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 Abstract: In this study, chitosan was modified with Fe3O4 and glucose to enhance its 
capacity and effectiveness in adsorbing phenol from organic waste. XRD analysis revealed 
distinct differences between unmodified chitosan and the Fe3O4/glucose-modified version, 
with the resulting nanocomposite showing a particle size of 17.21 nm. FTIR spectra 
exhibited new, sharper peaks at 531 and 544 cm−1, indicating interactions between 
chitosan and Fe3O4 via the nitrogen atom in the NH2 group. VSM characterization 
showed a saturation magnetization of 63.4 emu/g, confirming that the 
chitosan/Fe3O4/glucose nanocomposite is superparamagnetic. SEM analysis revealed an 
uneven, porous surface, while the morphology displayed dark Fe3O4 spots dispersed across 
a lighter chitosan matrix. The optimal adsorption condition was achieved at a contact 
time of 60 min, with an adsorption efficiency of 16.46%. In addition to reducing phenol 
content in wastewater, the modified nanocomposite also exhibited antibacterial activity 
against Staphylococcus aureus and Escherichia coli. This multifunctional material offers 
a promising solution for wastewater treatment, targeting both organic pollutants and 
pathogenic bacteria to help address water pollution challenges. 
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■ INTRODUCTION 

Water pollution caused by organic waste is a serious 
environmental issue that has attracted serious attention 
over the past few decades. Organic pollutants such as 
phenol are particularly concerning due to their potential 
to cause severe damage to aquatic ecosystems [1]. Phenol 
waste originates from various industrial activities, 
including petroleum refining, petrochemicals 
production, coal conversion, pulp and paper 
manufacturing, and industries that produce phenol 
resins. According to the United States Environmental 
Protection Agency (US EPA), phenol is classified as 
priority pollutants, with its concentration in wastewater 
not exceeding 1 mg/L [2]. 

These contaminants are commonly discharged 
from numerous industrial sectors, such as petroleum, 
petrochemicals, coal conversion, pulp and paper, 
pesticides, pharmaceuticals, and phenol resin production 
[3]. In addition to their environmental impact, phenol 
poses significant health risks. It is toxic and can lead to 
both acute and chronic health problems, including 
respiratory issues, muscle weakness, tremors, coma, skin 
irritation, vertigo, anorexia, and diarrhea [4-5]. Therefore, 
the removal of phenol from wastewater is crucial for 
protecting both public health and aquatic ecosystems. 

Various treatment methods have been developed 
for phenol removal, including coagulation, chemical 
oxidation, solvent extraction, membrane filtration, and  
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reverse osmosis [6]. However, these methods often come 
with disadvantages, such as high operational costs, 
excessive sludge generation, and challenges in waste 
disposal [5]. Among these, adsorption is considered one 
of the most promising techniques due to its high 
efficiency and the absence of harmful by-products [7]. 
Activated charcoal is widely used for phenol adsorption, 
but its high cost limits its large-scale application [8]. 
Therefore, the development of cost-effective and efficient 
alternative adsorbents is urgently needed. 

One such promising material is chitosan, a 
deacetylated derivative of chitin found in the shells of 
Crustaceans and fungal cell walls. Chitosan is typically 
produced from chitin through a deacetylation process, either 
by using strong alkaline solutions at high temperatures or 
via enzymatic treatment. It is non-toxic, biocompatible, and 
well known for its antibacterial properties [9]. Despite these 
advantages, chitosan’s adsorption capacity is relatively 
low. Its surface area and adsorption efficiency can be 
significantly enhanced by forming nanocomposites with 
iron oxide nanoparticles, particularly magnetite (Fe3O4) 
[10]. For example, a Fe3O4/chitosan/ZIF-8 nanocomposite 
has shown phenol adsorption of up to 77.21% within 
43.33 min at pH 9.91 [11]. To further improve stability 
and adsorption performance, these composites are often 
functionalized with organic molecules [12]. 

