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ackground: Sclerotium bataticola, a soil-born fungus, is responsible for charcoal rot in a variety of 

plants. It is also responsible for causing substantial damage to a wide range of horticultural crops 

around the world. 

Methods: Fifteen different Bacillus isolates were isolated and evaluated for their ability to inhibit S. 

batatacola's growth. The promising bacterial isolate was molecularly identified using NCBI-Blast and 

phylogenetic tree analysis of the 16S rRNA gene. Batch fermentation was performed in a stirred tank 

bioreactor to maximize culture biomass and secondary metabolite synthesis. Gas chromatography-mass 

spectrometry was used to discover secondary metabolite compounds. 

Results: The KSAS6 isolate was the most effective for inhibiting the fungal growth of mycelial cells, with a 

48.2% inhibition percentage. The probable biocontrol agent, B. amyloliquefaciens strain KSAS6, was 

identified and recorded in GenBank under the accession number PQ271636. The culture biomass and 

secondary metabolites were maximized by the batch fermentation technique, reaching the highest achievable 

level of 2.1 g L-1 at 11 hours. This was accomplished while maintaining a steady specific growth rate (µ) of 

0.13 h-1. Based on the observations, the biomass yield coefficient was found to be 0.37 g cells/g glucose. 

Among the 21 secondary metabolite compounds identified in GC-MS analysis, diisooctyl phthalate was the 

highest compound (43.31%). 

Conclusion: The strain of rhizobacterium B. amyloliquefaciens known as KSAS6 can inhibit the growth of S. 

bataticola, which makes it a promising candidate for the biocontrol of fungal infections in plants.
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Introduction 

Milk Fungi-caused diseases are among the most 

significant contributors to crop failure [1]. Over 19,000 

different kinds of fungi have been identified as being 

responsible for infecting crop plants all over the world. 

Pathogenic fungi are responsible for approximately 

thirty percent of all agricultural diseases [2]. There is a 

wide variety of phytopathogens that can interact with 

plants, and a significant number of these pathogens are 

found in the soil. These disease complexes that are 

transmitted through soil are particularly challenging to 

control. Once established, these disease complexes can 

drastically limit the diversity of microorganisms, which 

in turn impacts the rhizosphere and endosphere of 

plants, thereby increasing the phytosanitary risks for 

crops [3]. Sclerotium bataticola is one of the soil-borne 

fungi. This fungus is transmitted through the soil and 

causes charcoal rot in a variety of plants, including 

potatoes, sweet potatoes, corn, sunflowers, and 

soybeans [4]. 

Over the past few decades, plant growth-promoting 

rhizobacteria (PGPR) have emerged as significant and 

promising tools for sustainable agriculture practices to 

manage plant diseases and increase crop yield [5]. This 

is because the productivity of crops is heavily 

dependent on the microbial communities that are 

present in the rhizosphere soil [6]. PGPR are 

microorganisms that are beneficial to soil-dwelling 

plants. These microorganisms can stimulate plant 

growth and make it easier for plants to absorb and use 

mineral nutrients [7,8]. PGPR has the potential to both 

boost crop productivity and decrease the incidence of 

disease. As a result, they are regarded as the most 

promising agents for the development of cash crops [9]. 

Bacillus species are rod-shaped, motile, Gram-positive 

bacteria commonly found in diverse environments, 

particularly in soil. They are a prominent group of 

rhizobacteria known for their ability to form spores, 

enabling them to survive in the soil for extended 

periods, even in harsh environmental conditions. This 

characteristic facilitates their germination in response 

to various environmental stimuli, prolongs the storage 

of the biocontrol agent, and simplifies the formulation 

process [10]. Consequently, beneficial strains of 

Bacillus that are considered major candidates for PGPR 

are well-regarded for their application in biological 

control and enhancing plant tolerance to 

environmental challenges [11]. Bacillus species have 

been recognized as biological agents capable of 

managing plant diseases using various approaches. 

These techniques involve employing hydrolytic 

enzymes to restrict pathogen growth as well as the 

secretion of antifungal compounds or lipopeptides [12]. 

Approximately fifty percent of the bacterial biocontrol 

agents that are now accessible for commercial use are 

Bacillus-based products [13]. Numerous Bacillus 

species have been utilized as applications for microbial 

biopesticides [14]. 

