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Abstract: A new catalase amperometric biosensor for hydroperoxides detection has been built as
part of research aimed at the development of biosensors based on layered double hydroxides (LDH)
used as support for enzyme immobilization. The fabricated device differs from those developed so
far, usually based on an LDH enzyme nanocomposite adsorbed on a glassy carbon (GC) electrode
and cross-linked by glutaraldehyde, since it is based on an amperometric gas diffusion electrode
(Clark type) instead of a GC electrode. The new biosensor, which still uses LDH synthesized by us
and catalase enzyme, is robust and compact, shows a lower LOD (limit of detection) value and a
linearity range shifted at lower concentrations than direct amperometric GC biosensor, but above all,
it is not affected by turbidity or emulsions, or by the presence of possible soluble species, which are
reduced to the cathode at the same redox potential. This made it possible to carry out accurate and
efficient determination of H2O2 even in complex or cloudy real matrices, also containing very low
concentrations of hydrogen peroxide, such as milk and cosmetic products, i.e., matrices that would
have been impossible to analyze otherwise, using conventional biosensors based on a GC–LDH
enzyme. An inaccuracy ≤ 7.7% for cosmetic samples and ≤8.0% for milk samples and a precision
between 0.7 and 1.5 (as RSD%), according to cosmetic or milk samples analyzed, were achieved.

Keywords: clark-type LDH-catalase biosensor; H2O2 determination; real samples; cow milk and
cosmetic; no interference effects

1. Introduction

Layered double hydroxides (LDHs), which can be considered synthetic derivatives
of hydrotalcite, are a large family of lamellar solids with positively charged brucite-like
host layers and exchangeable anions in the interlayer space, as illustrated in Figure 1. The
literature on LDHs is now substantial [1,2] due to their unique versatility in chemical
composition and physical properties, using many different pairs of metal ions (MII, MIII)
and a large variety of interlayer anions, including both organic and inorganic species
(chlorides, fluorides, carbonates, nitrates, etc.) [3] and to the wide possible selection of
synthesis routes permitting tunable morphology and architectural structure. LDHs and
related composites are very promising in many different application fields, such as industry,
metallurgy (anticorrosion), biomedical and pharmaceutical applications (drug delivery),
energy harvesting, environment (pollution absorbing) [4–9], and analytical devices (sensors
and biosensors) [10–25].
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have built a different type of catalase biosensor, which still makes use of adsorbed catalase 
enzyme on LDH, but that no longer uses a GC electrode, being based instead on an 
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membrane overlapping a platinum working electrode, with an assembly geometry 
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permitted to avoid all interferences, caused both by turbidity or emulsion, and especially 
to interact whit redox water-soluble species, which can be reduced directly to the cathode 
regardless of the presence and action of the used enzyme. Particularly, in the case of the 
present research, it also allowed the H2O2 determination in certain real matrices, such as 
milk and common cosmetic preparations. These matrices are very difficult to analyze in a 
simple, fast and inexpensive way, because they usually contain very low concentrations 
of hydrogen peroxide and are also cloudy, so that they are impossible to be analyzed with 
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We were particularly interested in the possible applications in the field of biosensors
given the previous experience of some of the present authors in this area [26–28]. Indeed,
recently [29], we developed both an enzyme catalase biosensor and a simple catalytic
sensor based on LDH for the determination of hydrogen peroxide. In particular, for the
fabrication of the biosensor, we relied on some amperometric biosensors reported in the
literature [10–25], developed using various types of LDHs and enzymes, and typically
based on modified glassy carbon electrodes with the LDH-enzyme matrix cross-linked by
glutaraldehyde vapors [10,12,15,17]. We followed this pattern and developed a biosensor,
which provided good response and long lifetime [29]. However, similarly to all other
modified GC enzyme sensors of this type [10–25], the major drawback of these biosensors,
which greatly limits their application, is the high sensitivity to possible interferences that
may occur in the analysis of real samples, which show turbidity or emulsions (this is
the case, for instance, of alimentary products containing proteins or fats), or when other
contained species can interact with the working electrode, for instance if oxidizing species,
which can also be reduced, are present. The possibility of such interferences has been
demonstrated in our previous work [29], but it is also evidenced in many reports by other
authors [10–22,24,25] (see Supplementary Table S1), so much so that, in certain studies, the
strong interference with some ions has been effectively leveraged to fabricate inhibition
biosensors [11–13]. To overcome this inconvenience, in the present study, we have built a
different type of catalase biosensor, which still makes use of adsorbed catalase enzyme on
LDH, but that no longer uses a GC electrode, being based instead on an amperometric Clark-
type electrode, i.e., an amperometric sensor with a gas permeable membrane overlapping a
platinum working electrode, with an assembly geometry completely different from the GC
type sensor. This new biosensor configuration permitted to avoid all interferences, caused
both by turbidity or emulsion, and especially to interact whit redox water-soluble species,
which can be reduced directly to the cathode regardless of the presence and action of the
used enzyme. Particularly, in the case of the present research, it also allowed the H2O2
determination in certain real matrices, such as milk and common cosmetic preparations.
These matrices are very difficult to analyze in a simple, fast and inexpensive way, because
they usually contain very low concentrations of hydrogen peroxide and are also cloudy,
so that they are impossible to be analyzed with a simple GC–LDH biosensor, as listed in
Supplementary Table S1.
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2. Materials and Methods
2.1. LDH Preparation

