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Abstract
Conventional wound material allows bacterial invasions, trauma and discomfort associated with the changing of the dressing
material, and the accumulation of body fluid for wounds with high exudate. However, there is a shift from conventional wound
dressing materials to polymeric nanofibers due to their high surface area to volume ratio, high porosity, good pore size distribution, which allows for cell adhesion and proliferation. There is an urgent need to synthesis a biodegradable composite that
is resistant to bacterial infection. In this study, an electrospun polylactide (PLA) composite suitable for wound dressing, with
enhanced antimicrobial and mechanical properties, was produced. The neat PLA, PLA/CH (10 wt.%), PLA/CH (5 wt.%), PLA/CHS
(10 wt.%), PLA/CHS (5 wt.%), PLA/CH (2.5 wt.%) /CHS (2.5 wt.%) and PLA/CH (5 wt.%)/CHS (5 wt.%), were electrospun
using 0.14 g/ml solution. Results show that crystallinity (67.6%) of neat PLA declined by 3.8% on the addition of 2.5 wt.%
chitin/chitosan with improved hydrophilicity of the composite. The tensile strength of neat PLA (0.3 MPa) increased (0.6 MPa)
with 2.5 wt.% chitin/chitosan addition. The slight increase in the glass transition temperature from 75°C for neat PLA to 78°C
of the composite fibre, showed improved ductility. The fibres showed little beads, hence suitable for wound dressing. The electrospun mats have good water absorption capacity and strong resistance against Staphylococcus aureus. Good performance was
attained at 5 wt.% of chitin, chitosan and hybrid reinforcements. Therefore, a PLA/chitin/chitosan composite is recommended
as a wound dressing material.
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1. INTRODUCTION
Wound healing is a global medical concern, and has thrown
up other challenges, including the increasing incidence of
obesity, type II diabetes, and ageing populations [1]. In 2018,
retrospective analysis of Medicare beneficiaries identified
that ~8.2 million people had wounds with or without infections. The Medicare cost estimate for acute and chronic
wound treatment ranges from $28.1 billion to $96.8 billion.
The highest expenses were for surgical wounds followed
by diabetic foot ulcers [2]. In the US alone, over 100,000

