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Abstract  
 

Copper's distinctive physical and chemical characteristics render it a prevalent metallic element. This research aimed 
to explore the eco-friendly, straightforward, and cost-effective green synthesis of copper nanoparticles (Cu-NPs) using 
Rhodotorula diobovata Strain B2© and copper sulphate as starting material. The influence of the incubation time and 
the effect of biosynthesis Cu-NPs on the growth of bacteria and yeast were studied in this research. The direct and 

rapid formation of Cu-NPs occurs when Rhodotorula diobovata interacts with Cu+2 ions, which is visually indicated 

by a color transition from light blue to dark bluish-green.  UV-Vis, FT-IR, DLS and zeta-potential, TEM, and EDX 

were used to characterize the shape, size, and structure of the produced Cu-NPs. The UV-Vis measurement revealed 

a surface plasmon resonance (SPR) peak at 606.5 and 622.5 nm due to the capping activity of Rhodotorula diobovata 

biomolecules in the synthesis of Cu-NPs. Energy dispersive spectroscopy (EDX) revealed low-intensity peaks of 

phosphorus (P), calcium (Ca), and potassium (K) elements and high-intensity metallic peaks of copper (Cu), oxygen 

(O), and sulfur (S). The synthesis of Cu-NPs is triggered by the presence of functional groups -OH, C=C, and C-H, as 

proven by FT-IR analysis. The TEM investigations also showed that the particles ranged in size from 33 to 63 nm and 

had a spherical form. DLS and zeta-potential analysis indicate that the particle sizes are 22.1 nm and 19.5 nm, and the 

zeta-potentials are -26.8 and -17.3, confirming the stability of the Cu-NPs. The antibacterial activity of Cu-NPs against 

Staphylococcus aureus from diabetic foot infection and E. coli and Candida albicans from vaginal swabs was 

demonstrated. The produced Cu-NPs' hemolytic activity was comparable to that of the control Ringer solution.  

Keywords: Nanotechnology, antibiotic resistance, copper nanoparticles, green synthesis. 
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Introduction 

 Nanotechnology is considered an emerging interdisciplinary research domain that concentrates explicitly on 
nanoparticles (NPs) exhibiting enhanced size-dependent characteristics, including the durability of the colloidal 
component, extensive surface area, and heightened bioavailability, among others (1)(2). Nanoparticles (NPs) are 
defined as ultra-fine particles, characterized by a size ranging from 1 to 100 nm in diameter (3). The utility of 
nanoparticles extends across various domains within the biomedical and pharmaceutical fields, encompassing 
diagnostics, bio-markers, bio-imaging, cosmetics, immunological applications, cardiology, genetic engineering, as 
well as bioremediation for environmental purposes, water purification, and energy generation (4)(5)(6). Moreover, 
there is a burgeoning interest in creating pharmaceuticals at the nanoscale to address global health challenges. To 
illustrate, the antibiotic resistance crisis, which has imposed significant clinical and economic strains on healthcare 
infrastructures, can be mitigated through the antibacterial properties of nanoparticles (7)(8). According to estimates 
from the World Bank, it is projected that by 2050, antimicrobial resistance (AMR) could be responsible for as many 
as 10 million deaths annually. This projection serves as a critical warning to nations worldwide, emphasizing the 
urgent need to implement stringent regulations governing the sale and utilization of antibiotics to mitigate this 
escalating public health crisis (9)(10). The etiological factors of viral, bacterial, and other microscopic infections 
operate on a microscopic scale; hence, the most effective approach to combating them is at the nanoscale. 
Consequently, Nanotechnology serves as the pathway to addressing and detecting various viral, bacterial, and fungal 
illnesses (11). Among the various transition metals being studied, copper nanoparticles are comparatively more cost-
effective than other metals such as platinum, silver, and gold (12). Copper possesses distinctive physical and chemical 
characteristics, rendering it a prevalent metallic element, ranking as the 26th most abundant element in the Earth's 
crust (13).  These Cu-NPs exhibit notable physical and chemical characteristics (14), including optical (15), catalytic 
(16), heat transfer (17), and magnetic properties (18), as well as a high surface area to volume ratio and biocidal effects 
(19). 

 Traditionally, the production of nanoparticles has been achieved using physical, chemical, and mechanical methods. 

Nevertheless, the elevated expenses and hazardous nature associated with these techniques have led to a transition in 

nanoparticle manufacturing towards biological systems (20)(21). The process known as "Green biosynthesis" or 

"biological fabrication" of nanoparticles involves the utilization of plant and microbial extracts. Biogenic 

manufacturing stands as a straightforward, cost-effective, and environmentally conscious substitute to physical and 

chemical methodologies in nanoparticle production, yielding biocompatible and non-toxic nanoparticles. These 

alternatives steer clear of the utilization of expensive and potentially hazardous chemicals like solvents and stabilizing 

agents (22). The compounds generated through this method exhibit enhanced stability, are easily reproducible, cost-

effective, reliable, sustainable, and generate minimal waste. Green synthesis obviates the requirement for capping 

moieties by leveraging microbial enzymes that function as both capping and reducing agents, resulting in the 

stabilization of nanoparticles (23). 

Microbes possess the capacity to accumulate and deactivate heavy metals while simultaneously converting metal salts 

into metal or metal oxide nanoparticles via various enzymes. Bacteria, fungi, and yeast have been employed for the 

intra- or extracellular biosynthesis of metal and metal oxide nanoparticles (24)(25). The extracellular synthesis 

technique, specifically, offers advantages over the intracellular method because it eliminates numerous synthesis 

stages, such as sonication for cell wall degradation, multiple centrifugations, and washing steps for nanoparticle 

purification, thereby enhancing the feasibility of the approach (24).  

As a eukaryotic, unicellular microbe, yeast is a member of the phyla Ascomycota, Basidiomycota, and the kingdom 

Fungi (26) (27). In the field of nanotechnology, yeasts have drawn the attention of researchers because they are 

unicellular fungi with similar properties to fungi, but they grow more quickly, making them better organisms for the 

biofabrication of NPs with high yields in a short amount of time (28)(29). Yeasts have numerous benefits for use in 

the extracellular and intracellular biosynthesis of metal and metal oxide nanoparticles with high-yield production. 
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Rhodotorula species are common yeasts that can be found in milk, fruit juice, lakes, soil, air, and ocean water. The 
red, orange, or pink colonies of Rhodotorula species frequently grow on toothbrushes, shower curtains, bathtubs, and 
toilet bowls (30)(31). The most common infections caused by Rhodotorula spp. were found to be related to the 
bloodstream, central nervous system (CNS), ocular infections, and peritoneal dialysis-associated peritonitis (30)(32). 
Rhodotorula spp. are commensals of human and animal microbiota and colonize the skin, nails, and gastrointestinal, 
urinary, and respiratory tracts (30)(33).  

An oleaginous, marine red yeast called Rhodotorula diobovata (Basionym: Rhodosporidium diobovatum) can 

simultaneously produce high-quality single-cell oils for the generation of biodiesel and health-promoting substances 

called carotenoids that are helpful as food coloring agents in the food industry (34)(35). This study was the first to 

report on the synthesis of Cu NPs using Rhodotorula diobovata.  

