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Background: Copper oxide (CuO) nanoparticles have attracted huge attention due to catalytic, 

electric, optical, photonic, textile, nanofluid, and antibacterial activity depending on the size, 

shape, and neighboring medium. In the present paper, we synthesized CuO nanoparticles using 

gum karaya, a natural nontoxic hydrocolloid, by green technology and explored its potential 

antibacterial application.

Methods: The CuO nanoparticles were synthesized by a colloid-thermal synthesis process. 

The mixture contained various concentrations of CuCl
2 
⋅ 2H

2
O (1 mM, 2 mM, and 3 mM) and 

gum karaya (10 mg/mL) and was kept at 75°C at 250 rpm for 1 hour in an orbital shaker. The 

synthesized CuO was purified and dried to obtain different sizes of the CuO nanoparticles. 

The well diffusion method was used to study the antibacterial activity of the synthesized CuO 

nanoparticles. The zone of inhibition, minimum inhibitory concentration, and minimum bacte-

ricidal concentration were determined by the broth microdilution method recommended by the 

Clinical and Laboratory Standards Institute.

Results: Scanning electron microscopy analysis showed CuO nanoparticles evenly distributed 

on the surface of the gum matrix. X-ray diffraction of the synthesized nanoparticles indicates 

the formation of single-phase CuO with a monoclinic structure. The Fourier transform infrared 

spectroscopy peak at 525 cm−1 should be a stretching of CuO, which matches up to the B
2u

 mode. 

The peaks at 525 cm−1 and 580 cm−1 indicated the formation of CuO nanostructure. Transmission 

electron microscope analyses revealed CuO nanoparticles of 4.8 ± 1.6 nm, 5.5 ± 2.5 nm, and 

7.8 ± 2.3 nm sizes were synthesized with various concentrations of CuCl
2 
⋅ 2H

2
O (1 mM, 2 mM, 

and 3 mM). X-ray photoelectron spectroscopy profiles indicated that the O 1s and Cu 2p peak 

corresponding to the CuO nanoparticles were observed. The antibacterial activity of the syn-

thesized nanoparticles was tested against Gram-negative and positive cultures.

Conclusion: The formed CuO nanoparticles are small in size (4.8 ± 1.6 nm), highly stable, and 

have significant antibacterial action on both the Gram classes of bacteria compared to larger sizes 

of synthesized CuO (7.8 ± 2.3 nm) nanoparticles. The smaller size of the CuO nanoparticles 

(4.8 ± 1.6 nm) was found to be yielding a maximum zone of inhibition compared to the larger 

size of synthesized CuO nanoparticles (7.8 ± 2.3 nm). The results also indicate that increase 

in precursor concentration enhances an increase in particle size, as well as the morphology of 

synthesized CuO nanoparticles.
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Introduction
Copper oxide (CuO) nanoparticles are important due to their applications as antimi-

crobials and in gas sensors, batteries, high temperature superconductors, solar energy 

conversion tools, and so on.1–4 Human beings have been using copper (Cu) and Cu 
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complexes for various purposes for centuries, such as water 

purifiers, algaecides, fungicides, and as antibacterial and anti-

fouling agents.5 Natural plant materials such as magnolia leaf 

extract and stem latex of Euphorbia nivulia have been used 

for the synthesis of Cu nanoparticles. The application of these 

nanoparticles expresses superior antibacterial activity against 

Escherichia coli cells. The nanoparticles have also been used 

as nontoxic aqueous formulations for administration of cancer 

therapy.6–7 Cu and CuO nanoparticles have been studied as 

potential antimicrobial agents against infectious organisms 

such as E. coli, Bacillus subtilis, Vibria cholera, Pseudomonas 

aeruginosa, Syphillis typhus, and Staphylococcus aureus.8–10 

Kattumuri et  al11 explored the possibility of utilizing gum 

arabic as a nontoxic, natural hydrocolloid used in the produc-

tion of readily administrable biocompatible gold nanoparticles 

for diagnostic and therapeutic applications. They have also 

demonstrated that complex polysaccharides and protein 

structures within the gum arabic backbone can effectively 

lock gold nanoparticles to produce nontoxic, nanoparticulate 

constructs that are stable under in vivo conditions for poten-

tial applications in nanomedicine. Thus, this investigation 

elucidates that natural gums could act as nontoxic vehicles 

to stabilize and deliver nanoparticles for in vivo applications.

