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Abstract

Nanobiotechnology has achieved great advances in the field of scientific research
in past years. Nanoparticles (NPs) with diameters ranging from 1 to 100 nm are
the focus of nanotechnology. Green synthesis of encapsulated silver nanoparticles
(eAgNPs) was carried out by using Solidago virgaurea L. (SvL) and Tussilago
farfara L. (TfL) extract as reducing/protecting agent. An UV-vis spectrophotom-
eter was used to determine the optimal conditions to produce eAgNPs from plant
extracts, including pH, temperature, plant extract, and mixing times. The optimal
conditions for AgNPs synthesis from the SvL plant and TfL plant were (1:1) extract-
AgNO;, 24 h mixing time, and a temperature of 25 °C. SEM, TEM, FTIR, and
UV-Vis Spectrophotometer analyses were carried out to ascertain the surface char-
acterization and structural properties of eAgNPs and the nanofibrous mats’ physico-
chemical characteristics. The results of the analysis revealed that the eAgNPs are
nanosized and contain silver. eAgNPs-doped nanofiber production from polylactide
acid (PLA) polymer was realized by electrospin method. The required production
parameters for the electrospinning method of producing PLA-based nanofibers were
investigated. Nanofiber was produced by combining 0.5 and 1% AgNPs in an 8%
PLA solution. The biological effects of the developed PLA@eAgNPs nanofibrous
mats were examined in vitro. The antibacterial activity of nanofibers against E. coli
was determined using the agar diffusion method. eAgNPs and PLA-based nano-
structured materials are suggested as bioactive coatings capable of preventing the
development of microbial population on surfaces relevant to healthcare.
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Introduction

Today, nanoscience and nanotechnology are gaining popularity due to their sig-
nificant impact on various fields such as energy, medicine, the pharmaceutical
industry, electronics, and aerospace. Substances exhibit different properties at
the nanoscale than at the macroscale due to quantum effects. The search for new,
powerful antibacterial agents and their application in medicine are time-consum-
ing, labor-intensive, and extremely expensive operations [1]. The size of nanopar-
ticles (NPs) is affected by production parameters such as reaction temperature,
reaction time, and pH. Application of NPs on the industrial scale is increasing
quickly due to their unique and improved features based on size distribution
and morphology. The use of various microorganisms, biological organisms, and
extracts of various plants may be an alternative to physicochemical methods in
eco-friendly and green synthesis [2]. AgNPs can kill bacteria and destroy distinct
species of bacteria, viruses, and fungus due to the improvement of Ag’s antimi-
crobial, antifungal, and antiviral activities at the nanometer scale [3]. Recently,
AgNPs have been used on a large scale in field of the biology, chemistry, medi-
cine, and physics due to their stability unique behavior at the nano-level [4].

The biological molecules are assembled in a carefully controlled manner to make
them appropriate for the synthesis of metallic NPs, which has been discovered to be
reliable and environmentally sustainable [5]. NPs can be created using a variety of
methods, including chemical, physical, and biological ones. Although the chemical
method of preparation involves a relatively short time for the biosynthetic pathways
of a large quantity of nanomaterials, capping agents are required for the size sta-
bilization of the NPs. The chemicals used in the production and destabilization of
NPs are poisonous and produce unfriendly contaminants. The growing interest in
biological approaches that do not use toxic chemicals as byproducts stems from the
need for environmentally non-toxic synthetic methods for production of NPs. As a
result, there is a growing demand for "green chemistry" [6] and green synthesis of
nanomaterials has recently piqued the interest of researchers due to its lower toxicity
to the environment and ease of production. Capping agents have been used to keep
the size of NPs stable. The advancement of green NPs synthesis is an important
branch of nanotechnology. The use of bioactive molecules such as microorganisms,
plant extract, and plant biomass or waste in the synthesis of AgNPs may be an eco-
friendlier alternative to chemical and physical production techniques.

