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ARTICLE INFO ABSTRACT

Enzymatic and non-enzymatic amperometric glucose sensors based on nanostructured Au-Ni alloy were pre-
pared and compared in their performance. The hierarchically structured Au-Ni surface was merely used for the
non-enzymatic glucose sensor, while glucose oxidase attached poly-3’(benzoic acid) —2,2":5’,2’- terthiophene
(pTBA) formed on the alloy surface was used as the enzymatic sensor. The fabricated sensor was characterized
using surface analysis and electrochemical experiments. In case of the enzymatic sensor, the anodic current of
H,0, generated from the enzyme reaction was used as the analytical signal, while the direct oxidation of glucose
was observed on a mere Au-Ni alloy electrode without enzyme immobilization, which shows an excellent cat-
alytic oxidation of glucose even in physiological pH. The potential pulse pretreatment of the sensor surfaces
improved the performance, which allowed both the sensors reproducible and reusable (enzymatic sensor:
coefficient of variation = 1.82%, n = 5, non-enzymatic: coefficient of variation = 2.93%). The enzymatic bio-
sensor reveals the advantages of increased sensitivity, selectivity, and stability, compared with the non-enzy-
matic sensor. The linear range of enzymatic sensor was attained from 1.0 uM to 30.0 mM with a detection limit of
0.29 pM. The reliabilities of the sensors were also demonstrated through the glucose analysis in human blood
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samples, and the result was compared with the commercially available glucometer.

1. Introduction

Diabetes mellitus is one of metabolic disease concerned with fluc-
tuation in blood sugar level that might result in a serious damage to
various body systems, such as cardiovascular, urinary, and nervous
(Association, 2014). Despite the lack of any known cure for diabetes,
frequent monitoring of blood glucose levels is crucial for understanding
diabetes progression toward optimal management of the disease.
Therefore, it is essential to develop a sensitive detection system for
clinical and biomedical applications (Beck et al., 2008).

Several methods for glucose analysis have been reported to date,
including high-performance liquid chromatography (HPLC) (Taguchi
et al., 2003), capillary zone electrophoresis (Wang et al., 2016), optical
(Sun et al., 2018), Fourier transform (FT) spectroscopy (Petibois et al.,
1999), and other methods. Despite these methods have numerous ad-
vantages, they are expensive, require additional purification steps,
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trained personnel, and furthermore they cannot be converted to point of
care devices. Therefore, the alternative sensitive and selective detection
system using electrochemical methods is highly desirable, which are
robust and capable of miniaturization for medical diagnosis (Zhang
et al., 2008; Moon et al., 2018). Of these, many glucose sensors using
electrochemical methods have been reported (Wang, 2008; Kim et al.,
2013), which are mostly enzyme-based sensors and some of them are
enzyme-free. Although, the great success in glucose sensor have been
achieved so far, these sensor/biosensor still a challenging area of re-
search. For example, the enzyme based sensors are usually somewhat
expensive and unstable, and their catalytic activity is affected by sev-
eral factors such as temperature, pH, and ionic strength (Wang, 2008).
For this reasons, the non-enzymatic method has attracted attention in
recent years, because of its low cost, rapid response, and exceptional
sensitivity in some cases (Toghill and Compton, 2010). The sensing
electrodes based on these materials, however, still have drawbacks such
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as poor stability, easy loss of activity, and surface poisoning from the
adsorbed intermediates, especially low sensitivity at neutral pH.

