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Abstract 

 
This review article aims to systematically describe the synthesis methods, characterization, and 

performances of CS/PVA based hydrogel composites as drug delivery materials. The literature review was 

conducted through ScienceDirect and Google Scholar, where the article selection is based on Scopus index 

in the Q1 and Q2 categories within the past 5 years. The synthesis of CS/PVA hydrogel was performed using 

various methods, including crosslinking, freeze-thaw, and sol-gel. The synthesis methods of hydrogel 

composites included crosslinking, freeze-thaw, and sol-gel. Characterization of hydrogel composites was 

conducted using FTIR spectroscopy, SEM, and swelling ratio measurement. CS/PVA-based hydrogel 

composites as drug delivery materials have been successfully synthesized using crosslinker, freeze-thaw and 

sol-gel methods. FTIR spectra indicated that drug was successfully loaded into CS/PVA based hydrogel 

composite matrix, involving the hydrogen bonding as predominant mechanism of interaction between 

precursors and drug functionalities. The best swelling capacity was obtained in the CS/PVA/Tetracycline 

based hydrogel composites, up to 949%. The SEM images indicated the homogeneous morphological 

structure and surface of hydrogel composites. The CS/PVA/Tetracycline based hydrogel composites 

exhibited the largest cumulative drug release of 99.44%. The drugs loaded CS/PVA hydrogel composites are 

promising as a drug delivery material. 
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1 Introduction 

Drug delivery materials are a cornerstone of 

modern therapeutics, driving advancements in 

how drugs are administered, improving patient 

outcomes, and enabling the development of new 

treatments for a wide range of diseases. Their 

importance lies in their ability to optimize drug 

efficacy, enhance patient compliance, minimize 

side effects, and support the ongoing innovation in 

medical treatments [1]. 

Drug delivery materials can be designed to 

release therapeutic agents specifically at the site of 

disease or injury. This localized delivery increases 

the drug concentration at the target site, enhancing 

its efficacy. These materials can also provide a 

controlled release of drugs over an extended 

period, maintaining optimal therapeutic levels and 

reducing the frequency of administration. 

Therefore, targeted drug delivery minimizes the 

exposure of healthy tissues to the drug, thereby 

reducing the risk of systemic side effects. The 

development of drug delivery materials is a 

multifaceted challenge that requires addressing 

material selection, biocompatibility, controlled 

release mechanisms, targeting accuracy, drug 

stability, manufacturing scalability, regulatory 

compliance, and patient acceptability [2].  

Hydrogels offer numerous advantages for 

drug delivery, including high water content, 

biocompatibility, controlled and sustained release, 

versatility in drug encapsulation, and the ability to 

be tailored for specific applications [3]. Their 

unique properties make them ideal for a wide 

range of biomedical applications, providing 

effective and safe delivery of therapeutic agents. 

Hydrogels are hydrophilic polymer networks 
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capable of holding large amounts of water, making 

them suitable for various biomedical applications, 

including drug delivery. The incorporation of 

additional components into hydrogels can 

improve their mechanical strength, responsiveness 

to environmental stimuli, and drug release 

profiles. Hydrogels composites combine the 

unique properties of hydrogels with other 

materials to enhance their functionality. Drug 

encapsulation into hydrogel composites matrix 

represents a versatile and promising approach to 

drug delivery, combining the benefits of hydrogels 

with enhanced functionalities provided by 

composite materials [4].  

In particular, chitosan (CS) is a naturally-

occurring polysaccharide, derived polymer 

obtained from chitin through deacetylation 
process, which is found in the exoskeletons of 

crustaceans like shrimp and crabs. Chitosan is a 

highly promising hydrogel material for drug 

delivery due to its biocompatibility, 

biodegradability, mucoadhesiveness, and 

versatility. It offers numerous advantages for 

controlled drug release, stability, and targeted 

delivery [5]. Besides being biodegradable and 

biocompatible, making it relatively safe for 

medical applications, chitosan also has 

antimicrobial, antioxidant, and cell growth 

stimulating properties [6]. Therefore, chitosan is 

very suitable to be used as a drug delivery 

material.  

A part from its excellent properties, CS still 

has some obstacles in application due to its limited 

solubility, acks the mechanical strength, poor 

thermal stability etc. To overcome these 

drawbacks, the addition of synthetic polymers 

such as poly (vinyl alcohol) or PVA has been used 

in the preparation of hydrogels [7]. PVA is a 

synthetic polymer with hydrophilic and 

biodegradable properties, which can improve the 

mechanical strength and water absorption capacity 

of hydrogels [8]. 

