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Abstract  Electrospun scaffolds originating from 
polymeric amalgams, specifically poly(glycerol seba-
cate/poly(ε-caprolactone) (PGS/PCL) and poly(methyl 
methacrylate)–poly(ε-caprolactone) (PMMA/PCL), 
have emerged as a versatile substrate within the realm 
of biomedical tissue engineering. Their salience is 
underscored by their remarkable thermal, optical, and 
mechanical attributes. In this investigation, we har-
nessed conventional electro-spinning methodologies 
to fabricate nano/micro-fibrous scaffolds from a hybrid 
composite, amalgamating PMMA/PCL and PGS/PCL 
fibers. A pivotal innovation lay in the precise deposi-
tion of silver nanoparticles (AgNPs) on one facet of 
these scaffolds, endowing them with anti-bacterial 

functionality. This AgNP coating not only forestalled 
melting proclivities but also meticulously tuned struc-
tural facets, engendering a diminution in pore diam-
eter and augmentation in fiber diameter, thereby 
engendering an elevation in thermo-mechanical per-
formance. Comparative scrutiny delineated that the 
PMMA/PCL composite fibrous scaffolds manifested 
superior mechanical attributes, including augmented 
modulus (E) and ultimate tensile strength (UTS), 
accompanied by attenuated tensile strain, obviating 
the requisite for supplementary post-processing steps. 
These AgNP-endowed composite fibrous scaffolds 
engender sanguine prospects for biomedical applica-
tions, encompassing surgical meshes, bandages, and 
band-aids, underpinned by their amplified anti-bacte-
rial characteristics, which are instrumental in the con-
text of wound healing.
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Introduction

Chronic wounds and burns are emerging as a signifi-
cant public health concern. Recent research indicates 
that over 5 million individuals in the USA alone suf-
fer from chronic wounds [1, 2]. The skin, our body’s 
largest organ, plays a pivotal role in numerous vital 
biological functions and serves as the primary 
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defense against environmental pathogens. The skin 
barrier’s integrity is compromised, then the vulner-
ability to microbial infections increases [3, 4]. These 
infections pose a formidable obstacle to effective 
wound healing by creating a conducive environment 
for bacterial proliferation. However, this challenge 
can be effectively addressed through the application 
of wound dressings composed of fabricated AgNP-
coated composite fibrous scaffolds, harnessing the 
potent anti-microbial properties of AgNPs [5, 6].

Previously, natural polymers like gelatin and col-
lagen, along with their nanocomposites, have found 
applications in the biomedical field [7–9]. A nano-
composite incorporating gelatin and silver nanoparti-
cles emerged as a promising material for anti-bacte-
rial purposes. Notably, this nanocomposite exhibited 
anti-microbial properties against a diverse range of 
bacterial strains, including Escherichia coli, Staphylo-
coccus aureus, and Bacillus cereus [10, 11]. Interest-
ingly, it demonstrated more pronounced anti-bacterial 
activity against Gram-positive pathogens compared 
to Gram-negative ones. While metal nanoparticles 
have been integrated into wound and burn dressings 
to curb microbial activity [12, 13], they proved less 
effective than silver nanoparticles due to their lack of 
foldable behavior, a crucial requirement for efficient 
wound dressing applications. In this context, syn-
thetic polymer scaffolds have assumed a crucial role 
in wound dressing owing to their exceptional flex-
ibility and biocompatibility. Synthetic polymers offer 
superior mechanical properties when compared to 
hydrogel materials. Electro-spun scaffolds, in particu-
lar, exhibit favorable morphological characteristics, 
rendering them excellent candidates for use in tissue 
engineering and wound healing applications [14, 15].

