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      INTRODUCTION 

  

Water is a radical element for living on earth, and the presence of microbes in 

water is a threat to this involvement. The transmission of pathogenic fungi from 

contaminated water to humans can cause health high-risk, especially for 

immunocompromised. Thus, the presence of pathogenic fungi in the aquatic 
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The present work was designed for the formation of more active antifungal 

agents via loading copper (Cu) and silver (Ag) nanoparticles (NPs) on chitosan 

(CS) natural polymer. Sixty water and sediment samples were collected from 

Qalubiya, Egypt. One hundred and five fungal isolates were selected according to 

cultural characteristics, 53 isolates from sediment and 52 from water. Most isolates 

were identified as Aspergillus sp., Penicillium sp., Candida sp. and Fusarium sp. 

Nanocomposites (NC) of Cu@CS, Ag@CS, and Cu@Ag@CS were characterized 

by TEM, SEM, XRD and FTIR analysis for detecting their morphology and size, 

active surface groups and confirming its conjugation. The average sizes of these 

nanocomposites were 25, 19 and 33nm, with predominantly spherical shapes in 

aggregates, respectively. The antifungal study showed that the Cu@Ag@CS 

nanocomposite (NC) is a more effective and stable antifungal agent. For minimal 

fungicidal concentration (MFC) Cu@Ag@CS represented the lowest 

concentrations of 0.125, 0.25, 0.25 and 0.5 mg.ml−1 for Candida sp., Aspergillus 

sp., Fusarium sp. and Penicillium sp., respectively. In addition, the viable fungal 

counts (VFCs) of Candida sp. in water treated with Cu@Ag@CS NC was reached 

to complete inhibition in water after 18 hours, while the cell membrane and 

cellular contents of treated Candida sp. were destroyed causing cell death. Thus, 

loading of Cu and Ag nanoparticles on chitosan proved to form a more active 

antifungal agent suitable for treating pathogenic fungi in the aquatic environment. 
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environment has attracted great attention, and currently fungi are regarded as water 

contaminants affecting human health (Hageskal et al., 2009; Shekha et al., 2013; 

Thomas & Thangavel, 2017; Góralska et al., 2020).  

It is worthy to mention that, sediment is the most adequate natural environment 

for the microbes’ growth of bacteria, viruses, fungi and protozoa (Anand et al., 2021; 

Kim et al., 2021; Liu et al., 2021; Stone et al., 2021). Most fungal diseases are 

caused by sediment-borne fungi, which cause many diseases, whether for plants, 

animals or even humans for the sediment contains many fungal spores in a hidden 

way. Additionally, the presence of these germs in the agricultural sediment causes 

many losses in crops and lack of production and the consequent economic losses for 

farmers (Shuping & Eloff 2017; Refai et al., 2022). On the other hand, fungal 

infections in humans mostly arise from an external source in the surrounding 

environment inside the human body through ingestion, inhalation or wound 

contamination (Rokas, 2022). In the latest years, the fungal infection has remarkably 

increased (resulting in more than 1.6 million deaths annually) adding to the species of 

genus Aspergillus, Candida, Penicillium, Cryptococcus, Fusarium, Mucor, Rhizopus, 

etc… which appeared as the reason of many human infections (Bandh et al., 2016; 

Barber et al., 2020;  Rokas, 2022). Fungi have a great ability to break down 

herbicides, and they are the most resistant to many environmental stress factors 

(Carranza et al., 2017). There are many environmental fungi (in soil, water and air) 

that can infect humans such as Aspergillus sp. The heavy use of fungicides in the 

agricultural environment may lead to an increase in the resistance of environmental 

fungi and an increase in the ability of opportunistic fungi to infect humans with many 

serious diseases (Barber et al., 2020). 

Fungi in water and sediment are found in the form of biofilms, reservoirs of 

microbes inside water and sediment; these membranes are surrounded by polymeric 

materials due to an extracellular matrix that acts as a protective shelter and makes 

them stable enough to resist physical forces (Fulaz et al., 2019; Sharma et al., 2019; 

Afonso et al., 2020; El-Elimat et al., 2021). In addition, these strong biofilms show 

high resistance to many antibiotics and can cause many infections (Fan et al., 2021). 

Because of the antibiotic resistance of microorganisms toward medical drugs, 

nanotechnology gives us a chance to solve this problem (Kobayash & Nakazato, 

2020; Li et al., 2020). Metallic nanoparticles have been considered as new 

antimicrobial agents (Nano antibiotics). They have the tendency to resolve the 

mentioned resistance problem (Lee et al., 2018; Qi et al., 2020). 

