
BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, December 2023. Vol. 20(4), p. 1487-1499

Published by Oriental Scientific Publishing Company © 2023

This is an    Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

*Corresponding author E-mail: deshmukhniketan@gmail.com

 Antioxidant Potential of Cordyceps militaris Mycelium:
A Comparative Analysis of Methanol and Aqueous Extracts

Niketan Deshmukh1* and Bhaskaran Lakshmi2

1L J School of Applied Sciences, L J University, Ahmedabad, India.
2Department of Biotechnology, Kadi Sarva Vishwavidyalaya, Gandhinagar, India.

https://dx.doi.org/10.13005/bbra/3194

(Received: 17 May 2023; accepted: 29 September 2023)

 Reactive oxygen species (ROS) are the metabolic byproducts of various biochemical 
processes of the cell. However, if the production of ROS is significantly higher compared to the 
cell's defence mechanism, it results in oxidative stress. Accumulation of ROS and subsequent 
oxidative stress can lead to a range of harmful effects on the cell, including cellular damage, 
inflammation, and disruptions in normal cellular functions. These effects can ultimately 
contribute to the development of numerous health conditions. To counteract this, it is important 
to supplement the body with natural antioxidants. The medicinal mushroom Cordyceps militaris, 
has been used for centuries for its potential health benefits and has been shown to possess 
antioxidant capabilities. The presented study evaluates and compares the total antioxidant 
capacity of two mycelium extracts of Cordyceps militaris made from methanol and water 
based on multiple assays. The investigation further noted that the aqueous extract exhibited 
greater phenolic content with a concentration of 8.50 mg of GAE/g. In contrast, the methanol 
extract showed a higher flavonoid content of 7.13 mg of CAE/g. The study's findings revealed 
that methanol and aqueous extract possess antioxidant capability that can neutralize ROS and 
help reduce oxidative stress.
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 Cellular metabolism involves a complex 
cascade of metabolic reactions. ROS were 
initially recognized as toxic compounds produced 
through various biological processes such as 
respiration, metabolism, and inflammation. 
However, recent developments have shown that 
ROS plays significant roles in cellular signaling, 
immune responses, and regulation of diverse 
cellular processes. Studies have demonstrated that 
oxidative stress may occur when ROS production 
and accumulation exceed normal threshold values 
or when their levels are not adequately controlled. 

This can result in cellular damage and contribute to 
developing health concerns and ageing processes. 
Members of the ROS family are characterized 
by the presence of unpaired electrons, which 
make them highly reactive and able to interact 
with various biomolecules (protein, DNA, lipid). 
Therefore, due to ROS, there is always a risk of 
damage to these components. The ROS family 
consists of significant members, such as superoxide 
anion (O2•-) a byproduct of cellular respiration 
1,2, Hydroxyl radical (•OH)  formed through the 
Fenton or Haber-Weiss reactions 3, Peroxyl radical 



1488 Deshmukh & Lakshmi, Biosci., Biotech. Res. Asia,  Vol. 20(4), 1487-1499 (2023)

(ROO•) formed during the propagation step of 
lipid peroxidation 4, Hydrogen peroxide (H2O2) 
formed by the dismutation of superoxide anion 5,6, 
singlet oxygen (1O2)  and peroxynitrite  (ONOO-

) formed through energy transfer from excited 
photosensitizers and reaction between superoxide 
anion and nitric oxide (NO) respectively 7.
 Endogenous enzymes,  including 
glutathione peroxidase, thioredoxin reductase, 
peroxiredoxins catalase, glutathione reductase, 
paraoxonase, methionine sulfoxide reductases and 
superoxide dismutase, are naturally synthesized 
by cells to counteract the harmful effects of 
free radicals. These enzymes work together 
to neutralize ROS and prevent their harmful 
effects on cellular components 8,9. In addition to 
enzymatic antioxidants, cells also produce various 
non-enzymatic antioxidant molecules, including 
vitamins (E and C), to neutralize the harmful 
effects associated with ROS 10. In recent years the 
health-promoting properties of natural antioxidants 
obtained from various sources, such as mushrooms, 
medicinal plants, fruits, vegetables, and others, have 
gained substantial attention due to their potential 
health benefits. These natural antioxidants, such as 
polyphenols, carotenoids, and flavonoids, have the 
ability to scavenge ROS and shield the body against 
oxidative damage and related diseases 11. Humans 
have consumed mushrooms as a food source 
from ancient times 12. They have been valued for 
their unique flavours, textures, and aroma 13. In 
recent years, medicinal mushrooms have gained 
much importance and popularity among the 
public and the scientific community 14. As per the 
“World Health Organization”, more than 75 % of 
the global population now utilizes mushrooms, 
herbs, and other herbal medicines to treat various 
diseases. In the past two decades, various studies 
have elucidated mushrooms’ nutritional and 
nutraceutical characteristics, demonstrating them 
to be promising reservoirs of bioactive metabolites 
15. They are reported to contain various bioactive 
molecules like Beta-glucans, Ergosterol, Lentinan, 
Triterpenoids, Amino acids, Lectins, Cordycepins, 
Enzymes and Polysaccharides 16.
 In addition, mushrooms are recognized as 
a plentiful source of Ergothioneine, Glutathione, 
Selenium, Vitamins, Phenolic compounds, and 
Carotenoids considered strong natural antioxidants 
17. Cordyceps militaris, an edible medicinal 

mushroom, has a rich traditional history of use in 
different regions worldwide particularly in eastern 
Asia for its potential health benefits and medicinal 
values 18. Cordyceps militaris differs from the 
other species in that it grows on insect larvae 
and various other substrates, including rice and 
grains, making it easier to cultivate in laboratories 
19. In traditional medicine, it has been used for 
its potential benefits for the respiratory, immune 
system, energy and endurance, anti-inflammatory, 
and sexual health, as well as for its antioxidant 
properties 20. The traditional method of cultivating 
Cordyceps fruiting bodies can take several months, 
making it impractical for large-scale production 21. 
However, submerged fermentation of Cordyceps 
mycelial biomass is a more efficient alternative, as 
it requires less time and space with minimum risk 
of contamination 22. This investigation assessed the 
antioxidant activity of the most widely used solvent 
systems for extract preparations, i.e., methanol and 
water. The study incorporated multiple assays to 
evaluate the total antioxidative status of these two 
extracts.

