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AbstractChitosan was widely used as a supporting material for enzyme immobilization. However, the non-conductive properties of chitosancould be a severe problem in the application of biosensors with electrochemical detection. This research aimed tomodify the chitosancryogel with Fe3O4 nanoparticles for glucose biosensor application. The glucose biosensor used glucose oxidase enzyme as biologicalsensing element which was immobilized on the working electrode of electrochemical detection. Chitosan-Fe3O4 composite cryogelwas used as supporting material for glucose oxidase immobilization. The detection optimization was also performed by varying theoperating conditions such as buffer pH and reaction temperature. The result showed the optimum conditions were the additionof Fe3O4 nanoparticles for 4% (w/v), phosphate buffer solution of 100mMwith pH of 7.0, and reaction temperature at 25°C. Theglucose determination showed linearity for increasing oxidation peak and decreasing reduction peak with the glucose concentration,with regression equation of y = -6.804x – 104.32 and y = 4.5872x + 133.37 respectively. Furthermore, the limit of detection and limitof quantification for oxidation peaks were 0.38 mM and 1.25 mM respectively. The reduction peak showed a limit of detection of0.32 mM and a limit of quantification of 1.07 mM.
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1. INTRODUCTION

Glucose detection methods are still challenging to develop due
to the increase in diabetes mellitus cases every year. About
43% of the 3.7 million deaths are due to diabetes mellitus and
mainly occur in developing countries (World Health Organi-
zation, 2016) . During covid-19 pandemic, diabetes mellitus
is more dangerous than the top four comorbid diseases, with
34.5% of positive conrmation covid-19 had diabetes melli-
tus, and 11.6% have died from covid-19 had diabetes mellitus.
Furthermore, COVID-19 cases with comorbid diabetes had a
3.9-fold higher risk of death compared to those without dia-
betes (Wulandari et al., 2022) .

The technological change encourages researchers to de-
velop detection methods. Glucose in blood samples gener-
ally could be detected using a biosensor, where the biological
sensing elements combine with a physicochemical detector.
Recently, enzymatic glucose biosensors have been widely de-
veloped using glucose oxidase enzymes with electrochemical
detection. Glucose oxidase immobilization on the working elec-
trode of electrochemical detection needs a supporting material
such as chitosan, albumin, or acrylamide. However, most of
the polymers for enzyme immobilization are non-conductive

substances that could reduce the electron transfer of the elec-
trochemical detection system. Several strategies have been
reported to improve the conductivity of enzyme-supporting
material in biosensor development, such as incorporating the
multiwalled carbon nanotubes in the chitosan cryogel (Fatoni
et al., 2013) , polyaniline grafting to the acrylamide (Fatoni
et al., 2014) , nickel ferrite nanoparticles in alginate (Fatoni
et al., 2021) , and zinc oxide nanoparticle on the eggshell mem-
brane (Aini et al., 2015) . The use of carbon nanoparticles
such as graphene and carbon nanotube provides advantages
performance of glucose biosensors, however, the complex pro-
cedure of the carbon materials preparation causes relatively
expensive to be applied in the biosensor market. On another
side, the Fe3O4 nanoparticles were easy to prepare with a low-
cost materials precursor, making it more realistic to apply in
the biosensor market. In this research, we develop the cryo-
gel supporting material made of chitosan-Fe3O4 nanoparticle
composite for glucose biosensor supporting material. The cryo-
gel form of enzyme-supporting materials has been reported
to show several advantages such as large surface area, high
sensitivity, high enzyme immobilization capacity, and ease of
preparation (Fatoni et al., 2021; Samanman et al., 2015; Sezen
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et al., 2021).

2. EXPERIMENTAL SECTION

2.1 Materials
Chitosan from crab shell is highly viscous, glucose oxidase from
Aspergillus niger (type II, >= 15000 U/g solid), glutaralde-
hyde 25%, albumin from bovine serum (BSA), and glucose
anhydrous (≥ 98.0%) were purchased from Sigma (Germany).
NiCl2.6H2O, FeCl3.6H2O, hydrogen peroxide 30%, sodium
hydroxide, disodium hydrogen phosphate, and sodium dihy-
drogen phosphate were from Merck-milipore (Germany).

2.2 Apparatus and Measurements
An electrochemical study was performed using a Potentiostat
(Rodeostat, IORodeo Smart Lab Technology, US) with cyclic
voltammetry method, using three electrode system of graphite
as working electrode, stainless steel as counter electrode and
Ag/AgCl (KCl 3 M) as a reference electrode. The morphol-
ogy of chitosan cryogel was observed using Scanning electron
microscopy (SEM) (JSM-6510 LA, JEOL, Japan), operating
at 15 kV. The nanoparticle of Fe3O4 was observed using a
transmission electron microscope (TEM).

