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ABSTRACT 

   Zinc oxide (ZnO) and copper (Cu) doped ZnO nanoparticles (NPs) were synthesized by co-precipitation 

method. The NPs were annealed at different temperatures and subjected to structural and microstructural 

characterization by XRD and SEM, respectively. The antimicrobial activity of un-doped and Cu doped 

ZnO nanoparticles was investigated by the following methods, disk diffusion method (Kirby Bauer’s 

method), effect of nanoparticles in liquid medium and colony forming unit. Cu doped ZnO NPs showed 

enhanced antibacterial activity against Escherichia coli. 
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1. INTRODUCTION 

 

    Antimicrobial activity is brought about by the antimicrobial agents that destroys bacteria or 

suppresses their growth or their ability to reproduce. Antimicrobials are used to kill or prevent further 

growth of microbes. Heat, chemicals such as chlorine and antibiotic drugs all have antimicrobial 

properties. These agents can also be classified based on their functions like, agents which kills microbes 

are called microbicidal while those that inhibit their growth are called biostatic. Antimicrobial agents are 

used in different clinical aspects to reduce the risk of microbial infections aspects. Use of the antimicrobial 

agent to treat infections is known as antimicrobial chemotherapy. There are four types of antimicrobial 

chemotherapy such as Antimicrobial chemotherapy, the use of antimicrobial drug to treat bacterial 

infections; Antifungal chemotherapy, the use of antifungal drug to treat fungal infections; Antiprotozoan 

chemotherapy, the use of antiprotozoan drug to treat protozoan infections; Antiviral chemotherapy, the use 

of antiviral drug to treat viral infections. 

    When microbes such as bacteria, come into contact with the product surface, antimicrobial agents 

penetrates the cell wall of the microbe and disrupts the key cell function so that the microbe cannot grow 

or reproduce. 

 Titanium dioxide (TiO2),[1],[2],[3], ZnO [4],[5],[6] and silver (Ag) nanoparticles [7],[8] are the 

most widely used antimicrobial agents to treat bacterial infections. 

 In this article, we have reported on antimicrobial activity of un-doped and Cu doped ZnO nanoparticles 

against pathogenic E. coli and structural characterization of NPs. 
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2. MATERIALS AND METHODS  

 ZnO nanoparticles were synthesized by co-precipitation method using 0.5 M zinc nitrate 

hexahydrate [Zn(NO3)2·6H2O] as the precursor material and distilled water as a solvent. The solution was 

heated at a temperature of 70oC with constant stirring for 2h. 0.2M sodium hydroxide (NaOH) was added 

drop wise and the precipitate obtained was filtered using Whatman filter paper. The precipitate was 

washed with distilled water and dried at 100oC for 1 h and grinded to nano-powder using a mortar. The 

NPs were annealed at different temperature and subjected to characterization. Cu doped ZnO NPs were 

prepared by the same procedure by mixing of 0.5 M copper nitrate trihydrate [Cu (NO3)2. 3H2O] solution 

with the 0.5 M zinc nitrate hexahydrate. The NPs were annealed at different temperatures and subjected to 

structural characterization by x-ray diffraction (XRD) [9] and microstructural characterization was done by 

scanning electron microscopy (SEM).  

 The antibacterial activity of the NPs was investigated against E.coli. Sewage sample and garden 

soil sample were collected. The samples were diluted and suspended in the petri plate when the agar is in 

molten stage and cooled to approximately 40-45oC. Samples were poured on EMB which is a selective 

medium for E. coli. Green metallic sheath was formed in EMB plate after incubated for 24 h. 

 

A. Disk diffusion method:  

 It is also called Kirby-bauer method or disk diffusion antibiotic testing. This method is based on 

the principle that antibiotic impregnated disk, placed on agar previously inoculated with the test bacterium, 

pick up moisture and the antibiotics diffuse radially outward through the agar medium producing an 

antibiotic concentration gradient. The concentration of the antibiotics at the edge of the disk is high and 

gradually diminishes as the distance from the disk increases to a point where it is no longer inhibitory for 

the organisms, which grows freely. A clear zone or ring is formed around an antibiotic disk after 

inoculation of the agent inhibits bacterial growth. 

  

Preparation of media 

Tryptophan (1.5g), NaCl (1.5g), yeast extract (0.75g) were dissolved in 150 ml of distilled water. 

Agar was added and homogenized for proper mixing. Media was autoclaved at 121 lbps and cooled at 40o 

C. 20 ml of media was poured into each petriplate in LAF. Media was allowed to solidify. 

  

Preparation of stock solution 

Stock solution of zinc oxide and copper zinc oxide with 5µg/ml was prepared and suspended in distilled 

water. The above solution was sonicated for 30 minutes and then kept under UV rays for 30 minutes for 

activation of the nanoparticles. In each experiment, fresh stock solution was prepared.                                                                                   

 

Kirby-bauer method  

20 ml of LB agar was poured into the petriplates and allowed to solidify. Test culture was swabbed on the 

surface of solidified medium. 5 different disks were immersed in the nanoparticles of different 

concentration of the stock solution. Immersed disks were placed on the surface of the agar at the respective 

labeled concentrations and incubated for 18-24 h at 37oC. 