In case of non-enzymatic sensor, metal or metal oxides have been
mostly used as catalytic electrode materials (Hwang et al., 2018). In
some cases, to enhance the catalytic properties of metallic nanoparticle,
bimetal alloy was used as electrode materials, which are usually syn-
thesized using elements in fully filled d-orbitals and the other metal
atoms that have vacant d-orbitals (Jiao et al., 2015). Especially, they
exhibit often better catalytic activities than the corresponding mono-
metallic counterparts due to the synergistic effect, and it is also possible
to additionally enhance their catalytic properties through shape and
morphology control (Liu et al., 2012). The formation of hierarchical
structure is one of ways to get the additional catalytic property that
plays an important role for both the enzymatic and non-enzymatic
sensor probes, because of its porous structure having higher surface
area and pronounced surface reaction activity (Guo and Wang, 2011).
Some of bimetal catalysts including novel metal (Shim et al., 2019) and
transition metal (Noh et al., 2012b) nanoparticles have been reported as
sensitive non-enzymatic sensors. We have recently observed that hier-
archical Au-Ni bimetal alloy reveals a large catalytic activity for glucose
oxidation even in neutral pH conditions, hence, it have been tried to
compare the performance of enzymatic and non-enzymatic glucose
sensors prepared with this catalytic material in physiological pH.

The most important step to fabricate a stable enzymatic biosensor is
fixing enzymes without losing their stability or biological functions.
One of the way is using the conducting polymer (CPs) composite, where
the substrate polymer plays a significant role in the design of electro-
chemical biosensors (Rahman et al., 2008; Naveen et al., 2017; Kim
et al., 2019). CPs are class of organic molecules and emerged as an
essential element in the fabrication of sensors. Of these, poly-
terthiophene-based CPs are comparatively more stable than polyaniline
(Shim et al., 1990) and polypyrrole (Park et al., 1993). In addition,
polyterthiophene is low toxic, and a substrate having functional groups
such as -NH, (amine) and/or -COOH (carboxylic acid) allows firm im-
mobilization of biomolecules through the peptide bond formation be-
tween the polymer layer and the biomolecules (Ban et al., 2004; Noh
et al.,, 2012a; Kim et al., 2013). Hence, we prepared the enzymatic
sensor using a conducting polymer formed on hierarchically structured
Au-Ni alloy to stably immobilize the GOx on the sensor probe.

In the present study, a hierarchically structured bimetal was de-
monstrated for enzymatic and non-enzymatic glucose sensors in human
whole blood and their performances were compared each other. The
mere hierarchical Au-Ni alloy was used as a non-enzyme sensor probe
for the detection of glucose at the physiological pH. The enzymatic
sensor was fabricated by covalent bonding of glucose oxidase (GOx) on
a benzoic acid bearing conducting polymer formed on the same alloy
layer. Fabrication and characterization of each sensor layer were de-
monstrated using electrochemical and surface characterization techni-
ques. The analytical signals were monitored via the direct oxidation of
glucose for the non-enzymatic sensor or the catalytic oxidation of HO,
generated from the enzymatic reactions on the sensor surface. Various
parameters affecting the sensor probe were optimized and the relia-
bility of the sensor was investigated by detecting glucose in real sam-
ples, where the results were compared with a commercially available
glucometer.

2. Experimental
2.1. Fabrication of the sensor probe

The details of chemicals and instruments are described in
Supplementary information. The sensor was fabricated as shown in
Scheme 1. Firstly, the hierarchical Au-Ni alloy was electrochemically
formed on SPCE (screen-printed carbon electrode) with a 0.1 M Na,SO4
solution containing 30.0 mM HAuCl44H,0 and 15.0 mM NiSO, em-
ploying chronoamperometry at —0.8 V for 200s. In case of the non-
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enzymatic sensor, glucose molecules were oxidized to a final product of
gluconolactone at the surface of metal hydroxides formed during the
anodic scan. On the other hand, metal ions formed at glucose oxidation
potential will have a subsequent reduction in the presence of oxygen as
shown in Scheme 1. The final nonenzymatic sensor was coated with
0.5% Nafion (NF) by drop casting. Otherwise, the enzymatic sensor was
prepared through electrochemical polymerization of pTBA on the Au-Ni
layer with three potential cycling from 0.0 to 1.1 V (Ag/AgCl) at 0.1 V/s
in 0.1 M PBS (pH 7.4). The pTBA/Au-Ni electrode was immersed in
10.0 mM EDC and NHS containing 0.1 M PBS (pH 7.4) for 3h to acti-
vate the carboxylic acid groups on the pTBA layer. Then, the electrode
was washed twice with double distilled water and subsequently in-
cubated in 6.0 mg/ml FAD-glucose oxidase (GOx) containing 0.1 M PBS
(pH7.4) for 3h. Finally, 0.5 pL of 0.5% Nafion (NF) was drop casted
onto the final enzymatic sensor layer and dried at room temperature for
the analysis of glucose monitoring.

