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In Situ Growth of Ni(OH), Nanoparticles on 316L Stainless
Steel Foam: An Efficient Three-dimensional Non-
enzymatic Glucose Electrochemical Sensor in Real Human

Blood Serum Samples
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Abstract: For the first time, nickel hydroxide nano-
particles (Ni(OH), NPs) grown on 316L stainless steel
foam were used as a non-enzymatic electrochemical
glucose sensor. The Ni(OH),/SSF-316L was elaborated by
applying a simple ultrafast CV method without nickel
salts addition. Ni(OH),/SSF-316L. was characterized by
SEM and XRD. The electrochemical behavior was

investigated by CV, EIS, and amperometric measure-
ments. The fabricated sensor revealed higher sensitivity
1062 hA mM 'em %, wide linear range from 1.0 uM to
4.0 mM with a low detection limit of 2.0 yM and good
selectivity. In addition, real sample analysis was per-
formed for controlled glucose in real blood serum.
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1 Introduction

Diabetes mellitus disease has become a major public
health problem in recent decades, representing around
5% of the world’s population [1-3]. Therefore, rapid and
sensitive blood glucose detection has gained enormous
importance for diagnosing and managing diabetic patients
[4-6]. Several methods have been applied for quantitative
glucose detection [7-12]. Electrochemical sensors exhibit
superior performance towards glucose detection than
traditional methods, owing to their simplicity, low cost,
and reliability [13-16].

Then, electrochemical glucose sensors can be divided
into enzyme-based and non-enzymatic sensors based on
their detection mechanisms.

Typically, electrochemical enzymatic sensors with the
glucose oxidase enzyme (GOD) show good selectivity and
high sensitivity. However, they still suffer from a complex
manufacturing procedure, limited temperature, unfavor-
able micro-environment factors, and the non-negligible
response of some interfering species [17-21].

Therefore, non-enzymatic sensors, based on a wide
range of metals, alloys, metal oxides, and metal hydrox-
ides [22-35], are considered a potential substitute for
enzymatic sensors through their high sensitivity and
stability enzyme-free from activity [23,24]. Among these
non-enzymatic sensors, nickel-based sensors exhibit ex-
cellent electrocatalytic activity for glucose oxidation. They
have attracted many researchers due to their low toxicity
and high stability [25-35]. Their electrocatalytic perform-
ance depends especially on the formation of Ni(OH), as a
strong oxidant of organic compounds in alkaline solutions
[36-42].
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Recently, significant progress in fabricating metallic or
intermetallic foam-like materials has been made [43-48].
These new low-density materials offer a very interesting
combination of physical and chemical properties, giving
them a wide application field [45-47]. Among the differ-
ent metallic foams, nickel foam (NF) is an ideal scaffold
to grow Ni(OH), due to its many advantages, such as high
conductivity, three-dimensional network structure, high
specific surface area, and strong mass transfer ability [48—
51]. In addition, Ni foam has excellent properties, such as
low-density and low-cost. It has been used as a substrate
for glucose sensors [50].

Many porous metal foams could be used as substrates
for the deposition of Ni(OH),, such as 316L stainless steel
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foam (SSF-316L) and Inconel foam (IncF). Compared to
other metals foam, these two foams exhibit better
stability, particularly excellent resistance to corrosion and
oxidation [52,53]. However, to date, there are no reports
in the literature on the use of 316L stainless steel foam for
non-enzymatic glucose detection.

To our knowledge, this is the first report on modifying
an inactive commercially three-dimensional 316L stainless
steel foam electrode into a highly sensitive non-enzymatic
glucose electrode through the direct insitu growth of
nickel hydroxides nanoparticles without adding nickel
salts via a simple one-step electrochemical method. The
electrochemical impedance spectroscopy (EIS), cyclic
voltammetry (CV), and amperometric techniques were
used to evaluate the electroanalytical performance of the
Ni(OH),/SSF-316L sensor. This non-enzymatic sensor is
also suitable for detecting glucose in human blood serum
with excellent stability and good reproducibility.

