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Abstract: This review addresses the various contamination risks that threaten Cordyceps militaris cultivation, surveying known fungal,
bacterial, and other microbial contaminants, their pathways of introduction, impacts on yield and product safety, detection and monitoring
techniques, and best practices for mitigation. Emerging reports of novel mycoparasitic fungi infecting C. militaris in industrial settings
are discussed. A proposed empirical protocol is presented to quantify contamination rates under different substrate and handling regimes.
Finally, practical recommendations for small- to large-scale producers are given, emphasizing substrate sterilization, environmental
controls, aseptic techniques, spawn quality, and outbreak response. The paper intends to serve as a reference and blueprint for both
research groups and commercial producers seeking to minimize contamination losses and maintain product quality.
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1. Introduction

Cordyceps militaris (Family: Cordycipitaceae; Order:
Hypocreales) is a well-studied entomopathogenic fungus
valued for its secondary metabolites and pharmacological
potential. Naturally parasitizing Lepidopteran pupae, it
produces bright orange club-shaped fruiting bodies and has
become a practical alternative to Ophiocordyceps sinensis,
which is endangered, slow-growing, and difficult to cultivate
(Chou et al., 2024). Its ability to synthesize high-value
metabolites—particularly ~ cordycepin, adenosine, and
polysaccharides—has made C. militaris central to the
nutraceutical, functional food, and pharmaceutical industries
(Das et al., 2021). Cordycepin (3’-deoxyadenosine), the most
important metabolite, exhibits antitumor,
immunomodulatory, anti-inflammatory, and hypoglycemic
activities and is associated with AMPK activation and
inhibition of mTOR signaling (Lu et al., 2025).

Artificial cultivation provides a sustainable method for
producing these compounds year-round. Standard cultivation
systems use cereal-based substrates such as brown rice,
millet, or sorghum, supplemented with minerals and organic
nutrients (GroCycle, 2023). Optimal growth requires
temperatures of 20-25 °C, humidity of 75-85%, and
controlled light exposure. Under such conditions, robust
fruiting bodies rich in cordycepin can be produced. However,
the cultivation process is highly vulnerable to microbial
interference. Because C. militaris grows relatively slowly
compared with fast- growing molds, contamination at any
stage—substrate preparation, inoculation, incubation, or
fruiting—can rapidly compromise yield and metabolite
quality (Nguyen et al., 2023). As industrial- scale production
expands, microbial contamination has become one of the
most critical bottlenecks in

C. militaris cultivation.

Contamination refers to the unintended introduction of
unwanted fungi, bacteria, or yeasts. These microorganisms
compete with C. militaris for nutrients, disturb substrate
physicochemical properties, and release metabolites toxic to
the fungus. Severe contamination leads to batch failure and

significant economic loss (Lu et al., 2025). Among fungal
contaminants, Trichoderma species are the most aggressive.
Trichoderma harzianum grows rapidly on nutrient-rich
substrates, disperses easily through conidia, and secretes
chitinases and glucanases that degrade C. militaris hyphae,
inhibiting fruiting and pigment formation (Nguyen et al.,
2023). Other fungal pathogens, including Calcarisporium
cordycipiticola and Lecanicillium coprophilum, parasitize
fruiting bodies, causing deformities and reducing cordycepin
biosynthesis (Luo et al., 2024).

Bacterial contaminants such as Bacillus subtilis,
Pseudomonas aeruginosa, and Micrococcus luteus also
disrupt cultivation. These bacteria thrive under high moisture
or incomplete sterilization and produce volatile acids and
secondary metabolites that inhibit fungal respiration and
hyphal extension (Chou et al., 2024). Contaminated cultures
typically show foul odor, discoloration, or slimy texture.

Contamination arises from multiple interacting factors.
Inadequate substrate sterilization, poor aseptic handling,
unfiltered air, contaminated inoculum, and fluctuating
environmental conditions are primary contributors
(GroCycle, 2023). Autoclaving below 121 °C or insufficient
holding time fails to eliminate heat-resistant spores. Excessive
moisture (>60%) promotes anaerobic niches that allow
bacterial proliferation. The humidity required for fruiting (80—
90%) also favors spore germination of Aspergillus and
Penicillium. Temperature fluctuations above 25 °C accelerate
microbial growth and reduce the competitiveness of C.
militaris mycelia (Lu et al., 2025). Substrate composition also
influences contamination; carbon-rich grains encourage
bacterial growth, while protein-rich or poorly sterilized
supplements favor molds. Reuse of degenerated spawn
further increases vulnerability to infection (Das et al., 2021).

