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Bacillus sp. are a group of bacteria that produce biosurfactants on 
agroindustrial substrates. This study aimed to determine the species name of 
Bacillus sp. ES7.3 and biosurfactant-related genes. Additionally, the growth 
response of Bacillus sp. ES7.3 on coconut meal media, the activity of the crude 
biosurfactant extract, and the effectiveness of crude biosurfactant extract 
production on coconut meal and glucose were compared. The antifungal 
activity of Bacillus sp. ES7.3 was tested. The research included 16S rRNA gene 
detection, biosurfactant activity screening, biosurfactant biosynthesis gene 
detection, crude biosurfactant extract production from coconut meal, 
synthetic mineral water + 2% glucose media for comparison, and antifungal 
activity testing. The results of species identification showed that Bacillus sp. 
ES7.3 isolate was 99.31% homologous with Bacillus velezensis strain 
CBMB205. In turn, the biosurfactant activity of B. velezensis ES7.3 isolate was 
characterized by the formation of a clear zone around the colony on blood 
agar media. Furthermore, surfactin thioesterase biosynthesis genes srfAD 
and ituD were detected. Meanwhile, B. velezensis ES7.3 grown on coconut 
meal media produced a biomass of 2.9 mg/mL after 48 h of incubation. The 
production of crude biosurfactant by B. velezensis ES7.3 grown on coconut 
meal media was more effective than that of the 2% glucose Synthetic Mineral 
Water media substrate, as indicated by a greater percentage of emulsification 
activity and a lower surface tension on coconut meal media. Regarding the 
antifungal activity, B. velezensis ES7.3 was able to suppress the growth of 
Fusarium oxysporum by more than 50%. 
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Graphical Abstract 

 
 
Introduction 

Indonesia is an agricultural country with vast 

areas of farmland and abundant natural 

resources. The Indonesian government has 

developed various programs to improve 

agricultural production processes. This policy 

aims to ensure national, sustainable food 

security to meet the increase in demand due to 

an ever-increasing population. Therefore, crop 

yields must be maximized. However, a successful 

harvest depends on adequate nutrient 

availability and a supportive environment. The 

most limiting environmental factors for 

agriculture in Indonesia include extreme 

weather conditions, pH, high ambient 

temperature, and the presence of pathogens that 

can affect the yield and quality of agricultural 

products. Plant pathogens that often attack 

plants include various bacteria and fungi groups, 

as well as a range of insect pest species, which 

farmers rely mainly on synthetic fungicides and 

pesticides to combat. However, using these 

products poses a severe threat to the 

surrounding environment because the active 

ingredients involved are hazardous chemicals, 

including the compounds used as surfactants to 

reduce surface tension and increase the 

spreading and wetting properties of a liquid. 

Thus, the use of synthetic surfactants has a 

negative impact because of their high level of 

toxicity and low biodegradability in the 

environment [1]. Alternative solutions are 

urgently required that are environmentally 

friendly and have superior properties, namely, 

biosurfactants, to replace conventional chemical 

surfactants. Biosurfactants are amphiphilic 

molecules produced by living organisms, 

including microbial groups such as bacteria, 

molds, and yeasts. These compounds can be 

applied in various fields, including agriculture, 

industry, cosmetics, health, food, and 

bioremediation in oil-polluted environments [2]. 

Members within the genus Bacillus are 

bacteria capable of synthesizing cyclic 

lipopeptide-type biosurfactants through Non-
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Ribosomal Peptide Synthesis (NRPs). Cyclic 

lipopeptides are amphiphilic peptides composed 

of hydrophilic oligopeptides (with L- and D-

amino acids) linked to hydrophobic fatty acid 

chains [3]. Notable differences in the resulting 

cyclic lipopeptides include the type and 

sequence of amino acids in the peptide, as well as 

the branching of the fatty acid chain. Cyclic 

lipopeptides can be classified into three families: 

(1) iturin, (2) fengycin and plipastatin, and (3) 

surfactin [4,5]. Several bacterial species in the 

genus Bacillus reportedly produce lipopeptide 

biosurfactants, including Bacillus velezensis 

ES4.3, Bacillus mojavensis EG6.4, and Bacillus 

subtilis BK7.1 [6-9]. 

Using waste material as a nutrient source in 

fermentation media for biosurfactant 

production is an attractive alternative to reduce 

production costs and sustainably protect the 

environment. Agroindustrial waste contains 

high levels of carbohydrates, lipids, and proteins 

[10]. Furthermore, several studies using 

agroindustrial wastes as nutrients in 

fermentation media for biosurfactant 

production have been reported, including the 

use of corn cob waste [11], grape shoots [12], 

sugarcane bagasse [13], aqueous extracts of 

orange, potato, and banana peels, and banana 

peel molasses [14], pineapple peel [2], and date 

molasses [15]. However, research on using 

coconut meal waste as a substrate for 

biosurfactant production media by Bacillus 

ES7.3 isolates has never been conducted. 