 

2. Materials and Methods 

2.1. Yeast and Bacterial Isolates 

 Rhodotorula diobovata strain was used in this study as a source of copper nanoparticle synthesis. It was previously 
isolated from soil and identified microscopically and genetically by the 16S ribosomal RNA gene. Staphylococcus 
aureus, E. coli and Candida albicans were previously isolated from diabetic foot infections and vaginal infections 
respectively and identified microscopically by Gram staining to evaluate the antimicrobial activity of the Cu-NPs. All 
these isolates were obtained from the Microbiology lab/ Clinical and Laboratory Sciences/ College of Pharmacy/ 
University of Basrah. 

    

2.2. Biosynthesis of Copper Nanoparticles (Cu-NPs) 

In this investigation, Rhodotorula diobovata supernatant was used to synthesize Cu-NPs, as described by (36). An 
isolate of Rhodotorula diobovata was activated on nutrient agar and incubated for 24 hours at 37 °C. Then, 
Rhodotorula diobovata was inoculated in two flasks (250 ml) of nutrient broth for 24 hours in an incubating shaker at 

150 rpm and 30°C. After that, two flasks (250 ml) of CuSO4.5H2O (10 mM) were added drop by drop to the yeast 

cultures, and the first flask was left in the laboratory without incubation for 1 hour, and the second flask was incubated 

for 48 hours in an incubating shaker at 150 rpm and 30°C. The light blue color of the solution turned greenish blue. 

After the yeast cell pellet was separated by centrifuging for 20 minutes at 6,000 rpm, the leftover supernatant was 

centrifuged for 15 minutes at 10,000 rpm to create the Cu-NPs. After being produced, the Cu-NP was dried in an oven 

at 80°C and used for additional characterization. 

 

2.3. Characterization of Copper Nanoparticles (Cu-NPs) 

2.3.1. UV-Visible Spectroscopy 

The UV-vis spectrophotometer (Shimadzu UV-1800, Japan) was used to determine the optical characteristics of the 

samples, scanning the 200-800 nm range at a resolution of 1 nm (37). 

 

2.3.2. FTIR Spectroscopy 

FTIR spectroscopy was used to identify Cu-NPs organic functional groups (38). To achieve translucent circular pellets, 

2 mg of biogenic Cu-NPs and 2 g of potassium bromide (KBr) were combined and crushed. The samples were then 

scanned using FTIR Alpha II (BRUKER Germany) in the 4,000 to 400 cm-1 wavenumber range. Note that the control 

was a KBr pellet. 
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2.3.3. DLS and Zeta potential  

As previously reported, the average size and stability of Cu-NPs were assessed at room temperature and neutral pH 

(38). In short, 1 milliliter of each sample was diluted in deionized water to assess the average size distribution. Samples 

were then analyzed using a zeta potential analyzer (Malvern Zeta-sizer, UK) and DLS. 

 

2.3.4. Transmission Electron Microscopy  

TEM was used to examine the topographical and morphological features of Cu-NPs (37). To do this, 1 milliliter of 

each sample was put onto copper grid thin films after being diluted in deionized water. TEM (Tecnai FEI, United 

States) was used to obtain the micrographs. Using ImageJ software, 10 particle sizes for each sample were determined 

to create the particle size distribution (PSD) plots. 

 

2.3.5. Dispersive Energy X-ray Spectroscopy 

              

 As described by (39), Dispersive Energy X-ray spectroscopy was employed to conduct qualitative and quantitative 

measurements, elemental distribution mapping, and investigations into the catalyst's chemical states. A high-energy 

laser reflects off the surface, generating X-ray emissions. 1 g of dried Cu-NPs powder was used to measure EDX by 

the device BRUKER. 

 

2.4. Antimicrobial Activity of the Biosynthesized Copper Nanoparticles (Cu-NPs) 

 

The agar well diffusion method (40) was used to assess the produced Cu-NPs' antimicrobial properties against several 

human infections. Gram-positive Staphylococcus aureus, Gram-negative E. coli and Candida albicans were among 

the types that were evaluated. Sterile cotton swabs were used to evenly swab the pathogens onto sterile nutrient agar 

plates after they had been inoculated in nutrient broth and incubated for 24 hours at 37 °C., after that, microbial cultures 
were adjusted until the turbidity of 0.5 of the McFarland standards was achieved. A sterile stainless-steel cork-borer 

was used to create agar wells that were 6 mm in diameter. Using a micropipette and aseptic conditions, 50 µl of two 

mixtures of copper nanoparticles without incubation (1 hr.)  and with incubation (48h.), solution of CuSO4 and 

Rhodotorula diobovata extract, were placed into four wells. Following incubation for 24 hours at 37 °C, the zone of 

inhibition was measured with a centimeter ruler, and the value for each organism was noted and recorded in 

millimeters (mm). 

 

2.5. Susceptibility Test for Selected Antibiotics and Antifungals 

 The Kirby-Bauer disk diffusion method, as described by (41), was used to measure the antibiotic and antifungal 

susceptibility test. Eighteen antibiotics and five antifungals were assessed against S. aureus, E. coli, and Candida 

albicans. First, bacterial pathogens were activated onto nutrient agar and incubated for 24 hours at 37°C, then the 

colonies were taken using sterile loops and suspended in 5 mL of nutrient broth, adjusting their turbidity compared to 

a 0.5 McFarland standard. The bacterial suspension was inoculated onto nutrient agar using a sterile cotton swab. 

After that, antibiotic and antifungal disks were placed on the inoculated plates and incubated for 24 hours at 37 °C. 

The zone of growth inhibition surrounding each disk was measured and classified as sensitive (S) or resistant (R) as 

compared to reference tables from the Clinical and Laboratory Standards Institute CLSI (42). 

 

2.6. Minimum Inhibitory Concentration (MIC) against S. aureus 

A stock suspension of copper nanoparticles was prepared using a gravimetric method and diluted using deionized 
water to obtain a range of nanoparticle concentrations (0.0625, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, and 64 mg/ml) (43). 
Vancomycin antibiotic and deionized water were used as positive and negative controls, gar well technique was 
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utilized (44). S. aureus was cultivated onto a nutrient agar plate and wells (6 mm) were punched on the surface of the 
agar (45). Each well was filled with a copper nanoparticle suspension of a specific concentration and the plates were 
then incubated at 37 °C. After 18-24 hours of incubation, the distance across each well was measured and evaluated 
(45). The lowest concentration at which bacterial growth is inhibited is considered the minimum inhibitory 
concentration MIC (44).  

 

2.7. Hemolytic Assay of Copper Nanoparticles (Cu-NPs) 

Copper Nanoparticles' hemolytic activity (46) was examined in one donor's entire blood. Thirty-eight from each of 

the five Cu-NPs test samples were incubated individually for one hour at 37 °C in a biological thermostat with an 

equivalent volume of blood. SDS was added as a positive control (PC) and Ringer solution as a negative control (NC) 

to the produced blank samples. The samples were centrifuged for 20 minutes at 2000 min−1 following incubation.  
 

