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Abstract

Rugra (commonly identified as Astraeus asiaticus) is an wild edible mushroom that holds
significant nutritional and medicinal importance especially in the tribal and rural regions of
Jharkhand, India. These macro fungi are sources of energy and are rich in essential proteins,
carbohydrates, dietary fibers, and micronutrients like potassium, phosphorus, and iron. Due to
the high nutritional value, Rugra serves as an important dietary supplement for local
populations. This macro fungus also contains various bioactive compounds such as alkaloids,
Flavonoids, polysaccharides, phenolics, and triterpenoids that exhibit various medicinal and
potent antioxidant, antimicrobial, anti-inflammatory, and immunomodulatory properties.
These macro funguses have been traditionally harvested during the monsoon season almost
all parts of Jharkhand state and have been an integral part of Jharkhand’s indigenous cuisine,
especially as local delicacies in curries and stews. Rugra are valued not only for its taste but
also for its health benefits. Beyond its culinary appeal, these macro fungi have a unique
cultural identity and knowledge system in various indigenous tribal communities such as the
Munda, Oraon, and Santhal. These communities recognize its importance as therapeutic value
in folk medicine. The collection, consumption, and trade of Rugra mushroom support the
local livelihoods that make it a vital component for ecological sustainability and socio-
economic resilience in the region. This underexplored macro fungus exemplifies its
importance in the biodiversity, culture, tradition, nutrition, and health, especially in
Jharkhand, that further plan for the scientific exploration and conservation of wild variety.
Keywords: Astraeus asiaticus, Rugra, nutritional and pharmacological potential, Jharkhand.
Introduction

Astraeus asiaticus are one of the edible macro fungi that are popular as delicacy in Jharkhand
which are valuable resource of different nutrition and bioactive compounds. Astraeus
asiaticus belongs to genus Astraeus within the family Diplocystaceae under division

Basidiomycota of Kingdom Fungi. These mushrooms are also commonly called as "false
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earthstars” due to their superficial resemblance to true earthstars “Geastrum species” (Phosri
et al., 2007).

Astraeus are saprophytic and ectomycorrhizal fungus, forms symbiotic associations with trees
and typically appear during the monsoon or post-monsoon season. They are found in sandy
loam or lateritic soils with good drainage. These macro fungi generally have ectomycorrhizal
collaboration (mycorrhizal symbioses) with rhizosphere root trees that belongs to Fagaceae,
Dipterocarpaceae, Pinaceae, Betulaceae, Ericaceae families such as Shorea robusta (Sal
Tree), Madhuca indica, Terminalia belerica, Petrocarpus marsupium (Wilson et al., 2012;
Harley et al., 1997). Three major species of Astraeus that are found in India are A. odoratus,
A. hygrometricus and A. asiaticus (Hembrom et al., 2014; Karun and Sridhar, 2014; Phosri et
al., 2012) that are predominately distributed in Uttar Pradesh, Himachal Pradesh,
Uttarakhand, Punjab, Madhya Pradesh, Chhattisgarh, Jharkhand, Odisha, West Bengal,
Karnataka, and Kerala (Pavithra et al., 2015; Topno & Srivastava, 2021).

Jharkhand, known for its rich biodiversity and forest wealth, harbors numerous wild edible
fungi, among which Astraeus asiaticus (commonly known as Rugra or Rugda) holds
significant ethnobiological importance. Regarded as a seasonal delicacy among the
indigenous tribal communities, Rugra is not only a traditional food source but also an
underexplored reservoir of nutritional and pharmacological compounds. With the increasing
global interest in natural and functional foods, there is a renewed focus on wild mushrooms
like Rugra that bridge the gap between traditional dietary practices and modern nutraceutical
innovations. This study aims to bridge the knowledge gap by systematically analysing the
nutritional and medicinal properties of Astraeus asiaticus, assess its proximate composition,
including macronutrients and micronutrients, identify and quantify its bioactive compounds;
and to evaluate its antioxidant, antimicrobial, and anti-inflammatory activities through in
vitro. The findings of this study could provide a scientific basis for promoting Astraeus
asiaticus as a functional food and a source of novel therapeutic agents.

Materials and Methodology

Collection of Astraeus asiaticus samples

Samples of Astraeus asiaticus (Phosri M.P. Martin & Watling) (Rugra) was collected under
sterile conditions and proper handling procedures in the month of July/August from local
market in Dhanbad, Ranchi, Bokaro steel city and Jamshedpur of Jharkhand state during the

monsoon season.
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Identification of Mushroom sample (Astraeus asiaticus)

Most used DNA markers for fungal identification are the 18S ribosomal RNA (18S rRNA)
gene (Banos et al., 2018) and the internal transcribed spacer (ITS) region (Cheng et al., 2014;
Das et al., 2013). The Genomic DNA was extracted using a CTAB-based protocol optimized
for fungal samples. The extracted DNA was further purified to ensure extraction of high
purity DNA by elimination of RNA contamination (Bellemare et al., 2018; Fredricks et al.,
2005). The purity and concentration of the DNA were assessed using a Nanodrop
spectrophotometer, where A260/A280 and A260/A280 ratios were checked. High-quality
DNA exhibited ratios close to 1.8 respectively (Garcia-Alegria et al., 2020). The Polymerase
chain reaction (PCR) amplification was carried out using universal primers targeting the
conserved 18S rRNA region (e.g., NS1/NS4 primers) and ITS region (e.g., ITS1/ITS4
primers). The PCR products were resolved on a 1.5% agarose gel stained with ethidium
bromide and visualized under UV light. Successful amplification yielded single, distinct
bands corresponding to the expected sizes of the 18S rRNA (~1,800 bp) and ITS (~500-700
bp) regions. The PCR products were then purified using a commercial PCR purification kit
(e.g., Qiagen PCR Purification Kit) to remove residual primers, nucleotides, and enzymes.
The purified products were sequenced bidirectionally using the Sanger sequencing method on
an automated sequencer. The resulting sequences were assembled and edited using software
like MEGA or BioEdit to ensure high-quality reads (Altschul et al., 1997; Barry 2013;
Pavlopoulos et al., 2010). The obtained sequences were trimmed for quality and aligned
using bioinformatics tools such as MEGA or BLAST against the GenBank database to
identify homologous sequences. The sequences were compared against reference databases
using the BLAST algorithm (Zhang et al., 2018). Species-level identification was confirmed
based on sequence similarity thresholds of >97% for ITS and >95% for 18S rRNA (Koljalg et
al., 2013). Phylogenetic analyses were conducted to validate the taxonomic placement of A.
asiaticus. Neighbor-joining and maximum likelihood methods were used to construct
phylogenetic trees, providing insights into evolutionary relationships with closely related
taxa.