In recent decades, many different LDH synthesis routes have been reported. For
instance, several LDHs were prepared simply by coprecipitation method [30], by using the
sol-gel technique [31], by replacement of LDH interlayer anions through anion exchange,
or by using calcination–reconstruction methods [1,32]. Recently, a novel cheap and mild
synthesis, which does not involve the use of organic solvents or surfactants, has been
proposed, named the hydrothermal method [33,34], yielding LDH films grown directly
on a metal substrate (e.g., a thin aluminum foil). In this case, the metal foil acts both
as source of metal ions during synthesis and as the substrate supporting the intercon-
nected LDHs. In the present work, this procedure was employed to fabricate the [ZnIIAlIII

(OH)2]+ NO3
− LDHs (referred to as (Zn–Al–NO3) LDH in the following sections) that

have been used to build our simple biosensor [29,35,36]. The hydrothermal growth was
carried out using aluminum-coated wafer (50 µm thickness) immersed in a nutrient so-
lution of 5 mM equimolar concentration of zinc nitrate hexahydrate (Zn (NO3)2·6H2O)
and hexamethylenetetramine (C6H11N4), both from Sigma-Aldrich (Steinheim, Germany).
Hexamethylenetetramine was used as a pH regulator; when temperature was increased,
ammonia was released through amine hydrolyzation, and the pH of the solution was
maintained at ≥7.0. During LDH growth, the sample was kept in a Teflon vessel and
maintained at 80 ◦C in a thermostated oven until 24 h. Then, the sample was cooled at
room temperature and washed with ethanol and deionized water to remove the residuals
on top of LDH surface. Finally, the (Zn–Al–NO3) LDH film was cautiously scraped by a
scalpel and a white LDH highly porous powder was obtained [35].

2.2. Enzyme Biosensor Preparation and Measurements

To prepare the biosensor, 15 mg of the synthesized (Zn–Al–NO3) LDH was placed
in the center of a damp dialysis membrane (D9777, Sigma-Aldrich, UK). Subsequently,
20 mg of catalase from bovine liver (EC 1.11.1.6) by Sigma-Aldrich (Steinheim, Germany)
was added to the LDH powder and then gently homogenized after adding two drops
(about 10 µL) of pH 7 and 0.1 M phosphate buffer (Fisher Chemical). Lastly, the dialysis
membrane containing the mixture of LDH and catalase enzyme was placed in a cylindrical
glass vessel equipped with an emery lid (5.5 cm in diameter, 2.8 cm high) near an open
small glass crystallizer (1.5 cm in diameter) containing 30 mg of glutaraldehyde (25%). The
glass vessel was sealed by its emery lid, permitting the glutaraldehyde vapors to saturate
the inner atmosphere, thereby producing the cross-linking action over 15–20 min. Finally,
the dialysis membrane was gently stretched at the end of a Clark electrode using a small
rubber O-ring, so that the LDHs with the cross-linked enzyme remained rinsed between
the dialysis and the gas permeable membranes (Figure 2).
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The tip of the assembled electrode was then dipped in 20 mL of 0.1 M phosphate
buffer in a glass cell, thermostated at 25 ◦C. After applying a constant cathode–anode
voltage of −0.6 V, the biosensor response was allowed to stabilize under gentle stirring
with a magnetic stirrer for about 20 min. After that, a calibration curve was built by adding
0.05 mL of 3% by weight of hydrogen peroxide standard solution each time and recording
the current variation when the steady state was reached after each addition. The current
in the external circuit was observed to increase immediately after each addition. The
immobilized catalase enzyme catalyzed the following reaction:

2H2O2
catalase−−−−→ O2 + 2H2O

The produced oxygen was immediately reduced at the cathode of the Clark electrode,
causing the prompt build-up of the output current. Obviously, when determining the
calibration curves, the volume changes after each addition of the hydrogen peroxide
solution were considered, although such variations were very small. A “blank” calibration
curve was also constructed by assembling the biosensor as described above, but without
using the enzyme, to evaluate the extent of the possible catalytic action of LDH alone on
the decomposition of hydrogen peroxide.

The possible interfering substances were also tested following the same experimental
procedures used to assess the response to standard H2O2 solutions. Each interfering species
was added up to a final concentration in solution equal to that of hydrogen peroxide
(i.e., 140 mM); only in the case of potassium permanganate was the final concentration
equal to 28 mM.

The calibration curves “in matrix” for the analysis of milk and cosmetic samples were
also constructed with the same procedure used to obtain all other calibration curves. Both
the sample of fresh cow’s milk and the two samples of cosmetics were commercial products,
purchased at a local shop in the city of Rome (Italy).

Finally, all the calibration curves reported in this work were constructed every day
and all represent the average of at least three determinations, carried out on the same day
in which the biosensor was used for any purpose. It also allowed us to verify that each
calibration line remained constant during the same day, at least within the limits of the
confidence interval.

2.3. Apparatus and Survey

The amperometric measurements were performed in a glass cell thermostated at 25 ◦C
under stirring (see Supplementary Figure S1), using a Keithley 6517B picoammeter/voltage
supply (Keithley Instruments, Inc., Cleveland, OH, USA), to which a gas diffusion amper-
ometric electrode (Clark-type) was connected. The cathode of the amperometric sensor
was a cylindrical platinum bar (1.0 mm in diameter) biased at −0.6 V with respect to the
anode. The latter was a small cylindrical tube (5.65 mm in diameter) made of Ag/AgCl,
concentric to the cathode and separated from it by a plastic insulator. Anode and cathode
were enclosed in a stainless-steel case (12 mm in diameter), closed at one end by a gas
permeable membrane (BO5279B from YSI incorporated, Yellow Spring Instrument Ohio
USA), which was stretched and fastened with a rubber O-ring. The inner tube was filled by
KCl 0.05 M solution. The cathodic reaction when oxygen was reduced to the cathode was:

O2 + 2H2O + 4e− → 4OH−

While the following reaction occurred to the anode:

4Ag + 4Cl− → 4AgCl + 4e−

The infrared measurements were carried out from 455 and 4000 cm−1 with a Perkin-
Elmer FTIR 100 spectrophotometer (Milan, Italy) using powdered samples in KBr pellets.
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The X-ray diffraction (XRD) spectra were obtained by RIGAKU 167 Geigerflex ϑ–2ϑ
Bragg–Brentano diffractometer equipped with a Cu target (λCu Kα = 1.5418 Å), refurbished
with a goniometer control system by DFP Technologies and equipped with a Cybe-star
scintillation detector.

Finally, the scanning electron microscope (SEM) images were taken with a field emission
scanning electron microscope (FE-SEM) (model LEO SUPRA 1250, Oberkochen, Germany).

3. Results
3.1. Characterization of the LDH-Enzyme Compound

The characterization of the LDH enzyme compound was performed using infrared
spectroscopy (FTIR), x-ray diffraction (XRD), and scanning electron microscopy (SEM),
whose results are summarized in Figure 3a,b, and Supplementary Figure S2, respectively.
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Figure 3. (a) FTIR spectra in KBr pellets: (1) pristine KBr, (2) LDH, wet with phosphate buffer
and dried, (3) LDH + catalase mixture, wet with phosphate buffer and dried, (4) LDH + catalase
+ glutaraldehyde mixture, wet with phosphate buffer and dried, (5) pristine catalase enzyme, wet
with phosphate buffer and dried, and (6) pristine glutaraldehyde. (b) X-ray diffraction patterns
of (1) LDH as grown, wet with phosphate buffer and dried, and (2) LDH + catalase, wet with
phosphate buffer and dried. The main basal reflections of the pristine (Zn–Al–NO3) LDH phase and
of the (Zn–Al–NO3) LDH phase after interaction with catalase are labelled by diamonds (♦) and
stars (?), respectively.