Therefore, in this study, Bacillus ES7.3 isolates 

were utilized that use coconut meal media as a 

source of organic compounds, vitamins, and 

minerals for growth and biosurfactant synthesis. 

Biosurfactant production by microorganisms 

can be demonstrated by screening for 

biosurfactant activity through hemolytic or 

emulsification activity, surface tension, critical 

micelle concentration, drop collapse test, oil 

spreading [16,17], and detection of biosurfactant 

biosynthesis-related genes [18]. Moreover, 

genes involved in the biosynthesis of various 

lipopeptides from the iturin, fengycin, and 

surfactin families can be detected using 

Polymerase Chain Reaction (PCR) with specific 

primers [4]. 

Therefore, this study was conducted to 

identify the bacterial species of Bacillus sp. ES7.3, 

which can be developed as a candidate green 

biocide agent against the plant pathogenic 

fungus F. oxysporum, the genes involved in the 

biosynthesis of biosurfactants, and the activity of 

crude biosurfactant extract on coconut meal 

medium. Lastly, the effectiveness of crude 

biosurfactant production by Bacillus sp. ES7.3 

isolates was compared when grown on coconut 

meal media against those observed when 2% 

glucose Synthetic Mineral Water (SMW) media 

substrate was used. 

Experimental  

Molecular identification of Bacillus sp. ES7.3 by 

16S rRNA gene 

The Bacillus sp. ES7.3 16S rRNA gene was 

identified in isolates grown on SMW media and 

coconut meal and incubated at 37 °C in an 

incubator at 120 rpm for 24 h. Bacillus sp. ES7.3 

DNA was isolated using the CTAB method and 

visualized using electrophoresis [19]. The 16S 

rRNA gene was amplified using SelectCycler II 

Gradient Thermal Cycler (Select BioProducts, 

USA) beginning with the addition of GoTaq 

Green Master Mix (Promega, Madison, USA) and 

16S rRNA primers 27F and 1492R. The PCR cycle 

was as follows: initial denaturation at 94 °C for 2 

min, followed by denaturation at 92 °C for 30 s, 

annealing at 55 °C for 30 s, and elongation at 72 

°C for 1 min, with final elongation for 35 cycles at 

72 °C for 5 min. The PCR products were 

visualized using electrophoresis on a 1% agarose 

gel stained with ethidium bromide under 

ultraviolet light and subsequently analyzed by 1st 
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Base DNA Sequencing Service, Malaysia. 

Amplicons were then sequenced and analyzed 

for similarity with GenBank data using National 

Center for Biotechnology Information (NCBI) 

BLASTn [20]. The data were analyzed for kinship 

relationships by constructing a phylogenetic tree 

using Molecular Evolutionary Genetics Analysis 

(MEGA) software version 6 [21]. MEGA software 

was developed for comparative analysis of DNA 

and protein sequences aimed at inferring 

molecular evolutionary patterns of genes, 

genomes and species over time [21,22]. 

Detection of biosurfactant-encoding genes B. 

velezensis ES7.3 

The same procedure was used for 16S rRNA 

identification to identify the surfactin gene using 

srfA-D gene primers designed in-house with the 

Thermo Fisher Scientific OligoPerfect Primer 

Designer application for cloning. 

Screening of biosurfactant activity by hemolytic 

test 

Screening of biosurfactant activity was 

performed qualitatively through a hemolytic test 

on Blood Agar medium to determine the ability 

of bacteria to produce biosurfactants. Bacillus sp. 

ES7.3 (24 h) was inoculated on Blood Agar using 

the dot method and incubated for 24 to 72 h. 

Observations were made every 24 h to record 

any changes. A positive indicator shows that a 

clear zone will form around the three isolates, 

indicating their ability to lyse blood cells. 