2.3 Fe3O4 Nanoparticles Synthesis and Characterization
Fe3O4 nanoparticles were synthesized using the coprecipita-
tion method (Ba-Abbad et al., 2022) by dissolving FeSO4 and
FeCl3 into 30 mL of distilled water with a concentration of
1M and 2 M, respectively. The FeSO4 and FeCl3 were then
mixed homogenously and heated at 60°C. Then 60 mL of 0.5
M NaOH was added dropwise to the mixture, homogenized
using a magnetic stirrer, and continued heating at 80°C for
1 hour. The nanoparticles were formed as dark brown pre-
cipitation and separated using a centrifuge. Furthermore, the
obtained particles were rinsed using distilled water seven times
and heated at 90°C for 3hr. The nanoparticles were then calci-
nated at 800°C for 1h. The obtained Fe3O4 nanoparticles were
characterized using transmission electron microscopy (TEM,
JEOL JEM1400, Japan).

2.4 Electrode Modication
Chitosan cryogel on the working electrode has been prepared
according to the previous study (Fatoni et al., 2013) . Chitosan
solution of 2% (w/v) was prepared in 1% (v/v) acetic acid solvent.
Then the Fe3O4 nanoparticles were added to the chitosan solu-
tion for 2 g per 100 mL chitosan solution, to obtain Chi-Fe3O4.
The Chi-Fe3O4 solution was added with 2.5% glutaraldehyde
solution as a crosslinker with a ratio of 1:100. The mixture
was then dropped on the surface of the working electrode. The
working electrode was then kept at -20°C for 12h, continued by
thawing at 4°C for 1h to make chitosan cryogel. The modied
electrode has then tested performance using cyclic voltamme-
try to determine the oxidation and reduction peak of H2O2
solution in 50 mM phosphate buer with a pH of 7.0. The
cyclic voltammetry parameters used were a potential range of
-1.0 to 1.0 V and a scan rate of 0.1V/s with 5 cycles for each

measurement, performed using a potentiostat with Ag/AgCl as
reference electrode and platinum wire as the counter electrode.

2.5 Modied Electrode Optimization
2.5.1 Fe3O4 Nanoparticles Addition
This study was conducted to determine the optimal condition
of the modied electrode with the addition of Fe3O4 nanoparti-
cles since the nanoparticle addition could increase the electron
transfer, but it could increase the production cost of the biosen-
sor. The addition of Fe3O4 nanoparticles varied between 1; 2;
3; 4; and 5 g/100 mL of chitosan solution. The modied work-
ing electrode was tested using H2O2 solution using the cyclic
voltammetry method to observe the behavior of nanoparticle
addition with increasing reduction or oxidation peaks. Optimal
conditions were determined by the highest oxidation and re-
duction peaks to change with the lowest nanoparticles addition.

2.5.2 Buer Concentration
The modied electrode was fabricated to detect glucose using
the enzyme glucose oxidase to produce an electroactive spec-
imen of H2O2. The determination of H2O2 in the solution
using an electrochemical detector was facilitated by the pres-
ence of ions, therefore, the concentration of buer solution
would be greatly aecting the hydrogen peroxide determina-
tion. In this study, the phosphate buer varied between 25;
50; 100; 150; and 200 mM as the solvent of the H2O2 ana-
lyte. The cyclic voltammetry condition used was the same as
the previous procedure. The highest oxidation or reduction
peaks changes with the increased buer concentration would
be selected as the best condition of buer concentration.

2.5.3 Buer pH
This study was conducted to determine the optimal pH of the
carrier buer which showed the modied working electrode
provides the highest sensitivity. The pH test was carried out
at pH 6.5; 6.75; 7; 7.25; and 7.5. The modied working
electrode was tested using cyclic voltammetry to detect a 5 mM
H2O2 solution in a certain buer concentration. The peaks
of oxidation and reduction of the cyclic voltammogram were
observed and a curve of the relationship between pH and the
resulting current was made. Optimal conditions were shown
for the buer pH provided the highest sensitivity.

