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ABSTRACT 
 

Nanoparticle synthesis using biosurfactants is currently a popular and environmentally friendly 
method for improving both particle synthesis and stabilization. Zinc oxide nanoparticles (ZnO NPs) 
have found extensive applications in the field of biomedicine. The present study focused on 
isolating microorganisms that produce biosurfactants from soil contaminated with oil. The isolated 
microorganisms were identified through molecular identification of 16s r-RNA gene sequencing and 
characterization as Bacillus pseudomycoides. We determined biosurfactant production using 
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various assays such as hemolysis assay, emulsification index, oil spreading tests, and drop-
collapsing assays. This investigation confirms that isolated microorganisms possess biosurfactant 
properties. We utilized a biosurfactant extract from the B. pseudomycoides strain for the synthesis 
of ZnO NPs. Advanced techniques such as UV-vis spectroscopy, XRD, FTIR, SEM, and Edax were 
employed to ensure accurate characterization. Furthermore, the biosurfactant-mediated ZnO NPs 
effectively killed a few bacterial pathogens, such as Escherichia coli, Pseudomonas aeruginosa, 
and Klebsiella pneumonia. They were also effective against fungal pathogens, such as Aspergillus 
niger, Aspergillus flavus, and Fusarium oxysporum. This research highlights the impressive 
effectiveness of newly synthesized biosurfactant-mediated ZnO against clinical isolates. This 
research suggests that the biosurfactant extract from B. pseudomycoides could be used to make 
ZnO nanoparticles that could be useful for treating harmful infections. 
 

 
Keywords: Bacillus pseudomycoides; Biosurfactant; zinc nanoparticles; antimicrobial activity. 

 
1. INTRODUCTION 
 
Biosurfactants, or microbial surfactants, are 
surface-active chemicals that are synthesized by 
microorganisms such as bacteria, yeast, and 
fungus as secondary metabolites during 
biotechnological processes [1]. These 
compounds are amphiphilic, meaning they have 
both hydrophobic and hydrophilic parts. This 
allows them to be present at the boundary 
between polar and nonpolar substances [2]. 
Biosurfactants are categorized based on their 
origin and the chemical structures they possess. 
These categories include lipopeptides, 
lipoproteins, glycolipids, phospholipids, and 
polymeric biosurfactants. Biosurfactants provide 
significant benefits to the strains that produce 
them. They improve the availability of 
hydrophobic pollutants, bind to heavy metals, 
exhibit antibacterial properties, and govern the 
attachment or detachment of microbes to 
surfaces [3]. Biosurfactants surpass chemical 
surfactants in terms of their uncomplicated 
chemical composition, enhanced durability, 
substantial foaming activity, minimal toxicity, pH 
balance, environmental friendliness, and ability to 
decompose naturally. Biosurfactants possess 
distinct functional groups that confer selectivity in 
the process of detoxifying contaminants,                  
even in conditions of high salt, temperature,           
and pH levels [4]. The low toxicity and eco-
friendly characteristics of biosurfactants make                      
them suitable for use in various industries           
such as cosmetics, pharmaceuticals, oil, and 
food [5]. 
 
New developments in nanotechnology have 
revolutionized the field, allowing for the creation 
of meticulously structured nano-particulates with 
limitless possibilities in terms of size and shape. 
This breakthrough has paved the way for the 
development of innovative biocidal compounds. 

Nanoparticles (NPs) are often hailed as a 
remarkable advancement in the field of modern 
medicine. There have been exciting 
developments in the field of antimicrobial 
research, particularly around finding new 
treatments for bacteria that are resistant to 
multiple drugs. One such development is the 
discovery of nanoparticles that possess potent 
antimicrobial properties. These nanoparticles 
show great potential as alternative treatments for 
combating drug-resistant bacteria. Nanomaterials 
have garnered significant attention due to their 
exceptional properties, which encompass a 
multitude of advantageous characteristics for 
biological applications [6]. 
 
