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	 The goal of the quest for an efficient Aspergillus oryzae bioimmunostimulant 
was to improve soil fertility and control illnesses in paddy farming. Aspergillus oryzae 
strains were selected and assessed for their capacity to generate bioactive substances with 
immunostimulant control in paddy farming using a methodical process. The effectiveness of 
the bioimmunostimulant in increasing soil fertility and preventing illnesses in rice fields was 
validated by bioactivity tests. According to the study, bioimmunostimulants promote the growth 
of beneficial microbial populations, trigger defence mechanisms in plants, and enhance the 
uptake and use of nutrients, venting illnesses in rice fields was validated using bioactivity tests. 
Field tests indicated improvements in crop health, nutrient availability, and soil microbial 
activity while reducing the incidence and severity of paddy diseases.
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	 Aspergillus oryzae is a filamentous 
fungus, which has an ability to secrete large 
amounts of hydrolytic enzymes.1 Endophytes are 
powerful biostimulants in inhibiting pathogens, 
enhancing environmental stress tolerance through 
an antioxidant system and promoting plant 
growth, nutrient availability and yield of the 
crop through the production of indole acetic 
acid, siderophore, volatile compounds, inorganic 
phosphate solubilisation.2 Soil fertility is crucial for 
agricultural productivity, affecting plant growth, 
nutrient uptake, and crop yield. Maintaining soil 
fertility is essential for intensive cropping systems 
like paddy cultivation. Bioimmunostimulants, 

substances that stimulate plant defense mechanisms, 
are derived from plants, microbes, and microbial 
fermentation products. Aspergillus oryzae, is a 
notable source due to its rich metabolic diversity 
and immunostimulatory properties. It is known 
for its immunomodulatory compounds, has the 
potential to stimulate plant defense responses, 
improve nutrient uptake efficiency, and suppress 
soil-borne pathogens.3 This bioimmunostimulant 
producer could offer cost-effective solutions for 
smallholder farmers in resource-limited regions. 
The plant’s diverse biological activities, including 
antimicrobial, antioxidant, and immune stimulatory 
properties, make it a valuable candidate for 



1236 Bosco & George, Biosci., Biotech. Res. Asia,  Vol. 22(3), 1235-1242 (2025)

biocontrol and plant growth promotion.4 The 
development of effective bioimmunostimulant 
formulations could also provide cost-effective 
solutions for smallholder farmers in resource- 
limited regions.
	 The exploration of Aspergillus oryzae-
derived bioimmunostimulants holds particular 
promise for enhancing soil fertility and disease 
management in paddy cultivation. By stimulating 
plant defense mechanisms and modulating soil 
microbial communities, these bioactive compounds 
can improve crop resilience to biotic and abiotic 
stresses while enhancing nutrient uptake and soil 
structure.5

	 Unlike synthetic agrochemicals, which 
may have adverse effects on human health and 
the environment, bioimmunostimulants derived 
from natural sources offer a safer and more 
environmentally friendly alternative for crop 
protection and enhancement.6 Aspergillus oryzae-
derived bioimmunostimulants are a viable option 
for paddy cultivation’s Integrated Pest Management 
(IPM) techniques. These bioactive substances 
can lessen the need for chemical pesticides by 
strengthening plants’ natural defenses. This will 
minimize pollution in the environment and slow the 
spread of pesticide resistance in insect populations.7
	 The development of bioimmunostimulants 
from Aspergillus oryzae has the potential to 
improve soil health and nutrient cycling in paddy 
fields. These bioactive compounds promote 
beneficial soil microorganisms and enhance nutrient 
uptake efficiency in crop plants, contributing 
to soil restoration and sustainable agricultural 
landscape management8. This study aimed to 
isolate Aspergillus oryzae from the source material, 
identify it through molecular analysis, extract 
metabolic compounds, prepare bioformulation for 
field study, and measure the vigour index of paddy 
in pot culture under greenhouse conditions.

Materials and methods

Preparation of Sabouraud Dextrose Agar (SDA) 
Plates
	 P r epa re  SDA acco rd ing  to  t he 
manufacturer’s instructions using a standard 
recipe. The molten SDA was poured into sterile 
Petri dishes to form a uniform layer, ensuring that 
bubbles were not produced.