The preparation of CuO nanoparticles uses a variety of 

methods including sol-gel, quick precipitation, sonochemi-

cal, electrochemical, solid state reaction, alcohothermal 

synthesis, microwave irradiation, and liquid–liquid interface 

techniques involving organic solvents and harsh reducing 

agents.12–20 Therefore, it was a challenge to find a conve-

nient, mild, nontoxic, natural product to produce metal 

nanoparticles in an aqueous environment. Amongst various 

natural materials used for nanoparticle construction, plants 

seem to be the best candidates, and nanoparticles produced 

by plants are more stable, are of various sizes and shapes, 

and the rate of production is faster than in the case of 

microorganisms.21 Biosynthesis of metal/metal oxide nano-

particles using environmentally friendly methods without the 

use of harsh, toxic reducing agents (eg, hydrazine hydrate, 

sodium borohydride, dimethylformamide, ethylene glycol, 

and so on), and expensive chemicals are the main principle 

of green chemistry. Many of these reducing agents have 

been associated with environmental toxicity or biological 

hazards. With an increasing interest in the minimization or 

total elimination of waste and the execution of sustainable 

processes through the implementation of the fundamental 

principles of green chemistry, the development of natural and 

biomimetic approaches for the preparation of nanomaterials 

is a desirable aspect.22,23 Hence, there is a need to develop 

newer ecofriendly processes for the synthesis of metal/metal 

oxide nanoparticles of controlled shapes and sizes, and such 

methods could permit the nanoparticles to be extensively 

used in biological systems.

Polysaccharide hydrocolloids such as carrageenan, 

alginate, agar-agar, starches, pectin, guar and gums 

(arabic, tragacanth, and karaya) are high molecular weight 

macromolecules. Gums are naturally occurring polysaccha-

ride components in plants, which are fundamentally economi-

cal and easily available. They have assorted applications as 

thickeners, food emulsifiers, viscosifiers, sweeteners, and so 

on in confectionery, and as binders and drug release modifiers 

in pharmaceutical dosage forms.24 Traditionally, India is the 

largest producer and exporter of gum karaya (GK), while 

Europe is the largest importer of GK.25 Physicochemical 

properties, as well as the structural, occurrence, production, 

food, and nonfood applications of GK have been widely 

studied by different research groups.26–28 GK is a partially 

acetylated polysaccharide and has a branched structure and 

high molecular mass of ∼16.0  ×  109 Da, and is grouped 

under substituted rhamnogalacturonoglycan (pectic) type 

tree gums. This gum contains about 60% neutral sugars 

(rhamnose and galactose) and 40% acidic sugars (glucuronic 

acid and galacturonic acids).29 The toxicological evaluation 

of GK had established that this gum was nontoxic and has 

potential application as a food additive.30

Biosynthesis of metal nanoparticles by plants is currently 

under development. The synthesis of metal nanoparticles 

using inactivated plant tissue, plant extracts, exudates, 

and other parts of living plants is a modern alternative for 

their production.31 It is a very cost effective method and 

therefore a prospective commercial alternative for large-scale 

production.

Natural hydrocolloids isolated from trees are a new class 

of potentially economical and environmentally compassionate 

biomaterial that exhibit a high specificity for the production 

of nanomaterials. Gums from plants may act both as reducing 

and capping agents in nanoparticle synthesis. The bioreduc-

tion of metal nanoparticles by a combination of biomolecules 

found in plant extracts (eg, enzymes, proteins, amino acids, 

vitamins, polysaccharides, and organic acids such as citrates) 

is environmentally benign, yet chemically complex. Because of 

the important and critical roles of plants in bio-based protocols 

for metal nanoparticle production, the green synthesis of metal 

nanoparticles using GK is an important subject in this paper. 

Further, this study aims to explore the proficiency of these 

nanoparticles as antibacterial agents against human patho-

genic bacteria, mainly E. coli and S. aureus.

