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Abstract

Present is a low-cost and environmentally beneficial approach for producing silver nanoparticles
from discarded pineapple leaves utilising microwave-assisted extraction. AgNPs are produced
environmentally friendly using a straightforward reduction technique and silver nitrate. The ideal
conditions for green synthesis are determined by taking into account a number of factors, such as
the silver nitrate concentration (5-25 mM), the incubation period (2-24 h), and the sample
volume (2—8 mL). The reduction of silver metal ions into silver nanoparticles is indicated by the
appearance of an absorption band in the UV-Vis spectro-photometer between 400 and 500 nm.
Longer run times, higher silver nitrate solution concentrations, and larger sample volumes are all
observed to improve absorption intensity. The green synthesised silver nanoparticles range in
size from 40 to 150 nm and exhibit hexagonal spherical shapes, according to FE-SEM studies.
Furthermore, the presence of green synthesised AgNPs is confirmed by FTIR and XRD studies.
In comparison to non-microwave-assisted treatment, silver nanoparticles treated with a
microwave show increased antibacterial activity against Escherichia coli, Bacillus subtilis, and
Staphylococcus aureus. Silver nanoparticles must be present at a minimum of 60 g/mL to
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suppress bacterial growth. Overall, this study provides an avenue with substantial potential for
the environmentally friendly and economically advantageous green synthesis of silver
nanoparticles employing the microwave-assisted technique.

Keywords: AgNPs, Silver nanoparticles, Staphylococcus aureus, Tupi Nanas Leaves

Introduction

Nanotechnology is a cutting-edge scientific field with many applications in a variety of areas,
including energy, manufacturing, and biological research. Nanotechnology makes it feasible to
use novel methods in biomedical research that were previously impractical by creating
nanoparticles (NPs) with distinctive compositions and capabilities. It is impossible to ignore the
many potentials, benefits, and uses of nanotechnology in biology and biomedical research. Since
they have recently been discovered to exhibit potent inhibitory and antibacterial properties, silver
nanoparticles (AgNPs) have become a hot issue in a variety of industries, including biomedical
device coatings, food packaging, cosmetics, water purification, and even as medicinal agents.
Due to their special electrical, optical, and magnetic characteristics that have a wide range of
applications, AgNPs, which range in size from 1 to 100 nm, have garnered attention®. AgNPs can
also lessen bacterial infections in wounds and on the skin, as well as prevent bacterial
colonisation on various device surfaces. AgQNPs can be made physically or chemically, but both
of these procedures are expensive and raise environmental concerns because they use hazardous
chemicals and produce dangerous byproducts. The advantage of using a green synthesis method
to make AgNPs is that it reduces possible dangers associated with using conventional chemical
or physical synthesis techniques. As a result, it plays a significant role in assuring the safety and
sustainability of AgNPs' use in a variety of domains. In response to this worry, techniques for
making colloidal AgNPs that are both safe and environmentally friendly have been devised, such
as using plants or microorganisms?. Due to its benefits over microbes, which require an aseptic
environment for cell growth, such as being non-toxic, environmentally friendly, and economical,
plant-mediated synthesis is increasingly becoming a preferred method. Plants act as capping and
reducing agents for the synthesis of AgNP because they are rich in biomolecule components such
proteins, flavonoids, polyphenols, and other phytochemicals. The resultant particles have a range
of sizes and shapes and are stable®. Furthermore, microwave-assisted green synthesis of AgNPs
is significant since it has been shown to have numerous benefits in a variety of disciplines and is
easily adaptable to varying size and structural requirements. Aegle marmelos, Pteris tripartite,
Prosopis farcta, Acalypha indica, Curcuma longa, Ananas comosus, and many other species have
been utilised to make AgNP. Along with papaya, pomelo, banana, watermelon, jackfruit, and
mango, A. comosus, or pineapple, is one of the most important fruits grown in Malaysia®. As
much as 30 to 50 percent of the weight of the entire fruit is lost during canning, which accounts
for a major portion of the waste produced during pineapple processing, which also includes
stems, crowns, cores, and peels. Currently, Malaysia produces 95% of its canned pineapple for
export and 5% for internal use. To limit the amount of waste, a waste-to-wealth project has been
put forth to transform this waste into something beneficial. The waste from MD2 "Super Sweet"
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pineapple leaves can operate as a capping and reducing agent for the green synthesis of AgNPs
utilising a microwave-assisted process, and this work demonstrates that it has the potential for
antibacterial applications in a variety of domains. The unique aspect of this work is the use of a
microwave-assisted approach, which uses less energy than a conventional heating method to
convert Ag + ions to Ag 0 in place of that method. In terms of energy consumption, this novel
technique offers advantages that are more environmentally friendly and time-effective®.
Methodology

