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ABSTRACT 
This research was aimed to optimize the synthesis of copper oxide (CuO) nanoparticles with the highest antifungal 
properties against Candida albicans as an oral fungal pathogen. To this end, nine experiments involving different 
synthesis conditions were designed using the Taguchi method and the copper oxide nanoparticles synthesized by 
coprecipitation method. The antifungal activity of synthesized nanoparticles against C. albicans was evaluated 
using the colony forming unit and disk diffusion methods. According to the results, the synthesized copper oxide 
nanoparticles under the five experimental conditions (CuCl2 0.1 M, NaOH 0.1 M, and a 75 minutes stirring time) 
showed the highest antifungal activity against C. albicans (71.72%). The optimization results demonstrated that 
all three studied factors were effective in improving the antifungal activity of copper oxide nanoparticles and the 
antifungal activity in the proposed conditions can be improved by 77.85%. The synthesis of nanoparticles in optimal 
conditions confirmed the improved antifungal activity of the nanoparticles. The results of this study proved that CuO 
nanoparticles have a potential ability as an antifungal agent against oral fungal pathogens of C. albicans.

INTRODUCTION
Tremendous progress has been achieved in the treatment 

of diseases over the recent decades. However, we still struggle 
with challenges in the treatment of certain diseases such as 
cancers (Mozaffari et al., 2016; 2017), chronic pains (Sharifi 
et al., 2017), autoimmune diseases (Mozaffari et al., 2018), and 
microbial infections (Safaei and Taran, 2017a). It is believed that 
the microbial pathogens found in the oral cavity, which produce 
biofilms, are the main cause of dental caries and the destruction of 
enamel (Struzycka, 2014). The uncontrolled increase in the amount 
of oral microbial agents’ results in the penetration into the dentin 

and tooth pulp infection, causing severe pain, tooth pulp necrosis, 
loss of teeth, and systemic infections (Cura et al., 2012; Farges 
et al., 2015). Untreated dental caries is seen as a major global 
challenge in many countries (Frencken et al., 2017). Dental caries 
is considered as the fourth chronic disease with costly treatment 
according to the World Health Organization, which can cause 
severe pain and oral infections if it is left untreated (Petersen et al., 
2005). Many dental caries cases are not treated in many developing 
countries and a large number of people in the community suffer 
from their complications. Untreated dental caries can make changes 
in the body’s health status, quality of life, patterns of growth, and 
the performance of individuals (Fallahi et al., 2014).

Given the priority of prevention to treatment, making 
efforts to identify and generalize the dental caries prevention 
methods seems necessary. The use of antimicrobial mouthwashes 
is one of the most important ways to prevent caries, which can 
be effective in controlling tooth decay. Commercial antiplaque 
compounds cause a change in the bacterial flora of the mouth 
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and thus induce the growth of opportunistic pathogens, including 
Candida albicans (Goes et al., 2016). Hence, it seems absolutely 
essential to look for an alternative antimicrobial agent with 
minimal side effects. Thus, the use of nanotechnology as a new 
human knowledge appears to be important for the production of 
antimicrobial mouthwashes with higher quality and efficiency for 
the treatment and prevention of dental caries.

In general, nanomaterials have specific properties in 
comparison to other materials. When the material size is reduced 
to below 100 nm, they exhibit different properties based on 
quantum mechanisms (Safaei et al., 2017). Nanoparticles can be 
synthesized and produced from a wide range of materials, the most 
common of which are silicates, non-oxide ceramics, and metal 
oxides. Metal oxides have come recently to the focus of attention 
due to their sustainability in different conditions, and safety 
for humans and the environment (Zhang et al., 2007). Proper 
antimicrobial properties at low concentrations are among the most 
important properties of nano metal oxides. Some of them, like 
silver oxide, titanium oxide, zinc oxide, magnesium oxide, iron 
oxide, and copper oxide, exhibit favorable antimicrobial properties  
(Dizaj et al., 2014; Zhu and Liao, 2015).

