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ABSTRACT

he present research explores preparing and characterizing silk fibroin
T electrospun nanofibers on cotton gauze bandages to form a novel silk-

gauze nanocomposite. The presence of the extracted silk fibroin on the
cotton substrate surface was demonstrated by scanning electron microscopy
(SEM), attenuated total reflectance Fourier transform infrared spectrophotometry
(ATR-FTIR), wide-angle X-ray diffraction (WAXD) and K/S values. The SEM
images of cotton samples revealed the deposition of silk fibroin from silk fiber on
the substrate surface. The dyed silk-gauze nanocomposite wound dressing
presented significantly higher color strength than an uncoated gauze bandage. The
physical properties of nanocomposite samples, i.e., porosity, tensile strength,
bending characterizations, air permeability, and water uptake, were measured.
The changes in the secondary structure of silk fibroin, morphology, crystallinity,
hydrophilicity as well as cytotoxicity of nanocomposites were analyzed before and
after undergoing treatments with ethanol and methanol. The results demonstrated
a decrease in water uptake and porosity values and a slight increment in tensile
strength and bending characterization of the treated nanocomposite samples
compared to the untreated samples. MTT assay as an indirect cytotoxicity method
showed cytocompatibility of the silk-gauze nanocomposite wound dressing. The
indirect cytotoxicity results showed that samples treated with ethanol demonstrated
no cytotoxicity on the L929 cancer cell line. Prog. Color Colorants Coat. 18
(2025), 163-176© Institute for Color Science and Technology.

1. Introduction

raw silk fibers consist of two main proteins: fibroin,
which makes up approximately 66 % by weight, and

Biopolymers such as polynucleic acids, polysaccharides,
polyamino acids, and polyphenols have evolved over
billions of years to carry out myriad tasks such as storing
energy, molecular recognition, or catalysis [1, 2]. Silk is
a well-known textile fiber aptly known as the "Queen of
Textiles" for its luxury, appeal, elegance, comfort, luster,
glamour, and sensuousness. Silk possesses exceptional
qualities comparable to other synthetic polymers;
however, its production does not necessitate harsh
processing conditions [3]. The primary components of

sericin, comprising around 26 % by weight. During the
manufacturing processes in the textile industry, the
sericin adhesive with impurities is eliminated from the
thread through a degumming process [4]. The Bombyx
mori silkworm's silk cocoons produce fibroin fibers that
are highly coveted in the textile industry due to their
velvety softness to the touch and lustrous sheen.These
fibroin fibers can be conventionally fabricated into
diverse forms, including non-woven fabrics, knitted
garments, braided cords, and reinforcing matrices [5-8].
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Silk fibroin (SF) has a combination of attractive
machinability, controllable biodegradability, good
biocompatibility, adsorption properties, hemostatic
properties, permeability, non-cytotoxicity, microbial
resistance, high thermal stability, good oxygen, and
water  vapor  permeability, low antigenicity,
noninflammatory characteristics, bioresorbability, etc.
which make it a highly appreciated material in
cosmetics, biomedical, pharmaceutical and textile
industries [9-15]. It can be used as a biomaterial in
various forms, such as membranes, films, powders,
sponges, gels, and scaffolds. The versatile uses span a
wide range, encompassing protective coverings for burn
wounds, matrices that immobilize enzymes, systems for
controlled drug delivery, netting materials, contact
lenses for vision correction, artificial vascular grafts, and
structural implants for the body [16-25]. Silk has been
employed as a material for surgical sutures for many
decades [8, 10].

Like other proteins, silk fibroin (SF) is a complex
structure formed by various amino acids. These amino
acids serve as cell receptors, enabling crucial
interactions  between mammalian cells and the
extracellular matrix (ECM). This interaction facilitates
cell adhesion and growth. Additionally, silk fibroin
exhibits antimicrobial properties [11, 26]. Due to their
influence on physical and chemical properties, the
molecular conformation of SF membranes is an
important parameter that needs to be controlled. Process
conditions like drying temperature, solvent type, and
solution concentration can be leveraged to control the
molecular conformation within the SF substrate.
Additionally, post-processing treatments play a defining
role in establishing the secondary structure of SF
materials [10].