All three techniques clearly reveal that LDH and catalase interacted with each other.
In particular, this is demonstrated observing the most significant infrared spectral features
of LDH and catalase enzyme reported in Figure 3a (see also Ref. [37]). In the FTIR spectrum
of LDH (spectrum 2), a broad band in the 3000–3800 cm−1 range, centered at approximately
3450 cm−1 (attributed to hydrogen bonds formed between the hydroxides and the hydra-
tion water molecules [38]), a small absorption peak at 1617 cm−1 (bending vibration of
the interlayer water molecules [39]), and an extremely intense one at 1384 cm−1 can be
observed (vibration of free interlayer nitrate anions [40]). The spectrum of catalase (spec-
trum 5) shows a broad band around 3380 cm−1 (-OH and -NH stretching vibration [41,42]),
a very wide and intense absorbance peak between 1700 and 1550 cm−1 (corresponding
to coupled stretching and/or bending amide vibrational modes [41,43]), and one modest
peak at 1390 cm−1; two weak absorbance features appear in the 1300–1150 cm−1 region
(ascribable to N–H in-plane bending modes coupled with C–N stretching mode [41,43]).
Between about 800 and 525 cm−1, spectrum 2 presents a broad downward trend (arises
from to the lattice vibration modes relevant to the Zn–OH translation lattice modes [39]),
while spectrum 5 has a very jagged transmittance peak. All these spectral features, which
clearly differentiate the FTIR spectra of LDH and catalase, can be found overlapping in
the FTIR spectrum of the LDH and catalase mixture (spectrum 3), thereby revealing the
interaction of LDH and enzyme. Upon catalase immobilization, changes in the vibration
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peaks occurred. The broad peak due to amino and hydroxyl groups was enlarged and ap-
peared with a redshift at about 3350 cm−1 [42]. In addition, the peak at 1617 cm−1 overlaps
to the amide related broad band at 1641 cm−1 of catalase. It is worth identifying that the
presence of glutaraldehyde, especially at the low concentration used, does not make any
significant contribution (spectrum 6). The interaction between LDH and enzyme is also
confirmed by the splitting of the XRD peaks (see Figure 3b, curve 2) relevant to the (003)
and (006) basal reflections of the lamellar LDH structure [32,44]. The surface morphology
of the pristine LDH and of the modified compound with catalase enzyme immobilized
onto the LDH matrix are shown in the SEM images reported in Supplementary Figure S2a
and Supplementary Figure S2b, respectively. As can be seen, the pristine (Zn–Al–NO3)
LDH has a plate-like morphology with a microscopically smooth surface, while the LDH
with immobilized enzyme exhibits a globular-like microstructure. Interestingly, a similar
effect has been also reported in other type of bio nano-hybrid materials (see Ref. [45]).

