L 0

\¢'  ASEAN )
Journal of Scientific and Technological Reports Research article
Online ISSN:2773-8752

Metabolite Profiling and Morphological Screening of
C. militaris Fruiting Bodies Extracts using UHPLC-QTOF-IMS
and GC-MS Analysis

Shivani Thakur!, Mona Piplani?*, Pradeep Goyal3 and Pankaj Bhateja*

1 Maharaja Agrasen University, School of Pharmacy, Baddi, Solan, H. P. India
2 Maharaja Agrasen University, School of Pharmacy, Baddi, Solan, H. P. India
3 Saraswati College of Pharmacy Gharuan, Mohali, Punjab. India

# Maharaja Agrasen University, School of Pharmacy, Baddi, Solan, H. P. India
« Correspondence: tshivani97@rediffmail. com; (M. Piplani)

Abstract: The medicinal mushroom C. militaris has several health advantages
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Thakur, S.; Piplani, M.; Goyal, traditional medicine systems. It can be used as a functional food and in
P; Bhateja, P. Metabolite nutraceutical products. This study investigated the morphological
profiling and morphological characteristics of C. militaris during the large-scale cultivation and metabolic
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by GC-MS analysis. The cordycepin content in the ethanol and aqueous extracts
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1. Introduction

The medicinal mushroom C. militaris is an entomopathogenic fungus
and has been a part of traditional medicine systems in Asian countries for many
years. This crucial medicinal fungus offers the body several vital health
advantages [1]. This fungus produces various bioactive compounds as
secondary metabolites known for their potential health benefits, including
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immunomodulatory, hepatoprotective, anti-inflammatory, anti-diabetic, antimicrobial effects [2] and
anticancer effects [3]. Recently, there has been a global increase in the interest of individuals towards
traditional and alternative medicine systems [4]. C. militaris contains many bioactive components, including
cordycepin, polysaccharide, and ergosterol, and is widely used in various medical applications [5]. Due to its
many bioactive components, this mushroom has potential health benefits, making it a suitable functional food
ingredient. Cordycepin is a nucleoside derivative found in C. militaris and is one of the main bioactive
metabolites found in this mushroom. This is a low molecular weight compound with several medicinal effects
[5, 6]. Cordycepin is also known to suppress the growth of cancer cells by targeting cancer stem cells, inducing
cell cycle arrest and upregulation apoptosis of cancer cells [4]. The studies revealed that C. militaris might be a
promising mushroom for the neuroprotection of the hippocampus and recovery of neuroinflammation [7].
Several studies demonstrate that the bioactive compound cordycepin helps improve antioxidant enzyme
levels and has anti-neuroinflammatory effects. Due to the significant anti-neuroinflammatory effect of
cordycepin, this compound could help develop promising novel treatment strategies against neurological
disorders like Alzheimer disease [8]. C. militaris harbors several beneficial biometabolites that can be used to
develop herbal medicines [9]. These compounds have several beneficial biological activities [10]. UHPLC-
QToF-IMS analysis is a rapid, reliable, and reproducible method developed and validated for simultaneously
determining various nucleosides, including cordycepin [11]. The metabolite profiling using various techniques
such as NMR, GC-MS and LC-MS analysis may be very useful for the identification of bio components [12].
In the present study, the morphological characteristics of C. militaris cultivated on rice medium were studied
along with the evaluation of the metabolites detected in the ethanol and aqueous fruiting body extracts.

2. Materials and Methods

2.1 Characterization of the C. militaris

C. militaris (KBRC-1163) was cultured in rice medium from KBRC Laboratory, Bilaspur (H.P.). Large-
scale cultivation was carried out using brown rice cultivation medium in glass containers. In addition to
cultural and morphological studies, C. militaris was investigated to learn more about how this fungus
produced mycelia and fruiting bodies as it grows.

2.2 Preparation of extracts

The aqueous and ethanolic extracts of fruiting bodies were prepared per the methodology described
elsewhere [13] with certain modifications. The fruiting bodies of C. militaris were cleaned and shade-dried,
grounded using a mechanical grinder into a coarse powder. Coarse powder (50 g) was filled in two different
soxhlet apparatuses containing 150 ml of solvents, water, and ethanol. The extraction was performed for 8 hrs
at 80 ° C for ethanol and 100 °© C for water [13].