2.2. Analytical procedure

The non-enzymatic glucose sensor was tested for its performance in
0.1 M PBS (pH7.4) for the direct electrochemical oxidation of glucose,
whereas the glucose detection using the enzymatic sensor was per-
formed in 0.1 M PBS (pH 7.4) solution and the normal person whole
blood samples (five volunteers). The most enzymatic glucose sensor
were based on monitoring the anodic current of H,O5 produced by the
enzyme reaction. The ampermetric responses for the non-enzymatic
and the enzymatic sensors were obtained at the applied potential of +
0.05 V and + 0.40 V (vs. Ag/AgCl), respectively for various glucose
concentrations (non-enzymatic: 10.0 uM-20.0 mM; enzymatic: 1.0
uM-30.0 mM) in 0.1 M PBS (pH 7.4). In case of human whole blood
samples, the result was compared with the comparative method using a
commercial glucose meter (One Touch UltraTM, Lifescan Inc.).

3. Results and discussion
3.1. Morphology and surface characteristics of Au-Ni bimetal

The surface morphology of the Au-Ni bimetal layer was studied
using XRD, FE-SEM and HR-TEM. The XRD analysis was performed for
Au-Ni alloy (Fig. 1(A)), which shows the typical Au and Ni peaks at 26
values of Au (38.18°, 44.39°, 64.58°, 77.56°, 81.72°) and Ni (39.1°,
44.5°, 78.0°, 84.1°), respectively. The index peaks, assigned as Au
((111), (200), (220), (311), and (222)) and Ni ((010), (011), (110), and
(103)), identify the material as fcc (Au and Ni) phase. All the peaks for
Au and Ni were assigned to the cubic phases of metallic Au (JCPDS 04-
0784) and Ni (JCPDS 45-1027), respectively. The X-RD pattern of Au-Ni
in high intensity corresponding to Au and Ni are homogeneously dis-
persed. Overall, the homogeneous distributions of Au and Ni in the
nanostructures are expected to enhance the catalytic oxidation of H0,.

The FE-SEM image (Fig. 1(B)) reveals as-prepared heiratical struc-
ture in the nanoscale range, where its large surface area can result in
the enhancement of both the catalytic effect toward hydrogen peroxide
and glucose oxidation reactions. Otherwise, the pTBA coated Au-Ni
layer shows a reduced pore size of the structure (Fig. S1(A)). After GOx
was bonded on pTBA/Au-Ni layer, it does not clearly show nanos-
tructure but displays a very rough enzyme surface (Fig. S1(B)). Fur-
thermore, Fig. S1(C) shows the EDXS data for the Au-Ni alloy layer.
Both the elements of Au-Ni were detected and wt% contents of Au and
Ni were 62.59% and 37.41%, respectively. The HR-TEM image con-
firmed the crystalline structure of Au-Ni alloy. As shown in Fig. 1(C),
the Au-Ni alloy forms well-defined lattice spacing of 0.235 nm and
0.203 nm matched with the Au (111) and Ni (011) planes, respectively.
Inset of Fig. 1(C) shows the selected-area electron diffraction (SAED)
pattern, exhibiting the mixed diffraction rings of fcc-Au and fce-Ni. This
indicates the formation of hierarchical nanostructure with intermixing
of each element. The corresponding SAED pattern is consistent with the



Biosensors and Bioelectronics 130 (2019) 48-54

W.-C. Lee et al.
i) Electrodeposition R Ox Red
e % red
(Glucose) ~, -~ M[OH]ads 0.,
Rox e M+ /"Y( \ng
(Gluconolactone) ox

ii) Electropolymerization

iii) EDC & NHS
iv) GOx

Non-enzymatic

Gluconic acid
+H,0,

Glucose

Enzymatic

Scheme 1. Schematic representation of the sensors fabrication and detection mechanism.

