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Abstract
The growing interest in the key and less explored organic compounds from the diverse mycobiota 
has been the domain of scientific interest due to their varied properties and potential applications 
in diverse sectors. The heterogeneity of fungal isolates from different geo-climatic habitats obtrudes 
every organism as unique and a potential source, awaiting exploration for novel biomolecules. In the 
current study, we isolated and characterized Aspergillus flavus from the soil of pine tree vegetation. 
The isolated was further explored for its metabolites using Gas chromatography-mass spectrometry 
(GC-MS) and Liquid chromatography-mass spectrometry (LC-MS). The dried extract was analyzed to be 
rich consortia of the diverse organic metabolites, Indole-3-acetic acid, Tryptophan, flavonoids (TFC), 
and others, that may confer catalogs of therapeutic activities including antioxidants, antimicrobials, 
and anti-cancerous properties. Further Ultra-performance liquid chromatography (UPLC) analysis 
showed 0.41 mg/mL of Indole-3-acetic acid (IAA) and 1.2 mg/mL of Tryptophan in the dried extract. 
The dried broth also showed antioxidant activity in the range of 70%-80% ascorbic acid equivalent, 
obtruding the isolate as a potential source of contribution to plant growth therapeutic and commercially 
important metabolites.
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INTRODUCTION

	 The growing demand for safe natural 
alternatives to conventional chemical and 
synthetic drugs, which are often associated with 
potentially hazardous side effects and global 
concern due to increasing pathogen resistance, 
has provided a paradigm shift toward the 
exploration of novel natural compounds from 
diverse microbial sources.1 Some recent studies 
have reported catalogs of such metabolites being 
explored in fungi from diverse habitats.2-5 The 
studies on the therapeutic potential of fungal-
derived pigments have also been explored.6 The 
studies in the last few decades have been focused 
on the fungal endophytes from plants, followed 
by the characterization of their metabolites, and 
an exploration of the associated therapeutic 
properties.2,4,7 Plant endophytes are attracting 
scientific interest as the source of novel natural 
products due to their association with plants. 
A crucial study from Murali et al.8 have suggested 
that fungal endophytes account for 7% of the 
total fungal diversity. The non-disruptive changes 
conferred by endophytes within the host tissues 
impact plant physiology through the production 
of various metabolites. These metabolites may 
modulate plant growth, and metabolic pathways, 
and regulate genetic expression. This modulates 
plant growth during biotic and abiotic stress.9 The 
review from Riberio et al.,7 explored the chemical 
diversity in the natural products such as secondary 
metabolites of Brazilian endophytic fungi, in terms 
of the natures and types of phenolic, terpenes, 
and nitrogen-containing compounds produced by 
Agrawal and Bhatt10 reviewed the bioprospecting 
of diverse metabolites from endophytes in terms 
of plant-derived metabolites.10 Such studies 
also signify the importance of the habitat in the 
metabolite profiling of fungal isolates due to 
adaptive changes and acclimatization. Further 
studies by Awad et al.11 also characterized 
Trichoderma viridae, isolated from cucumber 
soil (rhizosphere) for antimicrobial, antioxidant, 
and anticancer activities. Fungi are renowned 
for bolstering the growth and yield of host plants 
through the production of bioactive compounds, 
which foster interactions between plants and 
endophytes.11 various biotic and abiotic factors 
regulate plant growth and the association of 

plants and soil microbes that have ranged from 
parasitic to symbiotic is well known. Microbial 
support in plant growth through the biosynthesis 
of phytohormones further fosters the pivotal roles 
of microbes in agriculture. The current study aimed 
at genetic identification, metabolite profiling, 
and antioxidant potential from the soil-isolated 
Aspergillus flavus. fungal was isolated from the 
agricultural field of pine trees (Pinus roxburghii) 
rhizosphere at Waknaghat, Himachal Pradesh, 
India. The isolated was unique due to diversities in 
the types of metabolites and bioactivities observed 
in the fermentation broth, which differentiates 
it from other recent studies.12 The isolated fungi 
were explored to produce IAA and tryptophan. The 
unique nature of the metabolites observed in the 
current study may be an outcome of the adaptive 
changes and acclimatization of the isolate to the 
dynamic habitat.

