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INTRODUCTION 

 

The contamination of important commodity like maize with toxigenic strains of 

Aspergillus genus portend a huge debacle to food safety. Chief among these 

toxigenic strains are A. flavus and A.   fumigatus. The former produces aflatoxin 
B1, tagged natural carcinogen class 1 (Eskola et al., 2020; IARC, 2023), while 

both of them are the leading cause of human invasive aspergillosis (Yu et al., 

2020).  Regardless of the various management approaches, postharvest 
interventions at curbing aflatoxin contamination in stored produce is still a global 

challenge (Nesic 2018, Ukwuru et al., 2021). 
One of the sustainable management approach is application of microbial control 

agents. However, most biological control agents (BCAs) failed at practical delivery 

possibly due to both ecotoxicological risk and inconsistency of the BCAs in the 
field (Bejarano & Puopolo, 2020).  

BCAs effect their actions against preharvest and post-harvest pathogens through 

many mechanisms such as production enzymes, lipopeptides, antibiotics, organic 
acids, and other bioactive compounds (Stojanovic et al., 2019). However, the 

production of these antimicrobials is dependent on factors like pH and temperature 

(Kohl et al., 2019), thus making focus on the selection, identification of novel 
BCAs, and characterization of their modes of action important routine (Bejarano 

& Puopolo, 2020). 

Members of the genus Bacillus are found in many environmental sources like soil, 
plants, and others (Kanpiengjai et al., 2016). Recently, attention has been directed 

towards the endophytes for the prospecting of bacteria BCA, including several 

members of this genus, which are always found in abundance (Chen et al., 2021). 
Member such as Bacillus cereus, are known to produce diversity of antimicrobial 

agent, like hydrolytic enzymes, volatile organic compounds, and other antifungal 

metabolites (Kohl et al., 2019).  However, some B. cereus strains produce 
enterotoxins, while few environmental strains B. cereus are not (Harwood et al., 

2018), which justifies need for invitro characterization of physiological, metabolic 

and safety attributes before consideration for postharvest applications. 
Most research outputs on the antifungal activity of Bacillus species have been 

widely studied, however over-focus on inhibitory assays, rather than holistic 

approach which integrates enzyme assay, metabolites identification, physiological 
studies, safety, and antimicrobial resistance assessments (Caulier et al., 2019; 

Kohl et al., 2019) with antifungal screening. Lack of holistic approach impedes 

proper understanding of the antifungal mechanisms, and could lead to 
inconsistency performance of BCAs under practical deployment (Bejarano & 

Puopolo, 2020). 

Thus, this study is aimed at evaluating the antifungal activity of an apple seed 
endophytic Bacillus cereus strain on toxigenic strains of the Aspergillus species; 

profiling of its metabolites; physiological stability, and preliminary safety 

assessments.  
 

MATERIALS AND METHODS 

 

Collection of samples  

 
Maize grains were collected randomly from Oyingbo (5 samples) and Tejuosho (2 

samples) markets in Lagos. Additionally, about 1 g of seeds was extracted from 

apple fruits collected from the same locations. Maize grain samples were labeled 
(A-G), and transferred aseptically to the laboratory. 

 

Sample preparations   

 

About 50 kernels of maize (0.25 - 0.30 g each) and 1 g of apple seed samples 

underwent three steps surface sterilization as described by Gaurav et al. (2020). 
Then, the samples blended in 90 ml of half-concentration nutrient broth for 5 mins. 

The blend was incubated at room temperature for 4 h on a rotary shaker (Rijavec 

et al., 2007, modified). 
 

Microbial isolation and identification of endophytic Bacillus and mold isolates 

Isolation 

 

Following serial dilution, 0.1 ml blend (apple seed) was pour plated on  potato 

dextrose agar (PDA) seeded with 0.01 % chloramphenicol and incubated at 28 °C 
for 5-7 d  for molds isolation.  In addition, 0.1 ml blend (maize grain) was pour 

plated on Mannitol Egg-yolk Polymyxin B agar seeded with Cycloheximide, and 

incubated at 37 °C for 24-48 h for endophytic Bacillus isolation. 
 

Contamination of maize grains with aflatoxigenic genus Aspergillus negatively impacts public health, food security, and postharvest 

storage. Biological control (BC) of molds is becoming more popular. Regardless, invitro validation of BC agents’ efficiency is crucial to 
successful postharvest deployment.  This study investigated antifungal action of an endophytic Bacillus cereus against four Aspergillus 

strains, and its metabolic profiling. Decontaminated apple seeds and maize grains were blended, and plated on mannitol egg yolk 

polymyxin B agar, and potato dextrose agar for Bacillus and Aspergillus strains isolation respectively. Molecular identification of isolates 
was done. A 72 h Bacillus cell-free extract dilutions (undiluted, 1:10, and 1:1000), were used in agar well antifungal susceptibility test 

against three Aspergillus species, and aflatoxigenic A. flavus ATCC 22546. Nystatin was positive control, and incubation done at 28 °C. 

AST was repeated at pH 6, 8 and 9, and zones of inhibition were measured (mm). Minimum inhiibitiory concentration and minimum 
fungicidal concentration was done. Enzyme assay and GCMS scan of CFE, and ZOI agar blocks were done for A. flavus ATCC 22546 

and an A. flavus.  B. cereus strain JCM 2152, and A. flavus isolate K1, A. flavus isolate W5 and A. fumigatus strain 3162953 were confirmed. 

The 1:10 dilution produced widest ZOI, and A. flavus isolate W5 susceptibility was significant at 30.00 ± 2.50 mm. Also, pH and ZOI 
correlated.  MIC ranged 1:8 – 1:256, and was fungistatic. Hexadecanoic acid, 4-methyl-3-pent-2-one, and extracellular enzymes were 

detected. A. flavus isolate W5 was significantly susceptible to enzymes. Possible synergistic inhibition was the mechanism of inhibition, 

and preliminary features required of a BC for postharvest trial were affirmed for B. cereus strain JCM 2152. 
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Identification  

 

The pure isolates of the endophytic Bacillus were characterized and identified 

using colonial and cell morphology, biochemical tests, physiological and studies 

and 16S rRNA sequencing. 

 

Colonial and cell morphology 

 

The colonial morphology was studied in terms of size, shape, color, consistency, 
edges, elevation, and opacity. Cell morphology and Gram reaction were done.   

 

Biochemical tests 

 

The motility test, spore stain, catalase, hemolytic test, indole, sugar fermentation 
tests (maltose, glucose, fructose, and sucrose), growth on MacConkey, citrate, 

oxidase, methyl red-Voges Proskaeur tests, starch, urease, and casein hydrolysis 

were carried out following standard microbiological procedures. 
 