The development of the final product is influenced 

by various criteria that affect both the quality and 

quantity of goods. Amanullah et al. [15] and Bareither 

et al. [16] recommend researching these characteristics 

to determine the most appropriate microbial 

manufacturing line. The shake flask scale stage is a 

valuable screening stage that can be used to begin the 

examination of the variability of the raw materials, 

growth systems, inoculum size, pH, temperature 

ranges, and microbial responses to high and low 

agitation conditions. These data hold the potential to 

provide additional support for bioreactor evaluation 

[17–20]. In order to facilitate the development of 

microorganisms that will ultimately result in the 

production of a particular end product, the bioreactor 

offers a controlled and optimized environment that 

includes aeration rates, pH, improved mixing, and heat 

transfer. The bioreactor ought to be able to function in 

an aseptic manner for several days; it ought to be 

dependable when it is used for an extended time; and it 

ought to comply with the legislation governing 

containment [21,22]. In each fermentation process, 

mixing in the stirred tank bioreactor is of utmost 

significance for a significant number of different 

components of fermentation. The process will be sped 

up, the oxygen concentration will be increased, mass 

transfer will be improved, and the amount of time 

required for hydraulic retention will be decreased 

through efficient mixing [23]. Liu [24] cites several 

reasons why mixing is crucial: it prevents temperature 

stratification; maintains ideal pH levels; improves the 

interaction between the microbial culture and the 

substrate; prevents foaming; and provides a uniform 

distribution of the microorganisms and substrate. 

Furthermore, excellent mixing may prevent the buildup 

of harmful metabolites in the bioreactor sections, 

which are characterized by lower mixing [25]. In order 

to accomplish profitable production of the 

fermentation process, sustainability, and high cell 

density are critically crucial. To find the appropriate 

operating parameters, a comprehensive analysis is 

required [26,27]. 

In this study, the primary objective is to evaluate the 

inhibitory effect of fifteen Bacillus isolates as 

biocontrol agents against S. bataticola. Following this, 

16S rRNA sequencing will be employed to identify the 

most promising isolate, KSAS6. To facilitate large-scale 

production of KSAS6 biomass and its secondary 

metabolites, batch fermentation will be conducted in a 

stirred-tank bioreactor. Finally, the secondary 

metabolites extracted from the culture filtrate will be 
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analyzed using gas chromatography-mass spectrometry 

(GC-MS). 

Methods 

Experimental isolation procedures  

Isolation tests were conducted in the Kingdom of Saudi 

Arabia (KSA) using soil dilutions from the rhizospheres 

of tomato, potato, and eggplant [28]. A single gram of 

soil was agitated in a sterile saline solution containing 

0.85% NaCl for fourteen minutes. 200 µL of the 10-5, 10-

6, and 10-7 dilutions were added to the glycerol nutrient 

agar media and the peptone nutrient agar medium. 

Following a 48-hour incubation period at a temperature 

of 30 °C, many bacterial colonies became apparent. The 

detected colonies were isolated and purified using the 

process of isolating a single colony. The bacterial 

cultures were stored in a 50% glycerol broth at a 

temperature of -80 °C for future investigations. 

Bacillus isolates antagonism test   

An in vitro antagonist test was conducted to 

investigate the antagonistic effect of Bacillus isolates 

as biocontrol agents against S. bataticola, a plant 

pathogenic fungus. The antagonistic bacterial isolates 

were lined onto potato dextrose agar (PDA) plates after 

being cultivated for two days. This was completed 48 

hours before any fungi were introduced for testing. 

Located in the middle of the Petri plate was a circular 

area of mycelium of 5 mm in length. This area 

contained a vigorously growing culture of the fungus 

being studied. The mycelial circle was consistently 

positioned at a fixed distance from the border of the 

plate. The plate was then incubated at a temperature of 

30 °C for a period of three to seven days. The 

percentage of inhibition was calculated according to 

the procedure described by Maurhofer et al. [29]. The 

experiment was conducted with three repetitions. The 

data obtained were subjected to statistical analysis 

using analysis of variance (ANOVA) with the use of 

CoStat software. Tukey's HSD test was employed to 

distinguish the means at a significance level of p≤0.05.  

Molecular characterization of the hopeful Bacillus 

isolate 

After inoculating 5 milliliters of Luria-Bertani broth 

medium with the pure colony, the mixture was stirred 

at a temperature of 30°C for an entire night. Using the 

Wizard Genomic DNA Purification Kit (Promega, USA), 

bacterial genomic DNA was extracted from a 1 mL 

bacterial pellet. The procedure was carried out 

following the instructions provided by the 

manufacturer. A polymerase chain reaction (PCR) 

experiment was carried out by employing certain 

primers of 16s rRNA (F: AGAGTGATCCTGGCTCAG, R: 

GGTTACCTTGTTACGACTT), following the approach 

that was described earlier [30]. Following that, the PCR 

fragments were subjected to purification and 

sequencing protocols. Following the uploading of the 

annotated sequences to GenBank, a comparison study 

was carried out with the isolates that had been 

published in the past. 

