
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 3

/1
6/

20
26

 1
:5

0:
23

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Psidium guajava
aIndustrial Physics Division, BCSIR Dhak

Scientic and Industrial Research (BCS

suraviislambcsir@gmail.com; suravii@yaho
bFibre and Polymer Research Division, B

Bangladesh
cInstitute of National Analytical Research

Bangladesh
dDepartment of Chemistry, University of Dh
eBangladesh Council of Scientic and Ind

Bangladesh

† Contributed equally to this work.

Cite this: RSC Adv., 2023, 13, 19164

Received 21st May 2023
Accepted 20th June 2023

DOI: 10.1039/d3ra03381c

rsc.li/rsc-advances

19164 | RSC Adv., 2023, 13, 19164–19
leaf extract mediated green
synthesis of silver nanoparticles and its application
in antibacterial coatings

Md. Johurul Islam,†a Nazia Khatun, †a Riyadh Hossen Bhuiyan,b Shahnaz Sultana,c

Md. Aftab Ali Shaikh,de Md. Nur Amin Bitu, a Fariha Chowdhurye

and Suravi Islam *a

In this study, Psidium guajava (P. guajava) leaf extract-assisted silver nanoparticles (AgNPs) were synthesized

and their antibacterial activities were investigated. The synthesized green AgNPs were characterized by

various analytical techniques including UV-Vis spectroscopy, Fourier transform infrared spectroscopy (FTIR),

X-ray diffractometry (XRD), field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray

(EDX) spectroscopy, etc. From the UV-Vis spectroscopic analysis, the formation of nanoparticles has been

confirmed by the color change from light yellow to reddish brown of the solution due to the excitation of

the surface plasmon resonance peak at 430 nm. In addition, the FTIR study showed the reduction of Ag

ions owing to the presence of biomolecules in the leaf extract, which acted as reducing as well as capping

agents. Furthermore, XRD analysis reveals the identified 2q peaks of AgNPs at ∼39° with cubic structure.

The FE-SEM micrograph illustrated the material was formed in nano-dimensions, with an average particle

size of ∼12 nm and almost spherical in shape. Moreover, P. guajava-mediated AgNPs demonstrated good

antibacterial activity against both Gram-positive (S. aureus) and Gram-negative (E. coli) bacterial strains. The

synthesis was performed by a bio-reduction process where a bioactive agent is responsible for reducing

metallic ions to metallic nanoparticles as an eco-friendly, cost-effective, non-toxic, one-step, and

sustainable method. Therefore, this study may create an imperative synthetic route for the fabrication of

green-AgNPs and their application in antibacterial coatings in cotton textiles.
1. Introduction

Nanotechnology is the most signicant approach in modern
scientic practice in the world. Researchers have made exten-
sive development of electronics, environment and human
health in medical science through nanotechnology.1 The
application of nanoparticles (NPs) in nanotechnology is
increasing steadily.2 To meet the demand, different synthesis
methods are being created over time. Conventional (chemical or
physical) methods are used as a complex method of making NPs
which is harmful to the environment and human health due to
chemical hazards and reaction contamination.3,4 At the same
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time, conventional methods for synthesis of NPs are time-
consuming, expensive, and toxic when handling.5 On the
other hand, green synthesis is eco-friendly and sustainable
innovative method because various elements used here which
come from organic materials.6 Green synthesis of NPs is time
saving and cost-effective bio-synthesis, with less chemical
hazard. Metallic or oxide NPs, both are highly potential. This
synthesis technique uses various elements which come from
organic materials.7–9

Generally, wood and bones are used to produce NPs but in
the green approach plants are popular more than others. Plants
element likes bulks, roots, fruits and leaves are used typically to
synthesize NPs.10 Moreover, extract of green leaves of various
medicinal plants are used as they have signicant reducing and
capping agents to convert metallic ions to formNPs. Azadirachta
indica (neem),Moringa oleifera, Justicia adhatoda,11 Aloe vera and
Psidium guajava (P. guajava) etc. are common medicinal plants
used for green synthesis of NPs. Among them, extract of P.
guajava (guava) is used mostly because it contains glycosides
and polyphenolics (avonoids and tennies) which act as
reducing and capping agents to convert metallic ions to NPs.12–14

P. guajava, commonly known as guava, a popular fruit in
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Bangladesh. This evergreen tree is found throughout Asia and is
widely cultivated in India, Bangladesh, and Malaysia.