In this study, the chitosan/Fe3O4 is modified using a 
reducing sugar derived from sugarcane bagasse hydrolysis 
[13]. Bagasse is a widely available agricultural byproduct 
from sugar mills in Indonesia and can be utilized for 
bioethanol production. Through hydrolysis, cellulose in 
bagasse is converted into glucose, which serves as the 
reducing sugar. This process breaks down lignocellulosic 
biomass into its sugar monomers, and enzymatic 
hydrolysis is preferred due to its environmentally friendly 
nature [14]. In this research, the modification of 
chitosan/Fe3O4 nanocomposite with glucose via the 
Maillard reaction is explored to enhance its phenol 
adsorption capacity. The resulting material is also 
expected to exhibit antibacterial properties. 

■ EXPERIMENTAL SECTION 

Materials 

Shrimp shell waste from white shrimp was collected  

from West Tanjung Jabung Regency, Jambi. Sugarcane 
dregs (barley) were sourced from Jambi City. The 
chemicals used in this study included: distilled water (PT 
Rofa Laboratorium Center), glacial acetic acid 100% 
(Merck), Escherichia coli ATCC 11775 
(ThermoScientific), Staphylococcus aureus ATCC 33591 
(ThermoScientific), nutrient agar (NA), hydrochloric 
acid (HCl) 37% (Merck), phenol (Merck), sodium 
hydroxide (NaOH, Merck), 96% ethanol (Merck), 
FeCl2·4H2O (Merck), FeCl3·6H2O (Merck), sulfuric acid 
95–97% (Merck), and parafilm tape (Bemis). 

Instrumentation 

The instruments used in this research included a 
complete set of laboratory glassware, oven, blender 
(Miyako), 100 mesh sieve, hydrothermal autoclave 
reactor (GEA), reflux apparatus, incubator (Memmert 
IN55), powder X-ray diffraction (XRD) patterns of the 
composite was recorded on a powder X-ray 
diffractometer (MiniFlex600, Rigaku), infrared 
spectrum was recorded on a Fourier Transform Infrared 
(FTIR IRSPIRIT QATR-S, Shimadzu), vibrating sample 
magnetometer (VSM), transmission electron 
microscope (TEM), while the surface morphology was 
observed by a scanning electron microscope (Hitachi 
SU3500). Phenol concentration was analyzed using a 
UV-vis spectrophotometer (BEL photonics). 

Procedure 

Synthesis of chitosan 
Shrimp shell waste was boiled for 15 min and dried 

in an oven at 110–120 °C. After drying, it was blended 
and sieved using a 100-mesh sieve. The synthesis of 
chitosan involved three main steps: demineralization 
with 1.5 M HCl, deproteinization with 3.5% NaOH, and 
deacetylation with 60% NaOH. The resulting chitosan 
was characterized using XRD, FTIR, SEM and TEM. 

Synthesis of chitosan/Fe3O4 nanocomposites 
Chitosan/Fe3O4 nanocomposites were synthesized 

using coprecipitation followed by a hydrothermal 
method. A total of 1.99 g of FeCl2·4H2O and 5.41 g of 
FeCl3·6H2O were dissolved in 100 mL of distilled water 
and mixed with 1 g of chitosan. The mixture was 
transferred into a Teflon-lined hydrothermal reactor 
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and heated at 150 °C for 12 h. The resulting precipitate 
was separated using a magnet, washed several times with 
ethanol and distilled water, and then dried in an oven at 
70 °C for 24 h. The final product was characterized by 
XRD, FTIR, SEM, TEM, and VSM. 

Extraction of glucose 
The sugarcane bagasse was washed and sun-dried 

for 48 h. Glucose was extracted by hydrolysis: 5 g of 
bagasse was placed in a 100 mL Erlenmeyer flask, then 
0.1 M H2SO4 was added. The mixture was hydrolyzed at 
121 °C for 15 min, filtered, and the glucose content was 
analyzed. 