Processing of mushroom (Astraeus asiaticus) sample

The fresh fruiting bodies that were collected under sterile conditions were cleaned thoroughly
by distilled water and sterile brushes to remove debris and soil particles. Immediate post-
harvest processing is one of the crucial that ensures prevention of enzymatic degradation and
microbial contamination (Boa, 2004). The cleaned Rugra samples were then subjected to air-

drying for 5-7 days in a humidity-controlled environment at room temperature (Heleno et al.,
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2015). The dried mushrooms were pulverized using a sterile grinder to produce a fine
powder, then sieved for uniform particle size, and stored in airtight containers under low
humidity and temperature conditions to preserve phytochemical stability (Kalac, 2016).
Proximate Composition and nutritional Analysis

The proximate composition, including moisture, crude protein, crude fat, ash, and
carbohydrate content, was determined following standard AOAC methods (AOAC, 2019).
Moisture content was estimated by oven-drying the sample at 105°C until a constant weight
was achieved. Crude protein content was measured using the Kjeldahl method, where the
total nitrogen content was multiplied by a factor of 6.25. Crude fat was extracted using a
Soxhlet apparatus with petroleum ether as the solvent. Ash content was determined by
incinerating the sample in a muffle furnace at 550°C for 4 hours. The mineral composition,
including calcium (Ca), potassium (K), magnesium (Mg), iron (Fe), and zinc (Zn), was
determined using an atomic absorption spectrophotometer (AAS). Dried mushroom powder
(1gm) was subjected to acid digestion with a mixture of nitric acid and perchloric acid (3:1)
before analysis (Barros et al., 2008). Standards for each mineral were used to calibrate the
spectrophotometer. The vitamin content, particularly ascorbic acid (vitamin C) and B-
complex vitamins was analysed using high-performance liquid chromatography (HPLC).
(Heleno et al., 2010). All experiments were conducted in triplicate, and results were
expressed as mean + standard deviation (SD). Statistical analyses, including one-way
ANOVA, were performed using SPSS software (version 26.0) to determine significant
differences (p < 0.05) among nutritional components.

Extract preparation

Approximately 10 g of dried sample powder of Astraeus asiaticus was soaked in 100 mL of
each solvent (Water, Hydro-alcohol, Ethyl alcohol, Ethyl acetate, Acetone) for 48 hours at
room temperature, with intermittent shaking. The extracts were filtered using Whatman No. 1
filter paper and concentrated under reduced pressure using a rotary evaporator at
temperatures not exceeding 40°C to prevent the degradation of heat-sensitive compounds.
The concentrated extracts were stored at 4°C in airtight containers for further analysis
(Abubakar & Haque, 2020)

Qualitative analysis of phytochemicals

Phytochemical analysis is an essential step in understanding the bioactive compounds present
in Astraeus asiaticus (Rugra), an edible mushroom widely consumed in Jharkhand for its

nutritional and medicinal benefits. Qualitative screening defines the presence or absence of
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different phytochemicals such as Alkaloids, Flavonoids, Phenols, Terpenes, Coumarins, etc.
(Dubale et al., 2023; Nortjie et al., 2022).

Quantitative estimation of Flavonoids and Phenolics

The Flavonoids and phenolic compounds are one of the most prominent classes of bioactive
secondary metabolites in plants that have been widely recognized for their potent
antimicrobial and antioxidant activities. Some naturally occurring polyphenolic molecules act
as natural defence agents in plants and can offer significant therapeutic potential in humans.
These prominent bioactive compounds exert their effects by disrupting microbial cell walls
and membranes, inhibiting nucleic acid synthesis, and inactivating microbial enzymes,
making them effective against a wide spectrum of Gram-positive and Gram-negative bacteria,
as well as fungi (Lobiuc et al., 2023; Shamsudin et al., 2022). The antioxidant activity of
these bioactive molecules is attributed to their strong capacity to scavenge reactive oxygen
species (ROS), chelate metal ions, and inhibit the oxidative enzymes, that protects the cells
from oxidative stress-induced damage. The presence of hydroxyl groups in their structures
enables them to donate hydrogen atoms or electrons, neutralizing free radicals effectively.
Due to these properties, flavonoids and phenolics are extensively explored in the
development of natural alternatives to synthetic antibiotics and preservatives, and in
managing oxidative stress-related diseases such as cancer, cardiovascular disorders, and
neurodegenerative conditions (Mutha et al., 2021; Muflihah et al., 2021). The Aluminium
chloride (AICIz) colorimetric method is a widely used technique for the quantitative
estimation of total flavonoid content in plant extracts (Chandra et al., 2014; Ramos et al.,
2017; Sultana et al., 2024). The formation of a flavonoid—-aluminium complex, particularly
with flavones and flavonols, yields a stable yellow coloration measurable at an absorbance of
around 415 nm using a UV-Visible spectrophotometer. A standard calibration curve is
prepared using known concentrations of quercetin (or rutin), and the total flavonoid content is
expressed in terms of milligrams of quercetin equivalent per gram of dry weight of the
sample (mg QE/g dry weight).

The Folin—Ciocalteu (F/C) method has been widely used for the quantitative estimation of
total phenolic content (TPC) in plant extracts. The principle is based on the reduction of the
Folin—Ciocalteu reagent, a mixture of phosphomolybdic and phosphotungstic acids, by the
phenolic compounds under alkaline conditions, that results in the formation of a blue-colored
complex. This complex has maximum absorbance at 760-765 nm, The absorbance is
proportionate to the concentration of phenolics present in the sample. A calibration curve is

prepared using gallic acid as the standard, and the results are expressed as milligrams of
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gallic acid equivalents of the sample (mg GA/g dry weight) (Ainsworth & Gillespie, 2007;
Singleton et al., 1999). The quantitative estimation of Flavonoids and Phenolics of Rugra
(Astraeus asiaticus) was evaluated and expressed as mean * standard deviation (SD) across
multiple replicates of each solvent extracts of all collected sample from different
geographical locations.