The hemolysis coefficient was used to measure hemolytic activity. It was calculated spectrophotometrically (Unico 

2802, Unico Sys, USA) using the samples' optical density at a wavelength of 415 nm, which corresponds to the 

oxyhemoglobin absorption band. A saline solution was used to bring 200 μl of the sample up to 6 mL to assess optical 

density.  

 

To calculate hemolytic activity, the following formula was used: The formula for HC is (O − NC)/ (PC − NC) × 100%, 
where O is the sample's determined optical density, NC is the negative control (the blank sample hemolyzes 0%), and 

PC is the positive control (100% hemolysis). 

 

 

3. Results and Discussion  

3.1. Biosynthesis of Copper Nanoparticles (Cu-NPs) 

 As seen in Figure (3-1), the solution of CuSO4. 5H2O changed from light blue to greenish blue, confirming the 

biosynthesis of Cu NPs (1).  

 

 

                             A                           B                            C                              D 

Figure 3-1. Shows the visual observation of the formation of Cu-NPs.  A:  Rhodotorula diobovata extract. B: 

CuSO4.5H2O solution. C: Cu-NPs without incubation (1 hour). D: Cu-NPs with incubation for 48 hours.    
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3.2.  Characterization of Copper Nanoparticles (Cu-NPs)  

 

3.2.1. Optical Properties 

 

To determine the optical characteristics of Cu-NPs, UV-vis spectroscopy was used. Surface plasmon resonance (SPR) 

peaks were detected at 606.5 and 622.5 nm, as shown in Figure 3-2. These peaks were attributed to the effective bio-

reduction of CuSO4 to Cu-NPs. The distinctive surface plasmonic resonance (SPR) peak of copper nanoparticles is 

often seen in the 606.5–622.5 nm range; bigger particles may cause this resonance peak to move toward longer 

wavelengths. Depending on the specific characteristics of each particle, such as its size, shape, capping agent, and 

chemical makeup, the precise location of the SRP peak may change (47). This largely explains the appearance of the 

distinctive surface plasmonic resonance peak of the produced Cu-NPs at 622 nm. In the case of the reaction mixture 

without incubation (1 hour), the wavelength of Cu-NPs was at 622.5 nm, while in the case of the reaction mixture 

with incubation for 48 hours, the wavelength was at 606.5 nm.  The solution of Cu-NPs that was without incubated 

had a longer wavelength than the solution of Cu-NPs that was incubated for 48 hours, which means the size of Cu-

NPs that were incubated for 48 hours is smaller than the size of Cu-NPs without incubated. 

 

 

                        A                                                                            B 

Figure 3-2. The UV-visible spectroscopy of Cu-NPs. A:  Without incubation (1 hour). B:  With incubation for 
48 hours.  

 

3.2.2. FTIR analysis 

Similar absorbance bands were observed in the wavenumber ranges of 3,218–3,062 cm-1, 2,958 cm-1, and 1,635–
1,335 cm-1, as well as 1095 cm-1 in the FTIR spectra of Cu-NPs without incubated (1 hour) and with incubated for 

48 hours (Figure 3-3). A distinct band was observed at 610 cm−1, as can be seen. Rhodotorula diobovata, which 

reduces copper ions to Cu-NPs and then caps them, was examined using FTIR spectrophotometry. According to earlier 

reports, the organic functional groups encasing Cu-NPs were identified (48)(49)(50). N-H stretching vibrations of 

amine groups or amide linkages in the protein contents of Rhodotorula diobovata plasma membrane were shown by 

the peak at 3,218. The aldehyde compound's C-H stretching vibration was linked to the peak seen at 2,958 cm-1. The 

stretching vibration of C=O, which is often present in proteins, was identified by the band at 1,635 cm-1. The stretching 

vibration of C–N in aliphatic and aromatic amines was further linked to the peaks observed at 1,095 and 1,398 cm-1. 

According to this study (51), the presence of bands at 610 cm−1 indicated the likelihood that copper or copper oxide 
nanoparticles (CuO-NPs) were present. 
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Figure 3-3. A:  FTIR of Cu-NPs without incubation (1 hour), B: FTIR of Cu-NPs with incubation for 48 hours 

3.2.3. EDX 

According to the EDX results, the dried powder of biosynthesized copper nanoparticles contains various components 

(Figure 3-4). The generated nanoparticles had an optical absorption band peak at about ˂1 keV, which is typical for 

copper absorption (52). Cooper's band at 8.00 keV observed in the EDX analysis of the produced copper nanoparticles 

(Figure 7b) is caused by the copper metallic nanomaterials. In the sample under study, the mass of Cu was 16.6%. 

Furthermore, the EDX patterns of the biosynthesized Cu-NPs at around 1.00, 2.00, 2.80, and 3.30 keV also showed a 

few faint indications of Na, P, Cl, and K, respectively. These could be the result of a yeast bio flocculant material 

utilized in the Cu-NP synthesis (53). S and O components are due to the salt CuSO4 used in the synthesis of Cu-NPs.  

 

 

Figure 3-4. EDX for Cu-NPs solution 

 

3.2.4. TEM 
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TEM analysis of the Cu-NP-containing solution (Fig. 3-5) showed the development of spherical nanoparticles ranging 

in size from 33 to 64 nm. TEM data show that Cu- NPs cultured for 48 hours were spherical and had an average size 

of 33–54 nm. This is smaller than Cu- NPs incubated for 1 hour, which were spherical and had a size of 51–64 nm. 

These results are consistent with those documented by (54)(52), who employed TEM examination to ascertain the 

spherical, small-diameter shape of the produced copper nanoparticles.  

 

 

                                          A                                                              B 

Figure 3-5. TEM.  A:  Without incubation (1 hour). B:  With incubation for 48 hours.  

 

 3.2.5.  Stability and Particle Size Measurements 

 

Copper nanoparticles without incubated (1h.) and with incubated for 48 hours had average zeta potentials of -17.3 ± 

4.36 mV and -26.8 ± 6.06 mV, respectively, demonstrating their great stability (Figure 6 C, D). Nanoparticles with 

zeta potential values greater than +30 mV or lower than −30 mV often have a high degree of stability, which is of vital 
importance to avoid their aggregation in colloidal solution (1) The size distribution histograms derived from DLS 

analysis demonstrated that the Cu-NPs without incubated (1h.) recorded size 19.57 nm, with polydispersity index 

(PDI) 0.40 nm, whereas those incubated for 48 hours recorded size 22.14 nm with polydispersity index (PDI) 0.2 nm 

(Figure 6A, B). These results indicate that Cu-NPs that were incubated for 48 hours had a smaller size range than 

those incubated for 1 hour.  
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                                        A                                                                  B 

 

                                     C                                                                            D 

 

Figure 3-6.  DLS. A:  Without incubation (1 hour). B:  With incubation for 48 hours. Zeta potential. C:  
Without incubation (1 hour). D:  With incubation for 48 hours 

 

 

