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ABSTRACT 
 

Artificial skin is introduced to treat thermal injuries and chronic skin wounds to prevent 
bacterial infection and water loss. It significantly reduced morbidity and mortality of skin 
wounds. However, it has limitations such as high cost, risk of infectious disease transmission, 
needs of multiple surgeries, a low tendency to adhere onto wound surface and can cause 
painfulness. Recently, chitosan-based hydrogel is explored in the development of artificial 
skin in biomedical application as it can overcome the drawbacks of the conventional 
artificial skin. In this study, chitosan-based hydrogel was synthesized using free radical 
emulsion polymerization and the effect of different formulation towards the biomedical 
application as artificial skin was studied. Different composition of monomers (chitosan 
(0.15-1.00 g), methacrylic acid (MAA) (0.25-1.50 g) and N-isopropylacrylamide (NIPAM) 
(0.25-1.50 g)) was studied to investigate their effects on characteristics of chitosan-based 
hydrogel including functional groups, degree of swelling, and porosity test to evaluate their 
potential as an artificial skin. The study showed that low chitosan composition and high 
NIPAM composition increased the degree of swelling and also porosity. Chitosan-based 
hydrogel with low amount of chitosan (0.15 g), MAA (0.88 g) and medium amount of NIPAM 
(0.88 g) was the optimized formulation as an artificial skin.  
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1.  INTRODUCTION 
 
Human skin is about 12-15% of body weight with 1-2 m2 of surface area and considered as the 
largest organ in the body [1]. It plays an important immunity role which protecting body against 
pathogens and prevent excess water loss [2, 3]. A dressing is commonly required to cover the 
damaged skin instantly after skin injury. Artificial skin possess surface properties and tactile 
texture of humanoid robots and tactile sensors similar with real human skin had been introduced 
as wound dressing [4]. An artificial skin should maintain a moist condition and allow gaseous 
interchange at the wounded interface. It should also act as a barrier to microorganisms and 
eliminate excess exudates. The most vital properties of artificial skin is nontoxic and non-
allergenic, a readily available biomaterial that requires minimal processing, having antimicrobial 
characteristic, and stimulus wound healing should be used [5]. However, high cost, risk of 
infectious disease transmission, needs of multiple surgeries and a low tendency to adhere onto 
wound surface are the main disadvantages of these artificial skin [6]. 
 
Hydrogel is first introduced in 1960 for biological application and developed by a natured three-
dimensional cross-linked hydrophilic polymeric network. Hydrogel is insoluble at physiological 
temperature and pH but can undergo reversible swelling and retaining large amount of water 
compared to the dry weight of hydrogel in aqueous solution or biological fluids while maintaining 
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its shape until equilibrium stage achieved [7, 8]. Due to this swelling capacity, hydrogel possess 
the ability to maintain good blood compatibility, structural integrity, elasticity, and a degree of 
flexibility which similar to native tissues [9]. Chemical cross-linked hydrogel possess better 
gelation behaviour and mechanical strength, but limited to the toxicity of the cross-linker [10, 
11]. In addition, most of the chemical cross-linked hydrogel may induce immune response, which 
make it unsuitable to be used as an artificial skin [12]. Thus, it is important to develop a chemical 
cross-linked hydrogels that have high degree of swelling, effective in drug delivery, 
biocompatibility and do not induce immune response. 
 
Among the polymer, chitosan derived from chitin has gained much attention in biomedical 
application due to the  lower potential risk of transmitting animal-originated pathogens and 
immunogenicity compared to other naturally derived materials [13]. Chitosan has excellent 
biocompatibility with animal or plant tissue due to the reactive hydroxyl and amino groups which 
make it easier to substitute by other groups or chelate with transitional metal ions [14]. Besides, 
these properties made chitosan easily to transformed into hydrogel and make it applicable for 
biomedical application [15]. Due to the non-toxicity, safe, stable, biodegradable and high 
antimicrobial activity of chitosan, it becomes an excellent excipient. It has been used in wound 
dressing application by the Food and Drug Administration in 2003 [16]. Additionally, drugs can 
be transported through the activation of stimuli-response hydrogel. Chhibber et al. [17] had 
developed chitosan-based hydrogel for topical delivery of moxifloxacin in order to treat S. aureus–
infected burn wound. The drug loaded chitosan-based hydrogel showed better efficiency in 
eradicating bacteria in a delayed treatment of wound and it also possess better skin healing 
efficiency. 
 