The Zinc oxide (ZnO) nanoparticle has garnered 
global interest for its unique properties that set it 
apart from its larger counterparts. It serves as a 
versatile semiconductor with piezoelectric 
properties. ZnO nanoparticles have been utilized 
in a wide range of applications, including 
pharmaceuticals, cosmetics, photocatalysis, and 
dietary supplements for animals. Various 
chemical methods have been suggested for the 
synthesis of ZnO nanoparticles, including the 
solvent gel process, solvent evaporation, and 
microemulsion precipitation [7]. However, due to 
the utilization of harsh chemicals in the reduction 
and stabilization processes, which form strong 
bonds with the ZnO nanoparticles and limit their 
potential for biological applications, these 
methods fail to meet environmentally friendly 
standards. In addition, these procedures are also 
contributing to the production of harmful by-
products that can lead to secondary 
contamination. Consequently, researchers are 
actively working on the development of more 
sustainable methods for preparing ZnO 
nanoparticles. They are conducting extensive 
studies to explore alternatives to traditional 
approaches [8]. 
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Biosurfactants can play a crucial role in 
promoting responsible and sustainable use of 
nanotechnology as it continues to advance. 
Additionally, they can act as stabilizing agents 
and are being recognized as an environmentally 
friendly option for synthesizing and stabilizing 
nanoparticles. Biosurfactants have shown great 
potential in the production of high-performance 
nanomaterials due to their ability to readily form 
various liquids in aqueous solutions [9,10]. As 
per some researchers, a biological approach 
involving the utilization of biosurfactants, 
specifically rhamnolipids derived from 
Pseudomonas aeruginosa, has been reported. 
Through their analysis, they discovered that 
biosurfactant-mediated Zinc nanoparticles 
possess impressive antioxidant properties, 
making them a highly promising option in the 
field. This method utilises a cost-effective and 
environmentally friendly approach to synthesise 
nanoparticles [11]. In the process of synthesising 
Zinc sulfide nanoparticles, biosurfactants 
(rhamnolipid) produced by Pseudomonas 
aeruginosa were utilized [12]. According to 
Mulligan [13], certain bacteria strains, like 
Bacillus, could endure harsh conditions for 
extended periods. These strains are commonly 
referred to as biosurfactant producers. Multiple 
studies have explored the extraction of Bacillus 
species, known for their ability to produce 
biosurfactants, from soil samples with high salt 
content [14,15,16]. 
 

The present study focuses mainly on the 
Biosurfactant Producing Bacterial Strain found in 
soil samples. Furthermore, biosurfactant was 
synthesized and characterized utilizing an 
environmentally benign process based on ZnO 
NPs. Antibacterial and antifungal activities were 
also investigated as biopotential applications. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection of Soil Sample 
 

Soil sample containing oil (petrol and diesel) was 
collected from a petrol pump station in 
Coimbatore, Tamil Nādu, India. The sample was 
carefully collected using a sterile spatula and 
placed in an air-tight container. It was then 
transported to the laboratory for further analysis, 
specifically to isolate bacteria that produce 
biosurfactants. 

 

2.2 Isolation of Bacterial Strains 
 

1 gram of soil sample was added to 20 ml of 
sterile normal saline and thoroughly mixed, 0.1 

ml portion of the collected sample was carefully 
applied onto a blood agar plate. The culture 
plates were incubated at 37°C for 24 hours to 
identify potential isolates for biosurfactant 
production. The bacteria obtained were 
subcultured in nutrient broth (Himedia, Mumbai, 
India) following sterilization. The medium was 
prepared by dissolving 13g in 1000 ml of distilled 
water and sterilized under an autoclave at 121°C 
for 15 minutes. The media was cooled down to 
room temperature in a sterile environment a loop 
of culture was inoculated and incubated at 37°C 
for 24 hours. After confirming the growth based 
on turbidity, it was utilized for further study [17]. 

 

2.3 Identification of Bacterial Isolates  
 
The 16S rRNA gene was successfully amplified 
from bacterial genomic DNA using the widely 
used primers 27F and 1492R. Following a 5-
minute PCR run at 94°C, a total of 35 cycles of 
denaturation, annealing, and extension were 
performed. The sample was stored at 4°C. A 
50µL solution for PCR amplification was 
prepared, and the molecular masses of a specific 
product were determined using 1% agarose 
electrophoresis. The amplified products were 
analysed using a biosystem 3500 Genetic 
analyzer for sequencing. The resulting sequence 
was then compared to the GenBank database to 
identify the organism of origin [18]. The primary 
analysis of the nucleotide sequence was 
determined using NCBI Blast in this study. The 
BioEdit Sequence Alignment Editor and MEGA11 
software are utilized for the verification and 
reorganization of the sequences. The bacterial 
phylogenetic analysis was performed using 
MEGA 11 software. MEGA's latest version, 
Version 11, has incorporated a wide range of 
methods and tools to cater to the ever-growing 
needs of researchers. It is worth mentioning that 
the integration of evolutionary dating methods in 
MEGA streamlines the process of estimating 
species and strain divergence times. This is 
achieved by considering the accuracy of node 
calibrations and optimizing sampling times to 
enhance the quality of information obtained [19]. 