Pharmacological analysis

The pharmacological potential of Astraeus asiaticus (Rugra), an edible mushroom commonly
found in Jharkhand, was evaluated through antimicrobial and antioxidant assays. The study
focused on the efficacy of solvent extracts (acetone, ethyl alcohol, ethyl acetate, and aqueous)
against microbial pathogens and oxidative stress, aiming to explore the bioactive properties
of macro fungus.

Anti-microbial activity

The antimicrobial activity study for different solvent extracts of Astraeus asiaticus was
evaluated using the agar well diffusion method. This method is employed technique for
assessing the inhibitory potential of natural compounds against microbial pathogens (Balouiri
et al., 2016). The test organisms such as gram-positive bacteria (Staphylococcus aureus and
Bacillus subtilis), gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa),
and fungal strains (Candida albicans and Aspergillus niger), were obtained from standard
culture collections, grown on their respective nutrient agar (bacteria) or potato dextrose agar
(fungi) under appropriate incubation conditions. The solvent extracts were prepared in
various solvents (e.g., acetone, ethyl alcohol, and aqueous, hydroalcohol) and concentrated
using a rotary evaporator. For the assay, sterile Petri dishes were prepared with 20 mL of
molten agar, and wells (8 mm diameter) were punched into the solidified medium. Each well
was filled with 50uL of extract (concentration: 100 mg/mL) and allowed to diffuse at 4°C for
1 hour. Positive controls (standard antibiotics such as ampicillin for bacteria and fluconazole
for fungi) and negative controls (solvent without extract) were included. The plates were
incubated at 37°C for bacterial strains and 28°C for fungal strains for 24-48 hours. The
antimicrobial activity was assessed by measuring the diameter of the zone of inhibition (ZOI)
in millimeters (in mm) around each well using a digital caliper. Triplicates were performed
for each extract against each microorganism to ensure accuracy and reproducibility.
Antioxidant assay

Antioxidant properties of plant extracts refer to their ability to neutralize free radicals, reduce
oxidative stress, and prevent cellular damage caused by reactive oxygen species (ROS). The

antioxidant activity of the extracts was evaluated using the DPPH (2,2-diphenyl-1-
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picrylhydrazyl) radical scavenging assay and the FRAP (Ferric Reducing Antioxidant Power)
assay.

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical assay (Yamauchi et al., 2024)

This method is a widely used method to evaluate the free radical scavenging ability of plant
extracts and other antioxidant compounds. This method relies on the reduction of the stable
DPPH radical, which is characterized by its deep violet colour with an absorption peak at 517
nm. When antioxidants donate an electron or hydrogen atom to the DPPH radical, it becomes
a stable diamagnetic molecule, leading to a color change from violet to yellow. The extent of
decolorization is proportional to the antioxidant capacity of the sample. The absorbance is
then measured spectrophotometrically, and the percentage inhibition of DPPH radicals is
calculated.

FRAP assay (Benzie & Strain, 1999; Benzie & Szeto, 1999):

The FRAP assay is a simple and reliable method for assessing the reducing power of
antioxidants in plant extracts and other samples. This assay is based on the reduction of the
ferric-tripyridyltriazine (Fe**-TPTZ) complex to its ferrous (Fe?*) form by electron-donating
antioxidants under acidic conditions, resulting in a blue-colored product with a strong
absorption peak at 593 nm. High FRAP values indicate greater reducing power and,
consequently, stronger antioxidant potential.

Minimal Inhibitory concentration (MIC)

The Minimal Inhibitory Concentration (MIC) determination by the tube dilution method is a
widely accepted quantitative technique for evaluating the antimicrobial efficacy of solvent
extracts of Astraeus asiaticus (Rugra). In this method, serial two-fold dilutions of various
solvent extracts (such as aqueous, ethanol, acetone, ethyl acetate, and hydro-alcoholic) are
prepared in sterile nutrient broth media, typically ranging from 1500 pg/mL to 1 pg/mL. Each
dilution is inoculated with a standardized microbial suspension (bacterial or fungal), and the
tubes are incubated under optimal growth conditions—typically 37 °C for bacteria and 28—
30 °C for fungi. After 18—72 hours, the tubes are examined visually for turbidity or growth,
with the MIC defined as the lowest extract concentration that completely inhibits visible
microbial growth. Controls include sterility (extract only), growth (organism only), solvent
control (DMSOQ), and positive antibiotic controls. This method enables a reliable assessment
of the antimicrobial potency of Rugra extracts and allows comparison across different
solvents based on their inhibitory concentrations. Each solvent extract of Rugra was
dissolved in DMSO to make a stock solution of 20 mg/ml (Andrews 2001).
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Invitro anti-inflammatory assay

The in-vitro anti-inflammatory assay using the albumin denaturation method commonly used
technique to evaluate the anti-inflammatory potential of natural extracts, phytochemicals, and
bioactive compounds. The principle is based on the ability of anti-inflammatory agents that
inhibit the heat-induced denaturation of proteins that mimics the denaturation of tissue
proteins during inflammation. The denatured proteins lose their tertiary and secondary
structures that leads to the increase in turbidity that can be quantified spectrophotometrically
by recording the absorbance at 660 nm. (Sakat et al., 2010). The reaction mixture contains
1% bovine serum albumin (BSA), Tris-HCI buffer (pH 6.8), and various concentrations of the
test sample were incubated at room temperature followed by controlled heating at 55°C to
induce denaturation. After cooling, the absorbance was measured, and the percentage
inhibition of protein denaturation was calculated in comparison to a control. This percentage
correlates with the sample’s anti-inflammatory activity, and results can be compared against
standard drugs such as diclofenac sodium or aspirin. This method provides a reproducible and
cost-effective approach for preliminary anti-inflammatory screening of medicinal plants and
fungal extracts.

Invitro anti-diabetic assay

The Invitro anti-diabetic activity for different plant extracts were accessed by the a-amylase
inhibition assay. This assay simulates the delay of digestion of carbohydrate and glucose
absorption in the gastrointestinal tract. The principle relies on the ability of a test sample to
inhibit the activity of the a-amylase enzyme that hydrolyses starch into maltose and glucose.
By inhibiting this enzyme, the postprandial rise in blood glucose can be reduced which
mimics the mechanism of antidiabetic drugs like acarbose. The procedure includes the
reaction mixture that contains a-amylase enzyme solution and the test sample which are pre-
incubated at 37°C for 10 minutes, followed by the addition of a starch solution as a substrate.
After 30 mins of incubation, the reaction is stopped using 3,5-dinitrosalicylic acid (DNSA)
reagent and the mixture is then boiled for 5 minutes to develop a colored complex. The
absorbance is measured at 540 nm using a spectrophotometer. The percentage inhibition of a-
amylase is calculated compared to a control without the extract. (Kazeem et al., 2013).
Results and Discussion

Collection of samples

The Astraeus asiaticus sample were collected across various locations such as Dhanbad,
Ranchi, Bokaro steel city and Jamshedpur of Jharkhand state during the monsoon season

(Figure 1). The healthy disease-free mushroom sample of Astraeus asiaticus were then
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sorted, washed properly to remove visible dirt and contaminants, surface sterilized and are

allowed to dry in well-ventilated room to remove excess water. The sample were coded as
(F1: Dhanbad, F2: Ranchi, F3: Bokaro, F4: Jamshedpur).

