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Abstract

A bacterial strain isolated from chilli pepper was identified as Bacillus amyloliquefaciens using
VITEK 2, MALDI-TOF mass spectrometry, and 16S rRNA sequencing. Designated SBCHGBA1, this
strain was assessed for its ability to inhibit the growth of Aspergillus species and suppress aflatoxin
synthesis. On trypticase soy agar, SBCHGBA1 exhibited strong antifungal activity against Aspergillus
flavus MTCC2798 and Aspergillus parasiticus MTCC411. Among 15 Aspergillus flavus strains tested,
13 produced detectable aflatoxin levels (7.0-257.4 ug/l) in trypticase soy broth after 14 days at 25 °C.
Remarkably, co-cultivation with SBCHGBA1 completely inhibited aflatoxin production in all except in
one strain. Additionally, a 77% reduction in aflatoxin content was observed in chilli pepper inoculated
with Aspergillus flavus MTCC2798 when co-cultured with SBCHGBAL1. These findings highlight Bacillus
amyloliquefaciens SBCHGBA1 as a promising biocontrol agent for mitigating aflatoxin contamination
in chilli peppers and related food systems.
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INTRODUCTION

Aflatoxins are potent mycotoxins,
primarily produced by the fungi Aspergillus flavus
and Aspergillus parasiticus. They are a major cause
of liver cancer in human and are commonly found
on agricultural crops like spices, peanuts, maize,
cottonseed, and tree nuts, especially in warm and
humid climates. Crops can be contaminated by
Aspergillus flavus and Aspergillus parasiticus during
various stages, including in the field, at harvest,
and throughout storage and transportation. In
comparison to Aspergillus parasiticus, Aspergillus
flavus is more aggressive and widely distributed
aflatoxin producing fungal species.! Among
mycotoxins, aflatoxins are particularly toxic and
carcinogenic.? Aflatoxin B1 and Aflatoxin B2 are
mainly produced by Aspergillus flavus, whereas
Aspergillus parasiticus can produce all 4 types
of aflatoxins namely aflatoxin B1, aflatoxin B2,
aflatoxin G1, and aflatoxin G2. Aflatoxin B1 is
produced in higher amounts than the other
aflatoxins. Nayak and co-workers have reported
that out of thirty-four Aspergillus flavus strains
isolated from indoor air samples of farmers’ houses
in the coastal region of Indian state, Odisha, 44%
of these isolates were produced stable Aflatoxin
B1.2In 2012, International Agency for Research on
Cancer (IARC) considered aflatoxin to be the most
natural toxic compound and declared it a group 1
human carcinogen.*® Biological control methods
have previously shown promise in managing
aflatoxin contamination in food crops. Various
microorganisms, including bacteria, yeasts, and
non-toxigenic strains of Aspergillus flavus and
Aspergillus parasiticus, have been evaluated for
their effectiveness in controlling aflatoxin levels.
In laboratory experiments, many bacteria such
as Lactobacilli species, Rastonia species, Bacillus
subtilis, Pseudomonas species, and Burkholderia
species, have shown the ability to inhibit fungal
growth and production of aflatoxins by Aspergillus
species.® Nayak and his team of researchers
reported that both the active culture broth and the
cell-free filtrate of Bacillus species, isolated from
the Indian cow-shed environment, were highly
effective in suppressing the mycelial growth of
Aspergillus flavus, achieving up to a 90% reduction
in fungal development.’

