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Abstract 

 

 Hydrogels are an interconnected three-dimensional polymeric network that are widely applicable for drug delivery, wound 

healing, tissue engineering and other biomedical uses. Recently, chitosan/polyvinyl alcohol hydrogels have been investigated for 

use as drug delivery carriers due to their ability to encapsulate, carry and release the drug to the intended target.. For this purpose, 

the study was designed to fabricate a chitosan/ polyvinyl alcohol hydrogel and optimize the chitosan concentration in the hydrogel. 

To fabricate the chitosan/ polyvinyl alcohol hydrogel, chitosan at concentrations of 1.5%, 2.0%, 2.5%, and 3.0% were used and the 

polyvinyl alcohol concentration was fixed at 2.0% for each formulation. The chitosan/ polyvinyl alcohol hydrogels were investigated 

on their physicochemical properties, which were swelling rate, water vapour transmission rate, porosity and mechanical properties 

including tensile strength and elongation at break. Furthermore, the prepared hydrogels were characterized for functional properties 

using fourier-transform infrared spectroscopy and scanning electron microscope. The results showed that 1.5% chitosan/ polyvinyl 

alcohol hydrogel had the best physicochemical properties among the tested formulations. FTIR results for all formulations meet the 

criteria. The surface morphology of 1.5% chitosan/ polyvinyl alcohol hydrogel showed a porous structure. The results suggest that 

1.5% chitosan/ polyvinyl alcohol hydrogel could be suitable for biomedical and pharmaceutical applications. 
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1. Introduction 

 

 The hydrogel is known as 3D network structure 

consisting of hydrophilic polymeric chains that are 

crosslinked physically, chemically or via polymerization and 

known to hold abundant fluid within its polymeric chain 

networks from the surface tension and capillary forces during 

a swollen state [1]. Hydrogels have been commonly used in 

diversified fields such as biomedical, biomaterials, 

agriculture and food industry applications [2]. The use of 

hydrogels in the biomedical application is expanding, 

especially in the areas of targeted drug delivery [3,4], tissue 

regeneration [5] and wound healing [6,7]. Hydrogels exhibit 

promising properties in terms of their biodegradability, 

biocompatibility, absorption capacity and mechanical 

tunability. Nonetheless, the material and production method 

affect their properties [8].  Hydrogels are classified as natural 

or synthetic based on the materials used in their fabrication 

[9]. Fabrication of natural hydrogels based on chitosan 

appears to be a promising avenue of research. Chitosan is a 

linear polysaccharide found in the exoskeleton of 

crustaceans, algae,  insect cuticles, and fungal cell walls [10]. 

This material is highly biodegradable and biocompatible, 

making it an ideal choice for biomedical applications [11]. It 

has been discovered that chitosan hydrogels accelerate wound 

healing by inhibiting bacterial growth and enhancing 

hemostasis [12]. Research has demonstrated that it possesses 

excellent antioxidant and anti-inflammatory properties that 

promote wound healing [13]. One study showed that wound 

exudate was efficiently absorbed while maintaining wound 

surface moisture [14]. Additionally, a chitosan hydrogel was 

fabricated into bio-ink for artificial tissue and organ 

reconstruction and improved cell viability [15]. Despite these 

benefits, chitosan hydrogels have relatively poor mechanical 

strength due to their hydrophilic nature [16,17]. As such, a 

stronger hydrogel can be developed by blending chitosan 

with a synthetic polymer. Recent studies showed that chitosan 

is highly compatible with polyvinyl alcohol (PVA) to 

produce a robust hydrogel via physical crosslinking. PVA is 

a synthetic polymer that is soluble in water and biocompatible 
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[18] that can form a hydrogel through physical crosslinking, 

such as via the freeze-thawing technique due to its high 

number of hydroxyl groups and polymer crystallization [19]. 

This hydrogel is formed via repeated freeze-thaw cycles, 

without requiring an external crosslinking agent. The result is 

an ultra-pure, highly biocompatible hydrogel. PVA hydrogels 

also can be tailored to specific biocompatibility and 

properties by blending with a second polymer and/or 

nanoparticles, resulting in interpenetrating polymer networks 

and nanocomposite hydrogels. This allows for the fabrication 

of various materials such as prosthetics, drug delivery 

vehicles, and wound dressings. [20].   