2.5.4 Temperature Eect
The temperature eect was studied to determine the optimal
temperature for the modied electrode provide the best condi-
tion in the hydrogen peroxide determination. The temperature
behavior on the modied electrode was also crucial for enzyme
catalysis in the glucose determination using immobilized glu-
cose oxidase. Determination of the optimal temperature was
performed under optimum buer concentration and pH. Var-
ious temperatures used were 20, 25, and 30°C in the H2O2
determination under optimum conditions performed using
cyclic voltammetry.
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2.6 Glucose Determination
Glucose determination was performed using immobilized glu-
cose oxidase on the modied working electrode. Glucose oxi-
dase was dissolved in the optimum phosphate buer pH and
concentration. The chitosan-based modied electrode was
then added 100 `l of 2.5% glutaraldehyde solution and kept
at room temperature for 30 min. The modied electrode was
then rinsed with demineralized water to remove the excess of
glutaraldehyde solution. The immobilization was performed
by drooping 50 `l glucose oxidase solution (1U/`l) to the
surface of the activated modied electrode and kept at 4°C
for 12h. The standard glucose solution was determined using
cyclic voltammetry under optimum conditions. The obtained
oxidation/reduction peak with the concentration was used to
calculate the linearity, limit of detection, and limit of quanti-
cation.

3. RESULT AND DISCUSSION

3.1 Fe3O4 Nanoparticle Synthesis
The synthesis of Fe3O4 nanoparticles in this study was carried
out by the coprecipitation method using FeCl2 and FeCl3 pre-
cursors. The coprecipitation method is a chemical process that
brings solutes down to form the desired precipitate. The most
widely used iron salts to form Fe3O4 nanoparticles were FeCl2
and FeCl3 with the precipitating compounds generally NaOH,
NH4OH or in some case used tetramethyl ammonium hy-
droxide (TMAOH). This research used NaOH as precipitating
agent. The magnetite compounds began to form at pH 9-14 .
Therefore, in the Fe3O4 nanoparticle synthesis process, NaOH
was added dropwise until it reached pH 11 at the reaction tem-
perature of 100°C. Furthermore, the precipitate was separated,
washed, and dried.

The ratio of Fe2+:Fe3+ of 1:2 is intended to obtain high-
purity magnetite because this ratio is stoichiometric (Mascolo
et al., 2013) . Several factors can determine the parameters in
the synthesis of iron oxides, including iron salts, alkaline media,
and temperature. The reaction for the formation of Fe3O4
nanoparticles through the coprecipitation method using Fe2+

and Fe3+ which are reacted in an alkaline environment are as
follows Laurent et al. (2008) and Ravikumar and Bandyopad-
hyaya (2011) :
Fe3+ + 3OH− → Fe(OH) 3 (s)
Fe(OH) 3 (s) → FeOOH (s) + H2O
Fe2+ + 2OH− → Fe(OH) 2 (s)
2FeOOH (s) + Fe(OH) 2 (s) → Fe3O4 (s) + 2H2O
The overall reaction was:
2Fe3+ + Fe2+ + 8OH− → Fe3O4 (s) + 4H2O

Themorphology of obtained Fe3O4 nanoparticles observed
using a transmission electron microscope showed a rod-like
shape with length of about 40 nm and width of about 3-5
nm (Figure 1A). The rod-like shape was similar to previously
reported of Fe3O4 nanoparticles with great magnetic properties
(Han et al., 2015) . Previous studies were also reported that the
Fe3O4 nanoparticles produced by the coprecipitation method

ranged from 2 nm to 51 nm (Liu et al., 2006; Mürbe et al.,
2008; Petcharoen and Sirivat, 2012).

Figure 1. Fe3O4 Nanoparticles Morphology was Observed
Using a Transmission Electron Microscope (A), Chitosan
-nanoparticles Cryogel was Observed Using a Scanning
Electron Microscope (B)

3.2 Electrode Modication
Electrode surface modication used chitosan as supporting ma-
terial in cryogel form (Figure 1B) for enzyme immobilization
combined with Fe3O4 nanoparticles as an electron transfer
improver. Chitosan has been selected due to its biocompati-
bility, non-toxic and easy to prepare as well as maintain the
enzyme activity in the biosensor development (Fatoni et al.,
2013) . However, chitosan showed a low electrical conductivity
of 1.91 × 10−4 `S/cm (Marroquin et al., 2013) , therefore,
in biosensor applications using electrochemical detection, chi-
tosan needs to be combined with conductive materials. This
research used Fe3O4 nanoparticles to improve chitosan con-
ductivity, which was previously reported for electrical conduc-
tivity improvement of polyvinyl alcohol (Ramesan et al., 2018) ,
polyaniline (Zhang et al., 2019) , poly (vinylidence uoride)
(Cheng et al., 2019) , and PVA-PEG-PVP blend (Hashim et al.,
2018) . Chitosan-Fe3O4 nanoparticle composite was prepared
in cryogel form for better enzyme immobilization and provided
large surface area of substrate-enzyme interaction (Fatoni et al.,
2013) . The modied electrode using chitosan-Fe3O4 nanopar-
ticles composite in cryogel form showed a better performance
of electron transfer compared to chitosan without nanopar-
ticle or bare electrode without modication (Figure 2). The
chitosan with and without nanoparticles were also dierent
spectrum analyzed using Fourier Transform Infrared Spec-
troscopy (FTIR) (Figure 3). The chitosan structure contains
-OH, N-H, C-H, and C-O. IR spectrum at 3448.72 cm−1