Physiological and growth studies 

 

Growth at Different pH  

 

Endophytic Bacillus isolate was adjusted to 0.5 McFarland standard (1.50 x 108 
colony forming unit per ml (CFU/mL), Optical density (OD 610 nm) 0.105) and 

seeded into Nutrient Broth (NB) adjusted to pH 6, 8, 9, and 10 with NaOH or HCl 

in 1/100 volume by volume (v/v) proportion. OD values were measured with a 
JENWAY 6305 spectrophotometer at 610 nm at 0, 24, 48, and 72 h at 37 °C 

(Borriss, 2020). 

 

Growth in the presence of NaCl 

 

The endophytic Bacillus isolate was adjusted to 0.5 McFarland standard (1.50 x 
108 CFU/mL, OD 610 nm 0.105) and seeded into nutrient broth adjusted to 2 %, 5 %, 

7 %, and 10 % (w/v) NaCl in 1/100 volume by volume (v/v) proportion. Tubes 

were incubated at 37 °C for 24 h. Growth was measured after 7 and 14 d with a 
JENWAY 6305 spectrophotometer at 610 nm (Borriss, 2020).  

 

Safety tests for endophytic Bacillus isolate 

 

After repeated sub culturing, the Bacillus isolate was prescreened using hemolytic 

reaction, gelatin hydrolysis, biofilm detection, and antimicrobial susceptibility 
tests. 

 

Hemolytic Activity 

 

Hemolytic activity of the suspected endophytic Bacillus strain was determined by 

using blood agar plates method described by Ogofure et al. (2019)  
 

Gelatin hydrolysis 

 
The method described by Omar et al. (2004) and Dela-Cruz (2012) involving 

inoculating nutrient agar gelatin medium (0.65 g/50 ml) was followed. 

 

Detection of biofilm production  

 

Mueller Hinton agar supplemented with 0.8 g/L of Congo red dye and incubated 

for 48 h at 37 °C.   

 

Antimicrobial Resistance Test using disc diffusion technique 

 

The disc diffusion technique on Mueller Hinton agar was used to determine the 

response of the isolate to 10 antibiotics following the procedure and interpretation 
of the Clinical and Laboratory Standards Institute M100-Ed36 (CLSI, 2026). The 

antibiotic discs used were (Amoxicillin (30 µg), Ampiclox (30 µg), Ciprofloxacin 
(10 µg), Gentamycin (10 µg), Erythromycin (10 µg), Pefloxacin (10 µg), Septrin 

(30 µg), Streptomycin (30 µg), Rocephin (25 µg), Zinnacef (20 µg). The zone of 

inhibition in millimeter (mm) was measured with ruler.  The experiment was 
repeated twice.  

Note: No CLSI official disk diffusion interpretation guideline is available for 

Bacillus spp.; therefore, the diameter of the clear zone produced was measured, 
and using Staphylococcus spp. breakpoints in CLSI M100 guideline, it is being 

used for descriptive purposes only. In addition, only the antibiotics captured under 

the guideline were used in making deductions about the Bacillus cereus strain 
being considered.  

 

Utilization of coumarin as carbon source  

 

This is ability of the endophytic Bacillus to utilize coumarin as carbon source was 

tested by plating the 18 - 24 h Bacillus isolate on 0.01 % coumarin supplemented 

nutrient agar. Colonial growth at 24 h implies capacity to make use coumarin as 

carbon source (Guan et al.,2008) 

 

Preliminary confirmation of the endophytic Bacillus isolate 

 

The Bacillus isolate was characterized and identified by matching its morphology 
and biochemical and physiological characteristics to the Advanced Bacterial 

Identification Software (ABIS) online platform (Costin & Ionesco, 2024), based 

on Bergey’s Manual of Systematic Bacteriology (Whitman et al., 2012).  
 

Molds identification 

 

Mold isolates were assessed for macroscopic and microscopic characters and 

compared with descriptions in the keys of Samson et al. (2019) and the Pictorial 
Atlas of Soil and Seed Fungi (Watanabe, 2010). Three mold isolates were selected 

for molecular characterization based on a literature search on aflatoxin production. 

 

Molecular characterization of isolates of endophytic Bacillus and mold 

isolates 

 
The endophytic Bacillus isolate was identified through 16S ribosomal RNA 

sequencing (16S rRNA), while the three (3) mold isolates from maize were 

selected for internal transcribed spacer (ITS 1 & 4) sequencing to accurately 
identify fungal species. 

Deoxy ribose nucleic acid (DNA) extraction, polymerase chain reaction (PCR) 

amplification of the 16S rRNA gene (27F and 1492R) and ITS gene (ITS 1 and 4), 
agarose gel separation, sequencing, and bioinformatics analysis with database tools 

generated accession numbers and similarity scores. Then, based on this, accession 

numbers and similarity scores were generated. 
 

Antifungal susceptibility tests 

 

Test mold spore enumeration and adjustment 

 

Pure culture plates of each of the three test molds and the reference mold (A. flavus 
ATCC 22546) were prepared for spore counting and adjustment as described by 

Petrikkou et al. (2001).  Following this, the spores obtained for each of the isolates 

were counted and adjusted on counted with an improved Neubauer cell-counting 

hemocytometer (MARINFIELD Lab, Germany) under an MICROSCOPE 

SERVICE AND EQUIPMENT (MSE, U.K) digital microscope. Following the 

method of Sotayo (2016 unpublished). The adjusted spores were estimated 
following the general procedures, incorporating the scale up factor, to obtain the 

spores per ml of the test molds used for the antifungal susceptibility test.  

 

Cell-free extract (CFE) of seed endophytic Bacillus isolate  

 

The cell free extract was obtained from nutrient broth seeded with 0.5 McFarland 
standard inoculum of the Bacillus in a proportion of 1/100 (v/v), and incubated for 

72 h on rotary shaker at 120 revolution per minute (rpm). The resulting broth 

culture was spin at 4000 rpm for 15mins in a centrifuge, and the supernatant with 
secreted metabolites was obtained for the AST (Agnelo et al., 2023). Also, the 

optical density at 620 nm of the CFE of the Bacillus candidate was estimated after 

72 h fermentation on NB. 
 

Agar well Diffusion  

 

Following the standard procedures for the agar well diffusion technique with slight 

modifications, varying Bacillus CFE dilutions —1:10, 1:1000, and undiluted—

were used and nystatin (10,000 UI) as a positive control. The AST was repeated at 
different pH (6, 8, and 9). Four zone of inhibition (ZOI) categories – weak (< 5 

mm), medium (5–10 mm), strong (> 10–20 mm), and very strong (> 20–30 mm) - 

put forward by Khanh et al. (2025) were measured. The experiment was repeated 
in triplicate. 

