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ABSTRACT

Background: Recently, nanomaterials have received much attention due to their important role in solving
medical and environmental problems. In the present study, a novel nanocomposite based on mycosyn-
thesized bimetallic zinc-copper oxides nanoparticles, nanocellulose, and chitosan was ready through
an ecofriendly method. Characterization, antimicrobial and photocatalytic activities were evaluated.
Results: The result revealed that the prepared nanocomposite exhibited antibacterial activity against
Bacillus subtilis, Escherichia coli and Staphylococcus aureus, where MICs were 7.81, 31.25 and
62.5 pg mL~'. As well, the nanocomposite showed potential antifungal activity against Aspergillus
brasiliensis where MIC was 7.81 ug mL~', but had minimal antifungal efficacy against Cryptococcus neo-
formans and Candida albicans where the MIC was 250 ug mL~! for each other. Furthermore, the nanocom-
posite had photocatalytic activity. The bimetallic and nanocomposite materials were characterized via
physiochemical and topographic analysis.

Conclusions: In conclusion, the prepared nanocomposite based on mycosynthesized bimetallic zinc-
copper oxides nanoparticles nanocellulose and chitosan has antimicrobial and photocatalytic activities
which can be applied to various environments.
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1. Introduction

Textile dyeing mill effluent contains many kinds of dye in an
extremely concentrated dye discharge. The majority of dyestuffs
have complex aromatic compounds that are difficult to degrade
naturally [1]. Textile dyeing companies typically employ the azo
dye RR 195. This dye has a reactive group that is usually a hetero-
cyclic aromatic ring replaced with chloride and fluoride [2]. The
reactive azo dyes, in particular, are worth mentioning from this
perspective. Among synthetic dyes, azo dyes are extremely widely
employed on a commercial scale, accounting for more than 70% of
colors used in industries such as textiles. Some physical, chemical,
and biological techniques for dye removal include chemical oxida-
tion, flocculation, photochemical degradation, membrane filtra-
tion, and aerobic and anaerobic biological degradation. None of
these technologies are without limitations, and none of them are
capable of totally removing dyes from wastewater [3]. Nanotech-
nology is being employed in a variety of fields right now, involving
wastewater treatment and the environment, due to its small size,
specific surface area, and high surface reactivity [4]. A range of
physical and chemical processes, including hydrothermal micro-
wave irradiation, thermal decomposition, sol-gel, sonochemical,
fast precipitation, and colloidal thermal synthesis for the synthesis
of desired shapes and characteristics of nanomaterials have been
presented [5]. However, these techniques call for a lot of effort, a
lot of energy, a lot of complex routes, and a lot of expensive and
dangerous substances [6]. Therefore, creating new biocompatible
methods that may assist in overcoming the above restrictions is
of utmost importance in the synthesis of nanomaterials [7].
Records indicate that the physical and chemical methods of mak-
ing metal and metal oxide nanoparticles are progressively being
replaced by biological techniques called biosynthesis or “green”
nanoparticle production [8]. The biological process of production
of metal or metal oxide nanoparticles involves using plant, algal,
bacterial, yeast, fungal and other microbial extracts as reducing
agents for the synthesis of nanoparticles which are biocompatible
and can be produced in large amounts [9,10]. CuUONPs are strongly
interacting nanomaterials with a wide range of biological features,
including antioxidant capacity, antifungal and antibacterial activ-
ity, cytotoxic efficiency and drug delivery against cancerous and
tumor cells. Among other biological organisms, bacteria, fungi,
actinomycetes, algae, and plants all generate CuONPs either extra-
cellularly or intracellularly [11]. Many investigators have docu-
mented many techniques for producing CuONPs, including
sonochemical synthesis, template methods using surfactants,
biosynthesis techniques, hydrothermal ultrasound irradiation,
electron beam lithography, decomposition of copper acetate, sol-
gel, microwave-assisted protocols, and solid-state reactions
[12,13,14,15]. Additionally, it has been shown that the way
CuONPs are made has an effect on both their physical traits and
poisonous behavior [6]. Fungi are the preferred microorganisms
because of their fast growth, bio-properties, and simple structures
that are easy to operate. Furthermore, these organisms create the
most biomolecules, which induce the synthesis of NPs. Fungi
may very well be able to synthesize a range of NPs via intracellular
and extracellular pathways, and many investigations have been
carried out on the creation of metallic and oxide NPs such as zinc,
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gold, titanium, copper and silver [16,17,18]. The capacity of many
fungal species to release large quantities of proteins or enzymes
and the ease with which they may be traded in laboratories
account for their extensive usage [19]. In addition, due to their tol-
erance and capacity to bioaccumulate metals, fungi have received
increased interest since they are involved in the study of the bio-
logical production of metallic nanomaterials [20]. Furthermore,
many fungal species have extremely quick growth rates and large
numbers of mass cells, rendering it quite straightforward to keep
them in a certain laboratory [21]. The most widely used methods
for removing colors from industrial wastewater include coagula-
tion and flocculation, advanced oxidation technology, photo-
degradation, membrane separation and biological treatments.
These methods have drawbacks for instance i) insufficient removal
of dyes leading to polluted influents, [22] high operating costs
because of energy needs, and ii) the production of toxic products
like sludge and new dangerous chemical compounds [23,24].
Utilizing biosorbents, which are biodegradable and made from
agro-industrial wastes, is a more modern method [25,26]. Chitosan
is a biopolymer composed of 2-amino-2-deoxy-D-glucopyranose
units [27]. CS is the second most widespread polymer in nature,
manufactured mostly by marine organisms such as shrimp and
crabs [28]. Non-toxicity, biodegradability, antibacterial activity,
and biocompatibility are only a few of the significant and diverse
features of CS. There has been a tremendous surge in interest in
recent years in ZnO/Chitosan nanocomposite due to its novel uses,
including UV protection and antibacterial properties [29]. This
study’s originality comes from the fact that the synthesized
nanocomposite (ZnO-CuO NPs/CSC) acted as an inhibitor for most
organisms at low concentrations. Moreover, the photocatalytic
activity was investigated and observed. There has not been much
research done on this system in the literature. The goal of this
study was to synthesize a nanocomposite based on bimetallic
zinc-copper oxides nanoparticles and chitosan using an ecofriendly
method, and also to evaluate its antibacterial, and antifungal activ-
ities as well as the photocatalytic degradation of azo dye RR-195.

