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Abstract 

In this study, poly vinyl alcohol/chitosan (PVA/Cs) membranes were developed via surface crosslinking technique for 
advanced wound dressing applications. Fourier Transform Infrared Spectrophotometer (FT-IR) and Scanning Electron 
Microscope (SEM) analysis tools were conducted to illustrate the chemical structures and the morphological changes of the 
developed membranes. Moreover, the mechanical analysis also investigated using tensile testing machine. The obtained 
results showed that PVA/Cs cross linked membrane recorded maximum force of 46.2 N compared with 26.09 N for Cs, 
indicating that the crosslinking process improved the developed membrane. Besides, the hydrophilic character of the 
developed membranes was examined using water uptake studies and decreased from 187% and 142% recorded by native Cs 
and PVA, respectively to 115% for the cross linked membrane. Two different types of bacteria were used for studying the 
anti-bacterial activities of the developed cross linked membranes, namely gram-positive bacteria (Staphylococcus aureus) 
and gram-negative bacteria (Escherichia coli). The anti-bacterial activity of the developed cross linked membranes was 
augmented compared with native PVA and Cs membranes as the maximum inhibition (%) value increased from10 and 12% 
to 22 and 30% after crosslinking. Besides, the cross linked membranes exhibited better bio-degradability; moreover, the 
mechanical strength of the cross linked membranes showed good mechanical stability. The findings suggest that the cross 
linked PVA/Cs membranes could be efficiently applied as anti-bacterial and bio-degradable dressers for accelerating the 
wound healing process. 
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1. Introduction 

Retrieval of wound is a specific biological process 
linked with the phenomena of growth and tissue 
regeneration (Bowler et al., 2001; Sen 2009). Recently, 
modern wound dressing has been applied to care for 
wounds instead of the traditional wound dressing, since it 
offers a moist environment at the wound region and 
hastens the migration process of epithelial cells to replace 
the dead cells and reconstitute the injured tissue (Alvarez 
et al., 1983; Boateng et al., 2008). Various requirements 
should be present in the modern wound dressing such as 
the ability for inhibition of the bacterial attack, reducing 
the inflammation of wound, easy sterilization/application, 
bio-compatibility, water/oxygen permeability and 
biodegradability (Guo and Luisa 2010; Jones et al., 2002). 
Polymers are widely used in biomedical industries 
including drug delivery systems, tissue engineering and 

wound dressing applications (Van de Velde and Paul 2002; 
Mona et al., 2016). Among these polymers, polyvinyl 
alcohol (PVA) is an amorphous vinyl polymer and is 
considered one of the oldest synthetic hydrophilic 
polymers (Hassan and Nikolaos 2000). PVA has been 
receiving much interest for several applications such as 
food industry, resins, water treatment and cosmetics 
(Kamal et al. 2014; Moulay 2015). Owing to its unique 
advantages such as hydrophilicity, bio-safety to the human 
cells, film forming ability, chemical resistance, mechanical 
resistance, good biocompatibility and biodegradability, 
PVA has been also applied for advanced bio-medical 
applications including wound dressing, surgical sutures, 
drug vehicles,  contact lenses and artificial organs (Baker 
et al. 2012; Kamoun et al., 2017; Marin et al., 2014). 
Numerous physic-chemical modifications such as 
blending, chemical crosslinking, grafting and composite 
formation have been adopted for PVA in order to improve 
its clinical features. PVA has been modified with other 
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natural polymers such as alginate, dextran and chitosan 
biopolymers to widen its bio-medical application range 
(Fathi et al., 2011; Kanatt et al., 2012; Levi et al., 2011). 

