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Hydrogen peroxide (H2O2) is extensively used for sterilization purposes in the food industries and pharmaceuticals as an
antimicrobial agent. According to the Food and Agriculture Organization (FAO), the permissible level of H2O2 in milk is in the
range of 0.04 to 0.05% w/v, so it has been prohibited to use as a preservative agent. Herein, we reported the electrochemical
sensing of H2O2 in milk samples using an activated glassy carbon electrode (AGCE). For this purpose, activation of GCE was
carried out in 0.1 M H2SO4 by continuous potential sweeping between −0.7 to 1.8 V for 25 cycles. The AGCE showed a redox
peak at -0.18 V in the neutral medium corresponding to the quinone functional groups present on the electrode surface. AGCE was
studied in (pH 7.4) 0.1 M PBS for the electro-catalysis of H2O2. The surface of the activated electrode was analysed by Raman
spectroscopy and contact angle measurements. In addition, for the activated surface, the contact angle was found to be 85° which
indicated the hydrophilic nature of the surface. The different optimization parameters such as (1) effect of electrolyte ions, (2)
electrooxidation cycles, and (3) oxidation potential windows were studied to improve the activation process. Finally, AGCE was
used to detect H2O2 from 0.1 to 10 mM and the limit of detection (LOD) was found to be 0.053 mM with a linear correlation
coefficient (R2) of 0.9633. The selectivity of the sensor towards H2O2 was carried out in the presence of other interferents. The
sensitivity of the AGCE sensor was calculated as 17.16 μA mol cm−2. Finally, the commercial application of the sensor was
verified by testing it in milk samples with H2O2 in the recovery range of 95%–98%.
© 2022 The Author(s). Published on behalf of The Electrochemical Society by IOP Publishing Limited. This is an open access
article distributed under the terms of the Creative Commons Attribution 4.0 License (CC BY, http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted reuse of the work in any medium, provided the original work is properly cited. [DOI: 10.1149/
2754-2726/ac7c78]
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Hydrogen peroxide (H2O2) is a well-known effective bactericidal
and sporicidal agent.1,2 In the food, pharmaceutical and medical
industries, liquid and vapour phases of H2O2 were commonly used to
eliminate bacterial contaminants.3,4 It is also used for controlling
microbial deterioration of relevant products in the food industries.5

Apart from various applications, H2O2 is one of the major
adulterants found in milk that has been commonly reported in the
developing countries.6–8 The practice of using H2O2 is to activate the
essential lactoperoxidase enzyme system which improves the quality
of raw dairy products in the region where cooling is not extensively
available.9 The Food and Drug Administration (FDA) of the USA
has permitted to use of H2O2 in the production of cheese.10 Due to
the chemical process that takes place inside the milk, it can contain
only 1–2 mg l−1 of H2O2, this concentration range must be ten times
high to terminate the pathogens.11 If the concentration of H2O2

increases which in turn leads to negative consequences on the
consumers.12,13 The high concentration of H2O2 in the human
system may lead to the degradation of various nutritional compounds
which is vital for the physiological role.14 The common beverages
such as tea and coffee contain 100 μM of H2O2.

15 Therefore, it is
more important to track the concentration of H2O2 in important food
samples. Apart from the above examples, H2O2 is also formed due to
knock-on effect in various enzyme catalysed reactions such as
glucose, lactate and cholesterol oxidase reactions.16 As a result,
the increased level of H2O2 may lead to carcinogenesis and cardiac
arrest in humans.17 For a healthy person, the H2O2 concentration
should be <10 nM in blood and plasma, however, it may increase in
the plasma samples collected from the unhealthy persons (from

1–5 μM).18 Until now many researchers have attempted to detect the
H2O2 through various methods such as electrochemical,19–21

chromatography,7 colorimetric,22,23 luminescent,24 and spectropho-
tometric methods.25,26