 

2.4 Screening of Biosurfactant (BS) 
Producers  

 
The bacterial strains were screened for using 
blood hemolysis techniques as described by 
Rajesh et al. [3]. The ability of the strain to 
produce biosurfactants was analyzed using 
various methods, including the emulsification 
index, oil spreading test, and drop collapsing test. 
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These tests were conducted on oil-coated agar 
plates, as described in the respective studies 
[20,21]. 

 

2.5 Biosurfactant (BS) Extraction  
 

Discovering bacterial species, the culture broth 
was collected and then subjected to 
centrifugation to obtain a cell-free supernatant 
that contains a biosurfactant. The supernatant 
was acidified to pH 2 using HCl and then allowed 
undisturbed overnight at 4°C. The supernatant 
was centrifuged at 10,000 rpm at 4°C to separate 
the acid-precipitated biosurfactant (pellet). The 
crude biosurfactant have been treated with a 
mixture of methanol and chloroform in a specific 
ratio. After this treatment, the biosurfactant was 
centrifuged again to obtain a purified 
biosurfactant precipitate [22,23,24]. The 
biosurfactant was dried and stored in a 
phosphate buffer solution (PBS) [21]. 

 

2.6 Synthesis of Zinc Oxide Nanoparticles 
Using Biosurfactant 

 

A two-step method was used to synthesize ZnO 
NPs. Concisely, a bacterial biosurfactant with a 
concentration of 0.1% (w/v) was combined with 
100 ml of a 0.05 mol aqueous solution of Zinc 
acetate. The mixture was continuously stirred for 
10 minutes at room temperature and 
subsequently autoclaved at 121°C under 15 lbs 
pressure for 30 minutes. The transition from a 
transparent state to a light white particle signifies 
the creation of ZnO NPs. This was achieved by 
subjecting the mixture to centrifugation at 10,000 
rpm for 10 minutes at ambient temperature, and 
subsequently drying it in an oven at 60°C. 

 

2.7 Biosynthesized n-ZnO Characteriza-
tion  

 

The analysis of reaction mixture confirmed the 
morphological and physicochemical attributes of 
the biosurfactant-synthesized ZnO NPs using 
UV-visible spectra. Further analysis was 
conducted using techniques like FESEM and 
EDAX. X-ray diffraction (XRD) analysis was used 
to determine the phase purity of the ZnO 
nanoparticles synthesized using essential oil. In 
addition, the researchers in a previous study 
utilized FTIR spectroscopy to analyse the particle 
size and the functional groups present [25]. 

 

2.8 Antimicrobial effect of ZnO NPs 
 

To evaluate the antibacterial properties of the 
essential oil derived from biosurfactant-mediated 

ZnO NPs. The agar well-diffusion method was 
employed to test the effectiveness of the oil 
against various strains of bacteria, including E. 
coli (MTCC 1304), K. pneumonia (MTCC 109), 
and Salmonella typhi (MTCC 733). For the 
antibacterial assay, we used axenic cultures of 
each bacterium that were grown in a nutrient 
broth medium. These cultures were then 
extracted and carefully spread onto different agar 
plates using a sterile glass L-shaped rod. Small 
wells measuring 5 mm in diameter were carefully 
created in nutrient agar plates using a borer. Zinc 
oxide nanoparticles (ZnO NPs) were added into 
the wells of all media plates carried out using a 
biological synthesis method, with a concentration 
of 20 mg/ml. The evaluation of the bacterial 
growth inhibition zone was observed after 24 
hours of incubation at a temperature of 28±2°C 
[26]. For comparison purposes, we used a disc 
containing Amoxyclav antibiotic as a positive 
control and Zinc acetate as a negative control 
alongside our synthesized nanomaterials. 
 