2.3 Evaluation of cordycepin content by UHPLC-QToF-IMS

A precise and reliable estimation of bioactive components such as cordycepin content in the C. militaris
extracts was carried out using UHPLC-QToF-IMS analysis as per the methodology [12]. At IHBT, Palampur,
Himachal Pradesh, samples were analyzed to assess cordycepin content. Hydrophilic interaction
chromatography was used to achieve LC separations using an Eclipse plus C18 RRHD column (2.1 x 50 mm).
Elution was monitored at 280 nm using a PDA detector at 30 °C. Mass spectrometry was performed on a high-
resolution 6560 ion mobility Q-TOF LC/MS equipped with an Agilent 1290 Infinity II UHPLC system. The
mass spectrometer was scanned from 100 to 1700 m/z in full scan mode with a scan rate of 1.50 spectra/s. The
121.050873 m/z ion was chosen for mass calibration to eliminate systematic errors in the reference solution.
Internal standard (NMAE = N6-methyladenosine) concentrations were used to normalize metabolite
concentrations. Unknown metabolites other than the target were identified from the collected data and
matched against the METLIN database [14].

2.4 GC-MS study
Plant material was dissolved in ethanol to prepare the extract for GC-MS analysis, which was carried
out according to standard technique [12-14]. Filtration and potential concentration were then carried out. The



ASEAN ]. Sci. Tech. Report. 2024, 27(6), e254493. 30f15

extract is separated by raising the gas chromatograph temperature after introducing a little aliquot. The mass-
to-charge ratios of the chemicals are then measured when they are ionized in the mass spectrometer. The
resultant mass spectra are compared to standard libraries like NIST for identification. This technique
successfully identified the extract's volatile constituents.

3. Results and Discussion

Research has shown that the well-known traditional Chinese medicine C. militaris possesses
anticancer, immunostimulatory, and neuroprotective properties [15]. The application of herbal biotechnology
in drug development, employing the medicinal fungus C. militaris, is steadily increasing. Technological
developments have expanded the potential use of this fungus in goods made with herbs [16]. Highly
pleomorphic morphologies are displayed by the medicinal mushroom Cordyceps militaris when cultivated in
different culture conditions. As seen in Fig. 1(a) and (b), when Cordyceps was cultivated on nutrient-rich
Sabouraud dextrose agar (SDA) for three days, the culture turned turbid as spiny blastospores emerged from
the tips of the branching mycelia. Fungal cultures grew flaky mycelia, colored yellow-orange, and generated
round to ovoid conidia when cultivated on rice medium for up to three weeks before stroma development
(Fig. 1b and Fig. 2a). In rice medium, stromal development happens up to 4 weeks following growth (Fig. 2b).
After 5-6 weeks, C. militaris complete fruit body formation happens on rice medium with perithecia (Fig. 3a
and b). Using light and scanning electron microscopy, the morphological traits of C. militaris were studied
based on the production of conidial from ascospores that germinated from vegetative hyphae. It has been
noted that the physical characteristics of C. militaris sexual stage can be used to differentiate it from other
species [17]. Numerous bioactive substances are the cause of these possible health advantages. One of the
primary ingredients in this mushroom that supports the biological activity and the therapeutic effect is
cordycepin. This could be the reason for the potential use of C. militaris mushrooms as functional foods and
medicinal use [17]. Recent studies have also demonstrated that this mushroom has tremendous health benefits,
including COVID-19 [15, 18]. In the present study, the cultivation of C. militaris mycelium using artificial media
has lately been developed in this mushroom. Numerous investigations have shown that C. militaris is the
species that produces the most cordycepin and can be grown in artificial environments. This is the primary
cause of the mushroom's widespread usage in functional meals and herbal remedies [19].