Materials

From On Silica Gel, iPlatinum Pvt. Ltd silver nitrate (AgNO3) was purchased. Waste pineapple
leaves from the pineapple plantation sector were gathered.

Preparation of pineapple leaf waste extract

To remove dust, the wasted pineapple leaves are properly washed under running water several
times, and then rinsed with distilled water. The leaves are broken up into little bits and weighed
at about 100 g. These leaves are then cooked for 30 minutes at 100 degrees in 400 mL of purified
water before being strained. A portion of the filtrate is utilised in the green synthesis of AgNPs
as a stabiliser and reducing agent. In order to protect the aqueous plant extract from
contamination, the filtrate is kept at 20°C. The filtrate's remaining leaves are dried in an oven to
a consistent weight before being combined as a control for FTIR analysis®.

AgNPs Green synthesis

The green synthesis of AgNPs is performed using aqueous extraction from wasted pineapple
leaves through a simple reduction method with AgNO3. The green synthesis process is done in
accordance to Kumar et al. (2021) with slight modifications. To begin, 20 mM of AgNO3
solution is added to 4 mL of the pineapple leaves extract solution in a total volume of 20 mL,
with stirring. The solution is then incubated at room temperature’. The green synthesis is
conducted by comparing microwave-assisted treatment with normal condition. The microwave-
assisted treatment is performed at a constant power of 10% x 1100 Watts for 9 min. Upon
completion, the colour of aqueous extract changes from colourless to reddish brown slowly when
adding AgNO3. The rapid formation of a reddish-brown solution, as shown in Figure:1, indicates
the successful formation of AgNPs through the reduction of silver ions in the solution. The green
synthesized AgNPs are then purified by washing twice with distilled water, centrifuging (using
MPW-352R, Germany) at 8000 rpm for 10 min, and lyophilizing using a freeze drier machine.
Different parameters include AgNO3 concentration (5-25 mM), incubation time (2-24 h) and
sample volume (2-8 mL) are further studied to determine the optimal condition for synthesizing
AgNPsé,
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Figure No 1:- Aqueous solution's colour under microwave assistance
(a) before adding AgNO3 and (b) after adding AgNO3. (The reader is directed to the Web
version of this article for interpretation of the references to colour in this figure legend.)
AgNPs Silver Nano-particles Characterization
UV-visible spectrophotometer
AgNPs sliver green synthesized sliver nano particles, which entail the reduction of pure silver
ions, are initially characterised using the UV-visible microplate spectrophotometer reader (Epoch
microplate spectrophotometer, US). In the wave length range of 350 to 600 nm, the surface
plasmon absorption is observed®.
Field-Emission Scanning Electron Microscopy (FESEM)
The prepared gold coated samples are characterized under FESEM (ZEISS, Crossheam 340,
Germany) to observe the morphological characterization of green synthesized AgNPs™°.
Fourier Transform Infrared (FTIR)
Using an FTIR spectrophotometer (Perkin-Elmer Spectrum One FT-IR Spectrometer, USA) with
a range of 4,000 to 400 cm-1, the leaves left over after extraction and the green synthesised
AgNPs are examined*!,
X-Ray Diffractometer (XRD)
On the powdered AgNP samples, X-ray diffraction (XRD) is carried out using a Japanese
Shimadzu XRD-6000 apparatus. By drop-coating the AgNPs onto glass substrates, their size is
calculated, and their presence is verified by analysing the dried mixture after the water has
evaporated at room temperature. With a voltage of 40 kV and a current of 30 mA, Cu K radiation
is used to conduct the XRD analysis in a "to 2" configuration®?.
Antimicrobial activity
Microbial culture
In total, three bacteria were taken from ATCC 6538. Gram-positive B. subtilis and S. aureus and
Gram-negative E. coli were among the bacterial strains. S. aureus is designated as the most
prevalent infection bacterium in wounds®®.
Disk diffusion antibacterial assay
According to Baskaran et al. (2016), a disc diffusion antimicrobial assay was performed. A
sterile Petri dish is used to create agar plates by adding 20 mL of nutritional agar liquid, which is
then covered with 0.1 mL of bacterial suspension after it has solidified. 6 mm diameter sterile
filter paper discs were impregnated with 5 and 10 L of 5 mg/mL AgNPs, and the plates were
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then incubated at 37°C for 24 hours. By assessing the zones of inhibition against the test
microorganisms, antibacterial activity was measured*®.

