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A new amperometric bienzymatic biosensor for gluconic acid based on the coimmobilization of glu-
conokinase (EC 2.7.1.12) and phosphogluconate dehydrogenase (EC 1.1.1.44) by polysulfone membrane
entrapment onto the surface of a graphite-epoxy composite is reported. This biosensor represents an
alternative to gluconate dehydrogenase (EC 1.1.99.3) based methods, which is no longer commercially
available. Measurements were done at an applied potential of +0.800V, room temperature and phos-
phate buffer pH 7.50; obtaining a linear response range for gluconic acid extended from 7.0 x 1076 to
2.5 x 10~* M. Constructed biosensors showed good reproducibility for calibrations using different elec-
trodes (RSD of 1.74%). Finally, biosensor was applied to real wine samples, and the results obtained were
validated by comparison with those provided by a reference laboratory. Good correlation was found when
the biosensor results were plotted vs. the reference values (slope=1.03 4 0.04, intercept=0.01+0.02,
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1. Introduction

High concentrations of gluconic acid in wine are caused by
the proliferation of a fungus (Botrytis cinerea) which is able, via
the enzyme glucose oxidase, to generate gluconic acid from glu-
cose (via glucono delta-lactone); this grapevines disease is called
common rot or grey rot [1,2]. It develops during growth of the
grape berry and is influenced by weather factors, such as mois-
ture and rainfall, or by physiological factors, such as grape variety
and bunch shape. Changes that are caused in white and red wines
include alterations in colour due to a high activity of oxidases;
an increase in volatile acidity, ash contents and dry extract con-
tents through the formation of glycerol, polysaccharides, uronic
acids and aldonic acids (essentially gluconic acid); and a decrease
in titratable acidity [3]. Significantly, sensory properties of wine
are altered by the presence of gluconic acid, which additionally
renders it microbiologically unstable and results in long-term stor-
age problems that can be solved only by reducing its content in
wine.

Therefore, gluconic acid concentration is an important analyti-
cal parameter used by oenologist to quantify the rottenness degree
and assess quality of wine. Taking into account that basal amounts
will always be present, Organization Internationale du Vin (OIV) rec-
ommends levels lower than 200-300 mg/1 [4], whereas levels up to
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1.0g/l indicate an initial stage of the fungus infection and higher
levels (up to 2-3 g/lI) might indicate an activity of acetobacter bacte-
ria. Nevertheless, we have to distinguish noble rot wines, obtained
in very special and controlled conditions (which have to be proved),
in which cases gluconic acid is a virtue instead of a defect.

D-Gluconate (the base form of gluconic acid) has been usually
determined by enzymatic assay employing gluconate dehydro-
genase (GADH) (EC 1.1.99.3) which catalyzes the oxidation of
gluconic acid through an acceptor reduction (FAD, TTF, NAD",
etc.); depending on the acceptor, we can use different techniques
such as spectrophotometry [5] or electrochemistry [6-8]. In this
case, biosensors have been developed employing: glassy carbon
electrodes with GADH immobilized on its surface [6,8], gold elec-
trodes and immobilization through different membranes either
with direct cofactor detection [9] or with TTF acting as a mediator
[7]. Unfortunately, an inconvenient of these methodologies is that
GADH enzyme is not longer commercially available, and in order
to continue using the above principles, the only option would be to
produce and isolate the enzyme from microbiological cultures [10].
There are also some commercial enzymatic kits for spectrophoto-
metric determination and batch measurements that employ other
enzyme systems [11]. Apart of the enzymatic assay, alternative
analytical techniques also employed are high performance liquid
chromatography [12,13], gas chromatography [14], capillary elec-
trophoresis [15,16] or near-infrared spectroscopy [17]; but these
methods are time consuming and require advanced laboratory
facilities, while we report a more simple on-field biosensor system
based on composites electrodes.
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Scheme 1. Schematic diagram of the biosensor reactions involved for gluconic acid
determination.

The development of composites based on a conductive phase
dispersed in a polymeric matrix, has led to important advances in
the analytical electrochemistry field, particularly in sensor devices.
These materials combine the electrical properties of graphite with
the ease of processing of plastics (i.e. epoxy, methacrylate, Teflon)
and show attractive electrochemical, physical, mechanical and
economical features compared to other noncombined conductive
materials (i.e. gold, platinum, graphite). The electrochemical char-
acteristics of composites have been widely studied in previous
works [18]. Composites can also incorporate modifiers when they
are in solid state, but if we want to incorporate a liquid phase (like
an enzyme suspension) we have to use amembrane immobilization
protocol like the use of polysulfone.