XRD result. The content ratios of the Au-Ni alloy was determined to do
the elemental mapping of Au and Ni as shown in Fig. 1(D(i-iv)). The
mapping data for Au and Ni atoms confirm the formation of Au-Ni. The
merged mapping data shows clear evidence for the elemental dis-
tribution in the alloy structure. These results obtained in FE-SEM and
HR-TEM images confirm the formation of hierarchical Au-Ni alloy
layer.

3.2. Immobilization of the sensing layer

To demonstrate the chemical binding between polymer and
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immobilizing enzyme, XPS analysis was carried out, where the spectra
were obtained for Au4f, Ni2p, Cls, N1s, and S2p as shown in Fig. 2. The
survey spectra of GOx-pTBA/Au-Ni layer show the presence of Au4f,
S2p, Cls, N1s, Ols, and Ni2p peaks in Fig. 2(A). Further, the decon-
voluted spectra of (B) Au4f, (C) Ni2p, (D) Cls, (E) Au4f, and (F) S2p
were obtained for (i) Au-Ni, (ii) pTBA/Au-Ni, and (iii) GOx-pTBA/Au-
Ni. The Au4f spectrum of Au-Ni layer (i) reveals typical two peaks at
83.2 (Au4fs,,) and 86.8 (Au4f,,,) eV. Otherwise, the binding energy is
shifted to the lower value (0.23 eV) after electropolymerization of TBA
monomer on Au-Ni (ii) (Fig. 2(B)). Fig. 2(C(i-ii)) shows the metallic Ni
formation, where the prominent peaks for Ni oxide and Ni(OH), reveal

Fig. 1. (A) XRD spectra of Au-Ni alloy. (B) FE-
SEM images of Au-Ni alloy (Inset: The magni-
fied FE-SEM image). (C) HR-TEM high magni-
fied section image of Au-Ni (inset: corre-
sponding SAED patterns for sample). (D-i)
High-angle annular dark-field scanning trans-
mission electronmicroscopy (HAADF-STEM),
(D-(ii-iv)) elemental mapping of Au-Ni alloy.
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Fig. 2. XPS spectra of (A) survey, (B) Au4f, (C) Ni2p, (D) Cls, (E) N1s, and (F) S2p peaks for (i) Au-Ni, (ii) pTBA/Au-Ni and (iii) GOx-pTBA/Au-Ni.

at 861.6 and 879.2 eV, respectively (Yan et al., 2012), and the content
of Ni oxide is high than that of Au, which owe to the higher affinity of
Ni to oxygen than Au. The intensity of the Ni peaks in the spectra of the
pTBA/Au-Ni (ii) and GOx-pTBA/Au-Ni (iii) decreased as compared to
the Au-Ni layer due to the polymer layer and immobilized enzyme. In
the case of Cls spectra, after electropolymerization of TBA on Au-Ni
(ii), the peak at 286.23 eV (-COOH of TBA) was appeared. After im-
mobilization of GOx (iii), the O-C=O peak from GOx component and the
N-C peak indicating the formation of covalent bond between pTBA and
GOx are newly observed at 288.87 eV and 285.42 as shown in Fig. 2(D).
In this case, the -COOH peak is slightly shifted to higher energy at
287.74 eV. The N1s spectrum of GOx-pTBA/Au-Ni (iii) reveals three
new peaks for GOx at 400.21 (HNC=0), 399.62 (NH), and 398.94 eV
(C°N) (Fig. 2(E)). The S2p spectrum shows a peak at 163.2 eV, corre-
sponding to the presence of S in the terthiophene backbone of pTBA
(Fig. 2(F)). The results additionally confirmed the immobilization of
GOx onto the pTBA layer.