Treatments by immersion and solvent vapor with
organic low-dielectric solvents, such as methanol or
ethanol, are commonly used to convert SF from random
coil to B-sheet conformation. This treatment increases
the crystallinity and improves the stability of the treated
samples against water [10, 27]. As nanotechnological
manufacturing techniques advance, biotextiles are
finding novel applications. With the development of
nanotechnological manufacturing technologies, new
usages for biotextiles have been recognized.
Combiningbiotextile technology and nanotechnology
has yielded a new field in areas such as bandages, tissue
scaffolds, and wound dressings [12].

Recently, wound dressings utilizing bionanofibers
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have shown remarkable versatility and functionality.
These dressings exhibit characterizations such as oxygen
permeability, excellent wound adherence, resorbability,
absorption capabilities, and occlusivity. Due to their high
surface area-to-volume ratios, nanofiber webs can
effectively filter contaminants, microorganisms, and
particulates.  Additionally, they can function as
controlled drug-release matrices. The unique properties
of nanofibers make them well-suited for biomedical
applications. Their highly porous network, with
interconnected pores, facilitates the essential pathways
for nutrient delivery and oxygen transport crucial for
cellular growth and tissue regeneration [28-31].
Martindale and coworkers highlighted the potential of
electrospun wound dressings in minimizing scarring and
promoting healthy skin regeneration. Despite their
efficacy, the broad utilization of nanofiber webs in
wound dressings has been constrained by challenges
related to their mechanical characteristics and handling
complexities [32-34].

Sterilization is crucial for materials or devices
intended for use as biomaterials. While ethanol treatment
is commonly used as a disinfectant, it is not considered a
sterilization method because it does not effectively
eliminate endospores from most bacterial species, thus
restricting its efficacy as a surface-sterilizing agent.
Despite this limitation, ethanol treatment remains widely
employed as a disinfection method for various materials
[35].

This study aims to produce silk-gauze nano-
composite wound dressings. In this research, the
nanocomposite bandages were formedby electrospinning
SF nanofiber onto 100 % cotton gauze substrates. The
effect of ethanol and methanol treatments on the nano-
composite gauze bandage properties wasinvestigated.
The raw bandage's and untreated and treated mats'
physical and mechanical properties, such as tensile
strength, bending characterizations, andwater uptake,
were determined. The chemical, morphology, and
crystallinity of nanocomposites, as well as the changes
in the secondary structure of silk fibroin, were analyzed
before and after treatment with ethanol and methanol by
infrared spectroscopy with attenuated total reflection
(FTIR-ATR), scanning electron microscopy (SEM) and
X-ray  diffraction  pattern  (XRD) techniques,
respectively. The dyeability of samples was investigated
by dyeing with acid dye. Also, the cytotoxicity
analysiswasdone by L1929 fibroblasts with MTT assay.
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2. Experimental
2.1. Materials

Raw cocoons of the silkworm, Bombyx mori were
purchased from a silk company (Rasht, Iran). Solvent
impurities from silk fibroin solution were removed
using cellulose dialysis cassettes (Slide-A-lyzer
molecular, weight cutoff 3500 (Pierce)). CaCly,
Na,CQOs, ethanol,and methanol were supplied by
Merckand used as received. Other chemicals used were
pharmaceutical or analytical grade and purchased from
Sigma—Aldrich or Merck. L929 fibroblast cells were
preparedby the Ministry of Food, Agriculture and
Livestock.

2.2. Preparation of silk fibroin (SF) solution

The cocoons were degummed thrice in an
aqueoussolution of 0.02 M Na,COj3 at 85 °C for 30 min
to remove the sericin proteins. The fibers were then
rinsed with water and dried at room temperature. The
resulting fibers were then dissolved in a ternary solvent
of CaCly: CH3;CH2OH: H,O (1:2:8 molar) at 85 °C
until total dissolution and formed a yellow viscose
solution. This solution was dialyzed against distilled
water using cellulose dialysis cassettes for 3 days to
remove the salt.

The solution was optically clear after dialysis and
was centrifuged at 8000 rpm for 10 min to remove the
small amount of silk aggregates that formed during the
process. Then, the aqueous SF solution was dried at
room temperature. The SF/ trifluoroacetic acid (TFA)
solution was prepared by dissolving the SF in TFA for
12 h.

