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 Abstract: Over the past ten years, nanoscale science and technology have become revolutionary areas of study. Due 

to their ability to withstand challenging processing circumstances, inorganic materials like metal oxides and metals 

have received an attention in the past 10 years. Metal oxides like zinc oxide, calcium oxide, titanium dioxide, and 

magnesium oxide are important inorganic materials that are generally considered safe for use by humans and 

animals. Due to their antibacterial qualities, zinc oxide and silver nanoparticles have been used as an effective 

approach for preventing infectious infections. Shape, crystallinity, composition, and morphology are the primary 

determinants of the intrinsic properties of metal nanoparticles. In this research, sodium hydroxide, zinc nitrate and 

soluble starch were used as precursors and stabilising agents in the chemical creation of zinc oxide nanoparticles. 

Then zinc oxide nanoparticles were characterized for evaluation of their properties. The ZnO nanoparticle assay, 

TEM, UV-visible spectroscopy, SEM, EDX, antimicrobial test, and Malvern size distribution report were used to 

characterize the zinc oxide nanoparticles. The average particle size of zinc oxide nanoparticles was found to be 10-

40 nm. The antibacterial activity of the zinc oxide nanoparticles was demonstrated against Candida albicans (CA), 

Escherichia coli (EC), Staphylococcus aureus (SA), and Pseudomonas aeruginosa (PA). During comparison of zone of 

inhibition it was observed that the zinc oxide nanoparticles show strong antimicrobial activity than zinc oxide 

powder. 
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Introduction 

The antibacterial and antifungal infection of the 

skin is common problem in whole world. These 

infections should be treated by using systemic or 

topical antibiotics. The systemic treatment is more 

critical as it creates many severe adverse effects. 

Thus, topical antibiotic treatment is one of the 

better options to treat the topical infections. 

However, the consistent use of antibiotics 

produces the resistance within the bacteria. In 

addition, this multi-drug resistant bacteria and 

fungus is the main problem in treating infectious 

diseases. The amount of multi drug resistant 

bacteria and fungus is increasing rapidly. 

Therefore, it is urgently necessary to create new, 

powerful antimicrobial drugs that can stop these 

bacteria and fungi that are resistant to a variety of 

medications (Smith et al., 2020). In the current 

study, ZnO nanoparticles were synthesized using 

chemical method and it is evaluated for its 

antimicrobial, antifungal activity followed by its 

analytical evaluation. The zinc oxide, due to its 

nanosize have unique and improved antimicrobial 

activity.  Due to the nanosize of zinc oxide, the 

penetration in the skin will increase and that will 

be beneficial in treating topical microbial 

infections (Kaur et al., 2022). 

Nanotechnology: 

It would not be an exaggeration to refer to the 

twenty-first century as the "nanocentury," given 

how the nano-revolution has affected nearly every 

aspect of human life, including optical technology, 

electronics, industries, drug delivery, diagnostics, 

imaging, biosensing, and consumer goods like 

sunscreen, clothing, and cosmetics (Alhagiesa et 

al., 2020). 

Nanoparticles demonstrate new or improved 

qualities depending on particular characteristics 

like size distribution and form. The discipline of 

nanotechnology has made great strides in recent 

years, with a variety of methods developed to 

synthesize nanoparticles of various shapes and 

sizes in accordance with specific needs. It deals 

with substances whose nanoscale architectures 

display innovative and enhanced physical, 

chemical, and biological phenomena, 

characteristics, and functionality. Nanoparticles 

have more surface area than materials with a 

larger size due to their tiny size (Khan et al., 

2019). 

Over the past ten years, nanoscale science and 

technology have become revolutionary areas of 

study. Due to their ability to withstand challenging 

processing circumstances, inorganic materials like 

metal oxides and metal have received a lot of 

consideration in the past 10 years. Metal oxides 

like zinc oxide, calcium oxide, titanium dioxide and 

magnesium oxide are important inorganic 

materials that are generally considered safe for 

use by humans and animals. Due to their 

antibacterial qualities, zinc oxide and silver 

nanoparticles have been used as an effective 

approach for preventing infectious infections. 

Shape, crystallinity, composition, and morphology 

are the main factors that determine a metal 

nanoparticle's intrinsic characteristics (Jubran et 

al., 2020). 

