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Introduction 

Controlled drug release systems are a technology 

currently being developed for use in the medical field. 

These systems are designed to release drugs within a 

specific period, providing long-term therapeutic effects 

(Adepu & Ramakrishna, 2021). These systems aim to 

maintain a steady drug concentration within the minimum 

effective and maximum safe concentrations in a certain 

period, resulting in optimal drug performance (Laracuente 

et al., 2020). To create controlled drug release systems, 

various polymeric materials such as nanoparticles and 

hydrogels are used in their manufacture (Rahimi et al., 

2021). 

Chitosan (Chi) is a type of polysaccharide amino organic 

material. It is a polymer that can be used as a controlled 

drug-release   system   (Lu et al.,   2022).   Biocompatibility,  

 

 

 

 

biodegradability and non-toxicity are the unique 

properties of chitosan (Fakhri et al., 2020), which makes it 

suitable for medical applications. It also exhibits 

antibacterial activity against gram-positive and gram-

negative bacteria (Li et al., 2020). However, its poor 

mechanical properties have limited its potential for use in 

the medical field. To overcome this issue, a combination of 

crosslinking agents, plasticizing agents, and other 

polymers can be used, or chitosan can be made into 

composites (Wahba, 2020). One of the materials that can 

be used as a reinforcing agent in composite manufacturing 

is Bacterial cellulose (BC) (Choi & Shin, 2020). It has 

excellent mechanical properties, high biodegradability, 

biocompatibility, and high purity. Combined with Chi, it 

produces composites with much stronger mechanical 

properties than pure chitosan (Wahid et al., 2019). 

The addition of specific inorganic materials such as 

graphite (Gr), TiO2, and ZnO can significantly enhance the 

mechanical properties of Chi.   Studies have demonstrated 
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that adding graphitic materials, such as graphene oxide, 

can   increase   the   tensile   strength   and   Young's modulus 

of  chitosan  (Tavakoli et al., 2020).  Additionally, graphitic 

materials have been found to improve the drug-loading 

capability of composites because it has hydrophobic 

properties and can load the drug by noncovalent 

adsorption through π-π stacking interaction (Hosseini et 

al., 2022).  Similarly, introducing TiO2 can enhance the 

antibacterial activity and tensile strength of Chi (Hussein 

et al., 2021). The same improvement can be seen in Chi by 

adding ZnO (Kalemtas et al., 2022). 

Chitosan-based composites have been developed to 

carry antimicrobial agents (Fasiku et al., 2021), including 

antibiotics, like tetracycline hydrochloride (TCH) (El-Alfy 

et al., 2020). A recent study found that the chitosan-based 

composite can adsorb TCH (Turan et al., 2022). TCH is a 

broad-spectrum antibiotic used to treat bacterial 

infections such as periodontitis, bone infections, and skin 

treatment (Farzamfar et al., 2019; Mirzaeei et al., 2022; 

Orylska-Ratynska et al., 2022). However, it is hydrophilic 

and water-soluble, so its release from the composite must 

be controlled for continuous treatment. This controlled 

release is also essential to prevent exceeding the maximum 

safe concentration that can cause cytotoxicity. 

Additionally, controlled release can reduce the potential 

for resistance to the antibiotic, thus preventing a decrease 

in its effectiveness ((Chahardahmasoumi et al., 2019). 

This research aims to create controlled drug release 

systems by producing chitosan-based composites: 

Chi/BC/Gr/TiO2 and Chi/BC/Gr/ZnO. The drug release 

kinetics of these composites were analyzed to determine 

each system's kinetics model and drug release mechanism. 

Tetracycline HCl was employed as the model antibiotic to 

examine the drug release kinetics. Additionally, the 

antibacterial activity, physical properties, and mechanical 

properties of the composites were also evaluated in this 

study. 

 

Experimental 

Material and Methods 

The materials used for this study included chitosan, 

bacterial cellulose (obtained from UMKM NATA 

Yogyakarta Farahshop, Yogyakarta), glacial acetic acid 

(Merck), maltodextrin, graphite, TiO2 (Merck), ZnO 

(Merck), TCH drug (PT. Novapharin Pharmaceutical 

Industries), 96% ethanol, NaOH, n-butanol, and pH buffer 

solutions with values of 1.2, 4.5, 6.86, 7.4, and 8.4. 