Copper and silver nanoparticles have well-known antimicrobial and cytotoxic 

behavior. Silver nanoparticles (Ag NPs) show a greater ability than silver ions against 

microbes because they have a large surface area and a surface with intense and active 

charges, and thus they are effective at very low concentrations (Wu et al., 2018; 

Essghaier et al., 2022). Copper has been used for more than four thousand years as a 

disinfectant and antimicrobial (Hostynek & Maibach, 2004). From there, copper 

nanoparticles (Cu NPs) have a great anti-fungal and anti-bacterial ability, as well as a 

low manufacturing cost (Pham et al., 2019). Therefore, in the field of combating 

fungal diseases in plants, copper nanoparticles are distinguished by their great 

efficiency in this field (Pariona et al., 2019; Ibarra-Laclette et al., 2022).  

Modern strategies depend on reducing the toxic effects on human health or the 

environment through the production of antimicrobials based on nanomaterials 

because of their effectiveness at very low concentrations, making them less poisonous 

and eco-friendly (Graves et al., 2017). Therefore, many materials were used as 

stabilizing agents to maintain the effectiveness of nanometric particles for more time 
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with high activity, such as polysaccharides and polymers and combined with 

nanomaterials (Bogdanova & Chvalun, 2016; Fan et al., 2021; Sidhu et al., 2022).  

Chitosan (CS) is a natural biopolymer found in the form of chitin in the shells of 

crustaceans and insects and is produced through the deacetylation process; it is an 

eco-friendly polymer (Sun et al., 2017). CS-matrix has demonstrated antimicrobial 

properties against several microorganisms (Li et al., 2010; Hussein et al., 2013; Sun 

et al., 2022). The unique structure of chitosan among natural polymers in particular 

has a great chelating ability (Higazy et al., 2010; Zhang et al., 2018). The synergistic 

design of biopolymer and metallic systems to produce nanocomposites is a major 

challenge, especially for broader applications. It has been reported that CS/metal ions 

after complexing showed great ability against microbial growth. This could be the 

result of the union of the common properties between the CS-matrix and the 

nanoparticles (Brunel et al., 2013; Gritsch et al., 2018). 

This work aimed to fabricate chitosan-based nanocomposites copper@chitosan 

(Cu@CS), silver@chitosan (Ag@CS), and copper@silver@chitosan (Cu@Ag@CS) 

as more active eco-friendly antifungal agents and study their activities against some 

of the most prevalent pathogenic fungi isolated from aquatic Egyptian environment. 
 

    MATERIALS AND METHODS 

 

Sampling, isolation and identification of fungi 

Different locations in Qalubiya governorate, Egypt were chosen for sample 

collection. Sixty water and sediment samples were placed in sterile polyethylene cubs 

and bags and then transported to the laboratory (Environmental Research 

Department, Theodor Bilharz Research Institute, Egypt) and stored at a low 

temperature (4 °C) until examination. 

After water samples were collected and transported to the lab, 100ml of each 

collected sample was filtrated using a membrane filter (0.45μm), and 10ml of sterile 

distilled water (DW) was used for diluting one gram of each collected sediment 

sample. One ml of filtrated water samples and sediment suspension were added to 

sterile Petri plates in triplicates containing sterile Sabouraud’s Dextrose Agar (SDA), 

then plates were incubated at 28°C for 5-10 days (Hageskal et al., 2009). Pure 

isolates culture were done using a test tube containing fresh agar slants of SDA. The 

test tubes were stored in the refrigerator. When inoculums were transferred into Petri 

plates containing nutrient media, cells were not separated from each other. Therefore, 

a spread plate technique was employed for pure culture (Nacoon et al., 2020). Three 

triplicates were conducted per water and sediment source. All different purified 

fungal isolates on SDA were stored at -20°C for further identification. 

The fungal isolates were identified morphologically according to Barnett and 

Hunter (1998). The colonies that grew on the dishes were counted and then replanted 

until reaching the species level. Then, based on the macroscopic characteristics 

(pigmentation, topography, colony shape, and production of secretions) and 

microscopic characteristics (hyphal shape and spores), fungal isolates were identified 

according to Howard (2002) and Watanabe (2002). 