2.9 Antifungal Activity 
 
The evaluation of the antifungal study involved 
the use of the well-diffusion method, where a 
Petriplate was prepared by pouring malt extract 
agar into it. Following the solidification process, a 
total of 80 µl of fungal spores from Aspergillus 
niger (MTCC 282), Aspergillus flavus (MTCC 277) 
and Fusarium oxysporum (MTCC 9913) were 
evenly spread using a sterile cotton swab. Wells 
were created using a cork borer, and the ZnO 
NPs, which were enhanced by the biosurfactant, 
were added. A positive control of 5 mg/ml of 
antibiotic (F-Fluconazole -antibiotic) was utilized, 
while a negative control of 20 mg/ml of Zinc 
acetate was employed. The plates were placed 
in an incubator at 30°C for 3-5 days. The 
measurement of the inhibition zone in millimetre 
was taken after the incubation period. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Isolation, Screening and Identification 
Studies for Selected Strains 

 
The results showed that we successfully isolated 
a pure strain from oil-polluted soil (Fig. 1). The 
biosurfactant production capacity of the isolated 
bacterial strains was assessed via established 
screening procedures, including hemolysis 
techniques, emulsification index, oil spreading 
test, and drop collapsing test. The chosen 
bacterial strains demonstrated good results for all 
the abovementioned tests, as shown in Table 1
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Table 1. Preliminary test for screening of isolated bacteria for biosurfactant  
production ability 

 

Strain Hemolysis 
activity 

Emulsification 
index (EI) 

Oil spreading 
test (CM) 

Drop collapsing 
test 

Bacterial strain + 6.25 3 + 

 
Hemolytic activity measurement is commonly 
used as a primary method for screening 
biosurfactant production [27]. In a similar manner, 
Abouseoud [28] conducted a study on the 
biosurfactant activity of Pseudomonas 
fluorescens. The emulsification assay, 
emulsification index, and hydrocarbon layered 
assay test provide an indication of the presence 
of biosurfactants. However, it is important to note 
that these tests may not always correlate with 
surface activity. The collapse and spreading 
assay depend on the destabilization of droplets 
caused by a decrease in interfacial tension when 
surfactants and surfactant activity are present 
[29]. Sharma et al. [30] also observed similar 
results, where they isolated P. aeruginosa 
DSVP20, a biosurfactant-producing bacteria, 
from soil samples contaminated with petroleum.  

 

 
 

Fig. 1. Cultivation of bacterial strain on 
nutrient Agar Plates 

 

3.2 Molecular Identification of Isolation 
Bacteria 

 
16s rRNA sequencing is a very practical and 
effective technology for determining phylogenetic 
connections and identifying organisms. Both 
conserved and changeable regions are present 
in the 16s rRNA molecule. The variable parts are 
more intriguing than the conserved areas for 

identification reasons, since they are used to 
ascertain the evolutionary history of the species. 
Bacteria possess a distinct and species-specific 
small subunit ribosomal ribonucleic acid 
(ribosomal SSU) that is unique to each species. 
By doing a comparative analysis of the SSU with 
publicly available databases, it is possible to 
determine the specific organism [31]. The 
bacteria were identified as Bacillus 
Pseudomycoides strain AVMB1 via sequencing. 
The strain B. pseudomycoides AVMB1 was 
identified as the most efficient producer of 
biosurfactants among the strains tested. The 
evolutionary connections of B. pseudomycoides 
strain AVMB1 were determined using the 
neighbour joining technique in MEGA11 (Fig. 2).  
The study conducted by Sohail et al. [21] 
revealed four promising strains, namely Bacillus 
subtilis (MH142143), Pseudomonas aeruginosa 
(MH142144), Bacillus tequilensis (MH142145), 
and Bacillus safensis (MH142146), as the 
sources of biosurfactants. This identification was 
done by 16S rRNA gene sequencing.  
 

3.3 Extraction of Biosurfactant Using 
Bacillus pseudomycoides 

 
Biosurfactant Production using B. 
pseudomycoides: In order to produce 
biosurfactants, the bacterial strain B. 
pseudomycoides was introduced into broth that 
contained 0.5% crude oil as the only carbon 
source. The soup was then incubated on a 
rotatory shaker. Following centrifugation, the 
supernatant was collected, and to test for surface 
activity, the supernatant's pH was adjusted to 2.0. 
Next, an equal amount of a 2:1 ratio of 
chloroform to methanol was added to the mixture. 
In Fig. 3, the coloured biosurfactant was visible. 
The biosurfactant that was so produced was then 
dried and kept for further use. 
 