Broth antibacterial assay

Meanwhile, 15 mL of nutritional broth (NB) containing varying concentrations of green
synthesised AgNPs is added to 1 mL of three types of bacterial suspension in nutrient broth
(NB). For 24 hours, the bacterial suspensions are incubated. A spectrophotometer (UV-1280
spectrophotometer, Shimadzu, Japan) optical density (OD) reading at 600 nm is used to calculate
the dry cell weight to calculate the bacterial growth after 24 hours®.

Results and discussion

Optimal condition for green synthesis of AgNPs

In comparison to previous approaches, the green synthesis of AgNPs utilising waste pineapple
leaf extract has the potential to be more favourable because it is simple to modify, less
biohazardous, and chemically toxic-free. Additionally, it offers organic capping agents for the
stabilisation of silver nanoparticles and is less expensive than microorganism-based nanoparticle
manufacturing. Wasted pineapple leaves are collected, thoroughly washed under running water
(necrotic plants and epiphytes were removed), then washed once more in sterile distilled water
(associated debris were removed). Next, the leaves are cut into small pieces, boiled in distilled
water, and the extract is filtered®. A part of the filtrate from the boiled and filtered pineapple leaf
extract is used as a reducing agent and stabiliser during the production of AgNPs. When AgNO3
solution was added to a small amount of plant extract under standard or microwave-assisted
treatment conditions, a reaction took place. In this work, a number of parameters were examined,
and the conversion of pure Ag (I) ions to Ag(0) was tracked by measuring the solution under a
UV-vis spectrophotometer microplate reader at regular intervals?’.

AgNO3 different concentration’s Effect

To identify the ideal concentration of AgNO3 to lower the silver ion for green synthesised
AgNPs in 4 mL leaves extract solution, the effects of various AgQNO3 concentrations (range from
5 to 25 mM) are investigated. The greatest peak ranges between 400 and 450 nm at various doses
of AgNO3 during green synthesis of AgNPs during 2 h incubation period are exhibited in UV-
vis spectrophotometry micro plate reader in Fig. 2. Both Mojally et al. (2022) and Lade and Patil
(2022) showed similar UV spectrum ranges using agueous mint extract and Passiflora foetida
Linn leaf extract, respectively. The Surface Plasmon Resonance (SPR) band is produced by the
collective oscillations of conduction electrons in nanoparticles in the presence of visible light,
and it is greatly influenced by the size and form of the nanoparticles!®. When the AgNPs made
from the pineapple leaf extract were hung in water, they had a reddish-brown colour. This is
because the reduction of Ag + into Ag0 excited electrons and changed the electronic energy
levels (Emeka et al., 2014). According to Fig. 2a, the green synthesis performs better with higher
peaks at 20 mM of AgNO3 for two hours when treated with a microwave®. This suggests that,
compared to other concentrations, a concentration of 20 mM AgNQO3 is adequate to diminish the
silver ion in green synthesised AgNPs. As concentration rises due to an increase in the
absorption of organic chemicals, the band around 400-450 becomes more intense (Ramya,
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2021). The SPR intensity decreases as the concentration rises to 25 mM, though. This
phenomenon might be caused by the limited ability of active functional groups to serve as
reducing agents in the extract of pomelo peels. In contrast, no discernible difference can be seen
in the usual situation (Fig. 2b), where a slower reaction to the reduction of the silver ion takes
place without microwave treatment?°.
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Figure No 2:- Effect of different AQNO3 concentration on green synthesized AgNPs for
(a) Microwave-assisted treatment;
(b) Normal condition. (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)