Material and Methods

Chemicals and Microbial strain
 A strain of Cordyceps militaris has been 
acquired from LJ University, Ahmedabad, India, 
and all the analytical-grade chemicals employed 
in the study were procured from Himedia located 
in Mumbai, India.
Culture Conditions
 An Erlenmeyer flask (250 mL), having 
100 mL of basal media (1.5% glucose, 0.1% 
w/v Dipotassium phosphate, 0.5% peptone, 
0.3% potassium dihydrogen phosphate, 0.05% 
magnesium sulfate and 0.05% sodium chloride) 
wear used to culture Cordyceps militaris. The flasks 
were kept for 10 days in static conditions at 20°C. 
Afterwards, the mycelia-containing culture media 
were filtered with the help of the Whatman #4 
filter paper. The harvested mycelia were subjected 
to three washes with autoclaved deionized water, 
and until a consistent dry weight was obtained, it 
was oven-dried at 45°C.
extract Preparation
 To obtain the extract, 5 grams of 
mycelium powder are added to the solvent (100 
mL of either water or methanol), and the reaction 
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mixture is placed on an orbital rotary shaker that 
is set to rotate at a speed of 120 rpm at room 
temperature (RT) under light protected area. The 
solution was subjected to centrifugation (6500 rpm 
+ 10 minutes). The obtained residue was further 
used for two subsequent extractions following the 
same procedure. A rotary evaporator was used to 
concentrate the extract. The final concentration of 
the extracts, 50 mg/mL, was achieved by dissolving 
dried extracts in their respective solvents.
dPPh assay for scavenging activity
 The previously reported approach is 
employed to evaluate the scavenging ability of 
the Cordyceps militaris mycelium in methanol and 
aqueous extracts, with a few minor adjustments 
23. To dissolve DPPH and make a 0.1 mM final 
solution, methanol was utilized as the solvent. To 
reaction mixture was prepared by mixing mycelium 
extracts and DPPH solution in a 4:1 ratio (4 mL 
extract + 1mL DPPH). After vigorously shaking, 
the solution was left undisturbed for 30 minutes 
at RT. This is followed by the measurement of 
optical density at 517 nm in a spectrophotometer 
(LABMAN LCD LMSP-UV1000B)
aBts assay for scavenging activity
 The ABTS● scavenging capability of the 
mycelium extract is carried out using previously 
reported methods with some alterations 24. An 
equal volume of, ABTS solution (7 mmol/L) and 
potassium persulfate solution (2.45 mmol/L) were 
mixed to make ABTS●+ reagent (kept in the dark 
conditions for 12-16 hours at room temperature 
before use). To regulate the optical density of the 
ABTS●+ reagent to the required level, a 7.4 pH 
phosphate-buffered saline (5 mmol/L) was step 
by step added  until the optical density reached a 
value of 0.70±0.02 at 730 nm.
Hydroxyl (•OH) radical assay for scavenging 
activity
 A modified version of an earlier reported 
method was used to analyze the capacity of the 
mycelium extract to scavenge •OH radicals 25,26. 1 
mL of the methanolic mycelium extract mixed with 
1.5 mM ferrous sulphate (1 mL), 20 mM sodium 
salicylate (0.3 mL), and 6 mM hydrogen peroxide 
(0.7 mL). The resultant solution was thoroughly 
mixed, and at 562 nm, its optical density was 
measured.

reducing assay
 We utilized an alternative approach based 
on prior research 27,28. To initiate the experiment, 
we combined 2.5 mL of mycelium extract with 
an equivalent volume of 0.2 M phosphate buffer 
(pH 6.6). Next, we introduced 2.5 mL of a 1% 
potassium ferricyanide solution in phosphate buffer 
to the reaction mixture. Following incubation 
at 50°C for 20 minutes, this solution underwent 
treatment with 2.5 mL of 10% trichloroacetic 
acid and centrifuged at a speed of 5500 rpm for 
10 minutes. Subsequently, we added 0.5 mL of 
a 1% ferric chloride solution to the collected 
supernatant, followed by the introduction of 2.5 mL 
of distilled water. At 700 nm, the optical density of 
the resulting solution was measured.
CUPraC assay
 The method used to evaluate the ability of 
mycelium extract to reduce cupric ions (Cu2+) was 
based on a previous study 29. To conduct the assay, 
add methanolic mycelium extract (0.25 mL) in a 
tube and mix with equal volumes (0.25 mL) of three 
reagents, namely copper (II) chloride, ammonium 
acetate (1M), and neocuproine (7.5 mM). Obtain 
the desired final reaction mixture (2 mL) and add 
distilled to make up the volume. After incubation 
(30 minutes at RT), at 450 nm optical density was 
measured.
Metal chelation assay
 The chelation property of the mycelium 
extract was studied with a previous approach with 
small modifications 30. For the assay, 2.0 mL of 
methanolic mycelium extracts were mixed with 
0.05 mL of 2 mM ferrous chloride in a tube. The 
reaction was initiated by the addition of 0.5 mM 
ferrozine (2 mL) to the mixture. The resulting 
solution was thoroughly mixed for 8 minutes, and 
at 562 nm its optical density was recorded.
total phenolic content
 The mycelium extracts were assessed for 
their total phenolic content using the previously 
reported method 31. To determine the phenolic 
content, Add Folin-Ciocalteu’s phenol reagent 
(1 mL) in a tube containing mycelium extract 
(1 mL). It is followed by the addition of 35% 
saturated sodium carbonate and the final volume 
is adjusted using deionized water to 10 mL. The 
reaction mixture was carefully placed in a light-
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protected environment and allowed to incubate 
for 90 minutes. The optical density of the resultant 
solution was recorded at 725 nm. The results of the 
experiment were reported and quantified in terms 
of gallic acid equivalents (GAE).
Total flavonoid content
 The mycelium extracts are investigated 
for their flavonoid content using a modified version 
of a previously reported method 32. In the assay, 
a reaction mixture was prepared by combining 
mycelium extract (0.25 mL) and 5% sodium nitrite 
(75 µL).  After incubation of 4 minutes add 10% 
aluminum chloride (150 µL) and mix properly. 