The cordycepin content of the C. militaris fruiting body extracts was another objective of our study.
The cordycepin content in the ethanolic and aqueous extracts of the fruiting bodies was evaluated using UPLC-
QTOF-MS DAD chromatography, and maximum cordycepin content was found in the ethanolic extract
(16.92mg/g) while minimum in aqueous extract (10.88mg/g) (Fig 4 a and b, Table 1). The UPLC-QTOF-MS
DAD chromatograms of cordycepin standard and aqueous and ethanolic extracts of fruiting bodies of C.
militaris samples are represented in Fig 4. The cordycepin content evaluated using UHPLC-QToF-IMS analysis
was a fast, reliable, and reproducible method, which was developed and validated for simultaneous
determination of various nucleosides such as adenine, adenosine, cordycepin, and guanosine, inosine,
thymidine, thymine and uracil in medicinal fungi [12] and evaluated the bioactive components of the C.
militaris after extraction into digestive juices in the artificial gastrointestinal tract model. The research aided in
determining how bioavailable, bioactive ingredients are to the human body. The highest amount of cordycepin
was found in fruiting bodies grown on-site (25.8 mg/100 g d.w.) and those purchased commercially (25.9
mg/100 g d.w.). The research aided in determining how bioavailable, bioactive ingredients are to the human
body. These researchers showed that C. militaris fruiting bodies and mycelium were suitable for dietary
supplements and positively impacted human health [20].

Table 1 Cordycepin content found in extracts of C. militaris fruiting bodies.

Sr. No. C. militaris extract Cordycepin content (mg/g)

1. Aqueous extract (AE) 10.88
2. Ethanolic extract (EE) 16.92
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In a similar study [21], the cordycepin content of C. militaris was determined using reversed-phase
HPLC. These workers demonstrated that the HPLC method is fast, simple, accurate, and reproducible for
determining cordycepin content. In another study, [22] an improved HPLC method detected the major
bioactive ingredients of mycelial and fruiting bodies of C. sinensis and C. militaris. These workers observed
that cordycepin content was higher in C. sinensis than in C. militaris, whereas adenosine content was higher in
C. militaris [23]. Nonetheless, this investigation assessed C. militaris fruiting body extracts. Also, it used
reversed-phase HPLC to quantitatively assess the C. miliatris extracts and discovered that the fungal
mycelium's 60% ethanol extract and 100% ethanolic extract had the highest cordycepin levels. According to
their research, this is a valuable analytical technique for determining the best extraction conditions [24].
Several other methods such as Near-infrared (NIRS) spectroscopy in combination with partial least squares
regression were also employed to determine cordycepin level in fruiting bodies of C. militaris [25]. Another
study used the HPLC-based method combined with hierarchical cluster analysis and quantitative analysis of
multi-components by single marker (QAMS) to evaluate bioactive components in the fermented Cordyceps
products. There was no significant difference in the results; therefore, they were found valid for systematic
quality control assessment [25]. The development of novel C. militaris strains with increased cordycepin
content through genetic recombination or increasing cordycepin content by application of growth
supplements during submerged cultivation may help to exploit the pharmaceutical and nutraceutical potential
of this mushroom [26]. The sample was sent to Jawaharlal Nehru University, New Delhi for analysis. The
chemical composition of the ethanolic extract of C. militaris was studied by gas chromatography- mass
spectroscopy (GC/MS). Eighteen phytoconstituents were identified in the sample representing 27.48% of
Octadecatriene, 9,12-Octadecadienoic acid (18.60%), Linoleic acid (18.60%), and isopropyl linolenate (17.59%)
were the major constituents as shown in Table 2. The identification of various compounds was confirmed by
comparing their mass spectra to those in the NIST libraries.

Table 2. IUPAC names, common names, RT, Area%, and chemical structures of compounds identified in
ethanolic extracts of C. militaris fruiting bodies by GC-MS analysis.

