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Background: The development of novel and intriguing nanoparticle (NP)-based materials with antibacterial activity has recently
received attention due to the problem of bacterial resistance to conventional antibiotics becoming more and more frequent. Thus, this
study aimed to investigate the antibacterial effectiveness of a synthetic zeolite-supported AgZnO nanoparticle against selected bacteria
in vitro.

Methods: Using the disc diffusion method, the antibacterial activity of synthetic zeolite-supported AgZnO nanoparticles was assessed
against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli). Zinc oxide (ZnO) and Ag/ZnO nanoparticles were used to
create the zeolite-supported Ag/ZnO composite. Chloramphenicol was used as a standard drug. The nanoparticles and composites were
characterized using powder X-ray diffraction (XRD), Fourier transform infrared (FTIR), and atomic absorption spectroscopy (AAS).
Results: Synthetic zeolite-supported AgZnO nanoparticles showed promising antibacterial properties with the largest zone of
inhibition against S. aureus bacteria in comparison to E. coli. The synthetic zeolite-supported AgZnO nanoparticle displayed a zone
of inhibition against S. aureus and E. coli without a remarkable difference compared to the respective standard drug
(Chloramphenicol). Zinc peaks were visible in the X-ray diffractograms, which supported the theory that the characteristic hexagonal
wurtzite structure of zinc oxide was present.

Conclusion: All types of ZnO, AgZnO, and AgZnO-Zeolite showed wide-spectrum activity with better effect against gram-positive
bacteria, while the Zeolite-Ag/ZnO composite showed even better antibacterial activity. The findings suggest a potential bactericide
that needs further evaluation in future studies was observed in synthetic zeolite-supported Ag/ZnO nanoparticles.
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Introduction

Chronic infections and deaths are frequently seen across the globe because of infections caused by pathogens. Even
though currently available drugs for treatment of bacterial illness is less expensive and effective, different literature
reported as bacterial developed resistance.! Nowadays bacterial developed resistance to antibiotics in three major
mechanisms. Those are as follows: those who act on DNA replication, translation, and cell wall synthesis.”
Nanoparticles (NPs) have a mode of action that involves direct contact with the bacterial cell wall rather than cell
penetration, rendering the majority of antibiotic resistance mechanisms irrelevant. This raises the possibility that NPs will
be less likely to cause bacterial resistance than antibiotics.” For instance, two frequent and significant causes of resistance
to conventional antibiotics are increased efflux and decreased absorption of drugs in bacterial cells (such as S. aureus and
E. coli).* The ability of numerous NPs to circumvent these drug resistance-inhibiting pathways has been demonstrated by
researchers. For instance, dendrimers can prevent P-glycoprotein-mediated efflux in the gastrointestinal system.’
A renewed effort is needed to find antibacterial agents that are effective against pathogenic bacteria resistant to present

antibacterials because of this resistance issue.® In order to create next-generation approaches to managing microbial
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diseases, it is crucial to uncover novel antimicrobial agents from natural and inorganic compounds.” Gram-positive and
gram-negative bacteria S. aureus and E. coli are examples of are capable of attaching to, colonizing, and creating biofilms
on surfaces.® These bacteria serve as industry-standard markers of food contamination, and their management shows that
the surfaces and manufacturing materials used in food processing are kept clean and hygienic.’”

Currently, drugs that derived from Nano biotechnology solutions were also shown to play a detrimental role in
healing chronic disease complication like diabetes foot ulcer due to their involvement in wound healing.'” A growing
number of researchers investigating the potential antibacterial processes of NPs have been conducted as a result of the
expanding usage of NPs in medicine. Metal nanoparticles, for instance, can alter the metabolic activity of bacteria.'' The
ability of NPs to enter biofilms also offers a practical method to inhibit biofilm formation based on the Ag-inhibited
expression of genes because biofilm is a barrier that bacteria use to resist antibiotics. This capability represents
a significant advantage in terms of eliminating bacteria to treat diseases.'” Silver has been shown to be a promising
candidate for antibacterial activity against a wide variety of pathogenic bacteria, and silver nanoparticles (Ag-NPs) are
widely employed in pharmaceutical products to make lotions and ointments that fight infections that are related to burns
and open wounds.'® Applications for antibacterial activity of the other nanoparticles, such as ZnO, TiO2, WO3, SnO2,
CuO, and MgO, are also of interest.'* By combining zinc oxide nanoparticles with silver, a substance with powerful
antibacterial properties against both gram-negative and gram-positive microbes would result'> and in addition, AgZnO
was supplemented by zeolite in order to generate a synergistic effect, which will allow for a wider range of uses for
materials’ antibacterial capabilities.'®!”