Modification of chitosan/Fe3O4 nanocomposite with 
glucose 

A 1% (w/v) solution of chitosan/Fe3O4 
nanocomposite was dissolved in 1% (v/v) acetic acid. 
Then, 1% (w/v) glucose was added and stirred until fully 
dissolved. The mixture was refluxed at 65 °C for 1–7 days, 
depending on the observation of color change. The 
resulting mixture was neutralized to pH 6 using 2 M 
NaOH, then centrifuged at 8000 rpm for 15 min. The 
supernatant was dialyzed in distilled water for 4–6 days, 
and the dialyzed product was dried in an oven at 70 °C. 
The chitosan/Fe3O4/glucose nanocomposite was 
characterized using FTIR, XRD, SEM, VSM, and TEM. 
Solubility testing was conducted using glacial acetic acid 
for both modified and unmodified samples. 

Preparation of stock solution and phenol standards 
A phenol stock solution (1000 mg/L) was prepared 

by dissolving 1 g of phenol in distilled water and diluting 
to 1 L in measuring flask. This stock solution was serially 
diluted to prepare standard solutions of 25, 50, 75, 100, 
and 150 mg/L. These solutions were used to evaluate the 
adsorption capacity of the chitosan/Fe3O4 nanocomposite 
(control) and the glucose-modified nanocomposite. 
Absorbance was measured at the maximum wavelength 
using a UV-Vis spectrophotometer, and a calibration 
curve was constructed. 

Phenol adsorption study 
Phenol adsorption was studied by varying pH and 

contact time under constant temperature. A total of 0.05 g 
of adsorbent was added to 50 mL of 25 mg/L phenol 

solution and stirred using a horizontal shaker at time 
intervals of 10, 20, 30, 40, 50, 60, and 70 min. The 
remaining phenol concentration in solution was 
measured using a UV-vis spectrophotometer after 
separating the adsorbent with the magnet. 

Antibacterial test 
The antibacterial activity was evaluated using the 

disk diffusion method against S. aureus and E. coli. 
Nanocomposite solutions were prepared at 
concentrations of 0, 12.5, 25, 50, 100, and 200 μg/mL. 
Each petri dish containing nutrient agar was inoculated 
with the test bacteria, and 10 μL of each nanocomposite 
concentration was applied onto 6 mm sterile paper 
disks. The disks were placed on the agar surface, sealed 
with parafilm, and incubated at 37 °C for 24 h. 

■ RESULTS AND DISCUSSION 

The synthesis of chitosan from shrimp shell waste 
involved several stages, including deproteinization, 
demineralization, decolorization, and deacetylation. 
The shrimp shell waste was initially prepared by boiling, 
drying, and separating it from the shrimp meat. Before 
undergoing chemical treatment, the dried shells were 
ground to 80-mesh size. The shrimp shell waste and the 
resulting chitosan are shown in Fig. 1. Deproteinization 
was carried out by adding 3.5% NaOH solution to the 
shrimp shells to break protein bonds. The resulting 
material was then treated with HCl in the 
demineralization step to remove minerals bound to the 
chitin. The release of CO2 gas indicated the reaction 
between hydrochloric acid and mineral salts in the shrimp 
shells [15]. Decolorization using sodium hypochlorite 
was then performed to remove pigments such as 
astaxanthin,  responsible for the  reddish-orange color of  

 
Fig 1. (a) Shrimp shell waste and (b) chitosan synthesis 
results 
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of shrimp shells [16]. Untreated chitin appeared 
brownish, while after treatment it became significantly 
whiter. Finally, deacetylation was conducted using 60% 
NaOH to convert acetyl groups into amine groups, 
yielding chitosan. From 50 g of shrimp shells, 28 g of 
chitosan were obtained, resulting in a yield of 56%. 