3.3. Electrochemical properties of the sensor probe

In case of bimetallic alloy materials, including gold, nickel, and
cobalt etc., the glucose oxidation process is dominant in alkaline solu-
tion than in neutral one (Miao et al., 2014). However, the hierarchical
Au-Ni surface shows an excellent performance for direct glucose oxi-
dation in 0.1 M PBS (pH 7.4) as shown in Fig. 3(A). The CV recorded for
the electrode shows the direct oxidation of glucose around + 0.02 V,
where the peak current increased by increasing glucose concentrations
from 0.1 to 10.0 mM. On the other hands, the Au-Ni electrode also
reveals the catalytic oxidation reaction of H>O, in PBS solution; In the
CV, the oxidation peak of H,O, was observed at + 0.34 V as shown in
Fig. 3(B). As the concentration of H,0, increased from 0.01 to 1.0 mM,
the peak current increased. Further, the GOx-pTBA/Au-Ni probe as an
enzymatic glucose sensor was examined to detect the enzymatically
generated H,O, in the glucose solution as shown in Fig. 3(C). The
anodic peak current corresponding to the oxidation of H,0O, increased
linearly by increasing the glucose concentration from 0.01 to 10.0 mM,

51

indicating a stable conversion of glucose by enzyme reaction. It is worth
to note that there is no difference in the oxidation potential for both the
standard H,0, solution and enzymatically generated H,O,. These re-
sults confirm that the GOx immobilized hierarchical Au-Ni sensor probe
is capable of sensitive detection of glucose through the monitoring the
H,0, generated by the enzyme reaction.

The electrochemical impedance spectroscopy (EIS) was measured to
investigate the electrical characteristic of each layer in a 0.1 M PBS (pH
7.4) solution. Fig. 3(D) shows Nyquist plots obtained for (i) SPCE, (ii)
Au-Ni/SPCE, (iii) pTBA/Au-Ni/SPCE, (iv) GOx-pTBA/Au-Ni/SPCE, and
the data for corresponding layers were fitted based on a Randle circuit
(inset of Fig. 3(D)). The Rcr (Rp2 + Rp3) were determined employing
Zview 2 impedance software, where the Rcr value for bare SPCE was
calculated to be 39.2 kQ, while Au-Ni on the SPCE lowered the R¢r
value to 8.5 kQ2, which was about 4.6 times lower than that of the SPCE.
This indicates that the Au-Ni cause the conductivity increase. After the
formation of pTBA polymer layer, the charge transfer resistance in-
creased to 13.7 kQ. Furthermore, the Rcy values of GOx-pTBA/Au-Ni
increased to 19.7 kQ due to somewhat impeding of the electron-transfer
by GOx immobilization on the polymer layer.

3.4. Optimization of experimental parameters

The experimental parameters for the glucose detection with both
the sensors were optimized, in terms of Au-Ni concentration ratio, de-
position time and potential of Au-Ni alloy, temperature, amount of
GOx, pH, and detection potentials in a 0.1 M PBS (pH7.4) containing
1.0 mM glucose solution as shown in Fig. S2. As shown in Fig. S2(A),
the highest oxidation current was observed in the ratio of 30:15 for
Auw:Ni, respectively. As the deposition potential for the metal alloy
changed from —0.5 V to —0.8 V, a gradual increase in the current
response for the glucose oxidation was observed. When the potential
increased beyond —0.8 V, a sharp current decrease was observed as
shown in Fig. S2(B). Hence, —0.8 V was chosen as the optimum de-
position potential. Similarly, the deposition time was changed from 100
to 1000 s to optimize the metal alloy formation as shown in Fig. S2(C).
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The response current increased from 100 s to 200 s and maintained a
constant over 200 s, followed by a decrease due to the saturation of the
electrode surface. Fig. S2(D) shows the loaded enzyme amount, the
anodic response increased gradually as the amounts of glucose oxidase
increased from 3.0 to 6.0 mg/ml and reached a steady state at greater
than 6.0 mg/ml GOx. Therefore, 6.0 mg/ml GOx was used to im-
mobilize the sensor probe in the subsequent experiments. The pH was
changed between 5.5 and 8.0, where the response gradually increased
as the from 5.5 to 7.4. The maximum response was obtained at pH 7.4
(Fig. S2(E)), which is the physiological pH of blood. Temperature was
controlled between 10 and 60 °C, and the maximum signal was mea-
sured at 45 °C, and then it decreased over 50 °C due to the instability of
the sensor surface over 50 °C (Fig. S2(F)). Although the maximum re-
sponse was observed at 45 °C, we selected 25 °C as the measurement
temperature, because real samples are usually measured at room tem-
perature. In case of the non-enzymatic sensor, the detection potential
for the direct oxidation of glucose was studied. The response increased
from —0.05 V to + 0.05 V, then saturated from + 0.10 V. Hence, the
detection potential optimized at + 0.05 V (Fig. S2(G)). Furthermore,
the H,0, oxidation response for the enzymatic sensor was studied from
+ 0.10 to + 0.50 V. The anodic response increased as the detection
potential increased from + 0.10 V, the maximum response was ob-
tained at + 0.40 V (Fig. S2(H)). Hence, the + 0.40 V was used for the
final analysis.