MATERIALS AND METHODS

Isolation and characterization of fungal strain
	 In this investigation, the fungal strain was 
isolated from the Soil of Pine Tree Vegetation Site 
in District Solan, Himachal Pradesh, India. The 
isolation of fungal strain was performed by serial 
dilution of soil suspension in autoclaved distilled 
water, followed by spreading the liquid on Yeast 
Extract Peptone Dextrose (YEPD) growth agar 
media (HiMedia Pvt. Ltd., India).

Morphological identification
	 The isolated fungal was cultured on a 
YEPD growth agar  media (HiMedia, Germany) 
plate at 30 °C for 5 days. The isolated fungus was 
morphologically identified with the help of Indian 
Type Culture Collection (ITCC), Pusa Road, New 
Delhi. 

Genomic DNA extraction 
	 The genomic DNA extraction from 
the fungal isolate was performed using the 
assay method of Heintz and Gong13 with 
moderation. Briefly, the isolated fungal biomass 
was obtained after overnight growth in YEPD 
media (HiMedia, Germany) at 30 °C in an orbital 
shaker. The biomass was resuspended in a  
2 mL Sorbitol buffer supplemented with 20 µl 
Lyticase (2.5 mg/mL) (Sigma Aldrich) and this 
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mixture was incubated overnight at 37 °C. Post 
incubation, the solution (volume 1 mL) at 10000 
rpm was centrifuged at a temperature of 4 °C for 
60 seconds followed by resuspension of the pellet 
in 0.5 mL yeast suspension buffer. The solution 
was further supplemented with 50 µl Sodium 
Lauryl  Sulfate (SLS) solution (10% w/v) and it was 
incubated at a temperature of 80 °C for 1 hour. 
The debris from the pellet was further removed by 
adding 0.2 mL of Potassium acetate (5M) and the 
tube was incubated on ice for 1 hour. To remove 
the debris, at 10000 rpm the tube was centrifuged 
at 4 °C for 1 minute. The collected supernatant 
was blended with isopropanol with equilibrium of 
supernatant and incubated for 5 minutes at 37 °C, 
and then at 10000 rpm centrifuged for 1 min. The 
pellet collected was dried at room temperature 
to dry isopropanol. The pellet was resuspended 
in 300 µl of autoclaved distilled water with 10 µl 
of RNase (10 mg/mL), followed by incubation or 
room temperature for 30 minutes. Furthermore, 
30 µl Sodium Acetate (3M) was added. The DNA 
was again precipitated using 0.2 mL Isopropanol, 
and centrifugation at 10000 rpm for 60 seconds. 
The extracted DNA was analysed by the 8% 
agarose gel electrophoresis and the buffer was 
Tris-borate-EDTA. 

PCR amplification and Sequence analysis
	 The fungal identification was carried 
out by the PCR amplification and sequencing of 
the Inter Transcribing Space (ITS) gene sequence, 
as reported previously by Patil et al.2 With 
modifications. The primer sequences for the 
forward (ITS1) and reverse (ITS4) were the same 
as reported previously by Riaz et al.14 The synthetic 
primers were provided by Barcode Bioscience, 
India (Table 1). The PCR reaction mixtures were 
prepared in a total volume of 50 µl with 5 µl 2 mM 
dNTPs, 5 µl of 10x Buffer, 2.5 µl of Taq Polymerase, 
2.5 µl of 20 pmol of both primers with 1 µl gDNA 

were mixed with deionized water. The following 
conditions were set for polymerase chain reaction 
amplification of the ITS sequence condition as 
initial denaturation was set at a temperature of 
94 °C for 2 minutes, The cycle number was 30 
at a temperature of 94 °C and the time was 30 
seconds, 40 °C for 30 seconds, at temperature 
72 °C for 60 seconds, and the period of last 
extension step was at 5 minutes with temperature 
72 °C. The polymerase chain reaction amplified 
obtained product was analyzed for sequencing at 
Central Instrument Facility, South Delhi campus, 
New Delhi, India. The Seq Studio 8 Flex Genetic 
Analyser was used for Sanger sequencing of the 
PCR amplified fragment. 