surgeries performed daily involve surgical wounds. The anticipated market shares for wound care products are expected to reach ~US$25000 million. The use of growth factors to
accelerate the healing of wounds offers a tremendous promise as a therapeutic approach in treating chronic wounds. Clinicians are unable to recommend the use of advanced dressings, however, because of their high cost, although these are
more conducive to healing, require fewer dressing changes,
and less care [3].
In terms of effectiveness, a wound dressing material should
be able to keep the wound moist, stop bleeding, improve oxygen
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absorption, remove exudates, be biodegradable, prevent bacterial infection and enhance the healing process [4–6]. The
authors, [7] explicitly corroborated that wound dressings
currently available in the Western Nigerian market do not fully address all the physiological issues associated with chronic
wounds. The study primarily focused on bacterial clearance,
leaving other factors inhibiting wound bed re-epithelization and wound closure unattended. It should be noted that
a wound dressing material should be able to mimic the skin
extracellular matrix (ECM). In this regard, nano fibres that are
similar to ECM protein and pore size are important factors
that facilitate cell respiration, haemostasis, exudate removal
and moisture retention [8]. Electrospinning is considered one
of the best methods of producing 3D nano-fibrous materials
for the dressing of chronic wounds. Most electrospun fibres
possess the desirable properties of an ideal wound treatment
material. Although electrospinning is a simple and quick
method in the fabrication of nano-fibrous scaffolds, there still
exist challenges in the fabrication of scaffolds with complex
structures, such as the homogeneous distribution of pores,
thus limiting its application in biomedicine. In the study, [9]
observed that the addition of particles can lead to the formation of a porous fibre network, which enables the material to absorb water and solvents. The introduction of new
biopolymers and fabrication techniques that offer advantageous characteristics in wound dressing materials is
important [8].
Polylactic acid (PLA) is obtained from natural raw materials such as maize and its degradation products including H2O
and CO2. Their intermediate products, being hydroxyl and
lactic acid, can be absorbed by the body [10, 11]. However,
PLA has drawbacks like poor ductility and to improve on
this property, it has been reinforced in recent times with different materials to form various composites. For example,
[12] prepared a nano-fibre membrane of polylactic acid/
polybutylene, carbonate/graphene oxide by electrospinning and noticed that the incorporation of graphene oxide
(GO) leads to the improvement in the hydrophilicity of the
PLA/PBC/GO membrane. This was attributed to the presence
of the oxygen rich functional group in graphene oxide (GO),
which reduces the highly hydrophobic ester group in PLA/PBC.
Furthermore, [13] fabricated a novel high performance
ductile polylactic acid nano scaffold coated with poly(vinyl alcohol) (PVA). The results showed that the nano-fibre
demonstrated good hydrophilicity and mechanical properties. The study suggested that the improvement in the tensile
strength was due to the increase in the tear resistance of the
branch PVA fibres compared to the linear membrane rather
than the presence of a physical/chemical bond between the
polymers. Chitin (CH) and its derivative chitosan (CHS) are
obtained from marine exoskeletons. Chitosan is known for
its antibacterial, tumoricidal, natural blood clothing, wound
healing and scar elimination properties [4]. Unfortunately, it
is extremely difficult to electrospin chitosan, because of its
high viscosity and polyelectrolyte nature [14] and specific
intra and inter molecular interactions [15], which causes poor
entanglement of the chains. Thus, chitosan is often blended
with natural and synthetic polymers. From literature, there
is little or no work on PLA/chitin/chitosan composite. PLA
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and chitin are known to be hydrophobic, while chitosan on
the other hand is hydrophilic due to the amino group, therefore blending these biopolymers will enhance the hydrophilic
behaviour of the composite. Thus, this work evaluates neat
PLA, PLA/chitin, PLA/chitosan and PLA/chitin/chitosan fibre
composites, to evaluate its physiochemical properties and
ascertains their potential use in the management of surgical
wounds around the abdominal region.
2. MATERIALS AND METHOD
2.1. Materials
Polylactic acid (average molecular weight 250,000 g/mol),
dichloromethane 95% purity (England). Water used in all
the tests was Milli-Q water (Millipore, USA). Bacterial strains
of Methicillin-resistant Staphylococcus aureus obtained from
South Africa was utilized in this study.
2.2. Method

14 g of PLA was dissolved in 100 ml of dichloromethane to
produce solution of 0.14 g/ml viscosity. Then, 5 and 10 wt.%
chitin and chitosan respectively were added to the solution
and stirred continuously until homogenous mixture was
achieved. This was followed by electrospinning at a constant
voltage of 26 kV, with 90°C spinneret inclination at room
temperature (28°C). A stationary Aluminum plate kept at
121 mm from the tip of the spinneret was used as the collector.
2.3. Characterization of electrospun fibre mat
2.3.1. X-ray diffraction (XRD)
The X-ray diffractometry measurements were performed using an EMPYERN diffractometer model XRD-600 at the National Geosciences Research Laboratory, Kaduna. The facility uses CuKα radiation (λ = 1.540598 Å, Ni-filter) at 40 kv,
30 mA. Without any preferred orientation, the samples
were scanned in steps of 0.026261° in the 2θ in the range of
4.99–75.00° using a count time of 29.7 s per step.
The crystallinity index (Crl) for the neat PLA and the composites mats were calculated using Equation (1) [16].
 Ic 
=
Crl(%) 
 × 100
 Ic + Ia 

(1)

where Ic and Ia represent the intensities of the crystalline
and the amorphous regions respectively.
2.3.2. Thermogravimetric analysis (TGA)

Analysis of samples was carried out on TGA Q500 instrument where 2 mg of samples were heated to 750°C at
10°C/min. The temperature for the onset of thermal decomposition (Tonset), temperature at the end of decomposition (Tfinish)
and the temperature at which decomposition was maximum
(Tmax) were deduced from the thermograms.
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2.3.3. Scanning electron microscopy (SEM)

The micrographs of samples were produced via a scanning
electron microscopy model Phenom Eindhoven, Netherlands
situated at Amadu Bello University, Zaria. It works with an
electron intensity beam of 15 kV, while the samples were
mounted on a conductive carbon imprint left by the adhesive
tape. This is usually prepared by placing the samples on the
circular holder and coated for 5 min to enable it conduct electricity. Free online software, Image J was used to determine
the pore size and fibre diameter of electrospun mats.
2.3.4. Differential scanning calorimetry (DSC)

