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Abstract
A composite electrode was prepared by modifying glassy
carbon micro particles with gold nanoparticles and glucose
oxidase enzyme for glucose detection. In terms of analytical
characteristics, a linearity was obtained in the concentration
range between 50.0 and 1000.0 \xM with equation of
y = 0.0015x-I-0.2336 with the correlation coefficient of
R2 = 0.9801. R.S.D. value was calculated for 400 |iM glucose
(n-6) and found to be 4.89%. LOD and LOQ values were
also calculated and revealed to be 52.9 \iM and 176.3 ^M,
respectively. The developed system was also applied for
detection of glucose in four types of alcoholic beverages.
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Carbon is known as an ideal electrode substrate (Anik-
Kirgoz et al. 2006a), which is widely used in electroanalysis
due to low background current, wide potential, chemical
inertness, low cost, and suitability for various sensing and
detection applications (Wang et al. 2001). In addition, carbon
electrodes exhibit fast response and can easily be fabricated
in different configuration and sizes (Anik-Kirgöz et al. 2004,
2006a, 2006b, Wang et al. 2001, Çubukçu et al. 2007, Timur
et al. 2007, Anik and Çubukçu 2008, Anik and Çevik 2009,
Anik et al. 2010a). There are several carbon electrode forms
which are applied in electroanalytical applications, such as
glassy carbon electrode (GCE) and carbon paste electrode
(CPE). Other newly developed alternative carbon electrodes
are the rigid carbon-polymer composite based electrode,
graphite epoxy composite electrode (GECE), and composite
electrode material based on mixing glassy carbon (GC) micro
particles with an oil binder, glassy carbon paste electrode
(GCPE) (Anik-Kirgöz et al. 2006a, Wang et al. 2001). GECE
allows easy adaptation to a variety of electrode configura-
tions because of its flexibility in size and shape ( Anik-Kirgöz
et al. 2005, 2006a, 2006b, 2007, Tallman and Peterson 1990,
Céspedes et al. 1996, 2000, Alegret et al. 1999, Saurina et al.

1999, Serradell et al. 2002, Alegret and Merkoçi 2003). Its
surface can be smoothed or polished to provide fresh active
material ready to be used in a new assay (Anik-Kirgöz et al.
2006b). GCEs provide an attractive electrochemical reacti-
vity, negligible porosity, and good mechanical rigidity (Wang
et al. 2001, McCreery 1991, Van der Linden and Dieker 1980),
while the CPEs have been popular due to their very low back-
ground current, composite nature, and ease of modification,
renewal, and miniaturization (Wang et al. 2001, Rice et al.
1983, Kalcher et al. 1995). GCPEs have been utilized by our
group since their usage for the preparation of new electrode
material, because they ofFer high electrochemical reactivity,
a wide potential window with a low background current and
they are inexpensive, easy to prepare, modify, and renew.
Moreover it has been demonstrated that this electrode has
better electrochemical reactivity towards the oxidation of
hydrogen peroxide compared to conventional CPE (Wang
et al. 2001, Çubukçu et al. 2007).

On the other hand, Au-np is a kind of nanomaterial where
it can help proteins to retain their biological activity upon
adsorption (Çubukçu et al. 2007, Doron et al. 1995, Brown
et al. 1996). Its large surface area and good electronic proper-
ties (Liu et al. 2007), and its utilization for the study of direct
electron transfer of redox proteins (Liu et al. 2007, Ju et al.
2002, Xiao et al. 2000) increase its usage in biosensor con-
strucfion (Xiao et al. 2000, Liu and Ju 2002, Gu et al. 2001).

Various kinds of sensors and biosensors have been con-
structed by using Au-nps by Pingarron and his group. For
example, they prepared glucose oxidase (GOx) biosensors
by immobilizing GOx onto different tailored Au-nps modi-
fied electrode surfaces (Mena et al. 2005). The same group
also determined hypoxanthine (Hx) via xanthine oxidase
(XOD) based CPE modified with electrodeposited Au-nps
(Agüi et al. 2006).

