Hung et
al., 2020). Major compounds found in Cordyceps
militaris were studied by Chan et al. (2015). These
findings support previous studies in which Cordyceps
militaris was rich in adenosine, cordycepin, and
various amino acid, which have been generally used
as an active ingredient in anti-ageing and rejuvenating
skin care products due to their hygroscopic properties
(Ferreira et al., 2020). COVID-19, a new pandemic
disease caused single stranded RNA virus was first
identified in November-December 2019 in Wuhan,
China (Phelan et al., 2020 ). Cordyceps militaris has
been proved to have antiviral activities against several
human viruses including influenza, human
immunodeficiency, murine leukemia and epstein-barr
virus (Chanda et al., 2015; Ohta et al., 2007; Ryu et
al.,2014). The researchers are also considering
evaluating inhibitory potential of this fungus against
SARS-CoV-2. This study could provide useful
information for the development of economic and
efficient cultivation of strain DMRO-1164 with good
concentration of cordycepin and can be
commercialized in the bio-industry where fermentation
processes such as functional foods, pharmaceuticals
and cosmetics are used.
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