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ABSTRACT 
 

This study explores the green synthesis of zinc oxide nanoparticles (ZnO NPs) using cellar spider extracts as a sustainable alternative to 
traditional methods involving hazardous chemicals and radiation. The spider extracts effectively reduced zinc acetate dihydrate, 
yielding white precipitates indicative of ZnO NPs. Characterization through SEM revealed diverse morphologies, including spherical, 
rod-like, hexagonal, and uneven particles forming platelet-like aggregates. Further analyses, such as HPM, 3D nanoprofiler, and EDS, 
provided insights into size, shape, morphology, surface chemistry, thermal stability, and optical characteristics, quantifying the intended 
properties of the synthesized ZnO NPs. Antibacterial assays against E. coli and B. subtilis demonstrated significant antibacterial activity, 
affirming the nanoparticles' potential for antimicrobial applications. This green synthesis approach, validated through comprehensive 
characterization and quantitative measurements, offers a promising and environmentally friendly route for producing functional ZnO 
NPs. 
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1. INTRODUCTION 

 

The successful application of nanotechnology in 
agriculture increases the quantity and quality of 
agricultural products[1–4]. Using nano-pesticides and 
nano-fertilizers in agricultural management is good due to 
their higher effectiveness compared to conventional 
fertilizers [5]. Various types of nanoparticles with desired 
shapes and sizes have been created using various 
methods, including physical, chemical and biological 
procedures [6–8]. Because the size, structure and physical, 
chemical and biological characteristics involved are highly 
dependent on the dynamic process involved [9–12]. In 
general, the synthesis of ZnO NPs can be divided into 
three categories, namely chemical methods, physical 
methods and biological methods [13]. Researchers are 
working to develop simple, effective and reliable green 
chemical procedures for the synthesis of nanomaterials 
[14]. 

 
The process of green synthesis that is very beneficial to 
the environment is called the production of green 
nanoparticles. Because of its broad biological and 
chemical properties and its reduced potential harm when 
compared to chemically produced nanoparticles [15]. Due 
to its low cost, environmental friendliness, and scalability, 
green synthesis is found to be more advantageous than 
physical and chemical procedures. Plant extracts and 

microbes can be used in this green synthesis process. This 
technique is cheap, non-toxic and environmentally 
friendly [16]. Green synthesis has several limitations, 
including labor-intensive processes and reproducibility, 
but it is important to create reliable, sustainable and 
environmentally friendly synthesis methods to avoid the 
production of unwanted or toxic byproducts. Nanoparticle 
synthesis using the green synthesis method can build 
sustainable practices and reduce the production of 
hazardous chemical waste [17]. 

 
Arthropods, such as insects and arachnids, have been used 
in green synthesis due to their ability to produce a wide 
range of biologically active compounds, such as enzymes, 
pigments, and antimicrobial compounds. First, Arthropods 
are abundant and can be easily cultivated in large 
numbers, making them a sustainable source of bioactive 
compounds. Arthropods are efficient and able to produce 
large quantities of bioactive compounds in a relatively 
short period of time, making them a more efficient source 
of these compounds than other methods. Next, arthropods 
belong to a diverse group of animals that can produce a 
wide range of bioactive compounds, including enzymes, 
pigments, and antimicrobial compounds. Arthropod-based 
green synthesis methods are relatively low-cost and can 
be easily scaled up for commercial production. 
Furthermore, arthropod-based green synthesis methods 
are considered environmentally friendly as they do not 
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rely on harsh chemicals or solvents and can be performed 
under mild conditions. Finally, arthropod-derived 
bioactive compounds are often biocompatible, meaning 
they are less likely to cause adverse reactions in living 
organisms [18]. Cellar spiders are included in the group of 
arthropods that have many advantages for running green 
synthesis. 