Experiment on Fermentation 

Bioreactor (fermentor)  

The B. amyloliquefaciens isolate KSAS6, which showed 

great potential, was grown and fermented in a ten-liter 

bench-top bioreactor (Cleaver, Saratoga, USA) 

equipped with four baffles and turbine impellers that 

had six-bladed discs. A computerized control system 

was employed to supervise the batch fermentation 

process with a working capacity of four liters. An 

automated method was controlled using a device 

equipped with a 10.4-inch color touch-screen interface. 

This device can store up to 59,994 distinct programs for 

various scenarios. The batch fermentation process was 

conducted at a consistent temperature of 30°C and a 

pH level of 7, which was carefully maintained. For pH 

regulation, a solution of 2 mol L–1 NaOH and a solution 

of 2 mol L–1 HCl were automatically supplied. Once the 

air passed through a sterile filter, it was compressed 

and adjusted to a flow rate of 0.5 VVM (air volume per 

broth volume per minute). The agitation speed was 

initially set at 200 rpm and then manually increased to 

maintain the dissolved oxygen (DO) level above 20%. 

The DO content and pH were measured using 

METTLER TOLEDO electrodes [31].  

Batch fermentation process 

The batch fermentation process is a method of 

producing a desired product by allowing 

microorganisms to grow and metabolize in a controlled 

environment for a specific time. The highly potential B. 

amyloliquefaciens isolate KSAS6 was inoculated as a 

single colony in a 500 mL-1 Erlenmeyer flask containing 

100 mL-1 of Number 3 medium [32]. The cell broth was 

thereafter incubated overnight at a temperature of 

30°C with continuous agitation at a speed of two 

hundred revolutions per minute. The batch 

fermentation process was initiated in a stirred tank 

bioreactor with an optical density (OD550) of 0.5. The 

bioreactor had a working volume of 4 liters and was 

filled with Number 3 medium. During the fermentation 

process, many culture samples were collected and the 

quantities of biomass and glucose were measured in 

each sample.  

Analytical methods  

Assessment of cell biomass  

After the culture's optical density (OD) at 550 nm was 

measured using a spectrophotometer to track the cell 

count. After subjecting a sample of 10 mL-1 to 

centrifugation with a force of 894 g for 10 minutes, the 
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mass of the cells was restored, purified, and then 

subjected to centrifugation again to determine the 

weight of the cells after they had been dried. 

Subsequently, the pellet was subjected to a drying 

process for the entire night at a temperature of 80°C in 

a dry-air oven, as described by Van Dam-Mieras et al. 

[33].  

Measurement of glucose concentration  

To determine the concentration of glucose, an 

enzymatic colorimetric kit was utilized. This 

methodology relies on the activities of peroxidase and 

glucose oxidase. The quinoneimine dye, which is used 

as a glucose concentration marker, transforms into a 

reddish-violet color as the final product.  

Gas chromatography-mass spectroscopy (GC–MS) 

analysis  

Through the use of GC–MS analysis, the bioactive 

components that were found in the cell-free 

supernatant of the promising B. amyloliquefaciens 

isolate KSAS6 were identified and described. To 

accomplish this, the culture filtrate was combined with 

ethyl acetate in a ratio of 1:1 by volume. According to 

Hirpara et al. [34], after the mixture had been 

thoroughly agitated for ten minutes and then left to sit 

for five minutes, two distinct layers that were not able 

to mix were formed. Through the utilization of a 

separating funnel, the top layer of the solvent, which 

included the biomolecules that were extracted, was 

separated separately. According to Sharma et al. [35], 

the ethyl acetate extract was further concentrated to a 

tiny volume by evaporating the solvent in a rotary 

evaporator while the vacuum was maintained. It was 

then that brown gum was shown after the ethyl acetate 

had evaporated. Following that, the crude extract was 

stored at a temperature of 4 degrees Celsius. An Agilent 

7000D instrument (Santa Clara, California, United 

States) was used to perform GC–MS analysis on the 

residues that were produced, and the program 

conditions were programmed following Khamis et al. 

[36]. 