 

Chitosan (CS) extraction  

Chitosan was extracted from the Egyptian shrimp shells and prepared according 

to Manchanda (2022). Briefly, fresh shrimp shells were ground after being washed 

with distilled water and dried. The resulting powder was soaked in 1.0 M NaOH for 

24 hours. The process of converting chitin to chitosan was carried out by 
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deacetylation through incubated powder for two hours in 50% NaOH at 115°C, and 

this process was repeated to complete chitosan purification. The resulting chitosan 

was rinsed well with distilled water and dried under a vacuum at 50°C and ground to 

fine particles and kept in a dry place. 
 

Synthesis of copper nanoparticles (Cu NPs) 

Cu NPs were prepared through the reduction of CuSO4 solution by adding 

sodium borohydride solution slowly on a magnetic stirrer (5,000 rpm) for 60min. The 

dark blue precipitate was formed, and then filtered, washed and dried at 50°C 

overnight (Suramwar et al., 2016). 
 

Synthesis of silver nanoparticles (Ag NPs) 

Ag NPs were prepared through the reduction of silver nitrate solution by adding 

sodium borohydride solution slowly on a magnetic stirrer (5,000 rpm) for 60min. The 

dark brown precipitate was formed, and then filtered, washed and dried at 50°C 

overnight (Mavani & Shah, 2013). 
 

Synthesis of copper@chitosan (Cu@CS) and silver@chitosan (Ag@CS) 

nanocomposites 

Chitosan-based nanocomposites were prepared as the procedure described by 

Abu-Elala et al. (2018). An acidic solution (2% acetic acid) was used to prepare the 

chitosan solution. Each of the copper and silver nanoparticles of ethanolic suspension 

were put in an ultrasonic device (Model 55743-Fritsch, Germany) for 20min. Then, 

each were added individually drop-by-drop to chitosan solution on a magnetic stirrer 

(5,000 rpm), and then left for about 4 hour- stirring. Both nanocomposites were 

precipitated by adding an alkaline solution to the mixture, and then filtered, washed 

until attaining a neutral pH and dried at 60°C. 
 

Synthesis of copper@silver@chitosan (Cu@Ag@CS) nanocomposite 

An amount of 1.0g of chitosan was dissolved in 2% of acetic acid water with an 

ultrasonic device. The solution was exposed to ultrasonic waves for 15min and then 

magnetically stirred at 5,000 rpm. In the meantime, sonicated solutions of silver and 

copper nanoparticles were added to the chitosan solution by stirring for 30min. After 

that, the glutaraldehyde solution was introduced to the mixture dropwise, and then the 

mixture was left stirring for about 6 hours at 5,000 rpm, as shown in Scheme (1) 

(Liang et al., 2019). 
 

Characterization of synthesized nanocomposites 

The evaluation of the morphology and particle size of fabricated 

nanocomposites, SEM (JEOL JSM-5600 LV) and transmission electron microscope 

(TEM, Philips EM208S, 100 kV Netherland) were used, and the average particle size 

was determined by ImageJ software. A drop of each nanocomposite suspension was 

placed in nickel grids for microscopic observation. X-ray diffraction analysis (XRD) 

was used for confirming successful conjugation between chitosan and Cu and Ag 

nanoparticles. To detect the interaction of surface functional groups and the formation 

of nanocomposites, the FTIR spectra of chitosan, Cu@CS, Ag@CS, and 

Cu@Ag@CS nanocomposites were analyzed. 
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Scheme 1. Extraction of chitosan and fabrication of three chitosan-basid nanocomposites Cu@CS, 

Ag@CS, Cu@Ag@CS NCs and antifunagal activity of Cu@Ag@CS NC 

 

 

Antifungal assay 

Agar well diffusion method 

The synthesized Cu@CS, Ag@CS, and Cu@Ag@CS nanocomposites were checked 

for antifungal activity using the agar well diffusion method. All the fungal strains 

were maintained in Sabouraud’s dextrose agar. A 200μL of fungi inoculum was 

swabbed over the SDA plates using sterile buds. Different concentrations (0.5, 1.0, 

2.0, 3.0, and 4.0 mg.ml
-1

) of each synthesized nanocomposite were added to the wells 

formed on the SDA plates. Then, the plates were incubated at 28°C for 48 hours and 

then, the zones of inhibition were measured. Each experiment was performed in 

triplicate and the mean values ±SD were recorded following the instructions in the 

study of Sabira et al. (2020). 
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Minimal fungicidal concentration (MFC) 

The MFC of Cu@CS, Ag@CS, and Cu@Ag@CS NCs was assayed for isolated fungi 

culture onto Sabouraud Dextrose agar plates for 2 days at 28°C for detecting the 

minimum concentration inhibiting the fungal growth on growth media (Ashraf et al., 

2020). Different concentrations of each nanocomposite (from 0.125 to 2.0 mg/ml) 

were prepared and the lowest concentration of nanocomposites that have no growth 

of fungi was recorded as the minimum fungicidal concentration (MFC). 