Using a support with larger dimensions and a porous matrix is one of the new techniques for introducing metal oxide
nanoparticles into polymeric materials with the goal of decreasing their aggregation and leaching from the surface or
inside of industrial chemicals or dental products. Incorporating metal oxide nanoparticles in a porous matrix of zeolites is
one of the synthesis techniques that has been used to increase the antibacterial properties of these materials.'® Zeolites are
three-dimensional porous aluminosilicate nanostructures made of SiO4 and AlO4 tetrahedrons joined by oxygen atoms to
form a crystal structure with atomic-scale cavities and channels. Because of their special structure, cations can interact
directly with microorganisms when they come into contact with zeolites.'”” The antibacterial efficacy of zeolites
combined with these Ag/ZnO in vitro systems against bacteria like S. aureus and E. coli has not been established, to
the authors’ knowledge. As a result, the primary goals of this study were to illustrate the synthesis and characterization of
AgZn0O nanocomposite materials supported by zeolite. Second, an in vitro investigation was conducted to determine the
antibacterial activity of a synthetic zeolite-supported AgZnO nanoparticle against a particular bacterial species.

Methods and Materials

Site for Experimental Work

Nanoscale ZnO, Ag-doped ZnO, and zeolite-Ag-doped ZnO composites were synthesized and the characterizations of
the synthesized nanomaterials by AAS instruments have been carried out at the Haramaya University research
laboratory. X-ray diffraction (XRD) and Fourier transform infrared (FTIR) measurements were taken at the
Geological Survey of Ethiopia (GSE) and Finfinne (the largest and capital of Oromia Regional State, which is also
the capital of Ethiopia).

Apparatus and Instruments
XRD, AAS, FTIR, an oven, an analytical balance, a hot plate, a furnace, a ceramic crucible, an agate mortar, a water
bath, a thermometer, volumetric flasks, pipettes, graduated cylinders, desiccators, a magnetic stirrer, test tubes, and
beakers were included in the studies.

Chemicals and Reagents
Chemicals used include zinc nitrate hexahydrate [Zn(NOj3),.6H,0] sodium carbonate Na,CO silver nitrate AgNO3,
ethanol CH;CH,0H, zeolite (ZSM-S), HCI g/mol, HNO;, and H,0,.
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Preparation of ZnO Nanoparticles

In order to create pure ZnO nanoparticles, equimolar solutions of Zn (NOs3),.6H,O and Na,CO; were produced
separately on doubly deionized H,O. Drop by drop, [Zn(NO3)2.6H20] solution was added to Na2CO3 solution while
constantly stirring for 2 hrs. The reaction’s precipitate was allowed to settle for 24 hr before being filtered through
a 0.2-m membrane filter by Whatman and thoroughly rinsed three times with both deionized water and ethanol. The
precursor for ZnO was created by drying the filtered precipitate at 100°C. The precursor thus produced was dried and
then subjected to a 24-hr calcination process at 300°C in a programmable furnace to produce ZnO nanoparticles.*

Preparation of Ag ZnO Nanoparticles

Precipitation was used to prepare Ag-doped ZnO.?! In a typical synthesis, 5 g of calcined zinc oxide was mixed with
10 mL of AgNO; (0.18 M) (Zc). The sample was stirred and cooked for 30 min at 110°C. After being calcined at 400°C
for 2 hours, the powders were cooled to room temperature and ground in an agate mortar. The obtained goods were
labeled “silver-doped zinc oxide” (AZ).*

Synthesized Nanoparticles with the Zeolite

Ag/ZnO NPs and synthetic CBV5524G were formed in a solid state to create the resultant supported nanoparticle zeolite
(ZSM). The solid was dried and crushed to generate a homogenous solid-state combination after the solvent had
evaporated. This mixture was then calcined in air for an hour at 300 degrees Celsius. Zeolite Ag/ZnO-NPs synthesised
and mixed with zeolite were agitated for 1 hour at 80°C.*

Methods of Characterization of Synthesized Nanoparticles
XRD and FTIR spectrophotometer were used to characterize the synthesized ZnO, Ag/ZnO NPs, and zeolite-supported
Ag/ZnO nanocomposites. The amount of zinc and silver was determined by AAS.