As part of our ongoing research work on the design and 

development of nanoparticulate constructs using natural tree 
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gums, herein we report the development of a new class of 

composite material derived from a natural nontoxic GK bio-

polymer with CuO nanoparticles that are stable in vivo. The 

present work details a green chemistry approach to the synthesis 

of metal oxide nanoparticles using a well-characterized plant 

derived natural product GK, which acts as a reducing and 

templating agent. In this current research paper CuO nano-

particles have been synthesized and characterized by scanning 

electron microscope (SEM), transmission electron microscope 

(TEM), Fourier transform infrared spectroscopy (FTIR), X-ray 

diffraction (XRD), and X-ray photoelectron spectroscopy 

(XPS) analysis. Further, CuO nanoparticles were explored 

with respect to their prospective antibacterial application.

Materials and methods
Materials
GK was obtained from the Sigma-Aldrich Company (Sigma-

Aldrich, St Louis, MO, USA). The chemicals CuCl
2
 ⋅ 2H

2
O, 

NaOH, and HCl were analytical grade and used as received 

without further purification.

GK preparation
GK powder (1 g) was exactly weighed and dispensed into 

a clean glass beaker containing 1 L of deionized water. The 

procedures for the preparation of GK lyophilized powder was 

based on the earlier reported method used for other natural 

tree gums.32 The gum solution was gently stirred overnight at 

room temperature. Later, undissolved matter was separated 

by keeping the gum solution at room temperature (25°C) for 

an additional 18 hours and filtered through a sintered glass 

funnel (#G-2 followed by #G-4). The obtained clear solution 

was freeze-dried and stored for further use. 

Preparation of CuO nanoparticles
The CuO nanoparticles were synthesized by a colloid-

thermal synthesis process.15 In separate 50  mL conical 

flasks, 100 µL aliquot of 10 mM solutions of CuCl
2 
⋅ 2H

2
O 

was mixed with 10 mL of the GK solution prepared above 

(100 mg gum dispersed in 10 mL of deionized water) and 

NaOH
 
⋅ CuCl

2 
⋅ 2H

2
O and NaOH in a molar ratio of 2:5 were 

maintained in the mixture. All the solution components were 

purged with nitrogen prior to use and all chemical processes 

proceeded in the presence of nitrogen. The mixture contain-

ing CuCl
2 
⋅ 2H

2
O and GK was kept at 75°C at 250 rpm for 

1 hour in an orbital shaker. The color of the mixtures gradu-

ally changed from bluish to black, indicating the formation 

of CuO nanoparticles. The resulting precipitate was obtained 

by centrifugation and washed with ethanol and distilled water, 

respectively, and finally freeze-dried.

Characterization of CuO nanoparticles
SEM analysis
Morphology of the nanoparticles was studied using SEM 

analysis (SEM-LEO S1430 VP from M/S LEO Electron 

Microscopy Ltd, Cambridge, UK and UHR FE-SEM Carl 

Zeiss ULTRA Plus, Carl Zeiss Meditec AG, Jena, Germany).

X-ray diffraction analysis
XRD patterns were obtained with Cu-Kα radiation using 

a diffractometer (Philips PW 3710/3020, Netherlands) 

equipped with a graphite monochromator. The measure-

ments were made using a step-scanning program with 0.02° 

per step and an acquisition time of 5 seconds per step. The 

XRD data were analyzed using X’Pert High Score software 

(PANanlytical BV Almelo, Netherlands) for the identifica-

tion of the crystalline phases.

Fourier transform infrared spectroscopy analysis
FTIR spectra were obtained using a spectrophotometer 

(Nicolet IZ10, Thermo Fisher Scientific, Waltham, MA, 

USA) in the spectral region of 4000–400  cm-1 using a 

resolution of 4 cm-1 and 64 coadded scans. All the colloidal 

nanoparticles were freeze-dried in the form of nanopowders 

and palletized with KBr for FTIR studies.

Transmission electron microscopy
TEM images for these nanoparticles were recorded using a 

TEM operating at an acceleration voltage of 15 kV (Tecnai 

F12; North American NanoPort, Hillsboro, OR, USA).  

For TEM measurements, samples were prepared by dropping 

10–20 µL of CuO nanoparticle dispersions on a Cu grid and 

subsequently dried at room temperature.