Characterization of Synthesized Materials 

The nanocomposite was synthesized using the 
hydrothermal method, with chitosan as the precursor and 
Fe3O4 synthesized via coprecipitation from FeCl2·2H2O 
and FeCl3·6H2O using NaOH as the precipitating agent. 
Successful synthesis of Fe3O4 was confirmed by its 
magnetic response, as shown in Fig. 2. A 1:1 mass ratio of 
chitosan to Fe3O4 was used for nanocomposite synthesis. 
The resulting chitosan/Fe3O4 powder is shown in Fig. 2. 
The chitosan/Fe3O4/glucose nanocomposite had a black 
to brownish-black appearance, and a weaker magnetic 
response than pure Fe3O4 due to the non-magnetic nature 
of chitosan [17]. 

Bagasse was pretreated by washing, soaking and 
sun-drying for 48 h, and cutting into fine fibers. 
Delignification using NaOH and ammonia (1:1) removed 
11.57% of lignin. Lignin is dissolved in NaOH and 
ammonia. Lignin is bound to the NaOH and ammonia 
solution so that salt is formed, and then the salt dissolves 
in water during the washing process [18]. The 
delignification process was carried out on nanocomposite 
was 7.00 g and after delignification process, it decreased 
to 6.19 g. This corresponds to an approximate weight loss 
of 11.58% due to delignification treatment. Hydrolysis 
was performed on 5 g of sugarcane bagasse using 50 mL 
of 0.1 M H2SO4 at 121 °C for 15 min. the solution was 
filtered, and glucose content was measured. Hydrolysis of 
glucose from bagasse resulted in a product yield of 84.6% 
with a total glucose content of 1.1%. 

Modification of chitosan/Fe3O4 nanocomposite with 
glucose (1:1 ratio) in acetic acid resulted in a brownish-
black gel (Fig. 2). The solubility test on 
chitosan/Fe3O4/glucose nanocomposite was observed by 
dissolving the nanocomposite in glacial acetic acid. The 
first experiment was carried out by adding 10 mL of 
glacial acetic acid, and chitosan was dissolved, but there 
were  still  lumps  of  nanocomposite  powder.  Then when  

 
Fig 2. Synthesis of (a) Fe3O4 powder, (b) chitosan/Fe3O4 
nanocomposites, and (c) chitosan/Fe3O4/glucose 
nanocomposites 

10 mL of glacial acetic acid was added, the 
nanocomposite dissolved completely, and there were no 
lumps. A solubility test in glacial acetic acid showed 
improved dissolution at higher volumes, indicating 
better quality chitosan [19]. 

Structural and Functional Group Characterization 

All of the synthesized materials are then 
characterized using XRD, FTIR, VSM, SEM, and TEM 
to examine their composition and morphology. The 
synthesized materials were characterized by using XRD 
to analyze chitosan that has been modified with glucose 
by observing the diffraction peaks. In Fig. 3, XRD 
patterns graph, a peak with increasing intensity was 
found at an angle (2θ) of 30–40°. In chitosan, which has 
been modified with Fe3O4 and glucose, several peaks are 
different from those in chitosan. The differences in the 
peaks produced indicate that Fe3O4 and bagasse have 
been distributed in chitosan. 

The XRD patterns of chitosan show that chitosan 
has a characteristic diffraction peak at 19.6°. Based on 
the characterization data, this angle is also owned by 
chitosan/Fe3O4 nanocomposites and 
chitosan/Fe3O4/glucose nanocomposites which have the 
same peak. Based on JCPDS standard data for Fe3O4 No. 
00-019-0629 has an angle of 2θ with 6 characteristic 
peaks, namely at 30.05°, 35.42°, 43.05°, 53.40°, 56.94° 
and 62.52° [20]. The diffractogram results in Fig. 3(b) 
show that chitosan/Fe3O4 nanocomposite has been 
successfully synthesized. The diffractogram results in Fig. 
3(c) show that the chitosan/Fe3O4/glucose nanocomposite 
has been successfully synthesized, which can be proven by 
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Fig 3. XRD results of (a) chitosan, (b) chitosan/Fe3O4 