Effect of different incubation time

The effect of different incubation time (2, 4, 6, 24 h of incubation) on green synthesized AgNPs
with normal condition and microwave-assisted treatment at 20 mM AgNO3 and 4 mL extract
leaves is examined as shown in Fig. 3. The intensity UV—Vis spectra of the absorption increase
with distinctive plasmon band ranging between 400 and 450 nm with prolong time incubation,
indicating the formation of the AgNPs increased by continuous incubation until 24 h. During the
initial incubation, the SPR peak was observed at approximately 401 nm, which gradually shifted
towards longer wavelengths with the increase in reaction time?!. The intensity of the SPR peak
was observed to increase with an increase in reaction time, suggesting a higher concentration of
the synthesized AgNPs. The enhancement in SPR intensity could potentially be attributed to the
conversion of hydroxyl (OH) groups to carbonyl (C=0) groups as a result of the reduction of
silver ions, as suggested by Jalani et al. (2018). Fig. 3e depicts the comparison of green synthesis
AgNPs by normal condition with microwave-assisted treatment with different incubation time at
425 nm. Green synthesis of AgNPs by microwave-assisted treatment accelerates more formation
of AgNPs during 2-6 h of incubation as compared with green synthesis in normal condition. The
formation of AgNPs achieves same intensity after 24 h of incubation and the graph intensity
becomes flatter, representing a completion of AgNPs formation in the reaction suspension?.
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Figure No 3:- Effect of different incubation time on green synthesized AgNPs under
(@) 2hr; (b) 4 h; (c) 6 h (d) 24 h of incubation time

Effect of different sample volume

Different sample volumes (2, 4, 6, 8 mL) of extracted wasted pineapple leaves are employed in
green synthesis under 6 h incubation. The peaks are observed in the range of 400-450 nm as
shown in Fig. 4 for both experiment with and without microwave-assisted treatment. Both results
reveal that 6 mL and 8 mL sample volume of leaves extract are sufficient for the reaction with 20
mM AgNQO3. This is because the highest wavelength was performed by 6 mL and 8 mL,
indicating faster reduction activity of silver ionZ. It is in line with the study done by Jyothi et al.
(2022) where 8 mL of Spondias pinnata bark extract was the optimal amount of AgNPs synthesis
by microwave irradiation as the SPR band changed with different volume. Therefore, AgNPs
synthesized from the treatment of 20 mM of AgNO3 using 6 mL sample volume with
microwave-assisted treatment for 6 h of incubation time was employed for further
characterization analysis®*.

Absorbance (OD)

Wavelength (nm)

Figure 4. Effect of different sample volume of extraction wasted pineapple leaves for
(a) Microwave-assisted treatment;
(b) Normal condition.