Viable fungal counts (VFCs) assay 

Viable fungal counts (VFCs) assay was evaluated for unicellular fungus Candida sp. 

at different times after being treated with 1.0mg/ ml of Cu@Ag@CS NC, then the 

count of surviving Candida sp. was determined by plate count technique (triplicate) 

(Azzam et al., 2022). The mean values±SD of the reduction percentage of VFCs 

were calculated after treatment according to this formula: 

                VFCs Reduction % =    X 100                  
(1) 

Where, Time
0
 is the time before adding Cu@Ag@CS NC, and Time

x
 is the contact 

time between fungus and nanocomposite. 

Morphological futures of treated fungi  

The effect of Cu@Ag@CS nanocomposite on the treated unicellular fungus Candida 

sp. was studied to mediate morphological changes and cell damage using both TEM 

and light microscopes. After exposing fungal cells to nanocomposite, cells were fixed 

in 1% glutaraldehyde then washed in 0.1M buffer, and 1% osmium tetraoxide was 

used for post-fixations and again washed with 0.1M buffer. The samples were 

dehydrated in acetone, infiltrated and embedded in epoxy resin. Slices of 60nm 

thickness were made using a diamond knife. The slices were put on copper grids and 

stained with uranyl acetate. Finally, the grids were dried in a desiccator and examined 

using TEM at 80 kV to study morphological changes due to the biocidal action of 

Cu@Ag@CS NC (Azzam et al., 2019). For light microscopes samples, the cells were 

examined under high powered field (HPF) (×100) after staining with safranin. 

 

RESULTS AND DISCUSSION 

 

Isolated fungi 

In the present study, morphological techniques were used to identify the fungal 

isolates. Fig. (1) shows the numbers and percentages of fungal isolates from sediment 

and water samples. Four fungal species were found in thirty sediment samples, such 

as Aspergillus sp. (n=21 & 70%), Penicillium sp. (n=14 & 46.7%), Candida sp. (n=10 

& 33.3%) and Fusarium sp. (n=8, 26.7%), while for other thirty water samples, three 

fungal species were identified including Aspergillus sp. (n=27 & 90%), Penicillium 

sp. (n=18 & 60%) and Candida sp. (n=7 & 23.3%). Moreover, Fig. (1A) presents the 

total number of four fungal species in sixty collected sediment and water samples, 

where Aspergillus sp., Penicillium sp., Candida sp. and Fusarium sp. recorded 48, 39, 

17 and 8 isolates, respectively. However, Fig. (1B) shows the percent of each fungal 

species from 112 total isolates, where Aspergillus sp., Penicillium sp., Candida sp. 

and Fusarium sp. presented 42.9%, 34.8%, 15.2%, and 7.1% isolates, respectively. 

Thus, the species Aspergillus sp. and Penicillium sp. were most prevalent in water 

than sediment; conversely, Candida sp. and Fusarium sp. were most prevalent in 
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sediment than water (Seth et al., 2016; Raja et al., 2017; Al-Bedak et al., 2020; 

Góralska et al., 2020; Monapathi et al., 2021). 

 
Fig. 1. A) Number of fungal isolates in total collected samples, and B) Percent of fungal isolate for all 

total isolates. 

Characterization of nanocomposites 

In this work, the conventional reduction method was used for the preparation of Cu 

NPs and Ag NPs, and then was conjugated with extracted chitosan (CS) to prepare 

Cu@CS, Ag@CS, and Cu@Ag@CS NCs, as shown in Scheme (1). Figs. (2, 3) 

display the SEM and TEM images of three nanocomposites, where the average sizes 

of Cu@CS, Ag@CS, and Cu@Ag@CS NCs were 25, 19 and 33nm, respectively. 

According to microphotographs, the Cu and Ag nanoparticles have predominantly 

spherical form, polydispersity character and slightly uniform distribution in the 

chitosan matrix. However, Cu@Ag@CS NC was spherical nanoparticles that can be 

observed in the scale bar of TEM embedded in chitosan; this result is agrees with that 

of Ashraf et al. (2020). 

 
Fig. 2. SEM images of A) Cu@CS; B) Ag@CS; and C) Cu@Ag@CS nanocomposites. 
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Fig. 3. TEM images of A) Cu@CS; B) Ag@CS; and C) Cu@Ag@CS nanocomposites. 