Zone of inhibition was measures and tabulated. 

 

B. Effect of nanoparticles in liquid medium:  

 Antibacterial activity of Cu doped ZnO and undoped ZnO was studied by suspending nanoparticles 

and test organism in the Luria Bertany broth. 7 cleaned 100 ml conical flasks were taken and 40 ml of luria 

broth was added and autoclaved. To these conical flasks, 20, 40, 60, 80 and 100µg/ml concentrations of 
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NPs were added. One flask without NPs was taken as control. 100µl of inoculum was added and incubated 

at 37o C for 18-24 h. Optical density was considered at 600 nm. 

 

C. Colony forming unit (CFU): 

    CFU is a unit used to estimate the number of viable bacteria or fungal cells in a sample. Viable cell 

is defined as the ability to multiply through binary fision under the controlled conditions. The visual 

appearance of colony in a cell culture requires significant growth, if the colony arose from one cell or a 

group of cells. Pour plate was used for colony forming unit. In pour plate method where in the samples is 

poured in petriplate dish using agar is in molten stage cooled to approximately 40-45oC (just above the 

point of solidification to minimize heat-induced cell death). After the nutrient agar medium solidifies, the 

plate is incubated. Colony can be counted manually; it is a measure of viable bacterial cells. CFU 

measures only viable cell. 

CFU can be calculated using the formula, 

CFU/ml= (no. of colony *dilution factor/volume of culture plate) 

 

Procedure for colony forming unit: 

Seven petriplates with different concentrations of 20, 40, 60, 80, 100µg/ml and one petriplate without NPs 

was taken as a control. 100µl of serially diluted culture was suspended when the agar was in molten stage 

and incubated at 37 oC for 18-24 h. 

 

3. RESULTS AND DISCUSSIONS 

The XRD patterns of un-doped ZnO NPs annealed at 400oC for 1 h in air are shown in the Fig.1. The peak 

positions corresponding to the (hkl) values (100), (002), (101), (102), (110), (103), (200), (112), (201), 

(004), (202) which agrees well with the JCPDS (36-1451) for the wurtzite hexagonal phase of ZnO. 

 
Fig.1. XRD patterns of ZnO NPs annealed at 400℃ in air. 
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Fig.2. XRD pattern of Cu doped ZnO annealed at 400℃ in air. 

 

 The XRD pattern of Cu doped ZnO NPs annealed at 400oC in air are shown in the Fig.2. The peak 

positions corresponding to the (hkl) values (100), (002), (101), (102), (110), (103), (200), (112), (201), 

(004), (202) which agrees well with the JCPDS (36-1451) for the wurtzite hexagonal structure. Copper 

peaks were not observed in the spectra. The average crystallite size (for predominant peaks) was estimated 

by Scherrer’s method [10] and found to be 28.45 and 33.20 nm, respectively for un-doped and Cu doped 

ZnO NPs. This shows that the crystallite size increases with the doping of copper. 

 

 
 

Fig.3. SEM images of ZnO (A) and Cu doped ZnO (B) NPs annealed at 500oC in air. 

 

Fig.3 shows the SEM images of ZnO and Cu doped ZnO NPs annealed at 500oC in air for 1h. It is clear 

from the figure that, the agglomerations are formed in un-doped ZnO NPs while in copper doped ZnO 

NPs, the agglomerations are less and the crystallite size is increased. 

The antibacterial activity of NPs was estimated by the disk diffusion method at different annealing 

temperatures with 5mg/ml concentration against E. coli. 
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 Table 1 shows the zone of inhibition of un-doped ZnO with 5mg/ml stock concentration and is 

found to be 0.5cm for 200 µ/ml, 0.6cm for 400 µg/ml, 0.7 cm for 600µg/ml, 0.9cm for 800 µg/ml and 1.0 

cm for 1000 µg/ml. The zone of inhibition for copper doped ZnO with 5mg/ml stock concentration was 

found to be 0.6 cm for 200 µg/ml, 0.7 cm for 400 µg/ml, 0.9 cm for 600 µg/ml, 1.1cm for 800 µg/ml and 

1.2 cm for 1000 µg/ml. 

 

Table.01. Zone of inhibition of pure ZnO and Cu doped ZnO annealed at 500 oC in air. 

 

Concentration in µg/ml 

Escherichia coli 

ZnO Cu doped ZnO 

200 µg/ml 0.5cm 0.6cm 

400 µg/ml 0.6cm 0.7cm 

600 µg/ml 0.7cm 0.9cm 

800 µg/ml 0.9cm 1.1cm 

1000 µg/ml 1.0cm 1.2cm 

                   

Table.2. Zone of inhibition of un-doped ZnO and Cu doped ZnO annealed at 600 oC in air. 

