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Abstract: The use of natural polymers such as sericin (SS) and chitosan (Ch) for developing bioma-
terials has increased in tissue engineering. To ensure adequate biointegration with the biological
environment, the method used to obtain the biomaterial plays an important role, which is why the
electrospinning technique has been employed due to its versatility with regard to emulating the native
extracellular matrix. The present study evaluated the influence of electrospinning parameters on the
morphological, chemical, and thermal properties of polycaprolactone (PCL), Ch, and SS composite
membranes. To achieve this, experiments were designed with varying manufacturing parameters
and SS concentrations. The membranes were then characterized by scanning electron microscopy
(SEM), Fourier transforms spectrophotometry (FTIR), and thermogravimetric analysis (TGA). SEM
images showed that the electrospinning conditions and SS concentrations allow the development
of electrospun membranes with high fibrillar density randomly oriented and fiber diameters below
100 nm. Likewise, the spectra and thermograms of the composite membranes show the possible
chemical interactions and thermal behavior, demonstrating the homogeneity and stability of the
fibrillar structure.

Keywords: chitosan; electrospinning; nanoarchitecture; sericin

1. Introduction

Among the techniques used to manufacture biomaterials that emulate the native
extracellular matrix is electrospinning, which allows the development of three-dimensional
microarchitectures made up of micro and nanometer-sized fibrillar structures [1,2]. One
of the main advantages of this technique is its ability to generate multilayers through
the combination of parameters such as voltage, output flow, needle–collector distance, or
relative humidity to obtain biomaterials that can exhibit biocompatible characteristics [3].

In addition, another versatility of electrospinning technique is that it allows the use of
a wide variety of polymers of both natural and synthetic origin, making it possible to obtain
fibrillar matrices with improved mechanical, absorption, biocompatibility, and biodegrad-
ability characteristics [4]. In this sense, sericin is a biocompatible and biodegradable protein
obtained from Bombyx mori silkworm cocoons; it is mainly composed of polar groups
such as hydroxyl, carboxyl, and amino [5,6]. Meanwhile, chitosan as a natural polymer has
shown adequate biological, biodegradable, antibacterial, and wound-healing properties,
which have made it a potential biomaterial of interest in the biomedical sector [7,8].

Based on the previous, and considering the advantages of the electrospinning technique
for obtaining fibrillar matrices with morphological and biochemical characteristics depen-
dent on the composition of the materials and the variation of the manufacturing parameters,
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the present work was oriented to the development of electrospun membranes composed
of polycaprolactone, medium molecular weight chitosan, and silk sericin to evaluate their
morphological, chemical and thermal properties for their possible use as a biomaterial.

2. Experiments
2.1. Materials

Polycaprolactone (PCL) with a molecular weight of 80,000 Da and medium molecular
weight chitosan (Ch) (190,000–310,000 Da) were purchased from Sigma Aldrich. Glacial
acetic acid with 99.5% purity and formic acid with 99% purity was purchased from Merck
Millipore. Sericin was extracted from cocoons that were supplied by Corporacion para el
Desarrollo de la Sericultura del Cauca-CORSEDA (Cauca, Colombia).

2.2. Preparation of Material
2.2.1. Extraction of Sericin (SS)

The SS was extracted using a degumming technique at high temperature and pressure.
To achieve this, the cocoons were cut into small pieces, and a bath ratio of 1:30 (g cocoon/mL
of distilled water) was prepared. The mixture was transferred to an AV-75 Phoenix auto-
clave (Phoenix Luferco, Sao Paulo, Brazil) at a temperature of 120 ◦C for 30 min. The sericin
solution was filtered to remove particulate matter present in the solution. Sericin powder
was then obtained by spray drying.

2.2.2. Preparation of Work Solutions

Solutions of PCL at 12% w/V, Ch at 2% w/V, and SS at 1% w/V, 1.5% w/V, and 2% w/V
were prepared using a mixture of formic and acetic acid as the solvent in 55:45 volumetric
ratios. The resulting solutions were previously agitated for 24 hours, then the polymeric
mixture of PCL/Ch, PCL/Ch/SS_1%, PCL/Ch/SS_1.5%, and PCL/Ch/SS_2% was made
and agitated again for the same amount of time.

2.2.3. Preparation of Composite Membranes

PCL/Ch, PCL/Ch/SS_1%, PCL/Ch/SS_1.5%, and PCL/Ch/SS_2% blends were de-
posited in 5 mL glass syringes. The electrospinning conditions such as distance and flow
rate were varied, while the voltage and volumetric ratio of the polymers remained fixed
(see Table 1). All membranes were electrospun in a time of 8 h.