Thermal characteristics of 7–8 mg of the electrospun samples were determined using a differential scanning calorimetry (DSC) device (Mettler Toledo Equipment DSC1 star system) operated from 25 to 250°C at 10°C/min. High pressure
pans were used for the test and heat flow was measured as
a function of the temperature and time.
2.3.5 Tensile test

Tensile strength characteristics of the neat PLA and the composites mats were determined using an Instron 3369M tensometer located at the Centre for Energy Research and Development, Obafemi Awolowo University, Ile-Ife Nigeria. Each
sample was fixed and held firmly at both ends by the gauge
as the load was applied until the sample finally failed.
2.3.6. Water absorption test

Water absorption of the fibre mat was studied at room temperature. Electrospun fibres were weighed and immersed in
50 ml of water for one month. During this period, the sample
was removed from the water, cleaned and reweighed every
one week. At the end of the one-month interval, the water absorption was calculated using Equation (2) [17].
= 100 ×
Water uptake (%)

Wwet − Wo
Wo

(2)

where:

Wwet – is weight of wet fibre;
Wo – initial weight of the sample prior to immersion.

2.3.7. Antibacterial assay

An antibacterial susceptibility test was conducted using several pieces of equipment and tools including an autoclave
model YX-280A, a Gallenkamp incubator model from England, a weighing balance manufactured by Ohaus, micropipette, nutrient agar and peptone water (Lab M, UK), petri
dishes, cotton wool, antibiotic, Staphylococcus aureus strain
(ATCC 29213), forceps and a Bunsen burner. The antibacterial assay of the composites was performed on Staphylococcus aureus strain (ATCC 29213), which was maintained in

glycerol-nutrient broth at 4°C in the Department of Microbiology, University of Lagos, Nigeria. According to a modified
protocol by [18], the bacterial strain was sub-cultured in
peptone water (Lab M, UK) and incubated at 37°C for 24 h.
The culture was serially diluted, and aliquot of appropriate
dilution was inoculated into fresh sterile peptone water in
McCartney bottles corresponding to the test samples. The
composites were incorporated into the inoculated medium
with the aid of a sterile pair of forceps. The samples were further incubated at 37°C for 24 h. To determine the total viable
counts (TVCs), five folds’ serial dilutions of the test samples
and controls were made. Aliquot of appropriate dilutions of
the test samples and controls were plated onto nutrient agar
plates (Lab M, UK) in duplicates using the pour plate technique [19]. The inoculated plates were then incubated at 37°C
for 24 h. After 24 h incubation, the developed colonies were
counted in duplicates, and the mean values were multiplied by the dilution factor to give TVC. The bacterial colony forming units (CFUs) were compared with the bacteria
growth in the absence of the composites (organism control).
3. RESULTS AND DISCUSSION

3.1. Effect of reinforcement on crystallinity of
PLA composite fibres
Neat PLA (see Fig. 1) was used as a reference to the entire
composite fibre mats. A weak and broad scattering reflection, with low absorption intensity attributed to several degrees of molecules deformation [20] was detected around
2θ = 16.7° and 19.5° for the neat PLA. This is within the
range reported by [21] for semi crystalline polymer. Crystalline peaks for chitin and chitosan occurred around 2θ
range of 16.5° and 22.5°. This was also observed by [15].
This may be attributed to the intercalation of chitin and
chitosan structure within the PLA matrix. However, there
was no change in the crystalline peak position for the composite mats at various percentages of reinforcement, when
compared with neat PLA. This shows good miscibility and
interactions between the composite constituents. This interaction might have occurred due to the hydrogen bonding between the PLA and hydroxyl/amine group of chitin
(CH) and chitosan (CHS). A narrow hump was noticed at 2θ
range of 33° for the fibre mats with PLA/CH (10 wt.%) and
PLA/CH (2.5 wt.%) /CHS (2.5 wt.%). The crystallinity index of the fibre mats is shown in Table 1. The high degree
of crystallinity of the electrospun neat PLA and PLA/CHS
(5 wt.%) fibres when compared to the other composites
was ascribed to the higher stretching of the polymer chains
leading to a higher degree of molecular organization [22].
Adding a hybrid of chitin and chitosan at varying weight percentages lowers the degree of crystallinity of PLA by 3.8%.
[23] observed that the crystallinity of PLA decreased by 2
and 8% when it was reinforced with 10 and 35 wt.% of Titanium oxide respectively. The lower degree of crystallinity
improves degradability, and solves the hydrophobic problem of PLA, which is a key factor in improving drug release
and drug loading efficiency [24, 23] thus, making the fibre
mats useful for wound dressing.
https://journals.agh.edu.pl/jcme
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Fig. 1. XRD of electronspun PLA and composite fibre: a) neat PLA; b) PLA/CH (5 wt.%); c) PLA/CHS (5 wt.%); d) PLA/CH (2.5 wt.%)/CHS
(2.5 wt.%); e) PLA/CH (10 wt.%); f) PLA/CHS (10 wt.%); g) PLA/CH (5 wt.%)/CHS (5 wt.%)
Table 1
Crystallinity of the electrospun fibre

