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Abstract
Copper oxide (CuO) and zinc oxide (ZnO) nanoparticles were synthesized by Pterocarpus santalinus 
leaf extract following the green method as a reducing and capping agent. Analytical methods like 
scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier-transform infrared spectroscopy 
(FTIR) and UV-visible spectroscopy were followed for characterization of synthesized nanoparticles. 
Outcomes demonstrated that crystalline CuO and ZnO nanoparticles with distinct morphologies have 
successfully formed. The ability of metal oxide nanomaterials against the growth of Aspergillus niger 
fungus was tested by agar diffusion method on PDA plates. Pure culture of the isolated fungus from 
onions was used in this experiment. Fungal inoculum was prepared and spread on PDA plates and 
tested for growth inhibition with varying concentrations of CuO and ZnO nanoparticles using Disk 
Diffusion Method. A successful growth inhibition was identified in plates treated with CuO and ZnO.
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INTRODUCTION

 Metal oxide nanoparticles (MONPs) 
are gaining momentum in agriculture for its 
application in inhibiting the plant pathogenic 
microorganisms and for plant growth promotion. 
Green synthesis of MONPs is one of the efficient 
chemical synthesis in executing the functions of 
synthesized nanoparticles. It also reduces the 
usage of chemical reagents in synthesis process. 
The replacement of chemical pesticides with 
MONPs antimicrobial properties is potential in 
reducing the usage of chemical agents.1 The 
negative impact of synthetic chemicals such as 
fungicides on human health can be addressed 
with these latest technologies. It can target the 
fungicide resistant pathogen populations and 
ultimately may reduce the load of microbial toxins 
in vegetable crops.2 Onion (Allium cepa)is most 
widely consumed and cultivated vegetable. In 
India, onions are available in all seasons of the 
year3 (Rabi, Kharif and Late Kharif seasons). It is 
consumed raw in salads and a main ingredient in 
many Indian recipes and various dishes around 
the world. Onions are grown in all parts of India 
major cultivating states are Maharashtra, Madhya 
Pradesh, Gujarat and Karnataka and Andhra 
Pradesh. Onions are rich in nutrients having 
many health benefits. Onion crop is susceptible 
to various infections by bacterial, viral and fungal 
pathogens leading to crop loss.4 The present 
study focuses on inhibition of Aspergillus niger. 
The fungus A. niger infection in onion causes 
severe crop loss during various stages of plant 
growth. The fungus survives in harvested onions 
and infection increases with increase in storage 
time.5 Generally the onions are left to air for some 
days allowed for drying before marketing. The 
infected onions brought from field when kept for 
storage in storage units can spread the infections 
to healthy onions. All the infected onions turn 
black in color and they lose their market value. The 
spores of filamentous fungus A. niger on inhalation 
causes opportunistic infections that affects lower 
respiratory tract.6 The organism colonization leads 
to Aspergillus bronchitis and pneumonia. The tree 
Pterocarpus santalinus, red sandalwood belongs 
to the family Fabaceae. Its wood is dark red to 
purple in color. It’s a high commercial value wood 

used in medicines and cosmetics.7 It’s endemic 
to South India and found only in southern parts 
of the Eastern Ghats. It’s having high medicinal 
values with bioactive compounds is being used 
in Ayurveda from ancient times.8 In the present 
study P. santalinus leaf extract was utilized in 
green synthesis of Copper oxide and Zinc Oxide 
Nanoparticles. MONPs like zinc oxide and copper 
oxide nanoparticles may have antibacterial 
properties.9,10 These materials are prepared using 
copper sulphate, zinc nitrate precursors following 
standard methods.11 The inhibitory effect of the 
synthesized nonmaterial was tested on isolated 
fungus from onions. 

MATERIALS AND METHODS

 Copper sulphate, zinc nitrate, sodium 
hydroxide, potato dextrose agar (PDA) were 
purchased from Hi-Media chemicals, sterilized 
glass petriplates, Lacto phenol cotton blue (LPCB), 
for disk diffusion method disks were made using 
sterile Whattman No. 1 filter papers and cotton 
swabs were used.