Copper oxide nanoparticles are one of the most important 
transition metals oxides due to their prominent properties. The 
copper oxide nanoparticle is widely used nowadays due to high 
biocompatibility, non-toxicity, and easy preparation of this 
nanoparticle (Lanje et al., 2010). The copper oxide nanoparticle 
is a highly regarded metal nanoparticle due to a wide range of 
activities against the pathogens. The copper capability in electron 
donation and acceptance is an important factor in providing its 
antimicrobial properties. Thus, it has a high ability to catalyze 
oxidation and reduction reactions. The concentration of copper 
ions, the type of microorganism, and environmental conditions 
affect the performance of copper oxide nanoparticles. The copper 
oxide nanoparticles cause cell death by binding to the cell wall, 
the active site of enzymes, and interfering with the nucleic acids 
(Safaei et al., 2019; Sata et al., 2002).

Since the optimum synthesis of CuO nanoparticles 
has not been so far studied as a fungicide agent with the highest 
antifungal activity. The objective of this study is to optimize 
the synthesis of copper oxide nanoparticles with the highest 
antifungal activity using the coprecipitation method and evaluate 
their antifungal activity by using the colony forming unit (CFU) 
and disk diffusion methods against oral pathogen C. albicans.

MATERIALS AND METHODS

Synthesis of CuO nanoparticles
Applying the Taguchi method and Qualitek-4 software, 

nine tests containing different ratios of copper chloride and sodium 
hydroxide and various stirring times were designed to optimize 
the synthesis of copper oxide nanoparticles. The copper oxide 
nanoparticles were synthesized using the coprecipitation method. 
In this method, the solutions of copper chloride and sodium 
hydroxide (0.1 M) were prepared at a volume of 100 ml separately 
and stirred for 45, 60, and 75 minutes to become completely 
homogeneous. Then, the containers containing copper chloride 
solution were placed on a magnetic stirrer while adding the sodium 
hydroxide solution drop by drop to them until the formation of a 

dark precipitate. At this time, the sediments obtained were filtered 
using centrifuges and rinsed thrice with deionized water to remove 
the impurities. The resulted precipitate was dried in an oven at 
80°C for 24 hours. Finally, it was calcined in air at 450°C for 4 
hours in order to obtain copper oxide nanoparticles powder.

Antifungal activity
CFU and disk diffusion methods were used to examine 

the rate of antifungal activity of the synthesized nanoparticles 
against C. albicans. The C. albicans standard strain (ATCC 
10231) was obtained from the Iranian Scientific and Industrial 
Research Organization and was cultured on the Sabouraud 
dextrose agar (SDA) media for 24 hours at 30°C. Then, the 
fungal suspensions (1–5 × 106 CFU/ml) along with 200 µl of the 
studied nanoparticles under different conditions were shaken 
for 6 hours inside an incubator shaker (140 rpm) at 30°C. The 
fungal suspensions were diluted 10 times using the dilution series 
for the CFU test. The resulted solutions were cultured on SDA 
culture medium for each dilution and the plates were placed in 
an incubator 30°C for 24 hours. After incubation, the number of 
colonies grown in each plate was counted and their mean value 
was calculated. All the experiments of this stage were performed 
thrice with three replicates. In the disk diffusion method, after 
preparing the homogenous suspensions from C. albicans, they 
were transferred into the SDA culture medium and fully cultured 
by a swab. The disks containing 200 µl of nanoparticles were then 
placed on the media, and the plates were incubated for 24 hours 
at 30°C. Subsequently, the plates were examined under light and 
the diameter of the zone of inhibition was measured for each disk 
using a ruler (Safaei et al., 2019).