Synthesis of various NPs such as Au, Cu, Ni, Al including Ag
can be attained from guava leaf extract.10,15,16 Several researchers
have taken attempts to synthesize metallic nanoparticles
exhausting aqueous extract of P. guajava leaves, especially silver
nanoparticles considering wide range of advantages of green
synthesis. Silver nitrate (AgNO3) was used as a precursor and
most of the research used (1–30) mM solution of silver ions
reduced by different percentages of aqueous extract of P. gua-
java leaves. In the synthesis process silver salts, Ag+ converts to
metallic silver, Ag0 through biological molecules of the leaf
extract which may contain reducing agents as well as metal salt
reducers. P. guajava leaf extract contains biochemicals such as
polyphenols, carotenoids, terpenoids, avonoids, tannins and
triterpenes could be responsible for the reduction of metal ions
to NPs.9,10 Bose et al. prepared AgNPs using P. guajava and
investigate their anti-bacterial activity against Gram negative
bacterial strain.9 Sharmila et al.17 demonstrates result for both
Gram-negative and Gram-positive bacteria with zone of inhibi-
tion less than 10 mm. Geetha et al. also get <10 mm inhibition
zone by analyzing ve pathogens for AgNP solutions.18 Besides,
Dama et al. prepared spherical AgNPs using methanol solvent
and analyzed anti-microbial efficacy against E. coli, S. aureus,
and P. aeruginosamicrobes.19 AgNPs has been applied in various
elds such as engineering, communication, photochemical,
bio-application, packaging antibacterial protection, etc. In
addition, it has applications in biomedical devices, environ-
mental remediation, medicine, food packaging, cosmetics, and
other industrial purposes.15

AgNPs have distinct composition and structure, crystallinity,
shape and size compared to the bulk forms. Consequently, it
exhibited excellent physicochemical properties for instance
chemical stability, surface-enhanced Raman scattering, high
conductivity both thermal and electrical, catalytic activity, non-
linear optical behavior, and biological properties compare to
others NPs.16 AgNPs possess a wide-ranging spectrum of anti-
bacterial and anti-fungal activities14 generally applied to
various consumer products for example cosmetics, toiletries,
plastics, food, and textiles.20

The objective of this research is to synthesize eco-friendly
AgNPs from P. guajava (myrtle family)12 leaf extract and to
examine its antibacterial activity. Here, synthesized AgNPs
solutions with different concentrations of AgNO3 were observed
against Gram-negative bacteria to examine antibacterial
activity. Finally, textile cotton and N95 mask bers were coated
with leaf extract-mediated Ag nanoparticles and analyzed the
anti-bacterial activity by applying Gram-positive and Gram-
negative bacteria separately for application in cotton textiles
as an antibacterial coating. Moreover there is a lake of avail-
ability of textile industries based on AgNPs base research.

2. Experimental methods
2.1 Materials

In this research work, healthy and fresh leaves of P. guajava
plant were collected from the tree, grown in front of BCSIR
© 2023 The Author(s). Published by the Royal Society of Chemistry
Dhaka Laboratories, Bangladesh. The tree was medium-sized;
has leaves of 7–10 cm in length and 4–5 cm in width and
remains green throughout the year. Analytical grade silver
nitrate (AgNO3) and sodium hydroxide (NaOH) were purchased
from Merck, Germany (98% purity). Textile cotton and N95
mask bers were obtained from local market of Bangladesh. For
the preparation of leaf extract deionized water and Whatman
no. 1 lter papers were used for erosion and ltration purpose.
Moreover, for cleaning glassware (pipette, beaker, etc.) ethanol
and distilled water were applied. Bacterial clinical isolations
were generated by the Institute of National Analytical Research
and Service (INARS), BCSIR.