Powdered X-Ray Diffraction Analysis (PXRD)

The crystalline phase formation and size of ZnO, Ag/ZnO NPs, and zeolite-supported Ag/ZnO nanocomposite samples
were analyzed using X-ray diffraction (XRD) (D in nm) according to the Scherer’s equation.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

FTIR spectrum is a feature of a particular compound that gives information about its functional groups, molecular
geometry, and inter/intermolecular interactions. Therefore, FTIR studies were used to indicate the presence of interaction
between ZnO, Ag/ZnO NPs, and the molecular chain of zeolite in the Ag/ZnO NPs.

Atomic Absorption Spectrophotometer (AAS)

AAS was used to assess the metal content of the produced nanoparticles ZnO and Ag/ZnO. Using an acid digestion tube,
0.5 g of the nanoparticle powder was digested with 4 mL of HNO3, 4 mL of HCl, and 2 mL of H202 until a clear
solution was produced. In order to plot the standard metal solutions for each metal, the stock solutions (standard
solutions) of Zn (NO3)26H20 and AgNO3 were created by dissolving 0.5 g of the corresponding Zn (NO3)26H20 and
AgNO3 in deionized water, respectively, in volumetric flasks. The following are the experimental percentages of Zn and
Ag-metal in the synthesized nanoparticle:

sample concentration(ppp) X volume diluted to

x 100
Mass of sample taken X 100

Percentage of dopant metal =

Bioassay Test

Studies on antibacterial agents were undertaken on E. coli and S. aureus, two significant microorganisms. A mixture of
chloramphenicol was used as a reference in bactericidal studies. Correlations of structures with antimicrobial activity of
nanoparticles were critically examined using inhibition zone data.**
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Preparation of Media

Bacteria from the culture were transferred to a Mueller Hinton agar (MHA) plate, streaked on it, and then incubated for
24 hr at 37°C. The bacteria were then added to autoclaved MHA, which had been vigorously swirled while cooling at
around 45°C in a water bath. The Petri dishes were cleaned by adding the medium to them. Finally, sterilized plates were
filled with the media containing the spore suspension, which then solidified and was used for the bioassay.

Preparation of Sample Solutions
The 10 mL and 20 mL aliquots were utilized for the biological test after the 10 mg samples of the nanoparticles were
dissolved in 10 mL of distilled water to make solutions.

Antibacterial Activity Test

Office punches were used to make 6 mm-diameter holes in Whatman No. 1 filter paper discs, which were then sterilized
for an hour at 180°C. A nanoparticle solution with two replications of 10 and 20 mL was pipetted onto the discs. The
samples are then transferred using sterile forceps onto the impregnated disc paper from nutrient agar plates that have been
seeded with bacteria. After that, these plates were incubated for 24 hr at 37°C.*

Result and Discussion

XRD Analysis

Figures 1: below show the XRD patterns of ZnO, Ag/ZnO, and zeolite-supported Ag/ZnO nanoparticles, respectively.
The reflection from (100), (002), (101), (102), (110), and (103) crystal planes for all as-synthesized powders suggests
pure hexagonal wurtzite structure of ZnO. The diffraction peaks observed at scattering angle 26 of 31.9°, 34.6°, 36.319°,
47.8°, 56.8°, and 63° represent typical hexagonal wurtzite structure of ZnO.>° XDR of Ag-ZnO pattern likewise
displayed a peak that was identical to ZnO’s peak without any doping. This suggests that the wurtzite structure is also
present in the Ag/ZnO crystal structure. Moreover, an additional peak is observed at 26 of 38.1°, evidencing the presence
of Ag in the doped ZnO case. The diffraction peak patterns in ZnO and Ag-ZnO were identical in terms of position and

