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INTRODUCTION

Research in the field of nanotechnology is existing for 
centuries and helped in the production of various types of 
materials at the nano scale. These materials are particulate 
substances with dimension < 100nm. The field of nano-
technology mainly encompasses biology, physics, chemis-
try and material sciences and it develops novel therapeutic 
nano-sized materials for biomedical and pharmaceutical 
applications.1 Metal oxide nanoparticles have been a hot-
spot in nanomaterials research due to the wide range of 
application. Progress in synthesizing metal oxide nano-
particles is phenomenal due to its application in electron-
ics, optics, energy storage industry and catalysis.2-5 Since 
1980, efforts have been made to invent synthetic methods 

for nanoparticles with desired properties. Synthesis of the 
nanomaterials is categorized into two types, the top-down 
approach and the bottom-up approach. Wet chemical syn-
thesis approaches have been realized to produce the desired 
size and shape of metal oxide nanoparticles in a reproduc-
ible manner. Control over size and shape is achieved by a 
better understanding of elementary events, the mechanism 
by conversion of the precursor, surface stabilizing agent, 
and reagent in the system and its correlation with growth 
and nucleation rate.6The antimicrobial properties of silver 
oxide, copper oxide, zinc oxide and nickel oxide have been 
previously reported.7-10 The bactericidal effectiveness of 
metal nanoparticles has been suggested to be due to both 
their size and high surface-to-volume ratio. Such charac-
teristics should allow them to interact closely with bacterial 
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ABSTRACT
Introduction: Metal Oxide Nanoparticles can show distinctive physical and chemical properties due to their limited size. Metal 
oxide nanoparticles have been a hotspot in nanomaterials research due to the wide range of application in the pharmaceutical, 
biomedical, electronics, optics, energy storage industry and catalysis.
Aim: To prepare the metal oxide nanoparticles of copper, nickel and zinc by the sol-gel method and evaluate their antibacterial 
and antifungal activity against the selected gram-positive, gram-negative bacterial strains and fungal strains respectively. 
Methodology: Three different variants of each metal oxide nanoparticles were obtained by employing an annellation of the 
In-situ generated metal hydroxide at temperatures 250, 450 and 6500C. Streptomycin (100μg/ml) and Nystatin (10μg/ml) were 
employed as reference standards for the evaluation of the antimicrobial and antifungal activity of the different variants of each 
metal oxide nanoparticles. 
Results: The experiments of antimicrobial assay revealed that the CuO nanoparticles possess the highest antibacterial activ-
ity than the remaining metal oxide nanoparticles. ZnO and NiOnanoparticles have displayed better activity against the fungal 
strains. Relatively the nanoparticles produced at 450 and 6500C temperatures displayed superior antimicrobial activity than the 
pure metal oxides and nanoparticles produced at 2500C.
Conclusion: The CuO nanoparticles calcinated at higher temperatures like 450, and 6500C were displaying higher antimicrobial 
activity relative to the pure metal oxides and those calcinated at 2500C.
Key Words: Metal oxides, Nanoparticles, Annellation, NiO, CuO, ZnO and Antimicrobial activity.
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membranes, rather than the effect being solely due to the 
release of metal ions.11,12

Owing to the increasing importance of the metal oxide nano-
particles as anti-microbial agents as suggested by a handful 
of literature our group is vigorously involved in the devel-
opment of new metal oxide nanoparticles at different tem-
peratures that can be applied as anti-microbial agents with 
sub-micromolar activity against tested bacterial strains. This 
manuscript reports the synthesis, anti-microbial and antioxi-
dant capacity of the NiO, CuO and Zn On a noparticles cal-
cinated at different temperatures.

MATERIALS AND METHODS

Experimental
Synthetic grade Nickel Nitrate Hexahydrate (Ni(NO3)2·6H2O), 
Copper Nitrate Trihydrate (Cu(NO3)2·3H2O) and Zinc Ni-
trate Hexahydrate (Zn(NO3)2·6H2O) were procured from 
Merck, India. Sodium hydroxide purchased from SD fine 
chemicals, India. X-ray diffraction (XRD) of metallic and 
bimetallic nanoparticles was determined by using PANana-
lytical ‘X’PERT-PRO XRPD of Cu Ka radiation (l = 0.15406 
nm) with a scanning rate of 20/min and 2Ɵ ranging from 100 
to 800.