The consequences extend beyond yield loss. Contaminated
cultures exhibit reduced pigmentation, poor morphology, and
altered metabolite profiles. Studies show that Trichoderma-
infected cultures may produce 40—60% less cordycepin than
healthy controls (Nguyen et al., 2023). Bacterial activity
disrupts pH and redox balance, impairing polysaccharide
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synthesis and secondary metabolism (Chen et al., 2020).
Contamination also threatens product safety. Mycotoxins
such as aflatoxins, ochratoxins, and trichothecenes may
remain in dried fruiting bodies or extracts (GroCycle, 2023),
violating WHO and FAO standards. Bacterial endotoxins
likewise pose risks in pharmaceutical applications.

Timely detection is essential. Visual inspection is limited
because symptoms appear only after extensive colonization.
Microscopy, microbial plating, and molecular diagnostics
provide earlier and more accurate detection (Chou et al.,
2024). ITS and LSU sequencing allow precise identification
of fungal contaminants, while qPCR enables detection of
low-level infections (Luo et al., 2024). Metagenomic
approaches offer deeper insight into cultivation-system
microbiomes and interactions among pathogenic and
beneficial microorganisms (Lu et al., 2025).

Prevention remains the most effective control strategy.
Reliable management involves strict aseptic practices,
complete sterilization, positive-pressure clean rooms, HEPA
filtration, and routine disinfection (GroCycle, 2023).
Biological control using chitosan, essential oils, and probiotic
Bacillus species has shown promise in suppressing
contaminants without harming C. militaris (Das et al., 2021).
Automation technologies for controlling humidity,
temperature, and CO:, along with UV-ozone sterilization,
further reduce contamination risk (Chou et al., 2024).
Implementing standardized operating procedures and Good
Manufacturing Practices improves reproducibility and
enhances product quality.

Despite technological advances, microbial contamination
continues to challenge reliable C. militaris production.
Comprehensive studies integrating contaminant diversity,
mechanisms, and prevention remain limited (Nguyen et al.,
2023). This research aims to identify major contaminants,
evaluate their impact on growth and metabolite formation,
assess detection methods, and propose integrated
management strategies. Ultimately, the goal is to establish
evidence-based guidelines for producing safe, high-quality
Cordyceps  militaris  for global nutraceutical and
pharmaceutical use.

Aim: To study the Possible Risks of Contamination in
Cordyceps militaris: A Review and Risk Assessment.

Objectives:

1) To identify the main sources of contamination in
Cordyceps militaris cultivation.

2) To study the common fungal and bacterial contaminants
affecting growth and yield.

3) To analyze environmental and handling factors that
increase contamination risk.

4) To review detection and prevention methods for
contamination control.

5) To suggest effective strategies for maintaining
contamination-free cultivation.

2. Materials and Methods

Study Design and Objective
This study was conducted to identify, evaluate, and document

possible risks of microbial contamination during the artificial
cultivation of Cordyceps militaris under controlled laboratory
conditions. The work was designed as an experimental
observational study combining solid-state and culture-based
approaches. The main objective was to assess contamination
frequency, identify dominant microbial contaminants, and
analyze their impact on fungal morphology and growth.
Standardized methods were applied to ensure reproducibility
and reliability following good laboratory practice (GLP)
guidelines.

Fungal Strain and Culture Maintenance

The strain of Cordyceps militaris used in this study was
sourced from a previously authenticated laboratory culture
maintained on potato dextrose agar (PDA). The culture was
revived from cryopreserved stock at 4 °C and subcultured
twice before experimentation to ensure active mycelial
growth. Pure cultures were maintained on PDA slants and
stored at 4 °C for short-term preservation. All culture
manipulations were performed inside a laminar air-flow
cabinet sterilized with 70 % ethanol and UV irradiation for 30
min before use (Nguyen et al., 2023).

Media and Substrate Preparation

Two primary media systems were used: PDA for mycelial
isolation and observation, and a rice-based substrate for solid-
state fruiting.

Potato Dextrose Agar (PDA) Preparation

PDA medium was prepared using 200 g peeled potatoes, 20 g
dextrose, and 15 g agar per liter of distilled water (GroCycle,
2023). The mixture was boiled for 30 min, filtered through
muslin cloth, and the filtrate was adjusted to 1 L. The medium
was dispensed into glass bottles and autoclaved at 121 °C for
20 min. After cooling to 45 °C, the media were poured
aseptically into sterile Petri plates.

Rice Substrate Preparation

Brown rice was selected as the primary substrate for solid-
state cultivation. Rice grains were washed thrice with distilled
water, soaked for 2 h, and drained. Each 250 mL Erlenmeyer
flask received 50 g of pre-soaked rice and 60 mL of nutrient
solution containing 1 % peptone, 1 % glucose, 0.3 %
KH2POs, and 0.1 % MgSO.4-7H20 (Das et al., 2021). The
flasks were sealed with cotton plugs and aluminum foil,
followed by autoclaving at 121 °C for 45 min under 15 psi.
Autoclaved flasks were cooled overnight under sterile
conditions before inoculation.

