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A biosensor fabricated by incorporation of a redox
mediator into a carbon nanotube/nafion composite for
tyrosinase immobilization: detection of matairesinol, an
endocrine disruptor

Jahangir Ahmad Rather, Sanaz Pilehvar and Karolien De Wael*

An electrochemical matairesinol biosensor was fabricated by immobilizing tyrosinase on a poly(thionine)/

nafion/multi-walled carbon nanotube composite film. A polymeric film of the redox dye thionine enables

the stable immobilization of tyrosinase while acting as a mediator for the enzymatic process has been

incorporated into the carbon nanotube/nafion composite film. The immobilization method is based on

crosslinking of the tyrosinase layer with an electropolymerized film of poly(thionine). The good

homogenization of the electron conductor CNTs in the integrated films provides the possibility of a

three-dimensional electron conductive network. The biosensor was characterized by electrochemical

impedance spectroscopy and electrochemical characterization. The composite electrode exhibits catalytic

activity, high sensitivity, stability and is applicable over a wide range of concentrations from 180 nM to

4.33 mM with a detection limit (LOD) of 37 nM. The obtained results suggest that the developed sensor

can be successfully used for the determination of phenolic endocrine disruptors over a concentration

range covering their environmental levels.
1 Introduction

Global concern about the persistence of endocrine disrupting
chemicals (EDCs) in the freshwater environment is more
evident due to their possible disruptive effects in intact organ-
isms, or their progenies, subsequent to endocrine function.1

Plant-derived phytoestrogens are a group of such chemicals
which are stereochemically similar to the hormone 17-b-estra-
diol.2 They have other possible effects on some enzymes;
inhibition of steroid metabolization, anti-proliferative and anti-
angiogenic processes, protein tyrosine kinase inhibition and
other biological effects have been described.3,4 Matairesinol (A)
is a plant lignan found mainly in ax seeds and rye and has
estrogen-like structure.5 In the gastrointestinal tract matair-
esinol is converted into the metabolite enterodiol which is
known to have estrogenic properties.6 Therefore reliable data on
the phytoestrogen matairesinol are necessary to assess the
health implications on humans and other animals.

The levels of concentrations of EDCs in different samples are
low (1–72 000 ng L�1) and due to the complexity of the envi-
ronmental matrices pre-concentration of the samples is
required before LC-MS and ELISA analysis.7,8 Literature
survey reveals the coulometric electrode array detection for
determination of matairesinol in ax seeds with a detection
mistry, Groenenborgerlaan 171, B-2020

@ua.ac.be; Tel: +32 32653424
limit of 5 mg g�1.9 All reported techniques for the detection of
EDCs are reaching high accuracy with low detection limits, but
are expensive, time-consuming and require the use of highly
trained personnel. In response to these limitations, a large
number of efforts have been directed towards the development
of simple and effective methods for the determination of
phenolic EDCs. In particular, the fabrication of biosensors has
generated tremendous interest in this area. In recent years,
electrochemical biosensors based on tyrosinase have attracted
much interest for the advantages of good reliability, fast
response, inexpensive instrument, low energy consumption,
simple operation, time saving and high sensitivity. Thus, they
are widely investigated for determining some phenolic envi-
ronmental pollutants.10,11

Direct electron transfer between the electrode and the redox
enzyme is very important for fundamental studies and
This journal is ª The Royal Society of Chemistry 2013
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construction of biosensors.12–14 However, the direct electron
transfer between the enzyme and unmodied electrodes is
usually prohibited due to shielding of redox active sites by the
protein shells.15,16 Therefore, several studies have been made to
enhance the electron transfer. Mediators are widely used to
access the redox centre of the enzyme and thus act as charge
carriers. These minimize the effects of interference, lower the
operation potential of the electrodes and improve the linear
response and sensitivity of the sensor.17 Thionine (phenothia-
zine, PTH) is a redox dye whose electroactivity lies not only in
the heterocyclic nitrogen atoms and nitrogen bridges but also in
its free amine groups and has been reported for fabrication of
tyrosinase biosensors.18,19 On the other hand, naon, as a per-
uorosulfonated cation exchange polymer, is a perm-selective
polymer known for its ability to incorporate positively charged
ions and reject anionic species.20–22 It can be predicted that due
to the presence of the anionic sites in the structure of naon
polymers, some analyte species with negative charge are
repelled from the electrode surface.