3.4 Synthesis of Zinc oxide nanoparticles 
Using biosurfactant Characterization 

 
The extraction of biosurfactant-synthesised ZnO 
NPs was characterized using various techniques 
such as UV-vis FTIR, XRD, SEM, and EDAX
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Fig. 2. The phylogenetic tree of Bacillus pseudomycoides and related strains based on 16S 
rRNA sequences, was constructed by the neighbor-joining method using MEGA11 

 
analysis. The process involved bio-reduction of 
Zinc acetate with biosurfactant from the B. 
pseudomycoides bacterial strain. This changed 
the color of the substance from its original color 
to a pale-yellow white (Fig. 4). This color change 
served as a clear visual indication of ZnO NP 
formation, effectively demonstrating the 
biogenesis of these nanoparticles. 
 

3.5 UV–Visible Spectroscopy  
 
The analysis of biosurfactant-synthesized ZnO 
nanoparticles using a UV-vis spectrophotometer 

showed a peak at about 324 nm. The band's 
symmetrical structure indicated that the particles 
were evenly distributed, thereby proving their 
existence and stability (Fig. 5). This is consistent 
with the findings of earlier studies conducted by 
Dutta et al. [32] and Kundu et al. [33]. Previously, 
Narayanan et al. [34] reported a distinct and 
concentrated absorption peak at a wavelength of 
340 nm for ZnS particles that were coated with a 
biosurfactant. The absorption peak was found 
exhibit a change in color in comparison to the 
bulk ZnO, where the absorption maximum is at 
373 nm [35]. 
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Fig. 3. Extraction of Biosurfactant using Bacillus Pseudomycoides 
 

 
 

Fig. 4. Extraction of bio-surfactant synthesized ZnO NPs 
 

3.6 FTIR Studies 
 
Fig. 6 displays the FTIR transmittance spectra of 
ZnO NPs synthesized using biosurfactant. The 
exhibit displays distinct bands within the range of 
600-3600 cm-1, with specific peaks at 3302.13 
cm-1, 2985.81 cm-1, 1877.33 cm-1, 1644.79 cm-

1 ,1574.30 cm-1, 1381.03 cm-1, 1249.87 cm-1, 
1049.87 cm-1, 685.66 cm-1, and 601.79 cm-1. 
The FTIR spectrum of synthesized ZnO NPs 
exhibits bands ranging from 4000-600 cm−1, 
which are indicative of the functional groups 
present in ZnO NPs [36,37]. For instance, there 
is a broad band observed at 3302.13 cm−1 and a 
small absorption peak around 1381.03 cm-1. 

These correspond to O–H stretching, which 
indicates the presence of alcohol and phenol 
compounds (O–H bending). The peaks at 
2985.81 cm-1 are attributed to the stretching of 
alkane C-H bonds. The absorption peak at the 
1877.33 cm-1 is associated with the C-H modes 
of aromatic compounds. The peaks observed at 
1644.79 cm-1 and 1574.30 cm-1 are indicative of 
C=C stretching vibrations commonly found in 
alkene compounds. At 1249.87 cm-1, the C-O 
stretch in amine groups can be detected. The 
peaks at 1049.87 cm-1 correspond to C-N 
stretching. The Halo compound obtained in 
biosurfactant synthesized ZnO NPs exhibits a 
peak at 685.66 cm-1 and 601.79 cm-1, indicating 
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the presence of C–Br stretch. The fabrication of 
inorganic nanoparticles on biological scaffolds, 
both metallic and semiconducting, has been 
achieved through the selective reduction of metal 
ions to a metallic form in the presence of 
biomolecules [38]. Our findings align with            
the other reports on green synthesis of ZnO NPs 
[39]. 
 

3.7 X-ray Diffraction Studies 
 
The phase and crystalline structure of 
biosurfactant synthesized ZnO NPs were 
explored using X-ray diffraction analysis, 
resulting in the identification of a unique 
diffraction pattern (Fig. 7). The peaks at 31.73°, 

34.32°, 36.21°, 47.45°, 56.48°, 62.86°, 67.92° 
were assigned to specific reflections, as 
mentioned in the references [39,33]. These 
reflections exhibited the combined characteristics 
of biosurfactant from bacterial strain with ZnO. 
The peaks observed in the data align perfectly 
with the pattern found in the (JCPDS card No: 
36-1451), providing solid evidence for the 
presence of a hexagonal phase structure in the 
synthesized ZnO nanoparticles [40]. The XRD 
pattern clearly showed strong diffraction line 
peaks, indicating the high-quality crystallinity of 
the biosynthesized ZnO NPs. The structure of 
ZnO NPs described in this study adheres to the 
well-established hexagonal wurtzite configuration 
[41]. 