2. Experimentation techniques
2.1. Materials

In this research, copper sulfate pentahydrate, zinc acetate pen-
tahydrate, Reactive Red 195 (RR195), hydrochloric acid, sodium
hydroxide and acetic acid were acquired from Sigma Aldrich, Cairo,
Egypt. Chitosan for this research was bought from Sigma Aldrich
(St. Louis, viscosity 275.9 cps, molecular weight 650,000 and
degree of deacetylation 85.5%). The nanocellulose applied to this
work was produced and described in our earlier work. We bought
the Malt Extract Agar (MEA) and Malt Extract Broth (MEB) media
from Merck in Germany.

2.2. Fungal growth conditions

In earlier times, Aspergillus niger AH1 was isolated in our work
from a soil sample and was noted in the Gene Bank with accession
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number MW680847.1. A. niger was cultured on MEA at 28°C + 2°C
for 5 d, and then preserved in the refrigerator at 4°C until use.

2.3. Biosynthesis of bimetallic ZnO-CuO NPs utilizing the biomass
filtrate from A. niger AH1

Three discs of the fungal strain A. niger AH1 (7 mm in diameter)
were inoculated on MEB broth medium and incubated for 5 d at
28°C + 2°C, pH adjusted to 6.0, and shaking conditions
(150 rpm). Following the incubation period, the collected biomass
(15g) was rinsed with deionized and sterilized H,0O, then resus-
pended in 100 mL of distilled water at 28°C + 2°C, 150 rpm for
3d. Filtration was carried out to obtain the fungal biomass filtrate,
which was then used to make ZnO-CuO NPs as follows: 2.0 mM of
zinc acetate pentahydrate and 4.0 mM of CuSO4e5H,0 were added
to 100 mL of fungal biomass filtrate for 24 h at 28°C + 2°C, 150 rpm,
pH 9 in the dark. A dark green color appeared in the filtrate, which
was then oven-dried at 120°C for 24 h [30].

2.4. Preparation of nanocomposite

Nanocomposite was prepared using CS solution 1% (wt/v) dis-
solved in 1% (wt/v) acetic acid solution. The CS solution was stirred
for 1 h at 70°C after adding 0.1 gm nanocellulose developed in
accordance with our earlier work. The prepared nanocomposite
was ultrasonicated for 5 min using an ultrasonic prop. For usage
and further research, the obtained material was lyophilized and
stored in the refrigerator.

