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Abstract

Curd, a traditional fermented dairy product, harbours a diverse bacterial community that
contributes to its nutritional and functional properties. The present study was undertaken to isolate
a beneficial bacterial strain, Bacillus amyloliquefaciens, from curd and to evaluate its antimicrobial
properties. The findings suggest that Bacillus amyloliquefaciens possesses significant antibacterial
and antifungal activities, indicating its potential application in food preservation and in the

development of natural antimicrobial agents.
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Introduction

Indian curd is a traditional fermented dairy
product that is rich in diverse beneficial
microbes. In addition to lactic acid bacteria,
curd also contains diverse species of Bacillus
that aid in fermentation and provide health
benefits.!'!l These microbes produce acids,
enzymes, and antimicrobial compounds that
enhance digestion, immunity, and ensure
food safety.!”) In this study, a resilient
bacterial strain, Bacillus amyloliquefaciens,
was isolated from curd having significant
antimicrobial properties against some
common pathogenic and food-degrading
bacteria and fungi. Its ability to withstand
extreme conditions in the digestive tract,
along with its capability to produce useful
enzymes and antimicrobial compounds,
highlights its potential in fermentation,
natural bio-preservation, and functional food
applications.®! Bacillus amyloliquefaciens is
recognized as an important microorganism in

the fermentation industry and has numerous
promising applications in industry, medicine,
and agriculture. Metabolic engineers have
attempted to utilize this bacterium as a
cellular factory for the commercial
production of enzymes, vitamins, and a
variety of other valuable biomolecules.!!

Materials and Methods

Bacillus amyloliquefaciens

The study was conducted at the Department
of Biotechnology, Thiruvananthapuram,
using previously characterized Bacillus
amyloliquefaciens stock cultures that had been
originally isolated from curd and maintained in
De Man—Rogosa—Sharpe (MRS) medium in the
Departmental laboratory.”! The isolates had
been molecularly characterized by 16S rRNA
gene sequencing following primer-based PCR
amplification, and the resulting sequences were
analysed using the Basic Local Alignment
Search Tool (BLAST).
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Gram staining Antimicrobial activity

Gram staining was done to ensure that the The antibacterial activities of Bacillus
culture obtained was pure showing only amyloliquefaciens were assessed against
gram-positive bacilli. (Figure 1).%! common  bacterial  pathogens, like

Escherichia coli, Pseudomonas aeruginosa,
Serratia marcescens, and Staphylococcus
aureus, and the antifungal activity was
studied against Aspergillus brasiliensis,
Aspergillus niger, Candida albicans, and
Fusarium  oxysporum, using the well
diffusion method.!” The uninoculated broth
served as the negative control, and 25 pL
streptomycin (1 mg/mL) served as the
positive control for antibacterial assay,
whereas 25 pL clotrimazole (1 mg/mL) was
used as the positive control for antifungal
assay. After incubation at 37°C for 18-24
h, the zones of inhibition (mm) were
measured and compared with those of the
negative and positive controls. All

Figure 1: Gram-stained cells of Bacillus ) X
amyloliquefaciens, viewed under light experiments were conducted in three

microscopy (400x magnification) independent replicates.

Table 1: Antibacterial activity of Bacillus amyloliquefaciens showing zones of inhibition (mm) against
the bacterial species tested

Zone of inhibition (mm)

Tests performed Escherichia Pseudomonas Serratia Staphylococcus
coli aeruginosa marcescens aureus
Control (positive) 12.00 + 2.00 13.00 + 1.50 11.00 + 1.00 9.00 +1.50
Control (negative) Nil Nil Nil Nil
Bacillus amyloliquefaciens 9.00 +£2.00 Nil 10.00 £2.00 Nil

Each value represents Mean + Standard deviations of three data sets. Since no zone of inhibition was observed for the negative
controls (value = 0), any statistical comparison between the control and test groups would be significant, therefore, significance
is not denoted in the data.

Table 2: Antifungal activity of Bacillus amyloliquefaciens showing zones of inhibition (mm) against the
fungal species tested.

Zone of inhibition (mm)

Tests performed Aspergillus Aspergillus Candida Fusarium
brasiliensis niger albicans oXysporum
Control (positive) 21.00 £ 3.00 25.00 £2.00 25.00 £2.00 12.00 £3.00
Control (negative) Nil Nil Nil Nil
Bacillus amyloliquefaciens 32.00 £ 2.00 37.00 = 4.00 37.00 £4.50 39.00 + 3.00

Each value represents Mean + Standard deviations of three data sets. Since no zone of inhibition was observed for the negative
controls (value = 0), any statistical comparison between the control and test groups would be significant; therefore, significance
is not denoted in the data.
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Results
Isolation of bacteria

The Bacillus amyloliquefaciens strain was
successfully isolated from the curd sample in
MRS agar plates.

Gram staining

Bacillus amyloliquefaciens was identified to
be a gram-positive bacterium (Figure 1).

Antibacterial activity

Bacillus amyloliquefaciens showed noticeable
antibacterial effect against Escherichia coli and
Serratia marcescens; but caused no inhibitory
effect against Pseudomonas aeruginosa and
Staphylococcus aureus (Table 1, Figure 2).