Production of crude biosurfactant B. velezensis 

ES7.3 

The production of biosurfactants was 

initiated using SMW by dissolving 3 g (NH4)2SO4, 

10 g NaCl, 0.2 g MgSO4·7H2O, 0.01 g CaCl2, 0.001 

g MnSO4·H2O, 0.001 g H3BO3, 0.001 g 

ZnSO4·7H2O, 0.001 g CuSO4·5H2O, 0.005 g 

CoCl2·6H2O, and 0.001 g NaMoO4·2H2O into 900 

mL of distilled water. Elemental phosphate and 

iron were prepared by separately dissolving 5 g 

KH2PO4 and 2 g K2HPO4, and 0.0006 g 

FeSO4·7H2O into 50 mL of distilled water, 

respectively. Meanwhile, the coconut meal 

substrate was prepared by weighing 100 g of 

coconut meal and dissolving it in 1000 mL of 

distilled water. The isolate culture medium was 

prepared by mixing 2% coconut meal substrate 

solution with 86.4 mL of SMW. The control 

medium was prepared using SMW + 2% glucose 

and coconut meal substrate. All media were 

sterilized by autoclaving for 15 min at 121 ℃ and 

a pressure of 1 atm. Cultures (4%) of Bacillus 

ES7.3 isolate, with an OD value of 0.5, were 

added to the media. The emulsification activity 

and surface tension were measured at 24 h 

intervals until 144 h of incubation. 

Antifungal activity of B. velezensis ES7.3 against F. 

oxysporum 

In vitro antifungal activity tests were 

conducted using the swab method to evaluate 

the ability of Bacillus sp. ES7.3 isolates to inhibit 

the growth of the pathogenic fungus F. 

oxysporum. For that purpose, F. oxysporum 

isolates were rejuvenated on Potato Dextrose 

Agar (PDA) medium for 5 days and cut into small 

blocks with a cutter. Bacillus sp. ES7.3 isolates 

were cultured in Nutrient Broth (NB) medium 

for 72 h and then centrifuged. The culture forms 

tested included the supernatant fraction without 

cells, the sonication pellet fraction, and pure 

culture. The three culture forms were spread on 

PDA medium in a Petri dish, and a hole was made 

in the center of the medium to place an F. 

oxysporum inoculum block. Observations were 

made daily during the 144 h incubation period, 

and the growth area of F. oxysporum was 

calculated using a predetermined formula. 
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Data analysis 

Nucleotide sequence data were obtained to 

identify encoding genes and compared with the 

GenBank database at NCBI using the Basic Local 

Alignment Search Tool (BLAST) program. For 

gene detection, data on protein-coding genes and 

proteins that make up Bacillus sp. ES7.3 isolates 

were obtained through BLASTx analysis, while 

those for species exploration based on DNA 

isolation results were obtained through BLASTn 

analysis. In addition, data in the form of bands 

obtained from gene amplification via PCR were 

analyzed descriptively. Data on biosurfactant 

production by Bacillus sp. ES7.3 isolates, 

emulsification activity, surface tension in 

biosurfactant production with coconut meal 

media, and fungal growth inhibition activity 

were analyzed statistically and descriptively. 

Normality (Shapiro–Wilk) and homogeneity 

(Levene test) tests were used, followed by 

continuous analysis of variance. 

Results and Discussion  

Bacillus sp. ES7.3 molecular identification by the 

16S rRNA Gene 

Bacillus sp. ES7.3 isolate was identified at the 

molecular level using the 16S rRNA gene to 

determine the species name of the isolate. DNA 

isolation results for Bacillus sp. ES7.3 are shown 

in Figure 1. The results showed that Bacillus sp. 

ES7.3 was approximately 1,500 bp in size. 

The DNA sequences obtained were analyzed 

using BioEdit software and BLASTn and aligned 

with sequences in the NCBI GenBank database. 

The results of the sequencing analysis are 

summarized in Table 1. 

The results of BLASTn analysis (Table 1) 

showed that Bacillus sp. ES7.3 is similar to B. 

velezensis strain CBMB205 (99.31%) under 

GenBank accession number NR 116240.1. This 

homology rate was slightly greater than that 

between B. velezensis strain FZB42 and B. 

amyloliquefaciens strain NBRC 15535 (99.30 %). 

Phylogenetic tree analysis 

Phylogenetic tree analysis was conducted to 

determine the kinship relationship of isolates of 

B. velezensis ES7.3 to other types of Bacillus 

isolates. The results of this analysis are shown in 

Figure 2.

 

 

Figure 1. DNA visualization results of Bacillus sp. ES7.3 isolate 



F.A. Nafidiastri et al.                                                                                                                                                                469 

 

 

Table 1. Bacillus sp. ES7.3 nucleotide analysis using BLASTn 

Species name Accession number % Homology Query cover 

Bacillus velezensis strain CBMB205 NR 116240.1 99.31% 100% 

Bacillus velezensis strain FZB42 NR 075005.2 99.30% 99% 

Bacillus amyloliquefaciens strain NBRC 15535 NR 112685.1 99.30% 99% 

 

Figure 2. Results of phylogenetic tree analysis of Bacillus velezensis ES7.3 isolate with other types of 

Bacillus spp. isolates  

Figure 3. Electrophoretic visualization of Bacillus velezensis ES7.3 amplified srfA-D and ituD 

Analysis of biosurfactant encoding-genes in B. 

velezensis ES7.3 

The results of srfAD and ituD gene 

amplification in sequences were analyzed using 

BioEdit and aligned using BLASTn and BLASTx 

on the NCBI for Biotechnology Information 

website. Visualization of the srfAD and ituD gene 

amplification results for B. velezensis ES7.3 

isolates is shown in Figure 3. 