2.5. Characterization of nanocomposite (ZnO-CuO NPs/CSC)

Characterizations of the materials were carried out using phys-
iochemical identifications including ultraviolet visible spec-
troscopy (UV-Vis) and the spectra were measured using V-630
UV-vis spectrophotometer (Jasco, Japan) in the range of 1000-
200 nm. Fourier-transform infrared spectroscopy (FTIR) was ana-
lyzed using “Spectrum Two IR Spectrometer — PerkinElmer, Inc.,
Shelton, USA”. Different X-ray diffraction patterns (XRD) were
investigated using a Diano X-ray diffractometer (Philips). The mor-
phological study included a scanning electron microscope (SEM)
(SEM, Quanta FEG 250, FEI, Republic of Czech) attached to an
EDX Unit (Energy Dispersive X-ray Analyses) for EDX. High-
resolution transmission electron microscope (HRTEM) JEOL-JEM-
1011, Japan.

2.6. Antimicrobial activity

Antimicrobial activity of ZnO-CuO NPs and ZnO-CuO NPs/CSC
was assessed against Staphylococcus aureus ATCC 2592, Bacillus
subtilis ATCC 6051, Escherichia coli ATCC 25922, Candida albicans
ATCC 90028, Cryptococcus neoformans ATCC 14116, Aspergillus
brasiliensis ATCC 16404. The diffusion test in agar was performed
in accordance with Standards [31,32] with slight modifications.
The selected bacterial/fungal strains were grown on nutrient
agar/PDA media for 24 h at 37°C/72 h at 30°C, respectively. In wells
of bacterial/fungal seeded medium, 100 pl of ZnO-CuO NPs and
Zn0-CuO NPs/CSC, standard antibiotic/antifungal (Amoxicillin/cla
vulanate)/Clotrimazole (CLT), at concentration 1000 pg mL~! were
added, and plates were chilled for 2 h before incubation at 37°C for
24 h. After 72 h of incubation at 30°C, the inhibition zone diameter
was determined on all PDA plates. ZnO-CuO NPs and ZnO-CuO NPs/
CSC, AMC, and CLT agents were prepared in concentrations ranging
from 1000 to 3.9 pug mL~! to determine the minimal inhibitory
concentration.
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2.7. Photocatalytic activity of Reactive Red 195 (RR195) dye solution
agents

The capability of photocatalysis for ZnO-CuO NPs/CSC was
determined by observing the degradation of RR195 dye at various
dye concentrations (25, 50, 75, 100, 150 and 200 mg mL™!) by
using 100 ug mL~! of nanocomposite ZnO-CuO NPs/CSC under sun-
light conditions. The photocatalytic experiment involved mixing
100 mL of various RR195 dye solutions in triplicate with various
concentrations of ZnO-CuO NPs/CSC and incubating the mixture
at room temperature with shaking for 3 h. The effectiveness of
decolorization was determined, where each treatment was cen-
trifuged at 10000 rpm for 3.0 min. and measured at (Amax)
538 nm [33] of the Reactive Red 195 dye solution by using
UV-Vis spectroscopy (JENWAY 6305 Spectrophotometer). The
decolorization percentage (%) of RR195 dye was measured using
Equation 1 [34].

_dye (i) — dye(1)

D (%) = is the percentage of decolorization.

Dye (i) = the initial absorbance.

Dye (1) = the final absorbance.

For the fourth cycle, the nanocomposite ZnO-CuO NPs/CSC
reusability in the degradation of RR195 was accomplished under
ideal circumstances. Before being employed in the second cycle,
the catalyst from the first cycle was recovered by centrifugation,
exposed to two washings with distilled water, and oven-dried at
80°C to reduce water content.

D% (1)

2.8. Effect of environmental conditions on decolorization of Reactive
Red 195 (RR195)

Different parameters were taken, such as different incubation
times, different incubation temperatures, nanocomposite concen-
trations, and different pH values, to increase the decolorization of
RR195. The experiment was conducted in three replicates, and
the results have been monitored using the UV-Visible spectropho-
tometer. The experiments were designed at different incubation
times (30, 60, 90, 120, 150, 180, 240 and 300 min) to select the best
incubation time for decolorization of RR195; incubation tempera-
tures of 25, 30, 32 and 40°C; different concentrations of nanocom-
posite (1.0, 2.0, 3.0, 4.0 and 5.0 ug mL~!) and different pH values (5,
6, 7, 8 and, 9) on dye decolorization were tested at a constant dye
concentration of 25 ppm. At the end of each incubation period, the
dye decolorization (%) was assayed at 538 nm by using UV-Vis
spectroscopy (JENWAY 6305 Spectrophotometer).