Plants are a better system for synthesizing NPs because they are free from
hazardous chemicals and contain natural capping agents. Furthermore, the use
of plant extracts reduces the cost of microorganism isolation and pure culture,
improving the cost-competitive effectiveness of microorganism-based produc-
tion of NPs [6]. Because of their significant pharmacological properties, which
include antimicrobial, antibacterial, anti-inflammatory, immunomodulatory, and
excellent durability in severe conditions, biopolymers constituting nanoparticles
of metals like silver and copper have recent times received the most focus [7, 8].
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The synthesis of metallic NPs using different plants and their own extracts can
sometimes be more beneficial than other biological synthesis processes involving
the extremely complex methods of preserving microbial cultures [9, 10]. Many
such tests were done, such as the synthesis of different metal NPs using fungi
such as Penicillium sp. [11] and bacteria such as Bacillus subtilis, have already
begun [12]. Furthermore, the effectiveness of the antimicrobial property is pro-
portional to the size of the NPs. Because of the equivalent silver mass content,
the tiny particles have stronger antibacterial properties.

Along with quick advancement in nanofiber synthesis and characterization dur-
ing the past decade, significant work has been done to investigate potential func-
tional applications of nanofibers, such as energy generation and storage, water and
environmental treatment, medical applications, and biomedical engineering [13,
14]. The development of such hybrid materials, including the direct production of
AgNPs in polymer matrices, has been quite active. Nanofibers are formed using
methods such as drawing, phase separation, self-adhesion, chemical vapor deposi-
tion, nanopattern, melt spraying, and laser evaporation [15]. PLA is a biobased poly-
mer that has recently gained prominence due to its advantageous properties, ease of
processing, and comparatively higher supply when compared to certain other widely
used thermoplastic polyesters [16—18]. Starch from natural materials, such as maize,
wheat, sugar cane, and sugar beets, is used to make PLA. These benefits allow for
the use of PLA in a spectrum of uses, especially in biomedical, food, and beverage,
3D printing, tissue engineering, and packaging industries [19]. The elastic modulus,
elongation during break, and biodegradation rate of PLA are all higher.

Electrospinning is an extremely versatile technique that combines the use of two
techniques, electrospray and spinning [20, 21]. The key idea behind the electrospin
method is to start creating nanofibers by spraying a polymer solution from a nee-
dle with an electrical charge. The resulting polymer jet is pulled from the tip of the
needle to the collector by integrating the electrodes of a power source and varying
the strength of the electric field between them. AgNPs were used to strengthen the
PLA, a biopolymer. The solution contains PLA and AgNPs evaporate, causing the
fibers to accumulate on the collector. The fibers’ diameters range from micrometers
to nanometers. The process parameters can be changed to change the diameter of the
fibers [22]. The manufacture of microbial-resistant nanomaterials has garnered a lot
of interest in preventing pathogenic bacteria from growing on substrate surfaces to
improve the care for public health. We produced eco-friendly AgNPs for maybe the
first time in this study by using herbs extract as a reducing and stabilizing agent, and
we used them as a secure solid catalyst.

Material and methods
Materials

Several chemicals, reagents and solvents were purchased and used directly in the
green synthesis, characterization, and implementation of eAgNPs in the research.
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Dichloromethane (DCM), N, N-dimethylformamide (DMF) and AgNO; were
obtained from Sigma Aldrich Company. As a solvent, dichloromethane from VMR
Chemicals was employed. PLA polymer was obtained from Esun company in fila-
ment form. All standards and solutions were created by dissolving the required
amounts in ultrapure water. Every experiment relevant to the fiber synthesis process
was conducted at room temperature.

Preparation of SvL and TfL plants extract

The SvL and TfL herbs were gathered from a mountainous area in Hadim, Turkey,
and dried in ambient sunlight. These plants were ground into powder into a fine
powder using a mortar and pestle. 1000 ml of water and 10 g of herbs were boiled
at 60 °C for 30 min. Using a magnetic stirrer rotating at 300 rpm, the herb extracts
were mixed with 0.01 M AgNO; in a 1:1 ratio over the period of 24 h in a darkly
lit condition. The production of eAgNPs was accomplished using this supernatant.
The precipitated eAgNps were then put into petri plates for drying after the solution
phase had been separated by centrifugation. The precipitated e AgNPs were removed
from the petri plates and saved for the experiments.