Phylogenetic analysis
	 The sequence analysis was performed at 
the Central Instrument Facility, University of Delhi, 
South Campus, Delhi, India. The sequence received 
was aligned using the Basic Local Alignment Search 
Tool (BLAST) and the identification was done with 
a sequence showing more than 98.45% similarity. 
The neighbor-joining technique was employed for 
the construction of the phylogenetic tree with 
bootstrap 1000 replications by the use of software 
Molecular Evolutionary Genetics Analysis (MEGA) 
X. The received sequence was submitted to the 
National Center for Biotechnology Information 
(NCBI) USA GenBank with the accession number 
OR388564.  

Fungal fermentation 
	 The isolated fungal was grown for 5 
days on a YEPD growth agar plate at  30 °C and  
2.37 × 108 spores/ml was taken from the plate and 
transferred to 20 mL YEPD incubated for 2 days at 
30 °C and 150 rpm using an orbital shaker (Khuner). 
After the incubation, 1 mL broth was transferred 
into  12 different flasks containing 50 mL  YEPD 
growth media. The culture studies were performed 

Table 1. Details on the forward and reverse primers used for ITS-1 gene amplification using genomic DNA from 
fungal isolate, as a template

No.	 Primer Name	 Primer 	 Sequence	 GC 	 Melting temp. (as 
		  Length		  Content	  per manufacturer’s 
					     specification)

1	  Forward Primer (ITS-1)	  22	  CTTGGTCATTTAGAGGAAGTAA	  36.4	  54.7 °C
2	  Reverse Primer (ITS-4)	  20	  TCCTCCGCTTATTGATATGC	  55.25	  55.25 °C
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Heater Temp: 200 °C, Capillary Temperature:  
275 °C, Capillary voltage: (+) 4.0 kV, Aux Gas flow 
rate (arbitrary unit): 10, S-Lens RF Level: 50, Sheath 
Gas flow rate (arbitrary unit): 30, Sweep Gas flow 
rate: 0, Scan Range: 80-1100 m/z, Resolution: 
70,000. Thermo Fisher Scientific Compound 
Discoverer 3.3 was used for the identification and 
investigation of the bioactive compounds.16

Determination of Total Flavonoid Content (TFC)
	 An aluminium chloride colorimetric assay 
was performed for the determination of TFC as 
reported by Shraim et al.,17 with modifications. 
The quercetin (1 mg/mL) was prepared in 
methanol. Reagents used such as sodium nitrate 
(5% w/v), aluminium chloride (2% w/v), and 1M 
Sodium hydroxide. The 100 µl of the different 
concentrations of quercetin solution (200 to 
1000 µg/mL) were assorted with 30 µl sodium 
nitrate (5% w/v). The solution was incubated for 
5 min followed by the addition of 30 µl aluminium 
chloride (2% w/v). After 6 min incubation, 200 
µl Sodium hydroxide with a concentration of 1 
Molar was mixed, and distilled water was blended 
to attain its final volume of 1 mL. Absorbance 
was measured at 510 nm by the ELISA (Thermo 
Scientific), using distilled water as blank. The TFC 
in the fungal broth extract was measured using a 
standard plot of quercetin concentration versus 
absorbance (A510 nm). Every analysis was carried 
out twice.

Quantification of tryptophan in dried Extract by 
UPLC
	 The  U l t ra  H igh-Pressure  L iqu id 
Chromatography (UPLC) imposed quantify of 
Tryptophan from dried extract was achieved 
using Waters Acquity UPLC, in Central Instrument 
Facility,  South Delhi campus, New Delhi, India. BEH 
C18 Column with dimension 1.7 µm, 2.1 mM x 100 
mM was used. The sample was filtered through a 
0.2 µm filter and a 5 µl sample was injected into 
the column. The solvent system used 55:45 (5 mM 
Ammonium Formate in water: Methanol). The flow 
rate of the mobile phase was 0.3 mL/min. PDA 
was the detector and the wavelength was 276 nm. 
Tryptophan (Himedia Pvt. Ltd., India) was used as 
a standard.1

for 6 days and the flasks were harvested after every 
24 hours. The broth was separated from mycelia 
by centrifugation. Mycelia was discarded and 
supernatants were dried at room temperature. 
Dried extracts were resuspended in autoclaved 
distilled water with a concentration of 20 mg/mL. 
For all the studies, dried uninoculated media was 
used as the control.