Preparation of Metal Oxide Nanoparticles
For the preparation of three different grades of metal oxide 
nanoparticles via the annellation of corresponding metal 
hydroxides, 0.1M concentration of precursors, Nickel Ni-
trate Hexahydrate (Ni(NO3)2·6H2O), Copper Nitrate Tri-
hydrate (Cu(NO3)2·3H2O) and Zinc Nitrate Hexahydrate 
(Zn(NO3)2·6H2O) were reacted individually with 1M solu-
tion of NaOH. The resulted In-situ generated hydroxide form 
of three metals were subjected for annellation at tempera-
tures 2500C, 4500C, 6500C to generate the different grades of 
respective metal oxides NiO, CuO, and ZnO.13,14,15,16

Antimicrobial Assay17

Test Microorganisms and Growth Media
The bacterial and fungal strains were obtained from the de-
partment of microbiology, Osmania University.Streptococ-
cusPyogenes (MTCC 442), Bacillus cereus (MTCC 1305) 
Salmonella enterica (MTCC 1253) and Pseudomonas aer-
uginosa (MTCC 2453), Aspergillusniger and Candida albi-
cans were chosen based on their clinical and pharmacologi-
cal importance. Incubation of bacterial stock is done at 37°C 
for 24 hrs. on nutrient agar. The bacteria were grown on 
Mueller-Hinton agar plates at 37°C. The stock cultures were 
maintained at 4°C. For the growth of fungi, Potato Dextrose 
agar was used.

Procedure for Antimicrobial assay

Preparation of Discs:
Insert Whatman No. 1 filter of 5mm disc size in a clean 
and dry petri dish and then autoclaved. The discs were 
later soaked in the compound solution for 5 hrs and shade 
dried later. The concentration is about 0.1 gm/ 1 ml per 
disc. Carefully transfer the disc onto the cultured petri 
dish. We use paper disc dipped in ethanol as positive con-
trol are prepared and used as positive control and strepto-
mycin in the concentration of 100μg/ml and Nystatin in 
the concentration of 10µg/ml were employed as negative 
controls for the Antibacterial and Antifungal activity re-
spectively.

Testing of Antimicrobial activity
LB agar prepared and the medium is sterilized for 30 
mins at 121°C for testing antibacterial activity. The test 
plates are prepared by pouring 10 ml of the medium into 
a petri dish of 10 cm diameter under aseptic condition. 
They were left undisturbed for 2 hrs to allow the medium 
for solidification. (containing suspension) of Streptococ-
cus Pyogenes, Bacillus cereus, Salmonella enterica and 
Pseudomonas aeruginosa, Aspergillusniger and Candida 
albicans was poured onto the plates separately contain-
ing solidified agar media. The prepared sterile filter paper 
discs were impregnated with the compound solution and 
shaken thoroughly and these test plates incubated for a 
period of 48 hrs in BOD at 37ºc for the development of 
inhibitory zones and the average of 2 independent read-
ings for each organism in different compound solutions 
were recorded. 

Measuring the diameter of inhibition zone
The measurement of inhibition zones is noted after one day 
at 37°C for bacteria. A plastic ruler is used to measure and 
record the diameter of the inhibition zone. 5 paper disc are 
placed on a single Petri plate.

RESULTS 

Synthesis
Stable Nanoparticles of NiO, CuO and ZnO were synthesized 
at different temperatures by the annellation of corresponding 
metal hydroxides generated In-situ, in the reaction mixture 
using the Sol-gel method. Three different grades of the na-
noparticles having variable size ranges were obtained based 
on the annellation temperature. The mean particle size of the 
synthesized nanoparticle and their FWHM and 2-THETAv-
alues were enumerated in Table-1.
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Table 1: Particle size and parameter of the metal ox-
ides at different temperature conditions
S. No Compound FWHM 2-THETA Particle size

1 NiO 2500C 2.95187 43.06449 3.02 nm

2 NiO 4500C 1.41905 43.26688 6.29 nm

3 NiO 6500C 0.45432 43.33207 19.66 nm

4 CuO 2500C 0.50213 35.59875 17.36 nm

5 CuO4500C 0.3567 35.63035 24.44 nm

6 CuO 6500C 0.27797 35.57634 31.36 nm

7 ZnO 2500C 0.93607 36.3241 9.33 nm

8 ZnO 4500C 0.34217 36.34616 24.87 nm

9 ZnO 6500C 0.12962 36.38061 66.69nm

NiO nanoparticles resulted with a mean particle size ranges 
from 3.02 nm to 19.66 nm, CuO nanoparticles size ranges 
from 17.36 nm to 31.36 nm and ZnO nanoparticles size rang-
es from 9.33 nm to 66.69 nm.  The XRD results proclaim that 
the annellation of the metal hydroxide at different tempera-
ture produced nanoparticles of varying sizes. This suggests 
that the temperature affect the size of nanoparticles produced 
via the Sol-Gel method. SEM analysis results provided the 
morphology of the synthesized nanoparticles. Results re-
vealed that the nanoparticles annealed at 6500C provided 
spherical morphology while the annellation at temperatures 
250 and 4500C produced the particle with irregular shapes.   