The resulting solution was again incubated for 
4 minutes. Afterwards, 1 M sodium hydroxide 
(0.5 mL) and at 510 nm its optical density was 
measured. The results of the experiment were 
reported and quantified in terms of catechin 
equivalents (CAE).

resUlts and disCUssion

scavenging assay
 Natural compounds are always a rich 
source of antioxidant molecules and DPPH assay 
is the most widely used protocol for such analysis. 

Fig. 1. (A). DPPH scavenging activity. (B) ABTS scavenging activity. The results are presented as mean ±
standard deviation (n=3), Significant difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p =

0.01, ***p = 0.001)
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Fig. 2. OH. Radical scavenging activity, the results are presented as mean ± standard deviation (n=3), Significant
difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p = 0.01, ***p = 0.001).

Fig. 3. Results of reducing power assay, the results are presented as mean ± standard deviation (n=3), Significant
difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p = 0.01, ***p = 0.001).

The assay used the ability of a molecule to provide 
hydrogen or an electron to a radical which can 
be estimated with the help of a reduction in the 
absorbance at 517 nm. Figure 1.1 (A) depicts the 
scavenging effects of the mycelium extract of 
Cordyceps militaris concerning the DPPH radical. 
The results demonstrate increased scavenging 
activity for both the mycelium extracts with 
increasing concentrations. The methanol extract 
exhibited the highest percentage of inhibition, 

achieving 85.37%, while the highest level of 
inhibition was observed with the aqueous extract, 
66.41%. However, compared to Vc at a 0.1 mg/mL 
concentration, the aqueous and methanolic extracts 
displayed lower maximum percentage inhibition 
values.
 The study observed that the scavenging 
activity of the methanol and aqueous extracts 
against DPPH radicals was evaluated, yielding 
distinct results. The methanolic extract exhibited 
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Fig. 4. Result of CUPRAC assay, the results are presented as mean ± standard deviation (n=3), Significant
difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p = 0.01, ***p = 0.001).

Fig. 5. Ferrous ion chelating activity, the results are presented as mean ± standard deviation (n=3), Significant
difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p = 0.01, ***p = 0.001).

the highest scavenging activity, as evidenced by its 
EC50 value of 2.92 mg/mL. On the other hand, the 
aqueous extract demonstrated a weaker scavenging 
activity, with a higher EC50 value of 3.76 mg/mL. A 
separate investigation also explored the ABTSÏ%+ 
scavenging activity of both extracts, demonstrating 
a concentration-dependent scavenging activity. The 
methanol extract displayed the highest percentage 
of scavenging activity, with an EC50 value of 2.43 
mg/mL, while the aqueous extract showed an EC50 
value of 3.68 mg/mL. Statistical analysis indicated 

a significant variation (p<0.05) in the activities of 
the methanol and aqueous extracts, as illustrated 
in Figure 1.1 (B).
 Antioxidants are necessary for the human 
body to counteract and neutralize the harmful effects 
of free radicals, which are produced in endogenous 
biochemical reactions as well as exogenous sources 
like pollution, radiation, and cigarette smoke. When 
these free radicals interact with cells, they can cause 
oxidative stress by damaging various biomolecules 
like DNA damage:  ROS can directly interact 
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with DNA molecules, leading to the formation 
of DNA adducts and strand breaks 33. Protein 
damage, ROS can oxidize amino acid residues 
within proteins, leading to protein carbonylation, 
formation of protein adducts, and cross-linking. 
These oxidative modifications can disrupt protein 
structure and function, impair enzymatic activity, 
and affect protein-protein interactions 34. Lipids 

damage, ROS can initiate lipid peroxidation, 
a chain reaction that results in the oxidation of 
polyunsaturated fatty acids within cell membranes 
35. The cumulative damage to DNA, proteins, and 
lipids caused by oxidative stress can disrupt cellular 
homeostasis and contribute to the progression 
of various diseases, including cardiovascular 
diseases, neurodegenerative disorders, cancer, 

Fig. 6. Results of phosphomolybdenum assays, the results are presented as mean ± standard deviation (n=3),
Significant difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p = 0.01, ***p = 0.001).

