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Abstract. The development and depiction of papain-incorporated chitosan/poly(vinyl alcohol) (PVA) nanofibres synthesized through electrospinning were studied for controlled bioengineering applications. Papain is a natural proteolytic
enzyme, capable of breaking down larger protein particles into smaller peptides and helps in wound healing. Both chitosan
and PVA possess outstanding properties like biocompatibility, biodegradability and non-toxic in nature. The morphological surface of the synthesized chitosan nanoparticles and electrospun nanofibres were analysed using scanning electron
microscopy and the functional groups using Fourier transform infrared analyses. The antibacterial activity studied against
Gram-positive and Gram-negative bacteria predicted the acceptability of the prepared papain/chitosan/PVA nanofibre to
find its application in the process of wound healing.
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Introduction

Over the last decade, much interest has been developed in
the synthesis of nano-materials-based polymers because
of its outstanding properties like biocompatible,
biodegradable, non-allergic and non-toxic in nature.
Nano-materials are made up of natural or artificial/synthetic biopolymers ranging from 10 to 1000 nm in size;
also possess unique physical and chemical features.
Among which, chitosan is the second abundant polysaccharide biopolymer that is present in nature. Chitosan is a
co-polymer made of b-(1, 4) 2-amino-2-deoxy-D-glucopyranose. Chitosan is synthesized by alkaline
deacetylation of chitin, which makes up the major part of
skeletal structure of crustaceans [1]. Chitosan exhibits
excellent biological properties like regeneration of tissues, enhances osteoblast development, antifungal,
antibacterial and antitumour, and a well-known
immunoadjuvant [1]. By further processing of chitosan, it
can be prepared as powder, membranes, gels, spherical
microparticles and even as nanoparticles (NPs) [2,3].
Papain is one of the most important proteolytic enzyme
extracted from raw fruit of Carica papaya (papaya plant),
used to enhance chitosan’s ability in the field of bio-engineering applications. Papain has excellent features like
antibacterial, antioxidant and anti-inflammatory properties.
Papain enzyme is usually present in all parts of papaya
plant [4] as well has more deposits in the leaves of the

plant. Papain enzyme is a milky white sticky substance that
flow from the fully-grown fruit. Papain is a natural proteolytic enzyme, which can break down larger protein particles into amino acids. It is very stable even at elevated
temperature; this specific functionality makes it more efficient in the field of wound healing. Hebda et al [5] investigated on the effect of papain-based ointments for the
treatment of wounds. Papain can be used in a large scale to
treat injuries and thereby further enhances the healing
process. Varying concentrations of papain from 2 to 10%
can be applied at different stages of tissue repair procedures
[6,7]. Papain increases the synthesize of cytokines by
reducing the pH of the specific wound portion, which in turn
amplifies the reproduction of cells and also prevents the
multiplication of pathogens thereby [8]. In addition, papain
possess excellent properties like anti-inflammatory and
bactericide activity [9,10]. Papain find its prior place in
personal care sector, which include soaps, shampoos, face
wash, etc. Papain exhibits excellent proteolytic activity
towards proteins, amino acid esters, short chain peptides
and amide links [11].
Polyvinyl alcohol (PVA) is a synthetic water-soluble
biopolymer, non-toxic, hydrophilic and capable of fibre
formation [12]. It has been available on earth nearly nine
decades. Generally, PVA is synthesized through the
saponification process. PVA possess hydroxyl groups of
higher order, allows to react with different functional
groups [13,14]. Enhanced physical and chemical properties
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of the blend (biopolymer with enzyme) allows them more
suitable for bio-engineering applications and specifically in
the process of wound healing [15,16].
There are many methods to produce nanofibres; but in
recent years, electrospinning is more efficient in the
synthesis of polymer nanofibres since it is cost-effective,
reusable and has fibre-forming ability [17,18]. Chitosan
could be blended with polymers to improve and express
nanofibre properties to the fullest extent [19,20]. Electrospun nanofibres however provide excellent interconnectivity and control of porosity through adjustment of
fibre size [21]. Papain-loaded chitosan NPs were blended and used as strong carriers for controlled release
applications [22,23]. PVA were tested as an engineering
scaffold and drug delivery system. PVA is cheaper and
are not easily degradable under most physiological
conditions, so they are chemically and thermally
stable [24,25]. Blends of PVA with the anionic and
cationic bio-polysaccharides were electrospinned to
form polyvinylidene difluoride microfiltration membrane
[26]. PVA nanofibres combined with different nonsteroidal anti-inflammatory drugs were used as the
potential carriers of drug for transdermal delivery systems [27–29].
In this study, the surface morphology of the synthesized
papain-loaded chitosan NPs/PVA electro spun nanofibres
were determined by scanning electron microscopy (SEM).
The functional groups present in chitosan NP and chitosanpapain/PVA nanofibre membranes were investigated by
Fourier transform infrared (FTIR) spectroscopy. Assessment of antibacterial activity was accomplished by Disc
diffusion method.

