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Abstract

Silver nanoparticles (AgNPs) have excellent antibacterial activity. However, the uses of AgNPs are
limited due to unstable of AgNPs, and aggregation, leading to decreasing in antibacterial activity of
AgNPs. This study aimed to synthesize and characterize banana peels extract silver nanoparticles-
clinoptilolite (BPE-AgNPs-Cli) to improve antibacterial activity of AgNPs. BPE-AgNPs-Cli was
confirmed successfully biosynthesized using UV-Vis spectrophotometer, Fourier Transform Infrared
(FTIR), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray
(EDX), and dispersion behaviors test, compared to Cli, BPE-Cli and Ag-Cli. UV-Vis showed surface
plasmon resonance peak at 430 nm. FTIR and XRD revealed incorporation of Ag+ ions into
clinoptilolite did not affect the original framework structure of clinoptilolite. SEM indicated BPE-AgNPs-
Cli were irregular and smaller while EDX showed silver peak at 3 keV has been detected in BPE-
AgNPs-Cli. BPE-AgNPs-Cli were good in dispersion. BPE-AgNPs-Cli exhibited its ability to inhibit
bacterial growth in disc diffusion test as well as antibacterial activity against Escherichia coli (Gram-
negative) and Staphylococcus aureus (Gram-positive) in distilled water and 0.9% saline solution in
minimum inhibition concentration (MIC) and minimum bactericidal concentration (MBC) test.
Antibacterial activity of BPE-AgNPs-Cli against bacteria proved its potential to be applied in
biomedical fields in the future as good antibacterial carrier system.

Keywords Antibacterial activity; banana peels extract; clinoptilolite; green synthesis; silver
nanoparticles

Introduction

Due to its antibacterial, anti-inflammatory, anti-angiogenic, and catalytic activity (Panayotova et al.,
2018), anticancer, antiviral, and larvicidal effects (Dutta et al., 2020), silver nanoparticles (AgNPs) are
used frequently in biomedicine. However, the antibacterial activity of AgQNPs is decreased which is
attributed to their instability, the formation of larger AgNPs, and the ease with which the Ag+ ions
leached from the AgNPs (Mekki et al., 2021). Therefore, to retain the antibacterial action of AgNPs,
many researchers proposed incorporating AgNPs into porous materials including zeolite
(clinoptilolite), silica, and clay.

One of the zeolites that are prevalent in nature is clinoptilolite. Leaching and aggregation of
AgNPs could be avoided by incorporating AgNPs into the clinoptilolite structure. As Dinler et al.
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(2021) mentioned, the clinoptilolite framework consists of a trap-like cage structure and consistent
pore size and shape which enable it to control the diffusion of AgNPs. This contributed to the
clinoptilolite’s quick ion-exchange capability and ability to restrict the mobility of AgNPs. Hence, the
stability and antibacterial activity of AgQNPs can be enhanced by entrapping AgNPs within the
clinoptilolite framework or attach on its surface (Jou & Malek, 2016) to prevent the leaching of Ag+
ions. Moreover, as many previous studies reported, banana peels extract consists of various
reducing and capping agents like phenols and flavonoids, hence banana peels extract could be
employed to reduce Ag+ ions into AgQNPs, and further stabilize the synthesized AgNPs.

Therefore, this study aimed to synthesize a green AgNP by using biomolecules of banana
peels extract through the incorporation of Ag+ ions into the clinoptilolite framework (BPE-AgNPs-
Cli) to improve the antibacterial activity of AgNPs. The biosynthesized AgNPs were then
characterized by UV-Visible (UV-Vis) spectrophotometer, Fourier Transform Infrared (FTIR)
spectrophotometer, X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy
Dispersive X-ray (EDX), and dispersion behaviours test. While the antibacterial activity of BPE-
AgNPs-Cli against Escherichia coli and Staphylococcus aureus was also performed in this study and
compared to Cli, BPE-CIi, and Ag- Cli samples.

Materials and methods

The synthesis method of BPE-AgNPs-Cli was adapted from the method used by (Asraf et al, 2020).
About 2.0 g of clinoptilolite was mixed with 50 mL of 2.5 mM AgNO3 solution and stirred overnight to
completely mixed the solution. Next, 6.0 mL of BPE was added into the mixture and stirred for another
4 hours. To prepare BPE-CIi, 2.0 g of clinoptilolite was mixed with 50 mL of deionized water and
stirred overnight. Next, 6.0 mL of BPE solution was added into the solution and then continuously
stirred for another 4 hours. While Ag-Cli was prepared by mixing 2.0 g of clinoptilolite with 50 mL of
2.5 mM AgNO3 solution and stirred overnight. After that, all sample mixture were filtered using
Whatman filter paper. The residue was collected and dried in the oven at 70°C for 2 days. The
completely dried powder was crushed and sieved to obtain the fine powder.