3.5. Performance comparison of enzymatic and non-enzymatic sensors

Under the optimized conditions, the performances of both the sen-
sors were compared in terms of their sensitivity, selectivity, and sta-
bility towards glucose detection in whole blood. The amperograms
obtained for the enzymatic sensor (Fig. 4(A), solid line) show a dynamic
range between 1.0 uM and 30.0 mM. Otherwise, the non-enzymatic
sensor showed a narrower dynamic range from 10 pM to 20 mM as
shown in Fig. 4(A) (short dashed line). Further, compared to single
metal such as, Au and Ni, the Au-Ni alloy revealed higher response to
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Fig. 4. (A) Amperometric responses for glucose detection using enzymatic
(solid line) and nonenzymatic sensors (dotted line). (Inset reveals the current
response at low glucose concentrations). (B) Calibration plots of both the sen-
sors obtained by successive addition of glucose in 0.1 M PBS (pH 7.4) solution.

glucose oxidation due to the synergetic effect of two metals as shown in
the CV (Fig. S3). The calibration plots obtained for both the sensors
show that the current response increased linearly to the concentration
of glucose. The sensitivity of the enzymatic sensor calculated from the
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calibration plot in Fig. 4(B) (solid line) is 1.30 pA/mM with the de-
tection limit of 0.29 uM. The calibration plot shows an excellent line-
arity to the glucose concentration with 0.99 coefficient of variation
(R?). Similarly, the non-enzymatic sensor (short dashed line) shows a
sensitivity of 0.96 pA/mM with a detection limit of 5.84 uM and an R*
value of 0.98. The results clearly show the superior analytical perfor-
mances in sensitivity, linear range, detection limit, and repeatability
when the sensor probe was enzymatically fabricated. It might be re-
sulted from the catalytic activity of Au-Ni dendritic nanostructure to
H,0, oxidation is more higher than that of glucose. Table S1 shows a
comparison of proposed enzymatic and non-enzymatic glucose sensor
performances with other bimetallic glucose sensors. As compared to
other electrode materials, proposed sensor probe materials have ex-
cellent sensitivity and low detection limit.

3.6. Interference effects and long-term stability

To improve the reproducibility and reusability of the sensors, we
pretreated the sensor probe by applying the potential pulse between
—0.4Vand + 0.6 V prior to each measurement. When both the sensors
were pretreated, it was found that the pretreatment allowed them for a
more reproducible response as shown in Fig. 5(A). After pretreatment,
the disposable sensors exhibited excellent reproducible responses to-
wards glucose (0.1 mM glucose in PBS (pH 7.4)) oxidation for five times
repeated measurements, with coefficient of variation of 1.82% and
2.93% (n = 5) for enzymatic and non-enzymatic methods, respectively.
Otherwise, untreated sensors showed low coefficient of variation values
(enzymatic = 12.7%, non-enzymatic = 37.5%, n = 5), indicating that
electrodes with step pulse method displayed highly stable and re-
producible performance. Hence, all the experiments to detect glucose
were conducted with the pretreatment before using them.