Table 1. Design of experiment for the development of PCL/Ch/SS electrospun membranes.

SS Concentration (% w/w) Volumetric Ratio (w/w)
Parameters

Voltage (kV) Flow (mL/h) Needle-Collector Distance (cm)

0% PCL: Ch (6:4) 22
0.25

20
25

0.30
20
25

1% PCL/Ch: SS (8:2) 22
0.25

20
25

0.30
20
25

1.5% PCL/Ch: SS (8:2) 22
0.25

20
25

0.30
20
25

2% PCL/Ch: SS (8:2) 22
0.25

20
25

0.30
20
25
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2.3. Characterization of the Material
2.3.1. Scanning Electron Microscopy (SEM)

The morphological characteristics were analyzed in a Jeol NeoScope JCM-600 (JEOL
Ltd, Tokyo, Japan) plus scanning electron microscope at a power of 15 kV. Subsequently, to
determine the average fiber diameter, the micrographs were analyzed at a magnification of
10,000× using ImageJ® software (National Institutes of Health and the Laboratory for Optical
and Computational Instrumentation–University of Wisconsin, Madison, WI, USA). With the
results obtained, the polydispersity index (PdI) of the fibers was calculated using (1).

PdI =
(σ
α

)2
(1)

where σ is the standard deviation of the fiber diameter distribution and α is the average
fiber diameter [9].

2.3.2. Fourier Transform Spectroscopy (FTIR)

The chemical analysis of the functional groups was performed using Fourier transform
spectrophotometry with a universal attenuated total reflection module (FTIR-UATR) using
a Spectrum Two-PerkinElmer spectrophotometer (PerkinElmer, New York, NY, USA). The
spectra were obtained at a resolution of 4 cm−1 from 4 scans performed at a wavelength
between 400 and 4000 cm−1.

2.3.3. Thermogravimetric Analysis (TGA)

TGA analysis of the membranes was carried out on a Mettler Toledo TGA/SDTA
851e (Mettler Toledo, Columbus, OH, USA). Thermograms were obtained in an inert N2
atmosphere with a heating ramp of 10 ◦C/min in the temperature range of 25–800 ◦C.

2.3.4. Statistical Analysis

The results were analyzed using a factorial ANOVA study, where the statistical influ-
ence was determined through the assumption of p-value < α, which was corroborated using
the Shapiro–Wilk normality test and Bartlett’s homoscedasticity test, under the hypothesis
of p-value > α. In addition, the values obtained in the characterization techniques are ex-
pressed as the mean ± standard deviation. Likewise, an n = 2 and a statistical significance
level of p < 0.05 were considered for each method.

3. Results and Discussion
3.1. Scanning Electron Microscopy (SEM)

From the experimental design of the electrolytic conditions of PCL/CH composite
solutions with different concentrations of SS, it was found that the parameters allowed
us to obtain membranes with continuous, homogeneous, defect-free fibers and with fiber
diameters distributed at the nanometer scale (see Figure 1).

From the results obtained, it was evident that the inclusion of different volumetric
ratios of SS in PCL/Ch membranes does not generate differences in the deposition, ori-
entation, and fiber diameter of electrospun membranes, indicating that sericin does not
affect the viscosity and conductivity of the solution [10]. Likewise, no correlation behavior
of parameters such as distance and flow on the fiber diameter was observed. This might
be associated with the fact that the reported ranges of these parameters in conjunction
with the voltage value confer similar stability in the Taylor cone, causing the formation
of fibers with diameters between 50 and 100 nm (see Table 2) [11]. This result could also
be attributed to the polycationic nature of the chitosan and the sericin charges that confer
stability in conductivity due to the charge density, which in turn allows an elongation of
the fiber and a decrease in diameter [12,13].
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Figure 1. Micrographs of electrospun membranes with parameters; PCL/Ch (a) 20 cm; 0.25 mL/h, 
(b) 25 cm; 0.25 mL/h, (c) 20 cm; 0.30 mL/h, (d) 25 cm; 0.30 mL/h; PCL/Ch/SS_1% (e) 20 cm y 0.25 
mL/h, (f) 25 cm y 0.25 mL/h, (g) 20 cm y 0.30 mL/h, (h) 25 cm y 0.30 mL/h; PCL/Ch/SS_1.5% (i) 20 
cm y 0.25 mL/h, (j) 25 cm y 0.25 mL/h, (k) 20 cm y 0.30 mL/h, (l) 25 cm y 0.30 mL/h; PCL/Ch/SS_2% 
(m) 20 cm y 0.25 mL/h, (n) 25 cm y 0.25 mL/h, (o) 20 cm y 0.30 mL/h, (p) 25 cm y 0.30 mL/h. 
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with the voltage value confer similar stability in the Taylor cone, causing the formation of 
fibers with diameters between 50 and 100 nm (see Table 2) [11]. This result could also be 
attributed to the polycationic nature of the chitosan and the sericin charges that confer 
stability in conductivity due to the charge density, which in turn allows an elongation of 
the fiber and a decrease in diameter [12,13]. 