Polysulfone is a porous polymer widely used as support mate-
rial for composite membranes and as ultrafiltration membrane. It
displays very good chemical and thermal stability and excellent
film-forming ability. Moreover, polysulfone films are hydropho-
bic hence providing the enzyme with an in vivo-like environment.
Polysulfone is therefore an attractive structural material and has
been studied as support for the immobilization of enzymes [19,20].

The aim of this paper is to propose a biosensor alterna-
tive to GADH based methods, as a simple tool able to satisfy
industry requirements which demands sensor-based system to
replace heavy laboratory equipment. For this purpose, we have
developed an electrochemical composite biosensor based on
the use of two commercial enzymes (gluconate kinase and
6-phospho-D-gluconate dehydrogenase). With these, an ampero-
metric bienzymatic system for the determination of gluconic acid
based on the phosphorylation by gluconate kinase and oxidation
of the resulting product by 6-phospho-p-gluconate dehydrogenase
and accompanied with NADP reduction is reported (Scheme 1). The
developed biosensor was tested for real wine sample determina-
tion and their results compared and validated with those obtained
by a reference laboratory.

2. Materials and methods
2.1. Apparatus

Amperometric measurements were done using a LC-4C
amperimeter (BAS Inc., West Lafayette, IN, USA) connected to a
personal computer by a data acquisition system ADC-42 PicoTech-
nology (Pico Technology Limited, St. Neots, Cambridgeshire, UK)
for data recording and visualization. Electroanalytical experiments
were carried out at room temperature (25°C) using a three elec-
trode configuration: a double junction electrode Ag/AgCl Orion
900200 (Thermo Electron Corporation, Beverly, MA, USA) was used
as the reference electrode, a platinum-based electrode (Crison
52-67, Barcelona, Spain) was used as the auxiliary one and the
biosensor was used as the working electrode. A magnetic stirrer
provided the convective transport during the amperometric mea-
surements.

2.2. Reagents and solutions

All solutions were prepared using deionised water from a
Milli-Q system (Millipore, Billerica, MA, USA). Potassium D-
gluconate (99%), adenosine 5'-triphosphate disodium salt (ATP)
(99%), adenosine 5’'-diphosphate sodium salt (ADP) (95%), poly-
sulfone (Ps) (average Mn~ 22,000 by Membrane Osmometry)
and N,N-dimethylformamide (DMF) (99.5%, over molecular sieve)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). [3-
Nicotinamide-adenine dinucleotide phosphate (NADP*) (95%),
[-nicotinamide-adenine dinucleotide phosphate (reduced form)
(NADPH) (93%) and magnesium chloride hexahydrate (99%) were
purchased from Merck KGaA (Darmstadt, Germany). Gluconate
kinase (GK) (EC 2.7.1.12, 1500 U/ml) and 6-phospho-D-gluconate
dehydrogenase (6PGDH) (EC 1.1.1.44, 150U/ml) were purchased
from CPC Biotech (Napoli, Italy).

The solutions were freshly prepared using the buffer solution.
NADP* and ATP-MgCl,-6H,0 solutions were prepared before each
experiment; also gluconate 0.1 M solution was prepared and used
as stock, and then 10~3M and 102 M gluconate solutions were
prepared from the stock, to reduce the increment of volume after
additions in batch measurements. Gluconate salt is used as stock
instead of gluconic acid; given that gluconic acid dissociates in
water at pH 7.00 to form the gluconate anion (pK, =3.7), its anion
form will be considered along all the text.

2.3. Electrode fabrication

Working electrodes were prepared following the conventional
methodology in our laboratories [18]. A resin EpoTek H77 (Epoxy
Technology, Billerica, MA, USA) and its corresponding hardener
compound were mixed in the ratio 20:3 (w/w). The composite
was prepared adding a 15% of graphite (w/w) into the epoxy resin
before hardening [21], then it was homogenised for 60 min and
finally the composite paste electrode was allowed to harden dur-
ing 72 h at 80°C. Electrode surface was then polished with different
sandpapers of decreasing grain size; final electrode area 28 mm?2.