Analysis of volatile bioactive constituents by gas 
chromatography-mass spectrometry (GC-MS)
	 Gas chromatography-mass spectrometry 
(GC-MS) technique was employed for profiling the 
organic constituents in the fermentation broth, as 
reported previously by Farhat et al.15 The fungal 
dried extract in methanol was imposed to GC-MS 
with fused silica 60 m x 0.25 mM id x 0.25 µm of 
DB-5ms Ultra Inert column. Briefly, the extract in 
methanol of 1 µl was injected and the carrier gas 
used such as helium. The oven temperature was 
held for 1 minute at 30 °C then 10 °C/min to 40 °C 
held for 5 minutes then 40 °C/min to 250 °C held 
for 5 minutes then 40 °C/min to 275 °C held for 10 
minutes. The flow rate of helium was 1 mL/min. 
The MSD transfer line was 275 °C. The electron 
energy was conserved (70 eV). The bioactive 
compounds of the extract were recognized by 
spectrum obtained from GC-MS using the National 
Institute of Standards and Technology (NIST) MS 
data Library at the Indian Institute of Technology 
Delhi, India.

Analysis of bioactive constituents by liquid 
chromatography-mass spectrometry (LC-MS)
	 The extract of the fungal isolate was 
analyzed by Dionex Ultimate 3000, Thermo 
Scientific. For the separation of bioactive 
compounds, the column Hypersil Gold C18 (2.1 mM 
x 100 mM, 3.0 µm) was used with a temperature 
of 40 °C. The flow amount was employed at 0.300 
mL/min (300 µl/min). The method duration was 28 
minutes. The mobile phase carried the buffer A: 
1 mM Ammonium formate in 1% MeOH in Water 
(pH: 8) and Buffer B: 100% Acetonitrile. The mobile 
phase contains Buffer (A): 1 mM Ammonium 
formate in 1% MeOH in Water (pH: 8) and Buffer 
B: 100% Acetonitrile. Q Exactive, Thermo Scientific 
was used for Mass spectrometry (MS) detection, 
and ESI mode was used for Ionization with Probe 
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Determination of IAA by UPLC
	 UPLC analysis of dried extract Isolated 
Aspergillus flavus, was conducted using a C18 
column model. The dried extract was dissolved in 1 
milliliter of HPLC-grade methanol and subjected to 
chromatographic separation at room temperature. 
In this method, Waters Acquity UPLC was used 
with BEH C18 (100 mM × 2.1 mM), a mobile phase 
consisting of Solvent A:B:- 40:60 (0.01% Glacial 
acetic acid in water: Acetonitrile), particle size 
1.7 µm, Column Temp.: 35. Detector Used: PDA 
eλ  Detector, Wavelength: 265 nm, Run time: 5 
mins. was employed. The flow rate of the mobile 
phase was maintained at 0.3 mL/min, with an 
injection volume of 1 µl of the respective sample. 
The generated peak was compared with the 
retention time of authentic IAA. Indole-3-acetic 
acid (Central Drug House (P) Ltd.) was used as a 
standard.18

Determination of antioxidants activity. 
	 The dried extract of isolated fungi was 
further used for its antioxidant activity and it 
was quantified by using the 2,2-diphenyl-2-
picrylhydrazyl (DPPH) as reported previously, 

by Zhang et al.,5 with modifications. Briefly, the 
DPPH solution was prepared in methanol (900 
µl) and mixed with a volume of 100 µl of extract. 
The solutions were mixed by vortexing and 
incubated for 30 minutes at room temperature. 
The absorbances were measured at 517 nm. The 
extract’s antioxidant activity was measured using a 
standard plot of ascorbic acid concentration versus 
DPPH scavenging activity.
	 Percentage inhibition of free radical DPPH 
was calculated using equation 1, where AC is the 
absorbance of the control and AS is the absorbance 
of the sample.5