IUPAC Names Common Names RT Area% Chemical Structures
3,4- Catechol, mandelic acid 12.330 1.24 OH
Dihydroxymandelic @[
acid-tetratms OH
n-Hexadecanoic acid Palmitic Acid 16136 1504 1

OH
Ethyl pentadecanocate  Pentadecanoic acid 16341 1276 \/\/W

OH
1,E-11,Z-13- Octadecatriene 17.768 2748 A~
Octadecatriene
9,12-Octadecadienoic 9,12-Octadecadienoic acid 17.899 18.60 M/W\/\jl

OH
acid (Z,72)-
I-9-Octadecenoic acid ~ 9-Octadecenoic acid, ethyl 17.950  2.62 \/OW
ethyl ester ester is a fatty acid ester.
9,12-Octadecadienoic Linoleic acid 18.317 18.60 N\/W\/\)‘i
OH

acid (Z,Z)-, Trimethyls
9(11)- Dehydroergosterol tosylate ~ 25.009
Dehydroergosterol

tosylate
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Table 2. IUPAC names, common names, RT, Area%, and chemical structures of compounds identified in
ethanolic extracts of C. militaris fruiting bodies by GC-MS analysis. (Contiune)

IUPAC Names Common Names RT Area% Chemical Structures

Ergosterol Ergosterol 28.709  11.60
Silane, 1,4- 11375  1.14
(phenyloxiranylidene)bis[t Bis[(trimethylsilylymethyl
rimethy |benzene
Neophytadiene 3-methylidenehexadec-1-  15.775  4.61

ene
1-Octadecyne Octadecyne 16.222  1.34
n-Hexadecanoic acid Palmitic acid 17.142  12.49
Ethyl 9-hexadecenoate Palmitelaidic acid 18.959 242
2,5-Diiodo-9- 9-Oxabicyclo 26.022 151 I
oxabicyclo[4.2.1]nonane

I

. . . o
i-Propyl 9,12,15- isopropyl linolenate 27415  17.59 o — Y
octadecatrienoate
Ergosta-4,7,22-trien-3.beta.-ol ~ Ergosta-4,6,22-triene- 29.706  12.81

3beta-ol
TMS Palmitic acid Hexadecnoic acid 16.791 236

trimethylsilyl ester

GC-MS and Spectra analysis of the C. militaris fruiting bodies ethanolic extracts indicated the existence
of various biocomponents (Fig. 5 a and b). By comparing their mass spectra to those in the NIST libraries,
given in Table 2, the 18 compounds were identified and characterized. Table 3 lists the various biocomponents
and their biological activities [27]. A total of eighteen compounds, for instance, 3,4- dihydroxymandelic acid-
tetratms, n-hexadecanoic acid,ethyl pentadecanoate, 1,E-11,Z-13-octadecatriene, 9,12-octadecadienoic acid
(Z,Z)-, 1-9-octadecenoic acid ethyl ester, 9,12-octadecadienoic acid (Z,Z)-, trimethyls, 9(11)-Dehydroergosterol
tosylate, ergosterol, Silane, (phenyloxiranylidene)bis[trimethy, Neophytadiene, 1-Octadecyne, n-Hexadecanoic acid,
ethyl 9-hexadecenoate, 2,5-Diiodo-9-oxabicyclo[4.2.1]nonane, i-Propyl 9,12,15-octadecatrienoate, Ergosta-
4,7,22-trien-3.beta.-ol, and TMS Palmitic acid were detected. Oh and co-workers 2019, evaluated the
metabolites of C. militaris fruiting bodies by gas chromatography-mass spectrometry (GC-MS) analysis
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method based on their developmental phases. In this study, 39 components were identified associated with
carbohydrates and amino acid metabolism. It has been observed that the bioactive compounds such as
cordycepin, mannitol, and xylitol accumulated in stage four of the cultivation of this mushroom. However,
our study evaluated the ethanolic extracts of dried fruiting bodies and identified eighteen compounds along
with cordycepin level. In a similar study, NMR and GC-MS with multivariate statistical analysis were applied
to detect biometabolites in Cordyceps pruinosa mycelia. This study identified seventy-one metabolites, such as
alcohols, amino acids, purines, pyrimidines, fatty acids, and organic acids. These bio-components may vary at
different growth conditions [28]. Studies are still required to predict the optimum amount of these compounds
in the mushroom and affect different supplementation substrates on the concentration of these compounds
during the cultivation. In a similar study conducted by [8], the metabolic profiling of ethanol extracts of C.
militaris fruiting bodies was done using 'H-NMR analysis. A total of 44 metabolites were identified. It has
been observed that in the aging period of development of C. militaris fruiting bodies, higher levels of
biometabolites were present. In another study, a simultaneous distillation-extraction (SDE) and gas
chromatography-mass spectrometry (GC-MS) method was developed for the profiling of volatile components
in the products prepared from C. sinensis. In this work, 64, 39, 56, 52, and 44 components were identified in
the five different products. 5,6-dihydro-6-pentyl-2H-pyran-2-one, and fatty acids were mostly present [29]. In
our study, noradrenalin, fatty acids, and sterols were the most dominating compounds among the identified
bio metabolites in C. militaris fruiting bodies of ethanolic extract.