2.4. Membrane preparation

The polysulfone composite membranes were prepared follow-
ing the methodology previously established [22]. First of all we
have to prepare the membrane suspension, which process could
be summarized in these two steps. Polysulfone (Ps) was dissolved
in DMF, obtaining a Ps solution in DMF and afterwards it was mixed
with graphite; the resulting suspension was mixed for 10 min
under continuous stirring. The proportions employed for the mem-
brane preparation, once optimized, were 10:2:88 for Ps, DMF and
graphite, respectively.

A thin film of this mixture was manually deposited onto the
epoxy-graphite electrode surface. Immediately after depositing the
Ps solution onto the electrode surface, it was precipitated by caus-
ing a phase inversion that was achieved by immersing the electrode
in cold water (approximately 4°C) [23] where the non-solvent
(H,0)displaced the solvent (DMF) and made Ps insoluble. This pro-
cess led to a controlled phase change of the Ps cast on the electrode
from liquid to solid. Taking advantage of the phase inversion pro-
cess, the enzyme was incorporated into the membrane substituting
the cold water for an aqueous solution of the enzyme. Electrodes
in this way prepared, with Ps composite films on their surface,
were rinsed thoroughly with doubly distilled water prior to use.
The modified electrodes with films incorporating the enzyme were
stored in phosphate buffer solution pH 7.50 at 4°C.
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2.5. Procedures

Amperometric measurements were made in a 0.1 M phosphate
buffer with 0.1 M potassium chloride at pH 7.50. Cyclic voltammo-
grams were made under quiescent condition and amperometric
detection was made under forced convection by stirring the solu-
tion using a magnetic stirrer.

The amperometric detection was carried out in steady-state
conditions, once the current intensity became stable, after addi-
tion of different microvolumes of a gluconate solution. Results were
obtained as relative responses where the residual current inten-
sity was taken as zero. All the experiments were done in triplicate,
and the results given are the averages of three measurements with
their corresponding relative standard deviations (RSD). The work-
ing potential was selected from preliminary cyclic voltammogrames.

The bienzymatic scheme required the addition of two cofac-
tors which where used as reaction starters after adjusting the zero
of current value, so all the possible electroactive compounds that
could affect the signal are neglected. For the measurements a final
concentration of 0.9 mM of NADP*, 7.0 mM of ATP and 7.0 mM of
MgCl,-6H,0 were used [24].

Magnesium was added because it is known to act as an activator
of the gluconokinase enzyme [25], but at higher concentrations it
could also act as an inhibitor [26]. It was also checked and tested
that its presence could increase the signal in a factor between 3
and 6 times; therefore its role is important and was added to any
further experiment.

2.6. Determination of gluconic acid in wine samples

Given that analysis of gluconic acid in wines did not require
any sample pretreatment; the batch mode was employed for the
amperometric measurements: only the dilution of the sample by
an appropriate factor was made to adequate the gluconic acid wine
concentration to the linear zone of the calibration curve and to elim-
inate possible matrix effects. In this way, 200 pl of sample were
added to the electrochemical cell containing 10 ml of buffer, and
the amperometric measurements performed. Afterwards, ampero-
metric measurement was not started until the baseline signal was
stabilized; at this time the zero of current value (counterbalancing
the residual current) was adjusted. Then the cofactors were added
and the enzymatic reactions started, obtaining the amperometric
signal (incremental signal). Finally this value was interpolated on
the calibration graph constructed with gluconic acid standards. The
obtained results were compared to those obtained by the reference
laboratory (INCAVI) using the reference method.

3. Results and discussion
3.1. Enzymatic scheme

3.1.1. Gluconate kinase

Firstly a simpler scheme based only on GK enzymatic reaction
was tested, so as in the bienzymatic system gluconate was phos-
phorylated reducing ATP concentration. For its monitoring, ATP
was electrochemically oxidized through a modified electrode with
copper nanoparticles [27]. In this case, a decrease in the signal
proportional to gluconate concentration was observed due to ATP
consumption via GK enzyme. This methodology was rejected when
we observed that ADP reagent was also electrochemically oxidized;
this is caused by the oxidation of adenine moiety and the response
difference is caused by the R group [28,29]. Its response (slope of
the calibration graph) was approximately a half of ATP response,
making its contribution hardly distinguishable. Due to the difficulty
of having an electrode with a selective response of ATP towards

Buffer (phosphate 0.1 M
and KCI 0.1 M at pH 7.50)

204 | —"— 3.24.10°3 M NADPH
——— 6.28:10"3 M NADPH

i (WA)

Fig. 1. Cyclic voltammogram for buffer, a 3.24 x 10-3 M and a 6.28 x 10-3 M NADPH
solution.