Over the past decades, diverse types of carbon-based electrodes
have been developed with various scopes and sensitivity for
electroanalytical detection of important analytes.27–31 The electron
transfer rate can be enhanced by the pretreatment of carbon-based
electrodes to observe an outstanding effect in the electrochemical
activity.32 Activation of the working electrodes has been carried out
by various routes: (i) sweeping to a high positive potential, (ii)
holding the electrode at a constant potential for a short period of
time,33–35 (iii) applying heat treatment,36 (iv) ultrasonic polishing,37

(v) oxygen plasma treatment,38 (vi) mechanical activation,39,40 etc.
Thereby, electroanalytical properties have been improved after the
electrode was activated which was ascribed to the attribution of
surface functional groups and hydrophilicity.41,42 As of now, many
nanostructured carbon materials namely carbon nanotube (CNT),
mesoporous carbon and graphene were used as the heterogeneous
catalyst or catalyst support to improve the catalytic efficiency of the
electrochemical reaction.43 At a point of thriving interest, the carbon
materials by themselves may act as an electrocatalyst during the
reaction. Considering all the factors of carbon as the electrode
material, we have decided to use the glassy carbon (GC), a non-
graphitic carbon form, which was obtained by the pyrolysis of
certain polymeric precursors. GC structure consists of discrete
fragments of curved carbon planes which resembled imperfect
fullerene. GC was synthesized at the temperature above 2000 °C
which showed a network of stacked graphite with the random and
tangled structure of carbon planes of dense structure.44

The oxidation of carbon material might occur at high anodic
potential that would give rise to the deterioration of the electrode
surface and also the electrochemical performance of the catalyst mayzE-mail: ashok.sundramoorthy@gmail.com
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get affected in terms of oxidation or reduction potential shift.44–46 In
some cases, the electrochemical oxidation of carbon could be beneficial
for electrochemical sensors because oxidized surface may lead to faster
electron transfer kinetics.47 Generally, the electrochemical activity of
the materials can be improved by incorporating the active functional
groups via. thermal, chemical or electrochemical treatment. For
examples, CNTs synthesized with the defects on their sidewalls or on
the both end of the tubes were considered as edge plane-like defects,
which promoted the electrocatalytic activity of CNTs towards various
bio-molecules/chemicals.28 Prasad et al. reported that introduction of
edge plane carbonyl groups on the screen-printed electrode that
enhanced the electron transfer rate of NADH oxidation.48

Understanding the benefits of oxygen functionalities and edge plane-
like sites on the activated GCE (AGCE), they found to be beneficial for
various applications. The carbon-based electrodes could enhance the
electron transfer rate of an analyte’s oxidation or reduction process after
the pre-treatment due to various factors (increased hydrophilicity,
oxygen containing functional groups, surface roughness, etc).49

Generally, the electrochemical activation process may generate some
functional groups like hydroxyl, carboxyl, and quinone on the surface of
the GCE. These functional groups could act as electron transfer
mediators in a reaction that can improve the sensitivity and selectivity
of the sensors.

In this study, we have reported the electrocatalytic reduction of
H2O2 on an activated GCE in PBS. Firstly, GCE was oxidized in
0.1 M H2SO4 which resulted in quinone like redox peak on the GCE
that was used for the electro-reduction of H2O2 at a reduced
overpotential of −0.4 V with enhanced peak current (Scheme 1).
The activated electrode’s surface was analysed by Raman spectro-
scopy and contact-angle measurements. Secondly, we have opti-
mized the various parameters such as selection of electrolytes,
number of electrooxidation cycles, and oxidation potential windows
to achieve the best performance against H2O2. As-prepared AGCE
showed a linear response for H2O2 in the range from 0.1–10 mM
with high selectivity compared to other interfering compounds.
Finally, the application of the AGCE was demonstrated by sensing
of H2O2 in milk samples with good recovery percentages.