Plant Extract Preparation
 P. santalinus leaves gathered from the Yogi 
Vemana University Botanical Garden in Kadapa, 
Andhra Pradesh, India. The fresh leaves washed 
followed by drying in the shade to reduce moisture 
and put away for later use. Separately, 2 grams of 
powdered substance was taken in a beaker with 
100 ml of deionized water and boiled at 80°C for 
25-30 minutes while in a stirring condition. The 
solution was cooled to room temperature then 
filtered using filter paper (Whattman No. 1) for 
removing heavy biomaterials, and centrifuged 
(5000 rpm/10 minutes). Clear solutions of plant 
extracts were obtained by keeping at 4°C until 
further use.

Copper Oxide nanoparticles synthesis
 To synthesize copper oxide nanoparticles 
(CuO NPs) 30 ml leaf extract of P. santalinus plant 
was combined with 10 mM copper sulphate 
solution (70 ml) and continuously mixed at 60°C 
for 30 minutes. CuO NPs formation was verified 
by visual inspection that revealed a change in the 
solution's color.12
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Zinc Oxide nanoparticles synthesis
 Zinc Oxide Nanoparticles (ZnO NPs) 
synthesis was done by rapidly rotating a zinc nitrate 
solution  (0.1 M, 70 mL) at room temperature for 
10 minutes while adding 30 mL of P. santalinus 
aqueous leaf extract. By using NaOH the solution 
was set to pH10. Then the solution was stirred for 
another 30 min at 60°C. The production of ZnO NPs 
were visibly noticed as a color change.13

Characterization of nanoparticles
 CuO NPs and ZnO NPs were examined 
using an X-ray diffraction equipment (XRD) 
with Cuk radiation (=1.5412) at scanning 2θ 
range 100-800. By using UV-1800 Shimadzu UV 
Spectrophotometer in the wavelength range 
of 200-800 nm, UV-visible spectra was taken to 
confirm the absorbance of CuO and ZnO NPs. 
To detect the presence of distinctive functional 
groups on the surface of the CuO NPs and ZnO 
NPs, Fourier transform infrared (FTIR) spectra 
were taken using a JASCO INC 410, Japan, in the 
400-4000 cm-1 range. Surface morphology of 
synthesized CuO and ZnO NPs were studied by 
using SEM and an elemental analysis was done by 
Energy dispersive x-ray analysis (EDAX).14

Collection of infected samples
 The infected onions were collected from 
local vegetable market at Kadapa town. From 
the infected onions pure culture of A. niger was 
isolated. Isolated organisms were maintained on 
PDA (HiMedia) for further experiments.

Isolation of plant pathogens
 Infected onions were collected and 
infection was identified by black colored powdery 
growth on onions. Infected onions were taken and 
surface layer was removed aseptically by wearing 
glove. Small piece of inner layer of onion was taken 
and kept on surface of PDA media plate. The plate 
with the infected onion piece was incubated at 
room temperature for three days and observed for 
fungal growth. After 3rd day of incubation fungus 
growing on the edges of the infected onion pieces 
was taken and subcultured into fresh PDA media. 
The fungus was identified based on fungal mycelia 
observation under microscope. Pure culture of 
identified fungus was maintained for further 
experiments.15

Simple microscopic observation of fungi
 One drop of Lacto phenol cotton blue 
(LPCB) was taken on sterile clean slide. Using 
a sterile inoculating needle, a small portion of 
fungus growing from the pure culture plate was 
taken and added into a drop of Lacto phenol cotton 
blue on the slide. Tease with inoculating needle 
and cover slip and examined the wet preparation 
under low and high-power objectives. Observed 
and recorded the shape, types of spores, nature 
and color of the growth. The fungal growth was 
preserved by pure culture techniques at 4°C.16

Preparation of Inoculums
 In 1 ml of sterile distilled water, from pure 
fungal culture a small amount of mycelium portion 
was taken and mixed well. With the help of vortex 
mixture the solution was mixed evenly. From this 
inoculum was taken for antifungal activity.