PGS has gained recognition as a prospective 
biopolymer for developing hybrid scaffolds in bio-
medical applications, thanks to its unique thermo-
mechanical and biological properties [16–19]. Nota-
bly, PGS’s functional groups are FDA-approved, 
making it an attractive biomaterial [19]. Its elasto-
meric nature, ease of synthesis, high biodegradabil-
ity, and biocompatibility position PGS as a prom-
ising candidate for industrial tissue engineering 
applications [21–32]. While PGS/PCL composite 
scaffolds have shown significant cellular responses 
in biocompatibility tests, pristine PGS with low 
molecular weights is unsuitable for electro-spinning 
fabrication. To address this, PGS nanofiber formation 

can be achieved by incorporating other polymers like 
gelatin, poly(ε-caprolactone) (PCL), and polymethyl 
methacrylate (PMMA). PCL and PMMA, with their 
FDA-approved status, are biodegradable yet hydro-
phobic, resulting in poor cell attachment. Neverthe-
less, these polymers possess unique physical proper-
ties. Coating scaffolds with AgNPs, known for their 
anti-bacterial activity, can enhance anti-microbial 
properties and inhibit bacterial colonization in 
wound healing applications [19, 55, 56]. Creating 
micron-sized fibrous scaffolds with silver nanoparti-
cles and desirable thermo-mechanical characteristics 
is vital for the biomaterial industry [33–43]. Previous 
studies have explored nano-coatings of anti-bacterial 
materials, like metal nanoparticles and antibiotics, 
on micro/nano-fibrous scaffolds to combat micro-
bial infections. However, concerns about the release 
of nano-coatings and potential toxicity have arisen 
[44–46]. Given the prevalence of microbial infec-
tions in medical procedures and wound healing, 
designing scaffolds with anti-bacterial coatings is 
essential for tissue engineering and wound care. Our 
focus is on investigating the potential of composite 
scaffolds with anti-bacterial activity, serving as effec-
tive tissue engineering skin grafts for wound and 
burn treatments.

In this work, we fabricated PGS/PCL, PMMA/
PCL composite scaffold samples by the electro-
spinning process. These nano-composite scaffolds 
are found to be stable without any further post-pro-
cessing treatment [32]. The 1:1 ratio of PGS/PCL 
and PGS/PMMA shows better mechanical prop-
erties compared to other reported combinations 
[47–50]. We coat the scaffolds with silver nano-
particles AgNPs on the surface of fiber scaffolds 
and measure their thermal, mechanical, and com-
positional activity. We find the AgNP coating on 
the surface of the scaffold enhances their mechani-
cal properties, viscoelastic properties, and thermal 
stability, and acts as desirable anti-bacterial agents 
for biomedical applications. The electro-spun syn-
thesized scaffolds exhibit superiority over conven-
tional options in terms of anti-bacterial efficacy, 
tailored properties, biocompatibility, structure, 
degradation control, and versatility. This places 
them at the forefront of advanced materials for 
diverse applications, offering a compelling alterna-
tive to traditional scaffolds in the biomedical and 
materials science domains.
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Methods and characterization

Materials

We sourced the chemicals, including PGS, PCL, and 
PMMA, as well as the solvents chloroform and etha-
nol, from Sigma-Aldrich. The chemical structures of 
PGS, PCL, and PMMA are illustrated in Fig. 1. Sub-
sequently, we prepared solutions by dissolving PGS 
and PCL, as well as PMMA and PCL blends, in a 1:1 
ratio using chloroform to ethanol mixture (9:1). These 
solutions were prepared at a polymer concentration 
of 20% (w/v). To ensure a homogeneous mixture, we 
allowed the solutions to adequately mix over approxi-
mately 10  h at room temperature before proceeding 
with the electro-spinning process.