2.
2.1

Experimental
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2.3

Preparation of PVA stock solution

A quantity of 14 g of PVA was solubilized in 100 ml
of distilled water and kept in magnetic stirrer for 1 h at
1300 rpm. Different weight ratios of chitosan NP and
PVA solution were prepared by combining the two
solutions and kept in magnetic stirrer for 24 h and
taken for further electrospinning process.

2.4

Electrospinning conditions and parameters

A high voltage of 28–30 kV is used to create an
electrically charged jet of polymer solution, collected
in the form of fibres. The applied high voltage induces
a charge on the exterior liquid droplets, and when it
reaches a higher value, the hemispherical fluid plane
extrudes as a Taylor cone. On increasing the applied
voltage furthermore, a charged liquid jet is expelled
from the cone and lured to the surface-fixed collector.
During the time period between cone formation and the
formation of fibre on the collector, the solvent gets
evaporated from the polymer solution to obtain dry
nanofibres on the surface collector [30].
The blend solution of papain/chitosan NPs/PVA was
loaded onto a syringe, fitted to a 21G needle tip. The
various parameters like needle tip to surface collector
distance, flow rate of the polymer solution and applied
voltage were optimized to get well-built, stable, defectfree nanofibres. The flow rate of the solution through
needle was optimized between 0.5 and 2.0 ml h-1 at 0.5
unit interval to fabricate defect-free chitosan/papain/PVA
nanofibres, which were collected in the collecting plate
[31].

Chemicals

Chitosan (extra pure 18824 (0348363)) and STTP–
sodium tripolyphosphate anhydrous were purchased
from SISCO Research Laboratories Pvt. Ltd. Papain
and PVA (99% hydrolysed) were procured from Sigma
Aldrich Co. The different bacterial strains were
obtained from Lifeteck Research Institute, Chennai.
Mueller Hinton Agar (MHA) was purchased from Hi
Media Laboratories, Chennai.

2.2

Preparation of chitosan and papain solution

Chitosan (2 g) was dissolved in 100 ml of 4% acetic acid. A
quantity of 3% of sodium tripolyphosphate (STPP) solution
was prepared with deionized water. Enzyme solution was
prepared by dissolving 3 g of papain enzyme in 100 ml of
autoclaved distilled water.

Figure 1.

SEM image of chitosan nanoparticle.
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Figure 2.
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FTIR spectra of synthesized chitosan nanoparticle.

3.
3.1

Figure 3. Chitosan NP’s/PVA/papain blend synthesized electrospun nanofibers.

2.5

119

Antimicrobial test

2.5a Preparation of stock culture by agar disc diffusion
method: Active bacterial cultures for carrying out the
experiments were prepared by inoculating a loop full of
bacterial culture from the stock into the sterile tubes holding
nutrient broth medium. Incubation condition was
maintained for 24 h at 37°C. The overnight cultures of
Gram-positive (Bacillus subtilis, Staphylococcus aureus)
and Gram-negative bacteria (Escherichia coli and
Salmonella typhi) were used for the assessment of
antibacterial activity. Antibacterial responses of the
chitosan/papain/PVA nanofibres were set by disc diffusion
method on Mueller Hilton Agar (MHA) medium. The
conditions of the broth dilution like pH, thymidine contents
and cation concentration were established to obtain perfect
results. The chitosan/papain/PVA nanofibre discs were
placed in MHA plates along with a control antibiotic,
incubated at 378C for 24 h. The trials were carried out in
triplicates and the mean values were considered including
standard deviation. Finally, the region of inhibition was
quantified in terms of diameter to find antimicrobial activity
of the chitosan/papain/PVA nanofibre against each
microorganism [32].