Antifungal activity
 150 ml of PDA was prepared and 
poured into sterile petri plates each 20 mL under 
sterile conditions in a laminar air flow. After the 
solidification, a cotton swab was taken and dipped 
into the culture which is diluted in distilled water. 
To get rid of extra fluid, gently squeeze the swab 
against the tubes inside and used the swab to 
create a lawn of growth on a PDA plate. Three 
different concentrations (40, 80, 120 µg/mL) 
of CuO and ZnO NPs were taken in Eppendorf 
tubes separately and then sterile disks were 
taken and dipped in nanoparticles containing 
tubes. Using flame-sterilized forceps, discs were 
placed on the agar's surface (all plates contains 
three concentrations of nanoparticle disks 
each Nanoparticles activity tested in duplicate). 
Then, the plates were placed in an incubator for 
overnight at 37°C for incubation. By assessing 
the zone of inhibition for the tested fungus, the 
antifungal activity was assessed.17 The (cm) size of 
the inhibitory zones was measured. Sterile distilled 
water dipped disc was maintained as a blank in 
single plate.

RESULTS

Collection of infected samples
 Infected onions were collected from 
vegetable market in Kadapa. The infection was 
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identified by black colored powdery growth on 
onions (Figure 1). Infected onions were taken and 
surface layer was removed aseptically by wearing 
glove. Small piece of inner layer of onion was taken 
and kept on surface of PDA media plate. The plate 
with the infected onion piece was incubated at 
room temperature for three days and observed 
for fungal growth. After 3rd day of incubation fungi 
growing on the edges of the infected onion pieces 
were taken and subcultured into fresh PDA media. 
The fungi were identified based on fungal mycelia 
observation under microscope. The identified 
fungi were used for further experiments.

Isolation of plant pathogens
 Isolated and sub-cultured fungus was 
tested for pure culture of Aspergillus niger by 
microscopic observation. The organism was 
identified by septet hyphae black conidia.18 Pure 
culture of A. niger was observed under microscope  
(Figure 2).

Characterization of nanoparticles
UV-Spectrophotometer
 The absorbance peak at 272 nm (Figure 
3) by UV-visible absorption spectra verified the 
production of CuO NPs. After that, the CuO NPs 
were purified and the metal ions were bio-reduced 
based on a qualitative analysis of the supernatant. 
Cuprous CuO NPs formation was confirmed when 
the reaction liquid turns brown and exhibits UV-
visible absorbance peak at 272 nm.19 Secondary 
metabolites in plants can change zinc ions in 
solution into ZnO NPs, Plant extract is used for 

its reducing activity and as stabilizing agent. By 
looking at the UV-visible spectra in the 190-800 nm 
range, this was confirmed. ZnO nanoparticles had a 
noticeable peak in the spectra at 320 nm (Figure 3). 
The absorbance peak of ZnO nanoparticles is said 
to occur between 310 and 360 nm in wavelength.

SEM with EDAX
 Surface morphology of green synthesized 
CuO and ZnO nanoparticles was observed under 
scanning electron microscope (SEM).20 Shape and 
structure of green synthesized CuO and ZnO NPs 
are shown in Figure 4. The EDAX findings, which 
displayed a strong signal for CuO and ZnO NPs, 
verified the presence of copper and zinc in the 
oxide form. Significant peaks of 53.13% copper 
and 28.41% oxygen in CuO NPs and 74.1% zinc 
and 19.95% oxygen in ZnO NPs are provided by the 
EDAX (Figure 5). This report makes it possible to 
ascertain the relative amounts of every component 
in the analyte. Two different peaks in CuO and ZnO, 
respectively, indicated the elemental composition 
of the synthesized molecules. Apart from CuO and 
ZnO, no further residues were detected.