3.2. Antimicrobial Activity of Copper Nanoparticles (Cu-NPs) against pathogenic microorganisms by Agar 

Well Diffusion Method 

Since harmful bacteria are rapidly developing resistance to widely used therapeutic drugs, the pharmaceutical industry 

is finding that screening for novel antibiotics from natural sources is becoming more and more crucial (55). In this 

work, the antibacterial activity of the produced Cu-NPs against three types of human pathogenic microorganisms was 

examined. Cu-NPs that were biosynthesized had strong antibacterial properties. The Gram-positive bacterium 

Staphylococcus aureus was more vulnerable to the generated Cu-NPs than Gram-negative bacterium E. coli and the 

yeast Candida albicans. The biosynthesized Cu-NPs that were incubated for 48 hours exhibited greater activity against 

three types of pathogens compared to the biosynthesized Cu-NPs that were without incubated (1h.), yeast supernatant, 
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and the salt of CuSO4. The results also indicate that the biosynthesized Cu-NPs without incubated displayed no 

activity against E. coli, while demonstrating more activity against S. aureus and Candida albicans in comparison to 

the yeast supernatant and the salt of CuSO4 (table 3-1), (figure 3-7). These findings contradict thos (40), which show 

that the biosynthesized copper nanoparticles were more active against Candida albicans than E. coli and S. aureus.  

 

Table (3-1) The antimicrobial activity of Cu-NPs against S. aureus, E. coli and Candida albicans. 

 
Zone of inhibition ZOI (mm) 

S. aureus E. coli Candida albicans 

CuSO4.5H2O (10 mM) 15.26±0.73  0.00 10.43±1.02  
Yeast supernatant (S) 15.26±0.73  0.00 0 

Without incubation 1hr. 17.07±0.15 0.00 11.13±0.21 

With incubation 48hrs. 35.03±0.15 14.1±1.55  10.43±1.02  
 

 

                       A                                           B                                                C  

Figure (3-7) The antimicrobial activity of Cu-NPs against A: S. aureus, B: E. coli and C: Candida albicans. 

 

3.3. The Comparison of Antibacterial Activity of Antibiotics, Antifungals 

and Cu-NPs against Pathogenic Microbes. 

The antibacterial activity of copper nanoparticles produced in this study was higher inhibition zones than the 

antibacterial activity of all antibiotics used against S. aureus as shown in table (3-2) and figure (3-8). While against 

E. coli, the copper nanoparticles appeared to have higher antibacterial activity by inhibition zones than some 

antibiotics used and lower antibacterial activity than other antibiotics as shown in table (3-3) and figure (3-9). The 

copper nanoparticles appeared to have higher antibacterial activity by inhibition zones than all antifungals against 

Candida albicans except itraconazole as shown in table (3-4) and figure (3-10).  Pathogenic microbes such as bacteria 

and others are affected by antimicrobial copper nanoparticles (56) Nanoparticles can easily interact with bacterial 

membranes (57). Metal particles’ bactericidal effect has been related to their small size and high surface to volume 
ratio, which permit them to interact closely with microbial membranes (58). Antibacterial activity of copper-based 

nanoparticles has been reported against different pathogens by in numerous studies (59)(60).  

  

           Table (3-2) The Comparative of Antibacterial Activity between Antibiotics and  

                                                   Cu-NPs against S. aureus 

Antibiotics IZ (mm) Cu-NPs  
IZ (mm) 
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1. Ceftriaxone ** 0.00  17.07±0.15 

35.03±0.15 

2. Vancomycin * 20.07 ± 0.61 35.03±0.15 

3. Levofloxacin*  30.10 ± 0.36 35.03±0.15 

4. Linezolid *   29.00 ± 0.33 35.03±0.15 

5. Oxacillin **   0.00 17.07±0.15 

35.03±0.15 

6. Chloramphenicol* 20.00 ± 0.7 35.03±0.15 

7. Gentamicin** 0.00  17.07±0.15 

35.03±0.15 

8. Azithromycin** 0.00 17.07±0.15 

35.03±0.15 

9. Ampicillin** 8.03 ± 0.25 17.07±0.15 

35.03±0.15 

10. Streptomycin* 17.07±0.15 35.03±0.15 

11. Gatifloxacin* 20.07 ± 0.61 35.03±0.15 

12.Trimethoprim/Sulfamethoxazole*  17.07±0.15 35.03±0.15 

13. Erythromycin** 0.00  17.07±0.15 

35.03±0.15 

14. Polymyxin B** 0.00 17.07±0.15 

35.03±0.15 

15. Penicillin G** 0.00 17.07±0.15 

35.03±0.15 

16. Nalidixic acid** 9.00±0.10 17.07±0.15 

35.03±0.15 

17. Meropenem* 29.10±0.30 35.03±0.15 

18.Amoxicillin/Clavulanic acid* 22.07±0.31 35.03±0.15 

                ** Means the antibiotic lower than two types of Cu-NPs,  
                * Means the antibiotic lower than one types of Cu-NPs 

 

 

              Figure (3-8) The antibacterial activity of Antibiotics against S. aureus 

Table (3-3) The Comparative of Antibacterial Activity between Antibiotics and  

                                                   Cu-NPs against E. coli 

Antibiotics IZ (mm) Cu-NPs 

IZ (mm) 
1. Ceftriaxone   * 11.13±0.21 14.1±1.55  
2.Vancomycin    * 0.00 14.1±1.55  
3.Levofloxacin 17.07±0.15 14.1±1.55  
4.Linezolid   * 0.00 14.1±1.55  
5. Oxacillin   * 0.00 14.1±1.55  
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6.Chloramphenicol 25 14.1±1.55  
7.Gentamicin* 10.43±1.02  14.1±1.55  
8.Azithromycin* 10.43±1.02  14.1±1.55  
9.Ampicillin* 0.00 14.1±1.55  
10. Streptomycin* 11.13±0.21 14.1±1.55  
11.Gatifloxacin 18.03±0.21 14.1±1.55  
12.Trimethprim/Sulfamethoxazole* 0.00 14.1±1.55  
13.Erythromycin* 0.00 14.1±1.55  
14.Polymyxin B 15.26±0.73  14.1±1.55  
15.Penicillin G* 0.00 14.1±1.55  
16.Nalidixic acid* 0.00 14.1±1.55  
17.Meropenem 35.03±0.15 14.1±1.55  
18.Amoxicillin/Clavulanic acid 15.03±0.30 14.1±1.55  

                         * Means the antibiotic is lower than one type of Cu-NPs 

 

 

 

               Figure (3-9) The antibacterial activity of Antibiotics against E. coli 

 

Table (3-4) The Comparative of Antibacterial Activity between Antibiotics and  

                                                   Cu-NPs against Candida albicans 

 

Antifungal IZ (mm) Cu-NPS  
IZ (mm) 

Fluconazole* 0 11.13±0.21 

Nystatin* 0 11.13±0.21 

Ketoconazole* 0 11.13±0.21. 
Itraconazole 30.13±0.30 11.13±0.21 

Amphotericin B* 0 11.13±0.21 

                           * Means the antifungal lower than one types of Cu-NPs 
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                 Figure (3-10) The antibacterial activity of Antibiotics against C. albicans 

3.4. Minimum Inhibitory Concentration (MIC) of Copper Nanoparticles (Cu-NPs) against S. aureus 

Using the broth microdilution method, the antibacterial activity of Cu-NPs was assessed against Gram-positive 

bacterium. The results of MIC calculations showed that Cu-NPs suppressed S. aureus growth at the lowest inhibitory 
concentration (64 mg/ml), while the result of the MIC of vancomycin (control) was 0.125 mg/ml shown in Figure (3-
11). Although vancomycin had a greater antibacterial potential than Cu-NPs, the evaluation of Cu-NPs antibacterial 

activity suggested that they had inhibitory effects on Gram-positive infections. Consistent with the present findings, 

earlier research revealed that metal nanoparticles (NPs), like Cu-NPs, had exceptional antibacterial activity because 

of their small size and incredibly large surface area, which facilitates improved contact with microbes (1). 