Inoculation of Aspergillus oryzae
	 A source of Aspergillus oryzae spores 
contaminated material was obtained. The surface 
of the agar medium was lightly scraped to dislodge 
spores. A cotton swab was used to softly swab 
the surface of the material. The inoculum was 
streaked onto the surface of the SDA plates using 
a inoculating needle.9

Incubation
	 Seal Petri dishes with parafilm to prevent 
contamination. Incubate the inoculated SDA plates 
at 25-30°C, the optimal temperature for Aspergillus 
oryzae growth. Regularly check the plates to 
determine if any fungal growth has appeared. 
Depending on the initial spore concentration and 
developmental conditions, colonies usually emerge 
within 3–7 days.10

Isolation of Pure Cultures
	 Once fungal colonies appeared on the 
SDA plates, individual colonies that appeared 
morphologically similar to Aspergillus oryzae were 
selected for further isolation. Using a inoculation 
needle, streak the selected colonies onto fresh SDA 
plates to obtain isolated colonies. The streaking 
process was repeated until pure cultures of 
Aspergillus oryzae were obtained, characterized by 
uniform morphology and growth characteristics.11

Storage of Isolated Cultures
	 To maintain isolated cultures for future 
use, a portion of the pure culture was transferred 
to fresh SDA plates and incubated until growth was 
observed. After growth was observed, the plates 
were covered and kept for just a few days at 4°C.12

Isolation of Fungal DNA
	 The standard TRIZOL method was 
successful in RNA isolation from filamentous 
fungi when combined with CTAB. Using this 
process, fungal mycelia’s cell walls are broken 
down by grinding in a pre-chilled mortar and 
pestle with liquid nitrogen. Mycelia powder was 
homogenised in 0.75 mL CTAB lysis buffer (100 
mM Tris-HCl (pH 7.5), 5 M NaCl, 0.5 mM EDTA, 
1% CTAB, and 1% PVP). Before extraction, 1% 
â-mercaptoethanol was added to the CTAB buffer. 
The mixture was then incubated in a water bath at 
65°C for 10 minutes and gently mixed.After adding 
an equivalent amount of acid phenol (pH: 4.5) to the 
mixture, vortex it vigorously for 5 seconds before 
centrifuging it at 13,000 rpm for 10 minutes at 4°C. 
The supernatant was extracted twice with an equal 
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amount of phenol/chloroform (24:1). The tubes 
were shaken briskly for 1-2 minutes, then chilled 
on ice for 10 min before centrifugation at 13,000 × 
g for 15 min at 4°C. During this phase separation 
procedure, the mixtures were divided into three 
phases: upper-aqueous, middle-interphase, and 
lower- phenol-chloroform.To precipitate the RNA, 
a clear aqueous phase was transferred into a 1.5 
ml new eppendorf vial with the addition of 1/3rd 
volume of 8 M LiCl and 300 µl of chilled ethanol 
and incubated overnight at -20°C. The next day, 
the mixture was centrifuged at 10, 000 rpm for 15 
min. The resulting RNA pellet was washed with 
75% ethanol, air-dried, and dissolved in 50 µL 
RNase-free water.13

PCR Amplification
	 The reagents were added in the appropriate 
order to a microcentrifuge tubes. It is beneficial 
to set up a master mix without the template and 
aliquot it into reaction tubes for a large number 
of reactions. Finally, the tubes were filled with 
the template. Gently mix by vortexing and then 
quickly centrifuge to gather all the ingredients at 
the bottom of the tube. If a thermal cycler was used 
without a heated lid, 50 µL of mineral oil was added 
to the top of each tube to stop the evaporation. 
The primers and heat cycler employed affect the 
amplification parameters. System optimization for 
each primer, template, and heat cycler is required. 
After ethidium bromide labelling, agarose gel 
electrophoresis was used to assess the amplified 
DNA.14

Gel Electrophoresis
	 Analyze the PCR products by running 
them on an agarose gel to confirm successful 
amplification. Add Agarose (0.4 g) in TAE buffer 
(50 ml) and heat until it melts. Pour the molten gel 
(at 55°C) in a gel casting platform with a comb on 
one end inserted and allow it to spread and solidify. 
Once the gel solidified, the cover was removed, the 
comb was removed, and the gel was placed in an 
electrophoresis tank with enough electrophoresis 
buffer to cover the gel by approximately 1 mm. 
Using a micropipette, 2–5 µL of DNA (100 µL) was 
loaded into each well after adding 5 µL of ethidium 
bromide and 2 µL of Bromophenol Blue (loading 
buffer). The electrophoresis system at 50V till the 
bromophenol blue dye reached the bottom of the 
gel. To observe the DNA bands, the power source 
was turned off and the gel was set under UV light.15