 

 The use of chitosan and PVA together as composite 

materials has shown significant advancements. By 

encouraging angiogenesis and collagen deposition, arginine-

modified chitosan/PVA hydrogel-based microneedles for 

sustained curcumin delivery have been demonstrated to 

hasten wound healing [21–23]. Jafari and Namazi (2023) [24] 

stated that a pH-responsive hydrogel could be potentially 

used for controlled delivery of curcumin for cancer therapy. 

Researchers have demonstrated that the hydrogel can 

sustainably control drug release in an in-vitro and in-silico 

study [25]. However, there are variances and inconsistencies 

in the formulation of these hydrogels. No studies have been 

conducted to optimize the chitosan concentration for use with 

PVA, particularly when employing the freeze-thaw technique 

as a physical crosslinking approach. Therefore, this study 

aimed to optimize the concentration of chitosan to achieve the 

best physicochemical and mechanical properties of the 

chitosan/PVA hydrogel. In this study, chitosan and PVA were 

mixed to prepare the chitosan/PVA hydrogel using different 

concentrations of chitosan while PVA concentration was 

fixed at 2% for each formulation. The hydrogels were 

characterized by measuring their swelling rate, water vapor 

transmission rate, and porosity. Tensile strength and 

elongation at break were used as metrics to determine the 

impact of chitosan concentrations on the mechanical 

properties of hydrogels. Finally, fourier transform infrared 

spectroscopy (FTIR) and scanning electron microscopy 

(SEM) were employed to validate the hydrogels' functional 

group and surface morphology. 

 

2. Materials and methods 

 

2.1 Materials 

 

 PVA (85,000-124,000 gmol-1, 99% hydrolyzed) 

and phosphate buffered saline (PBS, pH 7.4) were purchased 

from Sigma-Aldrich (USA). Ethanol was purchased from 

R&M Chemical (Malaysia). Collagen extracted from 

Pangasianodon hypophthalmus skin which was collected 

from a local fish farm in Pahang, Malaysia. Chitosan was 

purchased from Natherm Group Sdn Bhd (Malaysia). 

. 

2.2 Hydrogel preparation 

 

Initially, chitosan was dissolved in deionized water to 

produce a chitosan stock solution of 10% (w/v). The PVA 

stock solution of 10% (w/v) was also prepared by dissolving 

PVA granules in deionized water that was preheated to 60ºC. 

Under vigorous stirring, the temperature was gradually 

increased to 90ºC until the PVA was fully dissolved. Then, 

the chitosan/PVA hydrogel was prepared by mixing the 

chitosan stock solution and PVA stock solution. These stock 

solutions were mixed at different ratios under vigorous 

stirring for 10 min until a homogenous solution was formed 

(Table 1). The solutions were then poured into petri dishes. 

Then, the solutions were frozen at -4ºC for 12 h and thawed 

at room temperature for 4 h. This freeze-thaw process was 

repeated for 3 cycles until the hydrogels were formed. 

Finally, the hydrogels were lyophilized using a freeze-dryer. 

This process is summarized in Fig 1. 

 

2.3 Characterization of hydrogels  

2.3.1 Swelling rate 

 

 Initially, the initial dry weight of the hydrogel was 

recorded. Then, the hydrogel was immersed in PBS solution 

at 37ºC for 24 h. After soaking, the hydrogel was removed 

from the PBS solution and blotted dry. The weight of the 

hydrogel was measured at specific time intervals. The 

swelling ratio was calculated according to the following 

Equation 1: 

 

Swelling ratio (%)=  (W_s-W_d)/W_d ×100                  (E1) 

 

Where Ws and Wd are the weight after swelling at the 

specific time intervals and the dry weight of the hydrogel, 

respectively. All measurements were repeated three times (n 

= 3). 