X-ray photoelectron spectroscopy analysis
XPS analysis of CuO and GK powder samples was performed 

(Kratos XPS system, AXIS HIS-165 Ultra; Shimadzu 

Corporation, Kyoto, Japan) to confirm the CuO and GK 

composition. Survey scans were recorded in the binding 

energy range of 0 to 1100 electron volts (eV) with pass energy 

of 80 eV. When comparing the results with the reference, 

peaks were identified as being the same if the difference of 

the peak position was within 0.5 eV.

Antimicrobial tests
Bacterial strains
E. coli MTCC 443 and S. aureus MTCC 737 were used 

as reference strains for Gram-negative and Gram-positive 

bacteria, respectively, following guidelines of the Clinical 

and Laboratory Standards Institute.33 Strains were grown on 

nutrient agar.
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Agar well diffusion method
The well diffusion method was used to study the antibacterial 

activity of the synthesized CuO nanoparticles. All the glass-

ware, media, and reagents used were sterilized in an autoclave 

at 121°C for 20 minutes. The bacterial suspension was pre-

pared by growing a single colony overnight in nutrient broth 

and by adjusting the turbidity to 0.5 McFarland standards. 

Mueller Hinton agar plates were inoculated with this bacte-

rial suspension, and 50 µg (100 µL) of CuO nanoparticles 

were added to the center well with a diameter of 8 mm. The 

nanoparticles used here were prepared with 10 mg/mL of GK 

solution containing 1 mM, 2 mM, and 3 mM of CuCl
2 
⋅ 2H

2
O 

autoclaved for 60 minutes. Control plates were maintained 

with autoclaved GK loaded wells. Antibiotic such as tetra-

cycline was used as a positive control. These plates were 

incubated at 37°C for 24 hours in a bacteriological incubator, 

and the zone of inhibition (ZOI) was measured by subtracting 

the well diameter from the total inhibition zone diameter. All 

tests were performed three times.

Determination of minimal inhibitory/bactericidal 
concentrations
Minimum inhibitory concentrations (MIC) and minimum 

bactericidal concentrations (MBC) of the CuO nanoparticles 

were determined by the broth microdilution method recom-

mended by the Clinical and Laboratory Standards Institute 

in 2000.33 Tetracycline was used as a positive control. The 

suspension of GK (10 mg/mL) was used as negative control 

in all experiments. A dilution series with 5 mL of nutrient 

broth medium containing 10–100 µg/mL of CuO nanopar-

ticles was prepared. For the MIC determination, the suspen-

sions were prepared by suspending one isolate colony from 

nutrient plates in 50 µL of nutrient broth. After 24 hours of 

growth, suspensions were diluted in distilled water to obtain 

final inoculums of 5 × 105–5 × 106 colony-forming units/

mL. The purity of isolates was checked throughout the study 

by examining the colony morphology and Gram staining. 

Two-fold serial dilutions of CuO nanoparticle solutions were 

prepared in nutrient broth in 98-well plates starting from 

a stock solution of 10−2 M. An equal volume of bacterial 

inoculums was added to each well on the microtiter plate 

containing 0.05 mL of the serial compound dilutions. After 

incubation for 18–24 hours at 35°C, MIC was determined 

with an enzyme-linked immunosorbent assay reader (Infi-

nite 200; Tecan Systems, Inc, San Jose, CA, USA) as the 

lowest concentration of compound whose absorbance was 

comparable with the negative control wells (broth only or 

broth with CuO nanoparticles, without inoculums). Results 

are expressed as the mean values of three independent 

determinations.

Statistical analysis
Each experiment was repeated three times, and the resulting 

bacterial growths on three plates corresponding to a particu-

lar sample were reported as the mean ± standard deviation 

(n = 3). The MIC and MBC experimental analysis was based 

on three independent sample analyses.

Results and discussion
Morphology of GK and CuO 
nanoparticles by SEM analysis
The morphology of GK before and after the deposition of 

CuO nanoparticles studied by SEM is presented in Figure 1. 