Sequencing
	 The PCR products were sequenced 
by Sanger sequencing to determine the DNA 
sequence of the amplified region. Analyze the 
DNA sequence using MEGA12 software to 
compare it with reference sequences in databases 
such as NCBI GenBank. Confirm the identity of 
Aspergillus oryzae based on sequence similarity 
and phylogenetic analysis.16

Extraction of bio active compound from 
A.oryzae
	 Inoculate Aspergillus oryzae spores onto 
suitable growth medium (Sabouraud Dextrose 
Broth) in a sterile flask. Incubate the culture under 
optimal conditions for fungal growth. Allow 
Aspergillus oryzae to grow for a specific period 
(5-7 days) until the culture reaches the desired 
growth phase and metabolite production. Harvest 
the fungal culture by filtering it through filter paper 
or membrane filters to separate the mycelium from 
the liquid culture medium. Collect the mycelium 
biomass for further processing. Transfer the 
collected mycelium biomass into a ethanol solvent 
to extract the intracellular metabolites. Agitate the 
mixture to facilitate the extraction process and 
enhance metabolite recovery. Repeat the extraction 
process with fresh solvent to improve the extraction 
efficiency. Concentrate the extracted solution 
using a rotary evaporator to remove the solvent 
and obtain a crude extract containing metabolic 
compounds. Filter the crude extract to remove any 
particulate matter or debris.17

Vigour index of A.oryzae extracts with paddy
	 To calculate the vigor index for paddy 
(rice) seeds in pots(6.5"×5"inches). Fill planting 
pots with potting soil and vermiculite, leaving space 
at the top for watering. Sow paddy seeds evenly 
across the surface of the soil in each pot. Aim for 
a consistent seeding density. Gently water the pots 
to moisten the soil. Overwatering was avoided 
because excess moisture can lead to seed rot or 
fungal diseases. Place the pots in a greenhouse 
with optimal temperature of 25°-30° C and lighting 
conditions for rice seed germination and growth. 
Ensure that the environment remains consistently 
moist but is not waterlogged throughout the 
germination and seedling growth periods. The pots 
were monitored regularly for seed germination and 
seedling growth. The number of days it takes for the 
seeds to germinate and the emergence of seedlings. 
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The length of each seedling from the base of the 
seed to the tip of the longest leaf was measured 
with a ruler.18

	 Calculating Vigor Index: After a 
predetermined period (e.g., 7 days), calculate the 
vigor index using the following formula:
Vigor Index = (Seedling Length in cm) x (Number 
of Germinated Seeds)
	 Multiply the average seedling length by 
the total number of germinated seeds in each pot.

Results

Isolation of A. oryzae
	 The solid-phase cultivation of Aspergillus 
oryzae strain on SDA media revealed significant 
differences in their growth and development. At the 
first stage of growth (24 h), we observed swelling 
and germination of spores, as well as the formation 
of hyphae in the culture. At the second stage (42 
hours), the culture displayed a somewhat slower 
rate of growth and mycelium development along 
with the release of metabolites and additional 
warmth (the medium layer temperature rose to 
34°C) (Fig:1).
Colony Morphology
• Colonies appear white at first, turning yellow-
green as they mature.

• Texture: Cottony to powdery with radial growth.
• Reverse side of the colony: Pale yellow to brown.
	 The results based on their pattern of 
hyphae, conidiophores and conidia of fungus 
(Fig:2), (Fig:3), (Table:1).
DNA sequencing
	 Every isolate’s ITS region was successfully 
amplified using universal primer pairs (ITS1) 
to produce PCR products with a size of 616 bp. 
Bioinformatics analysis, which was carried out by 
comparing the ITS region’s sequence results with 
sequence data registered in the NCBI nucleotide 
BLAST (https://www.ncbi.nlm.nih.gov/nuccore/
PV030924), accessed on February 03, 2025, 
revealed that the ITS identified the species A. 
oryzae (Fig: 4).
	 The effects  of  A. oryzae l iquid 
bioformulation on promoting rice development 
were investigated using a pot experiment in a 
greenhouse. Growth parameters such fresh weight, 
root/shoot ratio, number of leaves, metabolites, and 
root and shoot length and height were tracked in 
seedlings fed with the A. oryzae liquid formulation. 
Readings were taken every seven days for up to 
nine weeks after planting (Table: 2).
Antimicrobial Sensitivity Testing
	 â-galactosidase is a prominent enzyme 
present in A. oryzae, and its antimicrobial effects 
against pathogenic bacteria such as xanthomonas 
have been studied.
	 Zone of inhibition on media plate 
confirmed that extracts of A.oryzae contain 
antibacterial effects against bacterial blight 
pathogen (Fig:5).
	 Further cultures and its extracts of 
A.oryzae was taken for the filed evaluation against 
paddy infections in large scale.