nanocomposite, and (c) chitosan/Fe3O4/glucose 
nanocomposite 
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Fig 4. FTIR spectra of (a) chitosan, (b) chitosan/Fe3O4 
nanocomposite, and (c) chitosan/Fe3O4/glucose 
nanocomposite 

 
the standard data of JCPDS No. 00-021-1272 which has 
an angle of 2θ with 6 characteristic peaks, namely at 24.8°, 
37.3°, 47.6°, 53.5°, 55.1°, and 62.2°. There were some 
significant differences between Fig. 3(b) and 3(c), where 
Fig. 3(c) shows more peaks including 53.5°, 55.1°, 62.2°, 
67.97°, and 69.08°. When compared between chitosan/ 
Fe3O4 nanocomposite and chitosan/Fe3O4/glucose 
nanocomposite, many new angles were formed in the 
chitosan/Fe3O4/glucose nanocomposite. So, it can be 
concluded that chitosan/Fe3O4/glucose nanocomposite 
was successfully made because there are angles that 
support each characteristic of glucose [21]. The crystal 
size of the chitosan/Fe3O4/glucose nanocomposite was 
calculated using the Scherer formula at the highest peak 
angle of 2θ. Based on the calculation results, the particle 
size of the chitosan/Fe3O4/glucose nanocomposite was 
17.21 nm. 

The FTIR analysis was utilized to analyze the 
chitosan obtained from shrimp shell waste, chitosan/Fe3O4 
nanocomposites, and chitosan/Fe3O4/glucose 
nanocomposites, allowing for the identification of their 
specific functional groups. In Fig. 4, it can be seen that 
there is a slight change in the IR spectrum that is not too 
significant. There is a typical absorption band in chitosan 
at wave number 3277 cm−1, which indicates the presence 
of O−H stretching that overlaps with the N−H group. 

This is marked by the presence of a wide and sharp 
absorption band. The area of 2895 indicates the presence 
of aliphatic C−H stretching. Absorption at wave number 
1590 indicates the C=O stretching bond of the acetamide 
group found in the main chain of chitosan. Absorption 
at 1400 suggests the presence of a C−N bond, while in 
the area of 1019 is the C−O stretching group. O−H, 
N−H, C=O, and C−O are typical functional groups of 
chitosan [22]. 

Chitosan/Fe3O4 nanocomposites and chitosan/ 
Fe3O4/glucose nanocomposites show spectrum 
characteristics that are almost the same as chitosan, but 
there are some shifts. In addition, new peaks at 531 and 
544 cm−1 appeared, which were relatively sharper, 
indicating the interaction between chitosan and Fe3O4 
through the nitrogen atom in NH2. The shift to the lower 
wave set in C=O stretching of chitosan when magnetite 
and glucose corporate into the framework happened due 
to bond formation as a result of the composite being 
synthesized. The data of characteristic peaks in chitosan, 
chitosan/Fe3O4 nanocomposites and chitosan/Fe3O4/ 
glucose nanocomposites are attached in Table 1. 

The characterization using VSM is performed as 
well to examine and determine the magnitude of magnetic 
properties caused by changes in the external magnetic 
field of Fe3O4 as magnetite nanoparticles, changes in the  
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Table 1. Interpretation data of functional groups from FTIR spectra on chitosan, chitosan/Fe3O4 nanocomposites, and 
chitosan/Fe3O4/glucose nanocomposites 

Wavenumber (cm−1) 
Functional groups 

Chitosan Chitosan-Fe3O4 
Chitosan-Fe3O4-glucose 

nanocomposite Wavelength range 

3277 3243 3207 3500–3100 −NH 
3600–3200 −OH 

2895 2940 2933 2970–2850 −CH (CH2) 
1591 1557 1562 1700–1550 C=O (NHCOCH2−) 
1400 1404 1402 1600–1350 C−N 
1019 1019 1021 1300–900 C−O (C−O−C) 