The morphology of GK indicates irregular particles of 

various sizes (Figure 1A), whereas the lyophilized sample 

is appearing as crumbled-like structure (Figure 1B). The 

CuO nanoparticles appear as small needle-like structures 

on the surface of the gum matrix (Figure 1C). The SEM 

micrographs were obtained after washing the dried GK-

CuO thrice with deionized water. One can notice that 

no metal oxide nanoparticles are seen outside the gum 

matrix, which can be attributed to the strong locking of 

nanoparticles within the gum matrix. This clearly suggests 

that the CuO nanoparticles are bound to the surface of the 

gum matrix.

XRD analysis
The XRD pattern of GK and CuO nanoparticles is depicted 

in Figure 2. As shown in Figure 2A, the XRD pattern of 

GK is amorphous in nature whereas the CuO nanoparticles 

(Figure 2B) demonstrate that the CuO is crystalline in nature. 

The spectrum is identical to that of pure CuO, indicating the 

formation of single-phase CuO with monoclinic structure 

(JCPDS-05-0661).34 In the present work, the diffraction 

patterns were observed to be at 2θ = 32.47, 35.49, 38.68, 48.65, 

53.36, 58.25 and 61.45 were assigned to the reflection lines 

of monoclinic CuO nanoparticles. The present experimental 

results were found to be  in agreement with the reported diffrac-

tion patterns of CuO nanoparticles prepared by Das et al.35

FTIR analysis
The FTIR spectra of GK and CuO nanoparticles are shown in 

Figure 3. The main characteristic peaks of GK at 1047 cm−1 

and 1422  cm−1 (C−O stretch), 1630  cm−1 (C=O stretch 

and N−H bending), 1734 cm−1 (CH
3
CO group), 2990 cm−1 

(C−H stretch), and 3000–3600  cm−1 (O−H stretch) were 
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observed. The FTIR spectrum of a CuO nanoparticle shows 

broad absorption bands between 2800 and 4000 cm−1 mainly 

ascribed to OH– and C−O groups on the surface of the CuO 

crystals nanostructure. The three infrared absorption peaks 

reveal the vibrational modes of CuO nanostructures in the 

range of 500–700 cm−1. The major peaks were observed to 

be 525 cm−1, 580 cm−1 and 675 cm−1, respectively (Figure 3). 

The peak at 525 cm−1 should be a stretching of Cu−O, which 

matches up to the B
2u

 mode.36 This peak corroborates the XRD 

analysis where the corresponding plane (202) represents the 

Cu−O stretching mode. The peaks at 525 cm−1 and 580 cm−1 

indicated the formation of the CuO nanostructure.

TEM analysis
The CuO nanoparticles synthesized by the present method 

are smaller in size and show minimum agglomeration. 

Figure 4 shows the TEM images of CuO nanoparticles syn-

thesized by treating 1 mM, 2 mM, and 3 mM CuCl
2 
⋅ 2H

2
O 

with a metal ion concentration of 10 mg/mL of aqueous GK. 

A

B

Acc.V Spot Magn Det WD Exp 500 µm
25.0 kV 5.0 62× SF 10.6 0

Acc.V Spot Magn Det WD Exp 50 µm
25.0 kV 5.0 500× SF 10.6 0

Filament type = W (agar A054) EHT = 20.00 kV WD = 15 mm Signal A = SE1
Photo no = 900Mag = 356×

30 µm

C

Figure 1 Typical SEM photo micrographs of (A) GK powder, (B) lyophilized GK, 
and (C) synthesized CuO nanoparticles.
Abbreviations: SEM, scanning electron microscopy; GK, gum karaya; CuO, copper 
oxide.
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Figure 2 XRD pattern of synthesized CuO nanoparticles. XRD pattern of (A) 
GK and (B) CuO nanoparticles, indicating the amorphous nature of GK and the 
crystalline nature with different planes of synthesized CuO nanoparticles.
Abbreviations: XRD, X-ray diffraction; GK, gum karaya; CuO, copper oxide.
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Figure 3 FTIR analysis of GK and CuO nanoparticles indicating the involvement of 
various functional groups in the formation of metal oxide nanoparticles.
Abbreviations: FTIR, Fourier transform infrared spectroscopy; GK, gum karaya; 
CuO, copper oxide.
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As can be seen in all the images, the gum networks are clearly 

embedded with well separated, spherical nanoparticles with 

diameters ranging from 2 nm to 10 nm. In the case of the 

1 mM concentration of CuCl
2 
⋅ 2H

2
O used, monodispersed 

nanoparticles (7.8  ±  2.3  nm) were observed (Figure  4A), 

while in the case of higher concentrations of CuCl
2 
⋅ 2H

2
O 

(2 mM and 3 mM), the formed CuO particles size varied from 

5.5 ± 2.5 nm to 4.8 ± 1.6 nm (Figure 4B and C), respectively. 