In our previous work, GCPE was modified with XOD
enzyme and Au-nps to obtain xanthine (X) and Hx biosensor
and very promising results were obtained. From that result,
it was concluded that, especially for Hx detecfion, a more
practical and efficient biosensor has been obtained (Çubukçu
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et al. 2007). This can be explained by the composite electrode
that contains GC micro particles with Au-np. Au-np catalyzes
the enzymatic reaction by allowing direct electron transfer
between tbe electrode and enzyme acdve center by means
of the conducting tunnels of gold nanocrystals (Mena et al.
2005). On the other hand, the combination of these two mate-
rials into a composite structure, rather than usage of Au-np
as an immobilizing reagent, may cause the immobilized
enzyme to have higher bioactivity that results in fast, stable,
and sensitive responses to the concerning substrate (Çubukçu
et al. 2007). In the literature there are not many papers corre-
sponding to biosensors for glucose determination, especially
in alcoholic beverages. Most of them deal with the alcohol
determination while very few contain glucose determinations
in alcoholic beverages (Grassino et al. 2010, Antiochia and
Gorton 2007, Tkac et al. 1999). In this point of view, we believe
that this work will widen the scope of glucose detecfion in
beverages. For this purpose, in the present work, GCPE was
modified with Au-nps and then with GOx enzyme and, as a
result, a suitable and practical biosensor for glucose detection
was obtained. After the optimization of experimental param-
eters like enzyme amount, Au-np amount, working potential
and pH, analytical characteristics were investigated. Then, for
examining and testing the performance of a newly developed
biosensing system, it was applied for glucose detection in four
different types of alcoholic beverages including red and white
wine, draft beer, and mint liqueur.

Experimental

Reagents and chemicals
GC spherical powder, 2-12 micron, 99.95% metal basis was
purchased from Aldrich, while mineral oil was obtained from
Sigma-Aldrich and gold colloid from Sigma (0.75Ag2Q units/
mL; 10 nm -0.001% as HAuCl̂ ). 0.01 M glucose stock solution
was prepared freshly by dissolving the appropriate amount of
glucose (D-( -H ) glucose monohydrate from Merck). GOx, Type
II-S: from Aspergillus nigerG6641-50KU, 20% protein, balance
primarily potassium gluconate, was purchased from Sigma.
Phosphate buffer solution KH2PO4 (Merck/purity 99,995%,
0.05 M, pH 7.0) was served as the supporting electrolyte. All
solutions were prepared using double distilled water and all
other used chemicals were of analytical grade.

Apparatus
Chronoamperometric measurements were carried out -with
the FRA 2 n-AUTOLAB Type III electrochemical measure-
ment system from ECO CHEMIE Instruments B.V. (Neth-
erlands) driven by GPES software. The experiments were
conducted in a 10 mL voltammetric cell (Metrohm), at room
temperature (25°C), using a three-electrode configuration. A
platinum electrode served as an auxiliary electrode while an
Ag/AgCl electrode as a reference electrode, and Au-np/GOx/
GCPE was used as the working electrode. The electrodes
were inserted into the ceU through the Teflon cover.

Electrode preparation
Au-np/GOx/GCPE was prepared by hand mixing of 80:20
(% w/w) GC spherical powder/mineral oil with 55.7 Unit

Table I. Recovery data of glucose detection in alcoholic beverages
obtained with the Au-np/GOx/GCPE by using chronoamperometric
method.

Samples Recovery (%, n = 3]

Red Wine
White Wine
Draft Beer
Mint Liqueur

% 105.3
% 100.0

% 96.4
% 105.3

GOx and 2 |a,L Au-np. A portion of the resulting paste was
then packed firmly into the electrode cavity (3.0 mm diam-
eter and 5.0 mm depth) of a PTFE sieve where electrical
contact was established via a copper wire. The resulting
electrode surface was then dried at room temperature for
about 5 min. The surface of the resulting paste electrodes
was smoothed and rinsed carefully with double distilled
water.