2.2. Electrospinning and treatment

2.2.1. Electrospinning of nanofiber mats onto
fabric

SF nanofibers were electrospun using an electrospinning
apparatus with a rotating drum for collection.
Electrospunnanofibers were collected on the cotton
gauze bandage for 30, 60, 120, and 180 minutes. The
electrospinning was performed at room temperature.
To obtain smooth and uniform fibroin nanofibers,
the main processing parameters,such as the flow rate of
the feedstock, the distance between the tip and collector,
and applied electric field syringe were set constant
(flow rate: 0.2 mL/h, distance: 12 cm, voltage: 30 kV).
In this article, fibroin was dissolved at a concentration of

12 % (wiv) in TFA.

2.2.2. Ethanol and methanol treatments

To undergo structural change from amorphous to B-
sheet conformation, crystallization, and sterilization to
form as-spun SF electrospun fiber insoluble in water,It
was immersed 15 min in methanol and 15 min in
ethanol, then dried at room temperature for 36 hours.

2.3. Characterization

2.3.1. Evidence of silk fibroin nanofiber
deposition on the cotton gauze bandage

The uncoated, untreated, and treated bandage samples
were dyed with 1 % W/V aqueous solution of acid dye
Telon Red 51 under acidic conditions (pH 4.5) at a
liquor-to-fabric ratio of 40:1 for 45 min at 85 °C, in an
infrared dyeing machine (D400IR- Ahiba, England).
The UVmIni-1240 spectrophotometer was used to
measure the reflectance of the dyed samples over the
400-700 nm range. The color strength (K/S) was
determined by applying the Kubelka-Munk equation,
represented by equation 1.

K (1-R)?
o (1)

w2

K/S is color strength, and R is the maximum
reflectance of the cotton fabrics [36].

2.3.2. Physical and chemical property tests of
nanofiber mats and silk-gauze nanocomposite
samples before and after treatment

To visualize the nanofibers, they were first coated with
a thin layer of gold using a sputtering process. This
gold coating enhances the conductivity of the sample,
allowing for better imaging under the scanning electron
microscope (SEM). The SEM images of these gold-
sputtered nanofibers were then acquired using a Vega 3
Tescan-SB microscope operating at an accelerating
voltage of 20 kilovolts (kV). The fiber diameters were
measured using SEM software, and a statistical
analysis was conducted on 50 randomly selected fiber
samples.

The pore size and air permeability of electrospun
nanofiber mats play an essential role in the successful
applications of many nanofiber mats. Enhancing the
performance of nanofiber-based materials in biomedical
applications depends on the porous structure of
nanofiber mats [31]. To calculate the samples' porosity, a
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MATLAB program was developed so that the empty
and fiber spaces were considered 0 and 1, respectively.
Consequently, the number of 0 values determines the
porosity of the sample, as shown in equation 2.

POrOsity (%)= e samienp 100 @)
FTIR spectra of the raw gauze bandage (control
sample), as-spun,and treated nanofiber mats were
shown using the FTIR Equinox 55 spectrometer
(Germany) in the 4000-400 cm™* wavenumber.

Wide-angle X-ray diffraction (WAXD) patterns
were recorded on anAsenware model XDM300-
AW diffractometer with CuKa radiation (A\=1.54 A) at
a scan rate of 1°/s within the scanning region of 26=5—
30° at 40 kV and 30 mA.

The mechanical properties of the electrospun
nanofiber mats onto the cotton gauze bandages
(dimensions of 3 x 1 cm) before and after treatments
were recorded using a Shirley micro 350 fiber tensile
tester at environment conditions. The gauge length was
constant at 2 ¢cm, and thestrain rate was 10 mm/min.
At least 5 samples were tested, and their load-strain
curves were recorded. The results of the tensile
strengthswereaveraged and reported.

The concept of "bending stiffness" is a significant
factor in assessing fabric handles, representing the
garment's ability to resist bending when subjected to
external forces [38]. The bending stiffnessof the
various gauze bandage sampleswere also calculated
using equation 3.

G = 9.8xM x (C)*x107 A3)

In this equation, G, M, and C represent the bending
stiffness (in uN.m), fabric weight (in g/m?), and
average bending length (in cm), respectively. The
fabric bending length was measured using the ASTM
D 1388-96 (2002) testmethod [37].