The medicinal mushroom C. militaris is a rich source of beneficial biometabolites for developing
various herbal drug formulations. Due to the potential health benefits associated with this mushroom, it has
gained significant importance in biotechnological and clinical applications [10]. Cordyceps species are also of
great interest because of the broad spectrum of biological effects associated with its bio metabolites, such as
cordycepin [30]. Many studies have demonstrated the therapeutic potential of this compound, and therefore,
advancements in the development of techniques to produce products with higher cordycepin content have
been observed [11]. Detecting metabolites in various products using NMR, GC-MS, and LC-MS analysis is
beneficial for investigating bioactive components and their potential application in drug discovery and food
products [11]. The metabolic components and biochemical activity indicate the potential application of C.
militaris in the pharmaceutical and food industry [31].
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Figure 1. C. militaris (a) yellowish-orange mycelial mat produced two weeks post-inoculation on rice medium
(b) stromata formation from the yellowish-orange mycelial mat produced on rice medium.

(@) (b)

Figure 2. C. militaris (a) premature fruiting body with perithecia on rice medium (b) mature fruit bodies.
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Figure 3. Dried fruiting bodies of C. militaris
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Figure 4. UPLC-QTOF-MS DAD chromatograms of cordycepin (a) standard, (b) C. militaris aqueous extract,
and (c) Cordyceps militaris ethanolic extract.
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Figure 5. GC-MS chromatogram of ethanol extract of C. militaris fruiting bodies.

4. Conclusions

C. militaris have many therapeutic benefits and are commonly used in traditional medicinal systems.
Due to various active phytoconstituents, C. militaris can be used to produce pharmaceutical and functional
food products. The morphological traits change depending on the stage of cultivation. Cordycepin, a main
bioactive component found in this mushroom, evaluated using the extracts from fruiting bodies, revealed that
the higher cordycepin content was in the ethanolic extract in comparison to the aqueous extract, by UHPLC-
QTOEF-IMS analysis. Also, the ethanol extract showed the presence of eighteen compounds, and fatty acids
and sterols were the most predominant among these compounds by GC-MS analysis. The characterization of
C. militaris will help exploit this mushroom to develop herbal-based formulations and nutraceuticals.
Detecting metabolites using UHPLC-QTOF-IMS and GC-MS analysis is beneficial for detecting bioactive
components. These studies may help assess the potential application of these fungi in drug discovery and the
food industry.

5. Acknowledgements

Prof. RK. Gupta, Vice Chancellor, Maharaja Agrasen University, Atal Shiksha Kunj, Kalu jhanda,
Baddi, Solan, H.P., 174103, India is duly acknowledged for providing the necessary facilities. Amit Kumar, lab
assistant at Kehloor Biosciences and Research Centre, Ghumarwin, Bilaspur, H.P., is duly acknowledged for
providing the mushroom sample.

Author Contributions: S. T. contributed to the study design, was the major contributor to the present study,
performed experiments, analyzed the data, and prepared the manuscript. M. P. was the major contributor to
the present study, analyzing the data and preparing the manuscript. P. G. was the major contributor to the
present study, performing experiments, analyzing the data, preparing the manuscript, and checking the
manuscript for plagiarism. P. B. helped in the analysis of the data and also reviewed the manuscript.

Funding; This research has not received any specific grant from public, commercial, or not-for-profit funding agencies.

Conflicts of Interest: The authors declare no conflict of interest.