2.2 Preparation of P. guajava leaf extract

For the preparation of leaf extract, fresh green leaves of P.
guajava were taken, separated from the petiole and midrib, and
washed with tap water thoroughly. The leaves were then washed
further for several times to remove dust and surface contami-
nants using deionized water and hung for drying at room
temperature (28 °C) for 1 hour. The dried leaves were sliced and
cut into ne pieces using scissors. For preparing each batch of
extract, 10 g of ne pieces of leaves were taken in a beaker with
100 mL of deionized water. The beaker was placed in a hot plate
and stirred constantly at 400 rpm at 90 °C for 25 minutes to get
leaf extract. This extract was ltered through Whatman lter
paper for two times and kept at room temperature. Finally, the
prepared aqueous leaf extract was poured into AgNO3 solution
in different concentrations. The rest of the extract was kept in
the refrigerator at 4 °C covered by aluminum foil for further use.

2.3 Biosynthesis of silver nanoparticles

To synthesize silver nanoparticles, aqueous leaf extracts (1 mL
of P. guajava) and 10 mL of AgNO3 solution in different
concentrations (10, 15, 20 and 25 mM) were taken in a beaker.
The solution was placed in a hot plate; the temperature of the
solution/mixture was raised to ∼60 °C maintaining constant
magnetic stirring for 10 minutes. Aerward, it was kept at room
temperature for 2 hours where the reduction of Ag+ ions to
metallic Ag conversion was taken place. Finally, the solution
was observed carefully, and without any pulsation, the color of
the solution changed from light yellow to reddish brown which
species the formation of AgNPs initially. A small portion of
colored suspension was centrifuged at 10 000 rpm for 15
minutes to get powder material. Collected materials were
washed with deionized water for several times to remove any
impurities. It was then taken in a Petri dish and kept in an
electric oven at 60 °C for 2 hours for drying. The dried powders
were then annelid at 500 °C for 2 hours and stored in a desic-
cator for further use. Fig. 1 shows the whole procedure of
synthesis of P. guajava leaf extract-mediated AgNPs.

2.4 Treatment of cotton and mask bers

Cotton ber from the local market may have dust, oil, hemi-
cellulose and organic acids on its surface, so treatment is
necessary to get anti-microbial cotton. At rst, the cotton was
washed with detergent to remove dust. Aerward, it was soaked
RSC Adv., 2023, 13, 19164–19172 | 19165
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Fig. 1 Schematic representation for the synthesis of P. guajava leaf extract mediated AgNPs.
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in a solution of ammonia and ethanol (4 : 6) for 10 hours in
a dark room for oil removal. For alkali treatment, the bers were
washed thoroughly and dried in a vacuum oven at 40 °C for 24
hours. A 1 g cotton ber was taken in a beaker and 30 mL NaOH
solution was added so that the ber emerged in the solution
completely. The beaker was placed in a magnetic stirrer at 60 °C
for 1 hour maintaining continuous stirring. Later, the cotton
ber was pulled out from the solution and washed three times
before drying in the oven at 40 °C. However, fresh/new N95
mask bers do not require any treatment and they were used as
it is. Both cotton and N95 mask bers were then treated by low-
temperature RF oxygen plasma (10 min, 0.13 Torr, power input
100 W, RF-13.5 MHz) which was necessary to incorporate AgNPs
into the ber. Plasma modication generates active species on
ber surfaces thus it may used as a medium of antimicrobial
agents.11