Experimental

Materials and characterizations.—Sulphuric acid (H2SO4),
sodium hydroxide (NaOH), hydrogen peroxide (H2O2) (30%),
sodium dihydrogen phosphate monohydrate (H2NaPO4.H2O), and
sodium phosphate dibasic heptahydrate (Na2HPO4.7H2O) were
purchased from Sigma-Aldrich, India. Ascorbic acid (AA), Oxalic
acid (OA), Dopamine (DA) and Uric acid (UA) were purchased
from SRL, India. All the chemicals were used without further
purifications. Distilled water (18.2 MΩ cm@ 25 ± 2 °C) was
obtained from a Millipore ultrapure water system. Raman spectra
were recorded using the 633 nm laser at an average of 5 spots
(LabRAM HR evolution, Horiba) connected to an Olympus imaging

microscope (Labspec6 Raman software). The contact-angle was
measured using Drop master (DMs-401), Kyowa Interface Science
Co., Ltd. Electrochemical studies were performed by using an
electrochemical workstation (CHI-760E, CH Instrument, USA). A
conventional three-electrode system was employed with the Ag/
AgCl (3 M KCl) and platinum wire as a reference and counter
electrodes.

Pre-treatment of bare GCE.—Initially, a bare GCE (3 mm φ)
was polished with a series of 1 μm, 0.3 μm and 0.05 μm alumina
slurries on a cleaning pad to achieve a mirror-like surface. After that,
GCE was sonicated in deionized water and ethanol for a few
minutes. Finally, GCE was rinsed with deionized water and dried.

Electrochemical activation of GCE.—The electro-activation of
GCE or SPE (screen-printed carbon electrode received from CH
Instruments, USA) was carried out in 0.1 M H2SO4.

44,49 The
activation process was carried out by sweeping the working
electrode (GCE) in the potential range between −0.7 and 1.8 V for
25 cycles at a scan rate of 50 mV/s. During this oxidation process,
various functional groups (carbonyl, carboxyl, quinone, etc.) were
generated on the surface of GCE. As-prepared AGCE exhibited a
redox peak at −0.1 V50 with a high peak current of 2 μA due to the
surface bounded redox functional groups (hydroquinone). Compared
to bare GCE, AGCE showed a current efficiency higher than 20%,
which involved in the electroreduction process of H2O2.

Scheme 1. Schematic representation of AGCE activation process for the electro-catalytic reduction of H2O2.

Figure 1. Raman spectra were recorded for (a) ASPE and (b) SPE using the
wavelength of 633 nm laser.
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Results and Discussion

Raman spectroscopy.—The Raman spectra were recorded for the
bare SPE and ASPE (electro-activated screen-printed carbon elec-
trode) with the excitation wavelength of 633 nm. Both the unmodi-
fied SPE and ASPE showed the major “D” (at 1369 cm−1) and “G”
bands (at 1572 cm−1) corresponded to the structural deformation on
the sp2 carbon network and also due to the plane stretching motion
of sp2 carbon atoms (Figs. 1a–1b).51 Compared to untreated SPE
(curve b), ASPE showed a higher disorder “D” band and enhanced
“G” band which indicated a high degree of surface oxidation and
functionalization (Fig. 1, curve a). The rate of electro-oxidation and
defects created on the electrode surface was analysed by the ID/IG
ratio.52,53 The ID/IG ratio for the bare SPE was 0.83. In the case of
ASPE, due to higher disorder and defects on the surface, the ID/IG
ratio was increased to 1.01 (Fig. 1, curve a). It further indicated the
presence of more defects on the ASPE54,55 as confirmed by Raman
spectra. It was expected that the activated electrode could help in the
electrochemical reduction of H2O2 compared to the bare SPE.56

Contact angle measurements.—The wetting properties of the
solid electrode surface by a liquid can be done using the contact
angle measurement. When the contact angle value is less than 90°,
then it is known as a hydrophilic surface. If it is more than 90°, then
it is called as a hydrophobic surface.57 The wettability nature of the
surface was studied for bare SPE as shown in Fig. 2a, where the
contact angle of the bare SPE was 126°. This showed that the bare
SPE surface was hydrophobic in nature before electro-oxidation.
However, for ASPE, the contact angle was found to be 85° which
clearly indicated the hydrophilic surface was formed by the electro-
activation process (Fig. 2b). This process was also resulted in the
generation of hydroxyl, carboxyl and quinone groups on the
electrode surface.56