Particle size and morphology

Figure no 5 illustrates the morphology and particle size of AgNPs synthesized using microwave-
assisted method®. The nanoparticles are observed to have a hexagonal spherical shape, with a
size range between 40 and 150 nm. The size of AgNPs is slightly larger than that in the work by
Maryani and Septama (2022) (21.63 + 4.85 nm) and Jyothi et al. (2022) (34.52 nm). Researchers
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claimed that smaller size could perform better antimicrobial activity since it can penetrate to
bacterial cells easily thereby disrupting their cell wall. Moreover, spherical size of AgNPs
demonstrates a larger specific surface area compared to nanorods and nanowires (Acharya et al.,
2018) thus can inhibit the antimicrobial growth more effectively through penetration and reaction
with bacterial cell wall?®.
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Figure No 5: Particle size of silver nanoparticles

Fourier Transform Infrared Spectroscopy (FTIR) analysis

Functional groups in samples can be examined with FTIR spectroscopy in order to verify the
efficacy of each step of the treatment. Fig. 6 depicts FTIR spectra of pineapple leaves; A -
pineapple leaves extract and B - AgNPs. The comparison study is conducted to observe any
changes in chemical bond of pineapple leaves after the synthesizing process. Pineapple leaves
extract contain numerous bioactive compounds such as glycosides, proteins, phenolics,
flavonoids, tannins, and terpenoids®’. Flavonoids are crucial compounds that act as reducing
agents during the synthesis of AgNPs among these compounds. To identify the functional groups
that are responsible for capping and stabilizing the Ag nanoparticles, FTIR analysis was
performed in the range of 600-4000 cm™. The FTIR spectrum of both sample (A - pineapple
leaves extract and B - AgNPs) showed four different peaks in Figure No 6. The stretching
intensity shown in the graph of synthesized leaves decreases and becomes broader compare to
the control because of the removal of impurities such as hemicellulose and lignin removal. The
shifting of peaks between pineapple leaves extract which may suggest the involvement of the
functional group in the formation of AgNPs?3. The presence of hydrogen-bonded hydroxyl (—
OH) group compounds was indicated by the broad band at 3,729 cm™ (A) which shifted to 3,735
cm— 1 (B). The highest energy region of the spectrum, known as the “hydrogen region”, ranges
from 3,800 to 2,700 cm™ %, The observed peak at 1,610 cm™~! (A) which shifted to 1,628 cm™ ! (B)
indicated the presence of C=0O stretching bonds of the carbonyl group. Amino acid residues
containing carbonyl groups can form a strong bond with metals. Proteins with these residues may
create a coating that covers the metal nanoparticles, preventing them from agglomerating in
solution. The ligands capping the AgNPs may contain an aromatic compound, C=C of alkenes,
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or C=N amine stretching, as indicated by previous studies?®®. The wide absorption spectra at
1,036 cm~ ! (A) was due to the stretch vibrations of C-N stretching and C-O stretching of amino
and carboxyl groups which mainly attributed from flavonoids and terpenoids in pineapple leaves
extract. Then, the reducing of these peaks at 1042 cm— 1 (B) suggested the involvement of these
bioactive compounds in reducing silver ions to AgNPs (Jalani et al., 2018). Therefore, the
obtained FTIR spectra provided evidence for the production of AgNPs through the reduction of
Ag+ ions by the capping material present in the aqueous leaves extract®.
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Figure No 6: FTIR absorbance spectra of control (residual leaves filtrated), A-leaves extract
(before synthesized) and B- AgNPs (after synthesized)