The research was conducted using a standard set of 

glassware and equipment. This includes a hot plate stirrer 

(IKA C-MAG HS 7), ultrasonication device (Trias Anatomy 

Chemindo), oven (Memmert), furnace (Thermoscientific), 

blender (Miyako), analytical balance (Fujitsu FSR-A220), 

porcelain crucible, spatula, digital screw micrometer (T&E 

CR1632), and pH meter (RoHS). In addition, 

instrumentation tools such as FTIR spectroscopy (Perkin 

Elmer), UV-Vis (Thermofisher), EDS (JEOL JCM-7000), and 

tensilon (Instron 5567) were used for the research. 

 

Procedures 

Synthesis of Composites   

The process of synthesizing chitosan-based composites 

followed the method of Wahid et al. (2019) with some 

modifications. A solution of 2.78% (b/v) chitosan in 1% 

(v/v) glacial acetic acid was stirred using a stirrer for 30 

minutes. BC slurry 5% (b/v) and maltodextrin solution 

10% (b/v) were added to the chitosan solution as cross-

linking agents. Calcined graphite powder (1000 °C, 5 min) 

with a concentration of 0.5% (w/v) was gradually added to 

the Chi/BC mixture and stirred rapidly for 30 minutes, 

resulting in a Chi/BC/Gr mixture. To obtain 

Chi/BC/Gr/TiO2 and Chi/BC/Gr/ZnO composites, TiO2 and 

ZnO were added using the method of Rais et al. (2022) with 

modifications. TiO2 powder 1% (w/v) and ZnO 1% (w/v) 

were each dispersed into 96% (v/v) ethanol. The resulting 

dispersion was added to the Chi/BC/Gr mixture while 

stirring for 30 minutes. The mixture was molded in a petri 

dish and oven-dried at 40°C. 

 

Physical and Mechanical Test of Composites 

The composite material underwent physical and 

mechanical testing. Physical testing included thickness, 

porosity, and swelling tests, while automated testing 

included tensile strength and Young's modulus tests. The 

thickness test was conducted by measuring the 

composite's thickness at ten different points using a digital 

screw micrometer. The results were then averaged using 

Equation 1, where t ̅ represents the average thickness and t 

represents the thickness value of each measurement. 

Mechanical tests were performed with a tensilon. This 

testing was carried out using the methodology of Cai et al. 

(2020). 

 

t ̅ = 
(t1+ t2 +…+ t10)

10
  (1) 

 

The porosity measurement was carried out using the 

immersion method in n-butanol. The porosity value of the 

composite was calculated by equation 2, where ɸ is the 

porosity percentage, m2 is the mass of the composite after 

immersion, m1 is the mass before immersion, ρB is the 

density of butanol, and Vk is the volume of the composite 

(Xu et al., 2019). 
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ɸ = 
(m2 - m1) ⍴B⁄

((m2 - m1) ⍴B⁄ ) + VK
  (2) 

 

The material is soaked in a buffer solution with a specific 

pH level to initiate swelling. This process is carried out for 

a while maintaining a constant pH. Equation 3 calculates 

the swelling value, where m1 is the mass of the material 

before soaking, and m2 is the mass after soaking (Arikibe et 

al., 2021). 

 

S = 
(m2 - m1)

m1
 x 100 % (3) 

 

EDS Analysis 

EDS analysis determined each composite's atomic 

composition and surface structure. 

 

FTIR Analysis 

FTIR characterized the dried composites to determine 

each composite's specific functional groups and structure 

(Yasmeen et al., 2016). FTIR testing was also performed on 

Chi/BC and Chi/BC/Gr composites for comparison. 

 

Drug Loading and Drug Release Kinetic Study 

The drug-loading process was carried out using the 

adsorption method. This process follows the technique of 

Arikibe et al. (2021) with modifications. The drug solution 

was prepared by dissolving TCH in distilled water. The 

composite was cut (2 × 2 cm) and immersed in TCH solution 

(50 ppm, 24 h). The results of soaking were oven-dried 

(40°C). Drug release kinetics were performed by immersing 

the TCH-supplemented composite in pH 6.8 buffer solution 

for 2 hours. The concentration of TCH released from the 

composite was monitored every 30 minutes with a UV-Vis 

spectrophotometer. The absorbance of TCH was measured 

at a wavelength of 294 nm. 