DPPH 
Scavenging =  
Activity (%)

Absorbance of  
control (AC) - Absorbance of  

Sample (AS)
Absorbance of control (AC)

Drug-likeness analysis of bioactive compounds
	 The bioactive compounds from LC-MS 
were the predictive study of pharmacokinetics 
especially Absorption, Distribution, Metabolism, 
and Excret ion (ADME) drug- l ikenesses, 
bioavailability, and medicinal chemistry of 

Figure 1. The Phylogenetic tree of isolated fungi Aspergillus flavus
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ligands were performed with the help of the Swiss 
ADME tool developed by Daina et al.19 Identified 
compounds from LC-MS their canonical simplified 
molecular-input line-entry system (SMILES) string 
was taken from PubChem database (http://
pubchem.ncbi.nlm.nih.gov/) it was subjected to 
tools for computational simulation. Swiss ADME 
tool predicts bioavailability radar works on six 
physicochemical properties including lipophilicity, 
flexibility, size, saturation, solubility, and polarity, 
to detect drug-likeness. For further information 
refer to Daina et al.19

Statistical analysis
	 In this investigation, experiments were 
conducted twice, and the obtained outcome 
illustrates the average of the observations. The 
statistical analysis was performed for hypothesis 
testing using a T-test, wherever necessary.

RESULTS 

	 The isolated fungus was morphologically 
characterized by the Indian Type Culture Collection 
(ITCC), New Delhi, India. It was found as Aspergillus 
flavus. Further molecular identification of the 
isolate was performed using Polymerase chain 
reaction amplification of the ITS region from the 
genomic DNA followed by sequencing further 
validating the isolated fungus as Aspergillus 

flavus (Accession No. OR388564). The homology 
analysis was carried out by employing the BLAST 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) revealed 
around 98.45% similarity with the Aspergillus 
flavus. The phylogenetic tree was constructed 
through the neighbour-joining method from a 
sequence achieved. It confirmed the species-level 
identification with Aspergillus flavus (Figure 1).

Gas chromatography-mass spectrometer (GC-MS) 
Profiling of Volatile Constituents 
	 Gas chromatography-mass spectrometry 
(GC-MS) is a robust technique for profiling of 
the volatile constituents using the resolution 
peak profile of the same and analysis using mass 
fragmentations, peak area, retention times, 
and molecular weights. The GC-MS analysis  
(Figure 2) showed the existence of bioactive 
compounds with their retention time, molecular 
formula, and biological activity Table 2. The 
diversity of compounds, detected using GC-MS 
analysis, revealed organic compounds that may be 
explored for their potential therapeutic or other 
associated bioactivities.

Liquid chromatography-mass spectrometry (LC-
MS) profiling of bioactive constituents 
	 The extract derived solely from Aspergillus 
flavus possesses a significant amount of flavonoids 
and exhibits good antioxidant activity. Analysis 

Figure 2. Chromatogram of Gas chromatography-mass spectrometer of extract of isolated fungi Aspergillus flavus
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of chemical constituents of the dried extract of 
Aspergillus flavus using LC-MS revealed catalogues 
of organic metabolites. It is important to discuss 
that the control (uninoculated broth) used in 
the current study has not shown any match 
with the metabolite profile. The LC-MS results 
tabulated in Table 3 showed the molecular 
formula, retention time, and molecular weight 
of bioactive compounds, and Figure 3, shows the 
chromatogram of dried extract. The identified 
compounds in LC-MS exhibited diverse bioactivities 
including their role as scavengers of hydroxyl 
radicals, antibacterial activity, for the treatment 
of asthma and treatment of canine tegumentary 
leishmaniasis, along with treatment of total joint 
arthroplasty (TJA). The role of fungal metabolites, 
as therapeutic and commercial natural metabolites 
have gained significant relevance in the last few 
decades. However, the uniqueness of some of 
the proposed metabolites, as detected using LC-
MS analysis further obtrudes the quest for their 
characterization and purification. Furthermore, 
the in silico pharmacokinetic analysis, performed 
using Swiss ADME revealed that most of the 
detected compounds follow the Lipinski rule, 
suggesting their possible exploration as drug 
targets for diseases. 