Electro-reduction of H2O2 on AGCE.—To ascertain the electro-
catalytic activity of the AGCE against H2O2, cyclic voltammograms
(CVs) were recorded in (N2 saturated) 0.1 M PBS using both bare
GCE and AGCE. When the potential was scanned between 0.5 and
−0.8 V, the bare GCE showed only the non-faradaic current
response. Even after the addition of 1 mM H2O2, bare GCE did
not exhibit a reduction peak current of H2O2 (Fig. 3, curves i and ii).
Interestingly, when the AGCE was cycled in the same potential
window, a new redox peak was appeared. During the electro-
activation process, the quinone-like groups were formed on the
GCE surface which exhibited the redox peak at −0.18 V in 0.1 M
PBS. Next, the AGCE was scanned in the same potential window
with 1 mM H2O2 in 0.1 M PBS. It was noted that the electro-
reduction peak of H2O2 appeared at −0.4 V with a high cathodic

peak current (2.5 μA) (Fig. 3, curves iii and iv). From this
observation, we found that AGCE had high catalytic activity against
H2O2 than the bare GCE. This enhanced electro-catalytic activity of
AGCE can be credited to the surface covered quinone-like functional
groups which acted as the electron transfer mediator for the
reduction of H2O2 (Scheme 2). The functional groups of the
AGCE might have transferred the electrons to H2O2 and reduced
the overpotential of H2O2 reduction. This electro-activation process
was simple and easy to do in a short period of time, so this method
can be adopted for the electrochemical reduction of H2O2.

Effect of electrolytes on the activation process.—The role of
electrolyte ions in the electro-activation process was studied using
different electrolytes. For this purpose, GCE was separately oxidized
in 0.1 M NaOH as given in the experimental section . Similarly, we
have also employed other electrolytes such as acetate buffer, H2SO4

and PBS for electro-activation process. After that, every one of
AGCE’s was used to record CVs in 0.1 M PBS. As shown in
Fig. 4A, all of them exhibited a redox peak at −0.18 V, which
corresponded to the redox process of functional groups present on
the GCE surface (quinones). We have also compared the reduction
peak currents of each modified electrode. It was confirmed that GCE

Figure 2. Contact angle measurements were made on the (a) SPE and (b) ASPE substrates.

Figure 3. CVs were recorded using bare GCE in 0.1 M PBS (pH 7.4) in the
absence (curve i) and presence of 1 mM H2O2 (curve ii). CVs were recorded
using AGCE in 0.1 M PBS (pH 7.4) in the absence (iii) and presence of
1 mM H2O2 (iv). Scan rate = 50 mV s−1.
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activated in 0.1 M H2SO4 showed higher peak currents compared to
other electrolytes (Fig. 4B). The mechanism of the activation process
can be explained as given below:

The oxidized GCE showed a redox peak at the formal potential
(E°′) of −0.18 V with high cathodic peak current of 1.8 μA. Due to
the high dissociation of 0.1 M H2SO4, the H+ and HSO4

− ions
attacked both cathode and anodes under the applied potential. The
H+ ion was reduced at the cathode meanwhile the SO4

2− attacked
the anode (GCE) and functionalized the electrode surface. It was the
reason for the highest degree of oxidation occurred in the H2SO4

solution. Figure 4A also showed that the degree of oxidation was
less on GCE when the acetate buffer was used which may be due to
the poor dissociation of ions. After the sulphuric acid, the AGCE
prepared in PBS showed high degree of oxidation with an activation
current of 1.4 μA. Relatively, AGCE prepared in NaOH shifted the
redox potential towards ∼0 V with a lower peak current. These data
indicated that electrolyte ions might have played a major role in the
activation process (Figs. 4A–4B). Finally, we have selected the
H2SO4 for the GCE activation process.58