 

 

Figure 3-11. The minimum inhibitory concentration (MIC) of copper nanoparticles against Staphylococcus 
aureus. 
 

3.5. Hemolytic assay of Copper Nanoparticles (Cu-NPs) 
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As shown in Table (3-5) and Figure (3-12), there is no hemolytic effect of Cu-NPs (incubation at 48hrs.) at 
concentrations of 5 mg/ml and 10 mg/ml, which is similar to the negative control used in the experiment. However, at 
concentrations of 20 mg/ml, 25 mg/ml, and 50 mg/ml of Cu-NPs, there is a negligible effect on hemolysis, with the 
hemolytic coefficient being less than 1% (62).  

 

Table (3-5) Hemolytic coefficient of different concentration of Cu-NPs 

 Hemolytic coefficient  

Ringer solution  0 

SDS 100 

50 mg/ml 0.066 

25 mg/ml 0.034 

20 mg/ml 0.033 

10 mg/ml 0 

5 mg/ml 0 

 

 

 

                     Figure 3-12. Hemolytic coefficient of different concentration of Cu-NPs 

 

 

Conclusion  

The global public health community faces an unsolvable problem with the emergence of antibiotic-resistant bacteria. 

Using Rhodotorula diobovata, we were able to successfully create functional Cu NPs. Cu-NPs' small size, crystalline 

nature, and spherical shape were shown by TEM, EDX, DLS, and UV vis spectroscopy. Furthermore, functional 

groups were identified by FTIR spectroscopy, and zeta potential analysis verified the biogenic Cu-NPs' great stability 

and good dispersion. Cu- NPs demonstrated their antibacterial efficacy against S. aureus but had no biological effect 

against E. coli when their biological effects were evaluated. Cu-NPs' hemolytic activity was determined to be 

insignificant. 

 

References  

1-Talebian S, Shahnavaz B, Nejabat M, Abolhassani Y and Rassouli FB (2023), Bacterial-mediated synthesis and 
characterization of copper oxide nanoparticles with antibacterial, antioxidant, and anticancer potentials. Front. 
Bioeng. Biotechnol. 11:1140010. doi: 10.3389/fbioe.2023.1140010 



15 

 

2-Pan, S.,Goudoulas, T. B., Jeevanandam, J., Tan, K. X.,Chowdhury, S., andDanquah,M.K. (2021). Therapeutic 
applications of metal and metal-oxide nanoparticles: Dermatocosmetic perspectives. Front. Bioeng. Biotechnol. 9, 
724499. doi:10.3389/fbioe.2021.724499 

3- Jeevanandam J, Barhoum A, Chan YS, Dufresne A, Danquah MK. Review on nanoparticles and nanostructured 
materials: history, sources, toxicity and regulations. Beilstein Journal of Nanotechnology. 2018 04 03;9:1050-1074. 
https://doi.org/10.3762/bjnano.9.98 

4- Tiquia-Arashiro S, Rodrigues, D. Extremophiles: Applications in  nanotechnology:  Biotechnological applications  
of  extremophiles in nanotechnology. 2016 

5- Bhatia S. Natural polymer drug delivery systems: Nanoparticles, plants, and algae. 2016. 
6- Singh R, Nalwa HS. Medical Applications of Nanoparticles in Biological Imaging, Cell Labeling, Antimicrobial 
Agents, and Anticancer Nanodrugs. Journal of Biomedical Nanotechnology. 2011 08 01;7(4):489-503. 
https://doi.org/10.1166/jbn.2011.1324 

7-Pearce, A., Haas, M., Viney, R., Pearson, S.-A., Haywood, P., Brown, C., et al. (2017).Incidence and severity of 
self-reported chemotherapy side effects in routine care: A prospective cohort study. Plos One 12 (10), e0184360. 
doi:10.1371/journal.pone.0184360 

8-Fu, B., Wang, N., Tan, H.-Y., Li, S., Cheung, F., and Feng, Y. (2018).Multi-component herbal products in the 
prevention and treatment of chemotherapy-associated toxicity and side effects: A review on experimental and 
clinical evidences. Front. Pharmacol. 1394, 1394. doi:10.3389/fphar.2018.01394 

9. Pham, M. N., Nishimura, F., Lan, J. C. W., & Khoo, K. S. (2024). Recent advancement of eliminating antibiotic 
resistance bacteria and antibiotic resistance genes in livestock waste: a review. Environmental Technology & 
Innovation, 103751. https://doi.org/10.1016/j.eti.2024.103751 

10. The World Bank Group, 2017. DRUG-RESISTANT INFECTIONS A Threat to Our Economic Future. 

11-   Malik S, Muhammad K, Waheed Y. Emerging Applications of Nanotechnology in Healthcare and Medicine. 
Molecules. 2023 Sep 14;28(18):6624. doi: 10.3390/molecules28186624. PMID: 37764400; PMCID: 
PMC10536529. 

12-Zhang, Y., Zhan, X., Xiong, J., Peng, S., Huang, W., Joshi, R., et al. (2018). Temperature-dependent cell death 
patterns induced by functionalized gold nanoparticle photothermal therapy in melanoma cells. Sci. Rep. 8 (1), 8720–
8729.doi:10.1038/s41598-018-26978-1 

13-  Mainz VV. The metals of antiquity and their alloys. Chem Technol Antiq. (2015) 1211:139–79. 10.1021/bk-
2015-1211.ch005 [CrossRef] [Google Scholar] [Ref list] 

14-D. Dutta et al. Nanoporous montmorillonite clay stabilized copper nanoparticles: efficient and reusable catalyst 
for oxidation of alcohols Mol. Catal.(2018) 