3.2. Characterization of the Biosensor

The analytical characterization of the performance of the catalase biosensor, under
addition of hydrogen peroxide substrate, was carried out by building calibration curves
daily for a period of about 20 days from the assembly of the biosensor. However, regarding
the lifetime, even if we decided to stop the systematic recording of the response after this
period, out of curiosity, we also recorded one last time the response of the Clark-type
biosensor, which we stored in the refrigerator at +5 ◦C, after more than two and a half
months from its construction, verifying that it still responded similarly to on the nineteenth
day. Nevertheless, in the work, we wrote and guaranteed a lifetime of only 19–20 days; this
is the period of time during which its response was followed systematically, not occasionally.
Some of the most significant calibration curves constructed in this time frame, obtained as
described in Section 2.2, are reported in Figure 4a. Figure 4b shows the raw experimental
data collected as a function of time, under subsequent additions of hydrogen peroxide
solution and used to build a 2nd day typical calibration curve. The “blank” curve obtained,
as already mentioned, with the sensor having the same design but without the catalase
enzyme, is also reported. The linearity ranges with confidence intervals of the calibration
curves reported in Figure 4a are shown in Supplementary Figure S3, while the values of
slopes and linearity intervals are summarized as bar diagrams in Figure 5a,b, respectively.
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Figure 4. (a) Clark-type LDH-catalase enzyme biosensor. Amperometric calibration curves recorded
by increasing H2O2 concentration as a function of lifetime. Each point represents the mean of at
least three repeated determinations. (b) Raw experimental data of a typical calibration curve of the
fabricated Clark-type LDH-catalase enzyme biosensor, recorded as a function of time (2nd day) under
subsequent additions of hydrogen peroxide solution (curve 1), and blank curve without enzyme
(curve 2). Each addition was 0.05 mL of H2O2 (0.3% by weight) water solution.
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As can be seen in Figure 5, the calibration curve with the widest linearity range
and with a good slope value is that obtained on the second day by the assembly of the
biosensor, whereas that with the highest slope value is the one built on the seventh day
from preparation. In addition, the slope value of the calibration curves slightly increases
from the first to the seventh day, and the linearity range tends to decrease from the second
day onwards. However, it is worth identifying that, when considering the associated
experimental error, the values of the slope of calibration curves until the seventh day
are not very different from each other and are of almost equivalent magnitude. Finally,
concerning the response time of the biosensor, it varies little, between 60 and 65 s, during
the first seven to eight days from preparation, while it increases significantly from the
fifteenth day onwards. The main analytical data for the best calibration curve of the
LDH-catalase enzyme biosensor in its lifetime (2nd day) are listed in Table 1.

Table 1. Best analytical data of the Clark-type LDH-catalase enzyme biosensor in its lifetime (2nd day). Comparison with
data of direct amperometric GC biosensor.

Linear Regression
(y = µA; x = mM)

Linearity
Range (mM) R2 LOD (mM) RSD% Response

Time (s)

Present Work y = (0.1704 ± 0.0044)·x + (0.2599 ± 0.0460) 0.021–17.5 0.9954 0.021 0.36 65

Ref. [29] y = (10.09 ± 0.29)·x + (115.1 ± 29.1) 0.25–158 0.9976 0.2 0.5 8.5

3.3. Interference Overcoming

As mentioned in the abstract, the main purpose of this work, compared to previous
studies reported in the literature [10–22,24,25], was to fabricate a more manageable and
robust catalase biosensor that was not affected by the limitations caused by turbidity, due,
for example, to the presence of poorly soluble proteins, by emulsions caused by fats, or
by possible interfering redox substances, especially soluble ions capable of self-reducing,
in whole or in part, at the same potential of oxygen reduction. For this reason, tests have
been carried out with redox species which had been shown to interfere with the previously
developed GC–LDH-catalase biosensor [29]. The results of these interference tests are
summarized in Table 2 and compared to those previously obtained with the GC–LDH-
catalase biosensor [29]. Interestingly, all the tested substances that produced interference in
the previous device design [29] no longer produced any interference on the response of the
biosensor studied in this work.

3.4. Measurement in Real Matrices

Based on these promising results, subsequent analyses were carried out on real cloudy
and milky-type samples, also known to contain very small concentrations of H2O2, al-
though the exact concentration of the latter was not indicated on their commercial packag-
ing. This is the case of some cosmetic products and of a very popular food such as cow’s
milk, which, according to the literature [46,47], may contain very modest concentrations
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(up to 2 mg L−1) of H2O2. As regards the former, the determination of H2O2 concentration
was performed in two cosmetic products identified by the abbreviations LB1 and LB2 in
the following. At first, two “in matrix” calibration lines were constructed in two aqueous
buffer solutions containing one or the other of the two investigated cosmetic matrices.
Then, the resulting straight lines were used to determine the concentration in H2O2 of
the two cosmetic products by linear interpolation. The graphical method of these two
determinations, shown in Figure 6a,b, respectively, gave a concentration (averaged over
three repeated determinations) of 0.78 ± 0.05 g L−1 for sample LB1 and 1.30 ± 0.05 g L−1

for sample LB2.

Table 2. Inferences in hydrogen peroxide determination using the fabricated Clark-type LDH-catalase enzyme biosensor
(this work) and the previously developed GC–LDH-catalase biosensor (Ref. [29]). Each added interfering species had a final
concentration in solution equal to that of hydrogen peroxide.