X-Ray diffraction (XRD) analysis

The crystalline phase of the presence and absence of AgNPs sample is analyzed in the range of
20 between 10° and 100°. As illustrated in Figure no 7, the sample has crystalline structures and
three main characteristic peaks at 27.6°, 32 and 46° which are attributed to crystallographic
planes at 111, 200 and 220 (crystalline region). These are the crystal reflection planes of the
face-centered cubic (fcc) lattice of silver respect to the standard data (Joint Committee on
Powder Diffraction Standard data No 04-0783), confirming that the AgNP was successfully
green synthesized from wasted pineapple leaves with microwave-assisted treatment. This is
validated by previous study as the characteristic peaks were indistinguishable from the
biosynthesis of AgNPs from apple pomace and aqueous Desmodium triquetrum extract (Maryani
and Septama, 2022). The observed peaks in this study are also intense and sharp, indicating a
high degree of crystallinity of green synthesized AgNPs. Similar patterns are observed for
AgNPs synthesized from fern, Pteris tripartite Sw. (Baskaran et al., 2016) which showed three
intense peaks between 20° and 50°. In comparison of the intensity ratio, crystallographic plane at
200 has the highest intensity. This could be inferred that green synthesized AgNPs is enriched in
(200) facets thereby this plane exhibits a preference to align parallel to the surface of the
substrate it is supported on, followed by planes at 220 and 111. The crystallite size of AgNPs is
calculated using Debye-Scherrer’s formula®®:

D=0.94 1/ cos 6
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where D denotes the average crystalline domain size perpendicular to the reflecting planes, A
denotes the X-ray wavelength, p denotes the full width at half maximum (FWHM), and 0
represents the diffraction angle. It is found that the average crystallite domain size of AgNPs was
19 nm which is close to the AgNPs that green synthesized from Mimosa pudica leaves extract®?,
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Figure No 7: XRD pattern for green synthesized AgNP using microwave-assisted treatment

Antibacterial activity

Disk diffusion antibacterial assay

Inhibition of three types of bacteria, Gram-negative bacteria E. coli, Gram-positive bacteria B.
subtilis and S. aureus (the most common infection bacteria in wound) are summarized in Table 1
and illustrated in Fig. 8. The diameter of inhibitory zone ranges from 8 to 14 mm for normal
condition and microwave-assisted treatment AgNPs, respectively. The highest inhibitory effect is
observed in the treatment with 10 pL of 5 mg/mL microwave-assisted treatment AgNPs against
S. aureus, followed by 10 pL of 5 mg/mL normal condition AgNPs against S. aureus. It is
noticeable that larger inhibitory zones are observed in 10 pL of 5 mg/mL microwave-assisted
treatment AgNPs for all types of bacteria as compared to 5 puL of 5 mg/mL normal condition
AgNPs. Furthermore, it is noteworthy that both AgNPs perform better antimicrobial activity
against S. aureus than E. coli and B. subtilis®®. Similar observation was reported by Lomeli-
Rosales et al. (2022) with green synthesized AgNPs using leaves extract of Capsicum chinense.
One possible explanation for higher inhibition against S. aureus could be owing to the
differences in cell membranes and enzymes present in the periplasmic space. The presence of
enzymes allows certain Gram-negative bacteria to degrade externally introduced molecules, as
described by Duffy and Power (2001). Additionally, the hydrophilic surface of the bacterial outer
membrane is high in lipopolysaccharide molecules, which serves as a barrier for antibiotic
penetration, adding to their resistance. Conversely, Gram-positive bacteria do not have an outer
membrane or even cell wall structure, making them more susceptible to certain antibacterial
agents, according to Shan et al. (2007). This is exemplified by the antimicrobial activity of
Vaccinium bracteatum Thunb. leaves extract where higher inhibition against S. aureus than E.
coli and B. subtilis was demonstrated. Additionally, when comparing both Gram-positive
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bacteria, S. aureus exhibits larger inhibitory zones than B. subtilis. This difference may be
attributed to the non-pathogenic nature of B. subtilis in environments. These bacteria even have
been explored as potential therapeutic agents of negligible consumer risk (Gonzalez et al., 2011).
While B. subtilis is generally considered harmless and has reported additional probiotic benefits,
the specific mechanism of immune stimulation in the intestinal epithelium is still not well-
established scientifically. B. subtilis spores are a predominant constituent of probiotic formulae
and also available as a stand-alone probiotic (Piewngam and Otto, 2020). These properties could
potentially explain the slower formation of inhibitory zone for B. subtilis compared to S. aureus.
However, further detailed studies are necessary to elucidate the underlying mechanism behind
this phenomenon3.
Table: 1 Disk diffusion antibacterial assay of microwave-assisted treatment AgNP