Note: The reference mold used in this study was Aspergillus flavus Link var. flavus 
22546, and strain designation MC-21 [CBS 282.95, IMI 370082]. It is a major corn 

pathogen that causes Aspergillus ear rot and was isolated from moldy corn in Iowa, 

USA. It is a known to producer of aflatoxin B1, and was obtained from the 
American Type Culture Collection (ATCC), Manassas, VA, USA 

(www.atcc.org/products/22546).  

 

Antifungal metabolites profile of endophytic Bacillus isolate  

 

The antifungal enzymes and antifungal metabolites were assayed from both the 72 
h CFE and agar block samples cut out from the zone of inhibition (ZOI) of the 

molds to Bacillus CFE. A total of 4 enzymes were assayed, while a Gas 

chromatography mass spectrometry (GCMS) scan was used to quantify antifungal 
metabolites: 

 

 

 

http://www.atcc.org/products/22546
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Enzyme assay  

 

An agar block (1 cm x 2 cm) was sampled from the ZOI produced in response to 

72 h Bacillus isolate CFE by both the reference aflatoxigenic A. flavus ATCC 

22546 and A. flavus isolate W5. In addition, 72 h CFE (at 37 °C) of the endophytic 

Bacillus isolate was also subjected to enzyme assays. The amylase activity was 
done using 3, 5-dinitrosalicylic acid (DNSA) method; lipase activity was assayed 

using p-nitrophenyl palmitate (pNPP) into p-Nitrophenol method; peroxidase 

activity was measured using guaiacol method, and protease assay was done using 
the tyrosine method respectively.  

 

GC-MS scan of the Bacillus cereus CFE and A. flavus ATCC 22546 

 

The 72 h CFE of the Bacillus isolate, and agar block (1 cm x 2 cm) from the ZOI 
produced in response to 72 h Bacillus isolate CFE to the reference aflatoxigenic A. 

flavus ATCC 22546 only, were scanned with GCMS (Agilent 7820A coupled with 

5975C  mass selective detector (MSD), USEPA, 1989; SMEWW, 1992). 
Metabolites were identified based on the mass spectra found in the National 

Institute of Standards and Technology (NIST) library (Wallace, 2014).  

 

Minimum inhibitory concentration (MIC) and minimum fungicidal 

concentration (MFC) 

 

Broth Micro dilution MIC  

 

The broth microdilution method of the Clinical and Laboratory Standards Institute 
(CLSI) M38 guideline was adapted for filamentous mold was adapted. Potato 

dextrose broth, 50 µL, was pipetted into all the wells.  Then, a two-fold serial 

dilutions of 50 µL cell free extract in 50 µL PDB was done across 96-well micro 
dilution plate. Then, 10 µL of estimated spores of each test molds (range 3.48 x 

106 – 4.45 x 106 spores/mL) was pipetted into all the wells to make the final volume 

per well to be 100 µL. Antifungal (Nystatin suspension, 100,000 International 
Units per milliliter (IU/ml), growth (only mold spores), and sterility controls were  

set up. The experiment was done in triplicates, and incubated in the dark at 28 oC 

for 48 – 72 h.  The MIC ,  being the lowest concentration of the antifungal agents 
that prevented fungal growth, was read visually (CLSI M38, 2017). 

 

MFC 

 

Then, the MFC was done by sub-culturing aliquots from the MIC wells onto fresh 

PDA devoid of antifungal agent, and the re-growth or no growth of the molds after 
at 28 oC for 48 – 72 h was determined (Van Dijck et al.,2018)  

Statistical Analysis 

Technical replicates (triplicates) data were obtained for physiological studies, 
AST, MIC and MFC. Data was separated using Microsoft Excel (MICROSOFT 

CORPORATION, 2013), and expressed as mean ± standard deviation, then 

analysed with one-way ANOVA followed by Tukey posthoc test. Pearson 
correlation was used to analyze AST variables, and ZOI using IBM statistical 

package for social science (SPSS) version 21.0. (IBM CORP., 2012). All values 

were considered significant at p ≤ 0.05. 
 

RESULTS  

 
Isolation and characterization of endophytic Bacillus isolate microbiological 

examination of the apple seed as plated on differential and selective agar Mannitol 

Egg Yolk Polymyxin B (MYEP) and sub-cultured for pure isolate revealed the 

presence of endophytic Bacillus strain.  Further biochemical, physiological, 

antibiotics susceptibility test, and molecular characterization further confirm the 

endophyte to be a Bacillus cereus strain. Furthermore on MYEPA, its presented 

bigger pink cell with halo zone around the cells due to lecithin hydrolysis by 

lecithinase enzyme  
The results of the biochemical characterization of the Bacillus cereus strain shows 

that the Gram reaction positive, as indicated by the retention of the primary stain, 

and thus the cells appeared purple under the microscope, and the shape of the 
isolate was rod-like. Furthermore, the isolate was motile and produce endospores. 

More so, the isolate produces oxidase, catalase, and utilizes citrate, and was methyl 
red positive. However, the isolate was Voges Proskaeur negative, hydrolyzed urea, 

and grew under anaerobic condition. The isolate hydrolyzed starch and casein. In 

addition, the isolate hydrolyze lecithin, and capable of growing on coumarin 
medium. Regards to sugar fermentation after 48 h, the isolate fermented and 

produce acid from glucose and maltose, but no fermentation was observed in both 

lactose and mannitol. The isolate grew moderately on Macckonkey agar plates 
after 24 h, without lactose sugar fermentation. 

 

Physiological and growth studies of Bacillus isolate 

 

Growth at 2 %, 5 %, 7 % and 10 % sodium chloride (NaCl)  

 
The results of growth of the isolate in different NaCl concentration revealed that it 

can grow at salt concentrations ranging from 2 % to 10%. The initial average 

optical density (O.D610 nm) for all the NaCl fraction set up at 0d was 0.105. At 2 % 
NaCl concentration, the O.D. value increased between 0d and 7d (0.139), and 

recorded decline in the optical density (O.D610 nm) between 7 d and 14 d (0.077) of 

incubation at 37 oC. The same trend was observed at 5 % and 7% NaCl 
concentrations, the isolate recorded decline in the O.D610 nm under the same 

incubation temperature of 37 oC. However, at 10 % NaCl concentration, 

continuous increment in OD values was observed from 0d to 7d and 14d with value 
of 0.105, 0.524 and 0.748 respectively (Table 1). For each of the salt concentration 

considered, there was significant difference between OD recorded on day 0 and 

day 7 and 14, but there was no significance difference between OD recorded on 
day 7 and 14.  