Characterization of synthesized eAgNPs

Spectrophotometer (Shimadzu UV-1700) was used to optimize different synthesis
parameters such as precursor salt concentration, extract volume, pH, stirring speed
and temperature effect under appropriate conditions. UV—Visible analysis was per-
formed between 200 and 800 nm. A Bruker Vertex-70 Fourier transform infrared
spectrophotometer (FTIR) was used for analysis to investigate the functional groups
of the produced eAgNPs. Using an EDX detector connected to the SEM (HITACHI
SUS5000 Model and ZEISS EVO LS10 Model), EDX analysis was carried out to
observe the elemental composition that indicates the distribution of elements in
eAgNPs. Using the JEOL-Jem 2100 Model of transmission electron microscopy
(TEM), morphological studies for eAgNPs were carried out.

Determination of parameters affecting AgNPs synthesis

The pH, mixing time, temperature, and ratios of 0.01 M AgNO; to plant extract that
are necessary for the optimum synthesis of eAgNPs were all examined in various
combinations. Data analysis was used to identify the ideal synthesis conditions for
two plant species. The ideal pH for the synthesis of AgNPs was established by mix-
ing plant extract with 0.01 M AgNO; (1:1 ratio) for 24 h. HCl and NaOH were used
to adjust the pH of the solution to 3, 5, 7,9, and 11. AgNO; (0.01 M) was applied to
the plant extract at a 1:1 ratio for 24 h at 4 °C, 25 °C, 40 °C, and 60 °C. The chosen
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plant extract was combined in a magnetic stirrer at 300 rpm for 1 min, 10 min,
30 min, 1 h, 2 h,3h, 5h, 6h, and 24 h after being exposed to 0.01 M AgNO; in a
(1:1) ratio. 10 ml of plant extract were combined with 2.5, 4,5, 6,7, 8,9, and 10 ml
of 0.01 M AgNO; for 24 h. The ideal production values were then provided after
analyzing each of these changes to manufacture eAgNPs.

Nanofiber production by electrospin method

The PLA polymer was used to construct nanofibers, and due to the solubility of
PLA, the solvents DCM and DMF were chosen. The mats were produced by mix-
ing 1:4 ratios of PLA polymer with 8% of DCM-DMF solvents with a magnetic
stirrer for 6 h at a speed of 500 rpm to obtain a homogeneous solution. eAgNPs
were added to the polymer solution to give the generated nanofibers antibacterial
abilities. To prevent photo-activation, the solution was shielded by enclosing the
container in aluminum foil. It was then incubated at room temperature for 24 h.
The yellowish tone of the solution turned into a reddish-brown color. The biore-
duction process was observed after the PLA solution was treated with eAgNPs
made from the extract of SvL and TfL herbs at 0.5 and 1% ratios, respectively.
Further research was done on how eAgNPs affected antibacterial activity.

The electro spinning syringes were used in combination via electro spinning
device with controlled doses of the PLA polymer solution and eAgNPs. Pump-
connected syringes had a 15 cm space between them and the collector. The col-
lector has a foil covering made of aluminum. Electrospinning was carried out
in a rotating drum collector at 30 kV and 1 ml/h flow rate. The mats made of
PLA were prepared using the two different eAgNPs in an electrospinning unit.
The nanofibers produced using this method were detached from the aluminum
foil using scissors. Pumping eAgNPs-doped PLA polymer solution from syringes
to the aluminum foil-covered collector situated at the distance specified by the
electric current made it simple to obtain the nanofibers on the collector. All steps
applied to obtain eAgNPs-doped nanofibers in the experimental section are given
in Fig. 1.