 

2.3.2 Water vapour transmission rate (WVTR) 

 

 The moisture permeability of the chitosan/PVA 

hydrogels were determined by measuring the water vapor 

transmission rate (WVTR). Briefly, the chitosan/PVA 

hydrogels were cut to a diameter of 25 mm and placed at the 

mouth of a centrifuge tube that contained 8 ml of deionized 

water. Parafilm was used to seal the gap between the hydrogel 

and the centrifuge tube to avoid gas leakage. The area of the 

exposed hydrogel surface and the initial weight of the 

centrifuge tube containing hydrogel was measured (Wi). 

These centrifuge tubes were then placed in the incubator at 

37ºC with a humidity of 70 %. The weight of the centrifuge 

tube with the hydrogels were then measured at specific time 

intervals (Wf). WVTR was calculated according to the 

following Equation 2: 

 

WVTR (g/m2/h)=((W_f-W_i ))/(A×H)                         (E2) 

                        

Where Wi and Wf are the initial and final weight of the 

centrifuge tube with hydrogel, respectively. A is the area of 

the exposed hydrogel surface (m2). H is the specific time 

interval. All measurements were repeated three times (n = 3). 

  

2.3.3 Porosity 

 

 The porosities of the prepared chitosan/PVA 

hydrogels were measured by solvent replacement method. 

Briefly, the hydrogels were cut, and their volume and weight 

were measured. Then, the chitosan/PVA hydrogels were 

immersed in an absolute ethanol for 2 h at 37ºC in a sonicator 

bath. The samples were taken out and the final weight of 

hydrogels were recorded. The porosity was calculated 

according to Equation 3: 



IJCBS, 24(8) (2023): 147-157 

 

Azuri et al., 2023     149 
 

 

Porosity (%)=  (W_f-W_i)/(ρV_1 )×100                       (E3) 

 

Where Wi and Wf are the initial and final weight of the 

hydrogel respectively. V1 represents the volume of the 

sample and ρ is the density of absolute ethanol (0.79 gml-1) 

at room temperature. All measurements were replicated three 

times (n = 3). 

 

2.3.4 Mechanical property test  

 

 The tensile strength (TS) and elongation at break 

(EB) of the hydrogel were measured using a Universal 

Tensile Machine at room temperature. Firstly, the hydrogel’s 

length, width and thickness were recorded. Then, the 

hydrogels were firmly fixed to the jaws of the tensile tester. 

The tensile strength of the membranes was measured with an 

extension speed of 20 mm/min until breaking. The TS and EB 

were calculated according to the Equation 4 and 5: 

 

Tensile Strength (MPa)=F_b/(T×W)                      (E4) 

 

Elongation (%)=D/L×100 %                       (E5) 

 

Where Fb represents the maximum force (N) of the sample 

during tensile fracture. D represents the elongation of the 

samples at break, and T, W and L are the thickness, width and 

length of the samples. All measurements were repeated three 

times (n = 3). 

 

2.3.5 ATR-FTIR analysis 

 

Attenuated total reflectance-Fourier Transform Infrared 

Spectroscopy (ATR-FTIR, Shimadzu Corporation, Japan) 

was used to identify the presence of chemical bond of the 

chitosan/PVA hydrogel. A hydrogel sample was placed onto 

the crystal cell and mounted. The spectra were recorded in 

transmission mode with a resolution of 4 cm-1 in the range of 

4000-400 cm-1 at room temperature. 

 

2.3.6 Scanning electron microscope 

 

The interior structure of the collagen/PVA hydrogels were 

observed with a SEM (Hitachi TM3030 Plus, Japan). The 

samples were freeze-dried and then cut into halves. Then, the 

hydrogel was mounted on aluminium studs and coated with 

gold prior to examination. The SEM images of the interior 

surface were taken with magnification of 100x and 500x.  

 

2.4 Statistical analysis 

 

 All quantitative data were presented as a mean ± 

standard deviation (SD). GraphPad Prism version 5.0 

(GraphPad Software, Inc) was used for statistical analysis. P 

values of less than 0.05 (P ≤ 0.05) were considered 

significant. Statistical analyses of the data were performed by 

one-way analysis of variance (ANOVA). 