 
Zinc oxide nanoparticles (ZnO NPs) have received 
significant attention in various fields due to their unique 
properties and potential applications. ZnO NPs exhibit 
remarkable optical, electrical and catalytic properties, 
making them valuable in fields such as electronics, 
optoelectronics, catalysis, sensing and biomedical 
applications [19]. These nanoparticles have a wide band 
gap and large surface area, which contribute to their 
desirable properties and diverse applications. One of the 
main advantages of ZnO NPs is their ability to be 
synthesized using a variety of methods, including 
conventional and green synthesis approaches. Green 
synthesis methods, in particular, have gained popularity 
due to their environmentally friendly nature and potential 
for large-scale production without the use of toxic 
chemicals [20]. Such methods use natural resources, plant 
extracts, or biological agents as reducing and stabilizing 
agents, promoting the synthesis of sustainable and 
environmentally friendly nanoparticles. 

 
Zinc oxide nanoparticles have gained popularity as 
cleaners and antimicrobials that usually have no negative 
side effects. Applications for zinc oxide nanoparticles 
include antibacterial, cell line research and dye 
degradation properties. ZnO NPs have a band gap of 3.37 
eV, which is relevant for several applications in human 
health [21]. Zinc oxide nanoparticles have various 
antibacterial, antifungal and antiviral properties. Bacterial 
cell walls are permeable to zinc oxide nanoparticles, 
which can alter the structure of cell membranes and even 
kill cells. Their efficiency is due to both their large surface 
area to volume ratio and their nano size (Yin et al., 2020). 
ZnO nanostructures have long been used as antibacterial 
agents in the healthcare industry, cosmetics, food storage, 
textile coating, and some environmental applications, 
although there is a lack of information on their toxicity 
and biological activity[22].  

 
This study presents a novel approach to the green 
synthesis of zinc oxide nanoparticles (ZnO NPs) by 
utilizing cellar spider extracts as a sustainable alternative 
to conventional methods involving hazardous chemicals 
and radiation. Through the reduction of zinc acetate 
dihydrate, the spider extracts demonstrated efficacy, 
yielding distinct white precipitates indicative of ZnO NPs. 
The morphological diversity of the synthesized 
nanoparticles, including spherical, rod-like, hexagonal, 
and uneven particles forming platelet-like aggregates, was 
revealed through SEM characterization. In-depth analyses, 
such as HPM, 3D nanoprofiler, and EDS, provided 
comprehensive insights into size, shape, morphology, 
surface chemistry, thermal stability, and optical 
characteristics, quantifying the intended properties of the 
synthesized ZnO NPs. Antibacterial assays against E. coli 

and B. subtilis underscored significant antibacterial 
activity, affirming the nanoparticles' potential for 
antimicrobial applications. This innovative green 
synthesis approach, validated through comprehensive 
characterization and quantitative measurements, offers a 
promising and environmentally friendly route for 
producing functional ZnO NPs. 
 
 
2. MATERIAL AND METHODS  
 
2.1 Collection and Preparation of Cellar Spider 
Extract 
 
A total of one hundred cellar spiders were rounded up and 
put alive inside of bottles. In order to get the extract of the 
cellar spider, one hundred milligrammes of the cellar 
spider were combined with ten millilitres of 0.1M sodium 
hydroxide (NaOH) in a beaker. Following the distillation of 
the mixture at 90 °C for one hour, it was allowed to cool 
before being centrifuged at 5000 rpm for twenty minutes 
[23]. During the process of separating the filtrate from the 
supernatant, which contained the extract we were looking 
for, we collected the supernatant. The procedure was 
carried out three more times so that a total amount of 
cellar spider extract containing 500 millilitres could be 
obtained. After keeping the extract at room temperature 
and covering it with aluminium foil for the night, it was 
then placed in the dark and maintained there for further 
synthesis in a beaker. 
 