The srfAD and ituD gene DNA bands showed 

a size of 720 and 1200 bp, respectively, 

indicating that there are DNA sequences on 

primers that are complementary or homologous 
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to the sequences of srfAD and ituD gene samples 

that were successfully amplified (Figure 3). The 

results of BLASTn srfAD and ituD analyses 

showed that the srfAD and ituD gene sequences 

of Bacillus sp. ES7.3 exhibited more than 99% 

homology with those of B. velezensis (Table 2). 

Amino acid sequence analysis using BLASTx 

NCBI showed that the srfAD gene sequence is the 

same as the "surfactin biosynthesis thioesterase 

srfAD" gene, with a percent homology of 99.98% 

with B. amyloliquefaciens. Meanwhile, according 

to BLASTx NCBI results, the sequence of the gene 

ituD from B. velezensis ES7.3 is the same gene as 

"Bacillomycin D biosynthesis malonyl-CoA 

transacylase BamD," with a percent homology of 

99.72% with B. velezensis (Table 3). 

Screening of biosurfactant activity by hemolytic 

test 

A hemolytic activity test of the B. velezensis 

ES7.3 isolate was conducted using blood agar 

media (Figure 4). The test results showed that 

the isolate B. velezensis ES7.3 effectively 

hemolyzed blood, indicating that the bacterium 

produced biosurfactants, which effectively 

maintained a clear area around the bacterial 

colony in the medium. Furthermore, the amount 

of biosurfactant produced is reportedly 

proportional to the clear area on the blood agar. 

Production of crude biosurfactant B. velezensis 

ES7.3 on coconut meal medium 

The growth response of B. velezensis ES7.3 in 

the coconut meal medium was measured based 

on the values of bacterial biomass and cell 

density (CD). These measurements were 

performed from 0 to 144 h of incubation time. 

The biomass and OD values for B. velezensis 

ES7.3 cultured on the coconut meal medium are 

shown in Figure 5. 

Table 2. Analysis of the percent homology of nucleotide sequences of the srfAD and ituD genes of B. velezensis 

ES7.3 using BLASTn 

Target gene Bacterium Suitability 

length 

sequences 

% Homology Accession 

number 

srfAD Bacillus velezensis strain Htg6 100% 99.86 CP050462.1 

ItuD Bacillus velezensis strain KD1 100% 99.72 CP014990.2 

Table 3. Analysis of the percent homology of amino acid sequences of the srfAD and ituD genes of B. 

velezensis ES7.3 using BLASTx 

Target gene Gene description of amino acid 

sequence 

Length of 

sequence 

concordance 

% Homology Accession 

number 

srfAD Surfactin biosynthesis 

thioesterase srfAD (Bacillus 

amyloliquefaciens group) 

99% 99.49% WP0031563831 

ItuD Bacillomycin D biosynthesis of 

CoA transacylase BamD (Bacillus 

velezensis) 

99% 99.72% WP0700819041 

 



F.A. Nafidiastri et al.                                                                                                                                                                471 

 

 

 

Figure 4. β-Hemolysis activity of Bacillus velezensis ES7.3 on blood agar media 

 

Figure 5. Growth curve of Bacillus velezensis ES7.3 on coconut meal medium in terms of biomass and OD 

values at 0, 24, 48, 72, 96, 120, and 144 h after incubation initiation. Different lowercase letters on the growth 

OD curves at the different sampling time points indicate a significant difference

The growth of B. velezensis ES7.3 began to 

slow down after 48 h incubation, presumably 

due to limited nutrient availability in the 

medium. 

Consistently, as Figure 6 shows, the total 

amount of sugar in the medium significantly 

decreased after 48 h incubation. Figure 7 shows 

that the stationary phase of B. velezensis ES7.3 

growth occurred over the 120–144 h period of 

the incubation time. The emulsification activity 

of B. velezensis ES7.3 reached a maximum value 

(80%) at 144 h. This high emulsification activity 

at 144 h indicated increased crude biosurfactant 

production until the last day of incubation. 