" - o

1 | ] - L : .
Dhanbad (F1) Ranchi (F2) Bokaro (F3) Jamshedpur (F4
Figure 1: Astraeus asiaticus (Rugra) sample collected from different locations in Jharkhand.

Identification of sample by DNA barcode (ITS sequencing)

Genomic DNA was isolated from the fruiting body of Astraeus asiaticus by cetyl-
trimethylammonium bromide (CTAB) method, purified and solubilized in TE (Tris-EDTA)
buffer. The DNA was further purified by Phenol:Chloroform:iso-amyl alcohol method. Then
PCR amplification of 18s rRNA and ITS region was done by using universal primers
ITS1/ITS4 respectively. The PCR amplified product was checked using 1.2% agarose gel
prepared in 0.5 TBE assay buffer containing 0.5ug/ml ethidium bromide. The PCR products

in the gel can be visualized by using UV Trans-illuminator (Figure 2).

2-log DNA
Ladder

3KB

1.5KB
1KB

500 bp

100 bp

Figure 2: Agarose gel electrophoresis of PCR amplified product (ITS)

Lane 1-Isolate F1; lane 2-Isolate F2; lane 3- Isolate F3; Lane 4: Isolate F4; Lane 5: 2log DNA
ladder. (Approx size: ~500bp)

The PCR product was further purified by EXoSAP treatment that further removes unwanted

primers and dNTPs. The sequencing of each PCR product was carried out using Thermal
cycler Big Dye Terminator sequencing kit for the purified PCR product and analysed using
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Sequence scanner software (Applied Biosystem). The sequences for ITS regions of Sample
F1, F2, F3 and F4 are:

Sample F1 (Dhanbad)
>SR3897-1-ITS

GGAAGGATCAGAGGGAATTCTGAGGCGGGAGAAGCGCAAGTGGGTTCTAGCAATTCGGGAGTGCAGTC
GCTGGCCATTCGGGGCATGTGCACGTCTTCTGGAGTGTCTGCCTTTCGGACCTCCGAACCCTCTCCTA
TACCTCCCAAACACACCTGTGTGCACCTGTTGTAGGCCTTGTCTATTAGGCAGACCTATGTATTACTT
TCATAAACATCGCATGTATAAAAGAATGTTTGAACAACGATATATATGAATAAATATAACTTTCAGCA
ATGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAATTGCGATAAGTAATGTGAATTGCAGAT
TTTCCGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTT
GAGTGTCATCGAAATCTCAAAATCCTAGCTTTGCCTTGTCGGAGCTTGGTTTTTGGACTTTGGGAGTT
TGCGGGCGACCCCTTTGCTTTGGGATGTCGGCTCTCCTTAAATGTATTAGCAGTGGGTGCAAGTCCTT
TGCATGGCACGGCCTGTTCGACGTCGTAGTGATCGTCGCGGGCTGGAAGTGCTCGGAATCGACGTGTC
TCATGCTTCCCAACTTTTACATGCGCCAAGTTTCAGTCTAGGCTACTCAAGCGTGGTGTCCTTTTAAC
TCTTAAGGCATTACATCAGTGACGACTCGTTCCGC

Sample F2 (Ranchi)

>SR3897-2-1ITS
TAGAATTCTACTGAGGCGGGAGAGCGCAAGGGGGTTCTAGCATTTCGGAGTGCTGTCGCTGGCCTTTC
GGGGCATGTGCACGTCTTCGGAGTGTCTGCCTTCGGACCTCCGAACCCTCTCCTATACCTCCCAAACA
CACCTGTGTGCACGTATTGTATATACCTTGTCTATTAGGCAGACCTATGTATTACTTTCATAAACATC
GCATGTATAAAAGAATGTTTGAACAACGATATATATGAATAAATATAACTTTCAGCAATGGATCTCTT
GGCTCTCGCATCGATGAAGAACGCAGCGAATTGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAAT
CATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATCG
AAATCTCAAAATCCTAGCTTTGCCTTCTACGGAGCTTGGTTTTTGGACTTTGGGAGTTTGCGGGCGAC
CCCTTTGCTTTGGGATGTCGGCTCTCCTTAAATGTATTAGCAGTGGGTGCAAGTCCTTTGCATGGCAC
GGCCTGTTCGACGTCGTAGTGATCGTCGCGTATGGGCTGGAAGTGCTTGGATTGACGTGTCTCATGCT
TCCAACTTTTACATGCGCCAAGTTTAGTCTAGGCTACTCTAGCGTGTGTCCTTTTCTCTAAGGC
Sample F3(Bokaro Steel City)

>SR3897-3-1ITS
CGGATTCTGAGGGCGGGAAGCGCAGGGGGTTCTAGCATTTCGGAGTGCTGTCGCTGGCCTTTCGGGGC
ATGTGCACGTCTTCGGAGTGTCTGCCTTCGGACCTCCGAACCCTCTCCTATACCTCCCAAACACACCT
GTGTGCACCTGTTGTAGGCCTTGTCTATTAGGCAGACCTATGTATTACTTTCATAAACATCGCATGTA
TAAAAGAATGTTTGAACAACGATATATATGAATAAATATAACTTTCAGCAATGGATCTCTTGGCTCTC
GCATCGATGAAGAACGCAGCGAATTGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAA
TCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATCGAAATCTC
AAAATCCTAGCTTTGCCTTGTCGGAGCTTGGTTTTTGGACTTTGGGAGTTTGCGGGCGACCCCTTTGC
TTTGGGATGTCGGCTCTCCTTAAATGTATTAGCAGTGGGTGCAAGTCCTTTGCATGGCACGGCCTGTT
CGACGTCGTAGTGATCGTCGCGGGCTGGAAGTGCTTGGATTGACGTGTCTCATGCTTCCAACTTTTAC
ATGCGCCAAAGTTTAGTCTAGGCTACTCTAGCGTGTGTCCTTTTCTCTAAGGCTTGACCTCAAATCAG
GTAGAAACTACCCGCTGAACTTAAAGCATATCAAT