Results 

Fungal and bacterial isolates 

Bacillus isolates were extracted from the rhizospheres 

of tomato, potato, and eggplant by the use of an 

isolation experiment that was carried out in the 

Kingdom of Saudi Arabia (KSA). In this particular 

investigation, fifteen different Bacillus isolates were 

Identified. Bacillus isolates BS1, BS2, BS3, and BS4 

were initially a part of group 1, which was isolated from 

the rhizosphere of the tomato plant. Separated from 

the potato rhizosphere was group 2, which included 

BS5, BS6, BS7, BS8, BS9 and BS10. This group was 

referred to as the "second group. Finally, group 3 was 

responsible for the extraction of BS11, BS14, BS16, 

BS18, and BS20 from the rhizosphere of the eggplant.  

Antagonism test of Bacillus isolates 

To determine whether or not they could be used as 

biological control agents, fifteen different Bacillus 

isolates were examined for their ability to inhibit the 

growth of S. bataticola in vitro. Based on their 

antagonistic activity against S. bataticola, it was 

demonstrated that there were significant differences 

between the Bacillus isolates. Isolate BS6 was more 

successful than other isolates in suppressing the 

growth of fungal mycelia caused by S. bataticola. It also 

had the highest inhibition percentage against the 

pathogen, which reached 48.2%. The next highest 

percentage of inhibition against the pathogen was in 

bacterial isolates BS5, which reached 46.3%. Both 

Bacillus isolates BS1 and BS10, which did not exhibit 

any significant differences amongst themselves, 

demonstrated antagonistic activity against S. bataticola 

that reached 43.9% and 43.5%, respectively. On the 

other hand, isolate BS8 did not exhibit any antagonistic 

action against the fungal pathogen (Figure 1). 

 
Figure 1: (A) Bacillus isolates' percentage of inhibition against 
Sclerotium bataticola, and (B) Bacillus isolates' antagonistic 
effects against Sclerotium bataticola. The comparable fungus 
control on the left plate is free of antagonistic bacteria, while the 
fungus containing antagonistic bacteria is present on the right 
plate. 

Molecular characterization of the hopeful Bacillus 

isolate 

The phylogenetic tree analysis and NCBI-BLAST 

alignment identified the BS6 isolate as B. 

amyloliquefaciens. With the accession number 
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PQ271636, the 1448 bp annotated nucleotide sequence 

has been uploaded to the GenBank database as B. 

amyloliquefaciens strain KSAS6. The nucleotide 

sequence exhibited a 100% sequence coverage with 

other GenBank-deposited B. amyloliquefaciens. Using 

the 16S rRNA nucleotide sequences, a phylogenetic 

tree was created for the B. amyloliquefaciens strain 

KSAS6 that was obtained in this work as well as other 

Bacillus species that were deposited in GenBank. Two 

main clusters were identified by the phylogenetic tree. 

The B. amyloliquefaciens strain KSAS6 (PQ271636), 

which was obtained for this investigation, and other 

strains of the same species that were deposited in 

GenBank with a 100% similarity percentage were 

included in Cluster 1. Bacillus species deposited in the 

GenBank database were included in cluster two. This 

cluster was further separated into two sub-clusters. 

Bacillus species strains B. velezensis, B. subtilis, and B. 

mojavensis were included in the first sub-cluster. Two 

groups were created from the second sub-cluster: the 

first group contained two strains of B. velezensis and 

one strain of B. subtilis, with an 88% similarity 

percentage. Two sub-groups were formed out of the 

second group. Two B. subtilis strains were found in the 

first sub-group, while three B. tequilensis strains were 

found in the second sub-group (Figure 2).  

 
Figure 2: The phylogenetic tree of Bacillus amyloliquefaciens 
strain KSAS6 utilizes the nucleotide sequences of the 16S rRNA 
gene to determine its relationship with other species of Bacillus. 
 

Fermentation experiments 

The initiation of batch fermentation of isolate KSAS6 of 

B. amyloliquefaciens was carried out with the 

assistance of a stirred engine bioreactor. It was 

observed that this particular strain exhibited a greater 

proportion of inhibition against the plant pathogenic 

fungus known as S. bataticola. For the batch 

fermentation of B. amyloliquefaciens culture broth, a 

plot was created that showed the concentration of 

biomass and glucose versus the time that had passed 

(Figure 3A). The maximum amount of biomass was 

observed at 2.1 g L-1 after 11 hours had passed. During 

the exponential stage, the logarithmic relationship was 

applied to obtain the constant specific growth rate (µ) 