Different lowercase letters on the biomass curve 
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and emulsification bars at different sampling 

time points indicate a significant difference. The 

increase in the percent emulsification activity of 

crude biosurfactant in coconut meal medium 

resulted in a high emulsion layer produced by B. 

velezensis ES7.3 (Figure 8). 

 

Figure 6. Growth curve of Bacillus velezensis ES7.3 on coconut meal medium and total sugar concentration 

changes over the 144 h incubation period. Different lowercase letters on the growth and sugar concentration 

curves at different sampling time points indicate a significant difference 

 

Figure 7. Relationship between the biomass of Bacillus velezensis ES7.3 grown on coconut meal medium 

and percent emulsification activity of crude biosurfactants 
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Figure 8. Emulsification activity of crude biosurfactant produced by Bacillus velezensis ES7.3 on coconut 

meal media using used  oil 

 

 

Figure 9. The biomass and surface tension of Bacillus velezensis ES7.3 in coconut meal medium. Different 

lowercase letters on the biomass curve and the surface tension bars at different sampling time points indicate 

a significant difference 
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The surface tension of crude biosurfactant in 

coconut meal medium was lowest (35.9 mN/m) 

at 24 h of incubation (Figure 9), but tended to 

increase after 48 h of incubation and continued 

to show this trend until the end of the 144-h 

incubation period. The decrease in surface 

tension at 24 h of incubation time may be due to 

the presence of B. velezensis ES7.3, which 

released low molecular weight biosurfactants, 

such as surfactin and iturin D, that act as surface 

tension-reducing agents in the culture medium.  

However, during the interval from 48 to 144 

h incubation time, B. velezensis ES7.3 released 

high molecular weight biosurfactants in greater 

quantities, increasing the surface tension over 

that time interval. Concomitantly, emulsification 

activity increased until the 144-h incubation 

period. A comparison of the effectiveness of 

crude biosurfactant production by B. velezensis 

ES7.3 grown on coconut meal medium against 

that observed on SMW glucose substrate 

medium as shown in Figure 10, the highest 

percentage of emulsification activity in the 

coconut meal and SMW + glucose media 

occurred at 144 h of incubation. 

The coconut meal medium showed a higher 

emulsification rate (80%) than that observed in 

the SMW + 2% glucose medium. Additionally, a 

significant difference was observed between the 

surface tension of the crude biosurfactant in 

coconut meal and that in SMW + 2% glucose 

medium (Figure 10). 

The surface tension was lower in coconut 

meal than in SMW + 2% glucose medium. The 

lowest surface tension in the coconut meal 

medium was 35.9 mN/m, whereas that in the 

SMW + glucose medium was 55.1 mN/m (Figure 

11). 

Antifungal activity of B. velezensis ES7.3 against F. 

oxysporum 

Biosurfactants are known to be applied in 

various fields, including agriculture. The ability 

of B. velezensis ES7.3 to suppress the growth of 

the plant pathogenic fungus, F. oxysporum, was 

evaluated for 7 d (Figure 12). 

 

Figure 10. Comparison of the effectiveness of crude biosurfactant production by B. velezensis ES7.3 grown 

on coconut meal media with that observed on SMW glucose substrate media 
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Figure 11. Surface tension of crude biosurfactant produced by B. velezensis ES7.3 in coconut meal and 

SMW (Steril Mineral Water) + 2% glucose medium  

 

Figure 12. Growth of the pathogenic fungus F. oxysporum in the culture (C), pellet (P), and supernatant (S) 

fractions of B. velezensis ES7-3 at different incubation times. positive control (C+), negative control (C-); 

incubation for 24, 72, 120, and 168 h 
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Table 4. Antifungal activity of B. velezensis ES7.3 against F. oxysporum based on the diameter of fungal 

colonies 

Fraction of the 

B. velezensis ES7.3 

culture 

F. oxysporum growth in 

colony diameter (mm) 

Barrier levels of 

F. oxysporum (%) 

Sonication culture 10.9 82.53 

Sonication pellet 11.2 82.04 

Supernatant free-cell 65.2 0 

Positive control 24.35 - 

Negative control 62.38 - 

The fractions of the B. velezensis ES7.3 isolate 

used for this test included the culture fraction, 

pellet, and supernatant. Among these, the lowest 

diameter of F. oxysporum growth was observed 

for the culture fraction, which showed the best 

results compared to the positive control. The 

growth of F. oxysporum and the level of inhibition 

are shown in Table 4. 