 

3. Result and Discussion 

 3.1 Swelling rate 

 

 Hydrogels can absorb a considerable amount of 

aqueous solution and store it in an aqueous environment 

within the polymer matrix that causes it to swell [26]. The 

water-absorbing ability and swelling behavior of polymeric 

hydrogels are influenced by their composition, degree of 

crosslinking, and external factors such as temperature and pH 

[27]. The optimal concentration of chitosan was determined 

by studying the swelling behavior of chitosan/PVA hydrogel 

and evaluating their water uptake capacity. Fig 2 shows the 

swelling rate of chitosan/PVA hydrogel determined by 

measuring their weight changes after soaking in PBS. After 

24 hours, the swelling rates of chitosan/PVA hydrogels with 

concentrations of 1.5%, 2.0%, 2.5%, and 3.0% were 337.82 

± 1.98%, 581.70 ± 31.13%, 600.00 ± 41.33%, and 517.34 ± 

10.03%, respectively. The swelling rates were not 

significantly different from each other.  According to the 

finding from FTIR (Fig 8), the main functional groups in 

these hydrogels were -NH and -OH group, which are 

hydrophilic. Initially, the -NH2 functional group of chitosan 

is protonated to -NH3 + and forms a bond with a water 

molecule. The -OH group could also easily form a hydrogen 

bond with water molecules [28,29]. These actions cause the 

hydrogels to swell due to diffusion of water molecules. 

Moreover, increasing concentration of chitosan in the 

hydrogel will increase the density of the -NH3 + and -OH 

group, thus higher swelling rates were recorded for the 2.0% 

to 3.0% chitosan/PVA hydrogels compared to the 1.5% 

chitosan/PVA hydrogel. A similar finding was reported by 

Chopra et al. (2022) [25] in which the swelling ratio of water 

increased as the concentration of chitosan increased in the 

hydrogel. 

 

3.2 Water vapour transmission rate (WVTR) 

  

 WVTR directly controls the moist 

microenvironment of wound healing. WVTR can be used to 

assess the capacity of a wound dressing in preventing the 

water loss. The moisture of a wound surface can be controlled 

by applying different wound dressings with specific WVTR. 

A wound might be dehydrated by a very high WVTR, 

whereas a very low WVTR wound may cause exudates [30]. 

The chitosan/PVA hydrogel at 2% produced the highest 

WVTR (Fig 3). Increasing the chitosan concentration resulted 

in a reduction of WVTR as shown by the 2% chitosan/PVA 

hydrogel that had a WVTR of 883.18±16.16 g/m2/day 

compared to the 3% chitosan/PVA hydrogel with only 711.43 

± 33.24 g/m2/day. When the chitosan concentration is 

increased, the availability of free hydrophilic functional 

groups of chitosan such as -NH3+ and -OH also increases. 

These functional groups formed a stronger bond with water 

molecules, thus preventing the water from evaporating [31]. 

In contrast, a 1.5% chitosan/PVA hydrogel showed a 

significantly reduced WVTR. Due to a lower concentration 

of chitosan used in the 1.5% hydrogel in comparison to the 

PVA, there is less hydrogen bond-induced polymeric 

crosslinking between chitosan and PVA, which increases the 

free availability of -OH bonds from PVA. Water will bind to 

a free -OH bond, preventing water loss by evaporation. This 

result suggests that the concentration of available hydrophilic 

functional groups, such as -NH and -OH in the hydrogel was 

the factor influencing the WVRT of chitosan/PVA hydrogel.  
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3.3 Porosity analysis 

 

 Porosity refers to the proportion of empty space in a 

material, which depends on the organization of the polymer 

network during the sol-gel transition, the conditions under 

which it is crosslinked, and the concentration of the polymer 

present [32]. Fig 4 shows the porosity of different 

formulations of chitosan/PVA hydrogels in the range of 

44.90-66.6%. The 1.5% chitosan/PVA hydrogel was more 

porous at 66.6 ± 18.64%, but was not significantly different 

compared to 2.0% (59.01 ± 15.23%), 2.5% (55.91 ± 17.14%) 

and 3.0% (44.90 ± 6.95%) chitosan/PVA hydrogels. 