ADP, this system was rejected and the bienzymatic alternative was
attempted.

3.1.2. Gluconate kinase and 6-phospho-D-gluconate
dehydrogenase

The biocatalytic scheme used for the determination of gluconic
acid is displayed in Scheme 1. The determination involves two
enzymatic reactions, in the first step gluconate is phosphorylated
by GK in the presence of ATP producing 6-phospho-D-gluconate
whichis oxidized with NADP* to p-ribulose 5-phosphate by 6PGDH,
generating NADPH. The next, the NADPH formed in the second
enzymatic reaction is electrochemically oxidized at the electrode
surface, making its signal proportional to gluconic acid concentra-
tion on the sample.

Given that the response of the system depends of NADPH gen-
erated in the second enzymatic reaction, and to guarantee that our
signal is kinetically related to the substrate we want to determine
(gluconic acid), we must have the system controlled by the first
reaction employing the substrate. Therefore, as we were following
NADPH formed during the second reaction (with 6PGDH), a higher
proportion (ca. 40% more) in terms of activity of this enzyme was
added. This is to make sure that in case of enzyme saturation, all
the gluconate that reacts will be detected.

3.2. Bienzymatic system

3.2.1. Selection of the optimal potential

The first step was to check the NADPH response vs. the graphite-
epoxy composite, so a cyclic voltammogram was performed to
choose the optimum potential. A cyclic scan was carried between
—0.1V and 1.2V and with a scan rate of 90mVs~!. Three mea-
surements were taken: buffer, a 3.2mM and a 6.3 mM solution
of NADPH, confirming that the observed signal is originated from
NADPH oxidation (Fig. 1). The three voltammograms were com-
pared and a maximum was found at approximately 800 mV vs.
SCE for NADPH oxidation, selecting this potential as the working
potential. This optimal potential was confirmed by carrying out a
voltammogram in the presence of gluconic acid using the biosen-
sor as working electrode, with which the same maximum for the
oxidation of NADPH was found.

Furthermore, analogous voltammograms were done for the
other reaction products and substrates, like ATP or ADP, to con-
firm that no other interfering effect was present in the signal. No
response was found along all the scan range, so all the signal in
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Fig. 2. Characterization of the response of the bienzymatic system in phosphate
buffer pH 7.50 with an applied potential of +0.800V vs. SCE, where (a) corresponds
to the linear and (b) to the logarithmic representation.

our measurements was originated from the oxidation of NADPH
formed by the bienzymatic system.

3.2.2. Bienzymatic response

The next step was to confirm that the bienzymatic system
worked correctly and that NADPH formed in the second reaction
could be monitored amperometrically. In this way, a first determi-
nation employing the graphite-epoxy composite was performed
to confirm we had enough signal for the determinations and to
estimate the required amount of enzyme needed for the immobi-
lization step.

Under stirring conditions and with all the reagents in solu-
tion, buffer solution containing 7.5U of GK and 10.5U of
6PGDH, a kinetic determination of gluconate was carried out.
Given a clear Michaelis-Menten behaviour was obtained (Fig. 2),
data was adjusted to the non-linear model obtaining a good
correlation coefficient (r=0.9994) and the apparent constants
Kwm,app =0.52 £ 0.05 mM and vmax,app = 13.5 £ 0.5 WA, with a pseudo-
first order zone between 1.5 x 10-% and 1.0 x 10~4 M, r2=0.9996
and a slope 0f20.48 +0.15 mA M~!. Once confirmed the correct sys-
tem response and that the availability of enough sensitivity for our
purposes, we proceed to the immobilization of the enzymes.

Given that the enzymes used were available in aqueous solu-
tion instead of the lyophilized form, we had to change the typical
immobilization protocol used with graphite-epoxy biocomposites
[18] based on entrapment through physical incorporation of the
solid into the composite matrix.