Antibacterial activity of electrospun nanofibers

Antibacterial activities of neat PLA nanofibers and PLA nanofibers doped with
eAgNPs were examined against Gram-negative E. coli (ATCC25922) bacte-
ria via disk diffusion method [23]. E. coli bacterial suspensions were diluted to
10° CFU/mL in saline. After dilution, 100 ul of the bacterial suspension was
completely dispersed on Nutrient agar plates. Circular samples of 9 mm in diam-
eter were prepared from each type of PLA nanofiber to evaluate the antibacterial
activity. The samples were exposed to UV light for 10 min for sterilization. Each
nanofiber sample was placed on the inoculated petri plates and incubated at 37 °C
for 24 h. At the end of the incubation period, the zones of inhibition around the
circular samples were visually inspected and the zone diameters were measured.
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Fig. 1 Experimental steps of production of eAgNPs-doped nanofibers

Results and discussion

UV-vis spectroscopy characterization of electrospun nanocomposite fibers
and synthetic eAgNPs

The size and shape of nanostructured materials can be controlled by the electro-
optic response of metallic NPs [24]. As a research instrument, UV-vis spectros-
copy can be utilized to optimize various reaction parameters during the synthe-
sis of nanoparticles. UV—-vis spectroscopic parameters were recorded to optimize
several reaction factors, such as pH efficiency, reaction retention time, temper-
ature influence, and extract volume on the production of small size and shape
of eAgNPs. The shape of the produced e AgNPs was controlled by pH research. It
is true that several factors, including particle size, shape, aggregation state, cap-
ping agent, and particle assembly composition, have an impact on the fixed loca-
tion of eAgNPs peak [25]. The morphological characteristics of nanoparticles are
significantly influenced by pH, a critical parameter. The pH of the solution phase
was set to be between 3 and 11. Due to the presence of the bluer shifted band
in the spectrum portfolio and the pH spectral profile of the eAgNPs made from
SvL extract, pH-7 at 430 nm was suitable for the presence of new size eAgNPs,
as shown in Fig. 2a. An inset figures of these characteristics showed that nei-
ther a color nor a band for current development could be seen in the more acidic

@ Springer



Polymer Bulletin

2 2,5
PH:3 ——pH:3
——pH:5 2
——pH:5
1,5 pl
H:7
P pH:7
—pH:9 15
3 ——pH:9
c
- ——pH:11
2 ——pH:11
2
<

Absorbance
-

Extract
Extract

0,5
0,5

o 0
300 350 400 450 500 550 600 650 700 750 800 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm) Wavelength (nm)

Fig. 2 pH optimization study of AgNPs synthesis with SvL extract (a) and with TfL extract (b)
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Fig.3 Time optimization study of eAgNPs synthesis with SvL extract (a) and with TfL extract (b)

area. The optimum pH value was 5.0 in the synthesis of eAgNPs with TfL extract
(Fig. 2b).

According to research on the effect of time on the synthesis of green eAgNPs,
standard laboratory temperature was excellent to produce small-sized eAgNPs,
as depicted in Fig. 3. An inset image based on color change in Fig. 3. shows that
increasing the time improves the band intensity of eAgNPs with blue shift.

The findings of optimizing the influence of temperature on the creation of
eAgNPS showed that room temperature was suitable for the formation of small
size eAgNPs, as shown in Fig. 4. Figure 4 shows that higher temperature tends to
increase the band intensity of eAgNPs with blue shift, which was confirmed by an
inset image based on color change. When compared to various temperature values
in Fig. 4., it was established that carrying out the synthesis operations of eAgNPs
with SvL extract under 25 °C was appropriate with an absorbance value of 1.65 at
a wavelength of 450 nm. UV-vis spectrophotometer yielded an absorbance value
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Fig. 4 Effect of temperature on the formation of eAgNPs with SvL extract (a) and with TfL extract (b)
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Fig.5 Plant extract/AgNO; optimization study of eAgNPs synthesis with SvL extract (a) and with TfL
extract (b)

of 1.83 at 450 nm and 25 °C or determining the optimal temperature for eAgNPs
synthesis with TfL.