In all cases, some kind of regular distribution of nanoparticles 

in the form of self-assembled arrays within the gum matrix 

could be noticed. The representative selected area electron 

(SAED) pattern for CuO nanoparticles obtained with the gum 

extract is shown in Figure 4. SAED patterns show various 

diffraction rings of monoclinic CuO (Figure  4A–C). The 

experiments were conducted in order to study the capping 

nature of GK extract over the growth and formation of 

nanoparticles by varying the metal precursor concentration 

with a fixed amount of GK (10 mg/mL). A comparison of the 

morphologies indicates that with an increase in the concentra-

tion of the metal precursor, the resulting CuO nanoparticles 

contain a greater number of particles with distinctive changes 

in particle sizes (Figure 4A–C). Further, on increasing the 

concentration of CuO, a mass of separated CuO nanoparticles 

of controlled sizes was observed, and this can be attributed 

to the ability of the gum matrix to regulate the sizes of the 

nanoparticles.

The exact mechanism leading to the intracellular forma-

tion of CuO nanoparticles by challenging the gum product 

with the corresponding metal ions is not fully understood. 

We speculate that since the nanoparticles are formed on 
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Abbreviations: TEM, transmission electron microscopy; CuO, copper oxide; SAED, selected area electron diffraction; D, diameter.
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the surface of the gum and not in the solution, the first step 

involves a trapping of metal ions on the surface of the gum 

network possibly via an electrostatic interaction between 

the metal ions and the negatively-charged carboxylate and 

hydroxyl groups present in the biopolymer.25 The presence of 

various sugars, amino acids and fatty acids present in the GK 

could act as a reducing and capping agent for the formation 

of metal oxide nanoparticles.28 Upon hydrolysis, metal ions 

may lead to the formation of metal nuclei, and they subse-

quently grow and accumulate in the form of nanoparticles 

within the gum matrix. These assumptions can be validated 

by FTIR and XRD results.

XPS analysis
The XPS spectra of GK and CuO nanoparticles are presented 

in Figure 5A and B, respectively. As can be seen from the 

spectra, the XPS survey scans of pure GK show binding 

energy peaks characteristic of carbon and oxygen only. The 

observed C 1s binding energy peaks assigned to C-C, C-O, 

and C=O functional groups present in GK are in agreement 

with the observations made by FTIR. The C-O and C=O 

peaks can be associated with hydroxyl and carboxylate groups 

present in the biopolymer. The O 1s high resolution narrow 

scans could be deconvoluted into binding energy peaks at 

531.8 eV and 532.7 eV, which can be dedicated to the O in 

the C=O and alcoholic C-O groups. The C=O group may 

be seen due to the carboxylate groups present in the GK. The 

Cu 2p core level spectrum (Figure 5B) represents two peaks 

located at 933.4 and 953.8 eV, which corresponds to the Cu 

2p3/2 and Cu 2p1/2, respectively. These values match well 

with the data reported for the Cu(2p) in CuO.16 The Cu 2P
3/2

 

spectrum (inset Figure 5B) shows that the Cu2+ peak lies at 

933.4 eV, with two shake-up satellites 7.2 and 9.8 eV higher 

in binding energy than that of the main peak. As shown in 

Figure 5B, the O 1s core-level spectrum is broad, and two 

O 1s peaks, at a lower energy of 529.5 eV, is in agreement 

with O2− in CuO, while the other peak, at a higher energy 

of 531.6 eV, is attributed to O adsorbed on the surface of 

the CuO particles.37 Thus, the XPS results indicate that the 

nanoparticles are composed of CuO. The strong shake-up 

satellites recorded in the CuO sample confirm the Cu2+ 

oxidation state, and rule out the possibility of the existence 

of a Cu
2
O phase.15,16

Antibactericidal tests
The antibacterial activity of the CuO nanoparticle was tested 

against the Gram-negative bacteria E. coli and the Gram-

positive S. aureus. The results of the antibacterial activity 
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Figure 5 XPS survey scanning spectra of the (A) GK (B) GK-CuO nanoparticles 
formation. 
Note: Inset figure B shows the spectra of the CuO nanoparticles formation.
Abbreviations: XPS, X-ray photoelectron spectroscopy; GK, gum karaya; CuO, 
copper oxide; CPS, counts per second; eV, electron volts.