Total Flavonoid content (TFC)
	 The Total Flavonoid Content (TFC) in 
the dried broth extract from the fungi showed 
a consistent yield of around 0.36 mg/mL. The 
quantification of total flavonoid content in the 
dried material with the help of the standard graph 

of an aluminum chloride colorimetric assay. The 
analysis was performed for 7 days and showed 
the yield to range between 0.2-0.6 mg Quercetin 
equivalent/mL. Time-dependent analysis of total 
flavonoid content and antioxidant activity in the 
dried culture broth over 7 days in yeast extract 
peptone dextrose (YEPD) medium (Figure 4).

UPLC analysis of tryptophan
	 The dried broth extract of Aspergillus 
flavus yielded approximately 1.2 mg/mL of 
tryptophan. Tryptophan quantification in the 
dried broth material was conducted using a 
standard graph method. The calibration curve was 
constructed using five different concentrations of 
standard solution, ranging from 50 µg/mL to 250 
µg/mL. Figure 5 and tryptophan in dried culture.

UPLC analysis of Indole-3-acetic acid
	 Indole-3-Acetic Acid from the dried 
extract of isolated Aspergillus flavus was identified 
and quantified by the UPLC and the yield has 
exhibited a yield of approximately 0.41 mg/mL 
of 1AA. IAA quantification was conducted using a 
standard graph method. The calibration curve was 
constructed using five different concentrations of 
standard solution, ranging from 50 µg/mL to 250 
µg/mL. The Figure 6 represents the standard of 
IAA and IAA in dried culture respectively.

Antioxidant activity
	 The extract of isolated fungi Aspergillus 
flavus was analyzed for DPPH free radical 
scavenging potential. The analysis is to augment 

Figure 3. Liquid chromatography-mass spectrometry chromatogram of dried extract of isolated fungi Aspergillus 
flavus
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the possible role of flavonoids as potential 
antioxidant molecules. In the assay, the DPPH 
was reduced in occupancy of hydrogen-donating 
antioxidants by the development of a nonradical 
formation of DPPH-H. The time-dependent study 
showed the antioxidant potential in the extracts 
from the culture. It was further observed that on 
the fourth day of the fermenter study, the extract 
had the highest antioxidant potential (76.5%).

Drug-likeness analysis of bioactive compounds
	 The bioactive compounds of LC-MS 
were further analysed by the Swiss ADME 
tool. Swiss ADME tool suggested data on the 
different parameters such as pharmacokinetics, 
physicochemical characteristics, solubility, drug 
lipophilicity, medicinal chemistry, and likeness 
of compounds. Table 4 shows Blood-Brain 
Barrier Permanent, GI Absorption, Permeability 
glycoprotein substrate, cytochromes P450 
(CYP1A2) inhibitor, cytochromes P450 (CYP2C19) 
inhibitor, cytochromes P450 (CYP2D6) inhibitor, 
Log  Kp  (skin permeability coefficient), and 
cytochromes P450 (CYP3A4) inhibitor of 
compounds detected in LC-MS. Table 5 shows 
the Lipinski rules and Bioavailability Score of the 
compounds detected through LC-MS analysis