Methacrylic acid (MAA) and N-isopropylacrylamide (NIPAM) had been found to possess pH-
responsive behavior and temperature-responsive behavior, respectively [18, 19, 20, 21]. Both of 
these materials can be incorporated into chitosan-based hydrogel by using chemical cross-linked 
to improve sensitivity of hydrogel towards pH and temperature [21]. This type of chitosan-based 
hydrogel smart material has potential in various applications including drug-delivery application 
for artificial skin [22]. The improvement in the sensitivity of pH and temperature can make 
chitosan-based hydrogel more responsive towards pH and temperature change when applied to 
human skin so it can have a better drug release system. Kwok et al. [23] reported that the high 
composition of MAA showed significant impact in pH responsive behaviour. It showed a high 
amount of MAA result a better responsive towards low pH which indicated by 0.18 mg/mL and 
2.72 mg/mL of MAA with hydrodynamic radius of 320 nm and 250 nm, respectively at pH 3 at 
room temperature. The high amount of MAA used had proved to have a higher degree of 
deswelling and thus, it increased the amount of drug release from hydrogel. Besides, the 
incorporation of NIPAM into hydrogel also make it responsive to temperature change where 
deswelling occurs above 32 °C which was the lower critical solution temperature of NIPAM [19, 
23]. Shekhar et al. [24] found that different amount of NIPAM had affected the degree of 
deswelling. High amount of NIPAM have a better responsive to temperature and thus, have a high 
rate of deswelling. It had indicated that a pure NIPAM hydrogel undergoes deswelling from 82% 
to 2%, while hydrogel which contained only 25% of NIPAM undergoes deswelling from 70% to 
20% only. This result proved that the amount of NIPAM can also affect the amount of drug 
released from hydrogel. Thus, it was hypothesized that composition of MAA and NIPAM could 
affect the performance of artificial skin in term of swelling behavior.   
 
Herein, study of formulation of chitosan-based hydrogel should be done in order to have an 
optimized performance for this artificial skin. However, there have hitherto been few studies on 
the chitosan-based hydrogel formulation towards its biomedical application as artificial skin. In 
order to study the effect of formulation of chitosan-based hydrogel towards its biomedical 
application as artificial skin, this study investigates different composition of monomer (chitosan, 
MAA and NIPAM) for the synthesis of chitosan-based hydrogel using central composite design 
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(CCD). Several characterizations including functional groups, degree of swelling, and porosity test 
were done to evaluate the properties of chitosan-based hydrogel as an artificial skin. 
 
 
2. MATERIAL AND METHODS  
 

2.1 Materials 
 

Chitosan powder (75-85 % deacetylated) and MAA (purity: 99 %) purchased from Sigma Aldrich, 
US, and NIPAM (purity > 98 %) supplied from TCI chemical, Japan were used as the polymers for 
the synthesis of chitosan-based hydrogel. Acetic acid bought from R&M Chemicals, Malaysia was 
used as the solvent for chitosan dissolution. In addition, N, Nʹ-methylenebisacrylamide (MBA) 
(purity ≥ 99 %) supplied by Solarbio, China was used as cross-linker while gelatin provided by 
R&M Chemicals, Malaysia was used as gelling agent for the synthesis of chitosan-based hydrogel.  
 