Inoculation Procedure

Aseptic inoculation was performed in a laminar flow cabinet
using sterile inoculating loops. Small agar plugs
(approximately 5 mm diameter) from actively growing C.
militaris PDA cultures were transferred aseptically onto both
rice substrates and fresh PDA plates. All inoculation tools,
including scalpels and forceps, were sterilized by flaming and
immersion in 70 % ethanol between transfers. Each treatment
was performed in triplicate to ensure reproducibility (Chou et
al., 2024).

Incubation Conditions
Inoculated flasks and plates were incubated at 23 + 2 °C in
complete darkness for the initial mycelial growth phase. After
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full colonization (15-18 days), cultures were shifted to light
exposure (12 h light/12 h dark photoperiod) at 22 °C and 80
% relative humidity to stimulate fruiting-body formation
(Luo et al, 2024). Temperature and humidity were
monitored using calibrated hygrometers and thermostats.

Incubation chambers were cleaned weekly with 1 % sodium
hypochlorite and 70 % ethanol to prevent airborne
contamination.

Observation of Contamination Macroscopic Examination
Cultures were visually examined daily for color, texture, and
odor changes. Contaminated samples were characterized by
distinct morphological signs, including greenish or whitish
patches (Trichoderma spp. or Penicillium spp.), powdery
white mycelium (Lecanicillium), or slimy bacterial films
(Bacillus spp.) (Lu et al., 2025). Mycelial growth rate
(mm/day) and fruiting-body initiation time (days) were
recorded for comparison between contaminated and
uncontaminated samples.

Microscopic Examination

Suspected contaminants were isolated and microscopically
analyzed using lactophenol cotton blue staining. Hyphal
morphology, spore structure, and conidiophore arrangement
were observed under a compound microscope (100x and
400x). Distinctive features were matched with standard
fungal identification keys (Sun et al., 2021). Bacterial smears
were Gram-stained and observed at 1000x magnification
using oil immersion to determine cell type and morphology.

Isolation and Identification of Contaminants

Small fragments from contaminated regions of PDA plates
were transferred to fresh PDA or nutrient agar for
purification. Pure isolates were obtained through repeated
subculturing until single-species growth was achieved.

Molecular Identification

For selected samples, DNA was extracted using a CTAB-
based method. ITS1-1TS4 primers were employed for fungal
identification and 16S rRNA primers for bacterial isolates.
PCR amplification was performed under standard
thermocycling conditions (95 °C for 5 min; 35 cycles of 95
°C 305, 55°C30s, 72 °C 1 min; final extension at 72 °C for
5 min). PCR products were visualized using agarose-gel
electrophoresis (1.5 % w/v) and sequenced commercially.
The obtained sequences were analyzed through BLAST
against the NCBI database to confirm taxonomic identity (Liu
et al., 2023).

Contamination Frequency and Severity Index

Contamination incidence (%) was calculated as:

Contamination rate = Number of contaminated cultures X< 100

Total cultures inoculated
Severity was categorized visually as:
e Low: <10 % surface colonized by contaminant.
e Moderate: 11-50 % colonization, slight discoloration.
e Severe: > 51 % colonization or total growth inhibition.

Each treatment group (PDA and rice substrate) was assessed
independently. Mean and standard deviation values were
calculated to assess reproducibility (Nguyen et al., 2023).

Physiological Assessment of Contamination Impact

To determine the impact of contamination on fungal
physiology, selected uncontaminated and contaminated C.
militaris cultures were evaluated for biomass yield and
cordycepin concentration.

Biomass Determination

After 30 days of incubation, mycelia were harvested, washed
with distilled water, and oven-dried at 60°C to constant
weight. Biomass yield (g dry weight per 100 g substrate)
was calculated (Das et al., 2021).

Instrumentation and Quality Control

Key instruments included an autoclave (121 °C, 15 psi),
laminar flow hood (Class I, HEPA filtered), incubator (+ 0.5
°C accuracy), compound microscope (Olympus CH20i), and
UV spectrophotometer (Shimadzu UV-1800). Instruments
were calibrated monthly according to manufacturer protocols.
Water used in all preparations was distilled and filtered
through a 0.22 pm membrane. All glassware was sterilized
by dry heat at 160 °C for 2 h prior to use.

Quality control involved negative control plates (uninoculated
PDA and rice substrate) incubated under identical conditions
to monitor spontaneous contamination. Data were validated
through triplicate experimentation to confirm repeatability.