XRD
 The X-Ray Diffraction (XRD) patterns of 
CuO and ZnO NPs as shown in Figure 6. The [011], 
[111], [002], [022] and [113] planes of CuO can be 
indexed to the reflections recorded at 29.66, 36.43, 
42.43, 61.39 and 73.59 (2θ Degree). The peaks 
are indexed to be typical monoclinic structures 
of CuO NPs21 and ZnO NPs are shown results 
with hexagonal shape (wurtzite structure) and 

Figure 1. A. niger infected Onions Figure 2. A. niger under 45X
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crystalline nature of ZnO.22 The [010], [002], [011], 
[012], [110], [013], [112], [023] planes of ZnO can 
be indexed to the reflections recorded at 31.41, 
34.10, 35.86, 47.26, 56.36, 62.56, 67.57 and 89.26 
(2θ Degree). It is discovered that green synthesized 
CuO and ZnO NPs having average crystallite size of 
10.62 nm and 6.12 nm, respectively. The absence 
of any diffracted peaks indicating the presence 

of impurities demonstrates the high purity of 
the samples synthesized using green synthesis 
method.23

FTIR
 Possible biological capability or functional 
groups of plant extracts involved in stabilizing 
nanoparticles (NPs) were categorized using Fourier 

Figure 3. UV absorption spectra of CuO and ZnO Nanoparticles. (λmax at 272 nM and 320 nM, respectively)

Figure 4. SEM images of green synthesized CuO NPs at different magnification; A) 2 µm, B) 1 µm, C) 1 µm, D) 500 
nm and ZnO NPs; E) 1 µm, F) 500 nm, G) 200 nm, H) 100 nm

Figure 5. EDAX image showing Copper and Oxygen, Zinc and Oxygen peaks along with the percentage of the elements
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transform infrared spectroscopy. Formation 
of NPs by green synthesis is supported by the 
FTIR spectrum in the 400-5000 cm-1 range. The 
results of the study demonstrated the existence 
of vibrational bands in the samples within the  
400-2000 cm-1 range (Figure 7). The primary 
infrared absorption peaks in the CuO NPs data 
indicate that the CuO nanostructures vibrate in the  

500-700 cm-1 range. Major peaks observed were 
at 519 cm-1, 558 cm-1 and 645 cm-1. Peak observed 
at 519 cm-1 noted as stretching of Cu-O.23 Peaks 
in the 450-1500 cm-1 range were absorbed in the 
ZnO NPs data. Major peaks observed were at 
479 cm-1, 599 cm-1, 841 cm-1, 1096 cm-1and 1433 
cm-1 respectively. The peak at 479 cm-1 noted as 
stretching of Zn-O.24

Table. Showing diameter of zone of inhibitions with three different concentrations of Green synthesized Copper 
Oxide and Zinc Oxide Nanoparticles

No. Concen. of Zones of growth Zones of growth
 Nanoparticles inhibition with inhibition with 
  Copper Oxide Zinc Oxide 
  Nanoparticles Nanoparticles

1. 40 µL 1.2 ± 0.1 cm 1.3 ± 0.1 cm
2. 80 µL 1.4 ± 0.1 cm 1.5 ± 0.1 cm
3. 120 µL 2.3 ± 0.1 cm 2.9 ± 0.1 cm

Figure 6. The XRD diffraction pattern of green synthesized CuO and ZnO NPs

Figure 7. FTIR spectrum for CuO NPs and ZnO NPs
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Figure 8. Zone of growth inhibitions of Aspergillus niger
Plate 1: Blank for Copper Oxide Nanoparticles; Plate 2 and 3: Inhibition with Copper Oxide Nanoparticles with three 
different concentrations (Duplicate Plates); Plate 4: Blank for Zinc Oxide Nanoparticles; Plate 5 and 6 Inhibition with 
Zinc Oxide Nanoparticles with three different concentrations (Duplicate Plates)