Hydrogels with more than 60% porosity can effectively 

promote bone regeneration in vivo and cell proliferation and 

osteogenic differentiation in vitro [33]. Similarly, hydrogels 

with a porosity of about 50% are favourable for cellular 

metabolism and nutrient exchange. [34]. Our finding is 

consistent with previous reports that the porosity in the 

structure of chitosan/PVA hydrogel decreased with an 

increase of chitosan concentration [35]. The concentration of 

polymer is the primary causal of porosity reduction. As the 

concentration of chitosan increased, the number of 

intermolecular crosslinks per primary molecules will also 

increase, thus reducing the total porosity [36]. The other 

causative factors are the implementation of repeated freeze-

thaw cycle and freeze drying. The formation of diluted 

polymer-lean and concentrated polymer-rich phases 

increases with repeated freeze-thaw cycles. The pores are 

formed by the polymer-lean phase while polymer-rich phase 

will create the internal structure of the hydrogel. Furthermore, 

the rapid cooling used in the freeze-drying process resulted in 

a thermodynamic instability that caused a phase separation. 

Sublimation eliminates freezing solvent, leaving voids in the 

previously occupied regions. 

 

3.4 Mechanical properties  

 

 One of the most significant parameters for wound 

dressings is the mechanical properties of the hydrogel. 

Tensile testing is used to evaluate the mechanical 

characteristics of hydrogels. Hydrogels are close to the skin’s 

surface when used as a wound dressing. It should be resistant 

to tearing when stretched out to its maximum length. The 

tensile strength and percentage of elongation at break of 

chitosan/PVA hydrogels are shown in Fig 5 and Fig 6. The 

results indicated that the tensile strengths were not 

significantly different between all the hydrogels, which were 

between 0.179 ± 0.047 to 0.214 ± 0.033 MPa. The 

chitosan/PVA hydrogels exhibited a strain hardening during 

deformation, which was mainly attributed to the crystalline 

structure of the PVA polymeric network [37]. The strain 

hardening was observed when the polymeric chains of PVA 

between the crystalline structure demonstrated a finite 

extensibility to afford deformation. When the deformation 

reached a maximum extension, the crystalline structure 

slipped and the polymeric chain broke, which introduced a 

crack and caused a rapid fracture of the hydrogel. The tensile 

strength behavior of the polymer hydrogels did not exhibit a 

significant trend as its was influenced by several factors such 

as changes in crosslinking and polymerization process, 

swelling conditions and mechanical anistrophy of the 

materials [38].  Meanwhile, the elongation at break is directly 

proportional to the concentration of the chitosan. The 3.0% 

chitosan/PVA hydrogel exhibited the greatest elongation at 

break measuring 231.960 ± 20.897 % without significantly 

differentiating from other hydrogels. Adding the chitosan into 

the hydrogel formulation enhanced the formation of varying 

sized pores and disturbed the hydrogel’s stable three-

dimensional polymer network, which lowered the network 

densities in the hydrogel [39]. The polymeric interaction also 

dramatically weakened as the porosity was larger than that of 

the PVA hydrogel [40]. The loose interpolymeric structure of 

the hydrogel gives it greater flexibility and elasticity when it 

stretches during deformation. Both chitosan and PVA 

polymeric networks synergically played an important role in 

maintaining the structural integrity of the hydrogel. The 

external force during tensile testing caused the molecular 

structure of the hydrogel to deform. It has been demonstrated 

that the chitosan polymeric network absorbs a significant 

amount of fracture energy during deformation, while PVA 

retains the shape of the hydrogel [41,42].  

 

3.5 Fourier Transform Infrared Spectroscopy (FTIR) 

analysis. 

 

 FTIR spectrometry was used to determine the 

chemical structure of the chitosan/PVA hydrogels. The 

spectra of the chitosan/PVA hydrogels are shown in Fig 7 

while Fig 8 shows the spectrum characteristics of both PVA 

and chitosan. All chitosan/PVA hydrogels exhibited similar 3 

major peaks. The peak at 3317 cm-1 corresponds to the 

vibration of the N-H group of chitosan and the combination 

of the -OH group of chitosan and PVA. The peak at 1636 cm-

1 is related to the association of water in the hydrogel [43]. 

The vibration of C-O stretching that overlaps between 

chitosan and PVA was observed at 1080 cm-1 [44].  A broad 

band at 3317 cm-1 indicated the presence of the hydroxyl 

group which may be related to the crosslinking hydrogel 

bonds between chitosan and PVA polymers. 