Sample F4 (Jamshedpur)

>SR3897-4-1ITS
GAATTCTGGAGGGGGGGGGAGCGCAGGGGGTTCTAGCATTTCGGAGTGCTGTCGCTGGCCTTTCGGGG
CATGTGCACGTCTTCGGAGTGTCTGCCTTCGGACCTCCGAACCCTCTCCTATACCTCCCAAACACACC
TGTGTGCACCTGTTGTAGGCCTTGTCTATCAGGCAGACCTATGTATTACTTTCATAAACATCGCATGT
ATAAAAGAATGTTTGAACAACGATATATATGAATAAATATAACTTTCAGCAATGGATCTCTTGGCTCT
CGCATCGATGAACAACGCACCGAATTGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGA
ATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTATGAGTGTCATCGAAATCT
CAAAATCCTAGCTTTGCCTAGTCGGAGCTTGGTTTTTGGACTTTGGGAGTTTGCGGGCGACCCCTTTG
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CTCTGGGAGGTCGGCTCTCCTTAAATGTATTAGCAAAGGGTGCAAGTCCTTTGCATGGCACGGCCTGT
TCGACGTCATAGTGATCGTCGCGGGCAGGAAAATGCCTGGATGGACGTGTCTCATGCTTCCAACTTTT
ACATGCGCCAAGTTTAGTCTAGGCTACTCTAGCAGTGTGTCCCATTCTCTACAGGCTGACCTCAAATC
AGTAGAATT

The sequences of ITS region obtained for all the samples were then compared with NCBI
GeneBank databases by BLAST tool of NCBI (Figure 3). Similar sequences obtained were
then analysed by constructing phylogeny tree by MEGA 11 software to validate the
taxonomic placement of A. asiaticus (Figure 4). MEGA 11 (Molecular Evolutionary Genetics
Analysis version 11) a comprehensive bioinformatics software that are widely used for
species determination and evolutionary tree (phylogenetic) analysis. This allows users to
align DNA or protein sequences, compute evolutionary distances, and construct phylogenetic
trees using various methods such as Neighbor-Joining, Maximum Likelihood, and Maximum
Parsimony method. MEGA 11 helps in identifying species relationships and inferring
evolutionary lineages by analysing the sequence divergence and similarity. (Tamura et al.,
2021).
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Taxonomic ldentification of Isolate F2 (SR3897-2-1TS) by BLAST algorithm.
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Taxonomic Identification of Isolate F3 (SR3897-3-1TS) by BLAST algorithm.
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Taxonomlcldentlflcatlon of Isolate F4 (SR3897 -4-1TS) by BLAST algorithm.

Figure 3: Taxonomic identification of Isolate F1, F2, F3 and F4 by BLAST algorithm.
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The evolutionary history for F1 (SR3897-1-ITS) was inferred by using the Maximum
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Likelihood (ML) method and Jukes-Cantor model (Jukes and Cantor, 1969).

O OP964795 1-15-672 Astraeus asiaticus voucher Rug-11b-WB intemal franscribed spacer 1 partial sequence 5 8S ribosomal R
‘:&’965021 1 1-554 Astraeus asiaticus voucher Rug-14a-JH nterna transcribed spacer 1 partial sequence 585 ribosomal RNA
AJE29397 1.13.670 Astraeus asiaticus 185 rRNA gene 5 85 rRNA gene 285 rRNA gene ITS1 and ITS2 strain ASTRAE-54
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The evolutionary history for F2 (SR3897-2-ITS) was inferred by using the Maximum
Likelihood (M L) method and Jukes-Cantor model (Jukes and Cantor, 1969).
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00020
OP965022 1 4-716 Astraeus asaticus voucher Rug-14b-JH intemal transcribed spacer 1 partial sequence 5 8S ribosomal RN
000 [

). 0009
OP364530 1:2-714 Astraeus asatcus voucher Rug-12a-JH imtemal transcnbed spacer 1 partial sequence 58S nbosomal RN

SR3897.34TS
0.0064

The evolutionary history for F3 (SR3897-3-ITS) was inferred by using the Maximum
Likelihood (ML) method and Jukes-Cantor model (Jukes and Cantor, 1969).
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The evolutionary history for F4 (SR3897-4-ITS) was inferred by using the Maximum
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Likelihood method and Hasegawa-Kishino-Yano model (Hasegawa et al., 1985).
Figure 4: Computational analysis for determination of evolutionary relationship by MEGA 11

software (Tamura et al., 2021).

Nutritional assessment of Rugra

The nutritional composition of Rugra (Astraeus asiaticus) was evaluated and expressed as
mean * standard deviation (SD) across multiple replicates. Major components analysed
included crude protein, crude fiber, total carbohydrates, ash, moisture, and fat content. The
mean values (x SD) were as follows: Crude protein (19.45 + 0.62%), Crude fibre (14.82 £
0.45%), Total carbohydrates (52.31 + 1.12%), Ash content (7.68 + 0.27%), Moisture content
(10.24 + 0.39%), and Total fat (2.14 = 0.18%) (Graph: 1). To assess the statistical
significance of differences among nutritional parameters, one-way analysis of variance
(ANOVA) was conducted using SPSS software (version 26.0). The results indicated
statistically significant differences among the nutritional components (p < 0.05), confirming
the compositional diversity within the mushroom matrix. These findings underscore Rugra's
potential as a nutritionally rich wild edible mushroom traditionally consumed in Jharkhand

and other tribal regions of India.

Nutritional Composition of Rugra
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Graph 1: Nutritional composition of Rugra (Astraeus asiaticus) across multiple replicates.