Electro spinning

The blends of PGS and PCL (with a molecular weight 
of 80,000 g/mol) were dissolved in a solvent mixture 
of chloroform and ethanol (9:1) at a 1:1 ratio. Keep-
ing the co-polymer concentration consistent at 20% 
(w/v) for all constructs, the solutions underwent 

thorough mixing for 5 h at 80 °C before the electro-
spinning process. The prepared solution was loaded 
into a 5-mL syringe (Becton-Dickinson, Franklin 
Lakes, NJ, USA). A 20-gauge blunt metallic nee-
dle (NANON Supply, MECC, Fukuoka, Japan) was 
affixed to the syringe, connected to 10–15 cm of Tef-
lon tubing (Cole-Parmer Instrument Company, Ver-
non Hills, IL, USA). Employing an electrical field 
of 19.5 kV over a distance of 15 cm, the co-polymer 
solution was consistently dispensed at a flow rate of 
0.9 mL/h during the electro-spinning process, lasting 
3 h and resulting in a sheet thickness of 450–500 µm. 
Subsequently, the electro-spun sheet underwent final 
drying overnight under the electro-spinning system 
fan, facilitating solvent evaporation.

RF sputtering‑fiber coating

Utilizing an RF magnetron sputtering technique (DC/
RF Magnetron Sputter System, Syskey Technolo-
gies, Xinfeng Township, Taiwan), silver (Ag) patterns 
were meticulously fabricated. A high-purity Ag target 
(99.999%, 3 × 0.6 in) served as the material source. 
To delineate the patterns, a laser cutter-prepared 
shadow mask was strategically positioned over the 
electro-spun sheets before the sputtering process. The 
creation of the nano-crystalline Ag coating involved 
generating a plasma within the chamber using argon 
gas at a flow rate of 20 sccm and an RF power of 100 
watts, with base and operating pressures adjusted to 
1 × 10−6 and 5 × 10−3 Torr, respectively. Key parame-
ters, including substrate rotation, target–substrate dis-
tance, and sputtering time, were set at 15 rpm, 14 cm, 
and 1000 s, respectively. The film thickness was mod-
ulated by varying the sputtering time.

Mechanical characterization

We assessed the mechanical properties using the 
DMA 800 system from TA Instruments, maintain-
ing a constant room temperature and employing a 5 N 
load cell at a testing rate of 1 mm/s. The scaffold was 
subjected to temperature scanning from 25 to 100 °C 
with a ramp rate of 2  °C/min [52–54]. The tensile 
stress (σ) was measured as a function of tensile strain 
(ε) at a rate of 1 N/min, in accordance with ASTM 
standard 882, including the testing of plastic sheets 
with a thickness of less than 0.25 mm.

Fig. 1   a Molecular structure of PGS showcasing ester bonds 
and alkaline groups. b Molecular structure of PCL highlight-
ing ester bonds. c Molecular structure of PMMA emphasizing 
ester bonds. d Schematic representation of a typical electro-
spinning design
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Thermal analysis

We employed a differential scanning calorimetry 
(DSC-204 by Netzsch) to gauge heat capacity and 
the heating/cooling profiles of the scaffolds. This 
analysis was conducted at a heating rate of 30  °C/
min. Additionally, to evaluate the thermal stability 
of the AgNP-coated scaffolds, we utilized thermo-
gravimetric analysis (TGA-209F by Netzsch) under 
atmospheric N2 conditions. The assessment spanned 
a temperature range from 270 to 800 °C, with a heat-
ing rate of 3 °C/min.

Microstructure characterization

We conducted an in-depth examination of the mor-
phology of the hybrid composite fibrous scaffold 
using high-resolution scanning electron microscopy 
(HR-SEM) with a Nova Nano 630 instrument.

FTIR

To discern the chemical compositions and functional 
groups within the nano-composite fibrous scaffold, 
we performed Fourier transform infrared spectros-
copy (FTIR) analysis using an FTIR-6700 instrument, 
covering a range from 4000 cm−1 to 400 cm−1.

ICP‑OES

To quantify the activity of Ag + ions released into 
deionized water (DI) as a crucial component of 
their antibacterial efficacy, we employed induc-
tively coupled plasma optical emission spectrometry 
(ICP-OES).