showed the vibration of -OH overlapped with N-H. A weak
peak at 2931.80 cm−1 showed an aliphatic -CH- stretching
band, and the spectrum at 1635.64 cm−1 and 1257.59 cm−1

showed the vibrations of the C=N group of chitosan amines
Absorption at 1095.57 cm−1 indicated the presence of a C-O
group of the chitosan. The presence of Fe3O4 nanoparticles
showed at 578.64 cm−1, which was indicated as the vibration of
Fe-O typically at 560-650 cm−1 (Agrin et al., 2016) . The high
peak at 3448.72 cm−1 showed the more hydrogen bonding in
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the chitosan-nanoparticles compare to the chitosan alone.

Figure 2.Modied Electrode (Blue) Using Chitosan-Fe3O4
Nanoparticles Composite, Chitosan Modied Electrode (Red)
and Non-modied Electrode (Green) Cyclic Voltammogram
Hydrogen Peroxide Determination

Figure 3. The FTIR Spectrum of Chitosan (Blue Line ) and
Chitosan–Fe3O4 Nanoparticle Composite (Red Line)

3.3 Modied Electrode Optimization
3.3.1 Fe3O4 Nanoparticles Addition
Fe3O4 nanoparticles are one of the phases of iron oxide which
is amphoteric and showed a homogenously spherical shape
with the particle size of 10-18 nm (Koesnarpadi et al., 2015) .
Other properties of Fe3O4 nanoparticles are high surface en-
ergy, low toxicity, biocompatible material, superparamagnetic
behavior, high absorption capacity and the ability to transfer
electrons (Ganapathe et al., 2020) . Therefore, the addition
of Fe3O4 nanoparticles on the chitosan for working electrode
modication could increase the sensitivity in the detection of
redox reactions. However, excess Fe3O4 nanoparticles would
also be costly in biosensor fabrication. The optimum amount
of Fe3O4 nanoparticles addition should be studied in according
to get the best modication formula. The results of the opti-
mization analysis of the addition of Fe3O4 nanoparticles can

Figure 4. The Eect of Nanoparticles Addition on the
Performance of the Modied Electrode

be seen in Figure 4. Increasing the number of nanoparticles
from 1% to 3% showed an increasing oxidation current peak,
however, the further addition of nanoparticles of 4% and 5%
did not showed a signicant increasing of the oxidation peak
currents. Therefore, the best composition of chitosan com-
posite was the addition of 3% (3g/100mL chitosan). The rst
nanoparticle addition showed increasing number of electron
transfer, however, the excess of nanoparticles did not show a
signicant increasing the electron transfer due to the limitation
of the working electrode surface area.

3.3.2 Buer Optimization
Buer concentration is one of the most critical factors that can
aect the sensitivity of biosensors, especially biosensors using
electrochemical detection. The redox reaction of the electro-
chemical cell needs ions in the medium for electron transfers
between the electrodes. Buer concentration was related to
the amount of ion both hydrogen as cations and hydroxy as
anions, whereas the buer pH was related to the proportion
of the anion and cation in the medium. In another side, the
buer concentration and pH would also eects enzyme activ-
ity by supporting the appropriate ionic condition for the best
enzyme three-dimensional structure. Therefore, the change in
buer concentration could aect the enzyme activity as well as
biosensor sensitivity.

The result showed oxidation current increased with the ad-
dition of buer concentration of 25 mM to 10 mM and then
decreased afterward (Figure 5), therefore, the amount of the
appropriate ions in the medium for hydrogen peroxide was
best on the concentration of buer of 100 mM. The ions in the
electrochemical medium consist of cations and anions. The
acidic pH provides more cations compared to the alkaline pH
medium in the electrochemical detection. The results showed
that increasing pH from 6.5 to 7.0 increase the oxidation cur-
rent peaks, whereas the further increasing pH of 7.0 to 7.5
slightly decreases the oxidation current of hydrogen peroxide
determination (Figure 6). The electrochemical detection of
the analyte required the t condition between the amount of
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the ions, represented by the concentration of the buer and
the type of ions represented by the buer pH. Therefore, the
pH of 7.0 was the best condition for the modied electrode to
detect hydrogen peroxide.