The XRD pattern of chitosan indicated that the characteristic peaks were around 

2θ=10
o
 and 20

o 
(Fig. 4). The XRD patterns of Cu@CS nanocomposites showed an 

amorphous part of chitosan. Moreover, these patterns revealed characteristic peaks 

located at 43.4
o
 and 50.4

o
,
 
which revealed the crystalline peaks (111, 200 and 220) of 

copper metal, respectively. The current characteristic results for Cu@CS NC nearly 

match with those of Ashraf et al. (2020) and Ghafarzadeh et al. (2023). 

The XRD pattern of Ag@CS is shown in Fig. (4), which clearly show the formation 

of silver metal. Peaks were located at values of 39.9
o
, 43.5

o
 and 61.2

o
,
 
  corresponding 

to 111, 200 and 220, respectively, which coincide with that of the JCPDS card No. 

89-3722 (Badawy et al., 2019); additionally, a peak for chitosan appeared at a value 

of 19.7
o
, which agrees with previous results of Ghafarzadeh et al. (2023). The 

characteristic peaks for copper and silver and the two characteristic peaks of chitosan 

at 2θ=18.7
o 
 and 11.3

o 
 are shown in Fig. (4), which indicate the successful fabrication 

of Cu@Ag@CS nanocomposite. 

 
Fig. 4.  XRD of chitosan, Cu@CS, Ag@CS, and Cu@Ag@CS nanocomposites 

The interaction of functional groups and the formation of the end product were 

analyzed by FTIR, as shown in Fig. (5). For chitosan, a wide band at 3425 cm
−1

 was 

specified for superposition between the O−H protracting vibration and the N−H 
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stretching vibration. However, the hand at 2928cm
−1

 represented the aliphatic C−H 

bonds. The peaks appearing at 1653cm
−1

 and 1612cm
−1

 corresponded to the 

stretching of the amide I, II and III bonds. The peaks of −OH and −NH2 appeared at 

3425cm
−1

 due to combining groups stretching in chitosan. Moreover, peaks at 1653, 

1415 and 710 cm
−1

 represented the –CONH2, C-N (І amine) and anhydrous 

glucosidic bonds, respectively (Fig. 5a) (Choudhary et al., 2019).  

In Cu@CS NC (Fig. 5b), these peaks had more characteristic with slight move to 

3427, 1634, 1409, and 631 cm
−1

, which confirms strong bonding and the presence of 

chitosan (Lonĉarević et al., 2021). As shown in Fig. (5c), the spectra of Ag@CS NC 

showed fewer chitosan characteristic peaks, whereas chitosan bands at 1653 cm
−1

 and 

1612 cm
−1

 were shifted to 1638 cm
−1

 due to stretching vibrations of amide C=O 

bonds and transmittance decreasing of band region. The Ag NPs chelated with 

chitosan amino and hydroxyl groups were confirmed through the intensity of N−H 

and O−H that stretched and presented at 3425cm
−1

. The disappearance of the NH2 

double peak and the appearance of functional groups on the surface of the Ag NPs 

indicate the success of the bonding of the Ag NPs with chitosan (Lunkov et al., 

2022). FT-IR spectra of Cu@Ag@CS NC in Fig. (5d) show related bands to Cu–O 

and Ag–O at regions of 647 and 457 cm
−1

, which confirmed the presence of copper 

and silver in the structure of nanocomposite. Furthermore, the peaks at 1007cm
−1

 (C–

O–C) and 1350cm
−1

 (C–O) were related to the presence of chitosan in the 

nanocomposite (Song et al., 2022). 

 

Fig. 5. FTIR spectra of a) Chitosan, b) Cu@CS, c) Ag@CS, and d) Cu@Ag@CS nanocomposites 

Antifungal assay 

The antifungal activity of three synthesized nanocomposites was investigated 

against the four isolated fungi (Aspergillus sp., Penicillium sp., Candida sp. and 

Fusarium sp.), using a well diffusion assay. The antifungal activity was determined 

based on the inhibition zones (IZ) of different concentrations (1, 2, 3, 4 mg.ml
−1

). Fig. 