Fig. 7. Total phenolic and flavonoid contents, the results are presented as mean ± standard deviation (n=3),
Significant difference calculated with ANOVA (nsnon-significant, *p = 0.05, **p = 0.01, ***p = 0.001 ).
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and age-related conditions. Antioxidants work by 
neutralizing free radicals and reducing their harmful 
effects by donating electrons that stabilize the free 
radicals, thus preventing further cell damage. 
Such electron donors as phenolic compounds, 
cordycepin, and ergosterol are responsible for 
the scavenging activity of the mycelium extracts 
of Cordyceps militaris. Numerous studies have 
reported on the antioxidant activity of various 
medicinal mushrooms, Ganoderma lucidum 
(Reishi) 15,36,37. Lentinula edodes (Shiitake) 38–40, 
Pleurotus eryngii 41–43 and Hericium erinaceus 
(Lion’s Mane) 44,45. These mushrooms have been 
studied for their potential health benefits and their 
antioxidant activity against DPPH radicals. The 
variations in the % ABTS scavenging values are 
due to the differences in the techniques employed 
to extract the bioactive compounds, the types 
of mushrooms studied, and the concentration of 
extracts used. However, one of the previously 
reported studies highlighted the difference in the 
scavenging activity due to drying methods 46. They 
studied the effect of sun-drying, freeze-drying, hot 
air, and microwave-drying. The study achieved the 
highest scavenging activity in the extract dried by 
microwave at 700 W.
OH• radical scavenging activities 
 OH• is widely acknowledged as an 
extremely harmful oxygen species that has the 
ability to cause adverse effects on essential 
biomolecules such as proteins, deoxyribonucleic 
acid, carbohydrates, and lipids. Eliminating 
OH• radicals plays a vital role in averting 
damage induced by oxidative stress to cells. 
The capability of mycelium extracts to scavenge 
hydroxyl radicals was evaluated by comparing it 
with salicylic acid. The concentration-dependent 
increase in scavenging efficacy was observed for 
both methanol and aqueous mycelium extracts 
of Cordyceps militaris, with values rising from 
23.80% to 85.80% and from 24.90% to 83.88%, 
respectively, over the concentration range of 0.5-5 
mg/mL. Based on the EC50 values, the aqueous 
extract demonstrated a slightly higher OH• radical 
scavenging activity compared to the methanol. The 
EC50 value for the aqueous extract was 2.23 mg/
mL, while for the methanol extract, it was slightly 
higher at 2.38 mg/mL as depicted in Figure 1.2. 
Various factors, such as the extraction method, 
the solvent used, the extract’s concentration, and 

the mushroom species, can influence the hydroxyl 
scavenging activity of the mycelium extract 47. 
Different extraction methods, such as aqueous 
or organic solvent-based extraction, may yield 
different results regarding hydroxyl scavenging 
activity 48

Ferric cyanide (Fe3+) reducing antioxidant 
power assay
 Antioxidants can donate electrons to 
ferric (Fe3+) ions in the assay, measuring reducing 
power and converting them to ferrous (Fe2+) 
ions. This conversion can be quantified using 
spectrophotometry at 700 nm. Antioxidants have a 
vital function in halting free radical chain reactions 
by actively donating electrons to species that cause 
oxidative stress. The reducing capacity of methanol 
and aqueous mycelium extracts from Cordyceps 
militaris demonstrated a concentration-dependent 
pattern within the range of 0.5-5 mg/mL. Figure 
1.3 illustrates the reducing power of both extracts. 
However, these values were relatively lower 
compared to the value of Vc, which was 1.639 at 
a concentration of 1.0 mg/mL.
Cupric ion antioxidant capacity assay
 This assay is a widely employed technique 
for assessing the antioxidant capability of extracts 
to reduce copper (II) ions to copper (I) ions in 
the presence of neocuproine. The results of the 
current study revealed a concentration-dependent 
reduction in Cu²+ ions by mycelium extracts 
of Cordyceps, suggesting potential antioxidant 
activity. The findings showed that both methanol 
and aqueous extracts of Cordyceps militaris 
mycelium exhibited cupric ion-reducing abilities, 
with absorbance values ranging from 0.66 to 1.65 
for methanol extracts and 0.58 to 1.39 for aqueous 
extracts at concentrations between 0.5 to 5 mg/mL. 
These results indicate that higher concentrations of 
the extracts resulted in higher cupric ion-reducing 
power, suggesting a concentration-dependent 
effect. However, it is noteworthy that the observed 
values were lower than the control value of 1.682 
observed at 0.2 mg/mL, indicating that the reducing 
power of the extracts at higher concentrations (0.5 
to 5 mg/mL) was not as strong as the reference as 
depicted in Figure 1.4. The findings of this study 
are in line with prior research in the field that has 
reported the antioxidant activity of Cordyceps 
mycelium extracts. The observed concentration-
dependent reduction in Cu²+ ions by the extracts 
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suggests the presence of bioactive components 
with potential antioxidant properties. However, it 
is important to note that this assay measures the 
reducing power of antioxidants against copper ions 
only, and other mechanisms of antioxidant activity 
may also be at play in Cordyceps mycelium extracts. 
The observed decrease in cupric ion-reducing 
abilities of the extracts at higher concentrations 
compared to the control at 0.2 mg/mL raises some 
questions. At higher concentrations, the extracts 
may have exhibited pro-oxidant activity, leading 
to a decrease in their cupric ion-reducing abilities. 
This phenomenon, known as the pro-oxidant effect, 
has been reported in some studies where high 
concentrations of certain antioxidants can act as 
pro-oxidants and induce oxidative damage under 
certain conditions. Further investigation is needed 
to determine if this is the case with Cordyceps 
mycelium extracts and to elucidate the underlying 
mechanisms. 
Ferrous ion chelating ability
 Studies demonstrate the chelating effect 
of the extracts on ferrous ions (Fe²+ ) is indeed a 
critical factor in mitigating or reducing oxidative 
damage caused by ROS within the body. The 
results showed that the chelating activity of both 
extracts was concentration-dependent. The findings 
revealed that both extracts of Cordyceps militaris 
mycelium exhibited ferrous ion chelating activity, 
with inhibition percentages ranging from 2.16% 
to 75.92% for methanol extracts and 46.75% to 
94.52% for aqueous extracts. Furthermore, it is of 
utmost importance to recognize that the inhibition 
percentage of the reference chelating agent, 
EDTA, was higher (84.67% at 0.05 mg/mL) than 
the extracts, indicating that EDTA had a stronger 
chelating agent against ferrous ions. Notably, the 
aqueous extracts of Cordyceps militaris showed 
a significantly higher chelating ability against 
ferrous ions compared to the methanol extracts, 
as evidenced by the lower EC50 value of 3.49 mg/
mL for aqueous extracts compared to 5.37 mg/mL 
for methanol extracts depicted in Figure 1.5. This 
suggests that the aqueous extracts of Cordyceps 
militaris may be more effective in sequestering 
ferrous ions and preventing ROS generation via 
the Fenton reaction than the methanol extracts. 
The findings of this study align with prior research 
that has reported the metal-chelating activity of 
Cordyceps militaris. The observed concentration-