Results and discussion

In this study, we employed electro-spinning (Fig.  1) 
to fabricate micro/nano fibrous scaffolds using a 
blend of PGS/PCL (1:1) and PMMA/PCL. Subse-
quently, these scaffolds were precisely coated with a 
150-nm-thick layer of silver nanoparticles (AgNPs) 
via controlled RF sputtering. The electro-spinning 
method obviated the need for additional post-pro-
cessing. A critical challenge in the sputtering process 
was to prevent substrate temperature from rising sig-
nificantly, as elevated temperatures could potentially 

cause the PCL-based composite scaffolds to melt 
due to their glass transition below 60 °C. Our proce-
dure successfully maintained the substrate tempera-
ture below 40  °C, ensuring the prevention of PCL 
polymer melting. This temperature control facilitated 
improved adhesion of AgNPs to the polymer, conse-
quently enhancing the scaffold’s thermo-mechanical 
properties. The mechanical characteristics of the scaf-
fold materials are closely linked to both the scaffold’s 
microstructure and the presence of the AgNP coating. 
RF sputtering offered precise control over the thick-
ness of the AgNP coating. In addition to fabricating 
AgNP-coated nano-composite scaffolds compris-
ing PGS/PCL and PMMA/PCL, this study encom-
passed a comprehensive comparison of their thermo-
mechanical properties with those of other reported 
nano-composite scaffolds [19, 49]. These AgNP coat-
ings are anticipated to serve as potent anti-bacterial 
agents, making these scaffolds suitable for diverse 
applications, including band-aids, elastic heaters, 
strain gauges, temperature sensors, and flexible elec-
tronic devices.

FTIR analysis (Fig.  2) was conducted to assess 
the chemical composition of the composite fibrous 
scaffolds. The functional groups of PGS and PMMA 
polymers were found to overlap with PCL polymer 
bands. Notably, two prominent bands were identi-
fied: one at 1723 cm−1, corresponding to the stretch-
ing vibration of carboxyl (C = O), and the other at 
1167  cm−1, attributed to the stretching vibration of 
the ether group (C–O) in the spectrum. Additional 
stretching bands were observed, including symmetric 

Fig. 2   FTIR spectra of the fibrous scaffold of PGS/PCL and 
PMMA/PCL
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C–H stretching at 2926 cm−1, as well as C–O and C–C 
stretching vibrations at 1295  cm−1. Methyl groups 
exhibited stretching characteristics at 1360, 2930, and 
2860  cm−1, while the ester band C–O vibration was 
evident at 1166, 1723, 930, and 1287 cm−1. The FTIR 
analysis confirmed the persistence of PGS, PCL, and 
PMMA polymer characteristics, albeit with a reduc-
tion in their microstructure. Despite the thinness of 

the scaffold films, the functional attributes of these 
polymers remained intact, indicating their suitability 
for hosting surface-active materials.

Figure 3A displays the surface morphology of both 
fibrous scaffolds. The scaffold’s diameter and poros-
ity significantly influence its mechanical properties. 
The application of 150-nm-thick Ag coatings on the 
scaffold fibers enhances mechanical characteristics 

Fig. 3   A Scanning electron 
microscopy (SEM) images 
illustrating the pristine 
fibrous morphology of a 
and b PMMA/PCL scaf-
folds, as well as (c) and 
(d) PGS/PCL scaffolds 
at different resolutions. 
B. SEM images of the 
pristine fibrous a PGS/PCL, 
c PMMA/PCL scaffold 
and AgNP-coated fibrous 
scaffolds, b 150-nm-AgNP-
PGS/PCL, and d 
150-nm-AgNP-PMMA/
PCL. C. SEM images of the 
pristine fibrous a PGS/PCL, 
b PMMA/PCL scaffolds. 
Pristine fibrous scaffold dis-
tribution of diameter c PGS/
PCL and d PMMA/PCL
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by reducing pore size, increasing diameter, and pro-
moting stronger interfacial interactions between the 
scaffold fiber and silver nanoparticles (Fig. 3B). The 
diameter of the pristine scaffolds, as determined 
through statistical analysis of SEM images using 
ImageJ Software, was measured at 400 nm (Fig. 3C). 
Following AgNP coating on the scaffolds, there is an 
observed increase in the diameter of the fibrous scaf-
folds alongside a reduction in pore size.