Zinc Oxide Nanoparticles: 

ZnO has been the attention of thousands of 

researched during the last 100 years, some as 

early as 1935. ZnO was introduced to industry 

because of its potential for ultraviolet absorbance, 

piezoelectricity, diverse chemistry, and 

luminescence at high temperatures, and it is now a 

crucial component of contemporary science. It is 

used in the production of rubber, paints, 

cosmetics, plastics, medications and electronics. It 

has recently attracted a lot of interest due to its 

semiconducting qualities (Padmavathy et al., 

2008; Bawarski et al., 2008). 

Antimicrobial substances can be roughly 

divided into organic and inorganic types. In 

comparison to inorganic antibacterial agents, 

organic antibacterial compounds are shown to be 

less stable at high temperatures and pressures. As 

a result, zinc oxide has demonstrated efficacy as 

an antibacterial agent in the production of 

therapeutic micro- and nanoscale systems. ZnO 
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nanoparticles outperformed bulk and micro 

particles in terms of antibacterial activity 

(Parveen et al., 2017; Tania et al., 2021). 

ZnO nanoparticles may be employed as a 

medicine carrier, a potent antimicrobial, and a 

treatment for leukemia and carcinoma cancer 

cells. Due to their strong UV absorption qualities 

without dispersing visible light, they are widely 

utilized in cosmetics and sunscreens. Due to their 

antibacterial qualities, they are also utilized in the 

food sector as additives and in packaging. They 

may also be employed as fungicides in agriculture 

(Sharma et al., 2009). 

Topical Treatment of Skin Diseases: 

As more infectious diseases develop resistance to 

synthetic medications, finding new antibiotics is a 

global problem facing the pharmaceutical and 

research sectors. The improper use of orthodox 

medicines has led to problems with resistance, 

pollution, and environmental damage. As a result, 

there is a growing interest in nature as a source of 

safer and more effective alternatives for treating 

human ailments (Rai et al., 2019; Baraiya et al., 

2022). The drug's capacity to enter the skin 

sufficiently to produce the desired effects is what 

determines whether topical delivery will be 

successful. The majority of drug candidates cannot 

penetrate the stratum corneum on their own and 

must be combined with physical boosters or 

unique transporters in order to penetrate the skin 

(Mamillapalli et al., 2020). Delivery of 

nanoparticles to the skin is being employed more 

frequently to support local therapies. The three 

main locations for topical nanoparticle medication 

delivery are the stratum corneum surface, 

dermatoglyphs, and the entry of hair follicles 

(infundibulum) (Sanchez-Lopez et al., 2020; 

Mashar et al., 2023). 

In this research, sodium hydroxide, zinc 

nitrate and soluble starch were used as precursors 

and stabilising agents in the chemical creation of 

zinc oxide nanoparticles. Then zinc oxide 

nanoparticles were characterized for evaluation of 

their properties. The ZnO nanoparticle assay, TEM, 

UV-visible spectroscopy, SEM, EDX, antimicrobial 

test, and Malvern size distribution report were 

used to characterize the zinc oxide nanoparticles. 

The average particle size of zinc oxide 

nanoparticles was found to be 10-40 nm. The 

antibacterial activity of the zinc oxide nano-

particles was demonstrated against Candida 

albicans (CA), Escherichia coli (EC), Staphylococcus 

aureus (SA), and Pseudomonas aeruginosa (PA). 

Materials and Methods 

Zinc Oxide Nanoparticle Synthesis: 

Utilizing soluble starch as a stabilizing agent and 

sodium hydroxide and zinc nitrate as pioneers, 

wet chemical synthesis is utilized to produce the 

ZnO nanoparticles(Mirzaei et al., 2017; Ghorbani 

et al., 2015). 

Evaluation of Zinc Oxide Nanoparticles by 

Characterization: 

UV-Visible Spectral Analysis: 

To understand the kinetic behavior of ZnO 

nanoparticles, the UV-visible spectrophotometer 

was used to characterize the ZnO nanoparticles. 

The sample has a 200–400 nm scanning range. 

Using a blank reference, the spectrophotometer's 

baseline correction is performed. The sample's 

UV-Vis absorption spectra was captured (Gautam 

et al., 2023; Yeola et al., 2023). 