2.9. Statistical analysis

All of the results shown are the averages of three different repli-
cates. SPSS v18 was used to analyze the data. A t-test or an ANOVA
was used to analyze the mean difference between the treatments,
and then, a Tukey HSD test was performed At P 0.05.

3. Results and Discussion
3.1. Synthesis and characterization of the nanocomposite

The strain Aspergillus sp. was able to synthesize various NPs
[35]. The potential to biosynthesize nanocomposite ZnO-CuO
NPs/CSC was demonstrated in this work by the metabolites of
the fungus A. niger AH1 which enhanced the production process,
decreased the aggregation, and produced a smaller size [36].
Indeed, factors that affected the formulation of nanoparticles using



M.S. Hasanin, A.H. Hashem, A.A. Al-Askar et al.

fungal media and based on the function groups of the metabolites
in media act as capping agents that affect also the productivity
recorded in our work to about 52% based on weight [37,38,39].
CuONPs were created by Mani et al. [17] from the extracellular
extract of the fungus A. terreus. Ghareib et al. [40] synthesized
the CuONPs by using the biomass of A. fimigatus. In contrast, Strep-
tomyces MHM38 was used by Bukhari et al. [41] to biosynthesize
copper oxide nanoparticles. Kumar et al. [42] reported that zinc
oxide nanoparticles were biofabricated by Dictyota dichotoma
endophytic fungi. Otherwise, some articles dealt with the biosyn-
thesis of ZnONPs via different biological extractions, such as plant
extract or microbiological medium [43,44]. On the other hand,
Fouda et al. [45] used maghemite nanoparticles (y-Fe203-NPs)
produced by Penicillium expansum [46] for wastewater treatment.
Also, Albalawi et al. [47] have synthesized silica nanoparticles by
using A. niger. Saied et al. [35] biosynthesized magnesium oxide
nanoparticles (MgO-NPs) by using A. terreus. Additionally, ZnO-
CuO-NPs were previously preprepared [48,49]. Fouda et al. [50] is
used in treatment via photocatalytic. In fact, the bimetallic
nanoparticle is effective in several applications, especially wastew-
ater treatment. Moreover, the loading of nanoparticles into
nanocomposite increases and improves the efficiency and stability,
which are crucial for the usage of the material.

3.2. Characterization

The characterizations of ZnO-CuO NPs and ZnO-CuO NPs/CSC
were carried out using a physiochemical analysis as well as topo-
graphical examinations. Fig. 1A shows UV-visible spectra of ZnO-
CuO NPs and ZnO-CuO NPs/CSC. ZnO-CuO NP spectrum observed
peaks at 326, 365 and 410 nm that are referred to as heterojunc-
tion effectively of metal oxides and affirmed the mycosynthesis
of ZnO-CuO NPs with a nice agreement with previous publications
[49,51,52]. On the other hand, the ZnO-CuO NPs/CSC spectrum was
observed with a strong small band at 275 nm and broadband at
395 nm that recorded a shift in the the original peak positions that
are referred to as a strong combination between metals and
nanocomposite components [53,54].