Procedure
Prior to its use, the surface of the composite electrode was
smoothed with a weighing paper. Then three electrodes
were immersed into the 10 mL electrochemical cell. Cbrono-
amperometric measurements were carried out in 50.0 mM
phosphate buffer (pH 7.5) medium under the operating
potential of -I- 800 mV while the solution was stirred. The
duration of each analysis was 400 s and the transient current
decayed to a steady-state value after 200 s in the presence
of supporting electrolyte. The electrode surface was renewed
before the beginning of every measurement

Sample application
The developed biosensor was used for the glucose analysis
in four different kinds of alcoholic beverages. These samples
were analyzed using tbe standard addition method. A known
amount of glucose (400 \iM) was added to the reaction cell
from the stock solution that was prepared by dilution of ( 1:100)
beverages including white and red wine, draft beer, and mint
liqueur witb 50 mM phosphate buffer (pH 7.5). Amperomet-
ric measurements in stirred solutions with Au-np/GOx/GCPE
were performed after transferring the corresponding analytical
solution to the electrochemical ceU with a potential of + 800
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Figure 1. The effect of enzyme amount for 400 |xM glucose on the
biosensor response at various amounts of enzyme: background;
39.8 unit; 47.8 unit; 55.7 unit; 71.6 unit; 79.6 unit; conditions:
phosphate buffer solution (50 mM, pH 7.5), applied potential + 0.9 V,
2 (iL Au-np.
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Figure 2. The effect of Au-np amount for 400 \iM glucose on the
biosensor response at various amounts of Au-np: background; 0.5 jiL;
1 nL; 2 nL; 5 |jL; 10 |iL; conditions: phosphate buffer solution (50 mM,
pH 7.5), applied potential + 0.9 V, 55.7 unit GOx.

mV versus Ag/AgCl. Each analysis was performed three times
and the results are given in Table I. The recovery values of the
analytical signal for the diluted samples were calculated and
also demonstrated in the same table (n = 3).

Results and Discussion

Optimization of experimental parameters
Effect of Enzyme Amount
The effect of enzyme amount (39.8, 47.8, 55.7, 71.6, 79.6
unit) on obtained current values was investigated for
400 ¡xM glucose and shown in Figure 1. As can be seen from
Figure 1, current values increase up to 55.7 unit enzyme
and then a sharp decrease was observed for higher enzyme
amount, which can be attributed to the diffusion problem
(Aniket al. 2010b). The excess amount of protein might limit
the efficient substrate-enzyme interaction that is required
for this reaction. Since the best results were obtained with

the 55.7 unit, further experiments were conducted with this
amount.

Effect of Au-np Amount
Figure 2 demonstrates the effect of Au-np amounts (0.5,1, 2,
5, 10 jiL) on the current response of 400 |J,M glucose. As can
clearly be seen from the figure, the current increases from
0.5 to 2 |iL and then a slight decrease is obtained for vol-
umes greater than 2 |iL. This decrease can be attributed to a
decrease in GC-|i particle amount in the electrode structure
due to the increase in Au-np amount (Çubukçu et al. 2007).

Effect of pH
The effect of pH on the electrode response was investigated
by using phosphate buffer systems (50.0 mM) between pH
6.5 and 8.0 with an increment of 0.5 for 400 |aM glucose
(Figure 3). As can be seen from Figure 3(B), the current value
of the enzyme electrode increases significantly from pH 6.5
to 7.5, and then a decrease is obtained at pH values higher
than 7.5. As a result, pH 7.5 was chosen as optimum pH for
further studies.

Effect of Working Potential
In order to examine the effect of working potential, poten-
tials between + 500 and + 1000 mV with increment of 100
mV for 400 îM glucose solution was applied to the Au-np/
GOJC/GCPE. AS can be seen from Figure 4, for the developed
electrode, only potentials between + 700 mV to + 1000 mV
give the current values. When this region was examined, it
can be seen that the current values increase from + 700 mV
to + 800 my and then a slight decrease is observed for higher
potentials. Thus, + 800 mV was taken as optimum working
potential and used for further studies.