of 0.13 h-1. This resulted in an exponential increase in 

cell mass over time, as depicted in Figure 3B. The 

natural logarithm (ln) of the biomass, which was 

calculated during the exponential phase, is depicted in 

the graph that originated before it as a linear path on a 

semi-logarithm that illustrates the relationship 

between time and biomass. The glucose concentration 

declined rapidly, reaching 1.6 g L-1 after 6 hours and 0.2 

g L-1 after 14 hours (Figure 3A). The yield coefficient, 

also known as YX/S, is an important metric that is 

assessed during the exponential stage of bacterial cell 

growth. This coefficient compares the amount of 

biomass that is achieved with the amount of glucose 

that is consumed as a carbon source. 0.37 grams of cells 

per gram of glucose was the biomass yield coefficient 

that was achieved by this batch fermentation process 

(Figure 3C). During the exponential phase, additional 

factors were also measured to ascertain the 

effectiveness of the bacterial culture development 

process that was carried out by the batch fermentation 

method. Several aspects were taken into consideration, 

including the rate of cell mass creation and the rate of 

carbon supply consumption (glucose). As shown in 

Figure 3D, the rate of biomass synthesis (Qx) was 0.17 g 

L-1 h-1, while the rate of glucose consumption (Qs) was 

0.27 g L-1 h-1 (Figure 3E).  

The levels of dissolved oxygen (DO) influence the 

growth of bacterial cells. This concentration is 

controlled by the rate of aeration and the speed of 

agitation. Initiating the batch fermentation of B. 

amyloliquefaciens isolate KSAS6 with an agitation 

speed of 200 revolutions per minute and a rate of 

aeration equal to 0.5 VVM was done with a higher value 

of DO equal to 88.4%. During the first hour of the batch 

fermentation process, there was a significant decrease 

in the proportion of dissolved oxygen. As a result of the 

growing culture's increased need for oxygen, there was 

a fast decrease in the amount of dissolved oxygen, 

which reached 20% after half an hour. It is believed that 

a decrease in the amount of dissolved oxygen is a sign 

that the bacterial culture is developing and utilizing 

the glucose that is present in the culture broth 

throughout the growth process. It was possible to keep 

the oxygen level at or above 20% by adjusting the speed 

of the agitation, which ranged from 200 to 400 

revolutions per minute. Following an increase of 2.7 

hours, the dissolved oxygen level reached 62.4% at 3.05 

hours, and then it rapidly decreased until it reached 

20.3% at 9.35 hours (Figure 3F).  
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Figure 3: (A) Shows the fermentation broth's glucose content 
and biomass against the time of batch fermentation of culture 
broth of B. amyloliquefaciens strain KSAS6, (B) Shows the 
relationship between Ln biomass and the time, (C) Yield 
coefficient of biomass, YX/S; X0, represents the culture biomass at 
primary time t0; X, the culture biomass at time t; S0, the content of 
glucose in the culture at primary time t0 and S, the content of 
glucose in the culture at time t, (D) The rate of cell mass 
production, (E) the rate of glucose consumption and (F) The 
time-dependent dissolved oxygen, agitation, and aeration during 
B. amyloliquefaciens strain KSAS6 batch fermentation. 

Identification of Bioactive Metabolites of Bacillus 
amyloliquefaciens  
Extract of KSAS6 culture filtrate, which was achieved 

by ethyl acetate, was analyzed using GC-MS analysis to 

identify the specific compounds that could be 

responsible for its antagonistic effect against S. 
bataticola (Figure 4). The GC-MS profile showed the 

existence of twenty-one different compounds in the 

culture filtrate of KSAS6 (Table 1). These compounds 

including Isochiapin B (0.27%), Undecane, 2-methyl- 

(0.32%), Tetradecane, 2,6,10-trimethyl- (0.36%), 

2,2,3,3,4,4 hexadeutero octadecanal (0.40%), 6-ethyl-5-

hydroxy-2,3,7 trimethoxynaphthoquinone (0.48%), 

Hexadecanoic acid, 2-hydroxyethylester (0.50%), 

Docosane, 11-decyl- (0.74%), Octadecanoic acid 

(0.94%), 1,4-Benzenediol,2-(1,1-dimethylethyl)-5-(2-

propenyl)- (1.25%), Hexadecanoic acid,2-hydroxy-1 

(hydroxymethyl)ethylester (1.23%), Methanone,(1-

hydroxycyclohexyl)phenyl- (1.43%), 5-fluoro-2,2-

dimethylchroman-4-one (1.49%), Pyrrolizin-1-one, 7-

propyl- (2.81%), 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-

6,9-diene-2,8-dione (3.10%), Docosane (3.41%), n-

Hexadecanoic acid (3.51%), Dotriacontane (4.45%), 

Glycan Sialylated tetraose type 2 (7.61%), Dibutyl 

phthalate (10.09%), Tris(2,4-di-tert-

butylphenyl)phosphate (12.2%) and Diisooctyl 

phthalate (43.31%). 