Mechanical characteristics were assessed for 
fibrous scaffolds both with and without the presence 

of silver nanoparticle (AgNP) coating. These rectan-
gular-shaped scaffolds had an average thickness rang-
ing from 100 to 200 µm. In Fig. 4A, the inset displays 
the linear region of the stress-strain curve for both 
scaffold types within the 10–15% strain range. The 
mechanical attributes of the scaffolds are contingent 
on microstructural parameters such as fiber diam-
eter, pore diameter, and the presence of metal coat-
ing. The tensile modulus for pristine PGS/PCL (1:1) 
scaffolds measured approximately 3.3  MPa, while 
that of PMMA/PCL scaffolds reached approximately 

Fig. 3   (continued)

Fig. 4   A The tensile stress (σ) versus tensile strain (ϵ) of fibrous scaffold of PGS/PCL and PMMA/PCL; B the tensile stress (σ) ver-
sus tensile strain (ϵ) of the fibrous scaffold of Ag-coated PGS/PCL and PMMA/PCL
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100  MPa. Notably, the mechanical properties of 
AgNP-coated scaffolds exhibited a substantial 
increase, approximately 3–4 times higher than those 
of the pristine scaffolds (Fig. 4B).

The pristine PMMA/PCL scaffold demonstrated an 
impressive ultimate tensile strength (UTS), surpass-
ing that of the pristine PGS/PCL polymer scaffold by 
approximately 30-fold. Intriguingly, the tensile strain 
exhibited a substantial increase of approximately 
250% for the PGS/PCL scaffold, whereas the PMMA/
PCL scaffold experienced a more modest 25% strain 
(Fig. 4B). This difference in mechanical behavior may 
be attributed to the AgNP coating, which potentially 
renders the scaffold more brittle due to enhanced 
interfacial interactions between AgNPs and the scaf-
fold fiber. Comparatively, the PMMA/PCL fibrous 
scaffold exhibited a higher modulus (E), elevated 
UTS, and increased stiffness when contrasted with 
the PGS/PCL fibrous scaffold. This improvement 
can be attributed to the tightly packed morphologi-
cal structure of the PMMA/PCL scaffold, character-
ized by a larger diameter (Fig. 2C). The difference in 
mechanical behavior between the two scaffolds, both 
featuring AgNPs, can be attributed to the influence 
of the AgNP coating on the scaffold’s properties. 
The heightened brittleness observed may result from 
increased interfacial interactions between AgNPs and 
the scaffold fibers. The presence of AgNPs appears to 
impact tensile strength, potentially altering structural 
integrity or interactions among scaffold components. 
A more in-depth exploration into the specific nature 
of these interactions and their effects on mechanical 
properties is warranted to gain a thorough under-
standing of the distinct behaviors observed in the two 
scaffolds. Morphological alterations in the scaffold 

fiber post-mechanical testing are depicted in Fig.  5. 
The PGS/PCL scaffold fiber displayed twisting and 
stretching behavior, whereas the PMMA/PCL scaf-
fold exhibited less twisting and a tape-like stretching 
pattern. In light of these findings, it becomes evi-
dent that the PMMA/PCL scaffold holds promise as 
a material suitable for an expanded range of wound 
healing applications. We postulate that the substan-
tial enhancement in mechanical properties following 
AgNP coating is primarily attributable to increased 
friction between the fibers. This phenomenon may 
also be attributed to the interlocking of fibers, pre-
venting slippage and amplifying the friction between 
adjacent fibers, particularly evident on the fiber 
surface.