2 Experimental Details
2.1 Chemicals and Reagents

The macroporous 316L stainless steel foam (thickness:
1.5 mm, pore density: 110 PPI) was purchased from
Atlantum Company (Munich, Germany). Table 1 lists its
chemical composition. D-(+)-glucose (Glc), Sucrose
(Suc), sodium hydroxide (NaOH), L-ascorbic acid (AA),
uric acid (UA), and acetaminophen (AP) were bought
from Sigma-Aldrich. Three fresh human blood serum
samples were taken from diabetic and healthy people who
volunteered. All experiments were carried out in compli-
ance with the local hospital’s ethical guidelines. The
samples were first centrifuged at 10,000 rpm for 30 min to
precipitate any proteins, after that, the top phase was
filtered for coming tests. The reagents are all analytical
grade and are used directly as received.

2.2 Preparation of Ni(OH),/SSF-316L

The commercial 316L stainless steel foam substrate (0.5 x
0.5cm) was soaked and sonicated consecutively in
acetone, DI water, and absolute ethanol for 15 min. Then,
it was dried at 105°C for 2 h. The Ni(OH), NPs were
grown on SSF-316L substrate using multiple scan cyclic
voltammetry until reproducible curves of active and stable
Ni(OH), NPs were obtained. The consecutive cyclic
voltammograms ranged from 0.1 to 0.65V in 0.1 M
NaOH acquired at a fixed scan rate of 50 mVs™' for
100 cycles.

Table 1. Chemical composition of SSF-316L foam (wt.%).

S P C Si Mn Mo Ni Cr Fe

0.001 0.017 0.025 056 121 216 111 176 Bal
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2.3 Instruments

All electrochemical experiments were performed with a
potentiostat (Princeton Applied Research, AMETEK,
USA) at room temperature. The typical three-electrode
system configuration was used. The reference electrode
was Ag/AgCl (Sat. KCl), the counter electrode was a Pt
wire, and the working electrode was unmodified SSF-
316L or modified Ni(OH),/SSF-316L.

The electrocatalytic performances of the electrodes
were carried out by CV, EIS, and amperometric measure-
ments.

CV measurements were taken at a fixed scan rate of
50 mVs™' in the potential range of 0 to 0.65 V. Ampero-
metric measurements were performed at an applied
potential of 0.55 V in stirring 0.1 M NaOH. EIS technique
was utilized in the frequency range of 100 kHz to 0.1 Hz,
with an amplitude voltage of 10 mV. 10 pL of the serum
blood sample was added to 10mL of 0.1 M NaOH
solution to detect a real sample. The current response was
recorded at an applied potential of +0.55 V.

Scanning electron microscopy (SEM) analyses were
performed using a JEOL JSM-IT 100. Electrode structure
was investigated by X-ray diffraction (XRD) using a D8
Advance Brucker diffractometer (CuKal, 2).

3 Results and Discussion

3.1 Electrochemical Formation and Characterization of
Ni(OH),/SSF-316L Foam

Figure 1a represents the overlay of the consecutive cyclic
voltammograms (CV grams) in the potential range from
0.1 to 0.65V in 0.1 M NaOH, acquired at 50 mVs™" for
100 cycles. A quasi-reversible redox system appears with
only one redox couple in all CV curves, which may result
in the redox process of Ni**/Ni**at about 0.57 and 0.43 V,
respectively, with a peak potential separation (AE,) of
140 mV, and indicates that electrochemical activity of
SSF-316L electrode originating from following redox
mechanism:

Ni+20H — Ni(OH), +2e” 1)

Ni(OH), + OH™ — NiOOH + H,0 + e 2)

Moreover, increasing the number of cycles made these
peaks more intense because more Ni(OH), films were
formed onto the electrodes’ surface. Until the 100" cycle,
the anodic and cathodic peak current values become
stable (Figure 1b), suggesting that the entire Ni metal on
the stainless steel surface was completely converted into
Ni(OH),.

Figure 2(a—d) illustrates the structure and morphology
of Ni(OH),/SSF-316L. Figure 2 shows the low (a) and
medium (b) magnitude SEM images of the stainless steel
foam. The foam has almost spherical pores with a smooth
surface, which are connected by multiple small windows
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Fig. 1. (a) 100-cycles CV curves recorded on Ni(OH),/SSF-316L electrode preparation at 50 mVs™, (b) Illustration of anodic and

cathodic peak currents vs. plot the number of scan cycles.
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Fig. 2. (a) Low-, (b) medium, and (c) high-magnification SEM images of Ni(OH),/SSF-316L, (d) XRD patterns of Ni(OH),/SSF-316L.

creating an open cell structure. At the same time, the
foam surface became rougher after only one cycle in
alkaline solution with the emergence of many small
particles (Figure 2b). Figure 2c shows the high magnitude
SEM image of Ni(OH),/SSF-316L. It can be noted that
the foam surface is covered with a thin film of Ni(OH),
nanoparticles.