Optimization of activation potential window.—Next, the effect
of the potential window on the activation process was also studied to
achieve the best activated GCE. For this study, AGCE was prepared
by potential sweeping in 0.1 M H2SO4 (between −0.7 and 1.0 V;
−0.7 and 1.2 V; −0.7 and 1.5 V; and −0.7 and 1.8 V) at the scan
rate of 50 mV s−1 for 25 cycles. After that CVs were recorded in
0.1 M PBS using all the AGCE’s. As shown in the CVs (Fig. 5A), in
the lower potential window (−0.1 to 1 V), the AGCE showed no
redox peak. It indicated that electrode oxidation did not take place
under the lower potential window’s (curves i and ii) (Fig. 5B). The
highest degree of activation was found under the applied potential of
−0.1 to 1.8 V in 0.1 M H2SO4. The maximum oxidation peak
current recorded was 1.9 μA (Fig. 5B). From these studies, it was
concluded that potential window of −0.1 to 1.8 V was required to
achieve higher activation on GCE in 0.1 M H2SO4. Under this high

applied potential, anions effectively attacked the surface of GCE and
created more functional groups.

Effect of potential cycles.—Furthermore, the number of CV
cycles required for effective oxidation of GCE was also optimized in
0.1 M H2SO4. CVs were recorded using various AGCE’s prepared
by controlled activation in the applied potential window of −0.1 to
1.8 V by only varying the number of CV cycles as 10, 20, 25 and 30
cycles in 0.1 M H2SO4. As shown in Figs. 6A–6B, when the number
of potential cycles were increased, the activation rate of GCE was
also increased. The highest oxidation peak current (2.2 μA) was
obtained for the AGCE prepared with 25 cycles. This study also
indicated that beyond 25 CV cycles, activation of GCE reached a
saturation point and peak currents started to decline for 30 cycles.
We further selected 25 CV cycles for the activation of GCE in 0.1 M
H2SO4.

Electrochemical characterization of AGCE and bare-GCE.—
The CVs were recorded using both bare GCE and the AGCE in
0.1 M KCl containing 5 mM [Fe(CN)6]

3−/4−. Both electrodes
exhibited redox peaks corresponding to the [Fe(CN)6]

3−/4− with
the peak-to-peak separation (ΔEp) of 100 mV and the formal
potential (E°’) was 0.2 V. Interestingly, AGCE showed an enhanced
oxidation peak current of about 32 μA which is higher than the bare
GCE (26 μA), it confirmed that AGCE had high electrocatalytic
activity (Fig. 7(A), curves i, ii). Next, AGCE was used to record CVs
at different scan rates from 10 to 100 mV s−1, it showed that peak
currents were increased with the scan rate. The linear plot was
prepared between the square root of scan rate and the reduction peak
currents. The linear regression equation was Y = −2.147 × 10−3 +
2.513 × 10−6 (R2 = 0.99). The active surface area of the electrode
was calculated using Randles-Sevcik equation (Eq. 1). The “n” is the
number of electrons, D is the diffusion coefficient of [Fe(CN)6]

3−/4−

(7.6 × 10−6 cm2 s-1), Co is the concentration (5 mM), (ν) scan rate
and A is the surface area of the electrode.

Scheme 2. Schematic representation of AGCE for the electro-catalytic reduction of H2O2.

Figure 4. CVs were recorded using AGCE in 0.1 M PBS (pH 7.4) after it activated in different electrolytes at a scan rate of 50 mV s−1. (i) acetate buffer, (ii)
NaOH, (iii) PBS and (iv) H2SO4. (B) Bar diagram shows the peak currents of AGCE against the different electrolytes used for the activation.
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Figure 5. CVs were recorded in 0.1 M PBS (pH 7.4) at a scan rate of 50 mV s−1 using various AGCE’s after it activated in 0.1 M H2SO4 by applying the
different potential window: from (i) −0.7 to 1 V, (ii) −0.7 to 1.2 V, (iii) −0.7 to 1.5 V and (iv) −0.7 to 1.8 V. (B) Bar diagram was plotted between different
potential windows used and reduction peak currents.

Figure 6. CVs were recorded using various AGCE’s in 0.1 M PBS (pH 7.4) at a scan rate of 50 mV s−1, after they have been activated with different potential
cycles: (i) 10, (ii) 20, (iii) 25 and (iv) 30 cycles. (B) Bar diagram shows the effect of potential sweep cycles vs. peak currents.