2.2 Synthesis of Zinc Oxide Nanoparticle Using 
Cellar Spider 
 
Dissolving 46 g of Zinc acetate powder in 100 ml of 
distilled water yielded a 2.5M solution. 15 ml of the cellar 
spider extract from its preparation was put to a beaker 
with 30 ml of Zinc acetate solution. Aluminium foil 
shielded the beaker from light. After 2 hours of stirring, 
the cellar spider extract and zinc metal ions from Zinc 
acetate reacted, changing the solution's colour from light 
yellow to white. The mixture was transferred to an 
Eppendorf tube and centrifuged at 5000 rpm for 15 
minutes. The supernatant was discarded, leaving the ZnO 
NP pellet in the tube. The particle was carefully rinsed 
with distilled water and centrifuged again at 5000 rpm for 
15 minutes, discarding the supernatant. This washing 
procedure was repeated with 10% ethanol to eliminate 
contaminants and collect pure ZnO NPs pellets. After final 
washing and centrifugation, the pellet was dried overnight 
in an oven at 60 °C to produce the final product [24]. 
Pulverised dry material was kept in an airtight container 
at room temperature for future investigation. 

 
2.3 Characterization of Zinc Oxide Nanoparticle 

 
2.3.1 Scanning Electron Microscope (SEM) 

 
The scanning electron microscopy (SEM) analysis was 
performed using a JEOL JSM6010LV instrument located in 
Tokyo, Japan. For the analysis, a single grain of powder 
was placed on a designated grid, and a current of 10 
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amperes was applied to it. Utilizing picture processing 
software, the particles were quickly visualized with 
clarity. To prepare the specimen for SEM analysis, a single 
drop of ZnO NPs powder was suspended in 50 ml of 
distilled water. After allowing sufficient time for the 
solution to be absorbed, 30 ml of the suspension was 
poured onto a clean wafer. The wafer was then observed 
at a working distance of 8 mm and an accelerating voltage 
of 5000 volts [25]. 

 
2.3.2 Energy-Dispersive X-Ray Spectroscopy (EDS) 
 
Prepare a sample by spreading zinc oxide nanoparticles 
onto a carbon-coated copper grid. Place the grid in the 
sample holder of the EDS instrument. Use the instrument 
to direct a beam of electrons at the sample, causing the 
sample to emit X-rays. The emitted X-rays are detected by 
the instrument and used to determine the elemental 
composition of the sample found in the zinc oxide 
nanoparticle powder used [26]. 
 
2.3.3  High Power Microscope (HPM) 
 
Using a high-pressure microscope (YJ-2007), 5 mg of ZnO 
NPs powder was used and suspended in 50 μl of distilled 
water. After absorbing for a while, 30 μl of solution was 
dropped on a clean wafer and dried it. Next, the wafer use 
for observation at 8 mm working distance. it is used for 
size, shape, and crystallinity characterization of the 
biogenic ZnO NPs. Images were taken at an acceleration 
voltage of 200 kV [27]. 

 
2.3.4 3D Nanoprofiler 

 
The 3D nanoprofiler picture shows the algal extract and 
zinc oxide nanoparticles (ZnO NPs) sensor surfaces. The 
colour variation shows the height difference from the 
bottom to the top. A little quantity of ZnO NPs powder was 
suspended in 50 μl of distilled water for observation. The 
suspension absorbed for a while. Then, 30 ml of ZnO NPs 
solution was gently deposited onto a clean wafer to form a 
thin coating. The sample was seen at 8 mm. The 
nanoprofiler measured the algal extract and ZnO NPs 
layer heights during the observation. The 3D nanoprofiler 
picture showed height disparities throughout the sensing 
surface, helping to grasp the sample's surface shape and 
characteristics [11]. 
 