The test results of drug release by the composite were 

plotted by following several kinetics models. Equations 4, 

5, 6, 7, and 8 show the order 0, order 1, Higuchi, Hixson-

Crowell, and Korsmeyer-Peppas kinetics models used in 

this study, respectively. The value of Q in the equation is 

the concentration of the drug released, k is the drug release 

rate constant, t is the drug release time, Mt/M∞ is the 

fractional release of the drug, and n is the diffusion 

exponent (Flores & Kong, 2017; Iftime et al., 2020). 

 

Q = kt, (4) 

Log Q = kt/2.303 (5) 

Q = kt
1

2⁄  (6) 

(1- 
Mt

M∞
)

1
3⁄

 = -kt (7) 

Mt

M∞
 = ktn (8) 

 

Result and Discussion 

UV-Vis Characterization 

Each composite's thickness and porosity values vary and 

are presented in Table 1. Different thicknesses of resulting 

composites can be caused by the casting or composite 

molding process. Composites that had TiO2 added to them 

tended to be more porous than those that had ZnO added 

to them. The reason for this is because TiO2 and Chi create 

hydrogen bonds, which increase the porosity of the 

composite (Fan et al., 2016). Hydrogen bonding in 

composite materials generally results in porous structures, 

which raise porosity (Laksmono et al., 2017). 

 
 

Table 1. Thickness and porosity of composites. 

Composite Thickness (cm) Porosity (%) 
Chi/BC/Gr/TiO2 0.0172 ± 0.0003 19.2939 ± 5.5129 
Chi/BC/Gr/ZnO 0.0212 ± 0.0036 16.1996 ± 1.3394 

 

 
Figure 1. Agglomeration in The Composite’s Synthesis 
Process. 

 
 

In this study, ZnO and Chi form hydrogen bonds. On the 

other hand, because ZnO aggregates in the composite with 

a greater number of agglomerates than in Chi/BC/Gr/TiO2, 

the porosity of the ZnO composite is lower than in the TiO2 

composite. Agglomerates of ZnO particles have been 

demonstrated in earlier studies to be able to decrease the 

porosity of the composite (Kamaludin et al., 2022). Figure 

1 shows how the addition of TiO2 or ZnO during the 

composite synthesis process causes agglomerates to 

develop. 
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The composite porosity of Chi/BC/Gr/TiO2 and 

Chi/BC/Gr/ZnO is lower than the composite Chi/Cellulose 

from the research of Pomari et al. (2019). Table 2 shows the 

porosity of the Chi/Cellulose composite with 6% cellulose 

concentration. The lower porosity value of the composites 

in this study is due to the addition of Gr, TiO2, and ZnO 

fillers, which reduce the pore volume in the composites. 

The difference in the type of crosslinker used in the 

previous study also affects the porosity.  

 

Table 2. Comparison of Composites Porosity with Previous 
Research. 

Composite Porosity (%) 
Chi/BC/Gr/TiO2 19.29 
Chi/BC/Gr/ZnO 16.20 
Chi/Cellulose (Pomari et al., 2019) 51.00 

 

 

Composite Swelling 

Figure 2 displays the results of the swelling percentage 

measurement against pH changes, and Figure 3 displays 

the swelling results against time changes. Every composite 

has a maximum swelling point at a particular ideal pH level, 

according to the tests shown in Figure 2. At pH 7.4 and 1.2, 

respectively, the Chi/BC/Gr/TiO2 and Chi/BC/Gr/ZnO 

composites show the highest percentage of swelling. 

Because ZnO has an electrical charge that generates 

osmotic pressure, Chi/BC/Gr/ZnO composites typically 

have a larger swelling percentage than Chi/BC/Gr/TiO2 

composites at all pH values. According to George et al. 

(2019), this pressure leads to water molecules entering the 

composite to make up for it. Because ZnO prefers to 

disintegrate in acidic environments, the maximal swelling 

of Chi/BC/Gr/ZnO occurs at pH 1.2.  

 
 

 
Figure 2. Swelling Percentage of Composites Against pH 
Changes. 
 