The sensors were evaluated for their selectivity towards a glucose
standard solution in the presence of different interference species, such
as uric acid (UA), ascorbic acid (AA), dopamine (DP), and acet-
aminophen (AP). All interference test samples were prepared using 0.1
M in PBS (pH 7.4). The electrochemical oxidation reactions of these bio-
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molecules were observed in the same potential window to the glucose
detection. The current response of the enzymatic sensor (solid line) was
recoded at + 0.4 V in the PBS solution containing the foreign species as
shown in Fig. 5(B). The concentrations of interference species added in
the measuring solution were 0.1 mM of dopamine (DA), acetaminophen
(AP), ascorbic acid (AA), and uric acid (UA). The results show that the
interference effect of each species was 1.5% to AA, 2.8% to AP, 1.9% to
UA, and 2.5% to DA. However, in case of non-enzymatic sensor (short
dashed line), when glucose was introduced into the solution containing
interference species, the noticeable variation in response was observed.
The long-term stability of both the proposed enzymatic (solid line) and
non-enzymatic (short dashed line) sensors were examined a time per
day for 30 and 18 days, respectively (Fig. 5(C)). In case of the enzy-
matic sensor, 95.3% of its initial response was retained after 30 days.
This indicates that the proposed enzymatic sensor possesses good sta-
bility, which is owe to the strong chemical binding of the enzyme onto
the stable conducting polymer layer. Otherwise, the non-enzymatic
sensor showed that 60.4% of initial response retained after 18 days.

3.7. Real sample analysis

The reliabilities of bothe the enzymatic and non-enzymatic sensors
were evaluated by determining the glucose concentration in finger
pricked human blood samples obtained from healthy volunteers (n
5). The real sample measurements were performed. The results from
three times measurements for each sample were compared with that
from the commercial glucose monitoring meter (One Touch Ultra,
Lifescan Inc.) as shown in Table S2. The data were evaluated by the
paired t-test, and the calculated t values (enzymatic: 0.28, non-enzy-
matic: 1.39) were less than the critical t value (< 1.76) at the 95%
confidence level (n = 5). The enzymatic glucose sensor showed an
excellent agreement with the commercial glucose meter, while some-
what irreproducible result was obtained for the non-enzymatic sensor.

Fig. 5. (A) Repeatability and reusability of

6
(A) -m Step pusle (B) enzymatic and non-enzymatic sensors (in
o- Without step pulse 100 uM (AA AP UA DA) 0.1 mM glucose solution) with and without
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-~ 8‘.—.'_’.\-' 3. 41 J J \ ‘ Amperometric response of both the glucose
- ';“O""‘*O—m,;,,,,;o 0.05 HAI -~ I T sensors in the presence of interfering spe-
S Enzyamtic — © ‘E : Popeeeees cies. (C) Long-term stability of the both
= e 2 glucose sensors in 0.1 mM glucose solution,
5 [ R L S S ) respectively.
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01 Glucose 1.0 mm  ---- Non-enzymataic
1 2 3 4 5 40 Ti / 60
Repeatability Ime/ sec
(9] 0.25{ _a Enzymatic
<« -e-Non-enzymatic
3.0.20
ey i L T S
= 95.3%)
o 0.154
= —18 days
= ®o 0. ;
O 0.10- 099
< ©60.4 %
0.05
0 5 10 15 20 25 30

Cglucose I mM

53



W.-C. Lee et al.

4. Conclusions

Enzymatic and non-enzymatic glucose sensors were prepared using
nanostructured Au-Ni alloy as a substrate electrode and their perfor-
mances were compared. The results revealed the superior analytical
performance of the enzymatic sensor, where the sensitivity was 1.4
times higher and detection limit was 20.1 times lower compared with
non-enzymatic one. Further, the enzymatic sensor showed an excellent
selectivity, stability, and linear range, which was due to the stable
enzyme immobilization onto the pTBA surface. Finally, the reliability of
the proposed sensors was evaluated using finger pricked blood samples,
where they showed good agreement with the result of the commercially
available glucose meter. The significance of this work is directly related
to the various fields, such as clinical, pharmaceutical, and biomedical
applications.
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