 

Growth at pH 6, 8, 9 & 10 

 

The results of growth of the isolate in different pH indicated it can growth within 

in solution of pH 6-9. The initial average optical density for all the pH set up was 
0.105 on 0 d. At pH 6, the O.D. value declined between 0 - 24 h (0.010), while the 

isolate recorded continuous increase in O.D610 nm between 48 -72 being 0.262 to 

0.401. At pH 8, the isolate recorded increasing trends in O.D610 nm values between 
0 h – 72 h with values being 0.172, 0.304 and 0.399 for 24 h, 48 h and 72 h 

respectively. At pH 9, the isolate recorded decline in O.D. value between 0 – 24 

(0.053), while increment resumed after 48 d – 72 d with values of 0.109 and 0.224 
respectively. At pH 10, declined O.D value was observed between 0 - 24 h, and 

remained constant between at 48 h, and increased again between at 72 h (0.306). 

For each of the pH considered, there was significant difference between OD 
recorded on 0h, and that recorded on 48 and 72h and day 7 and 14. However, there 

was no significance difference between OD recorded between 24h and 72h foe all 

the pH values considered (Table 1). 
 

 

Table 1 Growth studies of the Bacillus cereus strain JCM 2152 in nutrient broth with different NaCl Concentration, and different pH  

N.B NaCl  

Concentration (%) 

incubation 

period (d) 

mean optical 

density (OD610nm) 
N.B pH 

Incubation 

period (d) 

mean optical density 

(OD610nm) 

2 0 0.105±0.000a 6 0 0.105±0.000a 

2 7 0.139±0.004b 6 24 0.010±0.002ab 

2 14 0.077±0.000b 6 48 0.262±0.002b 

5 0 0.105±0.004a 6 72 0.401±0.001b 

5 7 0.604±0.002b 8 0 0.105±0.000 a 

5 14 0.327±0.001b 8 24 0.172±0.001ab 

7 0 0.105±0.000a 8 48 0.304±0.002b 

7 7 0.746±0.004b 8 72 0.399±0.001b 

7 14 0.046±0.002b 9 0 0.105±0.000a 

10 0 0.105±0.000a 9 24 0.053±0.001ab 

10 7 0.524±0.002b 9 48 0.109±0.002b 

10 14 0.748±0.001b 

9 
10 

10 

10 

10 

72 
0 

24 

48 

72 

0.224±0.001b 

0.105±0.000b 

0.023±0.002ab 

0.023±0.001b 

0.306±0.001b 

Means with the at least one similar superscript, within each NaCl concentration and pH range, are not significant at p≤0.05 (Tukey HSD) 
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Preliminary Safety Tests 

 

The apple seed endophytic Bacillus isolate did not hydrolyze gelatin, and unable 

to produce biofilm and was gamma hemolytic. 

 

Antibiotics susceptibility test 
 

The B. cereus strain JCM 2152 was largely susceptible to the various antibiotics 

exposed to in varying proportion as revealed by the mean Zone of Inhibition values 
(ZOI). The ZOI for B. cereus strain JCM 2152 ranges from 0.00 mm (resistance, 

R) to 30.00 mm. The Bacillus isolate was resistance to Amoxacillin, and the 
antimicrobial resistance index (AMRI) was 0.10 (Figure 1). 

 

 
Figure 1 Antibiotics susceptibility test of B. cereus strain JCM 2152 to antibiotics. 
*Mean Zone of inhibition (ZOI) values are average of two values PEF: Pefloxacin 

(10 µg), CN: Getamycin (10 µg), APX: Ampiclox (30 µg), Zinnacef (20 µg), AM: 

Amoxacillin (30 µg), R: Rocephin (25 µg), CPX: Ciprofloxacin (10 µg), S: 
Streptomycin (30 µg), SXT: Septrin (30 µg), E: Erythromycin (10 µg). AMRI - 

Antimicrobial Resistance Index - Ratio of number of antibiotics which the bacteria 

is resistance and total number of antibiotics to which it was exposed.  
 

Preliminary Aflatoxin degradation 

 
The seed endophytic Bacillus cereus produce massive growth on the nutrient agar 

supplemented with 0.01% coumarin. 

 
 

 

 
 

 

Molecular characterization of the endophytic Bacillus Isolate 

 

Base on the result of the biochemical characterization, safety tests, hydrolytic 

capacity and metabolic diversity, physiological tolerance, antibiotic resistance 

profile and tendency to cope with harsh condition envisaged at the postharvest 

stage, the endophytic B. cereus strain was selected for molecular identification 
using 16S rRNA sequencing. The molecular characterization of the Bacillus isolate 

revealed the molecular weight of the extracted. DNA of the isolate was 1500 base 

pairs. The gel labeled M is the marker. More so, the sequencing results of the 
isolate is shown below, and from the closest identity of the endophyte is Bacillus 

cereus strain JCM 2152 with the E-value of zero (0), and percentage identity of 98. 
The sequence ID is GI: 631252068, and the Accession number is NR 113266.  

 
Figure 2 Gel picture of the showing the successful extraction of DNA material of 

the Bacillus isolate. M: Marker,-ve: Negative control, A1: DNA of the Bacillus 
cereus strain JCM 2152 

 

 
 

Characterization of the mold isolates from maize grains 

 
The results of macroscopic, microscopic examination of maize grain samples 

reveals the presence of different strains of the genus Aspergillus. (Table 2).  From 

the results, all the maize samples were contaminated with genus Aspergillus. A. 
flavus was predominant, A. fumigatus and A. niger were other members of the 

genus found. However, Rhizopus spp was the only non-Aspergillus characterized. 

From the results, the molds were found co-contaminants in the maize grain 
samples. 

 

Table 2 Mold macroscopy and microscopic examination from maize samples  

Isolate Macroscopy Microscopy Suspected mold Maize sample 

1 Green filamentous mycelium Round conidia Aspergillus fumigatus C, A 

2. Light green filamentous mycelium Round conidia A. flavus D, E, G 

2a. 
Green filamentous mycelium, reverse yellow with dull 

white at the tip 
Round conidia A. flavus D, E, G 

2b. 
Dark brown powdery filamentous mycelium, reverse 

colour yellow. 
Aseptate hyphae A. parasiticus B, C 

3 
Green filamentous mycelium, reverse yellow with dull 

white at the tip 
Round conidia A. flavus F 

8 
Green filamentous mycelium, reverse yellow with dull 

white at the tip 
Round conidia A. flavus G 

10 
Black powdery filamentous mycelium, brown chocolate 

reverse colour 
Aseptate A. niger E 

13 
Dull white velvety mycelium bearing black spores, reverse 

colour orange 
Aseptate hyphae, round conidia Rhizopus spp D, E, G 

 

Magnification (x100) using MSE Digital Microscope 

 

Molecular characterization of mold isolates 

 

Furthermore, molecular characterization was carried out to further confirm the 

properties of the mold isolates. The gel picture of the extracted DNA material of 
the mold isolates from maize grains.  From the figure, the molecular weight of the 

extracted DNA for selected isolates F1, F3, and F4 was 600 base pairs. The gel 

labeled M is the marker (Fig 3).  
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Figure 3 Gel Electrophoresis picture of the ITS DNA of the mold isolates. 