Percent Interferences of Oxidant
or Antioxidant Compounds to
H2O2 Analysis, Using LDH-Clark
Enzymatic Catalase Biosensor

Percent Interferences of Oxidant or
Antioxidant Compounds to H2O2
Analysis, Using LDH-Glassy
Carbon Catalase Biosensor

% response increase, to H2O2 response, in presence
of potassium permanganate aqueous solution. 0% 260%

% response increase, to H2O2 response, in
presence of sodium nitrate aqueous solution. 0% 3%

% response decrease, to H2O2 response, in
presence of Fe3+ aqueous solution. 0% 32.3%

(transient peak 124%)
% response decrease, to H2O2 response, in

presence of sodium ascorbate aqueous solution. 0% 5.6%

% response decrease, to H2O2 response, in
presence of sodium nitrite aqueous solution. 0% 1%
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Figure 6. (a) Measurement of H2O2 concentration in LB1 cosmetic sample. The experimental
calibration curve in matrix and the extrapolated hydrogen peroxide concentration (F), equal to
0.78 ± 0.05 g L−1, are shown. Each point represents the mean of at least three repeated determina-
tions. (b) Measurement of H2O2 concentration in LB2 cosmetic sample. The experimental calibration
curve in matrix and the extrapolated hydrogen peroxide concentration (F), equal to 1.30 ± 0.05 g L−1,
are shown. Each point represents the mean of at least three repeated determinations.

Since it is not easy to compare these results with those obtainable with a different, but
equally rapid and inexpensive, analytical method (e.g., spectrophotometric, or common
electrochemical), given the strong turbidity and coloring (cosmetics) of the samples, and not
wanting to resort to much more laborious methods that also require very long measurement
times and expensive procedures, such as some instrumental methods, it was therefore
decided to make a rough estimate of the accuracy of our measurements in real samples that
are difficult to analyze, using the standard addition method. The recovery values obtained
by this method are shown in Table 3. In all cases, they are between about 100.8 and 107.7%.
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Table 3. Experimental percent recovery for hydrogen peroxide addition in cosmetic samples by Clark-type LDH-catalase
enzyme biosensor.

Sample
Found Concentration

in Cosmetic
Sample (g L−1)

H2O2 Additions
(g L−1)

Found + Added
Nominal Value

(g L−1)

Experimental
Value (g L−1)

∆ (%)
(RSD% = 0.7)

Percent
Recovery

(RSD% = 0.7)

LB1 0.78 1.30 2.08 2.24 7.69 107.69
LB1 0.78 3.80 4.58 4.78 4.37 104.37
LB2 1.30 1.80 3.10 3.32 7.10 107.10
LB2 1.30 3.80 5.10 5.14 0.78 100.78

Under no circumstances did the ∆% of the experimental recovery exceed 10% com-
pared to the nominal value. Therefore, it can be reasonably argued that these results
provide an indication of the sufficient accuracy of the method. As far as the milk sample is
concerned, the concentration of hydrogen peroxide that may be contained is, according
to the literature [47], extremely low. In this case, Gran’s plot method [48,49] was applied
“in matrix”, that is, by making known additions of H2O2 to a phosphate buffer solution
containing 10% by volume of commercial cow’s milk. Lastly, the extrapolation of the
obtained values made it possible to determine the traces of H2O2 already contained in the
milk sample. The measurement procedure is shown graphically in Figure 7.
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Figure 7. Determination of H2O2 concentration in commercial cow’s milk sample. Experimental cal-
ibration curve in matrix and hydrogen peroxide concentration (F), equal to (2.2 ± 0.9) mg L−1,
found by Gran’s plot method (see inset). Each point represents the mean of at least three
repeated determinations.

This type of analysis provided for our milk sample a concentration of H2O2 of
2.2 ± 0.9 mg L−1, averaged over three repeated determinations. Furthermore, also in
this case, the standard addition method was applied to estimate the accuracy of our mea-
surements (see Table 4), and once again, a sufficient level of trust can be given to the
accuracy of the performed measurements, since the calculated percentage recoveries were
always between about 92.0 and 107.8%.
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Table 4. Experimental percent recovery for hydrogen peroxide addition in commercial cow’s milk sample by Clark-type
LDH-catalase enzyme biosensor.