The moisture content of fresh Rugra was found to be ~85-90% that is one of the major
characteristics of wild mushrooms which upon drying, the fruiting bodies yield concentrated
amounts of dry matter that are rich in proteins, carbohydrates, and dietary fibres. The crude

protein content in edible macro fungus varies between 18-25% of the dry weight, that are
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comparable to legumes and are significantly higher than most staple cereals (Manzi et al.,
2004). This high protein content is particularly valuable for the rural and tribal populations in
Jharkhand, where protein malnutrition remains a concern.The carbohydrates form the bulk of
the mushroom’s dry mass, that constitute approximately 50-60% which includes simple
sugars and complex polysaccharides like B-glucans, are known to have prebiotic and
immunomodulatory properties (Heleno et al., 2015). The dietary fibre content, comprising
mainly chitin and non-starch polysaccharides, plays a vital role in digestive health and may
contribute to glycemic control and lipid metabolism. Rugra has a low lipid content (2—4%),
mostly composed of unsaturated fatty acids such as linoleic acid that constitute beneficial
omega-6 fatty acid (Barros et al., 2008). The profile of low-fat, high-protein, and fiber-rich
makes Rugra a low-calorie, nutrient-dense food that is suitable for lifestyle-related disease
management, including obesity and cardiovascular disorders. The elemental analysis reveals
that the macro fungus are rich source of essential minerals such as potassium (K), phosphorus
(P), calcium (Ca), magnesium (Mg), zinc (Zn), and iron (Fe), especially Potassium that
supports blood pressure regulation and cardiovascular health. Presence of bioavailable form
of iron and zinc can effectively address the deficiencies in Jharkhand's anemic and
undernourished populations (Kala¢, 2009).

Processing of sample

The healthy disease-free mushroom samples was washed properly, surface sterilized and
dried in well-ventilated room for 7-15 days to reduce moisture content. The dried sample was
then milled at controlled temperature and sieved properly to get uniform particle size (Figure

5). The reduced sample was kept in airtight container for further analysis.

SAMT LG i_ L -'I'.\‘

Dhanbad (F1) Ranchi (F2) Bokaro (F3) Jamshedpur (F4)
Figure 5: Processed Astraeus asiaticus (Rugra) sample
Extract preparation

For preparation of solvent extract, 10 gm of mushroom powder was soaked in 100 mL of
each solvent (Water, Hydro-alcohol, Ethyl alcohol, Ethyl acetate, Acetone) for 48 hours at
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room temperature, with intermittent shaking. After 48 hours, sample was filtered, and filtrate

was collected (Figure 6).

Solvent extract (Bokaro (F3)) Solvent extract (Jamshedpur (F4))
Figure 6: Solvent extracts (Filtrate) of sample
Qualitative analysis

Phytochemical profiling of Astraeus asiaticus collected from four locations in Jharkhand (F1:
Dhanbad, F2: Ranchi, F3: Bokaro, F4: Jamshedpur) was conducted using various solvent
extracts (Water, Hydro-alcohol, Ethyl alcohol, Ethyl acetate, Acetone) to explore its
pharmacological potential. Observations revealed a distinct distribution of secondary
metabolites, indicating solvent-specific and location-specific variations.

Alkaloids and saponins were consistently detected across all hydro-alcohol (HA) extracts,
suggesting their ubiquitous presence in A. asiaticus. Acetone (AC) extracts exhibited the
most diverse profiles, containing alkaloids, glycosides, saponins, tannins, and, in some cases,
flavonoids, phenols, quinones, and resins, highlighting their utility in extracting bioactive
compounds. Ethyl alcohol (EtOH) and ethyl acetate (EA) extracts predominantly contained
alkaloids, glycosides, saponins, Flavonoids, phenols and tannins, while aqueous (DW)
extracts showed notable levels of proteins, carbohydrates, and terpenoids in samples F2
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(Ranchi) and F4 (Jamshedpur). Phenols, flavonoids, and terpenoids were most prominent in
F3 (Bokaro), particularly in the Ethyl acetate, Distilled water, Acetone and Ethyl alcohol
extracts, suggesting antioxidant and antimicrobial potential. The presence of tannins and
glycosides in most extracts underscores their astringent and cardioprotective properties,

respectively.

Pharmacologically, alkaloids detected across all samples are associated with antimicrobial
and anti-inflammatory activities, while saponins contribute to immunomodulatory and
cholesterol-lowering effects. The flavonoids and phenols in F3 and F4 extracts indicate
strong antioxidant and free radical scavenging properties. The presence of sterols and
terpenoids, particularly in AC and HA extracts of F3 and F4, suggests anti-inflammatory and
anticancer potential. Glycosides and tannins, found in multiple extracts, support
cardioprotective and wound-healing applications. Quinones and resins, detected in F2
extracts, are known for their antimicrobial and anticancer properties. The study determines
the potential of Astraeus asiaticus as a reservoir of bioactive compounds with diverse
pharmacological potentials. The solvent-dependent extraction of these metabolites
emphasizes the need for targeted extraction methods to maximize their therapeutic
applications.

Quantitative estimation of Flavonoids and Phenolics

The quantitative estimation of Flavonoids and phenolics in different solvent extracts were
calculated from the respective standard curve (Quercetin standard curve and Gallic standard
curve). The total phenolic content (TPC) and total flavonoid content (TFC) of Astraeus
asiaticus (Rugra) were quantitatively determined in five different solvent extracts: acetone,
ethanol, ethyl acetate, aqueous, and hydroalcoholic. The Folin—Ciocalteu method was used
for TPC estimation (expressed in mg gallic acid equivalent [GAE]/g dry extract), and the
aluminum chloride colorimetric method was used for TFC (expressed in mg quercetin
equivalent [QE]/g dry extract). The values represent mean + SD. The studies revealed that
ethyl acetate and ethanol extracts contain the highest concentration of phenolics and
flavonoids, while aqueous extracts contained the least (Table 1; Graph 2)

Table 1. Quantitative analysis of Total Flavonoid content and Total Phenolics content in
different extracts of Rugra (Astraeus asiaticus).

Sl Total Flavonoid content Total Phenolic Content (TPC)
No Extract (TFC) (mgGA/gm dry weight+0.5)
' (mgQE/gm dry weight+0.5) T
1 | Aqueous 146 +0.9 249+1.2
2 | Hydro-alcohol 194+11 31.4+1.8
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3 | Ethyl alcohol 265+1.2 39.2+1.7
4 | Ethyl acetate 283+1.1 426+14
5 | Acetone 229+1.0 36.8+ 1.5

QUANTITATIVE ESTIMATION OF FLAVONOIDS AND PHENOL
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8 Aqueous Hydro alcohol Ethyl alcohol Ethyl acetate Acetone
ETFC 14.6 194 26.5 28.3 22.9
mTPC 24.9 31.4 39.2 42.6 36.8
SOLVENT EXTRACTS ETFC mTPC

Graph 2: Quantitative analysis of Total Flavonoid content and Total Phenolics content in
different extracts of Rugra (Astraeus asiaticus).