This foam’s three-dimensional (3D) architecture re-
sults in a large surface area on which electrochemical
reactions can occur, making the stainless steel foam a very
attractive material for various applications. Figure 2d
shows the XRD patterns of the as-modified stainless steel
foam. The result shows that stainless steel foam is mainly
composed of austenite phase and a small amount of
ferrite. The strong diffraction peaks corresponding to
crystal faces (111), (200), and (220) of face-centered cubic

www.electroanalysis.wiley-vch.de

© 2022 Wiley-VCH GmbH

(fcc) austenite (y phase) were positioned at 20=43.56,
50.61 and 74.81°, respectively.

3.2 Electrochemical Properties of the Ni(OH),/SSF-316L
Foam

CV and EIS were carried out in 1.0 mM [Fe(CN),J*™*
and 0.1 M Na,SO, as redox probe solution to evaluate the
electrochemical behavior and study the conductivity and
charge transfer kinetics of the unmodified and modified
electrodes.

Figure 3a displays the CV grams of the unmodified
and modified electrodes with a pair of well-defined peaks
of [Fe(CN)¢]*"*"redox species solution. As it can be seen,
the difference in potential between the anodic and
cathodic peaks (AEp) was slightly decreased to 0.541 V at
the Ni(OH),/SSF-316L compared to 0.585 V for unmodi-
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fied SSF-316L. Furthermore, the redox peak currents at
the Ni(OH),/SSF-316L electrode are larger than that at
the unmodified electrodes.

These results reveal that the growth of Nickel
hydroxide NPs on the SSF-316L substrate improved the
electron transfer on the electrode interface and increased
the electrode surface area. The Nyquist plots illustrate a
semicircle part related to the electron transfer limited
process, which is equivalent to the electron transfer
resistance (R,,) in EIS (Figure 3b).

By fitting the impedance data with the equivalent
circuit (Figure 3b, inset), the Ni(OH),/SSF-316L exhibited
remarkably lower values of Ry (179.5 Ohm) than the
unmodified electrode (547.3 Ohm). Hence, the EIS results
are consistent with the above results from CV and
demonstrate that the SSF-316L substrate was successfully
modified. The growth of Ni(OH), nanoparticles on the
porous SSF-316L surface improved the electrochemical
properties of the modified electrode.

The electrochemical surface areas of SSF-316L and
Ni(OH),/SSF-316L electrodes were calculated from the
slope of anodic peak current I,versus square root of scan
rate v'/? curves (Supporting Information, Figure S1) for a
known concentration of [Fe(CN)s*”*~ based on the
Randles-Sevcik’s equation [54]:

nFDv

I, = 0436 nFAC\| @)

where, [, is the peak current (A), C is the bulk concen-
tration of [Fe(CN)¢]*™*~ (mol.cm™), and D is the diffusion
coefficient (cm*s™'). From the calculated slopes belonging
to each plot extracted as Ipa versus v The electro-
chemical active surface areas were 0.11 and 0.23 cm® for
SSF-316L and Ni(OH),/SSF-316L, respectively.

The electrochemical behavior of the Ni*"/Ni** redox
process on the modified electrode was also studied by
cyclic voltammetry in 0.1 M NaOH solution at various
scan rates (Figure 4a). When the scan rate increases, the
values of the peak’s currents are proportional to scan
rates in the range of 5-1000 mVs™', whereas the potentials
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of the anodic peak (
positive and negative shifts, respectively.

These shifts can be related to rapid electron transfer
kinetics over this range of scan rates [55]. Besides that, a
linear proportionality between peaks currents and the
square root of scan rate was found (Figure 4b), indicating
a diffusion-controlled process over the Ni(OH),/SSF- 316L
electrode surface. The electrode surface coverage (F ) of
the redox species of Ni(OH),/SSF-316L can be deter-
mined using the following equation [56]:

n*F? *

where, I, is the peak current in ampere, and A is the
electrode surface area in cm”. According to the average of
both anodic and cathodic results, the value of I was
estimated to be 3.51x107%, which roughly corresponds to
35 monolayers of surface species for Ni.