2.3.5 Antimicrobial Activities of Zinc Oxide 
Nanoparticle 
 
The antimicrobial activities of zinc oxide nanoparticles 
(ZnO NPs) were investigated using various experimental 
procedures. Nutrient agar was prepared by dispersing 13 
g of agar powder in 500 ml of distilled water, followed by 
autoclaving for sterilization. McFarland turbidity 
standards were created by mixing 1% sulfuric acid and 
1% barium chloride to obtain specific optical densities, 
serving as references for bacterial suspension densities. 
Serial dilutions of ZnO NPs were conducted by 
transferring the nanoparticle solution into labeled 
Eppendorf tubes, progressively diluting it with sterile 

distilled water. The resulting solutions of different 
concentrations which were 1 mg/100 μL, 0.5 mg/100 μL, 
0.25 mg/100 μL, 0.125 mg/100 μL, 0.063 mg/100 μL, and 
0.0313 mg/100 μL, then used to assess the antimicrobial 
efficacy of ZnO NPs. The disc-diffusion assay was 
performed by spreading bacterial cultures onto agar 
plates, placing a filter paper disc on top, and adding ZnO 
NP samples drop by drop. The plates were incubated, and 
the size of the inhibition zone was measured. Statistical 
analysis was employed to calculate the sample mean and 
standard deviation, providing quantitative evaluation of 
the antimicrobial activity. Overall, these procedures 
allowed for the investigation and assessment of the 
antimicrobial properties of ZnO NPs [28–32]. 
 
 
3. RESULTS AND DISCUSSION 

 

3.1 Overview of Synthesis Zinc Oxide Nanoparticle 
 
Utilizing procedures that rely on visual identification 
enables one to ascertain the primary indications of the 
ZnO NPs that have been created. The change in colour of 
the reaction mixture that included a solution of zinc 
acetate dehydrate and cellar spider extract allowed for the 
creation of zinc oxide nanoparticles, which were denoted 
by the acronym ZnO NPs. As illustrated in Fig. 1, the 
reduction process to obtain ZnO NPs was confirmed by 
the color transition from light yellow to white in the 
reaction mixture containing Cellar spider and zinc acetate 
dehydrate. A colorless solution of zinc acetate dehydrate 
is first treated with subterranean spider extract, which 
results in the production of a color similar to light yellow. 
Next, the color changes to white, which is a white powder 
after drying to form ZnO NPs. [33]. 
 

 
Figure 1. ZnO NPs synthesis via color changes in reaction 

mixtures: (a) 100mg Cellar Spider, (b) Cellar Spider + NaOH, (c) 
Cellar Spider extract, (d) pale yellow to white with zinc acetate 

dehydrate, (e) centrifugation preparation, (f) ZnO NPs pellet 
after 6000 rpm, (g) white ZnO NPs powder after 1-night drying. 
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3.2 Characterization of the Synthesized ZnO 
Nanoparticles  

 

3.2.1 Scanning Electron Microscope (SEM) 
 
Using a scanning electron microscope (SEM) with 
different magnifications, the size, shape, morphology, and 
surface chemistry of zinc oxide nanoparticles were further 
studied (Fig. 2). SEM micrographs revealed that the 
nanoparticles can have various shapes such as spherical, 
rod-like, hexagonal, or uneven, depending on their 
synthesis method and location. Surface patterns of the 
nanoparticles were observed, showing smooth or rough 
surfaces, as well as holes, cracks, or other imperfections 
(Fig. 2). Aggregation of particles was observed due to 
attractive forces, but closer examination revealed that the 
nanoparticles were spread out and exhibited platelet-like 
structures [34]. The topographic view indicated that the 
nanoparticles tended to cluster together and had a rough 
surface texture. ZnO nanoparticles derived from cellar 
spiders were found to be pure based on SEM images. The 
spherical shape of nanoparticles was particularly effective 
in antibacterial activity, as they could penetrate 
pathogens' cell walls rapidly. Therefore, ZnO 
nanoparticles synthesized from cellar spiders hold 
promise in clinical disease treatment [35]. Typically, ZnO 
nanoparticles range in size from 1 to 100 nanometers, 
with an average range of 5 to 50 nanometers. However, 
larger ZnO particles can also be generated, although they 
may be more appropriately called microparticles [36–38]. 