2.2 Synthesis of Chitosan-based Hydrogel 
 

The synthesis of chitosan-based hydrogel was modified from Rasib et al. [21]. Firstly, 1 v/v% of 
glacial acetic acid in 50 mL of deionized water was prepared. Pre-determined weight of chitosan 
powder was gradually added into acetic acid solution and stirred at 400 rpm for 2 h until it 
completely dissolved at room temperature. Next, pre-determined weight of MAA and NIPAM 
were added into the mixture under 400 rpm of constant stirring for 20 min at 30 ℃ in a three-
neck round-bottom flask. Following, 0.03 g of MBA was added to the three-neck round-bottom 
flask with continuous stirring at 400 rpm for 1 h until milky solution was observed. The 
temperature of the reaction mixture was gradually increased to 70 ℃ and maintained for 30 min. 
Then, 3 g of gelatin was added into the reaction mixture as a gelling agent. The reaction was 
continued at 70 °C with continuous stirring at 400 rpm for 1 h under nitrogen gas purging. After 
that, the reaction mixture was cooled to room temperature for 1 day to form hydrogel. The semi-
dried chitosan-based hydrogel was further dried in an oven at 40 °C for 1 day to completely 
remove the residual solvent until constant weight was obtained [25]. 
 
Design Expert software version 7.0.0 (Stat-Ease Inc, USA) was employed to optimize chitosan-
based hydrogel formulation. 3 numeric factors - chitosan powder weight (0.15-1.00 g) [21, 26, 
27], MAA weight (0.25-1.50 g) [26], and NIPAM weight (0.25-1.50 g) [26] were manipulated in 
total volume of 50 mL of the synthesized of chitosan-based hydrogel. Each numeric factor was 
varied over 5 levels, including axial points (±1.68), factorial points (±1) and center-point (0). The 
composition of chitosan-based hydrogel is summarized in Table 1 with 6 center-point and total 
experiment of 20. 
 

Table 1 Composition of chitosan-based hydrogel  

Sample Chitosan (g)  MAA (g)  NIPAM (g)  

1 0.15 0.88 0.88 

2 0.32 0.50 0.50 

3 0.32 0.50 1.25 

4 0.32 1.25 0.50 

5 0.32 1.25 1.25 

6 0.58 0.25 0.88 

7 0.58 0.88 0.25 

8 0.58 0.88 0.88 
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9 0.58 0.88 0.88 

10 0.58 0.88 0.88 

11 0.58 0.88 0.88 

12 0.58 0.88 0.88 

13 0.58 0.88 0.88 

14 0.58 0.88 1.50 

15 0.58 1.50 0.88 

16 0.83 0.50 0.50 

17 0.83 0.50 1.25 

18 0.83 1.25 0.50 

19 0.83 1.25 1.25 

20 1.00 0.88 0.88 

 
2.3 Characterization of Chitosan-based Hydrogel 
 

Several characterizations of chitosan-based hydrogel had been done to study the effect of 
formulation towards the properties of chitosan-based hydrogel. 
 
2.3.1 Functional groups 

 
Fourier transform infrared (FTIR) spectroscopy, Nicolet 6700 (Thermo Fisher, US) was used to 
determine the functional groups present on chitosan-based hydrogel. Chitosan-based hydrogel 
was subjected to FTIR spectroscopy under attenuated total reflectance (ATR) mode at 
wavenumber ranging from 4000-400 cm-1. 
 
2.3.2 Degree of swelling 

 
5 mg of chitosan-based hydrogel was weighted and immersed in 50 mL of distilled water at room 
temperature for 24 h [25, 28]. Swollen chitosan-based hydrogel was then taken out from the 
distilled water, blotted with filter paper, and weighted. The degree of swelling (SW) was 
calculated using equation (1): 
 

𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔, 𝑆𝑊 =
𝑊1 − 𝑊0

𝑊0
 ×  100% (1) 

  
where W0 is the initial weight of chitosan-based hydrogel (g) and W1 is the weight of chitosan-
based hydrogel after swelling (g). 
 
2.3.3 Porosity 

 
5 mg of chitosan-based hydrogel was weighted and immersed in 50 mL of distilled water at room 
temperature for 24 h [29]. The chitosan-based hydrogel was then taken out from the distilled 
water, superficially dried with filter paper, and weighted. The porosity (ɛ) of chitosan-based 
hydrogel was calculated using equation (2): 
 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦, ɛ =
𝑊1 − 𝑊0

𝜌𝑉1
×  100% (2) 
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where V1 is the initial volume of distilled water (cm3), and ρ is the density of distilled water (0.997 
g cm-3). 
 