of CuO nanoparticles against these bacterium (ZOI, MIC, 

and MBC) are presented in Table 1. The suspension of GK 

(10 mg/mL) as a negative control did not show any antibac-

terial activity. From the above-mentioned experiment it can 

be found that the CuO nanoparticles are effective in killing/

inhibiting a range of bacterial growth. The antibacterial 

activity of CuO nanoparticles against E. coli and S. aureus 

with ZOI are depicted in Figure  6. The ZOI of around 

14.5 ± 0.8 mm was observed for the Gram-positive bacteria 

strain S. aureus (American Type Culture Collection 25923), 

and in the case of the Gram-negative bacteria strain E. coli 

(American Type Culture Collection 25922), the detected 

ZOI was 16.2 ± 0.8 mm. Synthesized CuO with a size of 

4.8 ± 1.6 nm was used in both cases.

The other observation was that CuO nanoparticles 

synthesized at the range of 7.8 ± 2.3 nm demonstrated a 

smaller ZOI than the smaller particles. The MIC of CuO 

nanoparticles was found to be 103.5  ±  4.71  µg/mL for 

E. coli and 120.4 ± 8.16 µg/mL for S. aureus, respectively 

(Table 1). Like MIC values, particle size dependent CuO 

(4.8 ± 1.6 nm) synthesis had MBC values of 125 ± 5.5 µg/mL 

for E. coli and 135 ± 8.8 µg/mL for S. aureus (Table 1). 

The present experimental values are found to be slightly 

higher than the reported MIC for CuO nanoparticles syn-

thesized by continuous gas phase production.38 Based on 

these results, it can be concluded that the synthesized CuO 

nanoparticles had significant antibacterial action on both 
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Table 1 Antibacterial activity of CuO nanoparticles (ZOI, MIC, and MBC) as synthesized using GK extract against Escherichia coli and 
Staphylococcus aureus laboratory bacterial strains

Bacterial strains  
used

ZOI (mm) MIC 
(μg/mL)

MBC 
(μg/mL)

Control negative  
(10 mg/mL)

Control positive 
TC (mm)

Escherichia coli 16.2 ± 0.8 (A) 15.8 ± 0.5 (B) 103 ± 4.7 125 ± 5.5 NA 18 ± 0.8
Staphylococcus aureus 14.5 ± 0.6 (C) 13.8 ± 0.4 (D) 120 ± 8.1 135 ± 8.8 NA 16 ± 0.5

Notes: Values are expressed as mean ± standard deviation (n = 3). CuO nanoparticles concentration used are 10–100 µg/mL. Particle size of nanoparticles used, A and C 
(4.8 ± 1.6 nm); B and D (7.8 ± 2.3 nm). CuO nanoparticles size 4.8 ± 1.6 nm are used for determining MIC and MBC of Escherichia coli and Staphylococcus aureus.
Abbreviations: CuO, copper oxide; ZOI, zone of inhibition; MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; GK, gum karaya; TC, 
tetracycline.

Figure 6 Bacterial cultures showing the inhibition zones around wells loaded with 50 µg of CuO nanoparticles and (A) Escherichia Coli (MTCC 443) representing inhibition 
zone formed with 4.8 ± 1.6 nm size of CuO nanoparticles, (B) Escherichia Coli (MTCC 443)  representing inhibition zone formed with 7.8 ± 2.3 nm size of CuO nanoparticles, 
(C) Staphylococcus aurous (MTCC 737)  representing inhibition zone formed with 4.8 ± 1.6 nm size of CuO nanoparticles, and (D) Staphylococcus aurous (MTCC 737)  
representing inhibition zone formed with 7.8 ± 2.3 nm size of CuO nanoparticles.
Abbreviations: CuO, copper oxide; MTCC, Microbial Type Culture Collection.

