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Abstract

A paper-based microfluidic device with Agaricus bisporus homogenate as the working
electrode modifier was developed based on cyclic voltammetry for quantitative
detection of ethanol in biological samples. Mushroom homogenate was mixed with
gelatin and combined with carbon paste to prepare a slurry to develop the working
electrode on paper. The homogenate contained alcohol oxidase enzyme that catalyzed
the degradation of ethanol to acetaldehyde and hydrogen peroxide in the presence of
oxygen. A graphite crystalline pencil (SHB) was used to draw the counter electrode and
a silver conductive ink pen was used to draw the reference electrode on the paper.
Assay is based on the detection of reduction peaks of remaining oxygen at the working
electrode using cyclic voltammetry at potentials between +0.4 and +0.8 V. The expected
electrode response showed a linier relationship for ethanol concentrations ranging from
4.0 to 14.0 mM. Phosphate buffer (pH = 7) was used as the supporting electrolyte and it
also provided the optimal condition for the activity of alcohol oxidase enzyme extracted
from the mushroom tissue. The proposed paper-based device was validated using
laboratory prepared samples.
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1. Introduction

Levels of ethanol in body fluids are
required to be tested mainly due to the
toxicity of alcohol and for legal purposes.
For medical proposes it is essential to
determine the level of ethanol in blood in
order to effectively treat the people
intoxicated with ethanol. Even though
there are many methods, breathalyzer is
the most common method used for the
determination of ethanol level in blood
indirectly. Although breathalyzer is a
quick and economical method, its
accuracy can vary based on
environmental factors such as humidity
and temperature (Simpson, 1987).

Paper-based microfluidic devices (uPADs)
are getting popular among scientists as an
alternative platform to develop many
economical one-time-use biosensors
(Cate et al., 2015) because they provide
power-free fluid transport via capillary
action, have a higher surface area to
volume ratio, and can store reagents in
active form within the fiber network
(Cate et al., 2015). Further, they are less
expensive, portable, light weight, easily
available, compatible with biological
samples, and can easily be disposed of
after single use (Cate et al., 2015).

The wuPADs are developed using
commonly available filter paper. The
three electrode system is fabricated using
commonly available materials. The
spherical shape electrochemical reaction
region is constructed using commercially
available varnish paint. This paper-based
system has never been used for the
detection of alcohol. The working
electrode is modified with alcohol oxidase
(AOX) enzyme originated from Agaricus
bisporus mushroom. Use of Agaricus
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bisporus mushroom homogenate for the
extraction of AOX is previously reported
for the alcohol determination (Akyilmaz
et al, 2005). The developed electro
chemical device is shown in Figure 1. AOX
can oxidize ethanol in the presence of
oxygen, and this reduces the amount of
oxygen in the sample. The reaction
between alcohol and oxygen as follows.

Alcohol + Oxygen AQOX JAldehyde + H20;

The amount of oxygen in the sample
depends on the level of alcohol in the
sample due to the above reaction
between alcohol and oxygen in the
presence of AOX. The amount of alcohol
can be estimated based on the oxygen
concentration in the sample in the
presence of AOX.

Cyclic voltammetry is used to determine
the remaining oxygen level in the sample.
Cyclic voltammetry produces quick and
accurate results compared to other
analytical methods. Biosensor developed
based on uPADs is suitable to work with
various body fluids since this sensor
required small sample volumes to
produce a satisfactory measurement
(Cateetal., 2015).

2. Material and Methods

2.1 Reagents and solutions

Agaricus bisporus, varnish and gelatin
were purchased commercially and
mushroom was stored at 4 °C until use.
Absolute ethanol (Hayman Ltd UK), NaCl
(Fischer chemicals Itd), KCl (Fischer
chemicals Itd), NazHPO4 (Merck chemicals
I1td), KH2PO4+ (BDH chemicals 1td), HCI
(Fluka) Kz2Fe(CN)6.3H20 (BDH chemicals
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Itd) and KCl (Fluka) were used as they
were received. Binder was prepared using
phenol (BDH chemicals Itd),
formaldehyde (Fluka Chemicals) and
oxalic acid (BDH chemicals Itd). Graphite
powder, <20 pm, synthetic (Sigma
chemicals) was used to fabricate the
working electrode.

2.2 Instruments

Pine WaveDriver 10 potentiostat/
galvanostat along with computer based
AfterMath software was used to perform
all cyclic voltammetric experiments.

2.3 Fabrication of uPADs

Whatman No.01, varnish, silver
conductive pen, 5B finest crystalline
graphite pencil were used for the
fabrication of uPADs.