15-F.L. Guzman Borda et al. Experimental investigation of the tribological behavior of lubricants with additive 
containing copper nanoparticles Tribol. Int. (2018) 
16-M.A. Tahir et al. Evaluation of carbon nanotube based copper nanoparticle composite for the efficient detection 
of agroviruses J. Hazard. Mater. (2018) 
17-T. Hayat et al. Entropy generation in flow with silver and copper nanoparticles Colloids Surf. A Physicochem. 
Eng. Asp. (2018) 
18-V. Levchenko et al. Enhancement of fluorescence of EuEDTA chelate complex in sol-gel glasses by surface 
plasmons of copper nanoparticles Opt. Mater. (2017) 
19-Rajeshkumar S. a, Soumya Menon b, Venkat Kumar S. b, Murtaza M. Tambuwala c, Hamid 
A. Bakshi c, Meenu Mehta d, Saurabh Satija d, Gaurav Gupta e, DineshKumar Chellappan f, Lakshmi Thangavelu a, 
Kamal Dua g h. Antibacterial and antioxidant potential of biosynthesized copper nanoparticles mediated 
through Cissus arnotiana plant extract. doi.org/10.1016/j.jphotobiol.2019.111531  

20-Chandrasekaran, R., Yadav, S. A., and Sivaperumal, S. (2020). Phytosynthesis and characterization of copper 
oxide nanoparticles using the aqueous extract of beta vulgaris L and evaluation of their antibacterial and anticancer 
activities. J. Clust. Sci. 31 (1), 221–230. doi:10.1007/s10876-019-01640-6 

 

https://doi.org/10.1166/jbn.2011.1324
https://doi.org/10.1016/j.eti.2024.103751
https://doi.org/10.1021%2Fbk-2015-1211.ch005
https://scholar.google.com/scholar_lookup?journal=Chem+Technol+Antiq&title=The+metals+of+antiquity+and+their+alloys&author=VV+Mainz&volume=1211&publication_year=2015&pages=139-79&doi=10.1021/bk-2015-1211.ch005&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9388913/#B1
https://www.sciencedirect.com/science/article/pii/S2468823117306739
https://www.sciencedirect.com/science/article/pii/S2468823117306739
https://www.sciencedirect.com/science/article/pii/S0301679X17303900
https://www.sciencedirect.com/science/article/pii/S0301679X17303900
https://www.sciencedirect.com/science/article/pii/S0304389417308907
https://www.sciencedirect.com/science/article/pii/S0304389417308907
https://www.sciencedirect.com/science/article/pii/S0927775717311184
https://www.sciencedirect.com/science/article/pii/S0925346717302616
https://www.sciencedirect.com/science/article/pii/S0925346717302616
https://www.sciencedirect.com/author/15047988400/gaurav-s-d-gupta
https://doi.org/10.1016/j.jphotobiol.2019.111531


16 

 

21-Lahiri, D., Nag, M., Sheikh, H. I., Sarkar, T., Edinur, H. A., Pati, S., et al. (2021). Microbiologically-synthesized 
nanoparticles and their role in silencing the biofilm signaling cascade. Front. Microbiol. 12, 636588. 
doi:10.3389/fmicb.2021.636588 

22. Jadoun S, Arif R, Jangid NK, Meena RK. Green synthesis of nanoparticles using plant extracts: a review. 
Environ Chem Lett. 2021;19. 
23. Mahalakshmi Devaraji, Punniyakoti V. Thanikachalam, Karthikeyan Elumalai, The potential of copper oxide 
nanoparticles in nanomedicine: A comprehensive review, Biotechnology Notes,Volume 5, 2024, Pages 80-99, ISSN 
2665-9069, https://doi.org/10.1016/j.biotno.2024.06.001. 
24. Gebreslassie, Y. T., & Gebremeskel, F. G. (2024). Green and cost-effective biofabrication of copper oxide 
nanoparticles: Exploring antimicrobial and anticancer applications. In Biotechnology Reports (Vol. 41). Elsevier 
B.V. https://doi.org/10.1016/j.btre.2024.e00828 

25.  H.M. Yusof, R. Mohamad, U.H. Zaidan, Microbial synthesis of zinc oxide nanoparticles and their potential 
application as an antimicrobial agent and a feed supplement in animal industry: a review, J. Anim. Sci. Biotechnol. 
10 (1) (2019) 57. 

26   Fath-Alla, A. A., Khalil, N. M., Mohamed, A. S., & Abd El-Ghany, M. N. (2024). Yeast-mediated nanoparticles 

and their biomedical applications. In Egyptian Journal of Botany (Vol. 64, Issue 4, pp. 166–188). Egyptian 

Academy of Science and Technology. https://doi.org/10.21608/ejbo.2024.306398.2928 

27 Kurtzman CP, Boekhout T (2017) Yeasts as distinct life forms of fungi. Yeasts in natural ecosystems: ecology, 1-
37.  

28 Faramarzi S, Anzabi Y, Jafarizadeh H (2020) Nanobiotechnology approach in intracellular selenium nanoparticle 
synthesis using Saccharomyces cerevisiae-fabrication and characterization. Archives of Microbiology, 202(5), 1203-
1209. 

29 Karunakaran G, Sudha KG, Ali S, Cho EB (2023) Biosynthesis of nanoparticles from various biological sources 
and their biomedical applications. Molecules, 28(11), 4527. 

30. Wheeler W, Clark C, DiGiuseppe S. Emerging Fungal Pathogen Rhodotorula Species Isolated From a Patient 
With a Lung Malignancy. Cureus. 2024 Apr 12;16(4):e58131. doi: 10.7759/cureus.58131. PMID: 38741797; 
PMCID: PMC11088968. 

31. Epidemiology of Rhodotorula: an emerging pathogen. Wirth F, Goldani LZ. Interdiscip Perspect Infect Dis. 
2012;2012:465717. doi: 10.1155/2012/465717. [DOI] [PMC free article] [PubMed] [Google Scholar] 

32. Rhodotorula species infections in humans: a systematic review. Ioannou P, Vamvoukaki R, Samonis G. Mycoses. 
2019;62:90–100. doi: 10.1111/myc.12856. [DOI] [PubMed] [Google Scholar][Ref list] 

33. Microbiological and virulence aspects of Rhodotorula mucilaginosa. Jarros IC, Veiga FF, Corrêa JL, et 
al. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290102/ EXCLI J. 2020;19:687–704. [PMC free article] 
[PubMed] [Google Scholar][Ref list] 

34.   Fakankun I, Fristensky B, Levin DB. Genome Sequence Analysis of the Oleaginous Yeast, Rhodotorula 
diobovata, and Comparison of the Carotenogenic and Oleaginous Pathway Genes and Gene Products with Other 
Oleaginous Yeasts. J Fungi (Basel). 2021 Apr 20;7(4):320. doi: 10.3390/jof7040320. PMID: 33924147; PMCID: 
PMC8074367. 