of the Gram classes of bacteria. The antibacterial activity 

of CuO towards Gram-negative bacteria was higher when 

compared to Gram-positive bacteria. The difference in activ-

ity against these two types of bacteria could be attributed 

to the structural and compositional differences of the cell 

membrane.39 Gram-positive bacteria have thicker peptidogly-

can cell membranes compared to the Gram-negative bacteria 

and it is harder for CuO to penetrate it, resulting in a low 

antibacterial response.40 Perelshtein et al5 reported that in the 

case of the CuO-coated fabric, the antibacterial effect was 

detected due to the CuO nanoparticles, which can generate 

reactive oxygen species that are responsible for damaging 

the bacteria’s cells. In this context, a number of mechanisms 

have been proposed to interpret the antibacterial behavior 

of metal oxides.41

The differential sensitivity of bacteria towards CuO 

nanoparticles depends upon particle size, temperature of 

synthesis, bacterial cell wall structure, and the degree of 

contact with organisms with nanoparticles.42 In our present 

investigation, the temperature of synthesis of CuO was main-

tained at 75°C, and the particle size of the nanoparticle was 

found to be in the range of 2–10 nm sizes when using vari-

ous concentrations of metal of precursor (1 mM, 2 mM, and 

3 mM). Recently, Moloto et al43 have demonstrated that with 

an increase in precursor concentration, there was an increase 

in particle size, and the morphology evolved from spherical 
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to rod-shaped cadmium sulfide nanoparticles, while others 

factors such as temperature and the capping group affected 

the growth of nanoparticles either in size and/or shape. 

The result of the present study is in agreement with their 

work. Further, the greater sensitivity of both Gram-positive 

and negative bacteria like E. coli and S. aureus to the CuO 

nanoparticles has been attributed to the greater abundance 

of amines and carboxyl groups on their cell surface and in 

the GK polymer template, which enhances the affinity of 

Cu ions towards these groups.26,44 Azam et al45 reported that 

smaller nanoparticle sizes and CuO nanoparticles synthesized 

in lower temperatures nanoparticles had higher antimicrobial 

behavior, which is in agreement with our present study. It is 

reported that the synthesis of CuO nanoparticles at various 

temperatures affects the antibacterial property of the nano-

particles; at high temperatures, ranging from 400°C–700°C, 

the antibacterial property of both Gram-positive and negative 

bacteria, as well as the ZOI of the bacteria was found to be 

reduced.45 In the present investigation, a higher inhibition 

zone was observed for the Gram-positive S. aureus compared 

to other Gram-negative strains employed in this antibacterial 

susceptibility assay.46 The results of the present investigation 

also demonstrate that the excellent antibacterial behavior 

depends on the sizes of the synthesized CuO.

Conclusion
The present green method for the synthesis of CuO nano-

particles is simple, mild, and environmentally friendly. The 

abundance of hydroxyl and carboxylate groups facilitates the 

formation of Cu (OH)
2
, which hydrolyzed later into nanocrys-

talline CuO. The XRD pattern of GK is amorphous in nature, 

whereas the CuO is identical to that of pure CuO, indicating the 

formation of single-phase CuO with a monoclinic structure. 

The average particle diameter, as determined by TEM, was 

found to be varied from 7.8 ± 2.3 nm to 4.8 ± 1.6 nm with 

respect to the concentration of the metal precursor used for 

the nanoparticles synthesis. FTIR, XRD, and XPS results 

corroborated the parity of synthesized CuO nanoparticles. 

The formed CuO nanoparticles are highly stable and have 

significant antibacterial action on both of the Gram classes 

of bacteria. The antibacterial activity experiment performed 

on E. coli and S. aureus clearly demonstrated that the smaller 

particle sizes of synthesized CuO nanoparticles have higher 

antibacterial effects and higher ZOI. This green method of 

synthesizing CuO nanoparticles could also be extended to 

fabricate other, industrially important metal oxides. The 

antibacterial activity of synthesized CuO nanoparticles using 

natural hydrocolloid GK is a promising contender for various 

applications in wound dressing, bed lining, active cotton ban-

dages, as well as for medical and food applications.
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