References

[1]  Raethong, N.; Wang, H.; Nielsen, ].; Vongsangnak, W. Optimizing cultivation of Cordyceps militaris
for fast growth and cordycepin overproduction using rational design of synthetic media. Computational
and structural biotechnology journal. 2020, 18, 1-8.



ASEAN ]. Sci. Tech. Report. 2024, 27(6), e254493. 13 of 15

[20]

[21]

Lo, H.-C.; Wasser, S. P. Medicinal mushrooms for glycemic control in diabetes mellitus: history, current
status, future perspectives, and unsolved problems. International journal of medicinal mushrooms. 2011, 13(5).
Smith, J. E; Rowan, N. J; Sullivan, R. Medicinal mushrooms: a rapidly developing area of
biotechnology for cancer therapy and other bioactivities. Biotechnology letters. 2002, 24, 1839-1845.

Jin, Y.; Meng, X.; Qiu, Z,; Su, Y.; Yu, P.; Qu, P. Anti-tumor and anti-metastatic roles of cordycepin, one
bioactive compound of Cordyceps militaris. Saudi journal of biological sciences. 2018, 25(5), 991-995.
Won, S.-Y.; Park, E.-H. Anti-inflammatory and related pharmacological activities of cultured mycelia
and fruiting bodies of Cordyceps militaris. Journal of ethnopharmacology. 2005, 96(3), 555-561.

Phull, A.-R.; Ahmed, M., Park, H.-J. Cordyceps militaris as a bio functional food source:
pharmacological potential, anti-inflammatory actions and related molecular mechanisms.
Microorganisms. 2022, 10(2), 405.

Glamodlija, J.; Ciri¢, A.; Nikoli¢, M.; Fernandes, A.; Barros, L.; Calhelha, R. C.; Ferreira, I. C. F. R.;
Sokovi¢, M.; Van Griensven, L. J. L. D. Chemical characterization and biological activity of Chaga
(Inonotus obliquus), a medicinal “mushroom”. Journal of ethnopharmacology. 2015, 162, 323-332.

Kim, Y. O.; Kim, H. J.; Abu-Taweel, G. M.; Oh, J.; Sung, G.-H. Neuroprotective and therapeutic effect
of Cordyceps militaris on ischemia-induced neuronal death and cognitive impairments. Saudi journal of
biological sciences. 2019, 26(7), 1352-1357.

Govindula, A.; Pai, A.; Baghel, S.; Mudgal, J. Molecular mechanisms of cordycepin emphasizing its
potential against neuroinflammation: An update. European journal of pharmacology. 2021, 908, 174364.
Cui, J. D. Biotechnological production and applications of Cordyceps militaris, a valued traditional
Chinese medicine. Critical reviews in biotechnology. 2015, 35(4), 475-484.

Kim, S. B.; Ahn, B.; Kim, M.; Ji, H.-J.; Shin, S.-K;; Hong, I. P.; Kim, C.Y.; Hwang, B. Y.; Lee, M. K.
Effect of Cordyceps militaris extract and active constituents on metabolic parameters of obesity induced
by high-fat diet in C58BL/6] mice. Journal of ethnopharmacology. 2014, 151(1), 478-484.

Joshi, R; Sharma, A.; Thakur, K; Kumar, D.; Nadda, G. Metabolite analysis and nucleoside
determination using reproducible UHPLC-Q-ToF-IMS in Ophiocordyceps sinensis. Journal of Liquid
Chromatography & Related Technologies. 2018, 41(15-16), 927-936.

Nagarajan, A. J.; Irusappan, S.; Amarnath, G.; Bk, S. A;; Babu, J. V.; Harishankar, M. K,; Devi, A.
Expeditious synthesis of silver nanoparticles by a novel strain Sporosarcina pasteurii SRMNP1 and
patrocladogram analysis for exploration of its closely related species. Int. J. Sci. Res. 2014, 3(2), 63-65.
Wang, H.-J.; Pan, M.-C.; Chang, C.-K.; Chang, S.-W.; Hsieh, C.-W. Optimization of ultrasonic-assisted
extraction of cordycepin from Cordyceps militaris using orthogonal experimental design. Molecules.
2014, 19(12), 20808-20820.