The introduction of Ag coating had a profound 
impact on the thermal behavior of the micro-scaffold 
fiber, influencing the melting and glass transition 
temperatures. We evaluated these thermal character-
istics using the DMA technique (Fig.  6). The scaf-
fold was subjected to temperature scanning from 25 
to 100 °C with a ramp rate of 2 °C/min. Both pristine 
fibrous scaffolds exhibited a broader glass transition 
temperature ranging from 60 to 90 °C. Noticeably, the 
storage modulus (E′) exhibited considerably higher 
values for PMMA/PCL and Ag-PMMA/PCL when 
compared to the fibrous scaffolds of PGS/PCL and 
Ag-PGS/PCL, as depicted in Fig. 6A. This difference 
can be attributed to the heat transfer between the fib-
ers and the AgNP coating. Both pristine scaffold sam-
ples commenced fracturing at lower temperatures, 
primarily due to the melting of fibers. In contrast, the 
mechanical fracture of Ag-coated scaffolds occurred 
at higher temperatures, indicating that Ag improve 
the mechanical integrity of the pristine scaffold. The 

Fig. 5   SEM images of the 
pristine fibrous PGS/PCL 
and PMMA/PCL scaffolds 
after mechanical testing
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Ag coating effectively restricted fiber motion, result-
ing in increased scaffold stiffness and, consequently, 
mechanical reinforcement.

To decipher the underlying mechanism behind the 
mechanical enhancements observed in both fibrous 
scaffolds and Ag-coated scaffolds, we employed dif-
ferential scanning calorimetry (DSC). This analysis 
allowed us to investigate the crystalline behavior and 
stiffness of the scaffolds, both of which contribute 
to the enhancement of modulus (E) and a reduction 
in melting temperature (Tm). Our findings revealed 
a distinct and sharp melting peak at 58 °C for PGS/
PCL and 54  °C for PMMA.PCL (Fig.  7), indicat-
ing a decrease in the melting temperature of both 

Ag-coated scaffolds by approximately 1 °C for PGS/
PCL and 4  °C for PMMA/PCL. Additionally, the 
endothermic peak exhibited a slight increase in the 
Ag-coated fibrous scaffold, signifying heightened 
crystalline behavior. This increase can be attributed to 
the restricted thermal motion of microfibers and the 
micro/nano-confinement imposed by the Ag coating. 
The broad and closely aligned glass transition tem-
perature of the micro-fibrous scaffold, as determined 
from DSC and corroborated by DMA measurements, 
further supports these observations.

Thermal stability assessments of both fibrous scaf-
folds were conducted using TGA technique, as illus-
trated in Fig. 8. In the Ag-coated fibrous scaffold, the 
mass degradation associated with burning off was 
notably reduced. This reduction in mass degrada-
tion is likely attributed to the heat transfer from sil-
ver nanoparticles to the fibers, resulting in stronger 
interfacial interactions. The mass loss profiles of the 
scaffolds exhibited two distinct regimes, possibly 
indicative of the temperature-dependent degrada-
tion of the two polymers that phase separate prior to 
complete degradation. The improved thermal stabil-
ity observed in both Ag-coated scaffolds was mani-
fested by an increase of approximately 100 °C in the 
onset of degradation temperature. Remarkably, even 
at 800 °C, the Ag-coated sample retained 10% of its 
initial weight, potentially owing to the nano-confine-
ment effect imparted by the Ag coating on the micro-
scaffold composites.