The selection of an appropriate synthesis 

method can affect the mechanical strength of the 

hydrogels. Hydrogels can be synthesized using 

various methods, depending on the desired 

properties and applications. The synthesis 

methods of hydrogels, for instance, free radical 

polymerization, sol-gel, freeze-thaw, and 

chemical crosslinking have been frequently 

reported [9]. In particular, the free radical 

polymerization involves polymerization of 

monomers initiated by free radicals while freeze-

thaw involves freezing and thawing of polymer 

solutions [10]. The crosslinking method involves 

the reaction between polymer molecules and a 

crosslinking agent to form a three-dimensional 

network within the hydrogel [11]. Meanwhile, the 

sol-gel method involves the transition from a 

liquid sol to a solid gel phase, specifically tailored 

for creating hydrogel materials. The selection of 

an appropriate synthesis method will affect the 

properties and performance of the hydrogel as a 

drug delivery material [12]. 

Encapsulation of drug molecules (i.e. 

ofloxacin [13], enrofloxacin [14], ibuprofen [15], 

tetracycline [16], and antibacterial compounds 

(CuO [17], ZnO [18], into hydrogel matrix of 

CS/PVA for drug delivery materials have been 

reported.  
This study aims to systematically review the 

information about synthesis methods, properties 

and performances of drugs encapsulated in 

CS/PVA based hydrogel composites. In particular, 

the effect of drug incorporation on the properties 

and performances of hydrogel composites as 

controlled drug release materials were reviewed 

comprehensively.  

   

2 Method 

The method used in this study was a literature 

review conducted by collecting literature sources 

that relevant to the topics, followed by data 

analysis and summarization to draw representative 

conclusions. The review process involved several 

stages, including planning, identification, 

selection, and summarization. The planning stage 

was conducted by determining the topic, 

objectives, and keywords. The literature search 

was related to CS/PVA-based hydrogels 

composites for drug delivery materials shows an 

excellent publication trend with the number of 

journal publications increasing every year. The 

identification stage involved searching reference 

articles using the specified keywords as presented 

in Table 1. Reference articles were selected based 

on its relevance to the review topic. To obtain 

reliable and well-indexed sources, international 

journals in databases such as ScienceDirect 

indexed by Scopus in Q1 and Q2 in the last 5 years 

(2018-2022) were included. The keywords used 

should cover important aspects of the research 

topic. 
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Table 1. Number of articles found by keywords 

Database Keywords 
Number of 

Articles 

Science 

Direct 

 

Hydrogel Composite 

Chitosan AND PVA AND 

Drug Delivery 

 

613 

Hydrogel Composite 

Chitosan AND Poly (vinyl 

alcohol) AND Drug 

Delivery 

 

373 

Hydrogel CS AND PVA 

AND Drug Delivery 

 

349 

Hydrogel composite 

CS/PVA for "Drug 

Delivery" 

 

231 

Hydrogel Chitosan AND 

PVA AND Metal Oxide 

AND antibacterial 

 

644 

Hydrogel Composite AND 

Chitosan AND PVA AND 

Drug Delivery 

613 

 

Table 2. The selected reference articles  

Title Author/Year Ref. 

Preparation and properties 

of N-glycosylated 

chitosan/polyvinyl alcohol 

hydrogels for use in wound 

dressings 

Yu Yi, et al. 

/2022 

[13] 

Controlled release of 

enrofloxacin by vanillin-

crosslinked chitosan- 

polyvinyl alcohol blends 

Karakurt., et al. 

/2021 

[14] 

Chitosan polyvinyl alcohol 

blend films for ibuprofen 

encapsulation: Fabrication, 

characterization and 

kinetics 

Aycan., et al. 

/2020 

[15] 

Investigating the effect of 

tetracycline addition on 

nanocomposite hydrogels 

based on polyvinyl alcohol 

and chitosan nanoparticles 

for specific medical 

applications 

Parsa, et al. 

/2019 

[16] 

Fabrication of 

Chitosan/PVA/ GO/CuO 

patch for potential wound 

healing application 

Venkataprasana.

, et al. 