Chilli pepper (Capsicum annuum L.)
is a significant commercial spice, commonly
affected by aflatoxin contamination, particularly
in its processed forms. It causes health hazards
to consumers and affects the global market for
chilli pepper and its products. The European
Commission has established maximum allowable
limits for aflatoxins in spices, including whole and
ground chilli pepper are 5 pg/kg for aflatoxin B1
and 10 pg/kg for the combined total of aflatoxins
B1, B2, G1, and G2.® Aflatoxin produced by
Aspergillus flavus, is the major problem observed
in dried chilli pepper in tropical countries.®
In vitro and field conditions, there are integrated
approaches for the management of aflatoxins
contamination in chilli pepper that involve the use
of plant extracts, bioagents, and fungicides against
Aspergillus flavus.*°

Bacillus amyloliquefaciens is a Gram-
positive, rod-shaped, primarily aerobic bacterium
characterized by its ability to produce endospores
and exhibit filamentous, chain-forming cellular
arrangements. Taxonomically, it is classified within
the genus Bacillus, family Bacillaceae, and belongs
to the Bacillus clade of the Firmicutes phylum.
Bacillus amyloliquefaciens synthesizes a broad
spectrum of structurally diverse antimicrobial
secondary metabolites, notably including both
cyclic and linear lipopeptides. It exhibits a close
phylogenetic affinity to Bacillus subtilis, as
evidenced by comparative genomic and molecular
analyses.™ As per the recent studies, researchers
have included four species of Bacillus namely
Bacillus amyloliquefaciens, Bacillus nakamurai,
Bacillus velezensis, and Bacillus siamensis under
the operational group Bacillus amyloliquefaciens
due to their similarities in cell wall compositions,
Guanine-Cytosine (G+C) content, Fatty Acid
Methyl Esters (FAME), DNA-DNA hybridization
(DDH) studies, 16S rRNA sequence, morphological
and physiological characteristics.*? Bacillus
amyloliquefaciens is used as a biocontrol agent
to prevent the infection of agricultural plants by
plant pathogens.®>

In this study, strain of Bacillus
amyloliquefaciens was used to evaluate its
potential to control the aflatoxin producing ability
and growth of Aspergillus flavus MTCC2798,
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Aspergillus parasiticus MTCC411 and 14 other
Aspergillus isolates from different spice products.

MATERIALS AND METHODS

The Bacterial Strains used in the study

The bacterial strain, SBCHGBA1 was
initially recovered as a contaminant on Sabouraud
Dextrose Agar (SDA) plates during yeast and
mold analysis of chilli pepper sample. The strain
was subsequently isolated on nutrient agar (NA)
plates and subjected to preliminary identification
using the Bruker MALDI-TOF Biotyper and
bioMérieux VITEK 2 systems. Further confirmation
of SBCHGBA1 was achieved through 16S rRNA
gene sequencing, as the strain demonstrated
notable anti-aflatoxigenic activity. In addition,
Bacillus megaterium SBCHGBM1, obtained from
ground chilli pepper samples, was identified using
MALDI-TOF and VITEK 2 methods and employed
as a bacterial control in the anti-aflatoxigenic
study. Pure cultures of both bacterial strains were
maintained on trypticase soybean agar (TSA)
medium and preserved at 2-8 °C for subsequent
experimental use.

Fungal strains utilized in the study

Reference strains, Aspergillus flavus
MTCC2798 and Aspergillus parasiticus MTCC411
were obtained from the Microbial Type Culture
Collection and Gene Bank (MTCC), CSIR-Institute
of Microbial Technology, Chandigarh, India, and
maintained on potato dextrose agar (PDA) plates at
2-8 °C. The study also included fourteen Aspergillus
flavus isolates recovered from various spice
samples. Isolation of Aspergillus flavus from spices
was performed following the USFDA BAM Chapter
18 protocol. During analysis, fungal colonies on
dichloran 18% glycerol (DG18) agar were examined
for morphological similarity to Aspergillus flavus.
Colonies exhibiting comparable characteristics
were subcultured on PDA and identified using
MALDI-TOF as described below. The fourteen
fungal isolates identified as Aspergillus flavus by
MALDI-TOF with identification scores above 2 were
selected for the anti-aflatoxigenic study. All fungal
cultures were maintained on PDA and stored at 2-8
°C throughout the study.