On the other hand, it was determined that PCL/Ch, PCL/Ch/SS_1%, 
PCL/Ch/SS_1.5%, and PCL/Ch/SS_2% membranes presented polydispersity indices lower 
than 0.1, indicating that the fiber diameters exhibit monodisperse behavior (see Table 2). 

Table 2. Fiber diameter and PdI of biocomposite electrospun membranes. 

Type of Material Electrospinning Parameters Fiber Diameter PdI 
PCL/Ch 0.25 mL/h; 20 cm  66 ± 8  0.014 

Figure 1. Micrographs of electrospun membranes with parameters; PCL/Ch (a) 20 cm; 0.25 mL/h,
(b) 25 cm; 0.25 mL/h, (c) 20 cm; 0.30 mL/h, (d) 25 cm; 0.30 mL/h; PCL/Ch/SS_1% (e) 20 cm y
0.25 mL/h, (f) 25 cm y 0.25 mL/h, (g) 20 cm y 0.30 mL/h, (h) 25 cm y 0.30 mL/h; PCL/Ch/SS_1.5%
(i) 20 cm y 0.25 mL/h, (j) 25 cm y 0.25 mL/h, (k) 20 cm y 0.30 mL/h, (l) 25 cm y 0.30 mL/h;
PCL/Ch/SS_2% (m) 20 cm y 0.25 mL/h, (n) 25 cm y 0.25 mL/h, (o) 20 cm y 0.30 mL/h, (p) 25 cm y
0.30 mL/h.

Table 2. Fiber diameter and PdI of biocomposite electrospun membranes.

Type of Material Electrospinning Parameters Fiber Diameter PdI

PCL/Ch

0.25 mL/h; 20 cm 66 ± 8 0.014
0.25 mL/h; 25 cm 73 ± 13 0.034
0.30 mL/h; 20 cm 77 ± 2 0.001
0.30 mL/h; 25 cm 75 ± 2 0.001

PCL/Ch/SS_1%

0.25 mL/h; 20 cm 88 ± 13 0.021
0.25 mL/h; 25 cm 78 ± 9 0.014
0.30 mL/h; 20 cm 59 ± 12 0.042
0.30 mL/h; 25 cm 82 ± 7 0.007

PCL/Ch/SS_1.5%

0.25 mL/h; 20 cm 97 ± 30 0.094
0.25 mL/h; 25 cm 82 ± 8 0.011
0.30 mL/h; 20 cm 91 ± 8 0.009
0.30 mL/h; 25 cm 87 ± 8 0.010

PCL/Ch/SS_2%

0.25 mL/h; 20 cm 77 ± 2 0.001
0.25 mL/h; 25 cm 82 ± 1 0.000
0.30 mL/h; 20 cm 91 ± 1 0.000
0.30 mL/h; 25 cm 79 ± 7 0.008
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On the other hand, it was determined that PCL/Ch, PCL/Ch/SS_1%, PCL/Ch/SS_1.5%,
and PCL/Ch/SS_2% membranes presented polydispersity indices lower than 0.1, indicating
that the fiber diameters exhibit monodisperse behavior (see Table 2).

3.2. Fourier Transform Spectroscopy (FTIR)

The spectra in Figure 2 show the characteristic spectral bands of the functional
groups present in the membranes PCL/Ch, PCL/Ch/SS_1%, PCL/Ch/SS_1.5%, and
PCL/Ch/SS_2%. Figure 2a shows the presence of two spectral bands of PCL located at
wavelengths between 2940 and 2944 cm−1 and 1724–1726 cm−1, corresponding to the
vibration of the -CH and -C=O groups [14]. In addition, we identified characteristic peaks
in the Ch spectrum, such as the band between 3000 and 3500 cm−1 associated with the
vibration of the -OH groups and primary amines, the band at a wavelength between 2867
and 2870 cm−1, related to the stretching of the -CH bond, and a spectral region between
1700 and 1000 cm−1 where the absorption bands for amide I (1670–1690 cm−1) and amide II
(1580 and 1586 cm−1) are observed. Finally, the vibration of the groups -CH3 at wavelengths
of 1366 cm−1 and -CO at a length of 1048 cm−1 was found [15,16].
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Figure 2. FTIR spectra of electrospun membranes (a) PCL/Ch, (b) PCL/Ch/SS_1%,
(c) PCL/Ch/SS_1.5% and (d) PCL/Ch/SS_2%.