2.5 Preparation of AgNPs/cotton and AgNPs/N95 mask
coating

A 1 g of plasma treated cotton ber was dipped in 30 mL of
aqueous solutions of synthesized P. guajava leaf extract-
mediated AgNPs solution (10 mM). Similarly, 1 g of N95 mask
ber was soaked in 30 mL of aqueous solutions of synthesized
AgNPs taken in another beaker. The beakers are then placed in
a magnetic stirrer and stirred for 24 hours continually to get
coated AgNPs/cotton and AgNPs/N95 mask. AgNPs can be
incorporated homogeneously into the surface of the bers
because it becomes hydrophilic aer plasma treatment. Finally,
coated bers were washed out with distilled water thoroughly to
take out any residue and dried at 40 °C. The dried AgNPs/cotton
and AgNPs/N95 masks were then reserved in a desecrator.
19166 | RSC Adv., 2023, 13, 19164–19172
2.6 Instrumentation

The characteristic of synthesized AgNPs and coated bers
(cotton and mask) were investigated by different characteriza-
tion techniques. The bioreduction of AgNO3 in aqueous solu-
tion was observed with mixed plant extracts studies by using
ultraviolet-visible near-infrared (UV-Vis-NIR) spectrophotom-
eter (UV-2600, Shimadzu, Japan) ranging 200–800 nm. X-ray
diffraction (XRD) (Rigaku Smart Lab, Japan) with Cu-Ka radia-
tion (l = 1.5406 Å) was used to conrm the crystallinity of
AgNPs at room temperature. The scanning rate was 10° min−1;
power 40 kV at 40 mA and 0.02° step. A eld emission scanning
electron microscope (FE-SEM) (JSM-7610F, Japan) and energy
dispersive X-ray (EDX) were used to study the surface
morphology of AgNPs, AgNPs/cotton and AgNPs/mask
composite and to identify the elemental composition of mate-
rials. Highly pure KBr powder was mixed with 1% (w/w) samples
and then pressed into pellets to identify the bioactive functional
group of AgNPs by Fourier transform infrared spectroscopy
(FTIR, PerkinElmer, USA) recorded within 4000–350 cm−1.

3. Results and discussion
3.1 Characterization of AgNPs

AgNPs have unique optical properties that help them to interact
strongly with specic wavelengths of light.21 To identify the
formation of silver nanoparticles primarily the color of the
solution was observed. Aer mixing the leaf extract with AgNO3

for 2 two hours, due to surface plasmon resonance (SPR) the so
yellowish color of the solution has changed to brownish color
which conrms the presence of AgNPs. Fig. 2 shows the color
change observation of AgNPs solutions, the colors gave similar
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Observation of color changes during synthesis of Ag NPs at different time intervals: (a) at the beginning (0.0minutes), (b) after 60minutes,
and (c) after 120 minutes.

Fig. 4 XRD patterns of synthesized leaf extract mediated AgNPs.
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result with other previous research.15 For further conrmation
of the formation of NPs UV-Vis spectroscopic analysis was
accomplished.

3.2 UV-vis spectroscopic analysis

UV-Vis spectroscopy is a rm, modest, sensitive and selective
method used to identify different types of NPs initially. More-
over, no calibration is required to determine the particulate
properties of the colloidal suspension.22,23 Fig. 3(a) shows the
UV-Vis absorption spectra of P. guajava leaf extract mediated
AgNPs solution at wavelength 200–800 nm. The baseline data
was taken using deionized water which is also referred as
sample blank in this examination. The colored samples were
diluted with deionized water and taken in the quartz cell of UV
spectroscopy and the absorption peaks were found in the
ultraviolet region at ∼350–530 nm. The absorption peaks were
determined at different concentrations of AgNO3 salt and
showed in Fig. 3(a). The intensity of absorption peaks increased
with concentration however no shi change compared to leaf
extract was observed.

In Fig. 3(b) and (c), the effect of time and temperature vari-
ation for 10 mM AgNO3 solution was illustrated. It revealed that
the absorption in the visible region is gradually increased with
respect to time and temperature. From Fig. 3(b) the absorption
intensity was red-shied due to an increase in particle size with
time interval which was conrmed by SPR intensity with help of
the % reduction of Ag+ to Ag0. In addition, an increase in
temperature favored the formation of leaf extract-mediated
AgNPs and the wider peak of absorption indicates stable
Fig. 3 UV-Vis absorption spectra of AgNPs (a) at different concentratio
solution and (c) at different temperatures for 10 mM AgNO3 solution.