 

 
Figure 4: (A) GC-MS chromatogram of ethyl acetate extract of 
culture filtrate of B. amyloliquefaciens strain KSAS6 and (B) The 
major secondary compounds found in ethyl acetate extract of 
culture filtrate of B. amyloliquefaciens strain KSAS6. 

RT Area% Compound Name Molecular 
Formula 

Molecular 
Weight 

45.24 0.27 Isochiapin B  C19H22O6 346 

11.47 0.32 Undecane, 2-methyl-  C12H26 170 

22.52 0.36 Tetradecane, 2,6,10-trimethyl- C17H36 240 

24.49 0.40 2,2,3,3,4,4 hexadeutero octadecanal C18H30D6O 274 

25.40 0.48 6-ethyl-5-hydroxy-2,3,7-
trimethoxynaphthoquinone 

C15H16O6 292 

31.02 0.50 Hexadecanoic acid,2 hydroxyethylestr C18H36O3 300 

16.79 0.74 Docosane, 11-decyl-  C32H66 450 

30.00 0.94 Octadecanoic acid C18H36O2 284 

16.62 1.25 1,4-Benzenediol,2-(1,1-dimethylethyl)-5-
(2-propenyl)- 

C13H18O2 206 

35.27 1.32 Hexadecanoic acid,2-
hydroxy1(hydroxymethyl)ethylester 

C19H38O4 330 

20.01 1.43 Methanone,(1hydroxycyclohexyl)phenyl- C13H16O2 204 

18.75 1.49 5-fluoro-2,2-dimethylchroman-4-one C11H11FO2 194 

15.22 2.81 Pyrrolizin-1-one, 7-propyl- C10H17NO 167 

24.75 3.10 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-
6,9-diene-2,8-dione 

C17H24O3 276 

29.93 3.41 Docosane C22H46 310 

26.40 3.54 n-Hexadecanoic acid C16H32O2 256 

41.84 4.45 Dotriacontane C32H66 450 

36.28 7.61 Glycan Sialylated tetraose type 2 C31H52N2O24 836 

25.64 10.09 Dibutyl phthalate C16H22O4 278 

42.92 12.20 Tris(2,4-di-tert-butylphenyl)phosphate C42H63O4P 662 

35.82 43.31 Diisooctyl phthalate C24H38O4 390 

Table 1: The list of detected compounds in the ethyl acetate extract of 
culture filtrate of B. amyloliquefaciens strain KSAS6. 

Discussion 

The ecological balance of soil-dwelling microbes has 

been upset by the widespread use of chemicals 

(pesticides) to manage plant diseases [37]. This has 

resulted in the emergence of resistant pathogen 

strains, contaminate groundwater, and pose clear 

health risks to humans [38]. The discovery of 
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environmentally acceptable substitutes for the 

chemical pesticides now in use to address a variety of 

crop diseases is one of the major ecological concerns 

facing plant pathologists and microbiologists in the 

future [39]. Utilizing microorganisms for biological 

control can be a highly efficient method to reduce the 

negative impacts of synthetic chemical usage on the 

environment and decrease pollution and disturbances 

[40–42]. 

Bacillus sp. uses between 5 and 8% of its genome to 

synthesize bioactive secondary metabolites, which are 

antagonistic compounds meant to inhibit infections. 

Bacillus species use a broad range of antagonistic 

chemicals, such as polyketide compounds, bacteriocins, 

siderophores, and non-ribosomally produced peptides 

and lipopeptides, to inhibit pathogens in the root 

environment [43]. The most researched Bacillus species 

for their capacity to produce volatile organic 

compounds (VOCs) include B. amyloliquefaciens, B. 

velezensis, B. subtilis, and B. altitudinis [28,44]. B. 

subtilis and B. amyloliquefaciens are the producers of 

volatile organic compounds (VOCs), which include 2,3-

butanediol. According to Saraf et al. [45], these are 

linked to the biocontrol of diseases and cause plants to 

develop induced systemic resistance (ISR). 

Extracellular enzymes including chitinase, β-1,3-and β-

1,4-glucanases, laminarinase, oxalate oxidase, 

cellulases, proteases, phytases, and lipases are 

produced by Bacillus species. These enzymes have the 

ability to break down the components of fungi's cell 

walls, which may be a defense against fungus-related 

infections [46]. In this investigation, we evaluated 

fifteen Bacillus isolates as potential biocontrol agents 

against the in vitro mycelial growth of S. bataticola. 