/2020 

[17] 

Nanocomposite framework 

of chitosan/polyvinyl 

alcohol/ZnO: Preparation 

(CS/PVA/ZnO) 

Abdeen., et al. 

/2018 

[18] 

Incorporation of ZnO 

nanoparticles into 

heparinised polyvinyl 

alcohol/chitosan hydrogels 

for wound dressing 

application 

Khorasani., et 

al. 

/2018 

[19] 

The selection stage involved sorting and 

selecting reference articles based on the relevant 

abstracts. The selected articles were then 

thoroughly studied to gather the detailed 

information of the synthesis method, 

characterization, and performances of CS/PVA 

based hydrogels composites for drug delivery 

application. This process was assisted by the 

JabRef application to organize and manage the 

selected reference articles. The results of this 

selection were summarized based on the 

application of CS/PVA hydrogels as wound 

dressings. The main reference article titles were 

collected and summarized in Table 2. 

 

3 Result and Discussion  

3.1 Synthesis of drug loaded CS/PVA based 
hydrogel composites  

The fabrication methods of chitosan/PVA-

based composite hydrogels as drug delivery 

materials have been intensively reported. The 

selection of an appropriate synthesis method of 

hydrogel composites depends on the research 

objectives, desired properties, and designated 

application of the composite hydrogels. The most 

common methods applied in fabrication of 

hydrogel composites for drug delivery materials 

were crosslinking, freeze-thaw and sol-gel 

techniques. Table 3 demonstrated the fabrication 

methods of drug loaded CS/PVA based hydrogel 

composites.  

 
Table 3. The synthesis methods and weight ratio of 

drug loaded CS/PVA based hydrogel composites 

Hydrogel 

Composites 

Synthesis 

Method 

Optimum 

Compositions 
Ref. 

CS 
(w.t%) 

PVA 
(w.t%) 

Drug 
(mg/mL) 

 

CS/PVA/ 

Ofloxacin 
Freeze-thaw 1 10 50 [13] 

CS/PVA/ 

Enrofloxacin 
Crosslinking 1 1 10 [14] 

CS/PVA/GEN/

Ibuprofen 
Crosslinking 2 10 20 [15] 

CS/PVA/ 

Tetracycline 
Freeze-thaw 5 10 5 [16] 

CS/PVA/ 

GO/CuO 
Sol-gel 1 3 3 [17] 

CS/PVA/ 

GA/ZnO 
Crosslinking 2 10 2 [18] 

CS/PVA/ 

ZnO 
Freeze-thaw 2 10 5 [19] 

 

Table 3 represented a series of drug loaded 

CS/PVA based hydrogel composites that were 

synthesized using different methods. It can be 
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inferred that freeze-thaw, sol-gel, crosslinking 

techniques are suitable for fabrication of hydrogel 

composites. In particular, the optimum condition 

of fabrication of hydrogel composites was 

indicated by the homogeneous mixture of polymer 

precursors with drug loaded. It is determined by 

type and weight ratio of precursors and drug 

loaded, also environmental factors (pH, 

temperature, etc.). Since the drugs loaded have 

different molecular structures, functional 

moieties, and size (Figure 1), then the optimum 

composition ratio in the composites was variable. 

In addition, the amount of drug loaded into 

hydrogel matrix must be suitable for medication 

purposes.  

 

 

 

 

 

 
Figure 1. Chemical structures of drug molecules: 

ofloxacin (a), enrofloxacin (b), ibuprofen (c), and 

tetracycline (d) 

 

The sol-gel method is the most common method 

used methods in hydrogel fabrication. This 

method involves the use of precursor which are 

then converted into hydrogels through a gelation 

process [20]. The sol-gel method can produce 

hydrogels that are strong, stable and can be 

customized for different applications. In addition, 

the use of sol-gel method can also improve the 

mechanical properties and thermal stability of 

hydrogels [21]. These hydrogels can also be 
customized to respond to specific pH, which is 

beneficial for drug delivery in specific 

environments in the body [22]. 

The freeze-thaw method involves repeated 

freezing and thawing of the hydrogel solution, 

which results in the formation of a stable hydrogel 

network [23]. This method produces flexible 

hydrogels with good deformation capabilities 

making them suitable for applications that require 

flexible materials [24]. The use of the freeze-thaw 

method also makes it possible to produce 

hydrogels with high porosity and swelling 

capacity [25]. The crosslinking method involves 

the use of a cross-linking agent, such as 

glutaraldehyde, which allows the hydrogel 

molecules to connect and form a network [26]. 