For the surface-confined electroactive species, the
electron transfer coefficient () and electron transfer rate
constant (K;) can be estimated from the CV grams using
Laviron’s theory [57]. For peak-to-peak potential separa-
tion AE,>200/n mV, anodic and cathodic potentials are
expressed as follows:

E,,) and cathodic peak (E,.) undergo

E, = E°+[RT/(1 — a)nFllnv (5)

E,. = E° — (RT /anF)lnv (6)

InK, = aln(1-a) + (1-a)lna — ln<RfZ\;> (7

a(l —a)nFAE,/RT

where, E°is the standard electrode potential, while the
other terms have their usual meanings. The peak potential
is linearly dependent on the logarithmic function at higher
scan rates [400-1000 mVs™] (Figure 4c). Using the linear
regression and Egs. (5)-(7), a, and K, values were
obtained as 0.41 and 0.21 s/, respectively.
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Fig. 3. (a) CV curves and (b) Nyquist plot of 1.0 mM [Fe(CN)¢]>*" in 0.1 M Na,SO, at unmodified and Ni(OH),/SSF-316L [Inset: The

equivalent circuit].
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Fig. 4. (a) CV curves of Ni(OH),/SSF-316L in 0.1 M NaOH at scan rates of 5, 10, 30, 50, 70, 100, 150, 200, 300, 400,600, 800 and
1000 mVs™, (b) Dependence of the anodic and cathodic peak currents on the square root of the scan rate, (c) The dependency of

anodic (1) and cathodic (2) peak potentials on In v.

After the pretreatment detailed above, the electro-
catalytic behavior of SSF-316L and Ni(OH),/SSF-316L
was investigated using cyclic CV and EIS measurements
in the absence and presence of glucose. Figure 5a shows
the CV curves of the unmodified SSF-316L electrode in
the absence and presence of glucose exhibited almost no
oxidation peak and reduction peak, indicating that the
unmodified SSF-316L had no response to glucose.

For the Ni(OH),/SSF-316L the anodic peak current
increased significantly when 0.5 mM of glucose was added
(Figure 5b).

In contrast, the cathodic peak current slightly de-
creased due to the consumption of Ni’" in the electro-
oxidation of glucose. Meanwhile, the oxidation potential
also shifted to more positive values, attributed to the
faster glucose diffusion at the electrode surface. The
oxidation mechanism of glucose to gluconolactone at the
Ni(OH),/SSF-316L electrode surface is attributed, as
reported in the literature, to the well-known catalytic
effect of the Ni**/Ni** redox couple according to the
following reactions:

Ni(OH), + OH™ <= NiOOH + H,0 + ¢~ ®)

NiOOH + glucose <= Ni(OH), + glucolactone 9)

Furthermore, EIS is used to investigate the electro-
chemical performance of the SSF-316L and Ni(OH),/SSF-
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316L electrodes in the absence and presence of glucose at
0.5V of potential in a wide range of frequencies from
100 kHz to 0.1 Hz. The Nyquist diagram represents data
about R values, which are equal to semicircle diameters
of the diagram.

Figure 5c indicates that the R for the SSF-316L
electrode in the absence of glucose is 635 Ohm. At the
same time, this value decreases in the presence of glucose
to reach 446 Ohm. However, the electron resistance of
SSF-316L decreased remarkably after the electrochemical
deposition of Ni(OH), on the SSF-316L surface (Fig-
ure 5d). This semicircle becomes small without glucose
(101 Ohm) and becomes much smaller after adding
glucose (30 Ohm).

These results show that the charge transfer of Ni-
(OH),/SSFE-316L is faster than that of the SSF-316L
electrode. Therefore, CV and EIS diagrams support the
successful preparation and excellent performance of Ni-
(OH),/SSF-316L.

The kinetics process during the electrooxidation of
glucose was derived from the scan rates dependence
obtained from CV grams. Figure 6a illustrates the CVs
curves of Ni(OH),/SSF-316L electrode in 0.1 M NaOH
solution with the addition of 0.5 mM of glucose over the
range of scan rates 5-1000mVs™'. The anodic and
cathodic peak currents (Ipa and Ipc) also increased when
the scan rates increased.