Results and discussion
Preparation of chitosan NPs

The NPs of chitosan were synthesized by ionotropic gelation process, in which STTP solution was added dropwise to
chitosan solution (20/30 w/w), respectively. A pearlescent
suspension was formed spontaneously on continuous stirring at room temperature. The chitosan NPs were obtained
after centrifugation of STTP/chitosan solution mixture at
10000 rpm for 60 min at 4°C and the resultant supernatant
was discarded. The pellets gained after centrifugation were
dried at 60°C in hot air oven for 4 h. Chitosan NPs was the
outcome of the interaction between the negative functional
group of STTP and positive amino-functional groups of
chitosan [33]. The formed chitosan NP was subjected for
surface morphology examination.

3.2

SEM analysis of chitosan NP

Figure 1 shows the morphological characteristics of chitosan NP that have a solid dense cubical structure along
with greater extent of agglomeration. The chitosan NPs
consist of individual NPs, which touches each other, but
retain their original shape and size. When chitosan/STTP
mass ratio was high, in which STTP value is lesser than
chitosan, STPP might be dominantly inter and intramolecular crosslinked with chitosan to form small NPs.

3.3

FTIR analysis for synthesised chitosan NPs

Chitosan NPs were analysed using FTIR for the presence of
different functional groups and the images were shown in
figure 2. FTIR spectra of pure chitosan showed vibration at
1152 cm–1 referred to the saccharide structure of chitosan.
The extensively broad peak at 3250.29 cm–1, referred to
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Figure 4. SEM image of chitosan NP’s/PVA/papain nanofibre, focused at 5, 4, 2 and 1 lm.

–NH2 symmetrical broadening vibration, was the main
complexion site for adsorption. There were strong absorption peaks at 1637.77 and 1384.32 cm-1, characteristic
peaks of chitosan, referred as amide-I and amide-II peaks,
respectively. The wide peak referring 1384.32 cm-1 was
corresponding –CH3 stretching vibration mode. The two
main functional groups of chitosan are hydroxyl and amino
groups. The presence of these functional groups was
thereby conformed due to the bands at 3250.29 and
1637.77 cm-1, respectively.

3.4

Papain-loaded chitosan NPs/PVA

Papain-loaded chitosan NPs/PVA-blended polymer solution
was synthesized by electrospinning process. Different concentrations of PVA were performed out in the ratio of
PVA/chitosan/papain 9:1:1, 12:4:4, 14:2:2, respectively.
Parameters such as solution flow rate, applied voltage,
solution concentration, viscosity influence the properties of

nanofibres. The optimal settings for electrospinning were
set as follows: 15 cm needle tip-to-surface collector distance, applied voltage of 26.3 kV, flow rate at 0.5 ml h-1,
papain-loaded chitosan NPs/PVA polymer solution delivered using 3 ml syringe and 16 gauge stainless steel needle.
Finally, the synthesized nanofibres were carefully peeled off
from the collector board and stored in cool and dry place.
The efficient fibres were obtained at the weight ratio
14:2:2 (PVA/chitosan/papain), respectively, and are shown
in figure 3. The mixing of PVA with chitosan permits the
formation of fibres with no bead-forming effects. The
inclusion of yet another polymer into the electrospinning
process is a simple way to enhance the qualities like biocompatibility, mechanical and the antibacterial properties of
the resulting nanofibres.
Papain containing the main three amino acids like cysteine, histidine and Asparagine present in the folding
structure takes part in the healing process of wounds. These
amino acids break down polypeptide chains and hydrolysis
of collagen cross-linkages. Thus papain incorporated into
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Figure 5.
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FTIR spectra of chitosan NP’s/PVA/papain electrospun fibre.

Table 1. Antibacterial activity of synthesized PVA/chitosan
NP’s/papain nanofibres.
Zone of inhibition (mm)

Organisms
Bacillus subtilis
Staphylococcus aureus
E. coli
Salmonella typhi

Sample
14.5 ± 1.0
10 ± 0.7
15 ± 1.2
13 ± 1.5

Antibiotic
(1 mg ml-1)
17
12
20
25

±
±
±
±

0.5
0.7
0.8
0.5

with gold to make it a charged particle and remarked at a
voltage of 26.3 kV. The porosity of the chitosan/papain/
PVA nanofibre, particle size and an image of surface
roughness was carried out using SEM. SEM of chitosan/papain/PVA nanofibres is presented in figure 4.
SEM images in figure 4 show surface area of papainloaded blended polymers at 5, 4, 2 and 1lm, which is
relatively continuous, uniform, very fine, and arbitrary
oriented fibres were acquired without any bead formation.
The exact combination of PVA, papain and chitosan
provides a dense, uniform nanofibre formation, which
allows the usage for a variety of bio-engineering
applications.