C= Zeolite supported Ag/Zn0: 5 =Ag/Zn0O; A=ZnO
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Figure | Showed the XRD patterns of ZnO (A), Ag/ZnO (B) and zeolite-supported Ag/ZnO (C) nanoparticles, respectively.
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intensity. The lack of such a shift in the recorded XRD suggests that Ag particles segregate at the grain boundaries of
ZnO or that only a little amount of Ag was incorporated in the substitution Zn site. The latter alternative, however, did
not appear feasible because of the silver particles’ preference for settling near the ZnO grain boundaries and the disparity
in ionic radii between Ag+ (2.22 A°) and Zn+2 (0.72 A°) (Figure 1).%¢

Determination of Nanoparticle Size

Zeolite is present, as evidenced by the supported Ag-ZnO peaks with scattering angles 2 of 23.0°, 23.8°, 24.6°, and 30.0°.
Additionally, the zeolite-supported Ag-ZnO composite exhibits all of the peaks noted in the Ag-ZnO instance. Using the
Debye-Schires equation, the nanoparticles’ crystallite size was determined.

092
~ PcosO

Where D is the average crystal size, A is the wave length of X-ray = 1.5406 nm for copper (Cu) target Ka radiation, [ is
the full width at half -maximum of XRD peak and © is the Bragg’s diffraction angle. For ZnO, Ag/ZnO, and zeolite-Ag
/ZnO composites, the strongest peaks appeared at 36.262°, 36.319°, and 36.235°, respectively. The average crystallite
diameters (D) of the nanoparticles were calculated based on the strongest peaks, and the data are shown in Table 1.

Atomic Absorption Spectroscopic Analysis
The metal composition of the sample served as the basis for measuring the percentages of Ag and Zn in the synthesised
nanoparticles using AAS. Table 2 shows the outcomes of the AAS analysis of the metals(s) in ZnO and Ag/ZnO.

FTIR Analysis of Nanoparticles

The FTIR spectra of ZnO (A), Ag/ZnO (B), and zeolite-supported Ag/ZnO (C) nanoparticles are shown below Figure 2.
All samples showed a broad band 3400-3446 cm/1, which might be caused by the OH group of nanoparticles’ vibration
mode. The stretching vibration of ZnO is thought to be responsible for the absorption bands at 458.99 cm/1 and
712.75 cm/1 that can be seen in the spectra of ZnO, Ag/ZnO nanoparticles, and zeolite-supported Ag/ZnO composite,
respectively.””*® Additionally, the observed ZnO and Ag/ZnO nanoparticle maxima at 2426.73 cm ' and 2932 cm™ ',
respectively, were caused by symmetric CH stretching. These extra peaks were brought on by the solvent (paraffin) used
to prepare the samples. The remaining peaks, which were seen at 1469 and 1384.31, 1468.67, and 1384.31 cm™ " for ZnO
and Ag/ZnO nanoparticles, respectively, were caused by the monodentate carbonate species’ symmetric OCO stretching

vibration.?*>° As a result of AIOH stretching and symmetric OH, the peak at 3311.17 cm/1 was an Ag/ZnO composite

Table | Calculated Average Crystallite Size (D) of the Nanoparticles

Samples 26 (Degree) p (Radian) D (nm)
ZnO 36.262 0.0072256662 20.19
Ag/ZnO 36.319 0.006405361 | 2278
Zeolite supported Ag/ZnO 36.235 0.0060737484 24.02

Table 2 The Concentrations of Ag and Zn in the
Synthesized ZnO, Ag/ZnO Nano Particles

% Zn-Metal (Actual) | % Ag-Metal (Actual)

ZnO 87.5

Ag/lZnO 932 6.8

Note: -; Indicates no actual metal observed.
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= Zeolite supported Ag/ZnO; B =Ag/ZnO; =7Zn0
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Figure 2 Showed the FTIR spectra of ZnO (A), Ag/ZnO (B), and zeolite-supported Ag/ZnO (C) nanoparticles.

supported by zeolite. The other peak, 875.87 cm/1, was caused by stretching vibrations caused by species derived from

phyllosilicate species.*’