Figure 5. Eect of Buer Concentration on the Modied
Electrode Performance to Detect Hydrogen Peroxide Using
Cyclic Voltammetry

Figure 6. Eect of Buer pH on the Modied Electrode
Performance to Detect Hydrogen Peroxide

3.3.3 Temperature Eect
Temperature in the reaction related to the energy of the species
such as ions in the electrochemical cell. Increasing tempera-
ture resulted in a higher energy of the electrolyte therefore
resulting dierent behavior of redox potential in the cyclic
voltammogram. The increasing temperature would also in-
crease the mobility of ions, related to the oxidation – reduction
peak height in the CV. However, the electrochemical detec-
tion in the biosensor where enzyme used as biological sensing
element, the high temperature reaction could disturb the three-
dimensional structure of the protein and decrease the enzyme
activity. In this research, the temperature of 20 to 30°C were
observed on the modied electrode for hydrogen peroxide de-
termination. The result showed an increasing temperature of
20°C to 25°C would also increase the oxidation peak, whereas

the higher temperature of 30°C showed the decreasing of the
oxidation peak (Figure 7). Increasing temperatures from 20°C
to 25°C resulted in higher molecular collision between reac-
tant resulted in higher reaction product, showed in the higher
response of the modied electrode. Therefore, 25°C was the
best temperature for the modied electrode on the hydrogen
peroxide determination.

Figure 7. Eect of Temperature on the Modied Electrode
Performance for Hydrogen Peroxide Determination

3.3.4 Glucose Determination
The modied electrode using chitosan–Fe3O4 nanoparticle
composite cryogel as supporting material uses glucose oxidase
enzyme for glucose biosensing element. The glucose oxidase
was immobilized using glutaraldehyde which allow binding
the amine group of chitosan in one side and amine group of
glucose oxidase in another side. The composition, buer and
temperature used was the optimum condition in the previous
optimization steps. The result showed the oxidation peak in-
creased with the increase of glucose concentration (Figure 8a).
The oxidation peaks of the glucose determination using the fab-
ricated biosensor showed at about 0.25 V and reduction peaks
of about -0.3 V against Ag/AgCl reference electrode. The main
advantage of the fabricated glucose biosensor was used low ap-
plied potential for both reduction and oxidation peaks. The
low applied potential could avoid the common interference of
ascorbic acid and uric acid. This low applied potential was bet-
ter than previously reported glucose biosensor using chitosan
as supporting material such as graphene oxide–cobalt-Chitosan
at 0.6V (Kim et al., 2022) , chitosan–Au–Ti nanoparticles at
0.8V (Lipińska et al., 2021) , chitosan–gold nanoparticle at
0.7V (Luo et al., 2004) and chitosan–functionalized graphene
at 0.3V (Zou et al., 2019) . Furthermore, both the oxidation
and reduction peaks showed linear responses with regression
equation of y = 4.5872x + 133.37 for oxidation peaks (Figure
8b) and y = -6.804x - 104.32 for reduction peaks (Figure 8c).
Furthermore, the limit of detection and limit of quantication
have been calculated using the obtained regression equation.
For glucose detection based on the oxidation potential, the cal-
culated LOD and LOQ were 0.32 mM and 1.07 respectively.
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Figure 8. Glucose Determination Using the Fabricated Biosensor Showed Oxidation and Reduction Peaks (a) with a Linear
Response for Both Oxidation (b) and Reduction (c) of Standard Glucose Solution from 5 mM to 25 mM

Whereas for the reduction potential-based glucose determina-
tion, the calculated LOD and LOQ were 0.38 mM and 1.25
mM, respectively.

4. CONCLUSION

The glucose biosensor has been fabricated using glucose oxidase
enzyme and chitosan-Fe3O4 nanoparticles cryogel as support-
ing material for enzyme immobilization. The best condition
for the chitosan-nanoparticles composite was Fe3O4 nanoparti-
cles addition of 4% (w/v). The optimum condition for glucose
biosensor measurements were buer pH of 7.0, buer concen-
tration of 100 mM and reaction temperature of 25°C. Under
the optimum condition, the glucose biosensor showed liner re-
sponses of y = -6.804x – 104.32 and R2 of 0.999 for reduction
potential and regression equation of y = 4.5872x + 133.37 dan
R2 of 0.999 for oxidation potential.
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