35. Nasirian N., Mirzaie M., Cicek N., Levin D.B. Lipid and Carotenoid Synthesis by Rhodosporidium Diobovatum, 
Grown on Glucose versus Glycerol, and Its Biodiesel Properties. Can. J. Microbiol. 2018;64:277–289. doi: 
10.1139/cjm-2017-0613. [DOI] [PubMed] [Google Scholar][Ref list] 

 

https://doi.org/10.1016/j.btre.2024.e00828
https://doi.org/10.21608/ejbo.2024.306398.2928
https://doi.org/10.1155/2012/465717
https://pmc.ncbi.nlm.nih.gov/articles/PMC3469092/
https://pubmed.ncbi.nlm.nih.gov/23091485/
https://scholar.google.com/scholar_lookup?journal=Interdiscip%20Perspect%20Infect%20Dis&title=Epidemiology%20of%20Rhodotorula:%20an%20emerging%20pathogen&volume=2012&publication_year=2012&pages=465717&pmid=23091485&doi=10.1155/2012/465717&
https://doi.org/10.1111/myc.12856
https://pubmed.ncbi.nlm.nih.gov/30267601/
https://scholar.google.com/scholar_lookup?journal=Mycoses&title=Rhodotorula%20species%20infections%20in%20humans:%20a%20systematic%20review&volume=62&publication_year=2019&pages=90-100&pmid=30267601&doi=10.1111/myc.12856&
https://pmc.ncbi.nlm.nih.gov/articles/PMC11088968/#REF3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290102/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7290102/
https://pubmed.ncbi.nlm.nih.gov/32536838/
https://scholar.google.com/scholar_lookup?journal=EXCLI%20J&title=Microbiological%20and%20virulence%20aspects%20of%20Rhodotorula%20mucilaginosa&volume=19&publication_year=2020&pages=687-704&pmid=32536838&
https://pmc.ncbi.nlm.nih.gov/articles/PMC11088968/#REF2
https://doi.org/10.1139/cjm-2017-0613
https://pubmed.ncbi.nlm.nih.gov/29394487/
https://scholar.google.com/scholar_lookup?journal=Can.%20J.%20Microbiol.&title=Lipid%20and%20Carotenoid%20Synthesis%20by%20Rhodosporidium%20Diobovatum,%20Grown%20on%20Glucose%20versus%20Glycerol,%20and%20Its%20Biodiesel%20Properties&author=N.%20Nasirian&author=M.%20Mirzaie&author=N.%20Cicek&author=D.B.%20Levin&volume=64&publication_year=2018&pages=277-289&pmid=29394487&doi=10.1139/cjm-2017-0613&
https://pmc.ncbi.nlm.nih.gov/articles/PMC8074367/#B6-jof-07-00320


17 

 

36. Abd-Elhalim, Basma & Rawia, F.G. & Abou-Taleb, Khadiga & Haroun, Ahmed. (2019). Biosynthesis of Copper 
nanoparticles using bacterial supernatant optimized with certain agro-industrial byproducts. 3. 558-578.  

37.Ssekatawa, Kenneth & Byarugaba, Denis & Angwe, Martin & Wampande, Eddie & Ejobi, Francis & Nxumalo, 
Edward & Maaza, Malik & Sackey, Juliet & Kirabira, John. (2022). Phyto-Mediated Copper Oxide Nanoparticles 
for Antibacterial, Antioxidant and Photocatalytic Performances. Frontiers in Bioengineering and Biotechnology. 10. 
1-17. 10.3389/fbioe.2022.820218.  

38.Sarkar, J., Chakraborty, N., Chatterjee, A., Bhattacharjee, A., Dasgupta, D., and Acharya, K. (2020). Green 
synthesized copper oxide nanoparticles ameliorate defence and antioxidant enzymes in Lens 
culinaris. Nanomaterials 10 (2), 312. doi:10.3390/nano10020312 

39. Jyoti K, Baunthiyal M, Singh A. Characterization of silver nanoparticles synthesized using Urtica dioica 
Linn leaves and their synergistic effects with antibiotics. J Rad Res App Sci. 2016;9(3):217–27. 

 40. Aziz, N.M.A., Goda, D.A., Abdel-Meguid, D.I. et al. A comparative study of the biosynthesis of CuNPs 
by Niallia circulans G9 and Paenibacillus sp. S4c strains: characterization and application as antimicrobial 
agents. Microb Cell Fact 23, 156 (2024). https://doi.org/10.1186/s12934-024-02422-0 

41. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by a standardized single disk 
method. Am J Clin Pathol. 1966 Apr;45(4):493-6. PMID: 5325707. 

42. Rodloff A, Bauer T, Ewig S, Kujath P, Müller E. Susceptible, intermediate, and resistant - the intensity of 
antibiotic action. Dtsch Arztebl Int. 2008 Sep;105(39):657-62. doi: 10.3238/arztebl.2008.0657. Epub 2008 Sep 26. 
PMID: 19626213; PMCID: PMC2701059. 

43. CLSI. Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically 10 th ed. CLSI 
standard M07. 2018. 

44. T.C, Venkateswarulu; Srirama, Krupanidhi; Mikkili, Indira; Md., Nazneen Bobby; Dulla, John Babu; Alugunulla, 
Venkata Narayana; Sweety, Dasari; and Karlapudi, Abraham Peele (2019) "Estimation of Minimum Inhibitory 
Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Antimicrobial peptides of Saccharomyces 
boulardii against Selected Pathogenic Strains," Karbala International Journal of Modern Science: Vol. 5 : Iss. 4 , 
Article 8. Available at: https://doi.org/10.33640/2405-609X.1219  

45. Popova, Teodora & Ignatov, I.. (2023). In vitro antimicrobial activity of colloidal nano silver. BULGARIAN 
JOURNAL OF VETERINARY MEDICINE. 26. 168-181. 10.15547/bjvm.2411.  

46. Korolev D, Shumilo M, Shulmeyster G, Krutikov A, Golovkin A, Mishanin A, Gorshkov A, Spiridonova A, 
Domorad A, Krasichkov A, Galagudza M. Hemolytic Activity, Cytotoxicity, and Antimicrobial Effects of Human 
Albumin- and Polysorbate-80-Coated Silver Nanoparticles. Nanomaterials (Basel). 2021 Jun 3;11(6):1484. doi: 
10.3390/nano11061484. PMID: 34205084; PMCID: PMC8227625. 

47. Mohamed EA. Green synthesis of copper & copper oxide nanoparticles using the extract of seedless dates. 
Heliyon. 2020 Jan 30;6(1):e03123. doi: 10.1016/j.heliyon.2019.e03123. PMID: 32042937; PMCID: PMC7002796. 