dependent chelating activity of Cordyceps militaris 
extracts against ferrous ions suggests that the 
bioactive components responsible for this activity 
may be present in varying concentrations in the 
extracts, and further investigation is needed to 
identify and characterize these components. The 
findings of this study have potential implications 
for the use of Cordyceps militaris extracts 
as a natural source of metal chelators for the 
prevention or mitigation of oxidative damage in 
biological systems. The occurrence of oxidative 
stress is associated with a range of pathological 
conditions, including cancer, neurodegenerative 
and cardiovascular diseases. Consequently, the 
potential of Cordyceps militaris extracts to chelate 
ferrous ions and counteract the adverse effects of 
ROS. 
Phosphomolybdenum assays: Measuring total 
antioxidant activity
 The total antioxidant capacity of an herbal 
extract is evaluated using phosphomolybdenum 
Assays. It is a widely used assay that relies on the 
potency of the extract’s antioxidant components 
to reduce Mo(VI) to Mo(V). The reduction 
process leads to the formation of a green-coloured 
complex, which can be measured and quantified 
using spectrophotometry at a wavelength of 
695 nm. Based on the findings of the study, the 
aqueous extract exhibited a higher total antioxidant 
activity. The aqueous extract demonstrated a 
value of 650.53 mg AAE/g, indicating its superior 
antioxidant potential. In comparison, the methanol 
extract had a value of 540.38 mg AAE/g as 
depicted in Figure 1.6. The findings suggest that 
the aqueous mycelium extract has a higher capacity 
to reduce Mo(VI) to Mo(V), which indicates a 
stronger antioxidant potential. The higher total 
antioxidant activity observed in the aqueous 
extract may be due to water-soluble antioxidant 
compounds that can effectively reduce Mo(VI) 
to Mo(V). These water-soluble compounds may 
include phenolic compounds, flavonoids, and other 
polar antioxidants readily extractable in water. It 
is also possible that the extraction process with 
methanol may not have efficiently extracted all the 
water-soluble antioxidants, resulting in lower total 
antioxidant activity in the methanolic extract.
 However, the methanol extract may 
contain other lipophilic antioxidants that are not 
as readily extractable in water. Methanol is a 
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polar organic solvent that is capable of extracting 
lipophilic compounds, such as carotenoids 49, 
tocopherols 47, and other non-polar antioxidants 
50, which may be accountable for the activity of 
the mycelium methanolic extract. However, the 
phosphomolybdenum assay, being water-based, 
may not be as effective in capturing the lipophilic 
antioxidants present in the methanol extract, 
leading to a lower total antioxidant activity value.
determination of phenolic and flavonoid 
compounds
 The existence of phenolics and flavonoid 
compounds within the herbal extracts mostly 
contributes to the observed antioxidant activities. 
These macromolecules can neutralize ROS and 
free radicals by donating electrons, thereby 
mitigating oxidative stress, and protecting cells 
from damage. Failure to manage free radicals and 
ROS can lead to various health issues. Figure 1.7 
illustrates the presence of these macromolecules 
in the methanol and aqueous mycelium extract 
of Cordyceps militaris. According to the study, it 
was observed that the aqueous extract exhibited 
a higher phenolic content, measuring 8.50 mg 
of GAE/g, in comparison to the lower phenolic 
content of the methanol extract, which measured 
5.60 mg of GAE/g. In contrast, the study revealed 
that the methanol extract displayed a higher 
flavonoid content, measuring 7.13 mg of CAE/g, 
in comparison to the aqueous extract, which 
measured 6.73 mg of CAE/g. The statistical 
analysis of the phenolic content of both extracts 
demonstrated a significant variation (p < 0.05). 
However, no statistical significance was observed 
in the flavonoid content.
 There are very few reports on the 
Cordyceps species. However, one such study 
reported the difference in the phenolic and 
flavonoid content in Cordyceps sinensis (CS) in 
different solvent systems (aqueous, 50%, 75%, 
and 100% alcohol). “According to the study 
conducted, the CS50% Alcohol extract exhibited 
the highest phenolic content (15.1 ± 0.67 mg/g), 
while the CS100% Alcohol extract contained the 
highest amount of flavonoids (19.3 ± 0.3 mg/g). 
In the case of the aqueous extract, the phenolic 
content was determined to be 13.8 ± 0.28 mg/g, 
and the flavonoid content was found to be 11.3 ± 
0.33 mg/g 51”. Another study also determined the 
total phenols and flavonoid content in the fruiting 

body of Cordyceps militaris using methanol extract 
52. The study observed that the total phenols and 
flavonoids present in the extract are 39.52 ±0.040 
mg/g and 1.56 ±0.039 mg/g, respectively. 
 In this particular investigation, the 
discrepancy in the quantity of phenolic and 
flavonoid compounds observed in the two extracts 
may be due to the utilization of distinct solvents 
during the extraction process. Methanol and water 
have different polarities and solubility properties 
that can affect the efficacy of extraction from 
mycelium. Phenolic compounds are more soluble 
in water, which results in their more efficient 
extraction in aqueous extracts. Conversely, the 
higher content of flavonoids in methanol is due to 
their better solubility in methanol. It is crucial to 
acknowledge that the antioxidant property of the 
mycelium extracts of Cordyceps militaris cannot 
be exclusively credited to phenolic and flavonoid 
compounds, as other bioactive contents in the 
mycelium could support the total antioxidant 
activity. Nonetheless, the findings also revealed 
that both methanol and aqueous extracts contain 
a substantial amount of phenolic and flavonoid 
compounds. These compounds are recognized for 
their antioxidant potential and have the ability to 
contribute towards the health benefits associated 
with this herbal extract.