On the other hand, in Figure 2b–d, the characteristic absorption bands of sericin were
evidenced, where amide I (1670–1690 cm−1), amide II (1552–1570 cm−1) and amide III



Mater. Proc. 2022, 11, 5 6 of 8

(1240–1250 cm−1) are found. These bands correspond with the stretching C=O, N-H and
C-N, which coincides with the characteristic peaks of a random coil structure. Similarly,
the presence of the C-H and O-H bending vibrations in the band of 1390–1394 cm−1 and
the C-OH stretching vibration between 1064 and 1070 cm−1 is denoted [17–19].

Finally, a displacement of the band corresponding to amide II of the electrospun mem-
branes composed of PCL/Ch/SS of the different concentrations was evidenced, presenting
wavelengths between 1552–1570 cm−1 compared to the PCL/Ch controls, which were
located between 1580 and 1586 cm−1. Such behavior could be attributed to an interaction
mediated by weak bonds between the carbonyl and amino groups of SS and the hydroxyl
or amine groups of chitosan, indicating that SS is integrated into the PCL/Ch structure [15].

3.3. Thermogravimetric Analysis (TGA)

Figure 3 shows the thermograms that allow the identification of the degradation and
thermal stability of the PCL/Ch and PCL/Ch/SS composite samples at different sericin
concentrations and electrospinning parameters. The weight loss of PCL/Ch membranes
starts with a percentage of 2% to 3% between 97 and 100 ◦C, which may be associated with
the evaporation of water molecules in the sample or the mixture of solvents, since both
present their boiling point approximately 100–120 ◦C. Next, a weight loss of up to 18%
was observed between 238 and 244 ◦C, which could be associated with the beginning of
chitosan degradation due to the presence of a free amino group in its structure, and finally,
a continuous weight loss was observed between 350 and 450 ◦C, which was associated
with the degradation of the polycaprolactone and chitosan until a final loss percentage of
90–95% was obtained (see Figure 3a) [20,21].
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Figure 3. Thermograms of TGA and derivate thermogravimetry (DTG) of membranes (a) TGA of
PCL/Ch, (b) DTG of PCL/Ch, (c) TGA of PCL/Ch/SS_1%, (d) DTG of PCL/Ch/SS_1% (e) TGA
of PCL/Ch/SS_1.5%, (f) DTG of PCL/Ch/SS_1.5%, (g) TGA of PCL/Ch/SS_2% and (h) DTG of
PCL/Ch/SS_2%.

Similarly, the PCL/Ch composite samples with different SS concentrations show
similar behavior to the degradation of the PCL/Ch samples. Between 96 and 100 ◦C,
moisture vaporization and solvent mixing occur; between 200 and 350 ◦C, the mass loss
tendency is 15–18% due to the degradation of the amino group of chitosan and the peptide
and amino acid bonds of SS, since the amorphous structures of this protein begin their
degradation around 210 ◦C; and finally, between 350 and 425 ◦C, there is a continuous
degradation of PCL, Ch, and SS obtaining a final mass percentage of 90–95%. On the
other hand, all the samples composed of PCL/Ch/SS and the PCL/Ch controls show three
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degradation peaks located between 239 and 242 ◦C; 301 and 305 ◦C; and 404 and 407 ◦C,
which indicates that the thermal degradation behavior is not affected by the changes
generated in the microarchitecture of the membranes as a result of the changes in the
electrospinning parameters [17,22].

4. Conclusions

In this study, it was possible to obtain a range of electrospinning conditions and SS
concentrations that allow the development of homogeneous electrospun membranes, with
high fibrillar density randomly oriented and fiber diameters below 100 nm. Additionally, it
was found that incorporating SS in PCL/Ch membranes maintains the polycationic charge
density of the chitosan, which favors the conductivity of the solution that influences the
stability of the electrospinning. On the other hand, the spectra and thermograms of the com-
posite membranes show the possible chemical interactions and the thermal decomposition
behavior, demonstrating the homogeneity and stability of the fibrillar structure.
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