Chitosan (Cs) is a nitrogen contained polysaccharide, 
and could be easily obtained via a simple deacetylation of 
chitin which is the main constituent of the exoskeleton of 
crustacean shells such as shrimps, lobsters, and crabs 
(Zargar et al., 2015; Samia et al., 2020). The structure of 
chitosan comprises randomly distributed (1-4)-linked 2-
amino-2-deoxy-β -d-glucopyranose units (Sahoo et al., 
2009; Ismail et al., 2019). Moreover, chitosan has reactive 
amine and hydroxyl groups along its backbone, soluble in 
aqueous acidic conditions and possesses a high viscosity 
which enables it to form intermolecular hydrogen bonds 
(Rinaudo 2006). Furthermore, chitosan has appealing 
biological properties including bio-degradability, 
mucoadhesive character, non-toxicity, excellent bio-
compatibility and bio-activity (Moutinho et al., 2019; 
Pokhrel and Paras 2019). Therefore, chitosan has been 
employed in a wide range of advanced wound dressing, 
tissue engineering, drug delivery systems and health-care 
food supplements (Rami et al., 2014; Sun et al., 2019). The 
bio-activity of chitosan involves blood anti-coagulants, 
anti-inflammatory, anti-oxidant and antibacterial activities; 
hence it is able to form a strong protective film and can 
inhibit the attack of several types of microorganisms 
(Elchinger et al., 2015; Tamer et al., 2018). Several studies 
reported that chitosan has the ability to accelerate the 
wound healing process through stimulation of the 
migration of mononuclear cells and polymorphonuclear 
(PMN), which enhances the re-epithelization and skin 
tissue regeneration (Tamer et al., 2018). Besides, several 
modification techniques such as blending (Murakami et 
al., 2010), combination with bioactive agents (Sudheesh 
Kumar et al., 2012), Schiff base formation (Tamer et al., 
2016) and chemical crosslinking (Kenawy et al., 2019) 
have been conducted for chitosan in order to promote its 
antibacterial activity against several types of bacteria, 
which in turn accelerates the process of wound healing. 

Herein, we aimed to develop anti-bacterial and bio-
degradable cross linked membranes based on PVA and 
chitosan bio-polymer for wound dressing applications. FT-
IR and SEM analysis tools were conducted to investigate 
the chemical structure and the changes in the surface 
morphologies of the developed membranes. Moreover, the 
mechanical stability and hydrophilicity were also explored. 
The anti-bacterial activities of the cross linked membrane 
against two different types of bacteria were also evaluated. 

2.  Materials and methods   

2.1.  Materials  

Chitosan (DD % = 93 %) was supplied from polymer 
department, ATNMRI, SRTA City, Alexandria; (Egypt). 
Poly (vinyl alcohol); Mwt 72000; hydrolyzed) was 
obtained from Biochemica, Germany. Sodium hydroxide 
(98 %), acetone (99%), ethanol (99%) and acetic acid 
(98%) were brought from El-Nasr Company (Alexandria), 
Glutaraldehyde (25%) was obtained from Sigma-Aldrich  

2.2. Experimental 

2.2.1.  Preparation of chitosan membrane 

Chitosan solution was prepared by dissolving chitosan 
in acetic acid solution 2% (w/v) and distilled water for 24 
h at room temperature under a gentle stirring with a final 
concentration of 2 % (w/v). Thereafter, chitosan solution 
was casted in a clean petri-dish at room temperature for 48 
h to ensure complete solvent evaporation.  
2.2.2. Preparation of PVA membrane 

PVA solution was obtained by dissolving PVA powder 
in hot distilled water under a gentle stirring at 80 oC for 3 h 
to obtain a homogenous solution with a final concentration 
5% (w/v).  On a clean petri dish, PVA solution was casted 
at room temperature for 48 h to ensure complete solvent 
evaporation. The membrane was separated, rinsed with 50 
mL of acetone and allowed to dry for 24 h at room 
temperature.  
2.2.3. Preparation of PVA/Cs membrane   

A fixed volume of the previously prepared PVA and Cs 
solutions were mixed under a constant stirring for 1 h at 
room temperature to obtain a homogenous blend solution 
with a final ratio of PVA/Cs (1:1).  On a clean petri dish, 
the PVA/Cs solution was casted at room temperature for 
48 h to ensure complete solvent evaporation. The 
membrane was separated and rinsed with 50 mL of 
acetone.  
2.2.4. Surface crosslinking process   

Finally, prepared Cs, PVA, and PVA/Cs membranes 
were surface cross linked by soaking in 0.01% of 
glutaraldehyde/acetone solution at room temperature under 
a gentle stirring overnight. Then, the crosslinked 
membrane was washed several times with acetone to 
eliminate any unreacted glutaraldehyde and followed with 
air-drying overnight at room temperature. 
2.2.5. Physicochemical characterization 

The chemical structures of the developed cross linked 
membranes were investigated using Fourier Transform 
Infrared Spectrophotometer (Shimadzu FT-IR - 8400 S, 
Japan), while the surface morphological changes were 
examined by Scanning Electron Microscope (SEM; Model 
Jsm 6360 LA, Joel, Japan). Furthermore, the mechanical 
properties were studied using a universal testing machine 
(AG-1S, Shimadzu, Japan). Besides, water uptake (%) 
estimation was performed by soaking an accurate amount 
of dried samples in distilled water (pH 7) for 6 h at room 
temperature. The swollen samples were gently separated 
from the swelling medium and carefully bolted between 
two filter papers to eliminate the excess of adherent 
surface water and followed by weighing in an electronic 
balance. The percent of water uptake was calculated 
according to the following equation: 
Water uptake (%) = [(M1 – M0) / M0] × 100          
(1)                           
Where, M0 and M1 are weights of dried and swollen sample, 
respectively (Mohy Eldin et al. 2015a, Mohy Eldin et al. 2015b) 