Bacterial identification by VITEK 2

The bacteria to be identified were
subcultured on trypticase soy agar (TSA) medium
and prepared serial dilution of bacteria in 0.85%
NaCl solution. The optical density (OD) values
of bacterial dilutions were adjusted to a range
of 1.80-2.20 by using McFarland 2.0 standard,
as measured by the DensiChek (bioMérieux)
turbidity meter. VITEK 2 system (bioMérieux,
Inc., Hazelwood, MO) Version: 08.01 and VITEK 2
Bacillus identification card (BCL card) were used
for the identification of bacteria.’

Bacterial and fungal identification by MALDI-TOF
biotyper

Bacterial and fungal isolates were purified
by culturing on nutrient agar (NA) and potato
dextrose agar (PDA) prior to identification using
the Bruker MALDI-TOF Biotyper (Bruker Daltonics,
Billerica, MA). For MALDI-TOF MS analysis, 1 pL of
70% formic acid was dispensed into each well of a
steel anchor 96-well plate, and bacterial and fungal
colonies were transferred onto the separate wells
containing formic acid and allowed to air dry. Next,
1 pL of matrix solution, comprised of a-cyano-4-
hydroxycinnamic acid dissolved in 47.5% water,
50% acetonitrile, and 2.5% trifluoroacetic acid,
was layered over the dried samples and permitted
to dry prior to measurement. The instrument was
calibrated before analysis using the bacterial test
standard (BTS) provided by Bruker Daltonics.®

Bacterial identification by 16S rRNA gene
sequencing

High-quality genomic DNA was isolated
from a pure culture of strain SBCHGBA1, and
its integrity was evaluated by running samples
through a 1% agarose gel, where a clear high-
molecular-weight band was noted and chosen
for subsequent studies. The 16S rRNA gene was
amplified using universal primers (27F and 1492R),
producing a PCR product that appeared as a single
band around 1500 bp after gel electrophoresis,
which was then purified to remove impurities.
Sequencing of this purified amplicon involved
both forward and reverse primers on an ABI
3730xI| Genetic Analyzer, using the BDT v3.1 Cycle
Sequencing Kit. The paired reads were merged to
form a consensus sequence with Aligner software,
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then analyzed using BLAST against the NCBI
GenBank database to find sequences with the
highest similarity scores. The ten closest matches
were selected, aligned in Clustal W and MEGA7.Y7%°

Antifungal activity assays of Bacillus
amyloliquefaciens SBCHGBA1

The antagonistic activity of Bacillus
amyloliquefaciens SBCHGBA1 against Aspergillus
flavus MTCC2798 and Aspergillus parasiticus
MTCC411 was evaluated using dual culture
assays on Sabouraud Dextrose Agar (SDA) and
Tryptic Soy Agar (TSA). An inoculum of 0.1 ml,
containing approximately 300 colony-forming units
(CFU), was prepared by spread-plating Bacillus
amyloliquefaciens SBCHGBA1 onto both SDA and
TSA plates, with bacterial CFUs quantified via
serial dilution and plating on TSA. After bacterial
inoculation, 0.5 mm fragments of fungal mycelia
were placed in the centre of each plate and parallel
control plates containing only fungal isolates were
also maintained. All plates were incubated at 25
°C for five days, after which fungal growth was
monitored, and the diameter of colonies was
measured in millimetres using a calibrated ruler.?°

Assessment of anti-aflatoxigenic activity of
Bacillus amyloliquefaciens SBCHGBAL1 in tryptic
soy broth

The experiment utilized 250 ml screw-
cap borosilicate glass bottles, each containing
50 ml of tryptic soy broth (TSB), which were
sterilized at 121 °C and 15 psi for 15 minutes
in an autoclave to maintain aseptic conditions.
Once cooled, individual bottles were inoculated
with 1000 CFU per 50 ml of each of the fifteen
Aspergillus flavus strains, including MTCC2798
and fourteen isolates from different spice sources
and Bacillus amyloliquefaciens SBCHGBA1 at 1000
CFU per 50 ml of TSB. Controls included bottles
with only bacterial or only fungal inoculation, as
well as uninoculated media controls. The initial
count of Bacillus amyloliquefaciens SBCHGBA1
in the inoculum was determined via standard
plate counting on nutrient agar. To prepare fungal
spores, Aspergillus flavus cultures were grown on
PDA at 25 °C for seven days, followed by spore
collection using a rinse with 10 ml sterile 0.05%
Tween 80 and filtration through four layers of
sterile cheesecloth to remove mycelial fragments.