Figure 2: Antibacterial activity of Bacillus
amyloliquefaciens against selected bacterial
species, demonstrated by zones of inhibition on
agar well diffusion plates. The inhibition zones
are visible, indicating antibacterial activity
against (a) Escherichia coli and (¢) Serratia
marcescens. Inhibition was not observed against
(b) Pseudomonas aeruginosa and
(d) Staphylococcus aureus (MP: Bacillus
amyloliquefaciens isolate; C+: positive control;
C-: negative control. Wells labelled CC, C1, and
C2 belong to species that were not included in
this study)

Figure 3: Antifungal activity of Bacillus
amyloliquefaciens against selected fungal
species, demonstrated by zones of inhibition on
agar well diffusion plates. The inhibition zones
are visible against (a) Aspergillus brasiliensis,
(b) Aspergillus niger, (¢) Candida albicans, and
(d) Fusarium oxysporum. (MP: Bacillus
amyloliquefaciens isolate; C+: positive control;
C-: negative control. Wells labelled CC, C1, and
C2 belong to species that were not included in
this study)

Antifungal activity

Marked antifungal property was shown by
Bacillus amyloliquefaciens against the four
fungal strains tested viz.,, Aspergillus
braseliensis, Aspergillus niger, Candida
albicans and Fusarium oxysporum (Table 2,
Figure 3).

Discussion

Bacillus  amyloliquefaciens is a non-
pathogenic, spore-forming soil bacterium. It
is closely related to Bacillus subtilis; but
differs from Bacillus subtilis in its ability to
grow in 10% NaCl and in its characteristic
growth on potato plugs. Additional
distinguishing features include an enhanced
capability for a-amylase production and the
ability to ferment lactose with acid
production.[”]
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Bacillus  amyloliquefaciens is  widely
employed in industrial fermentation and
biopreservation.l*) Industrially produced o -
amylase from Bacillus amyloliquefaciens is
used in starch liquefaction, textile desizing,
and baking. Its proteases are utilized in
detergents and meat tenderization. % In
addition, the bacterium produces cellulases,
xylanases, and phytases, which degrade anti-
nutritional factors and improve nutrient
assimilation in animal feed."!

As a prolific producer of secondary
metabolites, Bacillus amyloliquefaciens is
considered an important biocontrol agent in
agriculture and a natural probiotic and
preservative in feed and food applications.":!"!
Owing to these antimicrobial properties, it is
widely incorporated into commercial
biofungicides. When applied to crops or soil,
the bacterium colonizes the rhizosphere,
directly = suppressing soil-borne fungal
pathogens such as  Fusarium  and
Rhizoctonia. Simultaneously, it releases
volatile organic compounds, including
acetoin, that stimulate the plant’s induced
systemic resistance (ISR).''l Owing to the
availability of diverse genetic tools,
promoters, and plasmid expression systems,
it has become a valuable organism in
synthetic biology, metabolic engineering,
protein expression, and genetic engineering.
Despite  these  advantages,  Bacillus
amyloliquefaciens remains less extensively
studied than the Gram-negative bacterium
Escherichia coli.l®

The present study reveals that Bacillus
amyloliquefaciens possesses antibacterial
properties against Escherichia coli and
Serratia marcescens, as well as antifungal
properties against Aspergillus brasiliensis,
Aspergillus niger, Candida albicans, and
Fusarium oxysporum. Recent studies have
demonstrated that specific strains, such as B.
amyloliquefaciens BS4, exhibit strong
antagonistic  activity against clinically

significant ~ Gram-negative  pathogens,
including Escherichia coli, Salmonella
enterica, Klebsiella pneumoniae, Shigella
flexneri, and Pseudomonas aeruginosa.'?
Natchiappan et al. (2023) also demonstrated
that Bacillus amyloliquefaciens 1inhibits
Escherichia coli and exhibits antifungal
activity  against  Candida  species.!'’]
Furthermore, the study by Kadaikunnan et al.
(2015) showed that extracts of Bacillus
amyloliquefaciens inhibited several fungal
species, including Aspergillus clavatus,
Aspergillus fumigatus, Aspergillus niger,
Gibberella moniliformis, Aspergillus oryzae,
and Curvularia lunata'¥ Its antimicrobial
activity encompasses antibacterial,
antifungal, and antiviral effects."’

It is reported that Bacillus amyloliquefaciens
secretes antimicrobial peptides and small
molecules such as bacilysin, which inhibit
competing bacteria by disrupting cell wall
synthesis or membrane integrity.[>!"]
Substantial research has highlighted the
profound medical and biopharmaceutical
importance of Bacillus amyloliquefaciens.
Central to its therapeutic potential is its
ability to synthesize a structurally diverse
array of antimicrobial peptides (AMPs) and
secondary metabolites.['® Among these,
cyclic lipopeptides—specifically surfactins,
iturins, and fengycins— exhibit potent
antibacterial and antifungal properties by
disrupting  pathogen cell ~membranes.
Consequently, the bacterium represents a
promising  resource  for  developing
alternatives to conventional antibiotics.

Beyond direct antimicrobial activity, Bacillus
amyloliquefaciens exerts vital immune-
modulatory and metabolic effects. It is well-
documented to possess strong anti-
inflammatory actions, which help mitigate
systemic inflammation.!>!>] Furthermore, its
dietary or clinical supplementation has been
correlated with metabolic benefits, including
reduced insulin resistance, enhanced glucose
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metabolism, and improved lipid profiles by

lowering serum cholesterol and
triglycerides.>!'”’  These combined anti-
inflammatory  cascades and metabolic

optimizations also extend to neuroprotection;
clinical models suggest that Bacillus
amyloliquefaciens has the potential to improve

neurological symptoms and accelerate
recovery trajectories following ischemic
stroke.’)

Conclusion

In conclusion, Bacillus amyloliquefaciens is
increasingly valued as a robust, multi-
functional probiotic. Due to its endospore-
forming nature, it successfully survives the
harsh conditions of the gastric environment,
such as low pH and bile salts, to deliver its
therapeutic benefits to the host.! Given its
dual antibacterial and antifungal capabilities,
together with its metabolic and anti-
inflammatory benefits, Bacillus amylo-
liquefaciens appears as a promising candidate
for future biomedical applications and as a
potential  alternative to  conventional
antibiotics.
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