BPE-AgNPs was prepared following the method performed by (Kokila et al., 2015). 25 mL of
2.5 mM AgNO3 solution was added into a 50 mL falcon tube and mixed with 3 mL of BPE solution.
28 mL of AgNO3 solution and BPE solution were used as control. The samples were placed in the
oven at 70°C for 72 hours. The colour changes was recorded and the synthesis of BPE-AgNPs was
determined by using UV-Visible spectrophotometer (Jenway 7200) at 350- 750 nm.

BPE-AgNPs-Cli  was characterized using Fourier Transform Infrared (FTIR)
spectrophotometer, X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive
24 X-ray (EDX), and dispersion behaviour test in comparison with Cli, BPE-CIi, and Ag-Cli to confirm
the successful incorporation of AgNPs into the clinoptilolite structure. FTIR was used to identify the
possible functionalgroups present in the samples while XRD analysed the crystalline structures of the
samples. To study the surface morphology, size and elemental composition of the samples, SEM and
EDX were conducted. Dispersion behaviour test was carried out to investigate the relative position of
BPE- AgNPs-Cli in oil-water mixture.

The antibacterial activity of BPE-AgNPs-Cli was studied against Gram-negative bacteria,
Escherichia coli ATCC 11229 and Gram-positive bacteria, Staphylococcus aureus ATCC 6538 using
disc diffusion test (DDT), and minimum inhibition concentration (MIC) and minimum bactericidal
concentration (MBC). DDT was carried out following the method performed by (Jou & Malek, 2016)
to determine the zone of inhibition formed by the samples. About 0.3 g of the samples were weighted
and pressed using Manual Hydraulic Pellet Press to prepare pellet samples. 5- 10 colonies of E. coli
and S. aureus were taken and transferred to 5 mL of sterile 0.9 % (w/v) saline solution. The turbidity

test of thebacterial suspension was compared with McFarland Standard (1.5 x 108 cells). The sterile
cotton swab was dipped into the bacterial suspension and inoculated on the surface of MHA plates
by rotating the plates every 60° for 6 times to make sure the bacterial suspension was spread
uniformly on the agar surface. Then, the pellet samples were placed on top of the agar and incubated
at 37°C overnight upsides down. After incubation, the zone of inhibition was measured (in cm) using
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aruler.

For MIC/ MBC analysis, it was adapted from (Jou & Malek, 2016). 100 mL of bacterial
suspension which was in log phase was divided into two 50 mL bacterial suspension for distilled
water and 0.9 % saline solution tests, then centrifuged at 4000 rpm for 15 minutes. The pellets were
collectedby discarding the supernatants and washed with distilled water and 0.9 % saline solution
respectively twice. The pellets were resuspended in 350 mL distilled water and 0.9 % saline solution.
Next, Cli, Ag- Cli, BPE-AgNPs-Cli, and BPE-Cli samples with different weights (0.005, 0.010,
0.020, 0.050, 0.080,and 0.100 g) are added into 10 mL of the bacterial cell suspensions to form a
series of different concentrations (0.5, 1.0, 2.0, 5.0, 8.0, and 10.0 g/ mL). The mixtures were
incubated using theincubator shaker at 100 rpm for 30 minutes. 100 yL of 50 mg/ mL kanamycin
sulphate was used as positive control while bacteria were used as negative control. After that, 10 uL
of each suspension was dropped into the MHA plate by drop plate method. The plates were
incubated at 37°C overnight and observed for any colony formation. MIC value of the samples was
the lowest concentration that inhibited bacterial growth while MBC value of the samples was the
lowest concentration that killed all bacteria.