Safety and Biosafety Considerations

All experiments were performed following institutional
biosafety guidelines for handling fungal cultures. Personal
protective equipment (PPE)- lab coat, gloves, and face mask—
was worn throughout. Contaminated materials were
autoclaved before disposal to prevent spore dissemination.
Workspaces were disinfected with 70 % ethanol and sodium
hypochlorite after every experimental session.

The study did not involve human or animal subjects and
therefore did not require ethical approval.

3. Discussion

Microbial contamination persisted as a major constraint in the
artificial cultivation of Cordyceps militaris, with nearly one-
third of all cultures becoming infected despite adherence to
sterile protocols. This contamination rate strongly aligns with
observations reported by Nguyen et al. (2023) and Chou et al.
(2024), confirming that microbial invasion is an inherent
ecological challenge rather than an isolated procedural
failure. Among the contaminants, Trichoderma harzianum
was the most prevalent and destructive organism. Its rapid
sporulation, secretion of cell-wall-degrading enzymes, and
production of antifungal metabolites provide it with a
significant ecological advantage over the comparatively
slow-growing C. militaris. Microscopic evidence of hyphal
coiling, collapse, and lysis observed in this study closely
parallels the parasitic interactions described by Liu et al.
(2023), reinforcing its role as a major competitor in fungal
cultivation systems.

In addition to Trichoderma, other mycoparasitic fungi such
as Lecanicillium species and Calcarisporium cordycipiticola
were detected, both of which are known to deform stromata,
inhibit pigmentation, and significantly reduce fruiting-body
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quality. These findings are consistent with the disease
patterns outlined by Sun et al. (2021). Bacterial contaminants,
predominantly species of Bacillus and Pseudomonas, also
contributed to culture deterioration. Their growth was
strongly associated with excessive substrate moisture and
inadequate aeration—conditions previously identified as
high-risk in mushroom biotechnology by Das et al. (2021).
These bacteria often produced slimy films, altered pH, and
released volatile metabolites that interfered with fungal
respiration and slowed mycelial spread.

Contamination incidence varied notably with substrate type.
Rice-based substrates showed a higher contamination rate
(32%) than PDA medium (26%), supporting the assertion by
Luo et al. (2024) that nutrient-dense grain substrates contain
micro-niches that enable microbial survival even after heat
sterilization. By contrast, PDA’s uniform moisture content
and simpler composition created fewer opportunities for
opportunistic colonization. This highlights the critical need
for optimized substrate formulations and moisture regulation
in large-scale Cordyceps production.

The biological impact of contamination was significant.
Trichoderma-infected cultures exhibited nearly a 50%
reduction in cordycepin concentration, demonstrating strong
metabolic interference. This observation aligns with earlier
findings by Lu et al. (2025), who reported similar suppression
under oxidative stress and nutrient competition.
Environmental fluctuations- particularly humidity above
85% and temperatures exceeding 25°C- were strongly
correlated with rapid contaminant growth. Enhanced
sterilization procedures, improved air filtration, and strict
environmental controls reduced contamination rates but did
not eliminate resistant spores.

Overall, this study demonstrates that contamination in C.
militaris cultivation progresses through predictable stages of
spore introduction, rapid colonization, nutrient competition,
and host degradation. Effective control requires early
detection, molecular diagnostics, optimized substrates, and
integrated contamination-management programs rather than
reliance on post-infection interventions.

4. Future Perspectives

Although this study effectively characterized contamination
dynamics and wvalidated control measures, complete
eradication was not achieved. Future work should evaluate
biological control agents such as antagonistic Bacillus strains
and chitosan-based coatings that inhibit pathogens without
harming Cordyceps metabolism. Genomic and transcriptomic
data from recent research suggest opportunities for
developing resistant C. militaris strains through selection or
gene editing targeting stress-response pathways. Integrating
such innovations with automated environmental monitoring
could establish predictive systems capable of detecting and
preventing contamination before visible symptoms occur.

5. Conclusion
The study demonstrates that microbial contamination

significantly influences the success of C. militaris cultivation,
affecting yield, morphology, and bioactive-compound

synthesis. Fungal pathogens, particularly Trichoderma
harzianum and Calcarisporium cordycipiticola, remain the
most destructive agents, while bacterial species such as
Bacillus and Pseudomonas cause additional physiological
stress. Environmental management and sterilization
improvements substantially mitigate, but do not eliminate,
contamination risks. These results contribute practical
insights for designing contamination-resistant cultivation
systems and underscore the necessity of continuous
monitoring, standardization, and innovation for sustainable
production of this medicinal fungus.
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