Characterization
The analyses of X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), and the scanning electron 
microscopy (SEM) were performed to study the physical and 
chemical structures of synthesized copper oxide nanoparticles 
under the five experimental conditions. The XRD analysis was 
conducted using copper anode in the range of 2θ, 20°–80° to 
determine the type of phases formed and the crystal structure of 
the nanoparticles. The infrared spectroscopy (FTIR model Brucker 
Equinox 55, Germany) was used to study the chemical structure 
and types of bonds. The CuO nanoparticles were combined 
with potassium bromide and compacted into a disk; then the 
sample was scanned in wave range 400–4,000 cm−1 (Das et al., 
2016). The morphology and particle size were evaluated using a 
scanning electron microscope (TESCAN, Czech Republic). The 
photomicrograph of CuO nanoparticles was taken with the use of 
a camera at a voltage of 30 kV with a magnification of 200 nm 
(Das et al., 2018).

RESULTS AND DISCUSSION
Figure 1 shows the FTIR spectrum prepared from 

the CuO nanoparticles. The wide peak observed at 3,436 cm−1 
is related to the O-H group of the surface water adsorbed by 
copper oxide nanoparticles. The absorption bands in the range of  
1,261–1,727 cm−1 can be created as the result of bending vibration of 
the water molecule or due to the carbonate group via the adsorption 
of the ambient CO2 by the nanoparticles. The sharp peaks in the 
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ranges of 497 cm−1 and 601 cm−1 indicate the vibrations of Cu-O, 
which confirm their binding and the synthesis of pure nanoparticles  
(El-Trass et al., 2012; Srivastava et al., 2010).

The XRD pattern of the CuO nanoparticles is shown in 
Figure 2. The XRD pattern prepared from the CuO nanoparticles 
was in accordance with the Joint Committee on Powder Diffraction 
Standards (JCPDS) card no. 45-0937. The CuO nanoparticles 
XRD pattern revealed that the synthesized nanoparticles are 
monoclinic and have a crystal phase. Also, no peak representing 
impurities was observed in the XRD pattern of the synthesized 
copper oxide nanoparticles, which suggests the optimal quality of 
the synthesized nanoparticles (Ahamed et al., 2014).

The morphology and size of CuO nanoparticles were 
evaluated using an SEM image, presented in Figure 3. The SEM 
image showed that the average size of the synthesized nanoparticles 
was 36 nm, which had been agglomerated in some parts. 

The effects of three factors of CuCl2, NaOH, and stirring 
time on the rate of antifungal activity of copper oxide nanoparticles 
synthesized under various experimental conditions designed 
according to the Taguchi method are shown in Table 1. Based on 
the results, the nanoparticles synthesized using CuCl2 0.1 M, NaOH 
0.1 M, and stirring time of 75 minutes (experiment 5) showed the 
highest fungal growth inhibition rate against C. albicans pathogen by 
71.72%. In accordance with the results obtained, previous studies also 

reported a favorable antifungal activity of copper oxide nanoparticles 
(Beevi et al., 2012; Devipriya and Roopan, 2017; Weitz et al., 
2015). The antimicrobial mechanisms of copper oxide nanoparticles 
mainly include cell wall destruction, inducing intracellular oxidative 
stress and dissolution of copper oxide nanoparticles (Dizaj  
et al., 2014; Ingle et al., 2014). The nanoparticles can damage the 
fungal cells. The nanoparticles attach to the cell surface and cause 
structural changes and cell damage. Consequently, they reduce the 
vital activity of the cell such as permeability, affect the activity of 
the respiratory chain enzymes and ultimately cause cell death (Roy  
et al., 2019; Safaei and Taran, 2017b). The copper oxide nanoparticles 
emit Cu2+ ions, which transform SH bonds into the microorganisms’ 
walls into the Cu-S bonds through the substitution reaction, leading 
to the destroying of pathogens. The copper oxide nanoparticles and 

Figure 1. FTIR spectrum of the CuO nanoparticles.

Figure 2. XRD pattern of the CuO nanoparticles.

Figure 3. SEM image of the CuO nanoparticles.