The SvL and TfL extract volume was adjusted, according to the UV—vis profile in
Fig. 5. Figure 5 shows that higher extraction volumes tended to increase the banding
intensity from 1 to 10 ml of eAgNPs extract to adjust to produce small eAgNPs sizes. It
was determined that using 1 ml SvL extract under 25 °C for the synthesis of eAgNPs
was adequate with an absorbance value of 1.65 at a wavelength of 450 nm, which was
indicative of a blue shift, when compared to other extract volumes in Fig. S5a. The
UV-vis spectrophotometer produced an absorbance value of 1.85 at 450 nm and 25 oC
for the eAgNPs production using 1 ml TfL Fig. 5b.
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Fig.6 FTIR results of AgNPs synthesis with SvL extract (a) and with TfL extract (b)

Physicochemical analysis using FTIR spectroscopy

FTIR spectroscopic analyses were carried out to investigate the various interactions
between SvL and TfL extract with AgNPs. FTIR spectroscopy revealed that there
is interaction between the extract and the AgNPs. In the FTIR analysis results of
AgNPs synthesized from SvL extract (Fig. 6a), the 3357 cm™! band corresponds
to —OH stretching vibration caused by phenol compounds. The peak for the carbonyl
group was obtained at 1716 cm™'. The carbonyl groups demonstrated the presence
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of flavanones or terpenoids that are adsorbed on the surface of silver nanosized
particles. The C—H stretching vibration is represented by the 2958 cm™' band. Car-
boxyl groups attached to the amide band are denoted by the abbreviation 1635 cm™"
[25]. The C-N vibrations of aromatic amines are represented by the 1363 cm™!
band [26]. The band at 1074 cm™! corresponds to C-N stretching vibrations of ali-
phatic amines. The spectrum of AgNPs synthesized from TfL extract is also shown
in Fig. 6b. C-OH vibrations that are often present in biogenic AgNPs are repre-
sented by the wavelength at 1043 cm™! in the FTIR spectrum of TfL extract-AgNPs
(Fig. 6b). The C-N vibrations of aromatic amines are represented by the 1352 cm™!
band. The stretching vibrations of the carboxyl groups attached to the amide band
are 1628 cm™!. The C-H stretching vibration is represented by the 2924 cm™
The O-H stretching vibration caused by phenol compounds corresponds to the
3330 cm™! band. The peak appearing at 1043 cm™! is assigned for C-N stretching
vibrations of aliphatic amines. Both plants’ FTIR spectra agree with each other and
with the literature [26]. Evaluation of the chemical composition of the surface of the
silver nanoparticles indicated the involvement of amides, carboxyl, amino groups
and poly phenols in the synthesized AgNPs. These organic compounds in plant
extracts could attribute to the reduction of AgNO3 and the stabilization of AgNPs
by the surface bound by the organic molecules. As a result, this analysis confirmed
that both plant extracts have the ability to perform dual functions of reduction and
stabilization of silver nanoparticles.

TEM images of plant extract encapsulated eAgNPs

The sizes of AgNP encapsulated in extract SvL range from about 5 to 20 nm
(Fig. 7a). eAgNP shapes vary from spherical to ovals. The average size of eAgNP is
around 8 nm. The size of eAgNP produced with TfL extract ranged from 5 to 25 nm
(Fig. 7b). The average size of eAgNP is 18 nm. The shape of the eAgNP is oval and
irregularly shaped close to oval.
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Fig.7 TEM images of SvL extract capped eAgNPs (a) and TfL extract capped eAgNPs (b)

(b)