The air permeability of a fabric specimen indicates
the extent to which air can pass through it [38]. The air
permeability of the samples was measured using
Airpermeability tester M021(Shirley, England). Samples
measuring 5 x 5 cm were cut from the nanofiber mats,
and the air permeability of each sample was measured at
an air pressure of 1 bar. A minimum of 5 samples were
examined, and the average results were documented.
The percentage of water uptake in the control, untreated,
and treated silk-gauze nanocomposite samples was

166 Prog. Color Colorants Coat. 18 (2025), 163-176

reported. The 4 x 4 cm cotton gauze samples were
soaked in distilled water for 24 hours, following which
any extra water was eliminated. The damp fabrics were
weighed, subjected to drying at 110 °C for 120 minutes
in an oven, and then weighed again. The water
absorption percentage was calculated using equation 4
[36].

Water uptake
(0/ )7 Weight of wet fabric-Weight of dried fabric
° Weight of dried fabric

x100 (4)

The MTT assay was conducted to evaluate cell
viability and mitochondrial activity. The cytotoxicity of
the silk-gauze nanocomposite samples was assessed
following the 1SO10993-5 standard test method for
indirect contact. Statistical analysis was carried out
using SPSS v.16.0 software, and the results were
documented as mean values with standard deviations.

3. Result and Discussion

3.1. Evidence of silk fibroin presence on cotton
gauze bandages

The impact of silk fibroin nanofibers on both the as-
spun and treated cotton samples was examined.
Following the dyeing process, the reflectance of the
cotton gauze samples was measured, and the color
strength (K/S) was calculated. Figure 1 illustrates that
the K/S value for the sample coated with nanofiber
mats during a 180-minute electrospinning period is 7.4,
in contrast to 0.6 for the untreated sample. This
outcome indicates a higher presence of amino groups
from silk fibroin on the surface of the cotton gauze
sample as the electrospinning time increases. When
subjected to dyeing in an acidic environment, these
amino groups exhibited a positive charge, enhancing
ionic attraction and consequently boosting the
absorption of acid dye [38]. The treatment of
nanocomposite samples with ethanol or methanol
decreases K/S valuesdue to the increasing hydrophobic
nature of nanofibers and the decreasing porosity of
formed mats onto cotton gauze bandages (Figure 2).
However, Figure 2 shows that the K/S values of the
treatment of nanocomposite samples with ethanol or
methanol are almost the same, and increasing the
electrospinning period has not affected the color
strength of coated samples.
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Figure 1: Color strength of coated samples by silk fibroin nanofibers before treatment.
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Figure 2: The relationship between color strengthin dyed cotton fabrics as a function of time of electrospinning before
and after treatment with ethanol and methanol.

3.2. SEM

The SEM images in Figure 3 display the control, as-
spun, and treated samples. As illustrated in Figure 3,
the silk fibroin nanofibers were observed to be
deposited onto the surface of the cotton bandage. Also,
treatment with ethanol and methanol increases the
diameter average of nanofibers. The evidence obtained
through SEM imaging agrees with the findings of the
previous testing. SEM observations (Figures 3b and 3c)
did not show morphological changes in the silk-gauze
nanocomposite after treatment with ethanol and
methanol. Also, theresults show that the time of
electrospinning had no significant effect on the average
diameter of mats (Table 1). These findings confirm that
the spinning time and the treatment with methanol and
ethanol did not significantly affect the morphology of

the samples.

The results presented that treatment with ethanol and
methanol causes a contraction in the protein material due
to molecular interactions between the polar solvent and
the protein chains, which causes a reduction in the
porosity of materials treated with these alcohols and
increased surface wrinkles [39, 40] (Table 2).

Moreover, the hydrophobic molecular chains in the
random coil configuration facilitate the formation of a
compact crystal nucleus. This process involves
reorganizing hydrogen bonds, promoting the
development of a stable beta-sheet structure. The
reconfiguration of hydrogen bonds leads to the
expulsion of water, enhancing the stability of B-sheets
and causing a reduction in porous structures following
treatments with ethanol and methanol [41].
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Figure 3: (a) as-spun silk fibroin nanofiber mats and (b) treated by ethanol and (c) methanol.