Volume of AgNPs Clear Zone (mm)
with normal E. Coli B. Subtilis S. Aureus
treatment (5 mg/mL)
0 pL (Control) No clear zone No clear zone No clear zone
5 uL 8 9 7
10 pLL 9 8 11
Amount of AgNPs Clear Zone (mm)
with E. Coli B. Subtilis S. Aureus

microwaveassisted
treatment (5 mg/)

0 pL (Control) No clear zone No clear zone No clear zone
5 uL 10 9 11
10 pL. 9 10 13

Broth antibacterial assay

Broth antibacterial assay is also carried out to determine the minimal concentration of AgNPs
with microwave-assisted treatment to inhibit the growth of E. coli, B. subtilis, and S. aureus. The
control represents the dry cell weight of bacterial growth in nutrient broth without AgNPs.
Results in Table 2 shows that the dry cell weight is reducing with the ncreasing concentration of
AgNPs from 20 to 40 pg/mL in the nutrient broth. Moreover, there is no growth determined in
the 60 and 80 pg/mL AgNPs samples. This infers that the minimum inhibitory concentration
(MIC) of AgNPs for bacterial growth is 60 pg/mL of AgNPs. There are many possible
mechanisms proposed to explain the antimicrobial activity of AgNPs. AgNPs could inhibit the
action of microorganism by permeating its peptidoglycan layer, interacting with intracellular
components such as DNA, ultimately resulting in cellular damage (Hossain et al., 2019).
According to Sathishkumar et al. (2009), the interaction of AgNPs with the -SH groups of
proteins on the cell walls could potentially block respiration, leading to cell death. In addition,
AgNPs may generate reactive oxygen species (ROS), which cause cellular damage and protein
leakage. The biosynthesized AgNPs in this study have a very small size (40-150 nm) and large
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specific surface area for strong adsorption capacity. Therefore, the antimicrobial activity might
perform through the interaction of silver ion on the cell surface by weakening hydrogen bonds®®.

Table 2: Broth antibacterial assay of microwave-assisted treatment AgNPs.

Bacteria Type concentration of AgNPs Weight of Dry Cell (g/L)
(ng/mL)
E. Coli 0 (control) 0.554 +0.011
15 0.472 £ 0.027
35 0.061 + 0.007
55 0
75 0
B. subtilis 0 (control) 0.401 +0.013
15 0.498 + 0.029
35 0.320 £ 0.011
55 0
75 0
S. aureus 0 (control) 0.998 + 0.041
15 0.881 +0.012
35 0.093 + 0.009
55 0
75 0
Conclusion

Using microwave-assisted extraction of pineapple (Ananas comosus) leaves with AgNO3
solution, which is more cheaply, environmentally feasible, and easily accessible, it was
successfully established that green synthesis of AgNPs is possible. This method could be
appropriate for the quick manufacturing of AgNPs. When compared to standard treatment, the
green synthesis of AgNPs was sped up by using microwave-assisted treatment with 20 mM
AgNO3, 6-8 mL of leaves extract, and 2—6 hours of incubation time. Results of increased SPR
intensity with increasing incubation time under UV-Vis spectro-photometry examination provide
proof that the green synthesised AgNPs are present. AgNPs were discovered to be hexagonal
spherical in shape with a size range between 40 and 150 nm using FE-SEM, which further
supported the biosynthesis of AgNPs utilising FTIR and XRD investigations. The minimum
inhibitory concentration of silver nanoparticles for bacterial growth is 60 g/mL, and AgNPs also
demonstrated antibacterial efficacy against E. coli, B. subtilis, and S. aureus. AgNPs has a
stronger capacity to operate as an alternate antiseptic agent, especially in the pharmaceutical
industry, and a possible avenue for a variety of applications.
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