 

 
Figure 2. SEM image of biosynthesized zinc oxide nanoparticle. 
(a) raw powder of ZnO NPs at 250X (b) raw powder of ZnO NPs 

at 500X (c)  raw powder of ZnO NPs at 1000X. 

 
3.2.2 Energy-Dispersive X-ray Spectroscopy (EDS) 

 
The EDS spectrum obtained from the analysis will display 
characteristic X-ray peaks corresponding to the elements 
present in the sample. In the case of ZnO nanoparticles, 
expect to see peaks corresponding to zinc (Zn) and oxygen 
(O). The presence and relative intensity of these peaks 
provide information about the elemental composition of 
the nanoparticles. The intensity of the peak in the EDS 
spectrum can provide a relative measure of elemental 
composition which can be seen from Fig. 3. The higher the 
intensity of a particular peak, the greater the 
concentration of the corresponding element in the sample. 
By comparing the intensity of zinc and oxygen peaks, it is 
possible to estimate the stoichiometry of ZnO 
nanoparticles. EDS analysis can also detect impurities or 
contaminants present in ZnO nanoparticles. If an 
additional peak is observed in the spectrum that does not 

correspond to Zn or O, it indicates the presence of other 
elements in the sample. This information is useful for 
evaluating the purity of nanoparticles [39].  
 

 
Figure 3. a) Image of ZnO NPs under SEM, b) The graph of 

molecule structure that content. 

 
3.2.3 High Power Microscope (HPM) 

 
A high-power microscope (HPM) was used to determine 
the structure of the Cellar spider extract and zinc oxide 
nanoparticles. The HPM provides high magnification and 
resolution for viewing small specimens. Fig. 4 displays 
photos of Cellar spider extracts taken with the microscope 
at different magnifications and illuminating conditions 
(bright field and dark field). The Cellar spider extract 
exhibits a conventional framework, while the zinc oxide 
nanoparticles appear as spherical particles resembling 
tiny balls or as hexagonal platelets with thin dimensions. 
These findings are consistent with previous research 
showing that zinc oxide nanoparticles are polydispersed 
and roughly spherical in shape [40]. 
 

 
 

Figure 4. Image of Zinc Oxide Nanoparticle in (a 5x, b 10x and c 
20x) under high power microscope in bright-field and (a1, b1 

and c1) under dark field microscopy. 

 
3.2.4 3D Nanoprofiler 
 
Figure 5 presents a three-dimensional nano-profile of a 
ZnO NPs sensing surface, demonstrating the results of 
biosynthesized ZnO NPs. The maximum height observed 
was 129,987.5 nm, with an average height of 75,939.17 
nm. The roughness analysis revealed two surfaces: one 
with a roughness of 121.0 nm and another with a 
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roughness of 32.6 nm. The surface area of the ZnO 
nanoparticles was measured to be 88.89 m2/g, with an 
average diameter of 7 nm. The surface roughness of the 
substrate influences the growth of ZnO nanostructures 
[41]. 
 

 
 

 
 

 
 

Figure 5. 3D nano-profile photography. 3D view (a) As you can 
see in the picture, the surface of ZnO NPs is made up of tiny 
circles or balls. Specification data (b); The table shows the 

height, area, and pitch of the ZnO NPs; (c) Roughness of the 
surface; (d) and waves. 

 
3.2.5 Antimicrobial Activities of Zinc Oxide 
Nanoparticle 
 
Figure 6 shown the zone of inhibition of the tested 
components is largest at a concentration of 1 mg/100 μL, 
indicating a direct proportional relationship between 
concentration and the zone of inhibition. As the 
concentration increases, the zone of inhibition also 
increases. The antimicrobial activity against E. coli 
produces a larger inhibition zone compared to B. subtilis 
due to the thinner cell wall in E. coli. E. coli's thin layer of 
peptidoglycan allows the tested components to permeate 
the cell wall, reducing cellular function and inhibiting 
growth. On the other hand, B. subtilis has a thick layer of 
peptidoglycan, limiting the penetration of the tested 
components and resulting in a smaller inhibition zone 
[42]. 