Transmission Electron Microscopy (TEM): 

With an W emitter electron source and LaB, a 

voltage acceleration of 200 kv, an objective lens of 

S-TWIN, resolution point of 0.27 nanometre or 

better, a line resolution of 2.0 nanometre or better, 

and a magnification of 750000x to 25x or higher 

and a single CCD camera tilt holder transmission 

electron microscopy was carried out 

(Petrushevska et al., 2019). 

Scanning electron microscopy (SEM): 

The resolution of the scanning electron 

microscopy was 1.4 nanometer at 1 kV, 1.0 nm at 

15 kV and 3.5 nm at 100V. The sample navigation 

was done using a 5 axes motorised, xyz tilt rotate 

stage with eucentric tilt, tilting from +750 to -150. 
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Acceleration voltage was 20 V to 30 kV Current of 

beam was up to 200 nA, X25 to X1000000  

magnification, and ultra-high brightness Schottky 

emitter field emitter is employed (Asano et al., 

2021). 

Energy dispersive X-ray analysis (EDX): 

Energy dispersive X-ay study was carried out on 

TEAM EDS Analysis system with octane SDDs 

having Maximum energy resolution of 129eV and 

quantifiable analysis at up to 200,000 cps mapping 

rates (Scimeca et al., 2018). 

Size distribution report by intensity by Malvern: 

With the Malvern analyzer, the size distribution 

was computed. The system parameters utilized in 

the analysis were: temperature of 25°C, duration 

used is 30, count rate (KCPS) of 177.0, and 

measurement position is of 4.65 mm. Disposable 

sizing cuvette, attenuator of 8, water as the 

dispersant, RI of 1.330 for the dispersant, 1.17 for 

the material, and 0.100 for the material absorption 

are the characteristics of the cell (Caputo et al., 

2021). 

Assay of ZnO nanoparticles: 

0.15 g of ZnO nanoparticle powder was dissolved 

in 2 M acetic acid (10 ml), and the mixture was 

then diluted to 50 ml with water. The resultant 

solution was given a sufficient amount of 

hexamine and about 50 mg of xylenol orange 

triturate to give violet-pink colour. The mixture 

was titrated with 0.1 M of disodium edetate until it 

becomes yellow, following the addition of 2 g of 

hexamine (Ghorbani et al., 2015). 

Antimicrobial Activity of ZnO Nanoparticles, ZnO 

Powder: 

ZnO bulk powder and nanoparticles was tested for 

their antibacterial and antifungal properties 

against various pathogens using the traditional 

disc diffusion method (Xie et al., 2011; Sirelkhatim 

et al., 2015). 

Results and Discussion 

Evaluation of Zinc Oxide Nanoparticles by 

Characterization: 

UV-Visible Spectral Analysis: 

The UV-Vis spectra of ZnO nanoparticles prepared 

with 0.5% concentration of starch which is soluble 

is shown in Figure 1. 

In UV-visible spectra the absorption peak of the 

created ZnO nanoparticles was found at 359 

nanometre. 

Transmission Electron Microscopy (TEM): 

The images of nanoparticles captured using 

Transmission Electron Microscopy was as shown 

in Figure 2. 

From the TEM analysis, the normal (average) 

size of nanoparticles of zinc oxide was found 10-40 

nanometer. Thus, the formation of nanoparticles 

was confirmed. 

Scanning electron microscopy (SEM): 

The images of nanoparticles captured with 

Scanning Electron Microscopy is shown in Figure 3. 

From the Scanning Electron Microscopy study, 

the normal (average) size of ZnO nanoparticles 

was found 10-40 nm. Morphology of Nanoparticles 

was found to be Spherical with milk white colour. 

Energy dispersive X-ray analysis (EDX): 

The graph obtained from energy-dispersive X-ray 

analysis is shown below in Figure 4. 

From the EDX study of nanoparticle powder the 

composition of elements of powder was identified 

and confirmed. The Oxygen was found to be 39.61 

% and Zinc was found to be 60.39%, this confirms 

the exact composition of Zinc oxide nanoparticles. 