© 2023 The Author(s). Published by the Royal Society of Chemistry
condition in Fig. 3(c). The free electron between the conduction
band and the valence band moves and generate a range of
absorption peak because of the mass oscillation of the electrons
of the silver nanoparticles in the resonance with the optical
wave at SPR.24,25 The particle sizes, and surrounding chemical
and electrical insulation are the main criteria of absorption of
AgNPs.26,27
3.3 X-ray diffraction analysis

The structural properties of particles were analyzed by
a conversant technique, XRD to get information about
ns of AgNO3 solution (b) at different time intervals for 10 mM AgNO3

RSC Adv., 2023, 13, 19164–19172 | 19167
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crystallinity and phase formation. The XRD pattern with
reections at different angular positions of the synthesized
AgNPs was shown in Fig. 4. The Bragg's peaks were observed at
2q positions 32.99°, 39.21°, 44.39, 64.43° and 77.37° for (101),
(111), (200), (220) and (311) crystal planes respectively. The
formation of AgNPs were conrmed further by these charac-
terization reections. Also, the diffraction peaks of the XRD
pattern correspond to the card (JCPDS No. 03-0921) which
reects those NPs are crystalline in nature.28 The XRD pattern
has conrmed that the synthesized samples were AgNPs with
face-centered cubic crystal structure.29

Along with the characteristic peaks in the XRD pattern some
*marked reections also exist at 2q (27.90°, 30.01°, 31.06, 46.34
and 54.97°) which were not known precisely. It may be due to
the crystallization of bioorganic phases on the AgNPs surface
that originates from the leaf extract30 or due to AgNO3 that was
not reduced and remained in the sample slightly.29 Many
researchers also get similar patterns in XRD.16–18

The average crystallite size, D of the synthesized AgNPs were
estimated from the diffractogram by using the Debye–Scherrer
formula, D = 0.9l/b cos q, where l and b are the wavelength of
diffraction and full width at half maximum (FWHM) of a peak
Fig. 5 FE-SEM images with grain size distribution of AgNPs for (a) 10 m

Table 1 Structural parameters of synthesized leaf extract-mediated AgN

2q
(degree) FWHM degree

Interplaner
spacing, ‘d’ Å

32.99 0.1538 2.7693
39.21 0.148 2.3533
44.39 0.1622 2.0462
64.43 0.3582 1.4449
77.37 0.5117 1.2329

19168 | RSC Adv., 2023, 13, 19164–19172
respectively.31 The interplanar spacing between the atoms, d,
was calculated using Bragg's law, and lattice constant, a, was
determined.32 The values of lattice parameters, d-spacing,
FWHM, hkl value, and crystallite size at different angular posi-
tion were demonstrated in Table 1.

From Table 1, it is seen that the D values are nearly identical
for all the peaks and the average crystallite size obtained was
∼22 nm. Thus, the XRD analysis of silver nanoparticles showed
well-dened dimensions has fair agreement with the standard
value for silver. Moreover, the lattice parameters, d-spacing, and
hkl value calculated from the characteristic peaks of the
synthesized sample match with reports of other researchers.10,15
3.4 Field emission scanning electron microscopy (FE-SEM)
analysis

The surface morphology of guava leaf extract-mediated AgNPs
were investigated by FE-SEM and illustrated in Fig. 5(a)–(d). The
FE-SEM images showed a spherical shape for all the concen-
trations of AgNO3 solutions. Fig. 5(d) showed distinct and
homogeneous grain distribution; however, (10, 15, and 20 mM)
AgNO3 solution contains some agglomeration in Fig. 5(a)–(c).
M (b) 15 mM (c) 20 mM and (d) 25 mM of AgNO3 solution.