The sonicated culture fraction had the 

greatest (82.53%) inhibitory effect on F. 

oxysporum, reducing fungal colony diameter to 

10.9 mm. Bacillus sp. ES7.3 isolate was 

successfully isolated from the sediment of Aedes 

aegypti larvae in the study reported [23]. Bacillus 

sp. ES7.3 bacteria are moderately sized and have 

an irregular shape, white color, flat elevation, 

and serrated edges. Furthermore, Bacillus sp. 

ES7.3 is known to bear oval endospores located 

at the subterminus; it is a gram-positive 

bacterium with rod-shaped cells and excellent 

larvicidal activity, causing up to 96.7% larval 

mortality within 48 h of exposure [23]. In this 

study, Bacillus sp. ES7.3 was identified to the 

species level through 16S rRNA gene detection, 

as this gene is a molecular marker commonly 

used to identify and classify bacterial species. 

The 16S rRNA gene DNA band of Bacillus sp. 

ES7.3 was 1500 bp, in accordance with the DNA 

ladder, and was very close (99.31% homology) 

to that of B. velezensis CBMB205. Bacteria are 

considered to belong to the same species if they 

have a homology rate greater than 97% [1]. This 

result differed from the identification through 

conventional macroscopic, microscopic, and 

physiological characterization performed by 

[23], who reported that Bacillus sp. ES7.3 

similarity index (Ss) with B. thuringiensis was 

71.4%. 

The phylogenetic tree illustrating the 

relationship between B. velezensis ES7.3 and 

other Bacillus species revealed that Bacillus sp. 

ES7.3 is closely related to B. velezensis strains 

CBMB205 and FZB42, as can be appreciated 

from the branching locations of the three types 

of bacteria (Figure 2). According to reports [6], 

another cause for the close kinship between 

Bacillus sp. ES7.3 and B. velezensis CBMB205 

might be the low nucleotide variation between 

Bacillus sp. ES7.3 and B. velezensis CBMB205, 

according to [24], which was successfully 

isolated from the rice (Oryza sativa L. cv. O-dae) 

and has a gene encoding a phosphate solubilizer 

that is a critical growth factor, allowing plants to 

easily use it. In addition, B. velezensis CBMB205 

has a gene that is part of the biosynthesis 

pathway of thiamine and vitamin B [25,26]. 

Furthermore, catalase, oxidase, pectinase, and 

protease activities have been observed in B. 

velezensis CBMB205 [24]. 

Bacillus sp. produces a type of lipopeptide 

biosurfactant that is classified as the most 

powerful biosurfactant with therapeutic 

properties, including broad-spectrum 

antimicrobial and antiviral activities and 

antitumor effects [27]. Bacillus spp. produce 

highly diverse lipopeptides with more than 100 
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different structures [28]. Based on their 

constituent amino acids, lipopeptides are 

classified into three families: fengycin (fengycin 

and plipastatin), iturin (mycosubtilin, iturin, and 

bacillomycin), and surfactin (surfactin, 

pumilacidin, and lichenysin) [29]. Based on the 

DNA banding pattern relative to the markers 

used herein, B. velezensis ES7.3 seemingly 

contains the srfAD and ituD genes (Figure 3), 

which were shown to be similar in nucleotide 

sequence to their counterparts present in B. 

velezensis strain Htg6 (99.86% homology) and 

those in B. velezensis strain KD1 (99.72% 

homology). Based on the detection results of 

srfAD and ituD genes (Table 3), srfAD sequence 

differences between B. velezensis ES7.3 and the 

database (gene polymorphism) occurred for two 

amino acids, namely serine and methionine, as 

per the sequence alignment. B. velezensis is a 

member of the B. amyloliquefaciens group with 

similar morphological, physiological, 

biochemical, phenotypic, and phylogenetic 

characteristics. Therefore, from the analyses 

reported herein, it is difficult to separate these 

two taxa [30]. The difference in amino acid 

sequence between Bacillomicin D from B. 

velezensis ES7.3 and the database 

(polymorphism gene) occurred at one amino 

acid during the sequence alignment process. In 

B. velezensis ES7.3, Bacillomicyn D, synthesized 

by the bamD gene, is a member of the iturin 

family; thus, it shows a similar structure. 

B. velezensis ES7.3 exhibited beta (β) 

hemolysis for hemolytic activity (Figure 4). β-

hemolysis is the complete hemolysis of red blood 

cells, as seen from the clear zone produced, 

which is particularly notable due to the complete 

lysis of all red blood cells and the release of 

hemoglobin from them. Bacteria that cause β-

hemolysis have the greatest potential to produce 

biosurfactants because biosurfactants act as 

hemolytic substances. Hemolysins act as 

antibodies against erythrocyte membrane 

antigens that cause hemolysis [31]. Based on 

research conducted by [32], B. cereus forms a 

clear zone (β-hemolysis), which indicates the 

potential of biosurfactants formed due to contact 

between bacterial cells and erythrocytes causing 

lysis and forming a clear zone. The hemolytic 

activity of biosurfactants can occur through one 

of two mechanisms: normal membrane 

dissolution at high biosurfactant concentrations 

or increased membrane permeability to small 

solutes at low biosurfactant concentrations due 

to osmotic lysis [33]. Thus, the inhibition zone 

formed by observing hemolytic activity indicates 

biosurfactant production. The larger the 

diameter of the blood agar lysis, the higher the 

concentration of biosurfactants [34]. 