M: Marker; -ve: Negative control; F1 F3,
 and F4 - DNA of the Aspergillus strains 

 

The sequencing result of the blast of the mold isolates (Table 7). The isolates were 

different strains of the genus Aspergillus, and all the isolates recorded percentage 

identity of 99 with those found in the NCBI database. The closest identity name 

were Aspergillus fumigatus strain 3162953, Aspergillus flavus isolate K1 and 
Aspergillus flavus isolate W5 with accession numbers of MH 540722, MZ 676053 

and MT 702845 respectively.  

 

 

Table 7 Sequencing result of the blast of endophytic mold isolates from maize seeds 

Isolates Codes Closest identity 

 

Sequence ID 

 

 

E-value 

 

 

% Identity 

 

Accession no 

Isolate F1 Aspergillus fumigatus strain 3162953 GI: 1561762524 0.0 99 MH 540722 

Isolate F3 Aspergillus flavus isolate K1 GI: 2075322218 0.0 99 MZ 676053 

Isolate F4 Aspergillus flavus isolate W5 GI: 1878862129 0.0 99 MT 702845 

 

Antifungal susceptibility testing (AST) 

 

Mold spore concentration and optical density of endophytic Bacillus cereus 

strain JCM 2152 CFE 

 
The spore concentration of the test molds used for the antifungal susceptibility 

range between 2.48 x 108 - 5.66 x 108 spore/ml (OD540nm:0.27 – 0.41).  The mean 

optical density (OD620nm) of the Bacillus cereus strain JCM 2152 CFE used for 
the antifungal susceptibility test was 0.40. 

 

Antifungal susceptibility of test molds to Bacillus cereus strain JCM 2152 CFE 

at 28 oC and pH varying pH 

 

At 28 oC, the AST result of Bacillus cereus strain JCM 2152 against the 4 test 
molds were susceptible to the three CFE dilutions (1:10, 1:1000 and undiluted), 

and 1:10 dilution was most potent of the dilutions. The trend observed was 1:10 > 

undiluted >1:1000. Also, at both 1:10 and 1:1000 dilutions, the susceptibility of A. 
flavus isolate W5 was significant (p ≤ 0.05) compared to other molds.  In addition, 

A. flavus isolate K1 and A. fumigatus strain 3162953 susceptibility was significant 

(p ≤ 0.05) in response to Nystatin. Overall responses produced at 28 oC could was 
ranged between strong and very strong (Table 5). Nystatin was used as positive 

control in the AST. 

More so, the antifungal susceptibility varied with the pH of the AST medium 
(MHA), and the results followed definite trend.  The influence of change in the pH 

(6, 8 and 9) of the medium revealed that the test molds were susceptible in variance 

as demonstrated by the ZOI (mm) values.   
At pH 6 of the AST medium, the undiluted CFE was higher than the 1:10 and 

1:1000. The trend observed was undiluted > 1:10 > 1:1000.  The susceptibility of 

both A. flavus (ATCC 22564) and A. flavus isolate K1 to undiluted CFE was the 

same, being 21.33 ± 0.29 mm.  A. flavus isolate K1 was resistance to 1:1000 CFE 
at pH 6. Lastly, most of the ZOI values of the CFEs belong to the strong inhibitory 

category.  

When the pH of the medium was 8, amongst the three CFE dilutions, the ZOI 
values  of 1:10 CFE was higher than both the undiluted CFE and 1:1000 dilutions, 

thus, the trend observed was 1:10 > undiluted >1:1000 (as observed for AST done 

at 28oC). A. fumigatus strain 3162953 (33.83 ± 1.26 mm) was most susceptible, 
and the ZOI value (at 1:10 dilution) was highest amongst the three dilutions. 

However, the value was not significant. Most of the ZOI values of the values CFEs 

belong to the very strong inhibitory category 
At pH 9, the 4 test molds were susceptible to the three CFE dilutions (1:10, 1:1000 

and undiluted). Amongst the three CFE dilutions, the ZOI values 1:10 CFE was 

higher than the undiluted CFE and 1:1000 dilutions, thus, the trend observed was 
1:10 > undiluted > 1:1000.  The ZOI values  of A. flavus isolate W5  and  A. flavus 

isolate K1  for 1:10 and 1:1000 CFE dilutions  recorded same 22.33 ± 0.29 mm, A. 

flavus (ATCC 22564) for undiluted  CFE, 15.33 ± 0.29 mm. Also at pH 9. Most of 
the ZOI values of the values CFEs belong to the very strong inhibitory category, 

while others belong to medium and strong inhibitory categories. 

A weak positive significant correlation (r = 0.369, p = 0.003) occurred between the 
pH range considered (6, 8 & 9) and susceptibility of the test molds isolates 

(Aspergillus fumigatus strain 3162953, Aspergillus flavus isolate K1  and 

Aspergillus flavus isolate W5).  Generally, it was observed that the more diluted 
the CFE, the weaker the ZOI. Also, the responses at acidic pH 6 were lower than 

alkaline pH (8 & 9).  

 

 

Table 4 Antifungal susceptibility of test molds to Bacillus cereus strain JCM 2152 CFE at 28 oC and pH varying pH  

  Mean Zone of Inhibition (mm) 

Treatment Condition 
A. fumigatus strain 

3162953 

A. flavus (ATCC 

22564) 
A. flavus isolate K1 A. flavus isolate W5 

CFE (1:10) 28 oC 20.67 ± 5.48 23.83 ± 1.25 19.67 ± 3.01 30.00 ± 2.50* 

CFE (1:1000) 28 oC 20.83 ± 5.20 20.00± 0.00 22.50± 0.00 25.00±2.50 

CFE (undiluted) 28 oC 15.17± 4.04 22.50±0.00 18.83±0.25 28.83 ± 1.26* 
CFE (1:10) pH 6 5.88 ± 0.29 20.33 ± 0.29 10.33 ± 0.29 16.83 ± 0.76 

CFE (1:10) pH 8 30.67 ± 0.76 25.83 ± 0.29 29.33 ± 0.76 20.50 ± 0.50 

CFE (1:10) pH 9 29.33 ± 0.28 20.00 ± 0.00 31.33 ± 1.26 20.33 ± 0.29* 
CFE (1:1000) pH 6 6.17 ± 0.29 15.33 ± 0.29 R 7.33 ± 0.29 