- 531 544 800–400 Fe−O 
 
magnetic field in chitosan/Fe3O4 nanocomposites, and 
changes in the magnetic field in chitosan/Fe3O4/glucose 
nanocomposites. The resulting curve of the analysis is 
shown in Fig. 5. The hysteresis curve shows the 
relationship between magnetization (M) and the external 
magnetic field (H). The highest saturation magnetization 
value is in Fe3O4, with a value of 78.56 emu/g. The results 
obtained experienced changes to the saturation moment 
of pure Fe3O4 with a value of 92 emu/g. The saturation 
value can be impacted by the occurrence of impurities in 
magnetic particles. In chitosan/Fe3O4 nanocomposites 
and chitosan/Fe3O4/glucose nanocomposites, there was a 
decrease in the saturation moment due to the addition of 
non-magnetic chitosan and glucose. Particle arrangement 
density can also influence the reduction in saturation 

magnetization, making it easy to interact with particles 
that produce magnetic moments. The denser the 
particles are in the composition of a particle, the greater 
the number of magnetic moments, and the amount of 
magnetic energy will also increase so that its magnetic 
properties will also increase [23]. The VSM saturation 
value of chitosan/Fe3O4/glucose nanocomposites is 
63.4 emu/g, which means that it is superparamagnetic, 
which is good so that it can be applied as an attractor 
particle to separate compounds. 

Morphological Analysis 

Characterization using SEM was performed to 
determine the surface morphology of the resulting 
nanocomposite.  The SEM result  of chitosan in  Fig. 6(a)  

 
Fig 5. Hysteresis curves of Fe3O4, chitosan/Fe3O4 nanocomposites, and chitosan/Fe3O4/glucose nanocomposites 
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shows the surface of chitosan that has a non-smooth 
structure with few granules, while Fig. 6(b) shows the 
surface of the chitosan/Fe3O4/glucose nanocomposite that 
has many granules with a lighter color. The difference in 
morphological structure shows the difference between 
pure chitosan and chitosan that has been added with 
Fe3O4 and glucose. Fe3O4 and glucose become a coating 
and stick to the outside of the chitosan. The 
chitosan/Fe3O4/glucose nanocomposite is in the form of 
lumps, indicating agglomeration between particles. This 
is because each particle in chitosan/Fe3O4/glucose has 
strong magnetic properties so they tend to approach each 
other [24]. 

Chitosan/Fe3O4/glucose nanocomposites were also 
characterized using TEM. The purpose of 
characterization using TEM is to see the morphological 
characteristics of chitosan/Fe3O4/glucose nanocomposites 
by looking at the crystal structure, determining particle 
size, and analyzing the microstructure. Based on Fig. 7, 
the results of the chitosan/Fe3O4/glucose nanocomposite 
morphology or internal structure are obtained. The 
chitosan/Fe3O4/glucose nanocomposite has a unified and 
stacked structure known as aggregation. TEM photos 
show a distribution pattern. In the image, there are dark 
and bright centers. Darker points spread to the brighter 
parts. In this image, an aggregate phase is visible with a 
darker black color intensity at several points, indicating the 
aggregation of Fe3O4 particles. According to the results of 
previous studies on Fe3O4 agglomeration, there is a quite 
large agglomeration, and particles tend to form clusters 
[25]. Based on the results of diameter measurements at 
several particle points, the particle size of the 
chitosan/Fe3O4/glucose nanocomposite shows the size of 
nanoparticles with an average measurement of 7.3 nm. 