The clear zone formed around the colony in 

the hemolytic activity test indicated the 

production of a biosurfactant. The ability of B. 

velezensis ES7.3 to produce biosurfactants was 

continuous in small-scale production on coconut 

meal medium. The growth response of B. 

velezensis ES7.3 showed increasing growth 

starting from 0 to 144 h of incubation, as seen 

from the bacterial cell biomass accumulation and 

OD measurements (Figure 5). 

Based on the growth curve 24–48 h of 

incubation, the growth of B. velezensis ES7.3 was 

very fast until a biomass of 2.9 mg/mL was 

attained, with an OD value of 3. The rapid growth 

response resulted from faster bacterial cell 

division in the growth medium with a complete 

nutrient supply [35]. This indicates that the 

composition of coconut meal, especially with 

respect to carbon and nitrogen sources, is a 

suitable growth medium for B. velezensis ES7.3. 

Coconut meal is a waste material that contains 

excellent energy sources and the most important 

elements needed for the biosynthesis processes 

necessary for growth: (1) Anaerobic materials: 

Ca 0.04%, Cl 0.37%, K 1.83%, Mg 0.31%, Na 

0.04%, P 0.52%, S 0.31%, Cu 25 ppm, Fe 486 
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ppm, Mn 69 ppm, and Zn 49 ppm, organic matter: 

Crude protein 22% [36]. 

Based on laboratory tests, 10 g of coconut 

meal dissolved in 100 mL contains 2.18% total 

sugar, 1.69% fat, 2.18% protein, 2.11% C, 0.21% 

N, and 0.13% P. Coconut meal is an excellent 

source of C and N, which are the main nutrient 

components of the culture medium. However, 

along with incubation time, the growth rate of B. 

velezensis ES7.3 decreased during a 120 h 

incubation, presumably because, in this phase, 

the amount of nutrients in the growth medium 

decreased and the pH value increased to close to 

9. Based on the analysis, the growth performance 

of B. velezensis ES7.3 grown on coconut meal 

medium was very good in the presence of 

nutritional components and suitable culture 

medium-environmental conditions for the 

growth of B. velezensis ES7.3. 

In this study (Figures 9 and 11), B. velezensis 

ES7.3 seemingly began to produce 

biosurfactants at 24 to 96 h of incubation, as can 

be seen from the 9.8 mN/m decrease in surface 

tension of the coconut meal medium at 24 h of 

incubation and the presence of emulsification 

activity at 60%. The 24 h incubation time was in 

the middle of the exponential growth phase 

(Figure 4), in agreement with a report by [37], 

which revealed that biosurfactants are 

secondary metabolites produced in the middle of 

the exponential phase. 

In this phase, B. velezensis ES7.3 experiences 

rapid growth, and a large amount of nutrients is 

consumed, decreasing nutrient concentrations 

in the culture medium. In turn, a significant 

change in the amount of nutrients in the medium 

likely caused metabolic changes in response to 

changes in the chemical environment of the 

media, and the induction or repression of gene 

expression occurred in bacteria within a few 

minutes, allowing cells to synthesize secondary 

metabolites in the form of biosurfactants [38]. 

Biosurfactants can form a thin film on the surface 

of microorganisms and facilitate the release or 

attachment of cells to other cell surfaces, thus 

playing a role in regulating bacterial motility and 

quorum sensing [38]. 

Other studies have shown that when B. 

subtilis enters the stationary growth phase, cells 

differentiate into several subpopulations, 

including cannibal, biofilm or protease-

producing, spore-producing, and competent 

cells. Approximately 10–20% of competent cells 

can take up extracellular DNA and produce 

surfactin [39]. Based on Figures 6 and 8 

illustrating the emulsification activity and 

surface tension of B. velezensis ES7.3, crude 

biosurfactants are more likely to act as 

emulsifiers than surface tension reducers. This 

observation indicates that the biosurfactant 

molecules produced by B. velezensis ES7.3 in 

coconut meal medium have high molecular 

weights. Biosurfactants with high molecular 

weight include lipoproteins, 

lipopolysaccharides, and amphiphatic 

polysaccharides [40]. High-molecular-weight 

biosurfactants affect different structures and 

influence emulsion formation and stability, but 

do not reduce surface tension [41]. 