@ Springer



Polymer Bulletin

AN
\\ MNG 4
GO EAT=1800kV Signal A= SE1 Mag= 200KX
WD=125mm |Probe= 74pA

d 7 } / 4
N Vi 1
& EHT = 18.00 kV/ Signal A= SE1
&) wo-125mm IProbe= 74 pA H

= 2pm
Mag= 1800kx (1

3

Fig.8 SEM images of PLA-based nanofibers with eAgNPs (0.5%) (a, b) and eAgNPs (1%) synthesized
from SvL extract (c, d)
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Scanning electron microscopy (SEM) analysis and energy dispersive X-Ray
spectroscopy (EDS)

The SEM analysis confirmed the presence, shape, and size of the nanoparticles in
the fibers produced eAgNPs by SvL and TfL extract (Figs. 8 and 9). By examin-
ing the SEM images, it is possible to evaluate the size and size distribution of the
produced fibers. SEM images show that there are gaps between the nanofibers. The
structure does not have a lot of beading. Nanofibers with diameters ranging from 85
to 470 nm have been discovered. The average diameter of the nanofiber was deter-
mined to be 327 nm. An increase in nanofiber diameter and a small amount of bead
formation were observed as the particle amount increased. Nanofibers with diam-
eters ranging from 140 to 600 nm are visible. It was discovered that the average
nanofiber diameter was 335 nm.

In terms of application area, the structure with spaces between the fibers pro-
vides an advantage. While fibers with diameters ranging from 95 to 700 nm were
observed, the average nanofiber diameter was determined to be 400 nm for SvL
extract. There was no bead formation in the fibers. The diameter of the nanofiber
increased in proportion to the number of nanoparticles added. The average nanofiber
diameter of the structure’s fibers was determined to be 490 nm. When compared to
nanofibers containing 0.5% AgNPs, a more disordered structure was observed.
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Morphological analyses using transmission electron microscopy (TEM)

The results of the TEM analysis of the PLA @eAgNPs nanofibers produced from the
SvL extract are shown in Fig. 10. The morphological features of eAgNPs generated
from TfL extract were examined by TEM analysis, as seen in Fig. 10. The form of
the eAgNPs is like a sphere. Particle aggregation is prevented when eAgNPs grow
in the PLA polymer matrix. According to TEM images, the majority of the eAgNPs
were monodispersed, spherical in shape, and ranged in size from 2 to 22 nm, with an
average size of 9.5 to 9.8 nm. SvL extract eAgNPs (0.5%) are shown in Fig. 10a, b,
and TfL extract eAgNPs (0.5%) are shown in Fig. 11a, b. The size distribution histo-
gram of SvL-eAgNPs revealed that the eAgNPs have an average size of 10 nm with
SvL extract and 12 nm with TfL extract. Small eAgNPs are readily apparent cling-
ing to the surface of the fibers because of the green approach’s coating of eAgNPs
with biomolecules from the herb extract [27, 28]. The majority of the eAgNPs are
well-distributed, with no agglomeration in solution and within the 3-21 nm range
with SvL extract and 1.0% AgNps and 2-22 nm with TfL extract and 1.0% AgNps,
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(b)

(d)

Fig. 10 TEM images of PLA-based nanofibers with eAgNPs (0.5%) and eAgNPs (1%) synthesized from
SvL (¢, d)

according to the TEM micrograph of eAgNPs obtained in aqueous solution under
normal conditions (Figs. 10c, d and 11c, d).

EDX analysis also was conducted to observe the elemental composition that
indicates the distribution of elements in eAgNPs using an EDX detector con-
nected to the SEM.

The EDX spectrum of eAgNPs presented in Fig. 12. verified the elemental com-
position that existed in plant and AgNO;, revealing the strongest absorption band
at 3 keV caused by the silver (Ag) region and weaker signals at 0.12, 0.20, and
0.26 keV from C, N, and O atoms, respectively.