A comparison study was conducted on the swelling 

behavior of Chi/BC composite with and without adding Gr, 

TiO2, and ZnO fillers. The findings revealed that the 

composites with fillers were more resistant to long-term 

immersion in acidic (pH 1.2) and alkaline (pH 8.4) 

conditions than the Chi/BC composite. The Chi/BC 

composite degraded after 120 minutes of immersion in 

acidic and alkaline conditions. Adding Gr in the composites 

prevented matrix degradation due to its hydrophobic 

nature. Hydrolysis reactions can break the glycosidic bonds 

in Chi and BC, leading to composite degradation. However, 

the hydrophobic nature of Gr inhibits the hydrolysis 

reaction during immersion, thus preventing matrix 

degradation.  

 
 

 
Figure 3. Swelling of Composites with Time Change 
in (a) Acidic and (b) Basic Conditions. 

 
 

Mechanical Properties 

The results of mechanical property tests, including 

tensile strength and Young's modulus, are presented in 
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Figure 4. Additionally, Chi/BC composites were tested for 

comparison purposes. Adding filler to composites has been 

found to increase their tensile strength and Young's 

modulus values. Specifically, adding Gr has been found to 

produce better mechanical properties, including higher 

tensile strength and Young's modulus values, compared to 

Chi/BC composites. This is likely due to the interfacial 

adhesion of Gr to Chi. Adding metal oxides can also 

improve the composite's mechanical properties. 

The improvement in mechanical properties with the 

addition of TiO2 and ZnO could be due to hydrogen bonds 

formed between the metal oxides and the chitosan or BC 

polymers, as described by Anaya-Esparza et al. (2020) and 

Ekanayake & Godakumbura (2021).  Composites with the 

addition of ZnO have been found to have much higher 

tensile strength and Young's modulus values than those 

with the addition of TiO2. This is consistent with previous 

research and suggests that Chi/BC/Gr/ZnO composites are 

harder and more pressure-resistant than Chi/BC/Gr/TiO2 

composites. These findings were reported by Yenier et al. 

(2016) and Suryanegara et al. (2021). The higher value of 

mechanical properties in the composites with ZnO addition 

could be due to the stronger electrostatic interaction 

between the -NH2 group of chitosan and the Zn2+ ions of 

dissolved ZnO, compared to the electrostatic interaction 

between the -NH2 group and Ti atoms of TiO2.  

 
 

 
Figure 4. Tensile Strength and Young’s Modulus Graphs 
of Composites. 

 
 

Table 3 compares the tensile strength values of 

Chi/BC/Gr/TiO2 and Chi/BC/Gr/ZnO with composites 

from a previous study. The composite Chi/BC/Gr/TiO2 has 

a lower tensile strength than Chi/Cellulose/TiO2, while the 

opposite is true for Chi/BC/Gr/ZnO, which has a higher 

tensile strength than Chi/Cellulose/ZnO. This difference 

could be due to the addition of Gr and the use of different 

methods.  

 

Table 3. Comparison of Composites' Tensile Strength with 
Previous Research. 

Composite 

Tensile 

Strength 

(Mpa) 

Chi/BC/Gr/TiO2 22.18 

Chi/Cellulose/TiO2 (Rahmi et al., 2021) 158.57 

Chi/BC/Gr/ZnO 39.14 

Chi/Cellulose/ZnO (Sun et al., 2022) 10.69 

 

 

EDS Analysis 

The graph in Figure 5 shows that the Ti and Zn intensity 

peaks appear together, indicating that TiO2 and ZnO are 

successfully dispersed in the composite. The graph shows 

that the composition of Zn atoms is almost twice as high as 

that of Ti atoms. This may be due to the agglomeration of 

ZnO at a certain point, as shown in Figure 6. This also 

affects the porosity of Chi/BC/Gr/ZnO, as shown in the 

illustration in Figure 6.  

 
 

 
Figure 5. EDS Graph of (a) Chi/BC/Gr/TiO2 and (b) 
Chi/BC/Gr/ZnO. 
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Figure 6. Chi/BC/Gr/TiO2 and Chi/BC/Gr/ZnO Surfaces and Illustration of Composite. 