Size distribution report by intensity by Malvern: 

The graph obtained during size distribution by 

intensity by Malvern is shown in Figure 5. 

Size distribution results showed that zinc oxide 

nanoparticles were within the Nano metric size 

(less than 60 nm) 

Assay of ZnO nanoparticles: 

Assay of Zinc oxide nanoparticles is performed 

using titration method (Table 1). 
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Fig. 1: UV-visible spectra of ZnO nanoparticles. 

 

Fig. 2: Images of ZnO nanoparticles by TEM. 

 

Fig. 3: Images of ZnO nanoparticles by SEM. 
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Element Weight % Atomic % 

O  39.61 72.83 

Zn 60.39 27.17 
Fig. 4: Energy dispersive X-ray analysis graphs. 

 

Fig. 5: Graph of size distribution by intensity. 

 

Table 1: Average reading for assay of ZnO nanoparticles powder 

S. No. 0.1 M disodium edetate (ml) Average reading (ml) 

1 18.3  

18.3 
2 18.2 

3 18.4 

 

ZnO equivalent to 1 ml of 0.1 M disodium edetate is 

0.008138 g. 

Therefore, ZnO equals X g in 18.3 ml of 0.1 M 

disodium edetate. 

X = 18.3 × 0.008138 / 1 = 0.1489254 g of ZnO 

Now, 0.15 g of ZnO is equivalent to 100% 

Therefore, 0.1489254gm is equivalent to Y% 

Y = 0.1489254 × 100 / 0.15 = 99.28% 
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Fig. 6: Antimicrobial activity of Rubia cordifolia extract, ZnO bulk powder and ZnO nanoparticles. 

Table 2: Zone of inhibition for antimicrobial test ofZnObulk powder and ZnO nanoparticles powder 

Bulk drugs Concentration Inhibition Zone (millimeter) 

P. aeruginosa 

(PA) 

S. aureus 

(SA) 

E. coli 

(EC) 

Candida albicans 

(CA) 

ZnO powder 10 mg/ml 12 15 - 20 

ZnO nanoparticle 

powder 

10 mg/ml 19 21 20 27 

 

Thus, from the above observation and calculations, 

it was found that the zinc oxide nanoparticle 

powder prepared by chemical reduction method 

contains 99.28% of ZnO nanoparticles. Thus, the 

powder produced by chemical reduction methodis 

in pure form having almost 100% purity. 

Antimicrobial Activity of ZnO Nanoparticles, ZnO 

Powder: 

The activity against microbes of ZnO nanoparticles 

powder, ZnO bulk powder was studied against 

Staphylococcus aureus (SA), Pseudomonas 

aeruginosa (PA), Escherichia coli (EC) and Candida 

        
Activity against Pseudomonas aeruginosa (PA). Activity against Staphylococcus aureus (SA). 

    
    

Activity against Escherichia coli (EC) Activity against Candida albicans (CA) 
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albicans (CA). The results of zone of inhibition is 

shown in Table 2 and Figure 6. 

It was found that the ZnO nanoparticle powder 

showed larger zone of inhibition as compared to 

ZnO bulk powder against Pseudomonas aeruginosa 

(PA), Escherichia coli (EC), Staphylococcus aureus 

(SA), and Candida albicans (CA). Thus, ZnO 

nanoparticles powder was found to be a good 

antibacterial and antifungal agent as compared to 

bulk ZnO powder. 

Conclusion 

Zinc oxide nanoparticles were created using a 

chemical synthesis approach in the current study. 

Size distribution results showed that zinc oxide 

nanoparticles were within the nanometric size 

(less than 60 nm). The UV visible analysis, EDX 

and assay test indicates the purity of synthesized 

nanoparticles. TEM, SEM and Size distribution test 

by intensity results shows the nanoparticles are 

within the nanometric size and put focus on their 

morphological characteristics. The zinc oxide 

nanoparticles were effective towards Candida 

albicans (CA), Staphylococcus aureus (SA), 

Escherichia coli (EC), and Pseudomonas aeruginosa 

(PA), according to the antimicrobial test. The zone 

of inhibition produced during antimicrobial 

activity shown by zinc oxide nanoparticles was 

more than the zinc oxide powder indicating the 

enhancement in activity due to its nanosize. 
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