Antimicrobial activity
The compounds were screened for their antibacterial activity 
(zone of inhibition) against Streptococcus Pyogenes (MTCC 
442), Bacillus cereus (MTCC 1305) Salmonella enterica 
(MTCC 1253) and Pseudomonas aeruginosa (MTCC 2453), 
along with Antifungal activity againstAspergillusniger and 
Candida albicans strains using disc diffusion method ac-
cording to the literature protocol. The antibacterial activ-
ity of the synthesized metal oxide nanoparticles was com-
pared with standard drugs treptomycin at a concentration of 

0.1gram/ml and the results of Antibacterial and Antifungal 
activity (zone of inhibition) have been presented in Table 2 
and 3 respectively. 

a) Antibacterial studies using CuO, ZnO and NiO 
nanoparticles against Gram-Positive and Gram-
Negative bacteria
Based on the test results, it is evident that the CuO nanopar-
ticles have displayed superior antibacterial activity than the 
remaining NiO and ZnO nanoparticles on both gram-positive 
and gram-negative strains. Cu nanoparticles especially those 
nanoparticles calcinated at the temperature of 6500C (CuO 
650) has possessed the highest antibacterial activity against 
all bacterial strains tested. ZnO and NiO particles disclosed 
antibacterial activity majorly against gram-positive strains. 
Zone of inhibition data of all the tested nanoparticles dis-
plays that the nanoparticles have superior inhibition capacity 
on all bacterial strains when compared to the pure forms of 
metal oxides. Based on earlier studies.18 The reasons might 
be whenever nanoparticle enters into the bacterial cell, the 
death of bacteria is due to either high production of ROS 
inside the bacterial cell leads to the creation of high oxidative 
stress or binding of copper nanoparticle to functional groups 
like carboxyl or amino present in peptidoglycan which is a 
component of the cell wall of bacteria. In the present study, 
we propose that the reason for the superior antibacterial ac-
tivity of copper nanoparticles might be there is a strong af-
finity towards the functional groups like amino or carboxyl 
or mercapto. Results suggest that the nanoparticles are calci-
nated at temperature 4500C and 6500C were possessed more 
antibacterial activity potential than the pure metal oxides and 
are synthesized at 2500C. This increased activity can be com-
prehended and attributed to the decreasing size and spherical 
shape of the nanoparticles generated at much higher temper-
atures. The compounds CuO 250, CuO 650 showed good ac-
tivity against bacterial strains salmonella and pseudomonas 
also. The results were shown in Table-2.

Table 2: Antibacterial activity of Metal Oxide nanoparticles
S. NO Compound (Concentration - 

0.1 gram/ml)
Gram +ve strains Gram – ve strains

Bacillus 
subtilis

Streptococcus Pyro-
genes

Salmonella enterica P.aeruginosa

1 NiO Pure 5.5 mm 5 mm 6mm 3.4 mm

2 NiO 2500C 6.0mm 6 mm 6.5 mm 4.3 mm

3 NiO 4500C 6.5mm 7 mm 7.3mm 5.4mm

4 NiO 6500C 8.5 mm 7.5mm 7.8 mm 6.5 mm

5 CuO Pure 5.8 mm 5.5 mm 6.5mm 4.5mm

6 CuO 2500C 6.0mm 6mm 7.0 mm 5.6 mm

7 CuO4500C 8.0 mm 7 mm 7.5 mm 6.5 mm

8 CuO 6500C 8.5 mm 7.5mm 8.5 mm 7.6mm

9 ZnO Pure 5.8mm 6.5mm 2 mm 3.8mm
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S. NO Compound (Concentration - 
0.1 gram/ml)

Gram +ve strains Gram – ve strains

Bacillus 
subtilis

Streptococcus Pyro-
genes

Salmonella enterica P.aeruginosa

10 ZnO 2500C 6.5mm 7 mm 5mm 4.4 mm

11 ZnO 4500C 7mm 7.5mm 6.5 mm 5.0 mm

12 ZnO 6500C 8.5mm 8mm 7mm 6.4mm

13 Streptomycin
(Reference) (100µg/ml)

13mm 9.5mm 8mm 7.5mm

Table 2: (Continued)