Electrospun fibre

Crystallinity [%]

PLA

67.6

PLA/CH (5 wt.%)

67.1

PLA/CH (10 wt.%)
PLA/CHS (10 wt.%)
PLA/CHS (5 wt.%)

PLA/CH (2.5 wt.%) /CHS (2.5 wt.%)
PLA/CH (5 wt.%)/CHS (5 wt.%)
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The TGA thermogram (see Fig. 2) of neat PLA showed a range
of thermal degradations between 311–364OC with initial
mass loss of 25% and 43%. This degradation temperature for
neat PLA falls within the range reported by earlier researchers [25, 26]. The residue decomposes finally at 542°C. The fibre
mat composites showed, thermal degradation of 301–379°C,
272–348°C, 257–339°C, 287–416°C, 287–405°C and 292–377°C,
for PLA/CHS (10 wt.%), PLA/CH (2.5 wt.%)/CHS (2.5 wt.%),
PLA/CHS (5 wt.%), PLA/CH (5 wt.%), PLA/CH (5 wt.%)/CHS
(5 wt.%), PLA/CH (10 wt.%) respectively. The degradation
temperature of chitin has been found to occur around 400°C.
[27–29] reported that chitosan exhibited two stages of degradation, with the loss of water molecules in the first stage.
However, this result does not agree with what was observed
100

80

Weight [%]

b)

60

0

40

200

500

400
Temperature [°C]

600

Weight [%]

c)

400

20

0

d)

300

200

100

400
Temperature [°C]

600

80
60

600

200

400
Temperature [°C]

600

200

400
Temperature [°C]

600

100

80

20

f)

100
80
60

40

40

20

20

200

400
Temperature [°C]

g)

600

0

100
80

Weight [%]

0

400
Temperature [°C]

40

Weight [%]

e)

200

60

200
100

80
60

40
20

100

Weight [%]

a)

in the present study, where three stages of decomposition
were observed. The first stage, which is the loss of water molecules due to hydrophilic nature of chitin and chitosan, was
not visible in these spectra, since their percentage in the matrix was relatively small and it also confirms that there was
complete vaporization of Dichloromethane after electrospinning. The second stage is at 342–369°C, with the decomposition of the pyranose ring along the polymer backbone to
form a complex adduct. The third stage was at 417–415°C,
and is the decomposition of the obtained adducts. This is
consistent with the works of [15, 30] where it was reported
that the thermal stability of electrospun chitosan reinforced
with chitin nanocrystals is 180°C. A similar thermal stability of ~185°C was obtained in this present study. The studies
suggest that all the fibres have the required thermal stability
to be used in wound dressing, which will be in-contact with
the body.
Weight [%]