The spore concentration was measured through
serial dilution in 0.1% peptone water and by
plating on PDA. The pH of TSB in each bottle was
set to 5.5 using sterile 1 N HCI. All cultures were
incubated at 25 °C for fourteen days to promote
microbial interactions, then subjected to final
sterilization by autoclaving at 121 °C for 15
minutes. After cooling, a 25 ml sample was taken
from each bottle for aflatoxin measurement.?

Assessment of anti-aflatoxigenic activity of
Bacillus amyloliquefaciens SBCHGBAL in chilli
pepper

Fifty grams of sterilized ground chilli
pepper were placed into 500 ml screw-cap glass
bottles, labelled A through G. The treatments were
arranged as follows, A: Blank control (no microbial
inoculation); B: Inoculated with Aspergillus
flavus MTCC2798; C: Inoculated with Bacillus
amyloliquefaciens SBCHGBA1; D: Inoculated with
Bacillus megaterium SBCHGBM1; E: Co-inoculated
with Aspergillus flavus, Bacillus amyloliquefaciens,
and Bacillus megaterium; F: Co-inoculated with
Aspergillus flavus and Bacillus amyloliquefaciens;
G: Co-inoculated with Aspergillus flavus and
Bacillus megaterium. Each microorganism was
added at an inoculum concentration of 50,000
CFU per gram of chilli pepper. All samples
were incubated at 25 °C for 14 days. Following
incubation, 25 g of chilli pepper were collected
from each bottle for aflatoxin analysis.

Analysis of aflatoxins

For aflatoxin measurement, each 25 ml
aliquot of TSB or 25 g chilli pepper was combined
with 100 ml of an 80:20 methanol-water mixture
and homogenized using a blender at 2000 RPM
for 2 minutes. The mixture was filtered through
Whatman No. 1 filter paper, and 20 ml of the
filtrate was subsequently diluted to a total
volume of 100 ml using 1 mM phosphate-buffered
saline (PBS, pH 7.4) before passage through a
1.5 um microfiber filter. Ten millilitres of this
filtered solution were applied to an AflaPrep
immunoaffinity column at a controlled flow rate
of 1 ml/min. After washing the column twice
with 10 ml of water, aflatoxins were eluted with
1 ml methanol. The eluate was analyzed via
high-performance liquid chromatography (HPLC)
equipped with a fluorescence detector, using a
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reversed-phase C18 column maintained at 40
°C. Separation was performed using an isocratic
mobile phase of water and methanol (55:45 v/v)
at a flow rate of 1 ml/min. Aflatoxin detection
N A A A A A A A A . . . . )
O = NS 0N O N < | u cenc Wi XClI
5 Sodadgwgedy relied on fluorescence settings with excitation
A P NI B IO~ and emission wavelengths of 365 nm and 464 nm,
§ | 8833838838 tively. To i itivity for aflatoxi
2 S9999099090900 respectively. To improve sensitivity for aflatoxin
COLOLLOLOLUOLOUO B1, aflatoxin B2, aflatoxin G1, and aflatoxin G2,
a photochemical reactor with a 254 nm UV lamp
€ N R R R RN RN and PTFE coil was placed between the column
Q (Vo Yo JVo BN B Vo Ve BN B Ve IYo I Vo] .
5 RN and detector. The procedure was validated over a
concentration range of 0.5- or usin
] certified reference standards for all four aflatoxin
IS ©Oooooocoooo compounds, and chromatographic outputs were
w processed using Shimadzu LC Solution software
version 2.1 for quantification.?
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= out using Microsoft Excel.
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Table 2. Inhibition of Fungal Growth by Bacillus amyloliquefaciens SBCHGBA1