Possible mechanisms of invade of Nanoparti-
cles (NPs) on Bacteria19

Besides, the above findings interestingly raise some facts 
about the behaviour of nanoparticles to bacteria. The first one 
is, by comparing the zone of inhibition by Gram-positive to 
Gram-negative bacteria concerning the use of different types 
of nanoparticles, the results dig out NPS shows high bacteri-
cidal activity on Gram-positive than Gram-negative bacteria. 
Based on earlier reports, this is due to a structural difference 
in the cell wall of bacteria and it plays a crucial role in the 
binding of nanoparticle to the cell surface which confirms 
the complexity of the cell wall of Gram-negative higher than 
Gram-positive bacteria. Anyhow in Gram-negative bacteria 
having Lipoproteins(LPS), phospholipids etc form a strong 
barrier which repels NPs and in another way the Gram-pos-
itive bacteria possess a high negative charge on the surface 
which helps to attract NPs resulting metal NPs, from metal 
Oxide NPs, enters into the cell through diffusion using porins 
as ionic channels and shows strong bactericidal effect. The 
second one, by comparing of results of zone inhibition data 
(table-3) to particle size (table 1), we confirm that the small 
size nanoparticles shows high bactericidal effect. This size 
effect of NPS explained that the adsorption of nanoparticles 
increases with a decrease in size, resulting from a high bac-
tericidal effect. In general, nano-size renders more surface 
area which facilitates high adsorption. Hence NPs enters into 
the cell through adsorption leads to damage of enzyme activ-
ity, affecting the normal physiological processes like protein 
synthesis, DNA replication, and finally inhibiting the bacte-
ria. Meanwhile, there is direct interaction of NPs with func-
tional groups carboxyl (–COOH) groups, amino (–NH) and 
mercapto (-SH) is possible for inhibition of enzyme meant 
for the certain physiological process. Ultimately based on 
results, we confirm that extent of the zone of inhibition of 
bacterial growth depends on either variability in the cell wall 
of bacteria or the size of the nanoparticle or both. 

b) Antifungal studies using CuO, ZnO and NiO 
nanoparticles
The results of Antifungal activity evaluated on the fungal 
strains Aspergillusniger and Candida albicans displayed in 

Table 3. Results disclose that NiOnanoparticles synthesized 
at temperatures 4500C and 6500C (NiO450 and NiO 650) ex-
hibited the highest activity against Aspergillusniger with a 
zone of inhibition of 8.4 mm and 8.7 mm respectively and 
CuO 650 also showed good inhibition of 7.5mm. Against 
Candida, albicansZnOnanoparticles synthesized at tem-
peratures 4500C and 6500C (ZnO 450 and 650) displayed a 
superior activity zone of inhibition of 6.5 mm and 7.5 mm 
respectively and the compound NiO 650 and CuO 650 also 
displayed good inhibition against Candida albicans ( Table 
3).

Table 3: Antifungal activity of Metal Oxide nanoparticles 
S. 
NO

Compound 
(Concentration - 
0.1 gram/ml)

Fungal strain type

Aspergillusniger Candida 
albicans

1 NiO Pure 6.5 mm 5 mm

2 NiO 2500C 7.5mm 5 mm

3 NiO 4500C 8.4 mm 5.2 mm

4 NiO 6500C 8.7 mm 7 mm

5 CuO Pure 5.0mm 5.2mm

6 CuO 2500C 6.0 mm 5.6 mm

7 CuO4500C 7 mm 6 mm

8 CuO 6500C 7.5 mm 6.6 mm

9 ZnO Pure 3 mm 4.5 mm

10 ZnO 2500C 4.5 mm 5 mm

11 ZnO 4500C 5.3 mm 6.5 mm

12 ZnO 6500C 7.4 mm 7.5mm

13 Nystatin (10µg/ml) 10mm 6mm

DISCUSSION

Out of the three metal oxides, NiO nanoparticles produced 
with relatively low sizes. Comparatively, metal hydroxides 
calcinated at 6500C produced the lowest sizes of the metal 
oxide nanoparticles concerning all metals employed con-
cerning the other annellation temperatures 4500C and 2500C. 
CuO nanoparticles have shown greater antibacterial activ-
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ity than the remaining NiO and ZnO nanoparticles on both 
gram-positive and gram-negative strains. The compounds 
CuO 250, CuO 650 and NiO 450 showed the highest Anti-
fungal activity against strains when compared with the stand-
ard drug Nystatin. Among all the synthesized nanoparticles 
NiO 650 exhibited the highest activity against both fungal 
strains (Table-3). The highest activity of the NiO nanopar-
ticles against fungal strains might be due to their relatively 
low particle size, and spherical shape that can easily pen-
etrate the fungal cell wall.

CONCLUSION 

By annealing at three different temperatures (250, 450, 
and 6500C) CuO, NiO, and ZnO nanoparticles were syn-
thesized employing the sol-gel method from the metal hy-
droxides. The antibacterial and antifungal activities of the 
synthesized nanoparticles were evaluated against different 
gram-positive, gram-negative and fungal strains. CuO nano-
particles possessed higher activity against bacterial species 
while NiOnanoparticles displayed good Antifungal activity. 
Results suggest that the nanoparticles calcinated at higher 
temperatures like 450, and 6500C were displaying higher 
antimicrobial activity relative to the pure metal oxides and 
those calcinated at 2500C. 
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