FTIR was shown in Fig. 1B and illustrated the raw fungal med-
ium, ZnO-CuO NPs and ZnO-CuO NPs/CSC as well as the neat com-
ponents. The spectra of fungal medium filtrate bands at 3263,
2940, 2861, 1719, 1577, 1386, and 1031 cm™! that referred to
hydroxyl groups vibration stretching, C-H groups asymmetric
stretching vibration of aliphatic groups, polyphenol skeleton of
aromatic structures, C-O carbohydrate bond, respectively
[55,56,57]. In the country, FTIR analysis is used to elucidate the
functional groups involved in the reduction/capping the silver ions
to the nano-scale. Additionally, ZnO-CuO NPs spectrum illustrated
significant changes in comparison with the blank fungal medium,
whereas the OH group stretching vibration band intensity in
nanoparticle spectrum was eliminated as well as CH stretching
vibration band and carbohydrate bands were shifted to the lower
frequency. Moreover, two characteristic bands were assigned at
700 and 460 cm~! and are referred to as CuO and ZnO, respectively
[49]. Otherwise, the nanocomposite components involved, NC and
CS, were observed a typical spectra of polysaccharide with hydro-
xyl group band at around 3400 cm™~' that is overlapping with NH
group band in the case of chitosan. Additionally, CH group stretch-
ing was assigned at around 2930 cm™! for both polysaccharides,
and the carbohydrate band was observed at around 1030 cm™!
as well. On contrary, ZnO-CuO NPs/CSC spectrum observed a high
shift in Hydroxyl group to lower frequency as a result to the inter-
action of ZnO-CuO NPs with the polysaccharide structure included
NH and OH. However, CH stretching vibration was overlapped with
hydroxyl group as a result of interaction of hydroxyl groups of NC
with NH of CS. In addition, the carbohydrate band was assigned as
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high-intensity band as resulted to the electron withdrawing
toward bond as result attract of lone pairs of electrons on oxygen
group of metal oxide. Additionally, the bands of metal oxide were
assigned with slight shifting to the higher frequency.

Fig. 1C has illustrated the XRD patterns of ZnO-CuO NPs and
Zn0O-CuO NPs/CSC. Consequently, the ZnO-CuO NP pattern was
observed in both ZnO and CuO patterns. For ZnO, peaks were pre-
sented at 26 = 31.66°, 34.26°, 36.06°, 47.56°, 56.43°, 62.84° and
match well with the PDF card (JCPDS No.36-1451) of the Wurtzite
structure of ZnO [58]. Furthermore, for CuO, the diffraction peaks
were recorded at 26 = 36.06°, 38.76°, 59°, 62.7°, 67.5°, 68.8° and
73.5° and it confirms that the monoclinic phase of CuO is well
matched with standard JCPDS (48-1548) [59,60]. In other words,
the nanocomposite ZnO-CuO NPs/CSC pattern has assigned two
humps of carbohydrate polymer at around 11° and 21° that
reported the chitosan and nanocellulose [61]. Additionally, the
Zn0 and CuO peaks were observed with low intensity as well.

Topographical study included SEM and TEM, as well as EDX and
SAED patterns were observed in Fig. 2. The SEM image in Fig. 2A
has shown a bimetallic with metallic shiny particle aggregated
with a size lowest than 50 nm. In addition, the nanocomposite
(Fig. 2B) has observed ZnO-CuO NPs attached to the surface of
nanocomposite matrix at low magnification. Additionally, the high
magnification was performed in ZnO-CuO NPs coated and attached
with ZnO-CuO NPs/CSC matrix and formed a rough surface that
could be occupied in dye adsorption. Moreover, the EDX chart of
Zn0-CuO NPs (Fig. 2C) has shown atoms that contain zinc, copper
and oxygen. However, ZnO-CuO NPs/CSC (Fig. 2D) has clear pres-
ences of copper, zinc and oxygen atoms. Besides, the TEM images
of nanocomposite with low and high magnifications (Fig. 2E and
F) were performed by the intermolecular structure of ZnO-CuO
NPs/CSC as a network of polysaccharide matrix doped with ZnO-
CuO NPs. In addition, the SEAD (Fig. 2F) observed a polycrystalline
nature of ZnO-CuO NPs/CSC that could relate to the intermolecular
structure observed by TEM image.