Das, S. K;; Masuda, M.; Sakurai, A.; Sakakibara, M. Medicinal uses of the mushroom Cordyceps
militaris: current state and prospects. Fitoterapia. 2010, 81(8), 961-968.

Shrestha, B.; Han, S.-K.; Yoon, K.-S.; Sung, ]J.-M. Morphological characteristics of conidiogenesis in
Cordyceps militaris. Mycobiology. 2005, 33(2), 69-76.

Jedrejko, K. J.; Lazur, J.; Muszynska, B. Cordyceps militaris: An overview of its chemical constituents
in relation to biological activity. Foods. 2021, 10(11), 2634.

Kang, N.; Lee, H.-H.; Park, L; Seo, Y.-S. Development of high cordycepin-producing Cordyceps
militaris strains. Mycobiology. 2017, 45(1), 31-38.

Jedrejko, K.; Kata, K.; Sulkowska-Ziaja, K.; Krakowska, A.; Zieba, P.; Marzec, K.; Szewczyk, A.;
Sekara, A., Pytko-Polo nczyk, J.; Muszy nska, B. Cordyceps militaris —Fruiting Bodies, Mycelium, and
Supplements: Valuable Component of Daily Diet. Antioxidants 2022, 11, 1861. s Note: MDPI stays
neutral with regard to jurisdictional claims in published ...: 2022.

Wang, X.; Liu, F.; Li, F,; Cai, H.; Sun, W.; Chen, X;; Gao, H.; Shen, W. Determination of cordycepin
content of Cordyceps militaris recombinant rice by high performance liquid chromatography. Tropical
Journal of Pharmaceutical Research. 2016, 15(10), 2235-2239.

Huang, L.; Li, Q; Chen, Y; Wang, X.; Zhou, X. Determination and analysis of cordycepin and
adenosine in the products of Cordyceps spp. Afr | Microbiol Res. 2009, 3(12), 957-961.



ASEAN ]. Sci. Tech. Report. 2024, 27(6), e254493. 14 of 15

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]
(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Chen, Y.-M.; Sung, H.-C.; Kuo, Y.-H.; Hsu, Y.-J.; Huang, C.-C,; Liang, H.-L. The Effects of Ergosta-7,
9 (11), 22-trien-33-ol from Antrodia camphorata on the Biochemical Profile and Exercise Performance
of Mice. Molecules. 2019, 24(7), 1225.

Choi, J.; Paje, L. A.; Kwon, B.; Noh, J.; Lee, S. Quantitative analysis of cordycepin in Cordyceps militaris
under different extraction methods. Journal of Applied Biological Chemistry. 2021, 64 (2), 153-158.
Singpoonga, N.; Rittiron, R.; Seang-On, B.; Chaiprasart, P.; Bantadjan, Y. Determination of adenosine
and cordycepin concentrations in Cordyceps militaris fruiting bodies using near-infrared spectroscopy.
ACS omega. 2020, 5(42), 27235-27244.

Chen, L.-h.; Wu, Y.; Guan, Y.-m.; Jin, C.; Zhu, W.-f;; Yang, M. Analysis of the high-performance liquid
chromatography fingerprints and quantitative analysis of multicomponents by single marker of
products of fermented Cordyceps sinensis. Journal of Analytical Methods in Chemistry. 2018, 2018.
Kaushik, V.; Singh, A; Arya, A,; Sindhu, S. C; Sindhu, A.; Singh, A. Enhanced production of
cordycepin in Ophiocordyceps sinensis using growth supplements under submerged conditions.
Biotechnology Reports. 2020, 28, e00557.

Vats, S.; Gupta, T. Evaluation of bioactive compounds and antioxidant potential of hydroethanolic
extract of Moringa oleifera Lam. from Rajasthan, India. Physiology and molecular biology of plants. 2017,
23,239-248.

Oh, T.-J; Hyun, S.-H.; Lee, S.-G.; Chun, Y.-].; Sung, G.-H.; Choi, H.-K. NMR and GC-MS based
metabolic profiling and free-radical scavenging activities of Cordyceps pruinosa mycelia cultivated
under different media and light conditions. PLoS One. 2014, 9(3), e90823.