Table 1: Summary of the value average diameter.

Average diameter

of samples treated with

Average diameter
of samples treated with

ethanol (nm) methanol (nm)

Time of Average diameter
electrospinning of samples before treatment
(min) (nm)
0 -
30 490+40
60 489444
120 491445
180 493+43

536+33 561+42
538+41 560+29
539+37 566+51
541+35 566145

Table 2: Summary of the porosity percentages.

Time of electrospinning Average porosity

(min) of as-spun samples (%0)

of samples treated by

Average porosity Average porosity
of samples treated by

ethanol (%) methanol (%)

30 28

60 22

120 18

180 15
3.3. ATR-FTIR

ATR-FTIR spectroscopy was utilized to analyze the
conformational and secondary structure alterations in
silk fibroin following treatment with methanol and
ethanol. The results gathered using Fourier transform
infrared spectroscopy (FTIR) showed a difference
between the cotton gauze samples before and after the
treatment (Figure 4). The major bands of the cotton
bandage are OH stretching, placed around 3324 cm?,
CH stretching around 2830 cm?, CH, symmetric
stretching near 1430 cm, CH stretching placed around
1316 cm?, CO stretching around 1050 cm?, and a
C—0—C non-symmetric bond placed around 1238 cm™.
Figure 4b shows the FTIR spectrum of the as-spun silk
fibroinfibers coated on the cotton bandage.
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The spectral data presented in this image displays
prominent absorption bands at specific wavenumbers:
1654 cm* (assigned to amide 1), 1522 cm™ (assigned to
amide I1), and 1202 cm™ (assigned to amide I11). These
bands are indicative of the random coil conformation
of silk fibroin. To gain a more detailed understanding
of the conformation of electrospun silk fibroin, FTIR
spectroscopy was employed on the treated mats. Figure
1c exhibits the FTIR spectra of silk fibroin fibers post-
treatment with methanol for 180 minutes. Unlike the
untreated nanofibers, both methanol and ethanol-
treated mats exhibit absorption bands at 1637 cm™
(amide 1), 1480 cm (amide 1), and 1240 cm™ (amide
III), which are associated with thep-sheet conformation
of silk fibroin.
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The absorption bands in the FTIR spectra of samples
treated with methanol and ethanol are remarkably alike,
indicating a similar mechanism of conformational
changes in silk fibroin during treatment. The observed
behavior stems from converting random coil structures
into B-sheets following the treatments administered [42-
44]. The crystallinity index (CI) of the as-spun and
treated samples was calculated using equation 5 [27].

Ajgpoem’!

Crystallinity index (CI)= %100 (5)

Ajgasem+A gp0em’!

Methanol and ethanol are commonly recognized as
effective agents for crystallizing silk fibroin molecules.

The proposed mechanism for crystallization involves the
dehydration of protein materials during treatment, driven
by their polar nature, which encourages the aggregation
of hydrophobic amino acids. The phenomenon induces a
strong interaction between amino acids, facilitating the
molecular structure's reordering. This leads to a
transition from random spiral conformations to [3-sheet
conformations [45-47]. These results indicate that
compared with as-spun SF nanofiber mats, treated SF
nanofiber mats seem to have higher crystalline content
with more [-sheet conformations and lower presence of
amorphous structures like random coil (Table 3).

Table 3: Clof samples after treatment with ethanol and methanol calculated from the FTIR spectrum.

Time of electrospinning ClI of treated samples by
(min) methanol (%)

Cl of treated samples by ethanol

(%0)
0 = =
30 32 33
60 32 32
120 32 33
180 32 33
WA

Transmittance (%)

| s |
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Figure 4: ATR-FTIR spectra of cotton fabric samples (a) uncoated cotton bandage (control sample),(b) cotton bandage
coated by fibroin nanofibers, (c) cotton bandage coated by fibroin nanofibers and treated with methanol.
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3.4. Wide angle X-ray diffraction (WAXD) outcomes align with the conformational transition
mechanisms reported by previous researchers, which

involve the development of highly ordered and stable -
sheets while decreasing the presence of random coil and
less ordered B-sheet characteristics [49]. The emergence
of a second band can be attributed to a molecular
contraction within the fibroin structure, resulting in a
shrinkage of the protein lattice parameters due to the
well-established hydrophilic nature of the protein [14].
Furthermore, the transformation of random structures
into B-sheets contributes to an increased orderliness of
the protein, as documented in existing literature.