CFE (1:1000) pH 8 22.33 ± 0.29 16.83 ± 0.76 17.83 ± 0.29 7.83 ± 0.29 

CFE (1:1000) pH 9 22.83 ± 0.29 15.33 ± 0.29 20.33 ± 0.29* 15.50 ± 1.89 
CFE (undiluted) pH 6 16.83 ± 0.28 21.33 ± 0.29 21.33 ± 0.29 11.33 ± 0.76 

CFE (undiluted) pH 8 33.83 ± 1.26 22.33 ± 0.29 25.00 ± 0.00 13.83 ± 0.29 

CFE (undiluted) pH 9 25.33 ± 0.29 15.33 ± 0.29* 26.33 ± 1.26 10.33 ± 0.28 
Nystatin 28 oC 14.50 ± 1.80* 22.50 ± 0.00 13.83± 1.26* 23.83 ±1.26 

*: Denote values that are significant at p ≤ 0.05 (ANOVA with Turkey HSD posthoc), and each ZOI value is mean of triplicate determination. Weak - < 5 mm, medium 

– 5 – 10 mm, strong - > 10 – 20 mm, very strong - > 20 – 30 mm (Khanh et al. (2025) R - Resistance (no zone of inhibition observed). ZOI values (mean ± s.d) of 
triplicate experiments produced by the test molds-CFE dilutions interactions are compare across the rows. Nystatin was used as positive control only, and not indicative 

of comparison with the CFE in this preliminary study.  
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Enzyme assay of endophytic Bacillus cereus strain JCM 2152 cell free extract 

and agar block at the ZOI 

 

The assay of the enzymes secreted into CFE and in the agar block sampled from 

the zone of inhibition shows the presence of varying concentration of amylase, 

lipase, protease and peroxidase contributing to antifungal at the ZOI. From the 
table 5, concentration of amylase, lipase, protease and peroxidase in the CFE were 

55.38 ± 0.01, 14.56 ± 0.01, 73.48 ± 0.57, 15.3 ± 0.01 µmol/mg pro respectively. 

At the 48 h agar block at the ZOI produced by A. flavus ATCC 22546, the 
concentration of the four enzyme detected were 35.02 ± 0.01, 10.16 ± 0.02, 27.76 

± 0.02 and 12.04 ± 0.02 µmol/mg pro respectively, while the concentration of the 

four enzymes at the ZOI produced by A flavus isolate W5 were 121.54 ± 0.02, 51.45 

± 0.02, 72.73 ± 0.02 and 19.05 ± 0.01 µmol/mg pro respectively. There was 

significant (p ≤ 0.05) difference between all the enzymes assayed in the CFE, and 

from the 48 h agar block of the two test molds. There were also variations between 

the levels of the enzymes assayed from the CFE and from the agar blocks of the 
ZOI. Finally, there were comparative significant differences (p ≤ 0.05) in the 

enzymes induced at the ZOI agar blocks due two different test molds. 

 

 

Table 5 Enzyme Assay of the B. cereus strain JCM 2152 72 h CFE, and 48 h agar block from the Zone of Inhibition of molds at 28 oC  

 

 bEnzyme Activity (µmol/mg pro) CFE  and 48h agar block  of  Test molds 

Enzyme a72 h CFE A. flavus ATCC 22546c A. flavus isolate W5
d 

Amylase 55.38 ± 0.01e 35.02 ± 0.01h 121.54 ± 0.02l 

Protease 14.56 ± 0.01 10.16 ± 0.02i 51.45 ± 0.02m 

Lipase 73.48 ± 0.57f 27.76 ± 0.02j 72.73 ± 0.02n 
Peroxidase 15.30 ± 0.01g 12.04 ± 0.02k 19.05 ± 0.01o 

 

*Denote values that are significant at p ≤ 0.05 (ANOVA with Turkey HSD posthoc), values followed by different superscript were significantly (p < 0.05). The enzyme activity presented as 

mean ± s.d of triplicate determinations was compared by the headings for variability assessment. 

 

GCMS scan of 72 h of cell free extract of B. Cereus strain JCM 2152 

 
The GCMS Scan of the 72 h CFE of the Bacillus cereus strain JCM 2152 revealed 

the presence volatile organic compound (VOCs) with antifungal characteristics 

occurring with varying quality and composition. As shown in the table 14, the scan 
contained short chain fatty acid nHexadecanoic acid (Palmitic acid), ketone (4-

methyl-3-Penten-2-one), 4-hydroxy-4-methyl-2-Pentanone (Diacetone alcohol) 

with quality of 90 %, 64 % and 53 % respectively. The GCMS scan result of the 

agar block sampled from the ZOI of toxigenic A. flavus ATCC 22546 to B. cereus 

strain JCM 2154 CFE revealed the presence of antifungal compounds/metabolic 
products. Some of the metabolites were 4-methyl-3-Penten-2-one with 80%, 

nHexadecanoic acid  (Palmitic acid) with 99 % quality, phenolic compound, 2, 4-

dimethylfuran with 50 %, 2-methyl-2-Hexanol, 50%, and 4-hydroxy-4-methyl-2-
Pentanone with 59 %.  

 

 

Table 6 GCMS scan of 72h cell free extract of B. cereus strain JCM 2152 and agar blocks at the ZOI of A. flavus ATCC 22546 

Source Metabolites RT (mins) Quality M.W 
Composition 

(%) 
Remark 

CFE 
nHexadecanoic acid 

(Palmitic acid) 
18.027 90 256.24 4.3% Fatty acid 

CFE 4-methyl-3-Penten-2-one, 4.825 64 98.073 9.2% Volatile ketone 

Agar block A. flavus ATTC 

22546 
4-methyl-3-Penten-2-one 4.796 80 98.073 2.30 Volatile ketone 

Agar block A. flavus ATTC 

22546 

nHexadecanoic acid 

(Palmitic acid) 
17.958 99 256.24 12.0 Fatty acid 

 

Minimum inhibitory concentration and minimum fungicidal concentration 

 

The minimum inhibitory concentration of the Bacillus cereus strain JCM 2152 

CFE to the four (4) test molds ranges between 1:8 – 1:256. The highest MIC was 
required for A. flavus (ATCC 22564), while the lowest MIC was required by both 

A. fumigatus strain 3162953 and A. flavus isolate K1. The minimum fungicidal 

concentration (MFC) ranged from undiluted and 1:8. At 48 h, the spot plated broth 

from the MIC wells of the molds regrow into clumps. At 72 h, white fluffy 
mycelium developed around the clumps which slowly change in colour ( to white, 

light green and light yellow for A. fumigatus strain 3162953,   A. flavus ATCC 

22564, and  A. flavus isolate W5 respectively). For A. flavus isolate K1 observation 
was same at 48 h. At 72 h, the clump reduced in size, and cloudy medium resulted. 