 
3. RESULTS AND DISCUSSION 
 

3.1 Functional groups 
 
Figure 1 shows the FTIR spectroscopy of chitosan and Sample 18 of chitosan-based hydrogel. 
Chitosan spectrum was used as the benchmark to observe the change of functional groups 
through cross-linking process during hydrogel formation. Teow et. al. [28] had synthesized 
cellulose hydrogel using different composition of cellulose and gelatin, FTIR spectroscopy 
showed similar spectrum for different composition cellulose hydrogel. Hydrogel synthesized 
using same material but different composition will be having similar spectrum. Thus, sample 18 
spectroscopy was chosen as the comparison because it contains high amount of chitosan, hence 
the peaks are more pronounced [30]. As depicted by chitosan spectrum in Figure 1, broad band 
located between 2800 and 3600 cm-1 is attributed by hydrogen bonds (O-H). It is overlapping 
with the stretching vibration of primary amines bonds (N-H) at the wavelength of 2870 cm-1. 
Whereas, the medium peak located between 1570 and 1660 cm-1 is assigned to the carbonyl 
group (C=O) of the acetyl groups, while the peaks fall between 1310 and 1380 cm-1 referred to 
the alkane bending (C-H). On the other hand, ether group (C-O-C) symmetric and anti-symmetric 
group is indicated in the range of 1000 to 1100 cm-1 [21]. Heterogeneous chemical structure of 
chitosan which consist from both 1-4 linked 2-acetamido-2-deoxy-β-D-glucopyranose and 2-
amino-2-deoxy-β-D-glucopyranose had gave all these bonds to chitosan [31]. 
 

 
Figure 1. FTIR spectroscopy of chitosan and Sample 18 of chitosan-based hydrogel 

 
In the case of Sample 18 of chitosan-based hydrogel, the significant functional groups difference 
with the chitosan spectroscopy was peaks at 1550 cm-1 which indicated the carboxylic carbonyl 
group (-COOH) of MAA and the double bond (C=C) within the MAA and NIPAM monomers were 
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shown at the peaks of 1460 cm-1 [21]. Besides, another significant peak in chitosan-based 
hydrogels spectrum at the region of 1600 to 1650 cm-1 referred to carbonyl group (C=O) of MAA 
which involved in electrostatic interaction with ammonium cation of chitosan. In addition, the 
peak at 1260 cm-1 corresponds to the stretching of methyl groups (-CH3) of NIPAM. The primary 
amines bond (N-H) of chitosan spectroscopy at wavelength of 2870 cm-1 had disappeared in 
chitosan-based hydrogel spectroscopy could be due to the influence of ionic interactions on the 
inter-molecular structure of polymer chain [32]. This primary amines peak decreased due to the 
cross-linked activity of primary amines groups of chitosan with functional groups in MAA, NIPAM 
and MBA [33]. In short, most of the functional group of both of the monomers and chitosan can 
be found in the chitosan-based hydrogel spectroscopy, hence the hydrogel network is formed 
within both of the monomer and chitosan cross-linked. The similar peaks between chitosan 
spectrum and chitosan-based hydrogel spectrum also confirmed that the chitosan-based 
hydrogel had been successfully synthesized. 
 

3.2 Degree of Swelling 
 

The images of chitosan-based hydrogel immersed into distilled water are shown in Figure 2. It 
can be seen that the chitosan-based hydrogel became swollen due to the water diffusion into 
hydrogels. The degree of swelling of chitosan-based hydrogels with different composition after 
immersing in distilled water for 24 h are shown in Figure 3. As presented in Figure 3, all chitosan-
based hydrogels were having high degree of swelling in which all of them were able to take up to 
2,000 times of its dry weight. High swelling degree of chitosan-based hydrogels was attributed to 
the hydrophilic nature of chitosan in hydrogel’s network due to the presence of hydroxyl group 
(-OH) and amine groups (-NH2) as indicated by FTIR spectroscopy of chitosan-based hydrogel in 
Figure 1 [34]. Both of these groups interact with hydrogen bond of water molecules and increased 
the degree of swelling by inducing the translational entropy of counter ions and elevated osmotic 
pressure and swelling dynamics. 
 