Figure 7. (A) CVs of (i) bare GCE (black) and (ii) AGCE (red) were recorded in 0.1 M KCl containing 5 mM [Fe(CN)6]
3−/4−. (B) The Nyquist plots were

recorded using (i) AGCE and (ii) bare GCE in 0.1 M KCl with 5 mM [Fe(CN)6]
3−/4− by applying an AC voltage with 5 mV amplitude.
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Using the above parameters, the “A” was calculated. The active
surface areas of the bare GCE and AGCE’s were found to be 0.11
and 0.58 cm2. Compared to GCE, the AGCE showed more surface
area. The conductivity of the electrode was also studied after electro-
activation using electrochemical impedance spectroscopy (EIS). The
Nyquist plots of bare-GCE and AGCE were recorded in 0.1 M KCl
containing 5 mM [Fe(CN)6]

3−/4− by applying an AC voltage with
5 mV amplitude as shown in Fig. 7B. Both of the electrodes showed
the Nyquist plots with the semicircle regions and the linear parts.
This EIS data was also analyzed by fitting to an equivalent electrical
circuit model as shown in Fig. 7B, inset. The solution resistance (Rs)
and charge transfer resistance of the electrode (Rct) were calculated.
The Rs of the electrode were about 50 ohm and the semicircle
portion indicated the Rct of the electrode. The Rct values for the bare
GCE and the AGCE were found to be 450 and 350 Ω. This data also
confirmed that AGCE had higher conductivity than the bare GCE,
which may be used as an effective electrode for the reduction of
H2O2.

59

Effect of scan rate.—Figure 8A illustrates the CVs recorded
using AGCE with different scan rates from 10 to 240 mV s−1 in
0.1 M PBS. When the scan rate increases, the redox peak currents
corresponding to the AGCE were increased. At the same time, the
peak potential was shifted a bit towards the higher positive potential.
The linear plot was made between the scan rate and the redox peak
currents of AGCE which showed the linear regression equation with
the R2values of 0.9972 and 0.9938 for the oxidation and the
reduction peak currents, respectively (Fig. 8B). The effect of scan
rate studies revealed that AGCE followed the surface-controlled
process.60

Detection of H2O2 using AGCE.—Figure 9A showed the
electrocatalytic activity of AGCE with the varying concentrations of
H2O2 from 0.1 mM to 10 mM. The corresponding reduction peak
currents were increased at the potential of −0.4 V upon the addition
of various concentrations of H2O2 from 0.1 mM to 10 mM.
However, after the addition of 10 mM concentration, the sensor
had reached the saturation level. The limit of detection (LOD) was
calculated using the formula of 3.3× standard deviation of the blank/
slope of the calibration curve.60 The obtained LOD was 0.053 mM
(Fig. 9B) which was compared with the other modified electrodes as
given in the table (Table I). The analytical sensitivity of the AGCE
was calculated to be 17.16 μAmol cm−2.

Selectivity of AGCE.—Selectivity of the electrochemical sensor is
an important factor, so the selectivity of AGCE was tested with the
other important interferent molecules such as AA, UA, glucose,
lactose, etc. along with H2O2 (Fig. 10A).30,60 The CVs were
recorded using AGCE in the presence of 1 mM of H2O2 in 0.1 M
PBS. Followed by, the same electrode was subjected to record CVs
with the equal concentration (1 mM) of each interfering substance.
As shown in Fig. 10A, AGCE responded selectively towards the
reduction of H2O2 compared to other interferent molecules. The high
selectivity of the sensor may be due to the unreactive nature of the
interferent molecules under this reduction potential range. Next, the
corresponding reduction peak currents were recorded after the
addition of each interferent molecules. The bar diagram represented
the changes in the reduction peak current of H2O2 after the addition
of interferent molecules. As shown in Fig. 10B, the reduction peak
current was decreased by about 8%, so we believe that this sensor
may be more suitable for the selective detection of H2O2 (Fig. 10B).