Antibacterial activity

AgNPs have been shown to affect both gram-positive and gram-negative bacteria
and fungi equally, and they need to infiltrate the cellular membranes to exert their
antimicrobial effects. AgNPs may adhere to the cell membrane’s exterior surface,
impinge on bacteria, and liberate silver ions. The basic antibacterial mechanism of
AgNPs is focused on the suppression of protein biosynthesis, which is carried out
by the 30 s subunit of the ribosome, and nucleic acid synthesis. Furthermore, this
results in the production of reactive oxygen species [29]. It is possible to explain the
hypothesized strategy as regards: The extraordinary reactivity of Ag® to oxygen or
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Fig. 11 TEM images of PLA-based nanofibers with eAgNPs (0.5%) and eAgNPs (1%) synthesized from
TIL (c, d)

(a) i » (b)

Fig. 12 EDX spectrums images of SvL extract capped AgNPs (a) and TfL extract capped eAgNPs (b)

its interaction with water molecules were the main causes of its conversion to Ag*
ions. The primary contributor to the antimicrobial activities was the strong affinity
of Ag* for phosphorus or sulfur. According to a theory, Ag®/Ag* potentially binds
with the phosphate groups in DNA, inactivating DNA replication and inhibiting
enzymatic activity [29].

The inhibitory zones of neat PLA nanofibers and PLA nanofibers doped with
SvL and TfL eAgNPs are depicted in Fig. 13. Neat PLA nanofibers exhibited no
antibacterial activity against the test bacterium. On the other hand, AgNP-contain-
ing nanofibers showed a dose dependent growth inhibiting effect. Although the
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Antibacterial activities
of nanofibers against
Escherichia coli

N

Fig. 13 Inhibitory zones of PLA-based nanofibers with eAgNPs synthesized from TfL extract (I and
0.5%) (a, b) and PLA-based nanofibers with eAgNPs synthesized from SvL extract (0.5 and 1%) (¢, d)

nanofibrous mats caped with 0.5% AgNP gave poor inhibition zones, the nanofibers
containing 1%AgNP showed good antibacterial activity. The antibacterial effect of
the nanofiber doped with TfL encapsulated AgNPs was even more pronounced com-
pared to SvL encapsulated AgNPs-containing nanofiber. There are several mecha-
nisms reported to be responsible for the antibacterial activity of silver nanoparticles.
They are suggested to interact with the bacterial membrane components and with
phosphorus and sulfur containing compounds of macromolecules such as proteins
and DNA [30, 31]. Attachment of the nanoparticles to the surface of the cell mem-
brane disrupts the permeability of the membrane which is vital for cell survival.
AgNPs can release silver ions and these ions once penetrated inside the cell can
lead to generation of reactive oxygen species (ROS) and interact with the sulfur and
phosphorus of DNA. Formation of ROS and modification of DNA may result in
problems associated with DNA replication, cell division and even lead to cell death
[32]. The intracellular damage caused by AgNPs depends on the particle size and
shape [30].

According to the results obtained in this study, eAgNPs generated from TfL and
SvL extract can be added to PLA nanofibers to successfully limit bacterial growth.

Conclusion
PLA nanofibers containing silver were made sustainably. When AgNPs were

produced using SvL, their size was decreased by using herb extract and then the
PLA was supplemented with the developed eAgNPs (chemical approach). In this
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research, a successful green chemistry approach was developed using SvL and TfL
extract as a significantly reducing and stabilizing agent rather than toxic substances
and organic solvent. The developed fabrication methodology was sustainable, more
environmentally friendly, less costly, simpler, and much more effective. Various
reaction variables, such as precursor salt concentration, volume of SvL and TfL
extract, temperature effect on nanoparticle formation, and stirring rate, were opti-
mized during the study. pH is an important factor that can have a significant impact
on the production of NPs. pH was optimized in the research to evaluate small size
nanoparticles by controlling size at the nm level. The green synthesized NPs were
characterized using sophisticated analysis methods after they had been optimized.
When compared to other plant extracts synthesized NPs, the synthesized eAgNPs
were inherently stable and small. The biomedical field can utilize the PLA @eAgNPs
fibers that were produced in this work.
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