Ps

h k l
Crystallite
size ‘D’ nm

Lattice constant,
‘a’ Å

1 0 1 19.84 4.0315
1 1 1 20.54 4.0956
2 0 0 20.96 4.0924
2 2 0 26.23 4.0868
3 1 1 19.90 4.0891

© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03381c


Fig. 6 EDX spectra of AgNPs for (a) 10 mM (b) 15 mM (c) 20 mM and (d) 25 mM of AgNO3 solution.
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Similar shape was found for ref. 33. The average grain size
estimated in the range 12–19 nm for the variation of AgNO3

solution against 10 : 1 leaf extract. The grain size measurement
and distribution curve was calculated using Image J soware.
Fig. 7 FE-SEM micrograph of (a) treated cotton (b) treated N95 mask (c

© 2023 The Author(s). Published by the Royal Society of Chemistry
EDX spectra conrmed the presence of silver and oxygen shown
in Fig. 6(a)–(d) also indicates the high purity of the synthesized
AgNPs.34
) AgNPs/treated cotton and (d) AgNPs/treated N95 mask.

RSC Adv., 2023, 13, 19164–19172 | 19169
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The FE-SEM images of the treated cotton ber and N95 mask
surface are shown in Fig. 7(a) and (b) that sharper, clean, and
pours free. Fig. 7(c) and (d) showed that the treated cotton ber
and N95 mask were coated homogeneously by AgNps. Oxygen
plasma treatment creates more hydroxyl groups on the surface
of the bers that have stable conductive bonds with NPs,
responsible for clinical isolation and antibiotic sensitivity.20

3.5 Fourier transforms infrared spectroscopy (FTIR) analysis

To detect functional group properties for NPs, FTIR is the most
signicant spectroscopic technique. FTIR spectra were
Fig. 8 FT-IR spectra of P. guajava-mediated AgNPs and leaf extract.

Table 2 FT-IR data

Sample name

Functional group at different characteristics a

O–H (stretching)
C–H
(alkane)

AgNPs 3445 2922
Leaf extract 3433 2924

Fig. 9 Antibacterial activity of AgNPs (a) 10 mM, 15 mM, 20 mM, and 25 m
mask for E. coli (Gram-negative) bacteria and (c) AgNPs/treated cotton

19170 | RSC Adv., 2023, 13, 19164–19172
employed to identify the photochemical elements in leaf
extract-mediated AgNPs which are responsible for reducing and
capping agents on Ag+ ions to AgNPs. Those bioactive different
functional groups produce effective NPs. In our research,
guavas leave extract contains bioactive high polyphenolics acid
molecules whose presence was found in FTIR spectra. The FTIR
spectra of AgNPs with different functional groups was shown in
Fig. 8. It revealed that the characteristic peak at 3445 cm−1 can
be attributed to the –OH stretching indicating the capping and
reducing agent.8 In addition, –C–H stretching vibrations of
alkane came from the carboxylic acid group at 2922 cm−1.
Highly conjugated carboxylic functional groups were found at
1383 cm−1 absorption band and the materialization oxygen
group –C–O vibrations were conrmed at 1113 cm−1 respec-
tively. The peak 613 cm−1 conrmed the formation of AgNPs
where the –OH phenolic bond was shown matches with.11 Thus,
the ngerprint suggests that amid bonds belonging to aromatic,
ethers and polyphenols are responsible bioactive elements that
act as reducing and stabilizing agents for leaf extract-mediated
AgNPs. The absorption peak was slightly shied from guava leaf
extract to AgNPs because of the formation of nanoparticles.
bsorptions (cm−1)

C]C
(stretching)

–C–O
(stretching)

O–H
(stretching)

1383 1113 613
1444 1126 617

M AgNO3 solutions (b) AgNPs/treated cotton and AgNPs/treated N95
and AgNPs/treated N95 mask for S. aureus (Gram-positive) bacteria.