3.2. Thermal degradation response of
the reinforced PLA composite
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Fig. 2. TGA of electrospun PLA and the fibre mat: a) neat PLA; b) PLA/CH (5 wt.%); c) PLA/CHS (5 wt.%); d) PLA/CH (2.5 wt.%)/CHS (2.5 wt.%);
e) PLA/CH (5 wt.%)/CHS (5 wt.%); f) PLA/CHS (10 wt.%); g) PLA/CH (10 wt.%)
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From the TGA curve (see Fig. 2), it was observed that, the
neat PLA fibre is more thermally stable than the fibre mats of
PLA/CHS (10 wt.%), PLA/CH (2.5 wt.%) /CHS (2.5 wt.%), PLA/CHS
(5 wt.%), PLA/CH (5 wt.%). This is consistent with the works
of [31, 32]. According to the authors [15] who reinforced PLA
with PVA, they observed that the decomposition temperature
of the composite was reduced in comparison with the neat PLA.
This result also showed that the compatibility and interfacial
bonding decreases by mixing of both PLA polymer and fibre [32].
The presence of the fibre in PLA destabilized the PLA matrix,
where some portion of the polymer is replaced with less thermally stable fibres in the composite materials [31]. In the
study, [33] attributed this to the thermal instability of PLA. The
reduction in thermal stability does not alter the properties of
the scaffold when used at biological temperatures (37°C) [34]
and is therefore deemed insignificant in practical terms [35].

Conversely, PLA/CH (5 wt.%) and PLA/CH (5 wt.%) /CHS (5 wt.%)
were more stable when compared with the neat PLA; this may
be attributed to pronounced particle interaction within the
fibre matrix. Similar results were also obtained by [36, 37].
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The DTG thermogram (see Fig. 3) showed maximum decomposition temperature at 399°C, 483°C, 385°C. 411°C, 378°C,
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PLA/CHS (5 wt.%), PLA/CH (10 wt.%), PLA/CH (2.5 wt.%)/
CHS (2.5 wt.%), PLA/CH (5 wt.%) and PLA/CHS (10 wt.%),
respectively. Thus, some of the composites (478°C, 428°C, and
423°C) showed strong resistance to heat before decomposing
and could therefore serve as a hot packaging material [38].
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3.3. Decomposition characteristics of
PLA fibre composites
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Fig. 3. DTG of electrospun PLA and the composite fibre mat: a) neat PLA; b) PLA/CHS (5 wt.%); c) PLA/CH (2.5 wt.%)/CHS (2.5 wt.%); d) PLA/CH
(5 wt.%); e) PLA/CH (10 wt.%); f) PLA/CHS (10 wt.%); g) PLA/CH (5 wt.%)/CHS (5 wt.%)
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3.4. Glass transition temperature (Tg) analysis of
electrospun PLA and composite fibre

Figure 4 shows the DSC thermogram of electro spun PLA and
PLA composites with varying percentages of reinforcement.

Heat [Mw]

PLA/CHS (10 wt.%)
PLA/CH (2.5 wt.%)/CHS (2.5 wt.%)
PLA/CHS (5 wt.%)
PLA/CH (5 wt.%)
Neat PLA
PLA/CH (5 wt.%)/CHS (5 wt.%)
PLA/CHS (10 wt.%)

Temperature [ᵒC]

Fig. 4. DSC curve of neat PLA and composite fibre

The Tg of the neat PLA, PLA/CHS (10 wt.%), PLA/CH
(2.5 wt.%)/CHS (2.5 wt.%) are the same (75°C), while
that of PLA/CHS (5 wt.%),PLA/CH (5 wt.%) have a Tg of
(77°C) and PLA/CH (5 wt.%)/CHS (5 wt.%) a Tg of (78°C),
which are higher than that of neat PLA. PLA/CH (10 wt.%),
did not show any glass transition temperature. A slight
increase in the glass transition temperature of the composite shows an increase in the ductility of the reinforced fibre
mat material. Thus, PLA/CHS (5 wt.%),PLA/CH (5 wt.%),
PLA/CH (5 wt.%)/CHS (5 wt.%) is a suitable material for
wound dressing, due to its enhanced ductility. This result
is in agreement with [31] who reported a slight increase in
Tg of PLA reinforced with 10 wt.% of kenaf fibre. However,
Tg reported here is a little higher than the one observed in
the literature [12, 23, 31]. The increase in the glass transition temperature is due to the restriction of polymer chain
mobility within the interface caused by the hydrogen
a)

b)

e)

f)