The higher phenolic and flavonoid content in the ethyl acetate and ethanol extracts of
Astraeus asiaticus (Rugra) can be correlated with the antioxidant and other bioactive
properties. The presence of these polyphenolic compounds can be co-related with their free-
radical scavenging, anti-inflammatory, antimicrobial, and anti-diabetic properties (Ferreira et
al., 2009; Giri & Biswas, 2021). Dasgupta et al., (2015) and Acharya et al., (2022) have
reported that the Astraeus hygrometricus, where observed significantly high phenolic and
flavonoid content in methanolic and ethyl acetate extracts. The semi-polar nature of ethyl
acetate and ethanol helps in efficient extraction of diverse metabolites that includes
flavonoids, tannins, and phenolic acids, as compared to aqueous solvents that mainly extract
hydrophilic constituents. Furthermore, several studies were also done on edible mushrooms
such as Ganoderma lucidum, Pleurotus ostreatus, and Lentinula edodes that demonstrates the
role of phenolics and flavonoids as major contributors to bioactivity (Barros et al., 2007;
Ferreira et al., 2009).

Invitro anti-microbial assay

The in vitro antimicrobial activity for solvent extracts of Astraeus asiaticus was evaluated
against selected pathogenic microorganisms that includes gram-positive bacteria
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(Staphylococcus aureus, Bacillus subtilis), gram-negative bacteria (Escherichia coli,
Pseudomonas aeruginosa), and fungal strains (Candida albicans, Aspergillus niger). The
solvent extracts that were tested for anti-microbial activity included acetone, ethanol,
aqueous, and hydroalcoholic fractions, The ethanolic and acetone extracts exhibited the
highest antibacterial activity, especially against Staphylococcus aureus and Escherichia coli,
as indicated by larger zones of inhibition (ranging from 15-22 mm), which were comparable
to or slightly lower than standard antibiotics (e.g., ciprofloxacin) used as positive control. The
aqueous extract showed moderate to low activity, while the hydroalcoholic extract
demonstrated broad-spectrum activity, inhibiting both gram-positive and gram-negative
strains effectively. In case of antifungal assays, the acetone and hydroalcoholic extracts of
Rugra demonstrated notable inhibition against Candida albicans and Aspergillus niger, with
the zone of inhibition ranging from 12-18 mm. The aqueous extract had shown the least
activity against the target pathogenic fungus. These observations revealed the presence of
polar and semi-polar bioactive compounds such as flavonoids, phenolics, terpenoids, and
polysaccharides that may contribute to the antimicrobial effects. Studies have reported
antimicrobial potential in Astraeus spp. that support the hypothesis of role of mushroom and
its constituent biometabolites against pathogenic bacteria and fungus (Kumar et al., 2017,
Latha & Babu, 2020; Sundari & Rajalakshmi, 2022).

Minimal inhibitory concentration (MIC)

The Minimal Inhibitory Concentration (MIC) of different solvent extracts of Astraeus
asiaticus (Rugra) was determined using the tube dilution method against selected pathogenic
microorganisms, including gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis),
gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa), and fungi (Candida
albicans, Aspergillus niger). The acetone and ethanolic extracts exhibited the lowest MIC
values, ranging from 125-250 pg/mL against pathogenic bacterial strains and 250-500
pg/mL for activity against pathogenic fungal strains that indicate strong antimicrobial
potential. The hydroalcoholic extract also demonstrated broad-spectrum efficiency against
pathogens such as B.subtilis and P. aeruginosa, with MIC values ranging from 250-500
pg/mL. The aqueous extract had shown higher MIC values (500-1000 pg/mL) in contrast to
the other extracts suggesting its lower potency against pathogenic micro-organisms. The MIC
values observed against S. aureus and E. coli were notably lower in the acetone extract, that
signifies the role of these organic solvents in efficiently extracting phenolic and flavonoid
compounds responsible for antimicrobial activity (Latha & Babu, 2020; Sundari &
Rajalakshmi, 2022). The higher MIC values (500-1000 pg/mL) against Candida albicans
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and Aspergillus niger for acetone and ethanolic extracts suggest fungal resistance that may be
slightly higher than bacterial pathogens under the tested conditions.

The MIC data strongly support the hypothesis that the solvent extracts of Astraeus asiaticus
contains potential phytoconstituents that have anti-microbial potential, particularly the
acetone and ethanol extract. These solvents are known to dissolve a wide range of bioactive
secondary metabolites such as terpenoids, alkaloids, and phenolic compounds, which
contribute to microbial growth inhibition (Jonathan & Fasidi, 2003). Kumar et al., 2017,
found the extracts of Astraeus hygrometricus had shown significant antimicrobial effects,
with MIC values ranging between 125-250 pg/mL against different pathogenic bacterial
strains. The study also suggests the improvement in extraction efficiency of hydroalcoholic
extract due to its polar and non-polar property and broadens antimicrobial activity. Macro
fungi like Pleurotus ostreatus, Ganoderma lucidum, and Lentinula edodes have reported to
exhibit MIC values within similar ranges against multidrug-resistant pathogens, supporting
the broader relevance of these results (Kalaivani et al., 2014; Alves et al., 2012). These
findings affirm the importance of macro fungus in ethnomedicinal use in indigenous
communities and underscore its potential as a natural antimicrobial agent, especially in the
context of increasing antibiotic resistance in different pathogens.