 

 
 

Fig. 5. UV-visible spectrum of biosurfactant synthesized ZnO nanoparticles 
 

 
 

Fig. 6. Fourier transform infrared spectroscopy analysis of biosurfactant synthesized ZnO 
nanoparticles 
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Fig. 7. XRD analysis of biosurfactant synthesized ZnO   nanoparticles 
 

3.8 SEM Analysis 
 
The morphological traits of biosurfactant 
synthesized ZnO NPs were examined using Field 
Emission Scanning Electron Microscopy (FESEM) 
to determine the shape of the ZnO NPs. The 
SEM analysis shows that the synthesized 
nanoparticles have a range of shapes, ranging 
from 25-50 nm. They appear to be agglomerated 
and have structures that range from quasi-
spherical to pentagonal, as shown in Fig. 8. The 
protein-capped NPs have a quasi-spherical 
shape, which is consistent with previous 
observations. It has been suggested that the 
presence of sulfur-containing cysteine residues 
in different parts of the protein plays a crucial role 
in determining the quasi-spherical shape of the 
NPs [42]. In a study conducted by Kundu et al. 
[33], they also noted the presence of a quasi-
spherical to hexagonal morphology in the 
extracellular biosynthesis of Zinc oxide 
nanoparticles using Rhodococcus pyridinivorans. 
 

3.9 Energy Dispersive X-ray Analysis 
(EDX) Spectrum of ZnO NPs 

 
The elemental composition of ZnO nanoparticles 
synthesized using biosurfactant was determined 
through Energy Dispersive X-ray Spectroscopy 
(EDS). The EDS analysis revealed that the 
composition of ZnO consisted solely of Zn and O 
atoms (Fig. 9). The Energy-dispersive X-ray 
Spectroscopy (EDS) analyses in our study 

consistently demonstrate the findings for 
synthesized nanoparticles. The EDS spectra 
displayed prominent peaks at 0.5 keV, 1.1 keV, 
8.6 keV, and 9.5 keV, corresponding to O Kα, Zn 
Lα, Zn Kα, and Zn Kα, respectively. This aligns 
with earlier studies [43,35,44]. 
 

3.10 Antibacterial Assay 
 
ZnO nanoparticles synthesized using 
biosurfactant were tested against E. coli, K. 
pneumoniae, and S. typhi on a nutritive agar 
medium at specific doses. The screening of 20 
mg/ml concentrations led to more potent 
antibacterial effects. Fig. 10 demonstrates the 
investigation's findings of a zone of inhibition 
against E. coli, K. pneumoniae and S. typhi. The 
inhibitory zones of E. coli, S. typhi, and K. 
pneumoniae were measured as 26 mm, 25 mm, 
and 24 mm, respectively (Table 2). 
 
Similarly, bio-surfactant-based Ag/ZnO 
nanoparticles shown greater bacterial inhibitory 
efficacy against Gram (+ve) and Gram (-ve) 
microbial pathogens [45]. Other related study on 
ZnO-based materials with excellent antibacterial 
outcomes was presented in earlier works (Li et 
al., 2017; Xiang et al., 2017) [46,47]. 
Furthermore, comparable studies showed that 
production of ZnO nanoparticles increased 
antibacterial properties against S. aureus, S. 
epidermidis, E. coli, and K. pneumoniae bacteria 
[48]. 
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.  
 

Fig. 8. Scanning electron microscopy of biosurfactant synthesized ZnO nanoparticles 
 

 
 

Fig. 9. Energy dispersive X-ray analysis of biosurfactant synthesized ZnO NPs 
 

 
 

Fig. 10. Antibacterial activity of Biosurfactant synthesized ZnO nanoparticles against the 
tested microbial species (a) E.  coli, (b) K. pneumoniae, (c) S. typhi 

1 2 3 4 5 6 7 8 9 10

 

keV

0

1

2

3

4

5

6

  cps/eV

Zn-LO-K

 Zn  Zn  O 



 
 
 
 

Sanuj and Vanitha; Uttar Pradesh J. Zool., vol. 45, no. 13, pp. 189-203, 2024; Article no.UPJOZ.3576 
 
 

 
199 

 

Table 2. Inhibition zone generated by Biosurfactant synthesized ZnO nanoparticles   against 
the bacteria E. coli, P. aeruginosa, and K. pneumoniae. 