2.4 Preparation of working electrode

Mushroom (A. bisporus) tissue (200 g)
was homogenized in phosphate buffer
(200 mL, pH = 7) using a motar and a
pestle. Filtered homogenate was then
mixed with gelatin (5 g) and incubated at
38 °C for 5 min to dissolve gelatin. This
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preparation was stored at 4 °C until use. A
50 pl portion of this mixture was
combined with 5 g of graphite powder
and phenol formaldehyde resin to provide
a slurry to draw the electrode on the
paper-based device.

2.5 Fabrication of uPADs

Varnish was used to draw the spherical
electrochemical reaction region on the
Whatman 01 paper as shown in the
Figure 1. A silver conductive pen and a
5HB pencil were used to fabricate the
pseudo-reference and auxiliary
electrodes, respectively.

2.6 Methodology

Each cyclic voltammetric run was
performed after introducing 50 pL on to
the pwPAD. Cyclic voltammetric analysis
(+1 to -1V, with the scan rate of 5, 25, 50,
100, 150 mV/s) was carried out for
standard ethanol solutions (2, 4, 6, 8, 10,
12, 14, 16, 18, and 20 mM) in pH 7
phosphate buffered saline solutions. Same
procedure was repeated with the
laboratory prepared alcohol samples in
saline buffered at pH = 7.

Figure 1. Five electrochemical paper-based devices developed on a filter paper. The silver
conductive ink pen and 5HB pencil were used for the development of auxiliary and
reference electrodes respectively. The working electrode is modified with alcohol oxidase

enzyme.
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3. Results shown in Figure 2 for saline solution
buffered at pH = 7. Voltammograms
Response current variation with the scan collected for different standard ethanol
rates (5, 25, 50, 100, and 150 mV/s) is solutions are shown in the Figure 3.
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Figure 2. Response current at the scan rates of 5, 25, 50, 100, and 150 mV/s for saline
solution buffered at pH = 7.
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Figure 3. Response current for ethanol standards (4, 6, 8, 10, 12 and 14 mM) in saline
buffered at pH = 7 collected at 25 mV/s scan rate.
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4. Discussion

As shown in Figure 2, at higher scan rates,
the response start to decrease, so 25
mV /s was selected as the optimum scan
rate. With the increase of ethanol
concentration, the amount of oxygen
concentration in the sample solution was
reduced due to oxidation reaction
between oxygen and ethanol in the
presence of AOX.

Currents at 0.6 - 0.8 V for the ethanol
concentrations ranging from 4 - 14 mM
are shown in the Figure 3. The lowest
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current at a given potential is observed
for the highest alcohol concentration, 14
mM. The current response at various
potentials from +0.6 to +0.8 V were
plotted and the best correlation was
observed at + 0.72 V. Alcohol
concentration and the current response
(calibration graph) at +0.72 V is shown in
the Figure 4. This graph shows a
significant linier relationship (RZ = 0.96)
between the response current and alcohol
concentration in the range 2 to 12 mM.
The proposed device produced optimum
results under these condition and the
device is shown in Figure 5.
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Figure 4. Response current collected at 0.72 V with the scan rate of 25 V/s for ethanol
standards (4, 6, 8, 10, 12 and 14 mM) in saline buffered at pH = 7.

The accuracy of the method was tested
using laboratory prepared samples. Five
laboratory prepared samples were tested
with the developed biosensor and the
experimental alcohol concentration was
statistically compared with the actual
concentration. There is no statistically
significant difference between

experimental results and the actual
concentrations.

The lowest detection limit (LOD) was
calculated wusing the calibration plot
shown in Figure 4. Using the calibration
plot, standard deviation of the slope (Sy)
and the slope (S) were calculated. The
LOD, which was calculated using the
relationship, LOD = 3.3(Sy/S), (Wu et al.,
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2016) was 2.8 mM. This confirms the
proposed device is capable of detecting
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ethanol concentrations up to 2.8 mM.

Figure 5. The proposed uPAD device connected to the CE (counter electrode), WE (working

electrode) and RE (reference electrode).

5. Conclusion

The proposed uPAD can detect the level of
alcohol in saline matrix with 95%
confident and the lowest ethanol
concentration that can be detected using
the device is 2.8 mM. This novel, one time
use paper-based devise is a potential tool
that can be used successfully to detect
alcohol in saliva. Connected to a portable
potentiostat, this uPAD can be used as a
portable alcohol biosensor. This one time
use economical device eliminate the cross
contamination and assure the safety of
the consumer.
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