Oxygen reduction reaction (ORR) at AGCE.—AGCE was also
applied for the oxygen reduction reaction. CVs of the AGCE were
recorded in the O2 and N2 saturated 0.1 M PBS. In the presence of
dissolved oxygen in PBS, the AGCE showed a strong cathodic peak
with high reduction current at −0.45 V (Fig. 11A, curve i). The same
reaction was repeated in the N2 saturated solution, but the corre-
sponding O2 peak current was not observed at −0.45 V (curve ii).
These studies confirmed that AGCE had exhibited high electro-
catalytic activity for the reduction of H2O2 as well as O2. The AGCE
also differentiated both the H2O2 and O2 reduction peaks at different
potentials of −0.4 and −0.45 V, respectively.27 For comparison, O2

reduction was carried out in 0.1 M PBS using the bare GCE, but the
reduction of O2 was observed at a higher negative potential (−0.7 V)
with a lower peak current than the AGCE (Fig. 11B).

Stability study of AGCE.—The stability of the AGCE was studied
by CVs. The CVs were recorded continuously using a AGCE for 50
cycles. The peak currents of the AGCE were maintained stable up to
90%, even after several measurements (Fig. 12). The data confirmed
that as-prepared AGCE had exhibited good stability in the studied
potential range.

Real sample analysis.—We tested extracts collected from milk
samples after they were centrifuged at 15000 rpm. This step was
used to remove the milk proteins/fats which may affect the sensor
response.65,66 To the electrolyte solution, the obtained supernatant
portion of the milk sample was added and detection of H2O2 was
performed before and after the standard additions of H2O2. The

Figure 8. (A) CVs were recorded using an AGCE at different scan rates from 10 to 240 mV s−1 in 0.1 M PBS (pH 7.4). (B) A linear plot of redox peak currents
of AGCE (Ipa and Ipc) vs. scan rates.
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Figure 9. (A) CVs of AGCE were recorded in 0.1 M PBS (pH 7.4) containing different concentrations of H2O2 from 0.1 mM—10 mM at a scan rate of 50 mV
s−1. (B) A calibration graph was made between H2O2 reduction peak currents vs. [H2O2].

Table I. The comparison of the various reported electrochemical H2O2 sensors with the proposed method.

S. No. Electrode Modification Linear Range (mM) LOD (mM) References

1 HRP/chitosan–gelatin compositea) 0.1 to 1.7 0.05 61
2 PGG/graphene electrodeb) 0.1–3.5 0.15 62
3 HRP–TiO2/fCNT/GC

c) 0.5–7.5 0.81 63
4 Pt nanoflower 0.1–0.9 0.06 64
5 AGCE 0.1–10 0.053 This work

a) HRP-Horse Radish Peroxidase. b) PGG-Peroxidase fromguinea grass. c) fCNT-Functionalised carbon Nanotube.

Figure 10. (A) CVs were recorded using a AGCE in 0.1 M PBS (pH 7.4) containing 1 mM H2O2 plus 1 mM of [AA, UA, glucose, lactose, L - alanine,
L - isoleucine, and L - tyrosine]. (B) The bar diagram shows the changes in the reduction peak currents vs. interference molecules.

Table II. Detection of H2O2 in milk samples using AGCE as a sensor.

S. No. Samples Added (mM) Found (mM) Recovery (%)a) RSD (%)

1 Milk 1 0.98 98 1.21
2 Milk 2 1.95 97.5 1.04
3 Milk 3 2.87 95.7 1.62

a) This experiment was repeated three times.
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recovery percentages were calculated using the formula of Recovery
= C found/C Spiked × 100 as shown in Table II.

4.Conclusions

In summary, for the first time, we have reported a simple method
for the reduction of H2O2 in 0.1 M PBS using an AGCE. The GCE
was oxidized in 0.1 M H2SO4 by continuous potential sweeping for
25 cycles. As-prepared AGCE was used as the sensor for the
reduction of H2O2 at a reduced overpotential of −0.4 V with the
high catalytic current. The different optimization studies were
performed by varying the electrolyte, electrooxidation cycle, and
oxidation potential window to achieve an effective activation
process. Due to the high electrocatalytic activity, the AGCE showed
a linear range of H2O2 detection from 0.1 to 10 mM with high
selectivity towards H2O2 compared to other interferents. The real
application of the sensor was also tested by detecting H2O2 in milk
samples with a good recovery.
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