Zhang, H.; Li, Y.,; Mi, J.; Zhang, M.; Wang, Y.; Jiang, Z.; Hu, P. GC-MS profiling of volatile components
in different fermentation products of Cordyceps sinensis mycelia. Molecules. 2017, 22(10), 1800.

Lee, Y. S;; Kang, M. H,; Cho, S. Y,; Jeong, C. S. Effects of constituents of Amomum xanthioides on
gastritis in rats and on growth of gastric cancer cells. Archives of pharmacal research. 2007, 30, 436-443.
Ley, J. P; Engelhart, K;; Bernhardt, J.; Bertram, H.-]. 3, 4-Dihydroxymandelic acid, a noradrenalin
metabolite with powerful antioxidative potential. Journal of agricultural and food chemistry. 2002, 50(21),
5897-5902.

Aparna, V.; Dileep, K. V.;; Mandal, P. K.; Karthe, P.; Sadasivan, C.; Haridas, M. Anti-inflammatory
property of n-hexadecanoic acid: structural evidence and kinetic assessment. Chemical biology & drug
design. 2012, 80(3), 434-439.

Lloyd, C.; Wong, M. W.K.; Sin, L. J.; Manickavasagam, P. P.; Gunasekaran, S.; Yue, S. R.; Goh, F. M.
E.; Manoharan, R. T.; Kong, H. Y.; Ang, J. Z. Y. Antimicrobial potential of Chlorella sorokiniana on
MRSA-An in vitro study and an in silico analysis on ClpP protease. Journal of King Saud University-
Science. 2023, 35 (5), 102668.

Aguoru, C. U.; Bashayi, C. G.; Ogbonna, 1. O. Phytochemical profile of stem bark extracts of Khaya
senegalensis by Gas Chromatography-Mass Spectrometry (GC-MS) analysis. 2017, 9(3), 35-43.
https://doi.org/10.5897/]PP2016.0416.

Manilal, A.; Sujith, S.; Kiran, G. S.; Selvin, ]J.; Shakir, C. Cytotoxic potentials of red alga, Laurencia
brandenii collected from the Indian coast. Global | Pharmacol. 2009, 3(2), 90-94.

Pu, Z.-H.; Zhang, Y.-q.; Yin, Z.-q.; Jiao, X. U.; Jia, R.-y.; Yang, L. U.; Fan, Y. Antibacterial activity of 9-
octadecanoic acid-hexadecanoic acid-tetrahydrofuran-3, 4-diyl ester from neem oil. Agricultural Sciences
in China. 2010, 9(8), 1236-1240.

Ubaid, J. M.; Kadhim, M. J.; Hameed, 1. H. Study of bioactive methanolic extract of Camponotus fellah
using Gas chromatography—mass spectrum. International Journal of Toxicological and Pharmacological
Research. 2016, 8(6), 434-439.

Bard, M.; Lees, N.D.; Turi, T.; Craft, D.; Cofrin, L.; Barbuch, R.; Koegel, C.; Loper, J. C. Sterol synthesis
and viability ofergll (cytochrome P450 lanosterol demethylase) mutations inSaccharomyces cerevisiae
andCandida albicans. Lipids. 1993, 28(11), 963-967.

Lalitharani, S.; Mohan, V. R;; Regini, G. S. GC-MS analysis of ethanolic extract of Zanthoxylum rhetsa
(roxb.) dc spines. | Herbal Med Toxicol. 2010, 4(1), 191-192.


https://doi.org/10.5897/JPP2016.0416

ASEAN ]. Sci. Tech. Report. 2024, 27(6), e254493. 15 of 15

[40] Mishra, P. M,; Sree, A. Antibacterial activity and GCMS analysis of the extract of leaves of Finlaysonia
obovata (a mangrove plant). 2007.

[41] Carta, G.; Murruy, E.; Banni, S.; Manca, C. Palmitic acid: physiological role, metabolism and nutritional
implications. Frontiers in physiology. 2017, 8, 306122.