The Nystatin (positive) control show no growth for all the molds.               

 

 

Table 7 Minimum inhibitory concentration and minimum fungicidal concentration of the Bacillus cereus strain JCM 2152 CFE to the test molds 

Mold MIC MFC Observation (72 h) Interpretation Nystatin 

A. fumigatus strain 3162953                  1: 256 1:4 Regrowth: clumps with fluffy white mycelium Fungistatic No growth 

A. flavus ATCC 22564  1:8 undiluted 
Regrowth: clumps with fluffy white mycelium turning light 

green 
Fungistatic No growth 

A. flavus isolate K1 1:256 1:8 Regrowth: clumps appearance and cloudy medium Fungistatic No growth 

A. flavus isolate W5 1:16 1:4 
Regrowth: clumps with fluffy white mycelium turning light 

yellow 
Fungistatic No growth 

*MIC-minimum inhibitory concentration, MFC- minimum fungicidal concentration  

 

DISCUSSION 

 
Bacillus species have expressed antagonistic activity against several pre-harvest 

and post-harvest pathogens through the production of antimicrobials, 

biopesticides, enzymes and polysaccharides.  In addition, a few Bacillus species 
are also widely attractive due to their Generally Regarded As Safe (GRAS) status, 

eco-friendly and sustainable biological control agents (BCAs). 

B. cereus strain JCM 2152 was isolated from apple seeds. The preferred source of 
isolation, the seed endosperm, was justified because several bacteria with novel 

biological features, including the genus Bacillus, had been sourced from the 

endophytes. Endophytes, including those found in the seeds, are non-pathogenic 
microbes that are in mutualistic association with plants thereby providing many 

benefits such as improved nutrient uptake, growth promotion, enhanced stress 

tolerance for host plants, and protection against phytopathogens (Rana et 

al., 2022; Saranraj et al., 2023a; Muhammad et al., 2024). 

Bacillus cereus strain JCM 2152 isolation using MEYPA leveraged on the 

possession of lecithinase enzyme and fermentation of mannitol. This step follows 
according to the advice of Nemeckova et al. (2011), in their work on the isolation 

and differentiation of different Bacillus species with emphasis on Bacillus cereus 

from dairy samples, they advised on the use of MEYPA as the reference medium 

because it lowers the risk of mistaken identity. Boriss Rainer in his chapter 
contribution on isolation of endophytic Bacillus also recommended the use of 

MEYPA as the ideal medium for distinguishing various species of Bacillus and 

specifically Bacillus cereus (Borriss, 2020). In addition, the Bacillus cereus 
possesses metabolic diversity and tolerance to possible tolerance to harsh 

metabolic environments. More so, could be said have reduced pathogenic ability, 

though further assessment is required validate this premise on safety. This 
occurrences could be explained in line with the statement of Harwood et al. (2018), 

that the presence of gene clusters in a strain does not guarantee its expression in 

that particular strain as far as secondary metabolites (and other gene-based 
expression like toxins).  

The B. cereus strain isolated could be tagged to possess relatively low risk of 

antimicrobial resistance (AMR) because the antimicrobial resistance index 
(AMRI) was within the acceptable range, it was resistance to Amoxacillin. 

According to Igbinosa et al. (2023), AMRI is defined as the total number of 

antimicrobials to which the organism is resistant divided by the total number of 
antimicrobials to which the organism was subjected. For B. cereus strain JCM 
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2152, the AMRI was 9/10. O’Neill (2022) stated that AMRI value of 0.2 is 

considered a risk. 

The physiological studies indicated the durability of Bacillus cereus strain JCM 

2152 to varying conditions of salt concentration and pH change. Chou et al. (2022) 

worked on B. amyloliquefaciens PMB01 as biocontrol agent against tomato 

bacterial wilt on the field, he found out that the bioagent grows invitro with in salt 
concentrations 7 % to 10 %, and pH 3-10. In addition, Foysal and Lisa (2018) 

found four (4) Bacillus species from soil that grew at pH range 5-10. 

The 16S rRNA sequencing 98 % level of identification was an indication 
relatedness of the potent antifungal Bacillus cereus to that in the NCBI (National 

Center for Biotechnology Information) database. Similarly, ITS sequencing 99 % 
identification depicted high level of relatedness of the molds (Aspergillus: 

Aspergillus fumigatus strain 3162953, A. flavus isolate K1, and A. flavus isolate W5) 

to that in the NCBI database. The occurrence of Aspergillus species in maize grains 
and maize-based products is well established and reported by many researchers 

(Ezekiel et al., 2020; Ortega-Beltran et al., 2021; Banwo et al., 2023). 

For the antifungal susceptibility test (AST), all the CFE dilutions of B. cereus strain 
JCM 2152 were more effective against all the test molds at 28oC. These results 

imply that the B. cereus strain JCM 2152 1:10 CFE dilution was the most potent 

compared to the undiluted CFE and 1:1000 CFE. In addition, according to the 
inhibitory activity levels proposed by Khanh et al. (2025), all ZOIs produced by 

1:10 CFE dilutions against the four test molds were very strong compared to the 

number of ZOIs values under both 1:1000 and 1:1000. This indicates that the 
invitro antifungal response of CFE was possibly not dose-dependent. Although the 

undiluted CFE was expected to contain high concentrations of antifungal 

metabolites (Lipopeptides, organic acids, hydrolytic enzymes etc.), however Yuan 

et al. (2025) and Hussain et al. (2025) opined that high concentration of such 

metabolites could increase viscosity leading to aggregation of metabolite such as 

Lipopepetides which are amphiphilic, and consequently limit their diffusion and 
availability when it is in contact with fungal cell. In contrast, 1:1000 CFE possibly 

contained reduced concentrations of antifungal metabolites below the minimum 

antifungal benchmark, thus leading to reduced fungal cell inhibition. The 1:10 CFE 
dilution presented the highest ZOI because it possibly contained an appropriate 

balance of the antifungal metabolites and water, supporting the action of the 

extracellular hydrolytic antifungal enzymes (Kumar et al., 2018). The above 
findings regarding the influence of dilutions were observed by Saladino et al. 