Table 3 Zone of inhibition (ZOI) for AgNPs solution against E.coli
(Gram-negative) bacteria

AgNPs with different concentration
of AgNO3 solution (mM)

Zone of inhibition
for Gram-negative (E. coli) (mm)

10 13.00
15 13.50
20 13.50
25 14.00

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Zone of inhibition for the E. coli (Gram-negative) bacteria and
S. aureus (Gram-positive) bacteria

Name of
bacteria

Zone of inhibition
for AgNPs/treated cotton
(mm)

Zone of inhibition
for AgNPs/treated N95 mask
(mm)

E. coli 11.50 15.00
S. aureus 18.00 14.50
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Table 2 shows the different bioactive functional groups which
conrm the formation of Ag+ ions to AgNPs.33,35
3.6 Antibacterial activity

The antibacterial screening of NPs is one of the important
studies to nd an antibacterial agent. NPs can be considered
effective antibacterial agent when it exhibits a signicant zone
of inhibition (ZOI) against bacteria.36,37 A well disk diffusion
method was applied for the measurement of zone of inhibition
of P. guajava-assisted AgNPs.38 To attune the optical density (OD
0.1) of bacteria in culture UV-visible spectrophotometer (JASCO
V-600, Japan) was used. The sterile wipe of cotton was used to
give a layer of bacterial pathogens on the well-cultured agar
plate. Clinical pathogenic bacteria Gram-negative Escherichia
coli (E.coli) and Gram-positive Staphylococcus aureus (S. aureus)
were placed on a properly sterilized nutrient agar plate and kept
in incubator at 37 °C for the whole night. In the experiment, the
agar plate was prepared for each bacterium following the same
procedure.

Aerward, AgNPs in various AgNO3 concentration solutions
were incorporated in the Gram-negative bacteria to conrm the
activities of NPs. Also AgNPs/treated cotton and AgNPs/treated
N95 masks were poured in Gram-negative bacteria (E. coli)
and Gram positive (S. aureus) coated plate for testing its anti-
bacterial activities in wet condition (Fig. 9). The samples were
placed in oven for 2 hours so it may diffuse completely and then
incubated for 24 hours at 37 °C. Finally, the diameters of
restrictive zones were measured in mm.38 The measurement
values of zone of inhibition for each bacterial strain were shown
in Tables 3 and 4.

In case of Gram-negative bacteria, the antimicrobial activity
varied for each sample with different solution concentration.
Due to the structure complexity of Gram-negative bacteria, the
effective inhibition zone is greater in coated N95 mask than
pure cotton. Cell wall thickness of Gram-negative has bigger
width.34 Also the coated AgNPs/treated cotton and AgNPs/
treated N95 mask showed higher ZOI with strong antibacterial
activity.
4. Conclusions

Silver nanoparticles were fabricated using aqueous leaf extract
of P. guajava following green synthesis route. The reduction of
silver ions from AgNO3 to metallic Ag occurs due to leaf extract
of P. guajava. The synthesized AgNPs were conrmed by
observing the change of color initially and the absorbance peak
© 2023 The Author(s). Published by the Royal Society of Chemistry
at ∼430 nm in UV-Vis spectroscopic analysis. Moreover, the
XRD data revealed that it corresponds to the face-centered cubic
structure of crystalline silver. Thus, the present method leads to
the formation of silver nanoparticles with well-dened dimen-
sions. The average crystalline size was estimated ∼22 nm con-
rming the nanoparticle nature. However, FE-SEM analysis
revealed that the material was formed in nano-dimension, with
an average grain size ∼12 nm. The particles were almost
spherical in shape though their occurs has some agglomera-
tion. In addition, the FTIR study showed the reduction of Ag+

ions owing to the presence of biomolecules in the leaf extract,
which acted as reducing as well as capping agents. Examination
showed signicant antibacterial activities of the synthesized
AgNPs solution. The zone of inhibition in homogeneously
coated treated cotton and N95 mask ber showed a promising
result against Gram-negative (E. coli) and Gram-positive (S.
aureus) bacteria. The photo resistive properties of synthesized
AgNPs signify their utility as an antibacterial coating in cotton
textile applications.
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