Found H2O2
Concentration in Milk

Sample (mg L−1)

Additions of
H2O2 (mg L−1)

Found + Added
Nominal Value

(mg L−1)

Experimental
Value (mg L−1)

∆ (%)
(RSD% = 1.5)

Percent Recovery
(RSD% = 1.5)

2.2 200 202.2 218.0 7.8 107.8
2.2 500 502.2 462.1 −8.0 92.0
2.2 700 702.2 726.5 3.5 103.5

4. Discussion

The catalase biosensor proposed here for the determination of hydroperoxides, such as
hydrogen peroxide, using LDH as a support for the enzyme immobilization, is not the first
electrochemical biosensor which uses this special support to this purpose. In fact, as already
mentioned, several biosensors based on LDHs and different enzymes have been previously
reported [10–25]. However, in almost all cases, three electrode systems were used, with
the electrodes immersed in three different cells connected by agar bridges or porous septa.
This clearly makes these biosensors poor suitable for applications in real matrices. On
the contrary, the biosensor proposed in the present work is a very robust and compact
device operating in a single thermostated cell; therefore, it is much more practical and
convenient for measurements on real and very diluted samples. In addition, this is because,
although the new biosensor shows lower calibration sensitivity and a longer response
time than a previous developed GC-type biosensor [29] (essentially due to the fact that
the oxygen developed by the enzymatic reaction must cross a gas-permeable membranes
before reducing to the platinum cathode, while in the case of the direct amperometric GC
biosensor, oxygen can immediately reduce to the cathode), its linearity range has shifted by
at least a decade at lower concentrations than that of the direct amperometric GC biosensor.
This, of course, is very important when samples with extremely low H2O2 concentrations
are to be analyzed. Furthermore, it is the only biosensor, among those who use LDH to
immobilize the enzyme, proposed in the literature, to be based on a Clark-type electrode
used as an electrochemical detector, thus having the advantage of being equipped with a
special gas-permeable membrane. This allows the biosensor to not suffer from any turbidity
of the real aqueous sample or from any suspended particles, but above all, from electrolytes
or oxidizing molecules that, in the case present in solution, could interfere with the redox
measurement, if this is carried out using, for example, a modified GC electrode. We have
demonstrated that such interference is eliminated when a Clark-type LDH biosensor is
employed, since the interfering redox species cannot cross the gas-permeable membrane of
the Clark electrode and does not reduce at the cathode. Furthermore, the same membrane
constitutes a barrier that cannot be crossed for every particle or molecule (both organic and
inorganic), which is not a gaseous species. On the other hand, we want to observe that
the essential aim of this research was accomplish a biosensor free of any interference and
to analyze real matrices that are impossible to analyze with a simple GC-LDH biosensor,
listed in Supplementary Table S1. In addition, the device geometry and the materials from
which the catalase electrode reported in this work is made make it a biosensor not only
suitable for determining hydrogen peroxide, but also any other hydroperoxides, even
organic hydroperoxides soluble in hydrophobic solutions [50]. However, until now, it has
not been possible to carry out experiments in this direction due to the difficulty of finding
organic hydroperoxides on the market, mainly due to their danger and the numerous
precautions needed to their transport and storage; this type of experiment has therefore
been postponed to future research.

5. Conclusions

The proper operation of the fabricated catalase biosensor also proves that the LDH
used is an excellent support for enzymatic immobilization, as already reported in the
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literature [10,15]. In addition, the coupling of the enzymatic immobilization in LDH with
the Clark-type electrode makes it possible to analyze without any interference.

Finally, the type of LDH we synthesized and used, i.e., (Zn–Al–NO3) LDH, in addition
to being effective for the purpose of building biosensors, is also extremely practical, since it
is very simple to synthesize, using the method of growing the LDH film directly on the
aluminum metal substrate with the hydrothermal growth method.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/pr9111878/s1, Figure S1: Clark-LDH-catalase enzyme-biosensor: measurement apparatus.
Figure S2: SEM images showing the top surface morphology of (a) LDH as grown, wet with phosphate
buffer and dried, (b) LDH + catalase enzyme, wet with phosphate buffer and dried. Scale bar 2 µm.
Figure S3: Clark-type LDH-catalase enzyme biosensor. Linearity ranges and confidence intervals as a
function of lifetime: (a) 1st day, (b) 2nd day, (c) 7th day, (d) 14th day, (e) 19th day, and (f) blank. Table
S1: Most relevant LDH based biosensors reported in the literature.
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