bonding created between the PLA fibre surface and the fibre
reinforcement [39, 40]. The formation of a single glass transition temperature confirms that the composite blend is
miscible. A cold crystalline peak was noticed at 155°C. For
PLA/CH (10 wt.%), which was not observed in the other
composites. The presence of cold crystallization has been
attributed to freezing of crystallization before the completion of solvent removal from the spun fibre mat [40]. This
composite possesses the lowest crystallinity (65.1%) as
shown in Table 1. This was also observed in the work of [9]
where the low crystallinity was attributed to the presence of
cold crystallization. The melting peak for PLA/CH (5 wt.%)
and neat PLA is the same (159°C); PLA/CHS (10 wt.%) and
PLA/CH (2.5 wt.%)/CHS (2.5 wt.%) have their melting peak
at 152°C while that of PLA/CHS (5 wt.%), PLA/CH (10 wt.%)
and PLA/CHS (wt.%)/CH (5 wt.%) occurred at 165°C, 169°C
and 149°C respectively. It was observed that the melting
peak of PLA/CHS (10 wt.%), PLA/CH (2.5 wt.%)/CHS (2.5 wt.%)
and PLA/CHS (5 wt.%)/CH (5 wt.%) is lower than that of
neat PLA while PLA/CHS (5 wt.%), PLA/CH (10 wt.%) has
a higher melting peak. The increase in this melting temperature might be due to the rearrangement of molecular chain in
the regular crystals [12].
3.5. Morphology features of electrospun PLA
and composite fibre

Figure 5 shows the electrospun fibre morphology while Figure 6 shows average fibre diameter distribution for neat PLA and
its composites. The morphology reveals that the fibres were
distributed randomly in a non-woven formation. The fibre diameter of the neat PLA was found to be 14.53 nm. PLA/CH
(5 wt.%), PLA/CH (2.5 wt.%)/CHS (2.5 wt.%), PLA/CH (10 wt.%)
have a fibre diameter of 15.95 nm, 16.85 nm, 15.15 nm respectively. The increase in fibre diameter of PLA, with the addition of reinforcement may be attributed to an increase in
solution viscosity in agreement with the observation of [21].

c)

d)

g)

Fig. 5. The SEM morphology of: a) PLA/CHS (10 wt.%; b) PLA/CH (2.5 wt.%)/CHS (2.5 wt.%); c) PLA/CHS (5 wt.%); d) PLA/CH (5 wt.%);
e) neat PLA; f) PLA/CH (5 wt.%)/CHS (5 wt.%); g) PLA/CH (10 wt.%)
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Fig. 6. Fibre diameter of electrospun fibre

Conversely, PLA/ CHS (5 wt.%), PLA/CHS (10 wt.%) and PLA/CH
(5 wt.%)/CHS (5 wt.%) showed fibre diameter of 6.86 nm,
12.27 nm, and 10.29 nm respectively, which is lower than that
of neat PLA. This could be attributed to the alleviation of the
clogging issue arising from agglomeration during electrospinning. The fibres exhibited a relatively uniform fibre diameter.
A knob was observed in PLA/CH (5 wt.%), which might be
due to the agglomeration of micro-particles that did not completely dissolve in the PLA matrix [41]. The presence of beads
was also noticed in PLA/CHS (5 wt.%), PLA/CH (10 wt.%) and
PLA/CHS (10 wt.%). Neat PLA has an average pore diameter of
22 m, which is higher than that of the composite’s fibres. The
pore diameters of the composites were 16 µm, 13 µm, 11 µm,
13 µm, 10 µm and 15 µm for PLA/CHS (10 wt.%), PLA/CH (2.5 wt.%)/
CHS (2.5 wt.%), PLA/CHS (5 wt.%), PLA/CH (5 wt.%), PLA/CH
(5 wt.%)/CHS (5 wt.%) and PLA/CH (10 wt.%) respectively.
The pore sizes were a result of the irregular deposition of the
fibres. However, the pore diameter reported here is higher
than the one reported by [24]. In the research of [36] on electrospun polylactic acid and chitosan using different solvents,
they noted that a uniform fibre diameter was obtained at
0.4 wt.% chitosan. However, in this present study, a uniform
fibre diameter was obtained at various weight fractions for
a single solvent.
3.6. Strength characteristics of PLA and its composite