 

Name of the Organism Zone of Inhibition (mm) 

B+ ZnONPs ZA DISC 

Escherichia coli 26 Nil 13 

Klebseilla pneumoniae 24 Nil 8 

Salmonella typhi 25 Nil 15 

 

3.11 Antifungal Assay 
 
Biosurfactant-derived ZnO nanoparticles shown 
strong antifungal activity against strains of A. 
niger, A. flavus, and F. oxysporum. According to 
the in vitro examination completed for this study, 
disturbing the membrane's integrity allows the 
test sample to be employed as antifungal agents. 
As a result, the test samples' effectiveness 
against A. niger, A. flavus, and F. oxysporum 
was shown in Fig. 11. The results showed that 
biosurfactant synthesized ZnO nanoparticles (20 
mg/ml) have potential antifungal activity against 
fungi that disrupt membrane integrity such as A. 
niger, A. flavus, and F. oxysporum with inhibition 
zones of 17 mm, 12 mm, and 13 mm, 
respectively (Table 3). Jayaseelan et al. [49] 
developed a low-cost, basic microbiological 

strategy for producing ZnO-NPs employing 
Aeromonas hydrophila as an ecologically friendly 
reducing and capping agent, and they tested 
their efficiency against dangerous bacteria and 
fungus. Previous investigations have proven that 
specifically designed metal nanoparticles have 
strong antibacterial action. Nanoparticle-based 
antimicrobial formulations might be efficient 
bactericidal and fungicidal materials [50]. 
Jamdagni et al. [51] tested ZnO NPs against A. 
alternata, A. niger, B. cinerea, F. oxysporum, and 
P. expansum. ZnO NPs were effective against all 
tested fungi, with A. niger having the lowest MIC 
value of 16 μg/mL. Thus, the findings of this 
research suggest that ZnO NPs might serve as a 
possible antifungal agent alternative for 
traditional fungicides, perhaps preventing the 
development of resistance. 

 

 
 

Fig. 11. Anti-fungal activity against Test Pathogens. (A) Aspergillus niger, (B) Aspergillus 
flavus, and (C) Fusarium oxysporum 

 
Table 3. Antifungal activity of Biosurfactant synthesized ZnO nanoparticles against fungal 

pathogens (Zone of Inhibition) 
 

Name of the Organism Zone of Inhibition (mm) 

B+ ZnONPs ZA Fluconazole 

Aspergillus niger 17 Nil Nil 

Aspergillus flavus 12 Nil Nil 

Fusarium oxysporum 13 Nil Nil 
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4. CONCLUSION 
 
The study identified Bacillus Pseudomycoides as 
producers of biosurfactants, which have potential 
applications in nanotechnology. Specifically, they 
can be used in the development of reliable and 
eco-friendly processes for synthesizing Zinc 
nanoparticles. In summary, our goal is to find a 
more environmentally friendly and affordable 
method for producing biosurfactant mediated 
ZnO NPs that can be used in various industries 
such as medicine, textile, detergent, and drug 
delivery. The results obtained in our study were 
promising, indicating the successful synthesis of 
ZnO NPs using a biosurfactant extract from B. 
pseudomycoides strain as a capping agent. This 
allowed to produce small-sized ZnO NPs with 
enhanced stability. The synthesized 
nanoparticles were characterized and confirmed 
through various analytical techniques, including 
UV–vis spectroscopy, XRD, FTIR, SEM, and 
Edax analysis. Moreover, ZnO nanoparticles 
synthesized using biosurfactant were discovered 
to highly inhibited activity in E coli when 
compared to the other bacterial pathogens. It is 
evident that these nanoparticles could spread 
throughout the growth medium. In addition, the 
research found that the biosurfactant-
synthesized ZnO NPs showed significant 
antifungal activity against strains of A. niger, A. 
flavus, and F. oxysporum. Based on our findings, 
it is clear that the biosurfactant extract from 
Bacillus Pseudomycoides synthesized ZnO             
NPs has significant potential as antimicrobial 
agents.  
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