Antibacterial Studies

Table 3 indicated that, against gram-negative bacteria (£. coli) and gram-positive bacteria (S. aureus), the already
synthesised ZnO, Ag/ZnO nanoparticles, and zeolite-supported Ag/ZnO composite activities were tested. As refer-
ences antibiotics drug chloramphenicol was utilized. Finally, diameters for inhibition zone for all were determined. All
synthetic nanoparticles have antibacterial properties, and the degree of bacterial growth inhibition increased with
increasing nanoparticle dose. In comparison to undoped ZnO and Ag/ZnO, the antibacterial properties of Ag/ZnO
supported on zeolite are more evident. ZnO and Ag/ZnO-NPs have minimally effective antibacterial effects on
bacteria in both dosages. When the nanoparticles were entirely supported on zeolite, the antibacterial activity of
Ag/ZnO was significantly boosted. While reference chloramphenicol has an antibacterial activity of 15.6 mm and
23.6 mm for the same antibacterial activity at the dose of 10 ul, Ag/ZnO-zeolite has an antibacterial activity of
15.5 mm and 16.2 mm for the doses of 10 pl and 20 pl, respectively. The antibacterial activity does not significantly
increase as the dose is increased from 10 pl to 20 ul. When compared to the standard antibacterial drug chloram-
phenicol, Ag/ZnO-zeolite is more effective against the gram positive (S. aureus) bacteria, which ranges from 19.6 mm
to 27.5 mm at doses of 12.5 mm and 19.5 mm for antibacterial activity, respectively. This implies that zeolite
supported-Ag/ZnO NPs cover more gram-positive bacteria compared to gram-negative bacteria. The probable reason
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Table 3 Inhibition Zone of Bacterial Growth Inhibition (mm)

Bioactive Agent | Volume of NP | Zone of Inhibition (Diameter, mm)
Solution (ul) E. coli S. aureus

ZnO 10 7 74

20 9.2 I
Ag/ZnO 10 8 10

20 10.2 I
Zeolite- AglZnO 10 I5.5 19.6

20 16.2 275
Water 10 - -

20 - -
Chloramphenicol 10 15.6 12.5

20 23.6 25.5

Notes: The values of inhibition zone are average of triplication, -; Indicates no zone of inhibition.

might be because of the smaller size of zeolite supported-Ag/ZnO NPs compared to other antibiotics, and they were
able to easily penetrate bacteria more effectively, by rupturing their cell membrane. This improved their effectiveness

as a bactericidal substance.’"

Conclusion

For synthesizing Zinc oxide (ZnO) nanoparticles a precipitation method was used, by involving the reaction between [Zn
(NOs3),.6H,0] and [Na,COs;] in aqueous solutions with proper concentrations of the reactants. The incipient wetness
impregnation method was used to create Ag/ZnO nanoparticles by mixing synthesized ZnO nanoparticles with an
aqueous solution of silver nitrate, and zeolite-supported Ag/ZnO composites were created by solidifying the mixture
of synthesized ZnO and Ag/ZnO nanoparticles. The XRD data show that the entire nanoparticle composition produced
has a pristine hexagonal wurtzite crystalline structure. Antibacterial tests for both gram-negative and gram-positive
bacterial revealed that sterilized distilled water lacks any antibacterial capabilities; however, an inhibition was seen after
dissolving synthesised (ZnO, Ag/Zn0O, and zeolite supported Ag/ZnO) nanoparticles. Additionally, composites of zeolite-
supported Ag/ZnO nanoparticles and Ag/ZnO were found to have superior antibacterial properties than ZnO NPs for all
microorganisms. Ag/ZnO composites supported by zeolite showed the strongest antibacterial activity. These findings
demonstrate that zeolite-supported Ag/ZnO nanoparticles may be altered to take on desired qualities, producing an
antibacterial substance that is promising and effective to inhibit growth of S. aureus and E. coli bacterial with further
studies. Evaluating the antibacterial effect of zeolite-supported Ag/ZnO nanocomposite for other bacterial and fungal
strains is a future recommended studies to identify its broad spectrum. Also further characterization of the synthesized
nanocomposite is encouraged to better understand its morphology and surface properties.

Abbreviations

NP, Nanoparticles; ZnO, zinc oxide; XYD, X-ray diffraction; FTIR, Fourier Transform Infrared Spectroscopy; AAS,
Atomic absorption Spectroscopy; GSE, Geological Survey of Ethiopia; MHA, Mueller Hinton agar; MMP-9, Matrix
Metallopeptidase 9.
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