Table 1. Morphology of Aspergillus Oryzae

Morphology	 A.oryzae

Hyphae	 Septate, hyaline
Conidiophores	 Smooth-walled
Conidia	 Smooth-walled, chains

Fig. 1. A.Oryzae in Agar & Broth culture
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Fig. 2. KoH Staining of A.Oryzae

Fig. 3. LPCB Staining of A.Oryzae Fig. 4. PCR products of the ITS region of A. oryzae

Discussion

	 This study investigates the efficacy of 
a bioimmunostimulant derived from A. oryzae 
in enhancing soil fertility and controlling paddy 

diseases. By producing hydrolytic enzymes such 
as cellulases, proteases, and pectinases that break 
down cell walls or plant tissue, endophytes colonise 
themselves inside the host plant. The effectiveness 
of the bioimmunostimulant in enhancing soil 
fertility is discussed, with a focus on improvements 
in soil microbial activity, nutrient availability, and 
overall soil health.19 It also evaluates its efficacy 
in disease management, particularly against 
common paddy pathogens, such as Xanthomonas 
oryzae. Similarly, the production of hydrolytic 
enzymes like amylases, cellulase, pectinases 
and gelatinases by A. oryzae is responsible for 
degrading the hyphal cell wall of phytopathogen.20 
The mechanisms of bioimmunostimulants are 
discussed, including stimulation of beneficial 
microbial populations, induction of plant defense 

Fig. 5. Antibacterial effects of A.oryzae extracts against Xanthomonas oryzae



1240 Bosco & George, Biosci., Biotech. Res. Asia,  Vol. 22(3), 1235-1242 (2025)

Table 2. Vigour index with paddy seedlings of A. oryzae

Fungi	 Germination %	 Shoot length	 Root length	 Vigour index

A.Oryzae	 2.25±0.21	 3.12±0.43	 2.82±0.18	 67.96±5.2

mechanisms, and enhancement of nutrient uptake 
and utilization.21 It is also possible that factors 
other than the bioimmunostimulant might also 
influence soil microbial activity. Metabolic 
products produced from fungi have properties of 
antibacterial, antifungal, antidiabetic, antioxidant, 
and immunosuppressive. They are proven to 
inhibit the growth of different pathogenic fungi and 
bacteria. The performance of bioimmunostimulants 
needs to be compared with that of conventional 
chemical fertilizers and pesticides. There are 
also potential limitations, such as variability in 
field conditions, that could affect the efficacy 
of the bioimmunostimulant.22 The practical 
aspects of applying the bioimmunostimulant are 
discussed, along with its potential economic and 
environmental benefits. Further research is needed 
to enhance the effectiveness and applicability of 
bioimmunostimulants for paddy cultivation. The 
study concludes with key findings emphasizeizing 
the potential of Aspergillus oryzae-derived 
bioimmunostimulants for sustainable agriculture 
and future food security.

Conclusion

	 In conclusion, the results of the 
vigour index demonstrate the potential use 
of bioimmunostimulants generated from 
Aspergillus oryzae in sustainable paddy farming. 
Bioimmunostimulants offer an environmentally 
friendly alternative to conventional chemical 
fertilizers and pesticides, contributing to soil 
fertility enhancement and disease management 
while promoting sustainable agricultural practices. 
Antimicrobial Sensitivity Testing revealed a 
better zone of inhibition against blight bacteria. 
Further research is warranted to optimize the 
formulation, application methods, and dosage 
of bioimmunostimulants for their practical 
use in paddy fields. Overall, the development 
and adoption of Aspergillus oryzae-derived 

bioimmunostimulants have the potential to 
revolutionize paddy cultivation practices, improve 
crop productivity, and ensure long-term agricultural 
sustainability.
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