Plating Fungal Strain(s) Colony Diameter
Medium After 5 Days (mm)*
SDA Aspergillus flavus MTCC 2798 64 +1°

SDA Aspergillus flavus MTCC2798 + SBCHGBA1 27420

TSA Aspergillus flavus MTCC 2798 62 +2°

TSA Aspergillus flavus MTCC 2798 + SBCHGBA1 3+1°

TSA Aspergillus parasiticus MTCC411 52 +2¢

TSA Aspergillus parasiticus MTCC411 + SBCHGBA1 3+1°

Note: *Values are expressed as mean * standard deviation (n = 3). Different superscript letters indicate statistically significant
differences at P < 0.05. This table presents the colony measurements for Aspergillus flavus and Aspergillus parasiticus, with and
without Bacillus amyloliquefaciens SBCHGBA1, following a five days incubation at 25 °C using SDA and TSA media. The addition
of SBCHGBAL resulted in a marked reduction in fungal colony size, highlighting its antifungal activity.

species-level discrimination by 16S sequencing
alone, the combined use of three techniques
provided conclusive identification of the isolate as
Bacillus amyloliquefaciens. The 16S ribosomal RNA
gene, partial sequence is available under GenBank
accession PV649863.

Antifungal studies

Bacillus amyloliquefaciens SBCHGBA1
exhibited potent antifungal activity when tested
on SDA and TSA media against Aspergillus flavus
MTCC2798 and Aspergillus parasiticus MTCC411.
In control experiments, without the bacterium,
Aspergillus flavus formed colonies measuring
64 mm on SDA and 62 mm on TSA, while co-
cultivation with Bacillus amyloliquefaciens reduced

Ad\‘ A,“l

these sizes to 27 mm and 3 mm, respectively.
Aspergillus parasiticus exhibited a colony size
of 52 mm on TSA in the absence of Bacillus
amyloliquefaciens, but only 2 mm when both were
present. These results, detailed in Table 2 and
Figure 2, indicate that Bacillus amyloliquefaciens
SBCHGBAL1 inhibited Aspergillus flavus growth by
approximately 58% on SDA and 95% on TSA, with
a 37% higher inhibition rate on TSA. Suppression
of Aspergillus parasiticus growth on TSA was
even more pronounced, reaching 96%. The high
dextrose (glucose) content in SDA serves as an
abundant energy and carbon source, potentially
promoting vigorous mold growth, as both media
are maintained at an acidic pH to favour mold
development.

Figure 1. (A) Gram-staining image of the bacterial strain SBCHGBA1; (B) Colonies of SBCHGBA1 on Trypticase

Soybean Agar (TSA) medium
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Anti-aflatoxigenic studies

Bacillus amyloliquefaciens SBCHGBA1
was evaluated for its ability to inhibit aflatoxin
production by 15 Aspergillus flavus strains
which including 14 spice-derived isolates and
one standard strain in TSB medium. The results
are summarized in Table 3. After 14 days at 25
°C, 13 strains produced aflatoxins ranging from
7.0-263.4 pg/l, while two strains showed no
detectable levels. Notably, the presence of Bacillus
amyloliquefaciens SBCHGBA1 suppressed aflatoxin

synthesis across all tested strains, with 14 strains
producing undetectable amounts (LOQ >0.5
ug/l), and only one strain producing a minimal
1 pg/l. Only aflatoxin B1 and aflatoxin B2 were
detected, with no aflatoxin G1 or aflatoxin G2
observed. These data underscore the robust anti-
aflatoxigenic effects of Bacillus amyloliquefaciens
SBCHGBA1, which prevented total aflatoxin
concentrations exceeding 1 pg/I.