The mechanical strength of a composite nano fibre is quite important for its potential use as a wound dressing material. The
tensile strengths of PLA/CH (2.5 wt.%)/CHS (2.5 wt.%) fibre
and PLA/CHS (5 wt.%) are 0.60 MPa and 0.40 MPa respectively, which are superior to neat PLA (0.30 MPa), while the rest
of the fibre mats have lower tensile strength. From Figure 7, it
is observed that there is a minimum percentage of reinforcement for peak tensile strength (0.60 MPa) which corresponds
to PLA/CH (2.5 wt.%)/CHS (2.5 wt.%) reinforcement. At
10 wt.% fraction of chitin filler, the tensile strength decreased
to 0.1MPa. However, chitosan reinforcement seems to have
better properties compared to chitin. A similar report was
observed by [35] who electrospun a PLA scaffold coated with
PVC (poly vinyl alcohol) and observed that the tensile strength
of reinforced fibre mat was better than the neat PLA. The
study attributed this to an increase in the tear resistance of the
branched PVA fibres (i.e., web-like fibres, parallel PLA fibres
bounded to each other by PVA fibres of different diameter)
https://journals.agh.edu.pl/jcme

and fibre junctions. This report agrees with the findings of [32]
where wood fibre was used to reinforce PLA. It was also noted
that the tensile strength of the composite was reduced with the
increase in the weight fraction of the wood fibre. Again, [17]
electrospun a PLA nano-composite fibre mat with hybrid
graphene oxide and nano-hydroxyapatite reinforcement and
obtained a maximum tensile strength of 0.57 MPa. However,
the current study showed a 5% improvement in the tensile
property of PLA (0.31 MPa) fibre mat composite.

Tensile strength [MPa]

Fibre mat
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Fibre mat

Fig. 7. Tensile strength of the electrospun fibre

3.7. Tensile energy at break
Materials used for internal body fixation should withstand
long term loading, making it necessary to study the fibre tensile energy at break (TEB). The convectional testing method
for toughness cannot be used as it is not a bulk material. Thus,
tensile energy at break (TEB) is used as an alternative [9].
Figure 8 shows the tensile energy at break of the fibre mat.
Fibre composite PLA/CH (5 wt.%)/CHS (5 wt.%), PLA/CHS
(5 wt.%) and PLA/CH (2.5 wt.%)/CHS (2.5 wt.%) proved to
have a superior TEB compared with the neat PLA (0.036 J).

Tensile energy at break [J]

Average fibre diameter [nm]
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Fibre mat

Fig. 8. Tensile energy at break

Fibre mat PLA/CH (5 wt.%)/CHS (5 wt.%) has the highest
TEB (0.111 J). Tensile energy at break is a measure of material toughness. Wound dressing materials should be able to
withstand long-term loading before failure, especially during
the wound swelling phase. Thus, fibre mat PLA/CH (5 wt.%)/
CHS (5 wt.%) with the highest TEB is recommended for large
surface wounds that tend to swell more during the swelling
phase without compromising the property of the material. It
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was observed that the TEB is dependent on the weight percentage of the filler. Thus, 5 wt.% reinforcement shows a better TEB and good tensile strength as described above.
3.8. Strain at maximum stress

Strain at maximum stress [%]

The fibre mats in Figure 9 did not show any definite pattern
in relation to the weight fraction of the filler used. However,
PLA/CH (5 wt.%)/CHS (5 wt.%), PLA/CHS (5 wt.%), PLA/
CHS (10 wt.%) and PLA/CH (2.5 wt.%)/CHS (2.5 wt.%),
showed a better strain before the material yielded. Fibre mat
with PLA/CH (5 wt.%)/CHS (5 wt.%), showed the maximum
strain (0.18%), which is about a 199% improvement over the
neat PLA fibre mat. Thus, this material is recommended for
use when the affected part undergoes continuous movement
and may exert strain on the material.

Fibre mat

by chitosan may be attributed to the formation of an amino
group (-NH2) of the chitosan during deacetylation. Generally,
the water absorption capacity of the composites was better
than the neat PLA. It is shown by the work of [9], who earlier
reported an improvement in water absorption capacity over
neat PLA by reinforcing PLA with Bagasse. More importantly,
the result reported here showed highest water absorption of
~750%, which is superior to that reported by [17] in a study
of electrospun polylactic acid nano-composite fibre mats
with hybrid graphene oxide and nano-hydroxyapatite reinforcements (~210%).
3.10. Antimicrobial test

Figure 11 shows the total viable counts (TVCs) of the bacteria exposed to composites, and unexposed bacteria. All the
composites show an antibacterial effect against staphylococcus aureus.