 

3.6. SEM morphology analysis 

 

 The cross-sectional morphology and microstructure 

of chitosan/PVA hydrogel was observed using SEM at 

magnification of x100 and x500. As 1.5% chitosan/PVA 

showed the best physicochemical and mechanical properties 

among other formulations, therefore it was selected for SEM 

analysis. A 1.5% chitosan/PVA hydrogel exhibited an 

irregular pore size with the average size of 32.25 ± 2.28 µm 

as illustrated in Fig 9. For skin recovery purpose, the ideal 

average pore size of the hydrogel should be in the range of 20 

µm to 120 µm [45]. A proper pore size could control drug 

loading and drug release while absorbing wound exudate. The 

micropores in the hydrogel were also interconnected and 

evenly distributed, which facilitate the diffusion of oxygen 

and nutrient [46]. 
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Fig 1. Schematic illustration of the chitosan/PVA hydrogel preparation. 

 

   
 

Fig 2. Swelling rate of chitosan/PVA hydrogel at different concentrations of chitosan while 2.0% PVA concentration was kept 

constant. 
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Fig 3. WVTR of chitosan/PVA hydrogels. 

 

 

 
Fig 4. Porosity of the chitosan/PVA hydrogels. 
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Fig 5. Tensile strength of the chitosan/PVA hydrogels. 

 

 

 
Fig 6. Elongation at break of the chitosan/PVA hydrogels. 
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Fig 7. FTIR spectra of chitosan/PVA hydrogels. 

 

 
Fig 8. FTIR spectra of chitosan/PVA hydrogel, single PVA and single chitosan. 
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Fig 9. SEM micrographs of 1.5% chitosan/PVA hydrogel where (a) magnification ×100, (b) magnification ×500 

 

Table 1 Formulation of Chitosan/PVA hydrogels. 

Chitosan stock 

(ml) 

Chitosan final 

concentration (%) 

PVA stock 

(ml) 

PVA final 

concentration (%) 

Deionized 

water (ml) 

Total volume of 

hydrogel  

(ml) 

3.0 1.5 4.0 2.0 qs 20 

4.0 2.0 4.0 2.0 qs 20 

5.0 2.5 4.0 2.0 qs 20 

6.0 3.0 4.0 2.0 qs 20 

 

Table 2 Mechanical properties of the hydrogels. 

 

Hydrogel Tensile Strength (Mpa) Elongation at Break 
(%) 

1.5% chitosan/PVA 0.214 ± 0.033 168.204 ± 21.251 

2.0% chitosan/PVA 0.195 ± 0.060 185.468 ± 31.685 

2.5% chitosan/PVA 0.214 ± 0.026 211.804 ± 9.621 

3.0% chitosan/PVA 0.179 ± 0.047 231.960 ± 20.897 

                                            

Values are represented as mean ± S.E.M, where (n = 3). 

 

 

 

4. Conclusions 

The purpose of this study is to determine the optimum 

concentration of chitosan that produced good 

physicochemical properties of hydrogel. Fabrication of 

hydrogels were made using various chitosan concentrations 

ranging from 1.5% to 3.0% while fixing the PVA 

concentration at 2.0%. Though not significant, 2.5% 

chitosan/PVA hydrogel swelled more than the other 

formulations. On the other hand, 1.5% chitosan/PVA 

hydrogel exhibited greater porosity and it was consistent with 

SEM observation indicating that the porosity increased as 

concentration of chitosan decreased. Likewise, 1.5% 

chitosan/PVA hydrogel also produced stronger mechanical 

properties as opposed to other tested formulations. FTIR 

analysis revealed the presence of three major functional 

groups of chitosan and PVA in all hydrogel formulations. In 

conclusion, the hydrogel with a chitosan concentration of 

1.5% in 2.0% PVA demonstrated good physicochemical 

characteristics and is comparable with commercially 

available hydrogel wound dressings. Therefore, it is plausible 

that 1.5% could be the ideal chitosan concentration to 

formulate in hydrogels for future biomedical and 

pharmaceutical applications. 
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