Analytical characteristics
After the optimization of experimental parameters, a linear
relationship between biosensor response and glucose
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Figure 3. Chronoamperometric responses of 400 [iM glucose on the biosensor response at various pH: (a) background; (b) 6.0; (c) 6.5; (d) 7.0; (e)
7.5; (f ) 8.0; conditions: phosphate buffer solution system, apphed potential + 0.9 V, 55.7 unit GOx, 2 |iL Au-np; Inset: the effect of optimum pH
curve of Au-np/GOx/GCPE.
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Figure 4. The effect of applied potential for 400 \iM glucose on the
biosensor response at different potentials: 0.5 V; 0.6 V; 0.7 V; 0.8 V;
0.9 V; 1.0 V; conditions: phosphate buffer solution (50 mM, pH 7.5),
2 [iL Au-np, 55.7 unit enzyme.

concentration was obtained in the concentration range
between 50-1000 |aM with the equation y = 0.0024x-0.0651
and correlation coefficient, R̂  = 0.9802 (Figure 5). RSD val-
ues were calculated for 400 (iM (n = 6) and found to be 4.89%.
LOD and LOQ values, on the other hand, were found to be
52.9 |iM and 176.3 [iM, respectively, based on the formula-
tions of 3s/m (for LOD) and lOs/m (for LOQ), where m is the
slope of the calibration curve (at decreased concentration)
and s is the standard deviation of the blank current values.

On the other hand, the storage stability of the biosensor
is a very important parameter for long-term applications.
It was observed that when the newly developed biosensor
was stored at -I- 4°C during a week, activity remained stable.
During this stage 27 measurements were carried out and no
decrease was detected in the signal response. The effect of
ascorbic acid (AA) on the current response was also inves-
tigated. The measurements were conducted using 50 |J.M
glucose. It was revealed that up to 100 \iM AA, it is possible
to detect glucose properly.

Sample application
Four different, commercially available alcoholic beverages
were analyzed using the standard addition method. A known
amount of glucose (400 |iM) was added to the reaction cell

from the stock solution that was prepared by diluting the
(1:100) alcoholic beverage sample with 50 mM phosphate
buffer (pH 7.5). The recovery values of the analytical signal for
each of the diluted samples were calculated and are shown
in Table I. From the recovery values, it can be concluded that
the developed biosensor can be utilized for glucose detec-
tion even in complicated matrix systems like beer, wine, and
mint liqueur. When examined carefully, apart from the white
wine, nearly 100 ± 5.00% recovery values were observed
for other beverages. These values are in acceptable limits,
demonstrating the applicability of the developed system for
detection of glucose in alcoholic beverages. Also, using this
biosensor renders the laborious sample treatment step that
is commonly applied before the measuring step in alterna-
tive methods, such as spectroscopy and chromatography.

Conclusions

In this paper, a glucose nanocomposite biosensor was con-
structed simply by mixing the proper amount of GOx, Au-np,
and GC micro particles and mineral oil. Resulting Au-np/
GOx/GCPE provides easy to prepare and useful biosensors
for glucose detection in alcoholic beverages. The combina-
tion of GOx into a nanocomposite structure with corpora-
tion of Au-np enables us to keep the enzyme with higher
bioactivity and stability in the operational conditions and
results in fast, stable, and sensitive responses in glucose
biosensing (Çubukçu et al. 2007). On the other hand, data
obtained from the sample application part showed that bio-
sensing responses were not affected by the sample matrix
and the nature. Compared to other glucose biosensors in the
literature, this system offers practical, precise, and robust
detection of glucose in real samples.

In the literature there are not many papers corresponding
to biosensors for glucose determination, especially in alco-
holic beverages. Most of them deal vñth the alcohol deter-
mination while very few contain glucose determinations in
alcoholic beverages. Hence this work will widen the scope
of glucose detection in beverages. On the other hand, usage
of nanomaterial in the biosensor structure strengthened the
effect of the system and, as a result, more robust biosensor
was obtained.
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Figure 5. Calibration graph for glucose at Au-np/GOx/GCPE
conditions: in 50 mM phosphate buffer solution (pH 7.5) and working
potential + 0.8 V, 25°C.
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