 
Based on the information in Figure 6, the 

Chi/BC/Gr/TiO2 composite surface appears flatter than 

that of Chi/BC/Gr/ZnO. The TiO2 metal is also more evenly 

dispersed than ZnO. In the Chi/BC/Gr/ZnO composite case, 

the ZnO metal is clustered at one point. Additionally, Figure 

6 illustrates the layers of each composite. The illustration 

shows that the ZnO agglomerates cover the pores of the 

composite, leading to a lower porosity value of 

Chi/BC/Gr/ZnO 

 

FTIR Analysis 
 

According to Figure 7, Chi/BC/Gr/TiO2 and 
Chi/BC/Gr/ZnO composites had changes in the intensity 
and wavelength shifts of their absorption peaks compared 
to Chi/BC and Chi/BC/Gr composites. The FTIR spectrum 
of the composite showed an O-H absorption peak, which is 
typical for BC produced with tofu waste media (Ulfa et al., 
2023). The absorption peak also came from the O-H and N-
H vibrations of Chi (Wahid et al., 2019). 

 
 
 

 
Figure 7. FTIR Spectra of Composites
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Other typical absorptions of Chi include N-H stretching, 
N-H bending, and C-O and C-O-C vibrations of the glycoside 
bond and glucose ring (Anaya-Esparza et al., 2020; Arikibe 
et al., 2021; Kalyani & Khandelwal, 2021). The appearance 
of N-H bending and C=O stretching amide absorption 
indicates that the Chi used has a degree of deacetylation 
below 100%. Typical TiO2 and ZnO absorption appeared in 
the fingerprint region at wave numbers 648 and 559-674 
cm-1 respectively (Rahmi et al., 2021; Shafiq et al., 2013). 

The O-H absorption peak in the composite, which 
includes Gr, TiO2, and ZnO, has moved to a lower 
wavenumber than the O-H peak in Chi/BC (3274 cm-1). This 
indicates an interaction between the filler, Chi, and BC. The 
addition of TiO2 and ZnO results in the widening of the O-H 
peak due to the formation of hydrogen bonds. This is 
discussed by Anaya-Esparza et al. (2020) and Ekanayake & 
Godakumbura (2021). Figure 8 illustrates the hydrogen 
bonding of Chi and BC with TiO2 and ZnO.  

 
 
 

 
Figure 8. Hydrogen Bonds Between Chi and BC with TiO2 and ZnO

According to Palanisamy et al. (2016), adding Gr to Chi 

decreases the intensity of N-H, C=O, and CH2 bending 

absorption. This is believed to be caused by interfacial 

adhesion between Gr and Chi. The interaction between the 

two materials is illustrated in Figure 9, which shows that 

the amine groups in the acidic solution can interact with 

the π bonds of Gr, producing cation-π interactions. As a 

result of this interaction, the absorption peak of C-H 

bending disappears. 

Adding TiO2 and ZnO increases the intensity of N-H, C=O, 
and CH2 bending. Chi and TiO2 interact through hydrogen 
bonding and electrostatic forces between the -NH2 group 
and Ti atoms. Similarly, Chi and ZnO also interact through 
hydrogen bonding, as ZnO particles bond with -NH2 groups. 
Unagglomerated ZnO particles create Zn2+ ions that form 
electrostatic interactions with Chi (Ekanayake & 
Godakumbura, 2021). Figure 10 illustrates the electrostatic 
interaction between ZnO and TiO2 particles with Chi. The 
figure suggests that free electrons in the amine group 
create an attractive force towards Ti atoms and Zn ions.  

 
 
 

 
Figure 9. Interaction Between Chi and Gr 

 

Wavenumber (cm-1) 
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Figure 10. Electrostatic Interaction of Chi with TiO2 and ZnO 

Antibacterial Activity 
 

The effectiveness of the antibacterial properties of the 

composite material is demonstrated in Figure 11. The 

graph in Figure 12 depicts the level of inhibition zone of the 

composite against bacteria. A filter paper soaked in TCH 

solution was used as the positive control for the 

experiment. 

The tested composite material did not show any 

antibacterial activity against S. aureus. This was because 

the composite did not contain TCH. However, the 

composite containing Gr, TiO2, and ZnO is expected to be 

antibacterial. The absence of an inhibition zone on the 

composite material could be attributed to using 

maltodextrin as a cross-linking agent. Previous studies 

have shown that maltodextrin can reduce the inhibitory 

ability of active substances against bacteria (Hasanuddin et 

al., 2019). This is because maltodextrin can block the film's 

diffusion pathway and reduce antibacterial agents' 

effectiveness (Kiamco et al., 2015). 