We underscore the potential of silver nanoparti-
cles (AgNPs) for wound healing applications owing 
to their robust antibacterial activity. To assess the 

Fig. 6   A The storage modulus is a function of temperature measurements for both PGS/PCL and PMMA/PCL scaffolds. B Damping 
ratio (tan δ) versus temperature measurements for both PGS/PCL and PMMA/PCL scaffolds

Fig. 7   Differential scanning calorimetry measurements of 
pristine and Ag-coated fibrous scaffold of PGS/PCL, PMMA/
PCL
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release of Ag + ions from the scaffolds, we employed 
the total immersion method in deionized (DI) water, 
a crucial investigation for understanding the anti-
bacterial properties. The Ag-coated scaffolds were 
immersed in 2  ml of DI water for several days, and 
the concentration of Ag + ions was subsequently 
quantified using ICP-OES (Fig. 9). Notably, both Ag-
coated scaffolds exhibited similar release profiles of 
Ag + ions, indicating a consistent trend (Fig. 8). Our 

analysis revealed that even after 3 days, approximately 
5–10% of AgNPs was released, underscoring the sub-
stantial reservoir of AgNPs on the fiber surfaces [19, 
51]. In our previous investigations, we observed that 
the release of Ag + ions escalates with an increase in 
the thickness of the Ag coating (10–15%). This obser-
vation highlights the need to evaluate the coating 
levels before assessing their anti-bacterial activity. 
We propose that the controlled release of Ag + ions 
from both scaffolds serves to mitigate potential toxic-
ity concerns while effectively imparting anti-bacterial 
properties. Consequently, we emphasize that Ag-
coated scaffolds hold immense promise across a spec-
trum of biomedical applications, including wound 
healing dressings, surgical meshes, and anti-bacterial 
sutures. This controlled release mechanism enhances 
their safety and efficacy, making them valuable assets 
in the field of medical materials.

Conclusion

In this study, we employed a combination of electro-
spinning and RF sputtering techniques to fabricate 
composite fibrous scaffolds coated with silver nano-
particles (AgNPs) using PGS/PCL and PMMA/PCL 
polymers. Our results indicate that while the scaffold 
structure underwent significant changes, the chemical 
characteristics and surface activity of the PGS, PCL, 
and PMMA polymers remained intact. The mechani-
cal properties of the scaffolds were notably enhanced, 
likely due to increased friction between fibers fol-
lowing Ag-coating. Upon comparative analysis, it 
was revealed that the PMMA/PCL composite fibrous 
scaffolds exhibited superior mechanical properties, 
demonstrating an increased modulus (E) and ulti-
mate tensile strength (UTS), along with reduced ten-
sile strain compared to the PGS/PCL scaffold. This 
enhancement can be attributed to the interlocking of 
fibers, which prevents slippage and augments fric-
tional forces between adjacent fibers. Moreover, the 
Ag + coating contributed to improved thermal stabil-
ity by reducing mass loss during heating. Our con-
trolled release studies demonstrated a steady release 
of Ag + ions from the coated scaffolds over time. 
This controlled release mechanism holds promise 
for various biomedical applications, including sur-
gical meshes, bandages, and wound healing dress-
ings, where the anti-bacterial properties of AgNPs 

Fig. 8   Thermo gravimetric analysis (TGA) measurement was 
done for both pristine PGS/PCL, PMMA/PCL scaffolds and 
Ag-coated PGS/PCL, PMMA/PCL scaffolds under nitrogen 
atmosphere. The mass loss in fibers associated with burning 
fibrous scaffolds was reduced in Ag-coated scaffolds

Fig. 9   Cumulative release of Ag + ion concentration of Ag-
coated fibrous PGS/PCL and PMMA/PCL scaffolds in DI 
water as a function of time using ICP-OES
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are highly beneficial. While other metal nanoparti-
cles have been explored for wound dressings, AgNPs 
stand out due to their foldable behavior, a crucial 
attribute for effective wound dressing applications. In 
summary, the AgNP-coated PGS/PCL and PMMA/
PCL composite scaffolds offer enhanced mechanical 
properties and hold great potential for diverse bio-
medical applications. Our future studies will delve 
into both in vitro and in vivo assessments, aiming to 
validate and further understand the performance and 
biocompatibility of these AgNP-coated scaffolds. 
These investigations will provide valuable insights 
into the practical applications and safety of the devel-
oped composite scaffolds in biomedical contexts.
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