2.2.6.  Anti-bacterial activity assay 

Anti-microbial activity of the prepared membranes was 
tested depending on the previously reported procedure 
(Hassan et al., 2018). In brief, bacteria (Staphylococcus 
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aureus and Escherichia coli) were incubated in LB 
medium containing 0.5 % yeast extract, 1 % peptone and 1 
% NaCl). The inoculation was at 37 °C for 24 h under 
shaking conditions. The obtained bacterial suspension was 
diluted with the previous peptone medium. Formerly, 0.1 
mL of diluted bacteria suspension was cultured in 10 mL 
of liquid peptone medium. 10 mg of the tested membrane 
sample was dissolved in the previous medium and 
followed with sterilization at 121oC for 30 min. The 
inoculated medium remained shaking at 37 °C for 24 h. 
The bacterial growth inhibition (%) was assayed via 
measuring the absorbance of the culture medium at 620 
nm using visible spectroscopy. The inhibition (%) was 
estimated by the following equation: 
Where, Ab and Aa are the absorbance of bacterial culture in 
absence and in presence of tested sample, respectively. 

2.2.7. Bio-degradability test 

Consistent with the reported method (Miller 1959), bio-
degradability of the developed cross linked membranes 
was measured using dinitrosalicylic acid (DNS) reagent. A 
definite amount of samples (0.1g) was soaked for 24 h in 2 
mL of phosphate buffer (pH 7.0) and 0.5 mL of lysozyme 
solution at 37 °C. Next, 1.5 mL of DNS reagent was added 
to stop the activity of lysozyme and followed with boiling 
in for 15 min, and finally left to cool. The generated color 
from the reaction of liberated reduced sugars and DNS 
reagent was analyzed by measuring the optical density 
(OD) at 540 nm using a visible spectroscopy (Hassan et 
al., 2019). 

3. Results  

3.1.  FT-IR analysis 
FT-IR spectra of Cs, PVA, and PVA/Cs cross linked 

membranes were presented in Fig.1. From the spectrum of 
PVA, the characteristic band at 3502 cm-1 associated with 
the presence O-H groups, while the broad C-H stretching 
band appeared at 1918 cm-1. The spectrum of the native 
chitosan showed a broad band around 3355-3475 cm-1 
which corresponded to the stretching vibration of NH2 and 
O-H groups (Abeer et al., 2017). The absorption band at 
2914 cm− 1 corresponded to both methyl and methylene 
groups. Moreover, the peak at 1654 cm− 1confirmed the 
presence of C=O and NH-C-O groups (Mostafa et al., 
2019). The band at 1580 cm-1 was a result of C=C 
stretching in the aromatic ring. In addition, the band at 
1416 cm-1 could be related to deformation vibration of C-
N. Besides, the IR spectrum of PVA/Cs cross linked 
membrane showed absorption band at 3416 cm-1 as a result 
of the stretching vibration of NH2 in secondary amides and 
OH groups on Cs combined with the present OH groups of 
PVA. Band at 1585 cm-1 corresponded to vibration of –
NH- of Cs, and C-O stretching and C-H bending were 
observed at 722 cm-1 (Wahba and Hassan 2017). The 
results showed also that the crosslinking process clearly 
decreased the intensity of bands arising from the NH 
bending (amide II) at 1585 cm-1 of chitosan.  

Figure1. FT-IR spectra PVA, Cs, and PVA/Cs cross linked 

membranes. 

3.2. SEM analysis 

SEM images of native Cs, PVA and the cross linked 
PVA/Cs membranes were clarified in Fig. 2. As it can be 
seen, Cs showed a smooth surface with some wrinkles, 
while PVA exhibited more rough and un-homogenous 
surface. On the other hand, PVA/Cs membrane displayed a 
uniform surface without pores. All cross linked 
membranes exhibited a uniform surface without pores, 
which indicates the uniform distribution of PVA and PVA 
molecules throughout the films.  

Figure2. SEM images of Cs, PVA and PVA / Cs cross linked 
membranes 

3.3.  Mechanical properties  

Table 1 showed an increase in the tensile strength 
values for PVA membrane and associated with the strong 
interactions between the present ionic function groups. 
Moreover, the mechanical properties of Cs membrane 
were clearly improved after crosslinking with PVA. 
Where, PVA/Cs cross linked membrane recorded 
maximum force of 46.2 N compared with 26.09 N for neat 
Cs, indicating that the crosslinking process improved the 
developed membrane owing to the generated covalent 
bonds between PVA and Cs in addition to the present 
hydrogen bonds.  
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Table 1. Mechanical parameters of PVA, Cs, and PVA/Cs 
crosslinked membranes. 