Then, we decided to use a polysulfone (Ps) membrane strategy
which was successfully used before [22]. Membrane composition

Fig. 3. Epoxy-graphite composite electrode image before (A) and after (B) Ps mem-
brane deposition.

is based in three components, which proportions were changed to
obtain the better responses for our case. Firstly, the Ps:DMF ratio
was studied, this ratio affects membrane viscosity and the adher-
ence of the resultant membrane with the graphite-epoxy electrode
surface. The second parameter was graphite incorporation; given
Ps is not a conductive material, its presence increased the sig-
nal reducing the influence of membrane diffusion. Departing from
the conditions reported in previous work, membrane composition
was changed and its response was studied. For the optimiza-
tion process Umetrics software (MODDE 8) was followed; the
optimization process used surface response models, taking mem-
brane composition as variables and its electrochemical behaviour
(electroanalytical response evaluated by cyclic voltammetry mea-
surements with ferrocyanide/ferricyanide, gluconate calibration
parameters and electrochemical impedance characteristics) as sys-
tem responses. With this procedure the optimum composition
response was experimentally tested and confirmed as the work-
ing composition (see section 2.4). The appearance of the obtained
membrane, and its comparison before Ps deposition on the elec-
trode surface, could be observed in Fig. 3.

3.3. Biosensor response

Following the procedure described in Section 2, an enzyme mix-
ture containing (15U of GK and 21 U of 6PGDH) was used to cause
Ps precipitation, trapping enzyme in the porous membrane and
obtaining our biosensor. Electrodes were rinsed thoroughly with
double-distilled water and stored in buffer at 4°C when not in
use. Three replicates were done each time to compare biosensor
response and to evaluate its reproducibility.

Amperometric determinations in batch conditions were car-
ried out by systematic additions of different volumes of gluconic
acid standard solutions at the selected potential (Eapp=800mV
vs. SCE). Although immobilization, Michaelis-Menten behaviour
was still observed, but with a loss of signal due to the decrease
of enzyme units contained in the Ps matrix. Also a good cor-
relation was obtained when adjusting the non-linear model
(r=0.9996), with apparent constants: Kyapp =0.52 +0.05mM and
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Fig. 4. Amperometric calibration curves obtained with different biosensors for dif-
ferent amounts of gluconate standards, between 4.5 x 10-*M and 2.0 x 10~4 M.
Error bars correspond to experiments carried with 3 different electrodes.

Umax,app = 0.614 + 0.020 pA. If we compare the Ky app value obtained
for the enzymes in solution and the one obtained for the immo-
bilized system, there are no significant differences detected; this
means that the affinity of the enzyme to the substrate was not
affected by the immobilization procedure and that the enzymes
preserved their activity. Satisfactory response was obtained for
the biosensor and also a good reproducibility for the calibra-
tions between different electrodes was available (Fig. 4); the
obtained linear range (pseudo-first order zone) for gluconic acid
was between 7 x 1076 and 2.5 x 1074 M (slope =870+ 20 pAM1,
intercept=—4.9 x 1074 +1.69 x 10~3 wA and r? =0.998) and a RSD
of 1.74% between the slope of different electrodes (n=3). Although
the lifetime is not very long (up to 5-7 calibrations; with a decrease
inslope lower than 10%), due to the low RSD between different elec-
trodes demonstrates a disposable scheme of use, without the need
to perform calibration for each electrode.

In Table 1 biosensor response parameters are compared with
the ones reported in the literature for gluconic acid determination.
Comparing to the previous configurations, the first consideration
that must be taken into account is that GADH is unfortunately no
longer commercially available and that we are comparing a bienzy-
matic system with a single reaction system; also Michaelis-Menten
constant refer to different systems. Applied potential is slightly
higher in our case, given it is a different enzyme system and that
no mediator is employed and it could be reduced with the use
of Meldola Blue for example [22], but it has been demonstrated
that this does not represent a problem when carrying real sample
determination. Sensitivity is of the same order and linear range is
wider satisfying food industry requirements. Finally reproducibil-
ity between different electrodes is very good and slightly better
than that reported by the other authors.