This method produces hydrogels that are strong, 

stable, and have well-regulated mechanical 

properties that are important for long-term drug 

delivery applications [27,28]. This method allows 

fine control over the hydrogel network structure, 

which can promote controlled drug release and 

prevent hydrogel degradation before the drug 

reaches its target [29]. 

In term of hydrogels application as drug 

delivery materials, the cross-linking is considered 

as an effective method because it can produce 

hydrogels with a strong and stable network 

structure thereby extending the drug release time 

and preventing degradation of the hydrogel before 
the drug reaches its target [30]. This method can 

produce a hydrogel with a strong and stable 

network structure, thus extending the drug release 

time and preventing hydrogel degradation before 

the drug reaches its target. The crosslinking 

method is also relatively easy to carry out without 

destroying the drug, thereby, improving the 

hydrogel performance as a drug delivery material 

through interactions between drugs and biological 

targets. Considering the advantages and 

characteristics of each method, the selection of an 

effective and efficient synthesis technique is 

notably crucial depending on the desired 

properties and target applications of the hydrogel 

composites.  

In addition, various characterization 

techniques were employed to obtain the 

information about physicochemical properties of 

the hydrogels composites, for instance, Fourier 

Transform Infrared (FTIR) spectroscopy, swelling 

ratio measurement, and Scanning Electron 

Microscopy (SEM).  

 

3.2 Characteristics and performances of the 

hydrogel composites 
Chitosan/PVA based hydrogel composites 

can be characterized through FTIR spectroscopy, 

SEM observation, and swelling ratio test. In 

particular, the FTIR spectroscopy is used for 

functional group identification; swelling test 

measures the water absorption capacity of 

hydrogels, and SEM provides information of 

surface morphology. This characterization method 

helps in understanding the composition, structure, 

and drug release control capabilities of hydrogels, 

providing an important foundation for the 

development of chitosan/PVA-based hydrogel 

composites. 

(a) (b) 

(c) (d) 
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3.2.1 Fourier Transform Infrared (FTIR) 

Spectroscopy  

Figure 2 depicts the FTIR spectra of drugs 

loaded CS/PVA based hydrogel composites. In 

particular, the FTIR spectrum of chitosan 

hydrogel indicates the typical peaks at 

wavenumbers around 1630-1650 cm-1 and 1550-

1580 cm-1 correspond to the presence of amine 

(NH2) groups of chitosan. In addition, a peak at 

wavenumbers at 3300-3500 cm-1 represents the 

hydroxyl (-OH) groups. These results inferred that 

the interaction between amine and hydroxyl group 

predominantly occurs via hydrogen bonds.  

 

 
Figure 2. FTIR spectra of drugs loaded hydrogel 

composites. 

These peaks also indicate that chitosan has 

primary amine groups that can also form hydrogen 

bonds with surrounding water molecules, 

increasing its solubility and physical properties 

[31]. 

In case of CS/PVA based hydrogel 

composites, a new peak appeared at wavenumber 

of 3400-3500 cm-1 indicating the existence of 

hydrogen bonds between the hydroxyl groups of 

chitosan and PVA and the surrounding water 

molecules. The peak at 2920 cm-1 shows the 

stretching vibration of the C-H bonds in this 

hydrogel, indicating the formation of a strong 

polymer network [32]. This new peak indicates 

that the addition of PVA increases the formation 

of hydrogen bonds, which can increase the 

mechanical strength and stability of the hydrogel 

composites [33]. 

Furthermore, the CS/PVA/Ofloxacin 

hydrogel showed new peaks at wavenumbers of 

1442 cm-1, 1621 cm-1, 1710 cm-1, 2789 cm-1, and 

3310 cm-1. These peaks indicate the interaction of 

functional moieties of the drug with the hydrogel 

composites, reflecting the presence of new bonds 

formed between ofloxacin and the hydrogel matrix 

[34]. These peaks showed that ofloxacin was 

successfully encapsulated in the hydrogel matrix 

through hydrogen and ionic interactions with the 

functional groups of CS and PVA [35]. 

In case of the CS/PVA/vanillin/enrofloxacin 

hydrogel composites, a new peak was observed at 

wavenumbers of 1600-1620 cm-1, indicating the 

aromatic bonds in vanillin. The peak at 1650 cm-1 

indicates the presence of amide I bonds in chitosan 

and enrofloxacin, due to a strong interaction 

between these components in the hydrogel [36]. 