DISCUSSION 

	 The quest to explore novel biomolecules, 
whether natural or nature-derived, has led 
to a paradigm shift towards an exploration of 

a diverse catalog of natural microflora, as a 
potential contributor of metabolites that may 
be characterized as a potential lead molecule or 
drug associated with diverse human needs. The 
recent decade has witnessed growing research, 
focused on the isolation and characterization of 
different fungi from assorted habitats and the 
exploration of their metabolome profile is the 
quest towards the isolation and characterization 
of new and efficacious biomolecules. The diversity 
observed among fungal isolates from different 
habitats is significant due to concomitant 
changes in the pool of metabolites produced, 
as reported previously.2,28,29 In the current study, 
one such agricultural field isolate, characterized 
by morphological and molecular identification 
techniques, Aspergillus flavus, was screened for 
potential metabolites, their characterization, 
and bioactivity assessment for therapeutic, its 
role in plant growth, and commercial benefits. 
The metabolites produced by fungi have been 
segregated into volatile and non-volatile organic 
metabolites. The volatile metabolites produced 
by fungal isolates are significantly important 
components of the fungal metabolome.12 The fungi 
are well known for enhancing host plant growth 
and yield by producing bioactive compounds 
that facilitate interactions between plants and 
endophytes.30 Studies have also explored the 
isolated organisms as potential sources of amino 
acids.12 The diverse pool of amino acids has been 
isolated and purified from fungal isolates, including 
glutamic, threonine, methionine, and tryptophan.31 

Table 5. Drug-likeness properties of bioactive compounds predicted using SwissADME

S. 	 Groups Name	 Compound Name	 Lipinski’s 	 Bioavailability 
No.			   Rule of Five

1	 -	 1,1-Dichloroethylene-d2	 Yes	 0.55
2	 Organofluorine	 5-Fluoropentyl thiocyanate	 Yes	 0.55
3	 -	 NP-016455	 Yes	 0.56
4	 Monosaccharides	 D-(-)-Mannitol	 No	 0.55
	 and Derivatives
5		  1-Pentofuranosyl-2,4(1H,3H)-	 Yes	 0.55
		  pyrimidinedione
6	 Organofluorine	 Diethyl(ethynyl)fluorosilane	 Yes	 0.55
7	 Organofluorine compounds	 3-Fluoropropyl thiocyanate	 Yes	 0.55
8	 methylamino group	 1-Deoxy-1-(methylamino)hexitol	 No	 0.55
9	  Amino Acids and Derivatives	 D-(+)-Tryptophan	 Yes	 0.55
10	 Amino Alcohol	 Pirbuterol	 Yes	 0.55
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Most likely, all fungi rely heavily on amino acids as 
a primary nutritional source.32 Tryptophan is well-
known as the precursor of Indole-3-acetic acid.33 
Tryptophan is one of the important amino acids 
used in human beings and animals. Tryptophan 
also plays a crucial role in protein synthesis and 
regulates various physiological mechanisms. It 
serves as a precursor for important compounds 
such as the neurotransmitter serotonin and 
the vitamin niacin. Tryptophan is generally 
considered safe for consumption, and it offers 

potential health benefits.34 It is crucial for human 
and animal health, and serves as a valuable 
supplement in the food, feed, and pharmaceutical 
industries, promoting better sleep quality and 
mood enhancement. Being an essential aromatic 
amino acid, it has found extensive use in medicine, 
food, and animal feed applications.35 As a result, 
research attention has intensified on developing 
efficient production technologies. Among various 
methods such as chemical synthesis, enzyme 
conversion, and microbial fermentation, microbial 

Figure 4. Time-dependent analysis of total flavonoid and antioxidant activities in the dried culture broth, performed 
for 7 days in Yeast extract peptone dextrose growth media