S. aureus viable count [CFU/mL]
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Fig. 9. Strain at maximum stress

3.9. Water absorption capacity of PLA composite

Water absorption [%]

Figure 10 shows the rate of water absorption of the electrospun samples at room temperature.

Fibre mat

Fig. 10. Water absorption capacity of PLA and its composite

Optimum water absorption capacity was obtained at 5 wt.%
chitosan in PLA. The rate of water absorption was observed
to be dependent on the percentage weight of the filler. However, as filler content increases, the water absorption capacity decreases. This suggests that the composite pore spaces
were more compacted as filler weight increases. Chitosan filler showed better water absorption capacity when compared
to chitin in the PLA composite matrix. This improvement

Fibre mat exposed to S. aureus

Fig. 11. The total viable counts (TVCs) bacteria exposed to composites and unexposed bacteria

The fibre mat with the composition PLA/CHS (5 wt.%) shows
the highest antibacterial effect against staphylococcus aureus,
with the highest number of reduction in the bacterial population (1.942∙108 CFU/ml). The results from this present
study agrees with earlier works by [18] who fabricated a chitosan-cellulose composite for wound dressing, and reported
that chitosan can effectively kill gram positive staphylococcus
aureus. At 5 wt.% reinforcement good performance against
staphylococcus aureus was recorded. Surprisingly, the neat
PLA to an extent showed some activity against this bacterium, suggesting that unreinforced PLA has some measures
of inherent antimicrobial property. The percentage reduction in the microbial population is 96.0, 99.0, 85.0, 27.0, 60.0
and 70.0% for PLA/CH (2.5 wt.%)/CHS (2.5 wt.%), PLA/CHS
(5 wt.%), PLA/CH (5 wt.%), Neat PLA, PLA/CH (5 wt.%)/
CHS (5 wt.%), PLA/CH (10 wt.%) respectively. Bacteriostatic
and bactericidal are known to be very important in wound
healing applications in preventing infection. The authors [42,
43] showed that electrospun nanofibers combining the biocompatibility potential of PVA with 0.01% w/w keratin and
the antibacterial property of mupirocin was effective in treating drug resistant wounds. Hence, the PLA/CHS developed
https://journals.agh.edu.pl/jcme
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scaffold can be used as a backbone for the development of
antibacterial composites containing antibacterial agents that
will enhance its antibacterial and bacteriostatic activity. This
property was exhibited by chitin and chitosan reinforced PLA
composites fibres, making them suitable as wound dressing
materials to prevent wound colonization or severe infection.
Figure 12 showed the population of staphylococcus bacteria
exposed to composites, and unexposed bacteria. The bacteria were exposed to the composites for 24 hours. Physical examination showed sizable number of reductions in the population growth proving that the composites were resistant
against staphylococcus aureus development and growth.
a)

b)

c)

d)

e)

f)

g)

Fig. 12. Reduction in the microbial population of exposed and unexposed bacterial: a) PLA/CHS (10 wt.%); b) PLA/CH (2.5 wt.%)/
CHS (2.5 wt.%); c) PLA/CHS (5 wt.%); d) PLA/CH (5 wt.%); e) neat
PLA; f) PLA/CH (5 wt.%)/CHS (5 wt.%); g) PLA/CH (10 wt.%)

4. CONCLUSION

An electrospun fibre (PLA/CH/CHS) mat with good morphology suitable for surgical wound dressing was developed using 0.14 g/mL of PLA and fillers in a DCM solvent. The tensile
strength of neat PLA (0.3MPa) was improved by 100%. The
https://journals.agh.edu.pl/jcme
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tensile strain of neat PLA (0.045%) was enhanced (199%)
when reinforced with CHS (10 wt.%). The fibre mat has the
requisite thermal stability required for wound dressing,
(~185°C). The crystallinity of PLA (67.6%) declines by 3.8%,
with PLA/CH (10 wt.%) with improvement in hydrophilicity
of PLA as increase in water absorption capacity of the fibre
mat occurred. Thus, the fibre mat produced is capable of absorbing exudate. The composite showed antibacterial resistance against staphylococcus aureus (99.0% efficiency) exhibited by PLA/CH (2.5 wt.%)/CHS (2.5 wt.%) fibre. This fibre
mat is suitable for wound dressing to prevent wound infections and as useful backbone for the development of bioactive wound dressings.
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