  
(a)                                     (b)                                        (c) 

Figure 2. Diagram of (a) initial, (b) immersed at distilled water, (c) swollen of chitosan-based hydrogel 
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Figure 3. Degree of swelling of chitosan-based hydrogels with different composition 

 

The highest degree of swelling is achieved by chitosan-based hydrogel Sample 3 at about 
16,520% while the lowest degree of swelling was presented by chitosan-based hydrogel Sample 
16 at about 2,120%. This main difference between Sample 3 and Sample 16 is the amount of 
chitosan and NIPAM which Sample 3 contained 0.32 g of chitosan and 1.25 g of NIPAM, while 
Sample 16 contained 0.83 g of chitosan and 0.50 g of NIPAM. This showed an increasing in amount 
of chitosan and decreasing of amount of NIPAM had decreased the degree of swelling of chitosan-
based hydrogel.  
 
Figure 4 presented the degree of swelling of chitosan-based hydrogels categorized based on its 
composition to investigate the effect of chitosan, MAA, and NIPAM towards hydrogel swelling. 
The degree of chitosan-based hydrogel swelling decreased from 13,720% to 2,750% as the 
chitosan composition increased from 0.15 g to 1.00 g while maintaining the weights of MAA (0.88 
g) and NIPAM (0.88 g) (Sample 1, 8, 20). Cross-linking degree of the hydrogel is among the 
dominant factor that will affect the degree of swelling [28]. At higher chitosan composition, there 
are more junction zones formed among chitosan, MAA, and NIPAM [28]. Thus, the cross-linking 
degree of high chitosan composition chitosan-based hydrogel is higher than that of low chitosan 
composition chitosan-based hydrogel. The high cross-linking degree chitosan-based hydrogel has 
more compact and rigid structure that restrict the repulsion within chitosan and thus, it cannot 
be relaxed to sustain large quantity of water molecules and lowered the water holding space 
within hydrogel and its degree of swelling [21, 28, 34]. Additionally, the stronger intermolecular 
and intramolecular hydrogen bonds within chitosan chain also restricted the swelling degree of 
chitosan-based hydrogel [21, 35]. Besides, at low composition of chitosan (0.15 g), Sample 1 
possess an extremely high degree of swelling due to the presence of hydroxyl group (-OH) and 
amine group (-NH) inducing the translational entropy of counter ions and elevated osmotic 
pressure and swelling dynamics [34]. The increasing in the composition of chitosan had increased 
the viscosity of chitosan-based hydrogel and thus provide a steric effect of chitosan outweighs 
ionic effect of ionic groups [34]. The unionized amino groups of chitosan restricted the movement 
of water molecules and resulting in the elimination of osmotic pressure and electrostatic 
repulsion between protonated amino groups leads to decrease in swelling of chitosan-based 
hydrogel in distilled water [34].  
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Figure 4. Degree of swelling of chitosan-based hydrogels categorized based on its composition 

 
In contrast, MAA and NIPAM affect the degree of swelling of chitosan-based hydrogels by its 
particle size. Sample 7, 8 and 14 indicated the degree of swelling for NIPAM range from 0.25 g to 
1.50 g at constant chitosan (0.58 g) and MAA (0.88 g), showed an increasing from 3,340% to 
9,090%. Higher composition of NIPAM (Sample 14 with 1.50 g NIPAM) increased cross-linking 
degree of chitosan-based hydrogel, thus lower the particle size of chitosan-based hydrogel. 
Therefore, more water can be entrapped into the chitosan-based hydrogel [26, 34]. It shows 
higher ability of water holding and thus, increase the degree of swelling. However, it shows 
minimum difference when the amount of NIPAM is 0.88 g and 1.50 g which was Sample 8 and 14, 
respectively. This is because the cross-linking degree is too high, thus limits the water holding 
space. Besides, NIPAM is a thermal-responsive polymer; it will order itself and form hydrogen 
bond with the water molecules due to osmotic pressure driven by its hydrophilic nature at low 
temperature [19]. On the other hand, the degree of swelling showed in Sample 6, 8 and 15 for 
MAA were in the range of 0.25 g to 1.50 g at constant chitosan (0.58 g) and NIPAM (0.88 g); and 
it is almost same which is in the range of 8,500% to 9,000%. This is supported by Kwok et al. 
[23]’s study where a similar degree of swelling in term of hydrodynamic radius of 400 nm at room 
temperature and neutral pH as the amount of MAA increased from 10 mg to 150 mg. The 
increased number of carboxylic groups due to the higher amount of MAA had increased its 
hydrogen bonding, thus it is denser and degree of swelling decreased. However, it is observed 
that the effect of composition of MAA on degree of swelling is much smaller than NIPAM and may 
due of its ability in affecting particle size. MAA affected the particle size of chitosan-based 
hydrogel are less significant compared to NIPAM. This is in accordance to the interaction plot for 
particle size reported by Rasib et al. [26] where MAA composition affect the particle size for about 
250 µm while NIPAM composition affect the particle size about 750 µm . This may due to MAA 
have a smaller molecular structure compared to NIPAM as shown in Figure 5, thus had less 
significant effect on the interaction in affecting particle size.  
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(a)                                            (b) 