3.3. Antimicrobial activity

The antimicrobial activity of the prepared bimetallic nanoparti-
cles and nanocomposite was assessed as shown in Fig. 3 and
Table 1. Results revealed that bimetallic nanoparticles and
nanocomposite exhibited antimicrobial activity toward selected
microbial strains [62]. Furthermore, the prepared nanocomposite
exhibited antimicrobial activity higher than bimetallic nanoparti-
cles as shown in Fig. 3. The prepared nanocomposite had antibac-
terial activity against E. coli, B. subtilis and S. aureus where
inhibition zones were 23, 28 and 20 mm, respectively. As well,
nanocomposite exhibited promising antifungal activity toward C.
albicns, C. neoformans and A. brasiliensis where inhibition zones
were 15, 17 and 28 mm. Furthermore, bimetallic nanoparticles
gave antimicrobial activity against E. coli, B. subtilis, S. aureus, C.
albicns, C. neoformans and A. brasiliensis where inhibition zones
were 19, 23, 16, 11, 12 and 25 mm, respectively. On the other hand,
AMC did not exhibit any activity on all tested bacterial strains, but
CLT gave weak antifungal activity against all tested fungal strains.
Furthermore, MICs of both bimetallic nanoparticles and nanocom-
posite against all tested strains were detected as illustrated in
Table 1. Results revealed that MICs of nanocomposite were lower
than MICs of bimetallic nanoparticles, and this indicates that
nanocomposite has higher efficacy than bimetallic nanoparticles.
MICs of nanocomposite against E. coli, B. subtilis, S. aureus, C. albic-
ns, C. neoformans and A. brasiliensis were 31.25, 7.81, 62.5, 250, 250,
7.81 pug mL~! respectively. Also, MICs of bimetallic nanoparticles
against E. coli, B. subtilis, S. aureus, C. albicns, C. neoformans and A.
brasiliensis were 125, 31.25, 125, 500, 1000 and 15.62 pug mL™!
respectively. Electrostatic interactions that cause ROS generation,
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Fig. 1. UV-vis absorption spectra of ZnO-CuO NPs and ZnO-CuO NPs/CSC (A). FTIR of ZnO-CuO NPs and ZnO-CuO NPs/CSC as well as its parent materials (B). XRD pattern of

Zn0-CuO NPs and ZnO-CuO NPs/CSC (C).

oxidative stress, cell membrane damage, disruption of proteins and
enzymes, protein binding that disrupts homeostasis (electron
transport chain disruption), signal transduction inhibition, and
genotoxicity are possible mechanisms of action for ZnO-CuO NPs
[63,64,65].

3.4. Photocatalytic activity of RR195 using ZnO-CuO NPs/CSC

The results in Fig. 4 illustrated that the decolorization percent-
ages of RR195 dye by using nanocomposite ZnO-CuO NPs/CSC were

49

69.8 + 0.51% and 24.5 + 0.72% at 25, 150 mg mL™' of RR195 dye
concentration. Due to these results, when the dye concentration
was increased, the decolorization percentage decreased. The high
decolorization percentage occurred at 25 mg mL~! of RR195 dye,
and this concentration was selected to complete this study.
Fig. 4’s findings illustrate the impact of environmental factors on
the decolorization of the RR195 dye, including incubation dura-
tions, temperatures, adsorbent concentrations, and pH values.
The best incubation time for high decolorization of RR195 dye
(80.5 + 0.34%) occurred at 120 min. The increasing incubation time
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Fig. 2. Topographical study included SEM images of bimetallic (A), nanocomposites (B) and EDX chart of bimetallic (C) and nanocomposite (D). TEM of nanocomposites with
low magnification (E), high magnification (F) and SAED pattern of nanocomposite (G).

led to the discharge of dye in the solution and a decrease in its Zn0-CuO NPs/CSC after 120 min of incubation under sunlight con-
decolorization. The decolorization percentage of RR195 dye was ditions. According to Ali et al. [66], the degradation of the RR 195
reached to 97% * 0.57% at 32°C, pH 4.0 and 3 pg mL™! of dye over-produced zinc oxide was 91-94% after 70 min. The degree
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Fig. 3. Antimicrobial activity of ZnO-CuO NPs and ZnO-CuO NPs/CSC (NC) against tested bacterial and fungal strains.

Table 1

Inhibition zones and MICs of ZnO-CuO NPs and ZnO-CuO NPs/CSC against tested bacterial and fungal strains.
Test microorganism Zn0-CuO NPs Zn0-CuO NPs/CSC AMC/CLT

1z* MIC pg mL~! 1Z MIC pg mL~! 1Z MIC
pg mL'

E. coli 19 125 23 31.25 ND** ND
B. subtilis 23 31.25 28 7.81 ND ND
S. aureus 16 125 20 62.5 ND ND
C. albicans 11 500 15 250 10 1000
C. neoformans 12 1000 17 250 10 1000
A. brasiliensis 25 15.62 28 7.81 9 1000

*IZ mean inhibition zone, **ND means no activity detected.