(2016), where 16 isolates of Lactobacillus at CFE dilution factors of 1:2, 1:5, 1:10, 

and 1:20 were tested, and it was reported that all the dilution factors were not 

effective against both Aspergillus parasiticus and Penicillium expansum, except 

the 1:20 dilution, which was effective against six (6) LAB isolates. Miljakovic et 

al. (2020) found that antifungal activity is enhanced in aqueous environments, 
permitting optimized enzyme and substrate interactions. Kumar et al. (2014) also 

investigated a B. cereus strain with pronounced invitro inhibitory action of its cell-

free extracts on both A. flavus and A. niger.   
Also, at varying pH (6, 8, and 9), the CFE dilutions were effective against the 

molds, even at low concentration. This is because Bacillus species are 

alkalinophiles whereas molds thrive at acidic pH. The pH positively correlated to 
the susceptibility of the test molds.  Many researchers had investigated and 

discussed the capability of Bacillus species and stability of their metabolites (like 

enzymes, Lipopeptide, Biosurfactants, etc.) to acidic, neutral and alkaline range of 

pH and high temperature (Wang et al., 2018; Chen et al., 2022). To support this, 

Cho et al. (2009), isolated a new strain of Bacillus pumilus from Korean soybean 

sauce which showed strong antifungal activity against the aflatoxin-producing 

fungi A. flavus and A. parasiticus. In addition, Kumar et al. (2014) isolated B. 
cereus strain with in vitro and in vivo (on peanut kernels) inhibition of five (5) 

different Aspergillus species. 

The CFE  inhibited the four test Aspergillus strains with MIC ranged 1:8 – 1:256. 
The variations in values denoted strain-dependent inhibitory actions of the 

metabolites. The undiluted extract and dilutions  MICs (1:4 and 1:8) strongly 
suppressed mold growth. However, the regrowth and recovery of spores at 72 h 

indicated fungicidal points were not achieved amongst the tested CFE dilutions, 

and this denoted mainly fungistatic effects. The delayed regrowth in the test molds 
was in line with the findings of Amich et al. (2025) who stated that a small fraction 

of spores could display persistence-like survival post antifungal treatment. 

Similarly, Vandijck et al. (2018) described the regrowth condition as fungistatic. 
Nystatin (positive control) show no fungal growth. 

The variations between the agar well diffusion and MIC/MFC results revealed 

differences in methods, wherein the former hinges on diffusion of metabolites, and 
viscosity of the metabolites could affects diffusion (Balouiri et al., 2016), whereas 

the later estimate the real inhibitory action on molds and survival (Vandijck et al., 

2018).   
The antifungal hydrolytic extracellular enzymes (amylase, protease, lipase and 

peroxidase) detected in the Bacillus cereus strain JCM 2152 CFE indicated 

hydrolytic potential which could have contributed to inhibition of the test molds. 
The enzymes were all previously associated with the Bacillus spp (Niu et al., 

2020). Also, same enzymes were detected at the ZOI of both A. flavus W5 and 

aflatoxigenic A. flavus ATCC 22546. In addition, A. flavus W5 could be said be 
more susceptible to the hydrolytic enzymes than A. flavus ATCC 22546. It is 

generally known that proteases and lipases could weaken the cell structure 

components and stability of the cell membrane of molds. In addition, peroxidases 
are known to induce oxidative stress by formation of reactive oxygen species such 

as hydroxyl radical (*OH), superoxide radical (O2), hydrogen peroxide (H2O2), and 

these affect building components of the cellular macromolecules and cause cell 
death (Chen et al., 2024). Lastly, amylase enzyme could acts negatively on mold’s 

extracellular make up and foster nutrient depletion against molds (Miljakovic, 

2020). Ajuna et al. (2023) researched on the potency of Bacillus species hydrolytic 

enzymes against pests and diseases including fungi and found hydrolytic enzymes 

like proteases, lipases, amylases, and others to be among the chief. Also, Niu et 

al., (2020) identified the production secondary metabolites such as hydrolytic 
enzymes, volatile organic compounds (VOCs) commonly to constitute direct 

inhibitory actions of Bacillus against pathogens. However, to pin-point the exact 

the source of the enzymes was limitation acknowledged in this preliminary study 
because the enzymes could also have arose from Bacillus-mold interactions or 

bacterial secretion 

 
 

 

 
Figure 4 Proposed invitro antifungal mode of action of Bacillus cereus strain JCM 2152 cell-free extract against Aspergillus spp 



J Microbiol Biotech Food Sci / Sotayo et al. 2026 : 16 (1) e14076 

 

 

 

 
8 

 

  

 

The GCMS scan of the 72 h CFE broth of B. cereus strain JCM 2152 revealed the 

production of antifungal organic volatile compounds (VOCs) or metabolites.  

nHexadecanoic acid (PubChem CID:985) was detected in the GCMS scan in both 

the CFE and ZOI. Previous research reports have connected nHexadecanoic acid 

(palmitic acid) and other Fatty acids with antimicrobial actions which include 
possibility of membrane disrupting effects on molds (Jangir et al., 2019). 

However, this preliminary study did not include experimental validation of its 

specific antifungal mode of action.  Also, 4-methyl-3-Penten-2-one (PubChem 
CID 6400) was found in both CFE and agar from the ZOI samples. This volatile 

unsaturated ketone compound have been investigated by many researchers in 
bacteria-fungi interactions, in which inhibition of conidial germination was found 

by Effmert et al. (2012), and Poveda et al. (2021) similarly reported 3-penten-2-

one as a microbial VOC. Nevertheless, the specific role of the metabolites was not 
validated in this study. 

The reoccurrences of both GCMS metabolites, and extracellular enzymes possibly 

imply that these metabolites could be metabolic products from B. cereus strain 
JCM 2152 CFE, and due to Bacillus-molds inhibitory interactions. Although this 

position was not functionally validated in this preliminary study. The synergistic 

antifungal inhibition through the action of both extracellular enzymes and volatile 
organic compounds/metabolites produced by the Bacillus cereus strain 2152 was 

presumed as the mechanism of molds inhibition. 

Based on the overall antifungal susceptibility, enzyme assay and GCMS scan 
result, a preliminary antifungal mode of action  was proposed (Fig. 3), however, 

the proposal derived based on the present invitro observations and relevant 

literatures without functional validation. 
It is also noteworthy that Bacillus cereus strain JCM 2152 possess ability to grow 

on coumarin medium, and utilize it as sole carbon source. This is just a primary 

screening test put forward by Guan et al. (2008), and would require further 
quantitative screening before its future consideration in aflatoxins degradation 

research. 

 

CONCLUSION 

 

The endophytic B. cereus strain JCM 2152 successfully inhibited Aspergillus 
flavus strains, Aspergillus fumigatus, and aflatoxigenic Aspergillus flavus 22546 

invitro through synergistic action of extracellular enzymes and volatile organic 

compounds. More so, B. cereus strain JCM 2152 satisfied the preliminary safety, 

physiological, antimicrobial resistance, and antifungal qualities required of 

biocontrol agent which qualified for post-harvest trial. 
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