ConClUsion

 The study investigated the total antioxidant 
potential in the mycelium extract (methanol and 
water) of Cordyceps militaris. The finding of the 
study demonstrated that both extracts showed 
antioxidant activity. The activity is found to be 
concentration dependent as concentration increases 
it rise in activity was observed. The study also 
concluded that the activity is greatly influenced 
by the nature of the assay and the choice of 
solvent. There is a direct correlation between the 
bioactive molecules that are responsible for the 
activity and the solvent used for extraction. In 
the presented study, higher phenolic content was 
observed in the mycelium aqueous extract while 
on the other hand, higher flavonoid content was 
present in the methanolic extract. Both compounds 
have gained recognition for their remarkable 
antioxidant properties. These results support 
the traditional use of Cordyceps militaris as a 



1497 Deshmukh & Lakshmi, Biosci., Biotech. Res. Asia,  Vol. 20(4), 1487-1499 (2023)

medicinal mushroom with potential health benefits. 
The research contributes to the growing body of 
knowledge regarding natural antioxidants derived 
from mushrooms and their potential applications 
in preventing oxidative damage and related 
diseases. Further studies can explore the specific 
bioactive compounds that are actively involved 
in the antioxidant activity observed in Cordyceps 
militaris mycelium extracts and investigate their 
mechanisms of action.

aCknowledgeMent

 The author extends sincere appreciation to 
the L J School of Applied Sciences at L J University 
Ahmedabad and the Department of Biotechnology 
at Kadi Sarva Vishwavidyalaya, Gandhinagar, 
for providing the necessary resources that were 
instrumental in the successful completion of our 
research study.
Conflict of Interest
 There is no conflict of interest.
Funding sources
 No funding was obtained for this study.

reFerenCes

1. Baek S, Cho Y, Lee J, et al. Intracellular 
and Mitochondrial Reactive Oxygen Species 
Measurement in Primary Cultured Neurons. 
Bio-Protoc .  2018;8(11).  doi:10.21769/
BIOPROTOC.2871

2. Sarniak A, Lipiñska J, Tytman K, Lipiñska S. 
Endogenous mechanisms of reactive oxygen 
species (ROS) generation. Postepy Hig Med 
Doswiadczalnej Online. 2016;70(0):1150-1165. 
doi:10.5604/17322693.1224259

3. Niu P, Zhu J, Wei L, Liu X. Application of 
Fluorescent Probes in Reactive Oxygen Species 
Disease Model. Crit Rev Anal Chem. Published 
online 2022. doi:10.1080/10408347.2022.2080
495

4. O’Donnell VB, Chumley PH, Hogg N, 
Bloodsworth A, Darley-Usmar VM, Freeman 
BA. Nitric oxide inhibition of lipid peroxidation: 
Kinetics of reaction with lipid peroxyl radicals 
and comparison with á-tocopherol. Biochemistry. 
1997;36(49):15216-15223. doi:10.1021/
BI971891Z

5. Giorgio M, Trinei M, Migliaccio E, Pelicci PG. 
Hydrogen peroxide: a metabolic by-product or 
a common mediator of ageing signals? Nat Rev 
Mol Cell Biol. 2007;8(9):722-728. doi:10.1038/

nrm2240
6. Science SR, 2006  undefined. H2O2, a 

Necessary Evil for Cell Signaling. science.
org. 2006;312(5782):1882-1883. doi:10.1126/
science.1130481

7. Malerba M, Cerana R. Role of peroxynitrite in the 
responses induced by heat stress in tobacco BY-2 
cultured cells. Protoplasma. 2018;255(4):1079-
1087. doi:10.1007/S00709-017-1200-2

8. Gusti AMT, Qusti SY, Alshammari EM, 
Toraih EA, Fawzy MS. Antioxidants-related 
superoxide dismutase (Sod), catalase (cat), 
glutathione peroxidase (gpx), glutathione-s-
transferase (GST), and nitric oxide synthase 
(nos) gene variants analysis in an obese 
population: A preliminary case-control study. 
Antioxidants. 2021;10(4):595-595. doi:10.3390/
ANTIOX10040595/S1

9. Kurutas EB. The importance of antioxidants 
which play the role in cellular response against 
oxidative/nitrosative stress: current state. Nutr J. 
2016;15(1). doi:10.1186/S12937-016-0186-5

10. Lobo V, Patil A, Phatak A, Chandra N. Free 
radicals, antioxidants and functional foods: 
Impact on human health. Pharmacogn Rev. 
2010;4(8):118-118.  doi :10.4103/0973-
7847.70902

11. Xu DP, Li Y, Meng X, et al. Natural Antioxidants 
in Foods and Medicinal Plants: Extraction, 
Assessment and Resources. Int J Mol Sci. 
2017;18(1). doi:10.3390/IJMS18010096

12. Valverde ME, Hernández-Pérez T, Paredes-López 
O. Edible Mushrooms: Improving Human Health 
and Promoting Quality Life. Int J Microbiol. 
2015;2015. doi:10.1155/2015/376387

13. Lee YL, Jian SY, Mau JL. Composition and 
non-volatile taste components of Hypsizigus 
marmoreus. LWT .  2009;42(2):594-598. 
doi:10.1016/J.LWT.2008.09.003