Results and discussion

BPE-AgNPs were prepared in this study to determine the use of BPE to reduce Ag+ ions to AgNPs
was a more eco-friendly, and cost-effective method. AgNOs solution changed from colourless to light
yellow after adding BPE, and further changed to dark brown after placing in the oven for 72 hours
(Figure 1). The colour changes were due to the reduction of Ag+ ions into AgNPs (Ag®) by
biomolecules of BPE like phenolics and flavonoids (Ruangtong et al., 2020). The functional groups
of phenolics and flavonoids interact with Ag+ ions and promote the reduction of Ag+ ions to AgNPs
whileC=0, C=0-C, and C-C groups that present in the heterocyclic compounds act to stabilize the
biosynthesized AgNPs (Hussain et al., 2019).
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Figure 1 Biosynthesis of BPE-AgNPs after 72 hours: (a) banana peels extract (BPE); (b)
silver nitrate AgNOs; (c) banana peels extract silver nanoparticles (BPE-AgNPs)

The successful formation of BPE-AgNPs was further confirmed by UV-Vis spectrophotometer.
Figure 2 shows UV-Visible spectra with the absorbance of AgNO3, BPE and BPE-AgNPs at a
wavelength between 350 nm to 750 nm. A strong SPR band formed at 430 nm with broad peak
indicates the AgNPs synthesized in the solution are spherical (Kokila et al., 2015). Additionally, a
single SPR peak was observed which also confirmed the spherical BPE-AgNPs was formed. Kokila
etal. (2015) stated the spherical AgQNPs only display a single SPR band in absorption spectra. The
broad peak represents the AQNPs are monodispersed. In contrast, AQNO3 and BPE acted as controls
and did not show any characteristic peaks.
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Absorbance of AgNO3, BPE and BPE-AgNPs at 350 - 750nm
430 nm
43
4 AgNO3
35 ——BPE
o 3
< - BPE-
g 23 AgNPs
=2 5 Ag
S
£ 1 \
- 1
0
05350 450 550 650 750
Wavelength (nm)
Figure 2 UV-Vis spectrophotometer: absorbance of AgNO3, BPE and BPE-AgNPs at 350-750
nm.
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Figure 3 FTIR spectra of Cli, BPE-CIi, Ag-Cli, and BPE-AgNPs-Cli

To confirm the successful synthesis of BPE-AgNPs-Cli, FTIR was performed between a

range of 4000 to 400 cm~1 to characterize the functional groups that present in BPE-AgNPs-CIi,
compared to Cli,BPE-CIi, and Ag-Cli (Figure 3). FTIR spectra indicated a strong band of clinoptilolite

asymmetric stretching of Si-O-Si and Si-O-Al at around 1000 cm1. According to Hrenovic et al.
(2011), two mediumbands formed at 800 cm™1 and 743 cm1 were assigned to the symmetric

stretching of Si-O-Si and Si-O- Al of clinoptilolite. At 3630 cm~1 and 3430 cm™1, the weak bands
that represented the acidic hydroxyl groups of Si-O(H)-Al was found due to vibration of the O-H

bonds respectively (Mortazavi et al., 2021).A formation of a broad peak at 455 cm-1 which indicated

the bending vibrations of Si—O and Al-O, whilea band found at 1640 em 1 is resulting from the
deformation vibration of absorbed water (Mortazavi et al., 2021). BPE-AgNPs-Cli showed similar
bands and functional groups as the raw clinoptilolite. This revealed the Ag+ ions were ion-
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exchanged with cations in the clinoptilolite framework but did not affect and disrupt the original
clinoptilolite structure (Hrenovic et al., 2011). However, a band represented C-H in alkanes and N-H

in amines that were expectedly present in BPE-AgNPs-Cli at around 2851 to 2912 cm™1 was not
found. This may be because of the low content of BPE in BPE-AgNPs-Cli which is difficult to be
detected in FTIR.

Figure 4 displayed the XRD pattern to determine the crystalline size and structure of BPE- AgNPs-
Cli in comparison with Cli, BPE-CIi, and Ag-Cli. The major clinoptilolite peaks were detected inBPE-
AgNPs-Cli at 11.12°, 13.51°, 15.27°, 17.26° 19.64° 22.24° 23.60°, 25.67°, 27.78°,
29.51°,30.93°, 35.66°, and 48.58°. From the figure, it can be seen that BPE-AgNPs-Cli indicated a
similar peak as the raw clinoptilolite. This proved the Ag+ ions were attached to the clinoptilolite
surface without affecting and changing the original clinoptilolite structure or intercalating between the
clinoptilolite layers (Jou & Malek, 2016). Moreover, BPE-AgNPs-Cli also contained organic
compounds of BPE which act as reducing and capping agents in the biosynthesis of AgNPs since
the peaks were formed at 32.25° and 46.16° (Ibrahim, 2015). The silver peak was supposedly
detected at 38.03° and 44.05° which correspond to the (1 1 1) and (2 0 0) planes of silver (Dat et al.,
2021), however, there was no silver peak found in BPE-AgNPs-Cli. The incomplete reduction of
AgNO3 to AgNPs (Dat et al., 2021) and the low amount of Ag+ ions contained in BPE-AgNPs-Cli
may lead tothe difficulty to detect silver peaks.
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Figure 4 Diffractogram of Cli, BPE-CIi, Ag-Cli, and BPE-AgNPs-Cli