Figure 5. Molecular structure of (a) MAA (b) NIPAM [21] 

 
3.3 Porosity 
 
The porosity of chitosan-based hydrogels was presented in Figure 6. All formulation of chitosan-
based hydrogels possesses a porosity which were range in between 1-8%. By comparing the 
trend of degree of swelling showing in Figure 3, degree of swelling of chitosan-based hydrogel is 
observed to be highly affected by porosity where the degree of swelling is directly proportional 
to its porosity. This is because the primary mechanism of swelling is diffusion of water into the 
pores of hydrogel [36]. Pourjavadi et al. [37] also indicated that the porous structure of the 
hydrogel increases the rate and amount of swelling.  
 
The highest porosity is achieved by chitosan-based hydrogel Sample 3 at about 8% while the 
lowest porosity was presented by chitosan-based hydrogel Sample 16 at about 1%. The main 
difference between Sample 3 and Sample 16 is the amount of chitosan and NIPAM which Sample 
3 contained 0.32 g of chitosan and 1.25 g of NIPAM, while Sample 16 contained 0.83 g of chitosan 
and 0.50 g of NIPAM. This showed an increasing in amount of chitosan and decreasing of amount 
of NIPAM had decreased the porosity of chitosan-based hydrogel similar to the degree of swelling 
as discussed in previous section. 
 

 
Figure 6. Porosity of chitosan-based hydrogels with different composition 

 
Figure 7 represents the porosity of chitosan-based hydrogels categorized based on its 
composition to study the effect of different formulation. Generally, the porosity of chitosan-based 
hydrogel was increased from 4.5% to 5.5%, then decreased from 5.5% to 1.9% as the chitosan 
composition was increased from 0.15 g to 1.00 g at constant MAA (0.88 g) and NIPAM (0.88 g) 
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(Sample 1, 8, 20). The concentration of chitosan increased from 0.15 g to 0.58 g (Sample 1, 8), 
which efficiently prevent the bubbles in hydrogel solution from escaping during drying process 
and caused the formation of interconnected channels [38]. However, the structure of chitosan-
based hydrogel will become more rigid as the concentration of chitosan further increased from 
0.58 g to 1.00 g (Sample 8, 20), and thus, porosity decreased. In contrast, MAA showed very little 
effect towards the porosity of chitosan-based hydrogel. The porosity increased slightly from 5% 
to 6% for Sample 6, 8, 15 which represent 0.25 g, 0.88 g and 1.5 g of MAA respectively, at constant 
chitosan (0.58 g) and NIPAM (0.88 g). The increased in amount of MAA had increased its 
carboxylic groups to formed hydrogen bonding in chitosan-based hydrogel which increased 
cross-linked density and thus, increased porosity. This increasing is relatively small due to the 
smaller effect on particles size as discussed in Section 3.2. While NIPAM increases from 0.25 g to 
1.5 g (Sample 7, 8, 14) at constant chitosan (0.58 g) and MAA (0.88 g), it was observed a drastic 
increased in porosity from 2.1% to 5.5% and a slightly increased from 5.5% to 6.2%. The 
increased in amount of NIPAM from 0.25 g to 0.88 g (Sample 7, 8) had increased the cross-linking 
degree of chitosan-based hydrogel and thus, it is denser and have a more porous structure. 
Whereas, for the increasing in amount of NIPAM from 0.88 g to 1.5 g (Sample 8, 14) had only 
caused a slightly increased in porosity because NIPAM had reached its maximum cross-linking 
degree; further increasing in the amount of NIPAM would not contribute much in the porosity 
[28]. The porosity of hydrogel are easily to be altered by the cross-linked density in the gel 
structure [39]. 
 