The results of the anti-aflatoxigenic study
on Bacillus amyloliquefaciens SBCHGBA1 in chilli

Figure 2. Photographic documentation of antifungal assays conducted with Bacillus amyloliquefaciens SBCHGBA1.
Note: (A) Growth of Aspergillus flavus on TSA without Bacillus amyloliquefaciens; (B) Growth of Aspergillus flavus on TSA
with Bacillus amyloliquefaciens; (C) Growth of Aspergillus parasiticus on TSA without Bacillus amyloliquefaciens; (D) Growth
of Aspergillus parasiticus on TSA with Bacillus amyloliquefaciens; (E) Growth of Aspergillus flavus on SDA without Bacillus
amyloliquefaciens; (F) Growth of Aspergillus flavus on SDA with Bacillus amyloliquefaciens
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Figure 3. Anti-aflatoxigenic properties of Bacillus amyloliquefaciens SBCHGBA1 against Aspergillus flavus.
Note: A: Growth inhibition on SDA, B: Growth inhibition on TSA, C: Aflatoxin inhibition on TSB (The percentage of inhibition was
determined by calculating the average reduction in aflatoxin production across 13 strains of Aspergillus flavus.), D: Aflatoxin

inhibition on chilli pepper

pepper are shown in Table 4. The tested Aspergillus
flavus MTCC2798 strain produced approximately
17 ug/kg of total aflatoxins in chilli pepper after
14 days of incubation. According to EU standards,
chilli pepper containing more than 10 ug/kg of
aflatoxin is unacceptable. When Aspergillus flavus
was co-cultivated with Bacillus megaterium, the
total aflatoxins level remained around 16 ug/kg,
showing no significant difference. However, co-
cultivation with Bacillus amyloliquefaciens limited
aflatoxin production to less than 3.9 ug/kg, which
falls within the acceptable range under EU norms.
This indicates an approximate 77% reduction in
aflatoxin production by Aspergillus flavus in the
presence of Bacillus amyloliquefaciens.
Previous studies involving various
antifungal and antibacterial strains of Bacillus
amyloliquefaciens have identified three families
of Bacillus lipopeptides: surfactins, iturins, and
fengycins. These lipopeptides were investigated
for their antagonistic activity against a broad
spectrum of potential phytopathogens, including
both bacteria and fungi. Their antimicrobial
properties primarily stem from their unique
amphiphilic structure, which enables them to
disrupt the integrity of the plasma membrane or
cell wall of target microorganisms in a manner

like most antimicrobial detergents.?*?¢ In one
of the earlier reported research, fengycins
isolated from Bacillus amyloliquefaciens JFL21
exhibited antimicrobial activity against Listeria
monocytogenes, Aeromonas hydrophila, and
Colletotrichum gloeosporioides at wide range of pH
and temperature. Remarkably, these compounds
retained their activity even after exposure to
ultraviolet sterilization, chemical reagents, and
proteolytic enzymes.?” Bacillus amyloliquefaciens
SBCHGBA1, sourced from chilli pepper, effectively
suppressed both fungal growth and aflatoxin
production of Aspergillus species, aligning with
previous reports of Bacillus amyloliquefaciens
strains functioning as probiotic and/or biocontrol
agent in food systems. These results suggest that
Bacillus amyloliquefaciens SBCHGBA1 may operate
via similar antifungal pathways.

Depending on the variety and stage
of ripeness, the pH of chilli peppers typically
ranges between 4.9 and 6.2, placing them
within a slightly acidic spectrum. The strain of
Bacillus amyloliquefaciens isolated from chilli
pepper demonstrated both anti-aflatoxigenic
and antifungal properties when tested in acidic
environments such as Sabouraud Dextrose
Agar (SDA) and within chilli pepper itself. Prior
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Table 4. Aflatoxin content in chilli pepper after 14 days of microbial treatment

Chilli B1 B2 G1 G2 Total
pepper (ne/ks) (ug/ks) (ug/kg) (ne/ks) aflatoxin
samples (ug/ks)