14. Ouzouni PK, Petridis D, Koller WD, Riganakos 
KA. Nutritional value and metal content 
of wild edible mushrooms collected from 
West Macedonia and Epirus, Greece. Food 
Chem. 2009;115(4):1575-1580. doi:10.1016/J.
FOODCHEM.2009.02.014

15. Heleno SA, Barros L, Martins A, Queiroz MJRP, 
Santos-Buelga C, Ferreira ICFR. Fruiting body, 
spores and in vitro produced mycelium of 
Ganoderma lucidum from Northeast Portugal: 
A comparative study of the antioxidant potential 
of phenolic and polysaccharidic extracts. Food 
Res Int. 2012;46(1):135-140. doi:10.1016/J.
FOODRES.2011.12.009

16. Venturella G, Ferraro V, … FCI, 2021  undefined. 
Medicinal mushrooms: bioactive compounds, 
use, and clinical trials. mdpi.com. 2021;22(2):1-



1498Deshmukh & Lakshmi, Biosci., Biotech. Res. Asia,  Vol. 20(4), 1487-1499 (2023)

31. doi:10.3390/ijms22020634
17. food MBC reviews in food science and, 2011  

undefined. Natural antioxidants: sources, 
compounds, mechanisms of action, and potential 
applications. Wiley Online Libr. 2011;10(4):221-
247. doi:10.1111/j.1541-4337.2011.00156.x

18. Dong C, Guo S, Wang W, Liu X. Cordyceps 
industry in China. http://mc.manuscriptcentral.
com/tmyc. 2015;6(2):121-129. doi:10.1080/215
01203.2015.1043967

19. Olatunji OJ, Tang J, Tola A, Auberon F, Oluwaniyi 
O, Ouyang Z. The genus Cordyceps: An extensive 
review of its traditional uses, phytochemistry and 
pharmacology. Fitoterapia. 2018;129(May):293-
316. doi:10.1016/j.fitote.2018.05.010

20. Panda AK, Swain KC. Traditional uses and 
medicinal potential of Cordyceps sinensis of 
Sikkim. J Ayurveda Integr Med. 2011;2(1):9-13. 
doi:10.4103/0975-9476.78183

21. Li X, Liu Q, Li W, et al. A breakthrough in 
the artificial cultivation of Chinese cordyceps 
on a large-scale and its impact on science, the 
economy, and industry. Crit Rev Biotechnol. 
2019;39(2):181-191. doi:10.1080/07388551.20
18.1531820

22. Shih IL, Tsai KL, Hsieh C. Effects of culture 
conditions on the mycelial growth and 
bioactive metabolite production in submerged 
culture of Cordyceps militaris. Biochem 
Eng J. 2007;33(3):193-201. doi:10.1016/J.
BEJ.2006.10.019

23. Elmastas M, Isildak O, Turkekul I, Temur 
N. Determination of antioxidant activity 
and antioxidant compounds in wild edible 
mushrooms. J Food Compos Anal. 2007;20(3-
4):337-345. doi:10.1016/J.JFCA.2006.07.003

24. Re R, Pellegrini N, Proteggente A, Pannala A, 
Yang M, Rice-Evans C. Antioxidant activity 
applying an improved ABTS radical cation 
decolorization assay. Free Radic Biol Med. 
1999;26(9-10):1231-1237. doi:10.1016/S0891-
5849(98)00315-3

25. Rafat Husain S, Cillard J, Cillard P. Hydroxyl 
radical scavenging activity of flavonoids. 
Phytochemistry .  1987;26(9):2489-2491. 
doi:10.1016/S0031-9422(00)83860-1

26. Smirnoff N, Cumbes QJ. Hydroxyl radical 
scavenging activity of compatible solutes. 
Phytochemistry .  1989;28(4):1057-1060. 
doi:10.1016/0031-9422(89)80182-7

27. Benzie IFF, Choi SW. Antioxidants in food: 
Content, measurement, significance, action, 
cautions, caveats, and research needs. Adv Food 
Nutr Res. 2014;71:1-53. doi:10.1016/B978-0-12-
800270-4.00001-8

28. Smolskaite L, Talou T, Venskutonis PR. 

Comprehensive Evaluation of the Antioxidant 
Potent ial  of  Coastal  Dune Mushroom 
Species from the Southwest of France. Int J 
Med Mushrooms. 2016;18(11):1023-1035. 
doi:10.1615/INTJMEDMUSHROOMS.V18.
I11.70

29. Apak R, Güçlü K, Demirata B, et al. Comparative 
evaluation of various total antioxidant capacity 
assays applied to phenolic compounds 
with the CUPRAC assay. Mol Basel Switz. 
2007;12(7):1496-1547. doi:10.3390/12071496

30. Contato AG, Inácio FD, de Araújo CAV, et al. 
Comparison between the aqueous extracts of 
mycelium and basidioma of the edible mushroom 
Pleurotus pulmonarius: chemical composition 
and antioxidant analysis. J Food Meas Charact. 
2020;14(2):830-837. doi:10.1007/S11694-019-
00331-0/METRICS

31. Hs Y, Fy C, Ct T, Yc N, Cw H, Yim HS. 
Antioxidant Activities and Total Phenolic 
Content of Aqueous Extract of Pleurotus 
ostreatus (Cultivated Oyster Mushroom). Mal J 
Nutr. 2010;16(2):281-291.