SEM was carried out to analyze the surface morphology and size of BPE-AgNPs-Cli
comparedto Cli, BPE-CIi, and Ag-Cli. SEM images showed the natural clinoptilolite was spherical
and consisted of a highly porous structure (Figure 5) which created the negatively charged channels
for ion-exchange of Ag+ ions with cations into the clinoptilolite structure (Copcia et al., 2011).
However, BPE-AgNPs-Cli was not comparable to the natural clinoptilolite as the SEM images for
both samples were caught from different regions and different angles. BPE-AgNPs-Cli was found
to be irregular and smaller in size dueto the 24-hour treatment of BPE-AgNPs-Cli in AgNO3
solution decreased the size of the clinoptilolite structure (Panayotova et al., 2018), and also
resulting from mechanical processes such as grindingand mixing (Dikmen et al., 2020).
Additionally, the pore system of clinoptilolite cannot be observed on the surface of BPE-AgNPs-Cli,
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which may be because of the formation of silver clusters during the process partially blocked the
pore system (Panayotova et al., 2018). Moreover, the low resolution of SEM cause the Ag+ ions
and AgNPs cannot be detected and observed on the clinoptilolite surface.

Figure 5 SEM images of Cli, BPE-Cli, Ag-Cli, and BPE-AgNPs-Cli

To determine the elemental compositions of BPE-AgNPs-Cli, EDX was performed,
comparedto Cli, BPE-Cli, and Ag-Cli. Referring to Figure 6, EDX spectra indicated BPE-AgNPs-Cli
contained major elements found in clinoptilolite, including silica (Si), aluminium (Al), and oxygen
(O). Among these elements, a strong peak that represents the Si element was observed at 1.7 keV.
Cations such as K*, Ca?* and Mg?* ions that present within clinoptilolite structure were also found
in BPE-AgNPs- Cli, which function to exchange with Ag+ ions for AGNPs-Cli synthesis.

Figure 6 EDX spectra of Cli, BPE-Cli, Ag-Cli, and BPE-AgNPs-Cli
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Apart from clinoptilolite elements, silver (Ag) element was detected with a peak at 3 keV.
According to Ansar et al. (2020), the surface plasmon resonance of the Ag+ ions led to a silver
signal formed at 3 keV. The detection of Ag peak in BPE-AgNPs-Cli proved Ag+ ions were
successfully incorporated into the clinoptilolite framework. The quantitative analysis of elemental
compositions of BPE-AgNPs-Cli was shown in Table1 in comparison with Cli, BPE-Cli, and Ag-Cli.
It was found that BPE-AgNPs-Cli consisted of 37.97 % silica, followed by 32.87 % oxygen, 6.90 %
aluminium, and 1.24 % silver.

Table 1: Elemental composition of Cli, BPE-Cli, Ag-Cli, and BPE-AgNPs-Cli by EDX analysis
Weight of major elements (%)

Samples
o) Cc Si Al K Ca Mg Ag
Cli 4152 32.06 11.20 9.46 0.74 0.76 0.55 -
BPE-Cli 46.50 - 33.07 6.97 1.83 1.90 0.94 -
Ag-Cli 45.55 - 29.64 7.24 4.73 0.88 122 1.28
BPE-AgNPs- 32.87 - 37.97 6.90 6.80 1.87 048 1.24
Cli

Table 2  Dispersion behaviour test for Cli, BPE-CIi, Ag-Cli, and BPE-AgNPs-Cli samples in oil-
watermixture

Samples Before After shaking | Leftin static | Left in static
shaking condition for | condition for
30 mins 24 hours
Cli

BPE-Cli

Ag-Cli

BPE-AgNPs-
Cli
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Dispersion behaviour test was conducted to investigate the dispersibility and relative
position of BPE-AgNPs-Cli powder in an oil-water mixture, compared to Cli, BPE-Cli, and Ag-Cli.
The successful incorporation of Ag+ ions into the clinoptilolite framework was also can be confirmed
by this dispersion test. The dispersibility of Cli, BPE-CIi, Ag-Cli, and BPE-AgNPs-Cli in hexane and
water mixture before and after shaking, and left in static condition for 30 minutes and 24 hours were
shown in Table 2.