This peak shift indicates that vanillin and 

enrofloxacin form hydrogen and covalent bonds 

with the hydrogel matrix, increasing the drug 

stability [37]. 

On the other hand, CS/PVA/GEN/ibuprofen 
hydrogel composites also showed significant 

changes in the FTIR spectrum where a new peak 

at wavenumbers of 1690-1720 cm-1 corresponds to 

the presence of carbonyl bonds from ibuprofen. 

The peak at 1650 cm-1 also indicates the presence 

of amide I bonds in CS, indicating the conjugation 

between ibuprofen, GEN, and CS/PVA [38]. This 

peak indicated that ibuprofen was successfully 

incorporated into the hydrogel through hydrogen 

interactions and amide bond formation, which 

increased the drug loading capacity and drug 

release properties [39]. 

In the CS/PVA/tetracycline hydrogel 

composites, the FTIR spectrum showed the 

presence of a new peak associated with 

tetracycline, representing a significant interaction 

between the hydrogel components [40]. This 

shows that tetracycline is well integrated in the 

hydrogel matrix. These new peaks indicate that 

tetracycline interacts with CS and PVA via 

hydrogen and electrostatic bonds, which can 

improve drug delivery efficiency [41]. According 

to FTIR spectra, it can be inferred that drug was 

successfully loaded into CS/PVA based hydrogel 

composite matrix, involving the hydrogen 

bonding as predominant mechanism of interaction 

between precursors and drug functionalities. 

  

3.2.2 Swelling ratio (water absorption 

capacity) 

The swelling behavior of hydrogel 

composites is a pivotal parameter in determining 

the suitable materials for drug delivery 

applications. The swelling ratio of hydrogel 

composites can be influenced by several factors, 

including the nature of the polymer and the type of 

functional groups involved. 
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Figure 3. The swelling capacity of hydrogel 

composites 

Figure 3 represents the CS based hydrogel 

has a swelling capacity up to 319.3%, which 

shows strong hydrophilic properties, as supported 

by the presence of amino and hydroxyl groups 

[42]. The CS/PVA hydrogel with a swelling 

capacity of 243.7% also showed good hydrophilic 

properties, thanks to the hydrogen bonds between 

the hydroxyl groups of PVA and water molecules, 

as well as the interaction with the amino groups in 

CS [43]. On the other hand, CS/PVA/Ibuprofen 

hydrogel has a lower swelling capacity up to 90%, 

compare to CS/PVA. The decrease is due to the 

hydrophobic nature of ibuprofen, which reduces 

water absorption by the hydrogel composites [44]. 

In contrast, the CS/PVA/GEN/Ibuprofen hydrogel 

with genipin crosslinking had a swelling capacity 

of 184.9%, due to a denser and stiffer hydrogel 

network produced by its crosslinking ability [45]. 

The CS/PVA/Vanillin/Enrofloxacin based 

hydrogel has the lowest swelling capacity of 

43.3%, because vanillin and enrofloxacin which 

are hydrophobic compounds, inhibit water 

absorption [46]. In contrast, the 

CS/PVA/Tetracycline based hydrogel composites 

showed a very high swelling capacity of 949%, 

indicating that tetracycline did not significantly 

interfere the water absorption capacity of the 

hydrogel composites, possibly due to specific 

interactions that increased the overall 

hydrophilicity [47]. The the use of glutaraldehyde 

as a crosslinker provides a greater swelling 

capacity compared to other crosslinkers, making it 

a good choice for drug delivery applications. 

Glutaraldehyde contributes to the more effective 

drug delivery through hydrogel composites by 

enabling slower and more controllable drug 

release of drugs [48]. 

3.2.3 Scanning Electron Microscopy (SEM) 

The SEM images obtained from the electron 

microscope observation as presented in Figure 4 

provide visual information about the morphology 

and surface structure of the hydrogel compo. It can 

also be correlated with the percentage swelling 

capacity to provide. 