Electroanalysis 2022,34, 1-11 5
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Fig. 5. CV curves of (a) unmodified and (b) Ni(OH),/SSF-316L before and after the addition of 0.5 mM glucose in an alkaline medium.
Nyquist plots of (c) unmodified and (d) Ni(OH),/SSF-316L before and after addition of 0.5 mM glucose in 0.1 M NaOH solution. [The
inset illustrates a corresponding equivalent circuit].
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Simultaneously, the anodic peak potential shifted
positively, and the cathodic peak potential gradually
shifted negatively. The relationship between Ipa and Ipc
vs. v'? revealed good linearity with a high correlation
coefficient of 0.999 (Figure 6b). Thus, the modified
electrode acting in a diffusion-controlled electrochemical
process is advantageous for voltammetric and ampero-
metric glucose detection. Furthermore, the plot of log Ipa
vs. log v shows good linearity, with a slope very close to
the theoretical value of 0.5 (Figure 6¢), demonstrating the
diffusion-controlled process for glucose oxidation on Ni-
(OH),/SSF-316L electrode.

The chemical sensing ability of the fabricated elec-
trode was characterized by both CV and amperometry
techniques. Figure 7a shows the CVs behavior of the
proposed electrode for consecutive additions of varying
concentrations of glucose. It was revealed that anodic
peak currents distinctly increase by increasing glucose
concentration. Figure 7b presents two linear responses:
the first from 5.0 yM to 1.0 mM and the second from
1.0 mM to 11 mM. Based on the first linear range, a limit
of detection (LOD) was found corresponding to 10 uM.

Figure 7c shows the amperometric response of the
Ni(OH),/SSF-316L electrode upon consecutive additions
of glucose into a continuously stirred solution of 0.1 M
NaOH under the applied potential of 0.55 V. The current-
time curve shows an increase of oxidation peak current
with glucose concentration. Figure 7d illustrates the
calibration plot obtained from the amperometric curve.
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This latter shows two linear responses: the first one from
1.0 uM to 200 pM and the second from 200 pM to 4.0 mM.

In addition, the sensitivity was calculated from the first
slope of the calibration curve, considering the linear
region. The sensitivity was 1062 pA mM‘cm 2 The LOD
of 20uM (S/N=3) was obtained, thus improving the
obtained LOD using cyclic voltammetric measurements.
Table 2 compares the analytic performance of Ni(OH),/
SSF-316L with other foams-based glucose sensors. The
results indicate that Ni(OH),/SSF-316L electrode is prom-
ising for glucose analytical application.

3.3 Anti-interference, Reproducibility, and Stability of the
Ni(OH),/SSF-316L Sensor

The effects of some common interfering species such as
L-ascorbic acid, acetaminophen, uric acid, and sucrose
were studied using amperometry at the applied potential
of 0.55 V. The Ni(OH),/SSF-316L electrode interference
study was performed by adding 0.01 mM interferents and
0.2 mM glucose. These values are in a similar ratio level
to those in normal physiological conditions [33]. No
significant signals can be observed for interfering species
(<4 %) (Figure 8a). At the same time, two well-defined
glucose oxidation current responses were obtained, imply-
ing the excellent selectivity for glucose oxidation by
Ni(OH),/SSF-316L material-based sensor.

The reproducibility of five Ni(OH),/SSF-316L sensors
separately prepared under the same conditions was

2500
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Fig. 7. (a) CV curves of Ni(OH),/SSF-316L with various glucose concentrations in 0.1 M NaOH solution at a fixed scan rate of
50mVs™, (b) The corresponding calibration curves, (c) Amperometric response of Ni(OH),/SSF-316L electrode upon consecutive
additions of glucose in 0.1 M NaOH solution at 0.55 V, (d) The corresponding calibration curves.
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Table 2. Comparison of different foams-based nanomaterials for electrochemical detection of glucose.