Sample 
Max 
Force 
(N) 

Max 
Dis. 
(mm) 

Max 
stress 
(N/mm2) 

Max 
strain 
(%) 

Energy 
(J) 

Energy 
Max 
(J) 

PVA 70.5 73.69 38.81 263.2 2.80 2.01 
Cs 26.09 2.78 21.47 11.60 0.0548 0.0520 
PVA/Cs 
(1:1) 46.2 41.70 34.45 129.3 1.05 1.01 

       

3.4. Water uptake evaluation 

Fig. 3 demonstrates the water uptake values of Cs, 
PVA and PVA/Cs cross linked membranes. The results 
showed that maximum water uptake values were 187% 
and 142% recorded by native Cs and PVA respectively, 
which can be attributed to the hydrophilic nature of both 
Cs and PVA. On the other hand, a significant decrease in 
water uptake value (115%) was observed in case of cross 
linked PVA/Cs membrane owing to the consumption of 
some hydrophilic groups through the crosslinking process 
in the membrane matrix.  

Figure 3. Water uptake values for PVA, Cs and PVA/Cs 
crosslinked membranes. 

3.5. Anti-bacterial activity evaluation 

Fig. 4 investigated the anti-bacterial activity of the 
developed cross linked membranes against Staphylococcus 
aureus as gram-positive bacteria and Escherichia coli as 
gram-negative bacteria. It was clear from the results that 
the anti-bacterial activity of the developed cross linked 
membranes were improved compared with native Cs and 
PVA membranes, whereas maximum inhibition (%) value 
increased from 10 and 12% for PVA membrane to 22 and 
30 % after crosslinking with Cs.  

Figure 4: Anti-bacterial activity values for PVA, Cs and PVA/Cs 
cross linked membranes. 

3.6. Bio-degradability evaluation 

Fig. 5 clarified that all prepared membranes were bio-
degraded in presence of lysozime. It is well known that the 

enzyme biodegrades polysaccharide via hydrolyzing the 
glycosidic bonds that existing in their structures.  

Figure 5.  Bio-degradability of PVA, Cs and PVA/Cs cross linked 
membranes. 

4. Discussion   

Developing membrane to be used in wound healing 
process is an essential work, especially if this membrane 
formed from natural, biodegradable biopolymers such as 
polyvinyl chloride and chitosan (Balasubramaniet al., 
2001). 

Polyvinyl chloride/chitosan membrane shows better 
mechanical properties; besides, it has more function 
groups than the two constituents separately as shown in 
figure 1 (Omer et al., 2016; Hassan et al., 2019). Bio-
degradability of the developed membranes could be related 
to the bio-degradation nature of native PVA and Cs, since 
both of them have hydrophilic groups such as OH groups 
(in case of PVA and Cs) and NH2 group (in case of Cs) 
(Ueno and Toru 2001). These groups could impart the 
hydrophilicity of the developed membranes and offer 
several potentials for lysozime enzyme adsorption 
(Shewan and Jason 2013). Bacterial infection delays the 
process of wound healing and could lead to death (Dutta et 
al., 2009). Therefore, it is essential to evaluate the 
capability of the developed membranes for inhibiting the 
growth of different types of bacteria. The results showed 
that the inhibition (%) against gram-negative bacteria was 
higher than those against gram-positive bacteria. The 
interaction of positively charged amine groups present on 
the surface of cross linked membranes with the negatively 
charged cell surface that could block the feeding channels 
responsible for exchanging electrolytes and nutrients and, 
as a result, an inhibition of the normal bacteria metabolism 
took place and was followed with death of the bacterial 
cells. FT-IR, SEM and water uptake analysis concluded 
that the developed membrane has become more suitable 
for use in wound dressing with its new functional groups 
that make it more flexible and more antibacterial. 

5.  Conclusion  

PVA/Cs cross linked membranes were prepared as anti-
bacterial wound dressing membranes. FT-IR and SEM 
analysis tools were applied to investigate the chemical 
structure and surface morphologies of the developed 
membranes. Moreover, water uptake and mechanical 
properties were also evaluated. The developed membranes 
displayed a decent inhibition (%) against both gram 
positive and gram-negative bacteria. Results also showed 
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that PVA/Cs cross linked membranes were bio-degradable 
and could be applied for modern wound dressing 
applications. 
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