Drug delivery materials can be designed to 

release therapeutic agents specifically at the site of 

disease or injury. This localized delivery increases 

the drug concentration at the target site, enhancing 

its efficacy. These materials can also provide a 

controvide a more comprehensive understanding 

about the relationship between the structure and 

characteristics of hydrogel composites. If a 

hydrogel has a high swelling capacity, this 

indicates that the hydrogel is able to absorb large 
amounts of water and expand [43]. On the other 

hand, if a hydrogel has a low swelling capacity, 

this indicates that the hydrogel has limited ability 

to absorb water and expand [49]. 

 

 

 

 
Figure 4. SEM photographs of hydrogel composite 

In the CS/PVA/ofloxacin based hydrogel 

composites, the morphology of the hydrogel 

composites loaded with 5.0% ofloxacin showed 

that the ofloxacin loaded did not change the three-

dimensional network structure of the hydrogel 

composites. However, the number of pores 

increased and the pore size decreased, which may 

be caused by the dissolution of ofloxacin in the 

pores of the hydrogel. Strong hydrogen bonds are 
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formed between ofloxacin and hydrogel, which 

makes the cross-linked hydrogel composites 

structure denser [35]. 

Interestingly, the SEM image of the 

chitosan/PVA/vanillin/enrofloxacin based 

hydrogel composites show a smooth and 

homogeneous surface structure, indicating that the 

hydrogel has a high density and compact structure 

[14]. In the CS/PVA/GEN/ibuprofen base 

hydrogel, the SEM image shows lower porosity. 

This denser and more organized structure may 

limit water absorption into the hydrogel composite 

[39]. Moreover, the SEM image of 

CS/PVA/Tetracycline based hydrogel composites 

shows the surface and fracture surface as 

representative. The well-dispersed structure 

indicates effective interactions between hydrogel 

components [50].  The addition of various drugs 

into the hydrogel matrix not only modifies the 

pore structure, but also affects the mechanical and 

functional properties of the hydrogel composites. 

 

3.3 Performance of drug loaded CS/PVA 

based hydrogel composites 

 

Drug release behavior is an essential aspect in 

the development of hydrogel composites as drug 

delivery materials. This determines the efficiency 

and effectiveness of drugs control release from the 

hydrogel matrix. Cumulative release (%) of 

chitosan/PVA based hydrogel composites are 

presented in Figure 5. 

 

 
Figure 5. Drug release behavior from hydrogel 

composites. 

The CS/PVA/ofloxacin based hydrogel 

composites has drug cumulative release of 92.09% 

and 99.44% after 20 hours and 50 hours, 

respectively. This is indicated that the hydrogel 

composites are very effective in releasing drugs in 

at a relatively short time. On the hand, the 

CS/PVA/vanillin/enrofloxacin based hydrogel 

composite showed a controlled drug release 

profile with a cumulative release of 30%. This 

indicates that the hydrogel effectively retains the 

drug and releases it gradually over time, thereby 

ensuring sustained drug delivery. This controlled 

release characteristic is beneficial in applications 

where constant and long-term drug release is 

desired, such as in the treatment of chronic 

conditions. 

In contrast, the CS/PVA/GEN/ibuprofen 

hydrogel composite achieved a cumulative release 

of 50%. This shows a relatively higher release rate 

compared to previous formulations. A higher 

release. In addition, the CS/PVA/Tetracycline 
based hydrogels composite after the first day of 

release period was stable with a value of 37%, 

which indicates a more controlled drug release by 

the hydrogel. Generally, a slow-release profile is 

more desirable for targeted drug delivery, and in 

this case, the CS/PVA/Tetracycline based 

hydrogel composites becomes the most suitable 

option compared to other series of drug loaded 

CS/PVA for the slow controlled release drug 

delivery [41].  

 

4 Conclusion 

According to the literature reviewed, CS/PVA-

based hydrogel composites as drug delivery 

materials have been successfully synthesized 

using crosslinker, freeze-thaw and sol-gel 

methods. FTIR spectra indicated that drug was 

successfully loaded into CS/PVA based hydrogel 

composite matrix, involving the hydrogen 

bonding as predominant mechanism of interaction 

between precursors and drug functionalities. The 

best swelling capacity was obtained in the 

CS/PVA/Tetracycline based hydrogel composites, 

up to 949%. The SEM images indicated the 

homogeneous morphological structure and surface 

of hydrogel composites. The CS/PVA/ 

Tetracycline based hydrogel composites exhibited 

the largest cumulative drug release of 99.44%. The 

drugs loaded CS/PVA hydrogel composites are 

promising as a drug delivery material. 
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