A ND* ND ND ND ND

B 16.2+1.7 09+0.1 ND ND 17.1+1.8
C ND ND ND ND ND

D ND ND ND ND ND

E 43+0.2 ND ND ND 43+0.2
F 3940.1 ND ND ND 3940.1
G 155+ 1.6 0.8+0.1 ND ND 16.3+1.6

Note: A: Blank (no treatment), B: Chilli pepper treated with Aspergillus flavus, C: Chilli pepper treated with Bacillus
amyloliquefaciens, D: Chilli pepper treated with Bacillus megaterium, E: Chilli pepper treated with Aspergillus flavus, Bacillus
amyloliquefaciens, and Bacillus megaterium, F: Chilli pepper treated with Aspergillus flavus and Bacillus amyloliquefaciens, G:
Chilli pepper treated with Aspergillus flavus and Bacillus megaterium. *ND: Not detected (LOQ < 0.5 pg/kg). All values represent

mean + standard deviation for six replicates

research demonstrates the utility of these
bacteria in animal feed for promoting gut health
and productivity, as well as mediating aflatoxin
detoxification through enzymatic degradation and
gene expression modulation.?®* The antifungal
and anti-aflatoxigenic properties of Bacillus
amyloliquefaciens SBCHGBA1, assessed in this
study, are presented graphically in Figure 3.
The findings support the application of Bacillus
amyloliquefaciens SBCHGBA1 as a targeted
biocontrol agent against aflatoxin-producing
Aspergillus species in chilli pepper-based products
and their derivatives.

Chilli pepper powder is known to
carry substantial microbial populations, often
reaching levels of 10° to 10® CFU per gram
of aerobic bacteria. A significant portion of
this microbial load consists of heat-tolerant
bacterial spores, particularly those belonging
to Bacillus species.?**” Methods are available
for incorporating the beneficial strain Bacillus
amyloliquefaciens SBCHGBAL into chilli peppers as
a biocontrol agent to prevent aflatoxin production.
Prior to drying, chilli peppers typically undergo
treatments designed to reduce their natural
surface microflora, followed by steps to remove
any treatment residues. After this preparation,
the chilli peppers can be exposed to a harmless
diluent containing the desired concentration
of Bacillus amyloliquefaciens SBCHGBA1. Once
treated, the peppers are dried by either naturally
or through controlled methods and subsequently

ground into powder that retains the introduced
Bacillus amyloliquefaciens SBCHGBAL culture.
These methods must be standardized through
scientifically validated protocols to enable the
practical application of Bacillus amyloliquefaciens
in chilli pepper.

Industrial strains belonging to subspecies
of Bacillus amyloliquefaciens hold GRAS status
from the USFDA for broad applications in food,
feed, agriculture, enzyme production, probiotics,
and biocontrol. In 1999, the USFDA issued a final
rule affirming GRAS status for carbohydrase and
protease enzyme preparations derived from
Bacillus amyloliquefaciens, supported by scientific
evidence and a history of safe use as direct food
additives under relevant 21 CFR regulations.33°

CONCLUSION

The bacterium isolated from chilli
pepper was conclusively identified as Bacillus
amyloliquefaciens using three complementary
techniques. Antifungal assays revealed that Bacillus
amyloliquefaciens SBCHGBAL inhibited Aspergillus
flavus MTCC2798 growth by approximately 58%
on SDA and 95% on TSA. Furthermore, anti-
aflatoxigenic experiments demonstrated complete
suppression of aflatoxin production above 1 pg/|
in all tested Aspergillus flavus strains after 14 days
in TSB at 25 °C, along with a 77% reduction in
aflatoxin levels in chilli pepper when co-cultivated
with Bacillus amyloliquefaciens. These findings
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underscore the strong biocontrol potential of
Bacillus amyloliquefaciens SBCHGBA1, naturally
sourced from chilli pepper, for enhancing food
safety in chilli-based products and related food
systems.
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