Phenol Adsorption Study 

Determination of the optimum condition based on 
the pH solution is determined in phenol pH ranging from 
2–7. Based on Fig. 8, the optimum pH condition of phenol 
is 4 with an adsorption percentage of 27.67%. The higher 
the concentration of H+ ions, the greater the protonation 
of the adsorbent active group with the presence of OH for 
chitosan, from NH2

+ to NH3
+. This leads the adsorption of 

phenol to decrease because no more free electron pairs can 

 
Fig 6. SEM morphology of (a) chitosan and (b) 
chitosan/Fe3O4/glucose nanocomposite 

 
Fig 7. TEM characterization results of 
chitosan/Fe3O4/glucose nanocomposites 

 
Fig 8. The effect of pH on adsorption of chitosan and 
chitosan/Fe3O4/glucose nanocomposites on phenol 

bind. Meanwhile, at pH 4, phenol is thought to have a 
higher affinity to bind to the adsorbent active group, so 
there is an increase in the amount of phenol adsorbed. 
Then the amount of phenol adsorbed decreases with 
increasing pH. 

The effect of phenol adsorption time by 
chitosan/Fe3O4/glucose nanocomposite aims to find the 
optimum time in the phenol adsorption process. The 
effect of time is an important factor in the adsorption 
process to see the collision interaction between the 
adsorbent and adsorbate. The time used for the 
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adsorption process was varied, i.e., 20, 30, 40, 50, 60, and 
70 min. The concentration of residual phenol was 
calculated using a UV-vis spectrophotometer with a 
wavelength of 760 nm. The following curve of the effect of 
time on the amount of phenol being adsorbed is presented 
in Fig. 9. The chitosan/Fe3O4/glucose nanocomposite 
absorbs more phenol than chitosan. The longer the 
adsorption contact time on phenol, the higher the 
adsorption concentration. In the chitosan/Fe3O4/glucose 
nanocomposite, there is an increase and decrease in the 
adsorption concentration due to the influence of the 
phenol that is adsorbed at that time, which is not yet 
stable. The optimum time for phenol absorption on 
chitosan and chitosan/Fe3O4/glucose nanocomposite is 
60 min. Chitosan and chitosan/Fe3O4/glucose 
nanocomposite at that minute have reached equilibrium, 
with adsorption percentages of 7.18 and 16.46%, 
respectively. At optimum conditions, the surface of the 
adsorbent will be filled with phenol so that it cannot 
absorb the adsorbate because the surface of the adsorbent 
is fully occupied [26]. 

Antibacterial Activity 

The antibacterial activity of the synthesized chitosan/ 
Fe3O4/glucose nanocomposite was evaluated against E. coli 
and S. aureus using the disk diffusion method. The results 
showed that the diameter of the inhibition zones varied 
depending on the concentration of the nanocomposite. 
Higher concentrations led to larger inhibition zones, 
suggesting stronger antibacterial activity [27]. 

As shown in Fig. 10, the type of bacteria significantly 
influenced the inhibition zone size. The nanocomposite 
exhibited greater antibacterial efficacy against E. coli 
compared to S. aureus. This can be attributed to 
differences in bacterial cell wall structure. The 
nanocomposite adheres to the bacterial cell wall, 
penetrates the membrane, and disrupts cellular function, 
leading to cytoplasmic leakage and bacterial death [28]. In 
addition to its phenol adsorption capability, the 
chitosan/Fe3O4/glucose nanocomposites demonstrate 
promising antibacterial properties, making it a 
multifunctional material for wastewater treatment. 

 
Fig 9. The effect of contact time on adsorption of 
chitosan and chitosan/Fe3O4/glucose nanocomposites 

 
Fig 10. Diameter of the inhibition zone of chitosan/ 
Fe3O4/glucose nanocomposite in E. coli and S. aureus 

■ CONCLUSION 

This study demonstrated the successful of a 
chitosan/Fe3O4/glucose nanocomposite with phenol 
adsorption capacity of 16.46% at 60 min and antibacterial 
activity against S. aureus and E. coli. For greater 
reproducibility and optimization, further studies involving 
pH and temperature variation are recommended. 
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