Figure 5. UPLC chromatogram Aspergillus flavus showing Tryptophan production
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fermentation stands out due to its utilization of 
cost-effective raw materials, generation of high-
purity products, and straightforward extraction 
processes, making it the preferred method for 
industrial tryptophan production.35 Tryptophan 
was found in dried culture broth 1.2 mg/mL 
and previous studies reported the production 
of tryptophan from E. coli.35 To the best of our 
literature review, limited fungi are reported for 
the production of tryptophan.31 The diversity of 
secondary metabolites found in endophytic fungi 
boosts plant growth by secondary metabolites 
such as ammonia and plant hormones, with a 
particular emphasis on Indole-3-acetic acid.36 
Plants and microorganisms have the potential 
role of developing the auxin which promotes plant 
growth and development. Various physiological 
processes including, tissue differentiation, 
responses to gravity and light, and cell division 
have been reported from primary auxin such as 
Indole-3-acetic acid (IAA).37 In this investigation, 
isolated fungi underwent Indole-3-acetic acid 
analysis and it was found that 0.41 mg/mL of 1AA 
in the dried culture broth. The yield of IAA was 
comparable to most of the previous reports on 
IAA production using fungal isolates.38 The GC-MS 
examination of the fungal dried extract indicated 
the existence of variation bioactive composites in 
the extract. Most of the compounds have already 
been explored and reported to exhibit bioactivities 
composites including antimicrobial, antioxidant, 
anticancer, and anti-inflammatory activities along 
with others. The results showed variations from 
the GC-MS profile of Aspergillus flavus, reported 

in other studies.12 Further analysis using LC-MS 
also suggested the catalogs of metabolites to 
be distinct from previous studies. This maybe 
attributed to adaptive and acclimatization changes 
in the organisms. The antioxidant activity of 
the extract was further characterized. Finding 
natural antioxidants for use in preventative 
medicine that have few or no side effects has 
lately regained global interest. Reactive oxygen 
species (ROS), are the key factor in the expansion 
of numerous non-infectious diseases including 
coronary heart disease, hypertension, Alzheimer’s, 
atherosclerosis, and diabetes. This disease can 
be prevented by antioxidant chemicals.39,40 
Diabetes Mellitus can be prevented by consuming 
natural antioxidants because utilizing antioxidant 
compounds removes the reactive oxygen species. 
The objective is to obtain drugs with both 
antioxidant and antidiabetic properties.39 The 
study provided an impetus to an exploration 
of the role of soil-isolated Aspergillus flavus, as 
a potential source of naturally derived organic 
compounds that may be a suitable replacement 
for synthetic compounds for alleviating diseases, 
conditions, and symptoms. In a recent study  
by Bora and Devi29 some of the endophytes, 
including Aspergillus sp., were compared for 
the total phenol and total flavonoid contents in 
different organic and aqueous solvents. Further 
studies by Patil et al.2 reported a yield of 158.33 
mg quercetin/mL from the Aspergillus flavus. 
The result of this investigation had shown yield 
of total flavonoid content in the 7-day study to 
range between 0.2-0.6 mg quercetin equivalent/

Figure 6. UPLC chromatogram Aspergillus flavus showing IAA production
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mL. The diverse abiotic parameters and culture 
conditions may be pivotal in regulating the 
flavonoid yield. Further, the analysis of antioxidant 
activity was observed to be in the range of 65%-
75%. Previous reports from Bora and Devi29 had 
reported changes in the DPPH radical scavenging 
activity with the change in the extraction solvent. 
Based on the GC-MS, LC-MS, flavonoid estimation, 
and antioxidant activity, it may be anticipated 
that the fungal-derived metabolites may be the 
potential source of therapeutic activities that may 
be explored. The studies may be further extended 
to purify the bioactive compounds and evaluate 
their bioactivities. Further studies with compound 
purification and characterization may be pivotal in 
confirming their potential role.

CONCLUSION

	 The diverse demographic conditions, 
concomitant with the plethora of associated biotic 
microscopic organisms are awaiting to be explored 
for their associated benefits. The current study was 
unique, as the isolated fungi, Aspergillus flavus, 
was analyzed to be a source of diverse bioactive 
metabolites using GC-MS and LC-MS analysis. 
Further, antioxidant analysis revealed significant 
bioactivity, which is more than some of the 
previous assessment by other similar isolates. The 
in-silico analysis obtrude the organic metabolites 
of fungal isolates as potential drug molecules. 
The presence of flavonoids opens a new avenue 
for exploring fungi as an alternative cost-effective 
source of flavonoids. The study also suggests the 
fungal broth to be a rich source of tryptophan. 
The current study will pave the way for exploring 
fungal metabolites as a suitable alternative to plant 
metabolites, which are often time and season-
dependent.
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