The difference in biosurfactant activity 

produced by B. velezensis ES7.3 grown on 

coconut meal medium relative to that observed 

in SMW + glucose might be caused by differences 

in the amount of biosurfactant produced. The 

differences in biosurfactant production were 

due to the differences in components of the 

culture medium used for biosurfactant 

production. The coconut meal medium is 

composed of fats and proteins. The difference 

between these compounds in the two media can 

be a single material for the direct synthesis of 

lipid and protein structures of biosurfactants. 

Further, [42] reported that there are several 

kinds of biosurfactant synthesis pathways, 

namely, de novo synthesis of hydrophilic and 

hydrophobic groups by two independent 
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pathways, followed by a process for combining 

these groups to form molecules. Complete 

biosurfactant: 1) de novo synthesis of the 

hydrophilic moiety and substrate-dependent 

synthesis of the hydrophobic moiety, followed 

by a combination process to form a complete 

biosurfactant molecule; 2) de novo synthesis of 

the hydrophobic moiety and substrate-

dependent synthesis of the hydrophilic moiety, 

followed by a combination process to form a 

complete biosurfactant molecule. The 

biosynthesis of both hydrophobic and 

hydrophilic components depends on the type of 

substrate used to produce the biosurfactant. This 

is why the coconut meal medium produced more 

biosurfactants than the SMW+2% glucose 

medium. The significant difference in results 

makes coconut meal a more effective 

biosurfactant production medium than SMW + 

2% glucose for B. velezensis ES7.3.  

Three important elements support the 

effectiveness of biosurfactant production in 

coconut meal medium by B. velezensis ES7.3: (1) 

the presence of nutrients that are qualitatively 

and quantitatively suitable for the growth of B. 

velezensis ES7.3; (2) the appropriate 

environment, namely pH, temperature, agitation, 

and sugar concentration; and (3) the genetic 

potential of B. velezensis ES7.3 to produce 

biosurfactants.  

In this study, B. velezensis ES7.3 was shown to 

inhibit the growth of F. oxysporum (Figure 12). 

The greatest inhibition was observed in the 

complete culture and pellet fractions, whereas 

the inhibition in the supernatant fraction was 

not significant compared with the negative 

control. According to [43], B. velezensis has 

shown antifungal activity against fungal 

pathogens, and the volatile organic compounds 

produced by B. velezensis NKG-2 can affect fungal 

growth. Furthermore, B. velezensis NKG-2 has 

shown antifungal activity against fungal 

pathogens in plants and has produced 

biomolecules that show good prospects for 

development through genetic engineering and 

which can be useful in the agricultural sector 

[44]. B. velezensis produces secondary 

metabolites, including cyclic lipopeptides, 

surfactin, iturin, and fengysine [45]. These 

lipopeptides are composed of glutamic acid, 

aspartate, lysine, arginine, and fatty acids, which 

primarily inhibit the growth of pathogenic fungi. 

Another method involves disrupting the 

integrity of the fungal cell membrane by 

damaging it and inhibiting hyphal growth [45]. 

The antibiotic compounds bacillaene, 

macrolactin, and dificidin inhibit cell wall 

synthesis, metabolism, and growth of F. 

oxysporum [45]. Thus, the isolate can be 

developed as a potential bacterium to create 

environmentally friendly biofungicides for the 

biocontrol of F. oxysporum. 

Conclusion 

This study demonstrated that B. velezensis 

ES7.3 is a potent biosurfactant-producing 

bacterium capable of utilizing coconut meal as an 

efficient agro-industrial substrate. Molecular 

identification confirmed 99.31% similarity to B. 

velezensis strain CBMB205, and the presence of 

biosurfactant biosynthesis genes (srfAD and 

ituD) further supports its strong genetic capacity 

for lipopeptide production. Coconut meal 

medium significantly enhanced biosurfactant 

synthesis compared with SMW + 2% glucose, as 

indicated by higher emulsification activity and 

lower surface tension. In addition to its 

biosurfactant-producing potential, B. velezensis 

ES7.3 exhibited notable antifungal activity 

against F. oxysporum, with the highest inhibition 

observed in the complete culture and pellet 

fractions. This isolate can be further developed 

for environmentally friendly applications in 

agriculture, including biofungicides and plant-

protective formulations. Future work may focus 

on optimizing fermentation conditions, purifying 
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the active compounds, and evaluating field-level 

efficacy for integrated disease management. 
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