When it came to S. bataticola mycelia inhibition, 

KSAS6 fared better than the other Bacillus isolates, 

with an inhibition percentage of 48.2%. The bioagent 

KSAS6's antagonistic effects can be attributed to its 

excretion of compounds and enzymes with both direct 

and indirect antifungal effects. Three Bacillus strains 

that exhibited antifungal activity against S. bataticola 

with an inhibition percentage of 64% were identified by 

Sicuia et al. [47]. This activity relates to their capacity 

to synthesize lipopeptides. According to Boiu-Sicuia 

and Cornea [48], some Bacillus strains isolated from 

various vegetables suppressed the fungal mycelial of S. 

bataticola in vitro with an inhibitory percentage 

equivalent to 56.7%. Additionally, the microscopic 

examination of S. bataticola's impeded mycelial growth 

demonstrated cytoplasmic content leaks, fungal 

perforations, and ulcerations in the cells.   

The optimal circumstances for microbe development, 

including agitation, aeration, pH, and temperature, can 

be achieved in a stirred tank bioreactor. These factors 

are critical for optimizing the release of secondary 

metabolites and the proliferation of bacterial cells. In 

the current study and during the exponential phase, 

the cell mass of B. amyloliquefaciens isolate KSAS6 

expanded exponentially at a steady specific growth rate 

of 0.13 h–1, which reached its maximum value of 2.1 g L-

1 at 11 hours, with a production rate of 0.17 g L-1 h-1.  

The cell mass of B. subtilis isolate G-GANA7 increased 

exponentially with a constant specific growth rate of 

0.3 h-1 [31]. On the other hand, the cell mass of B. 

velezensis strain GB1 was cultivated in a stirred tank 

bioreactor with a specific growth rate of 0.1 h-1 during a 

batch fermentation approach [49]. Glucose is one of the 

substrates that is most commonly used as a carbon 

source in various growing techniques. Since substrate 

inhibition is known to happen at specific doses. Thus, it 

is essential to ascertain the proper medium 

composition to facilitate the growth of a particular type 

of bacteria [50]. The glucose concentration was 

employed at its optimal value by the authors of this 

article for these reasons. After 14 hours, the glucose 

concentration reached 0.2 g. In this study, the biomass 

yield coefficient of the B. amyloliquefaciens isolate 

KSAS6 was 0.37 g cell/g glucose. The exponential phase 

of the bacterial growth curve for the B. 

amyloliquefaciens isolate KSAS6 revealed that the 

bacteria were expanding swiftly and consuming a 

significant amount of oxygen and carbon sources to do 

so, with a rate of glucose intake of 0.27 g L-1 h-1. Our 

findings indicate that during the first hour of the 

culture's growth, DO progressively dropped. Then, once 

the exponential phase began, the DO rapidly decreased, 

necessitating an increase in agitation speed to keep it 

above 20%. Stojanović et al. [51] showed that in B. 

subtilis cultivations, the generation of biomass and 

spores is significantly influenced by the agitation and 

aeration of the cultures, which have a direct impact on 

the DO concentration. B. subtilis did not sporulate 

when exposed to low oxygen levels, although it did 

continue to produce bioactive chemicals [52]. 

Numerous studies have found that increasing agitation 

and aeration rates or regulating the DO content over 

20–30% can result in quicker cell development [53–55]. 

Nevertheless, higher agitation levels cause shear stress 

on cells, which can have detrimental consequences 

such as sporulation mechanism deactivation, uneven 

cell populations, smaller cells, and even cell death [56]. 

Microbial volatile organic compounds, often known 

as MVOCs, are a class of molecules that are generated 

as a result of metabolic activities performed by fungi 

and bacteria. There are many different chemical forms 

that volatile organic compounds (VOCs) can take, 

including ketones, alcohols, terpenoids, sulfur 

compounds, alkenes, and many others. Certain 

chemicals are shared by all of the microbes in the 

group, while other molecules are unique to specific 
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strains. According to Sidorova et al. [57], a single 

bacterium is capable of producing up to one hundred 

different volatile organic compounds. According to, 

Bacillus species are believed to be factories of plant 

protective VOCs and play a variety of roles in the 

protection of plants against bacterial and fungal 

diseases [58]. Antimicrobial VOCs have been reported 

to be produced by B. amyloliquefaciens strains in 

several different studies. According to Yu et al. [59], 

VOCs produced by the B. amyloliquefaciens strain have 

the potential to impede the mycelial development of 

Penicillium digitatum and P. italicum. It is possible to 

assert that all strains of B. amyloliquefaciens are 

capable of producing VOCs. However, the volume, type, 

chemical composition, relative abundance, and 

spectrum of inhibition differ among the strains. 