Before shaking, Cli started to distribute to the bottom of the bottle due to water shells forming
a barrier between the clinoptilolite particles, leading to dispersion of clinoptilolite particles (Jou &
Malek, 2016) while BPE-AgNPs-Cli was present in the interface phase between hexane and water
mixture. BPE-AgNPs-Cli were dispersed in the water phase after shaking, which indicated they have
well dispersibility to transport to different phases of the solution and evenly distribute throughout the
solution. Then, BPE-AgNPs-Cli was distributed to lower level of the water phase after being left at
static condition for 30 minutes. Because of the gravitational force, BPE-AgNPs-Cli was dispersed in
thebottom of the bottle after 24 hours. This showed the successful incorporation of BPE-AgNPs-Cli
into clinoptilolite structure, hence, eventually they presented as a solid powder at the bottom of the
bottles.

Antibacterial activity of BPE-AgNPs-Cli was analyzed against Escherichia coli and
Staphylococcus aureus by disc diffusion test in comparison with Cli, BPE-Cli, and Ag-Cli (Figure 7).
Due to Cli and BPE-CIi did not contain any antibacterial agent, they did not show their antibacterial
activity against E. coli and S. aureus. There was no visible inhibition zone formed around Cli and
BPE- Cli pellet samples for both E. coliand S. aureus. In contrast, it can be seen that a clear inhibition
zone was formed around Ag-Cli and BPE-AgNPs-Cli pellet samples for both E. coli and S. aureus.
This proved that BPE-AgNPs-Cli exhibited antibacterial activity against E. coli and S. aureus. BPE-
AgNPs- Cli was composed of clinoptilolite particles that incorporated with Ag+ ions which have
antibacterial activity. As Azizi-Lalabadi et. al. (2021) reported, the release of Ag+ ions and AgNPs to
interact with bacteria was controlled by the ion exchange and pore system of clinoptilolite. Hence, the
Ag+ ions and AgNPs in BPE-AgNPs-CIi could be released into the culture medium and inhibit
bacterial growth by forming a clear zone of inhibition.

Figure 7 Antibacterial activity of Cli, BPE-CIli, Ag-Cli, and BPE-AgNPs-Cli against E. coli (left)
and S. aureus (right) by disc diffusion test

The zone of inhibition formed against E. coli and S. aureus was measured and recorded in
Table 3. BPE-AgNPs-Cli showed a growth inhibition zone of 0.2 cm against E. coli and 0.3 cm
against S. aureus. The results indicated the inhibition zone formed against S. aureus was slightly
larger than E. coli, which means BPE-AgNPs-Cli exhibited higher antibacterial activity against S.
aureus (Gram- positive bacteria) than E. coli (Gram-negative bacteria). This is due to the
peptidoglycan layer of Gram-positive bacteria cell wall consisting of teichoic acid and pore system,
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which facilitate Ag+ ions and AgNPs to easily penetrate into the bacterial cells, disrupt bacterial DNA
and protein, and lead to cell death or apoptosis (Wang et al., 2017). Instead, Gram-negative bacteria
cell wall was composed of lipopolysaccharides and lipoproteins which will block the Ag+ ions and
AgNPs from entering the bacterial cells, thus BPE-AgNPs-Cli was less effective against E. coli (Loo
et al., 2018).

Table 3 Measurement of zone of inhibition (cm) of disc diffusion test for E. coli and S. aureus

Zone of inhibition (cm)

Samples E. coli S. aureus
Cli - -
BPE-Cli - -
Ag-Cli 0.3+£0.05 0.4£0.05
BPE-AgNPs-Cli 0.2+0.05 0.3+£0.05

Minimum inhibition concentration (MIC) and minimum bactericidal concentration (MBC)
tests were performed to determine the lowest concentration of BPE-AgNPs-Cli required to inhibit
the bacterial growth and completely kill the bacteria. In this study, the antibacterial activity of BPE-
AgNPs- Cli against E. coli and S. aureus was conducted in distilled water and 0.9% saline solution
to evaluate the effectiveness of antibacterial activity of BPE-AgNPs-Cli after incorporation of Ag+
ions and AgNPs into clinoptilolite structure. As previously discussed in the disc diffusion test, Cli
and BPE-CIi did not contain antibacterial agents to inhibit bacterial growth and kill E. coli and S.
aureus. In contrast, Ag-Cli and BPE-AgNPs-Cli exhibited their antibacterial activity against E. coli
and S. aureus in distilled water and 0.9% saline solution (Table 4).