To explore changes in the structure of electrospun silk
fibroin following ethanol and methanol treatments, a
WAXD analysis was performed. Figure 5 illustrates the
X-ray findings for the as-spun fibers and those treated
with methanol and ethanol. Consistent with the FTIR
results, the X-ray diffractogram of the as-spun
nanofibers shows minimal peaks indicative of
crystalline organization, aligning with the FTIR data.
Conversely, the nanofibers treated with methanol and
ethanol exhibit three distinct diffraction peaks at
20 = 14, 17, and 23, corresponding tof-sheet crystalline
spacings of 10.3, 4.5, and 3.8 A, respectively [48]. The The crystallinity levels of fibers treated with
XRD crystallinity of the treated electrospun fibers with methanol and ethanol closely align with predictions
ethanol and methanol was determined by calculating from IR spectroscopy. Discrepancies arise between the
the ratio of the crystalline peak area to the total area in crystallinity values obtained from XRD and IR
the diffractograms, as detailed in Table 4. spectroscopy due to their sensitivity to different

The findings confirm that the crystallinity of the structural orders. IR spectroscopy primarily captures
samples undergoes an increase following treatment with short-range order, while X-ray diffractometry focuses
ethanol and methanol. Immersion of all samples in on larger-range order [50]. Consequently, X-ray
ethanol or methanol demonstrates a notable trend diffractograms yield lower crystallinity values than IR

towards heightened diffraction intensity, indicative of a SUCElRsEn) SIED JNNE) GEISES il I
reorganization into a more structured array. These spacing of crystallites.

Intensity (a.u)

before treatment — treatment with methanol —— treatment with ethanol

Figure 5: X-ray diffraction patterns of silk nanofiber mats produced by electrospinning: Untreated, treated with methanol,
and treated with ethanol.

Table 4: Crystallinity of samples after treatment by ethanol and methanol calculated from XRD curves.

Time of electrospinning ClI of treated samples by ethanol ClI of treated samples by
(min) (%) methanol (%0)

0 - -
30 32 33
60 32 32

120 32 33
180 32 33

170 Prog. Color Colorants Coat. 18 (2025), 163-176
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3.5. Tensile properties

The results in Table 5 display the tensile strength
values for the control, as-spun, and treated nanofiber
mats. The findings reveal that treating the nanofiber
mats with methanol and ethanol increased tensile
strength. This finding suggests that the treated
nanofiber mats exhibit a tougher, brittle, and stronger
structure. Additionally, the data indicates that changing
the electrospinning time did not significantly impact
the tensile strength results of the samples.

3.6. Bending length and bending stiffnessof
samples

After conducting tests, the initial bending length of the
raw cotton gauze bandage measures 1.7 cm.
Subsequent coating processes result in an observed
increase in bending length, as illustrated in Figure 6.
Figure 7 demonstrates that the stiffness of the silk-
gauze nanocomposite is enhanced due to the SF
nanofiber coating, which increases tangential sliding
resistance at the warp and weft interlacing points,
consequently increasing bending stiffness. This
approach elevates the fabric's stiffnessand enhances its
crease recovery capabilities [51].

Table 5: Tensile strength of silk nanofiber mats before and after treatment with ethanol and methanol.

Tensile strength
of samples before treatment

Time of electrospinning

Tensile strength of
samples treated with

Tensile strength of
samples treated with

(min) with ethanol and methanol (MPa)
0 35.42+8.4
30 36.4£10.5
60 36.8+12.4
120 37.1+8.9
180 37.247.1

ethanol (MPa) methanol (MPa)

42.2+5.2° 40.8+6.0
43.0+8.2 42.7£8.4
44.1+6.8 44.1+7.3
44.5+4.5 44.3+5.0
44.9+11.0 45.1+11.1

a) Mean value of ultimate tensile strength; b) Standard deviation of ultimate tensile strength

® before treatment

w &
W W B W W

Bending Length (cm)
S W

._.
W

® treatment with ethanol

treatment with methanol

L

Z
‘ i I
II | I I I
|
" I 5 |

Time of electrospinning (s)

Figure 6: Bending length of the control, as-spun, and treated samples by ethanol and methanol treatment.
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Figure 7: Bending stiffness of samples as a function of time of electrospinning before and after ethanol and methanol
treatment.