 
Figure 7. Porosity of chitosan-based hydrogels categorized based on its composition 

 
3.4 Comparison of Degree of Swelling of Chitosan-based hydrogel 
 
The degree of hydrogel swelling is the most important parameters which control the release 
patterns of solvents and drugs from these polymeric networks. Chitosan-based hydrogel 
synthesized in this study are among the hydrogels that possess the highest degree of swelling 
(16520%) as compared with other studies tabulated in  

Table 2. The result showed that the degree of swelling of chitosan have a low degree of swelling 
at about 120%. When chitosan is incorporated with others material such as yeast, the degree of 
swelling can be increased up to 3400%. According to Rasib et al. [21], addition of MAA and NIPAM 
into chitosan-based hydrogel increased the degree of swelling up to 1100%. This had proved that 
incorporated of additives into chitosan-based hydrogel had improved its degree of swelling. In 
this study, the high degree of swelling could due to incorporation of NIPAM, MAA, and gelatin in 
the composition of chitosan-based hydrogel. Incorporation of NIPAM, MAA and gelatin in the gel 
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network improved the hydrophilicity of network as well as increased the surface area for water 
diffusion [40]. In addition, NIPAM and MAA are categorized as responsive polymeric materials 
which possess temperature-responsive behavior and pH-responsive behavior, respectively [19, 
20, 21, 41]. Thus, it is expected that the degree of swelling is could be enhanced by manipulating 
temperature and pH. 

 
Table 2 Comparison of different type of hydrogels in degree of swelling 

 

Types Concentration Degree of swelling References 

Chitosan hydrogel 7.5 w/v% chitosan 120% Ou et al. [42] 

Chitosan/yeast hybrid hydrogel 3 w/v% chitosan 

40 w/v% yeast 

3400% Feng et al. [35] 

  850%  

430%  

570%  

Chitosan-p(MAA-co-NIPAM) hydrogel 0.5 w/v% chitosan 

1 w/v% MAA 

0.5 w/v% NIPAM 

1100% Rasib et al. [21] 

220%  

400%  

240%  

450%  

  

Chitosan-based hydrogel 0.65 w/v% chitosan 

1 w/v% MAA 

2.5 w/v% NIPAM 

6 w/v% gelatin 

16520% This study 

 
 
4. CONCLUSION 
 

Chitosan-based hydrogel was successfully synthesized using free radical emulsion 
polymerization method where the method was easily to be achieved. The incorporation of MAA 
and NIPAM had increased the pH and temperature responsive of chitosan-based hydrogel 
respectively which make it more suitable to control the release system of drug delivery. From the 
characterization result, FTIR analysis indicated that chitosan-based hydrogel was successfully 
produced which indicated by the similar spectrum between chitosan-based hydrogel and 
chitosan. Besides, the degree of swelling and porosity were highly affected by chitosan and 
NIPAM, while not significantly affected by MAA. Low chitosan composition and high NIPAM 
composition increased the degree of swelling and also porosity. Hence, Sample 1 with low amount 
of chitosan (0.15 g), MAA (0.88 g) and medium amount of NIPAM (0.88 g) was the optimized 
formulation where it possesses 13,800% degree of swelling and porosity of 4.5%. Future 
prospect of chitosan-based hydrogel in drug delivery system, wound dressing and healing, tissue 
engineering and skin care product had been recommended in this study. Drug delivery system 
are the main recommendation in this study where the drug absorption and desorption kinetic 
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study should be carried out in order to make this chitosan-based hydrogel more useful in treating 
different kinds of wounds. 
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