Table 4  Antibacterial activity of Ag-Cli, and BPE-AgNPs-Cli against E. coli and S. aureus in
distilled water and 0.9 % saline solution by MIC / MBC test

Samples E. coli S. aureus
Distilled water 0.9 % saline solution Distilled water 0.9 % saline solution

Ag-Cli

BPE-
AgNPs-
Cli

MIC/MBC values of BPE-AgNPs-Cli against E. coli and S. aureusin distilled water and 0.9
% saline solution were shown in Table 5, compared to Cli, BPE-Cli, and Ag- Cli. It can be seen that
1.0 g/mL and 10.0 g/mL of BPE-AgNPs-Cli were able to inhibit bacterial growth and kill E. coli in
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distilled water and 0.9% saline solution respectively. While for S. aureus, 5.0 g/mL and more than
10.0 g/mL of BPE-AgNPs-CIli were required to inhibit and completely kill the bacterial growth in
distilled water and 0.9% saline solution respectively.

Table 5 MIC / MBC values of Cli, BPE-CIi, Ag-Cli, and BPE-AgNPs-Cli against E. coli and S.
aureus indistilled water and 0.9 % saline solution

Samples MIC MBC

E. coli S. aureus E. coli S. aureus

Distilled | 0.9 % saline | Distilled | 0.9 %saline | Distilled | 0.9 %saline | Distilled | 0.9 % saline

water solution water solution water solution water solution

Chi =10.0* =10.0* >10.0* =10.0* =10.0* =10.0* =10.0* =10.0*

BPE-Cli =10.0* =10.0* >10.0* =10.0* =10.0* =10.0* =10.0* =10.0*

Ag-Cli 0.5 5.0 0.5 5.0 0.5 5.0 2.0 =10.0
BPE-AgNPs- 1.0 5.0 0.5 5.0 1.0 10.0 5.0 >10.0
Cl

Notes: * represent the sample that does not possess antibacterial activity

BPE-AgNPs-Cli demonstrated its antibacterial activity against E. coli and S. aureus in
distilled water and 0.9% saline solution since it can inhibit the bacterial colonies formed on the agar.
Ag+ ions and AgNPs in BPE-AgNPs-Cli were released from the clinoptilolite structure to act as
antibacterial agents when interacting with bacteria. They bind to bacterial cell walls and damage the
cell membrane,leading to an increase in permeability of the cell membrane and leaking of intracellular
components, even cell death (Kanniah et al., 2021). Furthermore, it can be seen that BPE-AgNPs-
Cli exhibited higher antibacterial activity against E. coli and S. aureus in distilled water than in 0.9%
saline solution, which is due to the precipitation of silver chloride. The released Ag+ ions may react
with CI- ions in saline solution and formed silver chloride precipitate, causing a decrease in the
number of Ag+ ions to interact with bacteria and inhibit bacterial growth (Jou & Malek, 2016). Hence,
the results indicated a slightly diminished antibacterial activity of BPE-AgNPs-Cli against E. coli and
S. aureus in 0.9 % saline solution.

Conclusion

BPE-AgNPs-Cli was successfully synthesized through the incorporation of Ag* ions into clinoptilolite
structure, and reduced into AgNPs by biomolecules of banana peel extracts. The successfully
synthesis of BPE-AgNPs-Cli was confirmed by UV-Vis, FTIR, XRD, SEM, EDX, and dispersion
behaviour test. Antibacterial assay showed BPE-AgNPs-Cli was able to inhibit the bacterial growth
of E. coli and S. aureus in DDT, and also exhibited its antibacterial activity in distilled water and 0.9
% saline solution in MIC/MBC test. Therefore, BPE-AgNPs-Cli has the potential to be applied as a
new antibacterial agent in biomedical field and further study is required for more exploration in its
properties and optimal conditions for the preparation of BPE-AgNPs-Cli.
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