3.6
the electrospun fibre may find its unique position as an
active enzyme for the treatment of wounds [34]. Chitosan
NPs due its smaller size display larger surface, interface and
quantum size effect for its availability into the film when
compared to chitosan. Since chitosan possess good
antibacterial and antifungal property, papain aids in the
wound healing process due to its position as an active
enzyme and breaking down peptide linkage. PVA enhances
the film formation, thus the synthesized electrospun fibre
displays good antibacterial effect and helps in rapid wound
healing.

3.5

119

SEM image of papain/chitosan NPs/PVA nanofibres

The morphology of chitosan NPs/papain/PVA nanofibre
was studied using SEM technique. Samples were coated

FTIR analysis for synthesized electrospun nanofibres

Chitosan/papain/PVA nanofibre was examined for the
attachment of various chemical groups using FTIR and the
images are presented in figure 5. There is a shift in
stretching vibrations observed in figure 2 compared to figure 5 at 3250.29 to 3307.89 cm-1 due to –NH2 symmetrical
vibration, which might be due to the availability of papain
in the fibre and also responsible for adsorption. The medium
stretching vibration at 1732.62 and 1247.98 cm-1 found in
figure 5 might be due to the occurrence of –C=O and –C–
O– functional bands found in papain, mainly responsible as
its protein’s active site. Band at 3307.89 cm-1 indicates the
presence of –OH, which is the main functional group of
PVA, in chitosan/PVA/papain. All these bands lead to the
conformation of a nice blend of electrospun fibre and the
presence of all three components in the formation of electrospun fibre.
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Figure 6. Antibacterial activity of chitosan NP’s/papain/PVA nanofibre against (a) Bacillis
subtilis, (b) Staphylococcus aureus, (c) E. coli and (d) Salmonella typhi.

3.7 Antibacterial activity of papain/chitosan NPs/PVA
nanofibres
Antibacterial action of papain/chitosan NPs/PVA electrospun nanofibres was checked by disc diffusion against
Gram-positive and Gram-negative bacteria, as presented in
table 1. The chitosan/papain/PVA electrospun nanofibres
were seen to inhibit the microorganisms surrounding it,
where the zone of inhibition is positive for all the abovementioned microorganisms. Figure 6a and b shows the
results of Gram-positive bacteria like Bacillus subtilis and
Staphylococcus aureus, where inhibition zone for the synthesized chitosan NPs/papain/PVA nanofibres were 14.5 ±
1.0 and 10 ± 0.7 mm. The Gram-negative bacteria like
Escherichia Coli and Salmonella typhi picturized in figure 6c and d depicts the diameter for zone of inhibition as
15 ± 1.2 and 13 ± 1.5 mm, respectively. Both the types of
bacteria (Gram-positive and Gram-negative bacteria)
described excellent antibacterial activity against the

prepared chitosan/papain/PVA nanofibres. As the synthesized chitosan NPs/papain/PVA nanofibres were finely
interconnected, they themselves act as a blockage for the
entry of exogenous bacteria and thereby avoids the penetration and damage due to exogenous infections. The scaffold is placed in the agar plate for zone of inhibition studies.
The fibre present as such exhibits the antibacterial activity,
as there is no evidence (from figure 6) for the dispersal of
any component out of the electrospun fibre. It is concluded
that chitosan/papain/PVA electrospun nanofibres show
better antibacterial activity, which helps in effective wound
healing.

4.

Conclusion

In this study chitosan NPs were successfully prepared,
which were solid, dense, spherical in structure, and was
confirmed by SEM and FTIR analyses. The different
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combinations of chitosan NPs/papain/PVA concentrations,
flow rates, applied voltage were experimented and synthesized a fine, stable, defect-free electrospun nanofibre. During electrospinning of the chiosan/PVA/papain-blended
solutions, ultrafine fibres were acquired without any bead
formation, which was confirmed by SEM and FTIR analyses. Electrospun nanofibres displayed good antibacterial
approach against both Gram (?) bacteria and Gram (–)
bacteria. The antibacterial activity of chitosan NP/
PVA/papain nanofibres oriented its potenial in the field of
bioengineering applications and could be used as an effective biomaterial for wound healing.
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