Electrode Limit of detection (uM) Sensitivity Linear range Ref
(RAmM 'cm™?) (mM)
Ni(OH), nanowires/NiF 1.0 1598 0.1-6.0 [30]
Cu—Cu,0 NPs@3DGF 16.0 230.89 0.8-10 [45]
a-Fe,O5/NiF 0.87 10.35 0.005-0.2 [51]
PdANPs/NisP,-NF 0.91 242.5 0.002-4.65 [58]
BiOI/ZnO/NiF 2.0 1152 0.01-3.25 [59]
NiO superstructures/NiF 6.15 395 0.018-1.2 [60]
Cu/NiF 2.0 - 0.006-0.206 [61]
a-Ni(OH),-tGO/NiF - 95.5 0.5-22.5 [62]
Ni(OH), nanosheets/NiF 1.0 1097 0.1-2.5 [63]
Ni foam 2.2 - 0.05-7.35 [64]
Ni(OH),/SSF-316L 2.0 1062 0.001-4.0 This work
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Fig. 8. (a) Chronoamperogram of Ni(OH),/SSF-316L with successive addition of Glc, UA, AA, AP, and Suc, (b) Illustration of current
response of Ni(OH),/SSF-316L electrode towards 1.0 mM glucose in 0.1 M NaOH for two months, (c) Responses of the sensor to the
same concentrations of glucose in human serum sample (blue) and in a standard sample (green), (d) Chronoamperogram of Ni(OH),/
SSF-316L electrode with the addition of human serum to 0.1 M NaOH at an applied potential of 0.55 V.

investigated by measuring the current response of 1.0 mM
glucose (Figure S2). The estimated relative standard
deviation (RSD) was 2.48 %, indicating that the various
sensors had good reproducibility. To assess repeatability,
five successive amperometric measurements of 1.0 mM
glucose with the same electrode were measured (Fig-
ure S3). The calculated RSD of the response current was
1.18 %, demonstrating excellent electrode repeatability.
These findings suggest that the proposed Ni(OH),/SSF-
316L sensor is not contaminated by glucose oxidation
products and can be used repeatedly.
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Furthermore, the long-term stability of the Ni(OH),/
SSF-316L sensor was also estimated by measuring its
amperometric response every fifteen days over two
months (Figure 8b). The sensor was stored in a dry state
between two measurements. The results showed only a
reduction in the current response of 7% for 1.0 mM
glucose in an aqueous solution containing 0.1 M NaOH at
a fixed potential of 0.55 V, indicating that the as-prepared
Ni(OH),/SSF-316L electrode has good stability.

Electroanalysis 2022, 34, 1-11 8
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Table 3. Amperometric glucose sensor applied to human blood serum samples.

Samples Concentration of glucose (mM) Recovery
Proposed Determined by a commercial (%)
non-enzymatic method (mM) glucometer (mM)

1 3.85 3.52 109.3

2 11.75 10.45 112.44

3 7.53 8.25 91.27

3.4 Determination of Glucose in Blood Serum Samples

The feasibility of Ni(OH),/SSF-316L was further exam-
ined using the same glucose concentrations in human
blood serums and a standard sample. Figure 8c shows that
the Ni(OH),/SSF-316L electrode had a close current
response. Therefore, it can be used in real applications.
The practical applicability of the Ni(OH),/SSF-316L
sensor for real sample analysis was tested by a commercial
glucometer and then by our sensor using amperometric
measurements. I-t curves were recorded at 0.55V (Fig-
ure 8d) in 10 mL of 0.1 M NaOH solution under stirring
conditions with 10 pL blood serum injected. Table 3
summarizes the results obtained. The proposed sensor
gave recoveries between 91.27-112.44 %, suggesting the
potential application of Ni(OH),/SSF-316L for glucose
determination in human blood serum.

4. Conclusion

For the first time, Ni(OH), nanoparticles were success-
fully grown onto 316L stainless steel foam via a simple
and facile electrochemical route using the CV method in
an alkaline solution without nickel salts added. The
analytical performance of the prepared electrodes was
investigated by cyclic voltammetry and amperometric
measurements.

Due to the unique nanostructure characteristics and
active sites, the as-modified, Ni(OH),/SSF-316L foam
electrode with optimum sensing potential 0.55 V charac-
terized by a large surface area, and showed higher
sensitivity 1062 uyA mM‘cm ™, faster response time of 2's
and wider linear range of concentration (1.0 uyM—4.0 mM),
as well as low glucose detection value of 2.0 pM.

In addition, the proposed sensor can be used for
glucose determination in real human blood serum with
excellent selectivity accuracy. It revealed high stability
and good reproducibility. Therefore, due to its good
performance and low cost, the fabricated Ni(OH),/SSF-
316L sensor could be used as a potential material for
routine glucose analysis.
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