Table 1. Taguchi design of experiments and fungal growth inhibition rate of 
CuO synthesized nanoparticles.

Experiment
CuCl2(M) NaOH (M) Stirring 

time(min)
Fungal 
growth 

inhibition 
(%)0.05 0.1 0.2 0.05 0.1 0.2 45 60 75

1 0.05 0.05 45 28.02

2 0.05 0.1 60 46.86

3 0.05 0.2 75 31.10

4 0.1 0.05 60 58.31

5 0.1 0.1 75 71.72

6 0.1 0.2 45 53.17

7 0.2 0.05 75 33.19

8 0.2 0.1 45 58.31

9 0.2 0.2 60 66.24
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extracellular Cu2+ cross the cell membrane through endocytosis 
and copper-transferring proteins, respectively, and enter the 
cytoplasm and destroy the fungi. By increasing the concentration 
of copper oxide nanoparticles, their penetration increases into 
the cytoplasm, resulting in a higher level of pathogen losses  
(Hou et al., 2017).

Table 2 shows the effects of each of the factors of CuCl2, 
NaOH, and stirring time at different levels on the rate of antifungal 
activity of copper nanoparticles. All examined factors were 
effective on the antifungal activity rate of nanoparticles against the 
C. albicans pathogen. The factors of CuCl2, NaOH, and stirring 
time represented their highest performance rate at the second 
level, respectively, as 61.07, 58.96, and 57.14. The interaction 
effect among CuCl2, NaOH, and stirring time and their impacts 
on the antifungal activity of the synthesized nanoparticles are 

given in Table 3. The range of interaction effect of the examined 
factors varied from 47.75 to 6.21. The NaOH × Stirring time and  
CuCl2 × NaOH had the highest and lowest interaction effect as 
47.75 and 6.21, respectively.

The analysis of variance results of the factors effective in 
optimizing the synthesis of copper oxide nanoparticles is presented 
in Table 4. All three factors of CuCl2, NaOH, and stirring time were 
effective on the antifungal activity rate of copper oxide nanoparticles. 
The factors of CuCl2 and stirring time had the highest and lowest 
effects on the synthesis of copper oxide nanoparticles with the most 
optimal antifungal activity as 42.30 and 3.67, respectively.

The proposed conditions based on the Taguchi method 
for the synthesis of copper oxide nanoparticles with the best 
antifungal activity are presented in Table 5. According to the results, 
all three factors of CuCl2, NaOH and stirring time at the second 
level showed the greatest effect in the synthesis of copper oxide 
nanoparticles with the highest antifungal activity. The factors of 
CuCl2 and stirring time showed, respectively, the highest (11.41) 
and lowest (7.48) effect in improving the antifungal performance 
of the synthesized nanoparticles.

Table 6 shows the rate of antifungal activity of the copper 
oxide nanoparticles synthesized under the proposed optimum 
conditions against C. albicans pathogen. Evaluating the antifungal 
effect of synthesized copper oxide nanoparticles by the CFU 
method indicated a decrease in the growth of C. albicans pathogen 
by 77.06. In the disk diffusion method, the amount of inhibition 
zone for C. albicans pathogen was 15.33, which was consistent 
with the results of the CFU method and confirmed the optimal 
antifungal activity of the synthesized copper oxide nanoparticles.

CONCLUSION
Characterization of nanoparticles by FTIR, XRD, and 

SEM analyses confirmed the synthesis of nanoparticles with 
appropriate structure and size. The synthesized nanoparticles under 
the proposed conditions by the Taguchi method showed desirable 
and similar antifungal results in both the CFU and disk diffusion 
methods. Thus, they can be used alone or combined with other 
substances as an appropriate alternative instead of conventional 
antimicrobial compounds to fight against the drug resistance of 
pathogens and the increased risk of the spread of oral infections. 
However, we should be careful in using them according to some 
reports on the toxicity of high concentrations of copper oxide 
nanoparticles.
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