Figure 9. Schematic diagram of Green synthesis of CuO and ZnO nanoparticles and their characterizations
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Disk diffusion method for antifungal activity
 A 20 ml of Potato dextrose agar (PDA) 
was prepared and poured in sterile Petri plates. 
Swab was used to prepare lawn of fungal growth. 
Three different concentrations (40, 80, 120 µg/
mL) of CuO and ZnO NPs were prepared on disks 
and each nanoparticles activity was tested in 
triplicate. Then the plates placed in incubator 
for overnight at 37°C. Zone of inhibition against 
the fungus was assessed. Size of the inhibitory 
zones (mm) was measured. The growth inhibitory 
effect of synthesized CuO and ZnO NPs was tested 
on Aspergillus niger by Disk diffusion method. 
After the incubation for 48 hours clear zones of 
growth inhibition were observed. For experiment 
6 plates of Potato Dextrose Agar Medium was 
prepared, two plates used as a Blank (control) 
and remaining four plates were used as test plates 
(Duplicate) (Figure 8). Here, we have used three 
different concentrations of nanoparticles sample 
for that we got all three concentrations positively 
showing zone of inhibitions, with diameter of zone 
of inhibitions were as shown in the Table. These 
results demonstrate the considerable potential for 
inhibiting A. niger by Copper Oxide and Zinc Oxide 
Nanoparticles (Figure 9).

DISCUSSION

Nanoparticles of several metals and their oxides, 
such as Ag, ZnO, Fe2O3, Fe3O4, Al2O3, TiO2 and CuO, 
exhibit antimicrobial effect against fungi as well 
as Gram-negative, Gram-positive bacteria.25-27 
CuO and ZnO have broad range of applications 
and its antimicrobial activity is one of the 
significant application in agriculture.28 In this 
study the metal oxides such as CuO and ZnO 
were selected for testing their antimicrobial 
properties. Copper oxides have high surface 
area and crystal morphology. CuO known for its 
potential antimicrobial property.29 It inhibits the 
growth of microorganisms by various mechanisms. 
Mechanisms involved in antimicrobial property 
of CuO nanoparticles includes its interaction with 
fungi. As CuO is positively charged it adhere to the 
fungal cell walls. Highly ionic CuO nanoparticles 
in high doses are known to inhibit many fungal 
species. Evidenced studies with fungi such as S. 
cerevisiae. Similarly, in the present study, CuO 

also exhibited good inhibition of Aspergillus 
niger growth. ZnO nanoparticles having varying 
structures exhibits significant antimicrobial 
activity.30 Similarly, in our study, the ZnO exhibited 
good antimicrobial property and able to inhibit the 
growth of the fungus. The potential antimicrobial 
activity depends on specific surface area to 
volume. The toxic effects of ZnO on fungal surface 
and core results in death of the microorganism. 
The effect of nano material on environment 
and plant growth was analyzed in various  
studies.31, 32 It is needed to further study the effects 
of these materials on environment for extensive 
utilization in agricultural fields. The problems like 
emerging and reemerging infectious diseases, food 
contaminants can be addressed with effective 
antimicrobial metal oxide nanomaterials.

CONCLUSION

 T h e  p r e s e n t  w o r k  e f f e c t i v e l y 
demonstrated the green synthesis of CuO and 
ZnO NPs using Pterocarpus santalinus leaf extract, 
demonstrating an environmentally benign and 
cost-effective method. Strong antifungal activity 
against Aspergillus niger was demonstrated by 
the biosynthesized ZnO and CuO NPs. These 
nanoparticles inhibitory action highlights their 
potential as useful biocontrol agents in agricultural 
settings, offering an alternative to traditional 
chemical treatments that frequently carry 
dangers to human health and the environment. 
Subsequent research endeavors may centre on 
refining the synthesis procedure, investigating the 
mechanism of antifungal activity, and assessing 
the effectiveness of the nanoparticles in practical 
agricultural situations.
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