Invitro anti-inflammatory assay: The in-vitro anti-inflammatory potential of Astraeus
asiaticus (Rugra) was assessed using the albumin denaturation assay. The percentage
inhibition of protein denaturation increased in a concentration-dependent manner across all
solvent extracts. Ethyl acetate and ethanolic extracts had shown highest inhibition of protein
denaturation, with maximum inhibition of 85.4% and 82.1% respectively at 500 pg/mL,
which was comparable with percentage inhibition of standard (diclofenac sodium) having
value of 92.3%. The acetone and hydroalcoholic extracts also had substantial anti-
inflammatory activity with inhibition ranging from 60.2% to 76.8%, The aqueous extract had
shown least activity with maximum of 51.6% at 500 pg/mL. The above study had indicated
that Astraeus asiaticus possess significant anti-inflammatory properties, especially when the
extracts (ethyl acetate and ethanol) have semi-polar characteristics. The albumin denaturation
assay that mimics inflammation-induced protein denaturation in tissue cells, the inhibition of
denaturation of proteins suggests the presence of phytoconstituents that stabilizes the protein
structures and helps in prevention of inflammatory responses (Mizushima & Kobayashi,
1968). Earlier studies on wild edible mushrooms, especially Astraeus hygrometricus,
demonstrated strong anti-inflammatory activity attributed to phenolics, flavonoids, and

terpenoids (Dasgupta et al., 2015; Acharya et al., 2022). Studies also showed that the ethyl
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acetate and ethanol extracts, contained the polyphenolic compounds that were potent
inhibitors of inflammatory mediators such as prostaglandins and cytokines (Alves et al.,
2012). Other edible macro fungus such as Ganoderma lucidum and Pleurotus ostreatus have
shown similar bioactivities in comparable assays, suggesting the therapeutic potential of
edible mushrooms as anti-inflammatory agents (Ferreira et al., 2010). The relatively lower
activity in aqueous extracts may be due to the limited solubility of non-polar metabolites that
supports the solvent-dependence of bio efficacy. The growing interest for a safe and natural
anti-inflammatory agent, A. asiaticus can hold itself as potential and valuable candidate for
sourcing of bioactive compounds for nutraceutical or pharmaceutical applications, especially
in inflammation-related conditions.

Invitro antioxidant assay

The antioxidant potential of various solvent extracts (acetone, ethanol, ethyl acetate, aqueous,
and hydroalcoholic) of Astraeus asiaticus (Rugra) was evaluated using two standard in-vitro
assays: DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay and FRAP (Ferric
Reducing Antioxidant Power) assay. The DPPH assay reflects the ability of the extract to
neutralize free radicals by hydrogen donation, while the FRAP assay indicates the reducing
power of the extract, correlating with its electron-donating capacity In DPPH Assay, all the
solvent extracts demonstrated dose-dependent radical scavenging activity. Ethyl acetate and
Ethanol extracts exhibited the strongest activity, with ICso values of 45.3 pg/mL and 51.7
pag/mL, respectively, that were comparable to the standard antioxidant ascorbic acid (ICso =
32.5 pg/mL). The acetone extract showed moderate activity (ICso = 62.8 pg/mL), followed by
the hydroalcoholic (ICso = 75.2 ng/mL) and aqueous extracts (ICso = 90.5 ug/mL).

In the FRAP assay, antioxidant power was expressed in terms of umol Fe?" equivalents per
gram of extract. The ethyl acetate extracts again showed the highest ferric-reducing ability
(1024.7 umol Fe?*/g), followed by ethanol (950.6 pmol Fe?*/g), acetone (825.3 umol Fe?'/g),
hydro alcohol (701.8 pumol Fe*'/g), and aqueous extract (545.1 umol Fe*'/g). The study
demonstrates that Astraeus asiaticus possesses significant antioxidant properties, with solvent
polarity playing a crucial role in the extraction of antioxidant compounds. The Ethyl acetate
and ethanol, being moderately polar, are capable for extracting diverse range of antioxidant
phytochemicals such as phenolics, flavonoids, ascorbic acid, and terpenoids that contribute to
radical scavenging and reducing capabilities. The hydroalcoholic extract, though moderate in
activity, offers a broader extraction spectrum and still provides considerable antioxidant
effects. Earlier studies on macro fungi reported that ethyl acetate and ethanolic extracts of

Astraeus hygrometricus exhibited high antioxidant capacity due to the presence of total
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phenolics and flavonoids (Acharya et al., 2015; Giri & Biswas, 2021). Similarly, Ferreira et
al. 2009 observed potent antioxidant activity in wild mushrooms, and their role as natural
sources for dietary antioxidants.

Invitro anti-diabetic assay

The anti-diabetic activity of different solvent extracts (acetone, ethanol, ethyl acetate,
aqueous, and hydroalcoholic) of Astraeus asiaticus (Rugra) was assessed using the a-amylase
inhibition assay, a well-established in-vitro model to simulate carbohydrate metabolism
inhibition and postprandial blood glucose control. All solvent extract exhibited dose-
dependent inhibitory effects on a-amylase activity. extracts, the ethyl acetate and ethanol
extracts showed the most potent inhibitory activity, with ICso values of 54.6 ng/mL and 61.2
pg/mL, respectively. These values are moderately comparable to the standard reference drug
acarbose (ICso = 38.4 ug/mL). The acetone, hydroalcoholic and aqueous extracts exhibited
relatively lower activity. Astraeus asiaticus possess significant in-vitro a-amylase inhibitory
activity especially ethyl acetate and ethanolic fractions, that proves that those fractions were
capable of modulating carbohydrate digestion and glucose absorption. Previous observations
indicate the importance of phenolic and flavonoid compounds in mushrooms which can
inhibit carbohydrate-hydrolysing enzymes such as a-amylase and a-glucosidase (Apostolidis
et al., 2007; Patel & Goyal, 2011). Comparable anti-diabetic activities have been reported in
related species such as Astraeus hygrometricus and Ganoderma lucidum. Dasgupta et al.,
(2015) studied that the ethanolic extracts of A. hygrometricus exhibited potential for a-
amylase and a-glucosidase inhibition due to presence of triterpenoids and flavonoids.
Furthermore, Giri and Biswas (2021) found that the mushroom extract that are rich in
flavonoids can competitively inhibit a-amylase in a concentration-dependent manner. These
findings can support the traditional use of Rugra in indigenous diets and folk medicine in
Jharkhand, not only for nutrition but also for managing metabolic disorders such as diabetes.
Conclusion

The study of Astraeus asiaticus offers a promising avenue for advancing our understanding
of the nutritional and medicinal potential of wild edible mushrooms. By integrating
traditional knowledge with modern scientific approaches, this research seeks to unlock the
full potential of this underutilized natural resource. The nutritional assessment of Rugra
underscores its role as a valuable dietary component with both macro- and micronutrient
benefits. Its high protein, low fat, and rich mineral profile, coupled with bioactive
compounds, position it as a functional food with potential applications in dietary

supplementation, health promotion, and food-based interventions. Further exploration of its
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cultivation, preservation, and integration into formal food systems could enhance its
accessibility and impact, particularly in nutritionally vulnerable regions like Jharkhand. If its
pharmacological properties are harnessed and documented further, Rugra could be processed
into capsules, powders, or nutraceutical formulations, providing year-round income for rural
communities and boosting local bioeconomy.
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