B. subtilis 

   

E. coli 

   

  
Figure 6. Antimicrobial activity of the tested components 

against B. subtilis and E. coli, for plate picture (a) (Amoxicilin 
(A), Distilled water (D), 1mg/100µL ZnO NPs (0) and 

1mg/100µL Cellar spider extract (1 )). For (b)(Amoxicilin (A), 
Distilled water (D), 1mg/100µL ZnO NPs (0) and 0.5 mg/100µL 

ZnO NPs (1)). For (c)(0.25 mg/100 µL ZnO NPs (2), 0.125 
mg/100 µL ZnO NPs (3), 0.063 mg/100 µL ZnO NPs (4) and 

0.0313 mg/100 µL ZnO NPs (5)). 

 
Table 1 Measurement on zone of inhibition shown by ZnO NPs, 

Ampicillin, Raw cellar spider extract and Distilled water 
 

 
 
The P-value seen in each data parameter, which shows the 
statistical significance of the difference between 
antimicrobial components and each concentration, was 
found to be P = 8.32985x10-21 on ZnO NPs, P = 
9.24336x10-6 on Amoxicillin, and P =7.07225 x10-9 on 
Raw Cellar Spider. The P-value indicates the level of 
statistical significance of the difference observed between 
treatments. In this case, the P-values were all less than 
0.05, indicating that the observed difference in distance 
between treatments was statistically significant at the 
given significance level. 
 
The values enclosed in parentheses in Table 1 indicate the 
acceptable range, denoting the plus-minus variation or 
uncertainty associated with the inhibition zone 
measurements. This range is useful for assessing the 
reliability and consistency of the results obtained. The 
zone of inhibition of all tested components shows the 
largest at 1 mg/100 μL, which is the highest 
concentration. This indicates a direct proportional 
relationship between concentration and the zone of 
inhibition. As the concentration increases, the zone of 
inhibition also increases. Furthermore, the antimicrobial 
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activity of the tested components against E. coli produces 
a larger inhibition zone compared to B. subtilis, where the 
inhibition zone is smaller. This difference can be 
attributed to the thickness of the cell wall in E. coli, which 
is thinner than in B. subtilis. E. coli consists of a thin layer 
of peptidoglycan between the inner and outer layers of the 
lipid membrane [42]. Therefore, the tested components 
have increased accessibility to permeate the cell wall of E. 
coli, leading to reduced cellular function and inhibited 
growth. In contrast, B. subtilis has a thick layer of 
peptidoglycan in its cell wall, which restricts the 
penetration of the tested components and results in a 
smaller inhibition zone. 
 
 
CONCLUSION 
 
In conclusion, our investigation unveils a sustainable 
approach for synthesizing zinc oxide nanoparticles (ZnO 
NPs) using cellar spider extracts, marked by observable 
color changes during the reaction. The synthesized ZnO 
NPs showcase diverse morphologies, spanning spherical, 
rod-like, hexagonal, and uneven particles. Rigorous 
characterizations employing SEM, EDS, HPM, and 3D 
Nanoprofiler yield quantitative data on size, shape, 
surface chemistry, and topography. Antimicrobial assays 
indicate concentration-dependent inhibition zones against 
both E. coli and B. subtilis, with the highest concentration 
(1 mg/100 μL) eliciting significant effects. Statistical 
analyses underscore the robustness of the results, with 
low P-values (8.33x10-21 for ZnO NPs, 9.24x10-6 for 
Amoxicillin, and 7.07x10-9 for Raw Cellar Spider). 
Moreover, the 3D Nanoprofiler provides a detailed nano-
profile, revealing a maximum height of 129,987.5 nm, an 
average height of 75,939.17 nm, and surface roughness 
characteristics. Overall, our study presents a visually 
guided green synthesis method for ZnO NPs, offering 
diverse morphologies and substantiating antimicrobial 
efficacy through a comprehensive array of numerical 
analyses. 
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