 

Concentration in µg/ml 

Escherichia coli 

ZnO Cu doped ZnO 

200 µg/ml 0.7cm 0.9cm 

400 µg/ml 0.9cm 1.0cm 

600 µg/ml 1.0cm 1.1cm 

800 µg/ml 1.2cm 1.2cm 

1000 µg/ml 1.3cm 1.5cm 

 

Table 2 shows the zone of inhibition of un-doped and copper doped ZnO nanoparticles annealed at 600oC 

for 1h in air.Effect of the un-doped and Cu doped ZnO against Escherichia coli, at different annealing 

temperatures i.e. 500 oC and 600 oC was estimated by measuring the optical density (O.D) of the broth 

medium at 600 nm.  

 

 
Fig.4. Optical density of LB broth with ZnO and Cu doped ZnO NPs annealed at 500 oC (A) and 600 oC 

(B) in air. 

 Fig 4. shows the turbidity of the liquid medium containing pure ZnO and Cu doped ZnO annealed 

at 500oC  (A) and 600oC (B) in air  at different concentration level in µg/ml (taken along X axis). 
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The effect of NPs against the E. coli at different temperatures was evaluated by the colony forming unit 

(CFU). Number of colonies was decreased as the concentration of the nanoparticles was increased.                                            

Fig.5. shows the CFU with different concentration of un-doped and Cu doped ZnO NPs in µg/ml annealed 

at 500oC (A) and 600oC (B).  

 

 
 

Fig. 5. CFU of ZnO and Cu doped ZnO annealed at 500℃ (A) and 600℃ (B) against E.coli. 

 

 

 
Fig.6. Kirby –Bauer’s Test of ZnO and Cu-ZnO annealed at 500℃ against E.coli. 

           

 
Fig.7. Kirby –Bauer’s Test of ZnO and Cu-ZnO annealed at 600℃ against E.coli: 
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Fig.8. Effect of ZnO and Cu-ZnO (annealed at 500oC) in liquid media against E.coli. 

 

 

 
Fig.9. Effect of ZnO and Cu-ZnO (annealed at 600oC) in liquid media against E.coli. 

 

 

 

 
Fig. 10. CFU of ZnO and Cu-ZnO NPs annealed at 500℃ against E.coli. 

 

 

International Journal of Scientific Research and Review

Volume 8, Issue 1, 2019

ISSN NO: 2279-543X

Page No: 725



 

 

   

 
Fig.11. CFU of ZnO and Cu-ZnO NPs annealed 600℃ in air. 

 Fig. 6 and Fig. 7 show the Kirby –Bauer’s test of ZnO and Cu-ZnO annealed at 500oC and  600oC, 

respectively against E.coli. 

 Fig. 8 and Fig. 9 illustrate the effect of ZnO and Cu-ZnO annealed at 500oC and 600oC, 

respectively, in liquid media against E.coli. Optical density at fixed wavelength of 600nm of solution 

containing different concentration of nanoparticles was measured. Bacterial cell growth enhances the 

turbidity of the liquid medium because microbes have higher refractive index than water, thus scattering 

incident light. The O.D of the growth medium was found to be decreased with gradually increasing 

concentration of the nanoparticles. 

 In Fig.9, the turbidity is decreased compared to nanoparticles annealed at 500 oC. O.D value of 

liquid medium containing ZnO against E.coli was found to be 0.79 at 200µg/ml and 0.29 at 1000µg/ml, 

O.D of Cu doped ZnO against E.coli was found to be 0.71 at 200µg/ml, 0.16 at 1000µg/ml, 

 Fig. 10 shows the CFU of ZnO and Cu-ZnO annealed at 500oC, against E.coli. The number of 

bacterial colonies observed on solid medium plate was the function of nanoparticles. As the concentration 

nanoparticles were increased, the colony count was considerably decreased. In 200µg/ml concentration of 

ZnO, 130 colonies were observed, 92 colonies at 1000 µg/ml  and 121 colonies were observed at 

concentration of 200 µg/ml Cu doped ZnO where as 60 colonies were observed at 200 µg/ml.  

 Fig. 11 depicts the CFU of ZnO and Cu-ZnO annealed at 600oC, against E.coli. The number of 

bacterial colonies observed on solid medium plate was the function of nanoparticles. In 200µg/ml 
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concentration of ZnO, 80 colonies were observed, 20 colonies at 1000µg/ml  and 34 colonies were 

observed at concentration of 200µg/ml Cu doped ZnO where as 14 colonies were observed at 200µg/ml.  

 

4. CONCLUSIONS 

In conclusion, from present studies, ZnO and Cu- ZnO NPs showed the antibacterial activity against the 

pathogens when performed on different relevant methods of testing antibacterial activity. Based on the 

Zone of inhibition, O.D values and colony count, the Cu doped ZnO NPs showed better results compared 

to un-doped ZnO. Cu doped ZnO showed excellent antibacterial activity against E. coli. 
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