(6A) shows the results, where the diameters of IZ at concentration 4.0 mg.ml
−1

 of 
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Cu@CS NC were 16, 15.5, 14.5 and 17mm against Aspergillus sp., Penicillium sp., 

Candida sp. and Fusarium sp., respectively, while with the same concentration of 

Ag@CS, NC represented 15, 13, 12.5 and 14mm, respectively (Fig. 6B). This 

indicates that Cu@CS NC was more active than Ag@CS NC against tested fungal 

species. Moreover, Cu@Ag@CS NC was more active than two single 

nanocomposites, where at concentration 4.0 mg.ml
−1

, it recorded inhibition zones of 

17, 18.5, 21 and 18mm with fungal species, respectively (Fig. 6C). These outcomes 

mean that the antifungal activities were dosage-dependent, where the inhibition zones 

diameters increased by increasing the concentration of the nanocomposites from 1.0 

to 4.0 mg.ml
-1

, as shown in Fig. (6), which concurs with the results of Arya et al. 

(2019), Wichai et al. (2019) and Sabira et al. (2020). 

 

Fig. 6. Inhibition zones of A) Cu@CS; B) Ag@CS; and C) Cu@Ag@CS nanocomposites against 

tested fungal species 

Minimal fungicidal concentration (MFC) of nanocomposites 

Fig. (7A) exhibits the MFC concentrations of the synthesized three nanocomposites 

against Candida sp. fungal species, where MFC of Cu@CS NC against Aspergillus 

ssp., Candida sp., Fusarium sp. and Penicillium sp. were recorded as 0.5, 0.5, 0.5 and 

0.75 mg.ml
−1

, respectively, while MFC of Ag@CS NC were 0.75, 0.75, 0.5, and 1.0 



379                                                                                         Azzam et al., 2023 

mg.ml
−1

, respectively. Moreover, MFC of Cu@Ag@CS NC represented 

concentrations 0.125, 0.25, 0.25 and 0.5 mg.ml
−1

 against Candida sp., Aspergillus 

ssp., Fusarium sp. and Penicillium sp., respectively (Table S5) (Ashrafi et al., 2020).  

Viable fungal counts (VFCs) assay 

Fig. (7B) shows the reduction percent of viable Candida sp. fungal counts (VFCs) 

treated with 1.0 mg.ml
−1

 of Cu@Ag@CS NC at different contact times, where after 

1.0 hour of contact time, 25% of fungal cells were reduced. While, after 12 hours, 

they reached 96%. However, complete inhibition was recorded after 18 hours of 

treatment (Ashrafi et al., 2020). 

 
Fig. 7. A) Minimal fungicidal concentration (MFC) of Cu@CS, Ag@CS, and Cu@Ag@CS 

nanocomposites against tested fungal species; B) Reduction percent in viable fungal counts (VFCs) of 

Candida sp. treated with Cu@Ag@CS NC at different contact times 

Morphological futures of treated unicellular fungi 

As a result of using antifungal Cu@Ag@CS nanocomposite, the cell wall was broken 

leading to cell death. Moreover, SEM images revealed the reaction between this 

nanocomposite and Candida sp. cells and its membrane structure after being exposed 

to 1.0 mg.ml
−1

. Fig. (8A, B) show great changes in the cell membranes, the formation 

of holes and pores in the cell wall, affecting their internal contents and subsequently 

causing death. These outcomes provide a detailed explanation of the damages caused 

to the cells as a result of the significant effect of the nanocomposite, which explains 

the way the Candida sp. cells were affected and the stress they were exposed to. 

Additionally, the light microscopic images in Fig. (8C, D) show fungal cell damage 

due to cell membrane disorders (Ashrafi et al., 2020; Elbahnasawy et al., 2021). 
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Fig. 8. Transmission electron micrographs and light microscopic images of Candida spp. Cells. (A & 

C) untreated; (B & D) treated with Cu@Ag@CS nanocomposites. 

CONCLUSION 

 
 

The present work describes a cost-effective facile synthesis of a more active 

antifungal agent for the treatment of pathogenic environmental fungi. The 

copper@silver@chitosan nanocomposite showed considerable antifungal activity 

against isolated fungi from sediment and water environment, whereas its activity was 

more than these of Cu@CS or Ag@CS NCs against tested fungi Aspergillus sp., 

Candida sp., Fusarium sp. and Penicillium sp. Moreover, Cu@Ag@CS NC 

completed inhibition for the unicellular fungus Candida sp. in less than 18 hours. 

However, the interaction between this nanocomposite and Candida sp. cells led to the 

lysis of its cell membrane and destroyed its intracellular contents causing cell death. 

Consequently, Cu@Ag@CS NC could be a successful alternative agent to combat 

pathogenic environmental fungi. 
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