32. Woldegiorgis AZ, Abate D, Haki GD, 
Ziegler GR. Antioxidant property of edible 
mushrooms collected from Ethiopia. Food 
Chem .  2014;157:30-36. doi:10.1016/J.
FOODCHEM.2014.02.014

33. Maynard S, Schurman SH, Harboe C, de Souza-
Pinto NC, Bohr VA. Base excision repair of 
oxidative DNA damage and association with 
cancer and aging. Carcinogenesis. 2009;30(1):2-
2. doi:10.1093/CARCIN/BGN250

34. Kehm R, Baldensperger T, Raupbach J, Höhn 
A. Protein oxidation - Formation mechanisms, 
detection and relevance as biomarkers in human 
diseases. Redox Biol. 2021;42. doi:10.1016/J.
REDOX.2021.101901

35. Ayala A, Muñoz MF, Argüelles S. Lipid 
Peroxidation: Production, Metabolism, and 
Signaling Mechanisms of Malondialdehyde and 
4-Hydroxy-2-Nonenal. Oxid Med Cell Longev. 
2014;2014. doi:10.1155/2014/360438

36. Sa-ard P, Sarnthima R, Khammuang S, 
Kanchanarach W. Antioxidant, antibacterial 
and DNA protective activities of protein extracts 
from Ganoderma lucidum. J Food Sci Technol. 
2015;52(5):2966-2973. doi:10.1007/S13197-
014-1343-5/METRICS

37. Saltarelli R, Ceccaroli P, Iotti M, et al. 
Biochemical characterisation and antioxidant 
activity of mycelium of Ganoderma lucidum 
from Central Italy. Food Chem. 2009;116(1):143-
151. doi:10.1016/J.FOODCHEM.2009.02.023

38. Finimundy TC, Gambato G, Fontana R, et 
al. Aqueous extracts of Lentinula edodes and 



1499Deshmukh & Lakshmi, Biosci., Biotech. Res. Asia,  Vol. 20(4), 1487-1499 (2023)

Pleurotus sajor-caju exhibit high antioxidant 
capability and promising in vitro antitumor 
act ivi ty.  Nutr  Res .  2013;33(1) :76-84. 
doi:10.1016/J.NUTRES.2012.11.005

39. Kalyoncu F, Oskay M, Kayalar H. Antioxidant 
activity of the mycelium of 21 wild mushroom 
species. http://mc.manuscriptcentral.com/tmyc. 
2010;1(3):195-199. doi:10.1080/21501203.201
0.511292

40. Reis FS, Martins A, Barros L, Ferreira ICFR. 
Antioxidant properties and phenolic profile of the 
most widely appreciated cultivated mushrooms: 
A comparative study between in vivo and in vitro 
samples. Food Chem Toxicol. 2012;50(5):1201-
1207. doi:10.1016/J.FCT.2012.02.013

41. Liang CH, Ho KJ, Huang LY, Tsai CH, Lin 
SY, Mau JL. Antioxidant Properties of Fruiting 
Bodies, Mycelia, and Fermented Products of the 
Culinary-Medicinal King Oyster Mushroom, 
Pleurotus eryngii (Higher Basidiomycetes), 
with High Ergothioneine Content. Int J Med 
Mushrooms. 2013;15(3):267-275. doi:10.1615/
INTJMEDMUSHR.V15.I3.40

42. Liu X, Zhou B, Lin R, et al. Extraction 
and antioxidant activities of intracellular 
polysaccharide from Pleurotus sp. mycelium. 
Int J Biol Macromol. 2010;47(2):116-119. 
doi:10.1016/J.IJBIOMAC.2010.05.012

43. Sun Y, Hu X, Li W. Antioxidant, antitumor and 
immunostimulatory activities of the polypeptide 
from Pleurotus eryngii mycelium. Int J Biol 
Macromol. 2017;97:323-330. doi:10.1016/J.
IJBIOMAC.2017.01.043

44. Atila F. Comparative evaluation of the antioxidant 
potential of Hericium erinaceus, Hericium 
americanum and Hericium coralloides. Published 
online 2019. http://openaccess.ahievran.edu.tr/

xmlui/handle/20.500.12513/4659
45. Zhang Z, Lv G, Pan H, Pandey A, He W, Fan L. 

Antioxidant and hepatoprotective potential of 
endo-polysaccharides from Hericium erinaceus 
grown on tofu whey. Int J Biol Macromol. 
2012;51(5) :1140-1146.  doi :10.1016/J .
IJBIOMAC.2012.09.002

46. Li Y, Yang H, Yang H, Wang J, Chen H. 
Assessment of drying methods on the 
physiochemical property and antioxidant activity 
of Cordyceps militaris. J Food Meas Charact. 
2019;13(1):513-520. doi:10.1007/S11694-018-
9965-3/METRICS

47. Vamanu E. Antioxidant Properties of Mushroom 
Mycelia Obtained by Batch Cultivation and 
Tocopherol Content Affected by Extraction 
Procedures. BioMed Res Int. 2014;2014. 
doi:10.1155/2014/974804

48. Samavati V, Manoochehrizade A. Polysaccharide 
extraction from Malva sylvestris and its anti-
oxidant activity. Int J Biol Macromol. 2013;60:427-
436. doi:10.1016/J.IJBIOMAC.2013.04.050

49. Saini RK, Keum YS. Carotenoid extraction 
methods: A review of recent developments. 
Food Chem. 2018;240:90-103. doi:10.1016/J.
FOODCHEM.2017.07.099

50. Pharma D, Zazouli S, Chigr M, Jouaiti A. ISSN 
0975-413X CODEN (USA): PCHHAX Effect of 
polar and nonpolar solvent on total phenolic and 
antioxidant activity of roots extracts of Caralluma 
europaea. 2016;8(11):191-196.

51. sinensis Sacc Mamta C, Mehrotra S, Kirar V, et 
al. Phytochemical and antimicrobial activities of 
Himalayan. Indian J Exp Biol. 2015;53:36-43.

52. Joshi M, Sagar A, Singh Kanwar S, Singh 
S. Anticancer, antibacterial and antioxidant 
activities of Cordyceps militaris. Indian J Exp 
Biol. 2019;57:15-20.