of protonation of the sorbent is influenced by the pH of the solu-
tion, a crucial environmental factor that also has a big impact on
OH radical production, which in turn affects the specific charge
of the binding sites and the sorbent’s absorption capacity [67,68].
An anionic dye with a negatively charged group is called RR 195.
The dye removal efficiency was greater than neutral and hence
more playable at a pH value of 4.0. By elevating pH levels above
4, the removal rate was reduced [69]. The electrostatic interaction
between the positively charged molecules of the biosynthesized
nanocomposite and the negatively charged molecules of the dye
may be the cause of the increased adsorption capacity at lower
pH levels. Therefore, compared to an alkaline situation, the
removal procedure was significantly more successful in an acidic
condition [11,70]. On the other hand, the new strain Shewanella
xiamenensis G5-03 has been shown by Cossolin et al. [71] to most
effectively degrade the textile azo dye Reactive Red 239 between
pH 8.0 and 9.0. Fig. 4 demonstrates that when catalyst concentra-
tions rise, the initial rate improves until it reaches its maximum
value and then slightly decreases at a higher concentration. Under
the predetermined testing conditions, 3 pg mL~! was the optimal
concentration of the nanocomposite for the greatest efficiency of
RR 195 degradation. In research conducted by Safari et al. [72],
the rate of tetracycline degradation rose with increasing TiO, den-
sity and was somewhat reduced at extremely high TiO, concentra-
tions under UV irradiation. By increasing the catalyst
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concentration, the quantity of dye molecules that were adsorbed
and absorbed increased, speeding up the pace of degradation.
When the catalyst concentration was boosted, elevated active sites
on the photocatalyst surface produced increasing numbers of
hydroxyl and superoxide radicals [73]. Furthermore, when the
temperature increases, the dye adsorption decreases as the adsorp-
tion forces weaken and the connection between the adsorbent and
the adsorbate decreases [74]. On the other hand, when the temper-
ature increases, dye solubility and dissociation increase, and the
contact between the adsorbate and the adsorbent reduces [29].

3.5. Reusability of ZnO-CuO-NPs/CSC nanocomposite as catalyst

Recycling tests were carried out under ideal conditions to check
the stability of the ZnO-CuO-NPs/CSC photocatalyst. To do this, at
the end of the fourth cycle, the photocatalyst particles were sepa-
rated using centrifugation and washed with the correct proportion
of ethanol to water. To create a powdered ZnO-CuO-NPs/CSC
nanocomposite, the particles were oven-dried. Even after the 4th
cycle of reusability, the dye removal percentage using ZnO-CuO-
NPs/CSC nanocomposite showed the removal of 82.1 + 0.41%
(Fig. 5). The reason for the observed modest decrease in dye
removal might be due to the buildup of organic intermediates
which decreases its activity by increasing organic pollutant
adsorption [75]. These outcomes were unmistakably suggestive
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Fig. 4. (A) Decolourization percentages of Reactive Red 195 (RR195) dye under sunlight conditions by using 100 ug mL~! of biosynthesized nanocomposite; (B) Study of
optimizing factors for decolorizing of Reactive Red 195 (RR195) dye; (C) at different time intervals; different incubation temperatures (°C); (D) different concentrations of

Zn0-CuO0-NPs/CSC pg mL~!; (E) different pH values.

of the photocatalyst’s durability together with reuse for several
cycles of environmentally acceptable treatments without losing
its initial activity in the relevant sectors. Malekkiani et al. [30]
reported that after 20 min, the MB dye’s decolorization rate
dropped from 98.76% at the beginning to 85% in the fourth cycle.

4. Conclusions

In the current study, a novel nanocomposite based on mycosyn-
thesized bimetallic zinc-copper oxides nanoparticles, nanocellu-

lose, and chitosan was prepared. Characterization of the
bimetallic and nanocomposite materials was obviously performed
as a nanostructure. The bimetallic materials performed particle
size of less than 50 nm as well as the nanocomposite materials per-
formed as a nanostructure. Furthermore, the nanocomposite
exhibited antibacterial activity against both Gram-positive and
Gram-negative bacteria. Also, it had promising antifungal activity
toward unicellular and multicellular fungi. Moreover, the photo-
catalytic activity of a prepared nanocomposite for the decoloriza-
tion of (RR195) dye has assessed and additionally, the different
optimizing factors for the decolorizing have been studied.
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Therefore, the decolorization percentage of RR195 dye was reached
to 97% at 32°C, pH 4.0 and 3 pug mL™! of ZnO-CuO NPs/CSC of incu-
bation 120 min under sunlight condition. Finally, the prepared
nanocomposite in this study which has antimicrobial and photo-
catalytic activities can be used in medical and environmental
applications.
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