3.7. Air permeability

The air permeabilities of the substrate materials with
and without SF nanofibersare summarized in Figure 8.
The cotton gauze bandage without SF nanofibers
exhibited an air permeability of 55 cc/s.cm?, and the air
permeability of substrates coated and treated with SF
nanofibers demonstrated reduced air permeabilities.
This reduction in air permeability is beneficial for
wound healing as it helps maintain a moist
environment [35]. The study indicates that the air
permeability of the mats slightly decreases with longer
electrospinning times of silk-gauze nanocomposites.
Compared to wounds left exposed to air for healing,
wounds covered by nanofiber mats exhibit a faster rate
of epithelialization.

3.8. Water uptake capacity

Effective wound healing relies on proper moisture
control, where an optimal balance is crucial. Excessive
moisture trapped in the bandage can lead to
maceration, while insufficient moisture can cause
desiccation, hindering healing. Air permeability, water
absorbency, and moisture vapor transmission are key in
moisture management. When considering silk fibroin
mate as a dressing for wound care, characteristics like
swelling and moisture absorption capacity become
significant. These properties should support the
removal of excess exudates while ensuring a moist
environment at the wound site to facilitate healing [52].

M before treatment M treatment with ethanol ™ treatment with methanol

60
&‘\
£
9 50
N
=5
E 40
N’
£
= 30
-
[
%]
E 20
1
%]
(=}
&= 10
<

0 |‘| |‘| III III III
0 30 60 120 180

Time of electrospinning (s)

Figure 8: Air permeability of control, as-spun and treated cotton gauze bandage as a function of time spinning.
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These results from Figure 9 confirm that the coating
of bandage with fibroin nanofiber mats decreases
hydrophilic  properties. Fibroin, which contains
hydrophobic amino acid residues like alanine, is
insoluble in water, reducing the coated samples'
hydrophilicity [54]. The exposure to ethanol and
methanol treatments generates a change in the
crystallinity of the sample. A possible mechanism of
treatment action isthe expansion of the amorphous
region of the proteins due to the interruption of
hydrogen bonds in proteins. This behavior is followed
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35
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0 30

by the penetration of ethanol and methanol into the
expanded region to create a hydrophobic environment
[53].

3.9. MTT assay

Treating silk fibroin nanofiber mats with methanol
altered their microarchitecture and physicochemical
characteristics but did not enhance cell viability.
Conversely, ethanol-treated mats exhibited non-toxic
properties towardcells, maintaining cell viability at
100%, comparable to the negative control (Figure 10).
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Figure 9: Water uptake of samples.
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Figure 10: The viability of human epithelial fibroblast cells was assessed after exposure to excipients derived from both
untreated and treated stainless steel materials for 24 hours. A cellular control (CC) consisting of epithelial fibroblasts
without any treatment was included for comparison.
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4.Conclusion

This research involved electrospinning to treat cotton
gauze bandages with fibroin, a protein extracted from
silk cocoons.The successful fabrication of silk fibroin
nanofiber mats with adjustable morphology and
thickness was achieved by electrospinning silk fibroin
solutions in TFA solvent at a concentration of 12 wt.%.
The morphology and thickness of these mats can be
controlled primarily by varying the electrospinning
time. The confirmation of silk fibroin on the treated
bandage was verified through FTIR analysis, SEM
imaging, and acid dyeing techniques.

The physical, mechanical, and biological properties
of nanofibrous silk fibroin mats coated onto cotton
gauze bandages using ethanol and methanol treatments
were assessed to develop a novel silk-gauze
nanocomposite. Treatment with ethanol and methanol
increased the durability of SF nanofibers electrospun
onto cotton gauze substrates. The Evidence obtained
through SEM imaging confirms that the spinning time
and the treatment with methanol and ethanol did not
significantly affect the morphology of the samples. The
FTIR and WAXD results confirm that the crystallinity
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