Furthermore, the spectrum of inhibition was influenced 

by the concentration and type of nutrients present in 

the medium [60]. In the current study, the 

identification of bioactive constituents in the ethyl 

acetate extract of B. amyloliquefaciens KSAS6 was 

conducted through the application of GC–MS analysis. 

GC-MS chromatogram of KSAS6 revealed that twenty-

one VOCs compounds, which varied from aromatic and 

aliphatic compounds, were produced by B. 

amyloliquefaciens. The major compound was the 

aromatic compound, diisooctyl phthalate, which 

constitutes 43.31% of the total area followed by the 

aromatic compounds, tris(2,4-di-tert-

butylphenyl)phosphate and dibutyl phthalate which 

contributed 12.20% and 10.09%, respectively. 

Additionally, the aromatic compounds, 7,9-Di-tert-

butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione, 

Pyrrolizin-1-one, 7-propyl-, 5-fluoro-2,2-

dimethylchroman-4-one and Methanone,(1-

hydroxycyclohexyl)phenyl- were detected in varying 

proportion. On the other hand, Dotriacontane, n-

hexadecanoic acid, and Docosane as aliphatic 

compounds were detected, constituting 4.45%, 3.54%, 

and 3.41% of the total area, respectively. The primary 

component of Penicillium sp.'s ethyl acetate extract, 

diisooctyl phthalate, was shown by Lykholat et al. [61] 

to be the cause of the extract's antifungal action 

against Alternaria alternata. It can prevent the 

formation of germs and possesses qualities that aid in 

wound healing [62,63]. Diisooctyl phthalate has 

recently been suggested by El-Enain et al. [64] as a 

possible medicinal agent for the treatment of severe 

bacterial infections. According to Gheda and Ismail 

[65], cyanobacteria can produce diisooctyl phthalate, 

which has antibacterial properties. Dibutyl phthalate 

suppressed the growth of the yeast Candida albicans 

and the gram-positive bacterium Staphylococcus 
aureus, as shown by Blazević et al. [66]. Additionally, it 

was demonstrated that dibutyl phthalate, which is 

produced by B. amyloliquefaciens and B. velezensis, 

has antifungal properties [67]. Meloidogyne incognita 

J2 was inhibited by dibutyl phthalate and diisobutyl 

phthalate [68]; Colletotrichum fragariae spore 

germination and hyphal growth were significantly 

inhibited by dibutyl phthalate [69]; and Verticillium 
dahliae Kleb proliferation was significantly suppressed 

by 5 mmol.L-1 dibutyl phthalate in the eggplant 

rhizosphere [70]. Tris (2,4-di-terbutylphenyl) 

phosphate is an antibiotic that has biological effects. It 

is a member of the phenol group. According to 

Valinluck et al. [71], the phenolic compounds can 

suppress the growth of P. chrysogenum, Fusarium 
oxysporum, and Aspergillus niger. Furthermore, 

according to Abdullah et al. [72], they have the ability 

to suppress the growth of E. coli, S. aureus, and 

Pseudomonas aeruginosa. B. tequilensis generated tris 

(2,4-di-terbutylphenyl) phosphate, which exhibited 

antibacterial action [73]. According to Amborabé et al. 

[74], phenolic chemicals have the ability to harm the 

cytoplasmic membrane, raise its permeability, and 

cause the discharge of intracellular fluids such 

proteins, nucleic acids, and inorganic ions. The 

antifungal action of B. amyloliquefaciens KSAS6 

against S. bataticola may be attributed to these volatile 

organic molecules. 

Finally, in terms of suppressing S. bataticola's 

mycelial development, the B. amyloliquefaciens stain 

KSAS6 was more effective than other isolates. During 

the batch fermentation of KSAS6 in the stirred tank 

bioreactor, the production of secondary metabolites 

and culture biomass was maximized to a satisfactory 

degree. The highest achievable level of biomass was 2.1 

g L-1, and the yield coefficient was established at 0.37 g 

cells/g glucose. The GC-MS chromatogram of KSAS6 

culture filtrate contained 21 distinct compounds. These 

compounds may be responsible for the antagonizing 

activity of B. amyloliquefaciens strain KSAS6 against S. 
bataticola. In conclusion, the B. amyloliquefaciens 

strain KSAS6 demonstrates significant antifungal 

effectiveness against S. bataticola. Consequently, it 

could serve as a potent biocontrol agent for managing 

plant fungal infections. However, additional studies 

and field trials are necessary to confirm results and 

identify potential limitations in practical agricultural 

applications, as well as to assess the effectiveness of 

this treatment on a larger scale. 
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