The composite material that includes TCH has been 
found to have a higher bacterial inhibition rate than the 
positive control (filter paper soaked with TCH). This 
suggests that the composite material could be used as a 
drug carrier agent. Chi/BC/Gr/ZnO is one of the 
composites tested and showed the highest inhibition zone. 
This was mainly due to the TCH loading process, where 
pre-soaking the composite material in an acidic TCH 
solution allowed more TCH molecules to enter the pores of 
Chi/BC/Gr/ZnO, which has optimal swelling properties in 
acidic pH. As the percentage of swelling increases, the 
amount of drug contained in the composite material also 
increases (Mali et al., 2018).  

 
 
 

 
Figure 11. Antibacterial Activity of (a) Chi/BC/Gr/TiO2, (b) Chi/BC/Gr/ZnO, and (c) 
Positive Control 

 

 
Figure 12. Inhibition Zone of Composites 
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Drug Release Kinetics 
 

The graphs in Figure 13 illustrate the results of the 
kinetics test data plots. Table 4 presents the R2 and k values 
for each kinetics model. The release of TCH from the matrix 
in this experiment happened in two stages. The Chi/BC/Gr/ 
TiO2 composite followed the Hixson-Crowell kinetics 
model in both stages, with the R2 value being 0.9971 in the 

first stage and 0.8666 in the second stage. Due to surface 
erosion, the composite tends to release TCH parallel to the 
composite plane (Tian et al., 2020). The process of TCH 
release is affected by the surface area of the composite 
(Bruschi, 2015). The composite size can be adjusted to 
control the drug release system with this composite based 
on the factors that affect the drug release mechanism of the 
Chi/BC/Gr/TiO2 composite (Abukhadra et al., 2019).  

 
 

Table 4. R2 and k Values of Composites Based on Several Kinetics Models. 

 
Figure 13. Plotting Results of Several Kinetics Models 

Composite 
Zero Order First Order Higuchi Hixson-Crowell 

Korsmeyer-
Peppas 

R2 k R2 k R2 k R2 k R2 K 
Chi/BC/Gr/TiO2* 0.9961 0.1 0.9955 0.0009 0.9928 1.9 0.9971 0.003 0.9765 0.1 
Chi/BC/Gr/ZnO* 0.8947 0.2 0.8880 0.0019 0.9366 3.6 0.8976 0.005 0.9631 0.3 
Chi/BC/Gr/TiO2** 0.8505 0.1 0.8362 0.0006 0.8282 2.6 0.8666 0.003 0.8001 0.3 
Chi/BC/Gr/ZnO** 0.8608 0.1 0.8554 0.0009 0.8430 3.7 0.8655 0.004 0.8186 0.4 
*First stage   **Second stage 
  

Jurnal Akta Kimia Indonesia, [2024], [vol.17]  1-12 | 9 
This article is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. 



 

 

 

 

PAPER Indo. Chim. Acta 

View Article Online 

The Chi/BC/Gr/ZnO composite drug release was 

analyzed using the Korsmeyer-Peppas kinetics model. The 

R2 value obtained was 0.9631, indicating that the drug 

release in the first stage followed this model. The diffusion 

exponent (n) value is 0.3, less than 0.5. Therefore, the drug 

release mechanism from the composite is considered to 

follow the pseudo-Fickian diffusion mechanism, according 

to Bayer's study in 2023. This mechanism is like the Fickian 

model, except that the final equilibrium of solvent 

absorption by the composite is slower in the pseudo-

Fickian model, resulting in a slower drug diffusion process, 

as found in Bercea et al.'s study in 2016. This suggests that 

the drug release from Chi/BC/Gr/ZnO composites between 

30 to 120 minutes is mainly controlled by the drug 

diffusion process rather than the swelling or relaxation 

process of the matrix polymer chains, as stated in Bruschi's 

study in 2015. In the second stage, drug release followed 

the Hixson-Crowell kinetics model, indicating that from the 

150th to the 240th minute, drug release tends to be 

influenced by erosion. 

  

Conclusion 
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