48. Ali K., Saquib Q., Ahmed B., Siddiqui M. A., Ahmad J., Al-Shaeri M., et al. (2020). Bio-functionalized CuO 
nanoparticles induced apoptotic activities in human breast carcinoma cells and toxicity against Aspergillus flavus: 
An in vitro approach. Process Biochem. 91, 387–397. 10.1016/j.procbio.2020.01.008 [DOI] [Google Scholar][Ref 
list] 

https://doi.org/10.1186/s12934-024-02422-0
https://doi.org/10.33640/2405-609X.1219%2045
https://doi.org/10.33640/2405-609X.1219%2045
https://doi.org/10.1016/j.procbio.2020.01.008
https://scholar.google.com/scholar_lookup?journal=Process%20Biochem.&title=Bio-functionalized%20CuO%20nanoparticles%20induced%20apoptotic%20activities%20in%20human%20breast%20carcinoma%20cells%20and%20toxicity%20against%20Aspergillus%20flavus:%20An%20in%20vitro%20approach&author=K.%20Ali&author=Q.%20Saquib&author=B.%20Ahmed&author=M.%20A.%20Siddiqui&author=J.%20Ahmad&volume=91&publication_year=2020&pages=387-397&doi=10.1016/j.procbio.2020.01.008&
https://pmc.ncbi.nlm.nih.gov/articles/PMC10025390/#B3
https://pmc.ncbi.nlm.nih.gov/articles/PMC10025390/#B3


18 

 

49. Chandrasekaran R., Yadav S. A., Sivaperumal S. (2020). Phytosynthesis and characterization of copper oxide 
nanoparticles using the aqueous extract of beta vulgaris L and evaluation of their antibacterial and anticancer 
activities. J. Clust. Sci. 31 (1), 221–230. 10.1007/s10876-019-01640-6 [DOI] [Google Scholar][Ref list] 

50. Kouhkan M., Ahangar P., Babaganjeh L. A., Allahyari-Devin M. (2020). Biosynthesis of copper oxide 
nanoparticles using Lactobacillus casei subsp. casei and its anticancer and antibacterial activities. Curr. Nanosci. 16 
(1), 101–111. 10.2174/1573413715666190318155801 [DOI] [Google Scholar][Ref list] 

51. Batool, Fatima & Shahid, Muhammad & Mahmood, Faisal & Shahzad, Tanvir & Azeem, Farrukh & Hussain, 
Sabir & Algarni, Tahani & Elshikh, Mohamed & Al.Onazi, Wed & Mustafa, Sadia. (2024). Biosynthesis of copper 
nanoparticles using Bacillus flexus and estimation of their potential for decolorization of azo dyes and textile 
wastewater treatment. Journal of King Saud University - Science. 36. 103309. 10.1016/j.jksus.2024.103309.  

52. Tsilo, P.H.; Basson, A.K.; Ntombela, Z.G.; Dlamini, N.G.; Pullabhotla, R.V.S.R. Biosynthesis and 
Characterization of Copper Nanoparticles Using a Bioflocculant Produced by a Yeast Pichia kudriavzevii Isolated 
from Kombucha Tea SCOBY. Appl. Nano 2023, 4, 226-239. https://doi.org/10.3390/applnano4030013 

53. Aziz, N.M.A., Goda, D.A., Abdel-Meguid, D.I. et al. A comparative study of the biosynthesis of CuNPs 
by Niallia circulans G9 and Paenibacillus sp. S4c strains: characterization and application as antimicrobial 
agents. Microb Cell Fact 23, 156 (2024). https://doi.org/10.1186/s12934-024-02422-0 

54. Nunthavarawong, P.; Rangappa, S.M.; Siengchin, S.; Thoppil-Mathew, M. Antimicrobial and Antiviral Materials: 

Polymers, Metals, Ceramics, and Applications; CRC Press: Boca Raton, FL, USA, 2022. [Google Scholar] 

55. Coates A, Hu Y, Bax R, Page C. The future challenges facing the development of new antimicrobial drugs. Nat 
Rev Drug Discov. 2002;1(11):895–910. 

56. Nisar P, Ali N, Rahman L, Ali M, Shinwari ZK. Antimicrobial activities of biologically synthesized metal 
nanoparticles: an insight into the mechanism of action. JBIC Journal of Biological Inorganic Chemistry. 
2019;24(7):929-941.  

57. Lv Q, Zhang B, Xing X, Zhao Y, Cai R, Wang W, et al. Biosynthesis of copper nanoparticles using Shewanella 
loihica PV-4 with antibacterial activity: Novel approach and mechanisms investigation. J Hazard Mater. 
2018;347:141- 149.  

58. Vijayakumar G, Kesavan H, Kannan A, Arulanandam D, Kim JH, Kim KJ, et al. Phytosynthesis of Copper 
Nanoparticles Using Extracts of Spices and Their Antibacterial Properties. Processes. 2021;9(8):1341.  

59. Vijayakumar G, Kesavan H, Kannan A, Arulanandam D, Kim JH, Kim KJ, et al. Phytosynthesis of Copper 
Nanoparticles Using Extracts of Spices and Their Antibacterial Properties. Processes. 2021;9(8):1341.  

60. Al Baroot A, Alheshibri M, Drmosh QA, Akhtar S, Kotb E, Elsayed KA. A novel approach for fabrication ZnO/ 
CuO nanocomposite via laser ablation in liquid and its antibacterial activity. Arabian Journal of Chemistry. 
2022;15(2):103606.  

61. Chaerun SK, Prabowo BA, Winarko R. Bionanotechnology: The formation of copper nanoparticles assisted by 
biological agents and their applications as antimicrobial and antiviral agents. Environmental Nanotechnology, 
Monitoring &amp; Management. 2022;18:100703.  

 62. S. Malehmir, M.A. Esmaili, M. Khaksary Mahabady, A. Sobhani-Nasab, A. Atapour, M.R. Ganjali, A. Ghasemi, 
A. Moradi Hasan-Abad, A review: hemocompatibility of magnetic nanoparticles and their regenerative medicine, 
cancer therapy, drug delivery, and bioimaging applications, Front Chem, 11 (2023) 1249134. 
https://doi.org/10.3389/fchem.2023.1249134. 

 

 

https://doi.org/10.1007/s10876-019-01640-6
https://scholar.google.com/scholar_lookup?journal=J.%20Clust.%20Sci.&title=Phytosynthesis%20and%20characterization%20of%20copper%20oxide%20nanoparticles%20using%20the%20aqueous%20extract%20of%20beta%20vulgaris%20L%20and%20evaluation%20of%20their%20antibacterial%20and%20anticancer%20activities&author=R.%20Chandrasekaran&author=S.%20A.%20Yadav&author=S.%20Sivaperumal&volume=31&issue=1&publication_year=2020&pages=221-230&doi=10.1007/s10876-019-01640-6&
https://pmc.ncbi.nlm.nih.gov/articles/PMC10025390/#B8
https://doi.org/10.2174/1573413715666190318155801
https://scholar.google.com/scholar_lookup?journal=Curr.%20Nanosci.&title=Biosynthesis%20of%20copper%20oxide%20nanoparticles%20using%20Lactobacillus%20casei%20subsp.%20casei%20and%20its%20anticancer%20and%20antibacterial%20activities&author=M.%20Kouhkan&author=P.%20Ahangar&author=L.%20A.%20Babaganjeh&author=M.%20Allahyari-Devin&volume=16&issue=1&publication_year=2020&pages=101-111&doi=10.2174/1573413715666190318155801&
https://pmc.ncbi.nlm.nih.gov/articles/PMC10025390/#B21
https://doi.org/10.1186/s12934-024-02422-0
https://scholar.google.com/scholar_lookup?title=Antimicrobial+and+Antiviral+Materials:+Polymers,+Metals,+Ceramics,+and+Applications&author=Nunthavarawong,+P.&author=Rangappa,+S.M.&author=Siengchin,+S.&author=Thoppil-Mathew,+M.&publication_year=2022