The linear range of the biosensor was sensitive enough to allow a
high dilution factor (approximately 1/50, reducing possible matrix
effects) for the application in real wine samples; with these condi-
tions, the determination could satisfy food industry requirements
(5.0 x 107#t02.5 x 10~3 M of gluconic acid in wine samples). There-

0,5

Addition of

0,4 1 cofactors
Gluconic
acid signal
0,3

i (uA)

— Background
Addition signal
of wine

0 50 100 150 200 250 300
Time (s)

Fig. 5. Current-time recordings obtained from amperometric experiments. First
increase of signal corresponds to wine addition, second increase corresponds to
addition of cofactors and the start of the enzymatic reactions (incremental signal).
Working potential: +0.800V vs. SCE in 0.1 M phosphate buffer pH 7.50.

fore, the next step was to test the biosensor in the determination
of gluconic acid in wine samples and to evaluate its results.

3.4. Application to real samples

The developed biosensor was used for the analysis of gluconic
acid in wine samples under batch conditions as described above.
Firstly we checked that no matrix effect was observed, so we com-
pared the slope of a calibration graph obtained with the addition of
gluconic acid in absence (typical calibration graph) and presence of
wine sample (addition standard method). No significant differences
were found in the slopes of the two calibration graphs, indicating
that no matrix effect is present.

Thanks to this, real sample concentration could be simply calcu-
lated by interpolation of the corresponding amperometric signals
into the calibration plot prepared by addition of different amounts
of gluconic acid standards. The amperometric signal (incremental
signal) is recorded as described in Section 2 in two steps: first the
wine signal is recorded and afterwards cofactors are added gen-
erating an increased current due to gluconic acid present in wine;
recorded signal is schematized in Fig. 5.

In these conditions, 9 white wine samples were analyzed tak-
ing three replicates for each sample. Results obtained with the
biosensor were plotted vs. those obtained by the reference labo-
ratory (INCAVI) in order to compare both methodologies and to
validate biosensor results; in addition this comparison would be
also useful to detect any interference effect if there were observed
some lack of correlation between the two methodologies. Linear
least-squares regression was fitted and the characteristic param-
eters were calculated, also theoretical line was plotted (Fig. 6). A
satisfactory correlation is shown (% =0.995) with slope value near
one (1.03 +0.04) and intercept near zero (0.01 £0.02), containing
both theoretical 1.0 and 0.0 values in the confidence interval. These
parameters show that there are no significant differences between
the results obtained with both methodologies and validate the
applicability of the developed biosensor for gluconic determination
in wine samples; furthermore it also demonstrates the selectivity

Table 1

A comparison of analytical characteristics towards gluconic acid of amperometric biosensors.
Electrode Enzyme Eget Vs. SCE (V) Kwm,app (MM) Sensitivity (WAM™1) Linear range (M) RSD (%) Ref.
TTF-GADH-MPA-AUE GADH +0.15 0.21 1995 6x107to2x 10 3.4 [7]
Film coated GADH-BQ CPE GADH +0.4 0.88 1170 1x104to4x 1073 4.8 [6,8]
Epoxy-graphite-Ps GK+6PGDH +0.8 0.52 870 7x106t02.5x 1074 1.7 This work
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Fig. 6. Comparison of the results obtained with the biosensor (y axis) and the ones
obtained by the reference laboratory (x axis). Error bars correspond to biosensor
replicate analysis.

of the employed methodology towards gluconic acid given that
despite all the possible interferents found in wines no interfer-
ence effects were detected. Apart from reported wines, some red
wines were also assayed, although they were not included here
because they provided values too low for the reference methodol-
ogy employed in the reference laboratory; but for the low values
found, it seems they were not origin of any interference effect.

4. Conclusions

An alternative bienzymatic biosensor to quantify gluconic acid
based on commercially available reagents is reported. It was
successfully applied to quantify gluconic acid in real wine sam-
ples, validating biosensor performance through comparison of the
results obtained with those obtained by a reference laboratory.
Its performance characteristics may satisfy food industry require-
ments of precision, rapidity, sensitivity, simplicity and low cost
required to be considered as a useful analytical tool. Hence, the
biosensor-based methodology developed for the quantification of
D-gluconate is suitable to be employed for rapid assessment of the
quality of wines.

Further improvements may be to incorporate mediators into
the biocomposite materials, or to reduce the working potential
and analysis time, if a faster residual current stabilization might
be attained. Also biosensors as described could be prepared using
screen printed technology (SPE) and finally used in a disposable
manner.
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