Electrochemical biosensors incorporating enzymes with
nanomaterials, which combine the recognition and catalytic
properties of enzymes with the electronic properties of various
nanomaterials, are new materials with synergistic properties
originating from the components of the hybrid composites.
Therefore, these systems have excellent prospects for inter-
facing biological recognition events with electronic signal
transduction so as to design a new generation of bioelectronic
devices with high sensitivity and stability. Carbon nanotubes
(CNTs) are receiving considerable interest owing to their ability
to enhance electron transportation of enzyme and biomole-
cules.23,24 The three-dimensional network of electronically
conductive CNTs signicantly increases the surface area for
enzyme immobilization and provides an electronic circuit as a
series of “nanowires” for the enzyme.25,26

In the present work, the deliberate combination of thionine,
CNTs and naon for tyrosinase immobilization is very inter-
esting. It has been recently reported that CNTs showed a strong
tendency to adsorb thionine molecules through donor–acceptor
interaction and also p–p stacking force between these two
kinds of conjugated frames.27,28 There is strong interaction
between any of two among the three materials (ion-exchange
process between thionine and naon, strong adsorption of
thionine by CNTs and wrapping and solubilizing of CNTs with
naon), which will result in the homogenization of the three
materials that provides an efficient immobilization matrix for
tyrosinase enzyme by increasing the electron transfer with the
signicant decrease of high overpotential. Our strategy is to
immobilize the enzyme into an electrically conductive matrix of
carbon nanotubes, thionine and naon which potentially
reduces the distance from the redox-centre of tyrosinase to the
CNTs that promote faster electron transfer.
2 Experimental
2.1 Chemicals and reagents

All chemicals used were of analytical reagent grade quality and
were employed without further purication. Tyrosinase from
This journal is ª The Royal Society of Chemistry 2013
mushroom (E.C. 1.14.18.1, 3610 units per mg) was obtained
from Sigma-Aldrich (Belgium) and was used as received. Mul-
tiwalled carbon nanotubes with 99% purity, i.d. ¼ 2–15 nm and
1–10 mm tube length, were obtained from Aldrich. Matairesinol
(5 mg) standard, Naon� 117 solution (5%), glutaraldehyde
(8%) solution and thionine blue were also obtained from Sigma
Aldrich. KCl (0.1 M) solution was prepared in double distilled
water and used as the supporting electrolyte. A stock solution of
matairesinol (1.0 mM) was prepared in a 1 : 4 ratio of dimethyl
sulfoxide (DMSO) to phosphate buffer (PBS pH 7.0). Phosphate
buffer (PBS) solutions of different pH were prepared by mixing
appropriate volumes of KH2PO4 and Na2HPO4 neutralizing
monosodium phosphate monohydrate and disodium phos-
phate heptahydrate.

2.2 Apparatus

Electrochemical measurements were performed using a
m-Autolab Potentiostat/Galvanostat PGSTAT from Metrohm
(The Netherlands), tted with a PC provided with the appro-
priate GPES 4.2 and FRA soware. The utilized electrodes were
Tyr/PTH/NAF/MWCNT/GCE as a working electrode, Ag/AgCl
(3.0 M KCl) as a reference electrode and graphite as an auxiliary
electrode. All the solutions examined by the electrochemical
technique were purged for 10 min with puried nitrogen gas,
aer which a continuous stream of nitrogen was passed over the
solutions during the measurements. All pH-metric measure-
ments were made on a Decible DB-1011 digital pH meter tted
with a glass electrode and a saturated calomel electrode as the
reference, which was previously standardized with buffers of
known pH. Scanning electronmicroscopy (SEM) was carried out
by using a Jeol 6300 electron microprobe system.

2.3 Pretreatment of MWCNTs

Before modication of the GCE surface, the MWCNTs were
pretreated as reported in the literature in order to remove the
probable amorphous carbons andmetallic catalyst impurities.31

For this treatment procedure 0.1 g of the purchased MWCNTs
was reuxed in a mixture of concentrated H2SO4 and HNO3 for
4–5 h and then washed with doubly distilled water until the pH
of the solution became neutral and then dried under an IR
lamp.

2.4 Fabrication of the biosensor

Prior to the modication, a GCE was polished with PK-4
polishing kit, BASi MF-2060 successively followed by rinsing
thoroughly with redistilled deionized water until a mirror like
nish was obtained. Then it was washed ultrasonically in
double distilled water for 5 min and nally dried under a stream
of nitrogen at room temperature. 1 mg of treated MWCNTs was
dispersed in 5 mL of 0.5 wt% naon (NAF) ethanol solution and
allowed to sonicate for 30 min. Then 15 mL of the above solution
was cast on the surface of the GCE, dried under an IR lamp and
nally rinsed with double distilled water to remove loosely
adsorbed MWCNTs. The PTH/NAF/MWCNT/GCE was prepared
by electropolymerizing 0.1 mM thionine and 2.5% glutaralde-
hyde solution by cyclic voltammetry between �0.4 and +0.4 V at
Analyst, 2013, 138, 204–210 | 205

http://dx.doi.org/10.1039/C2AN35959F


Scheme 1 Fabrication of the biosensor.
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50 mV s�1.29 The surface concentration of the electroactive
moieties within the poly(thionine) lms could be controlled by
appropriately choosing the number of the cyclic scans. The
immobilization of tyrosinase was achieved by dispersing 2 mg
mL�1 (w/v ratio) tyrosinase in 0.1 M PBS (pH 7.0). Then 10 mL of
the tyrosinase solution was dropped on the PTH/NAF/MWCNT/
GCE. Aer being dried under ambient conditions for 2 h, the
tyrosinase modied electrode (Tyr/PTH/NAF/MWCNT/GCE) was
washed with the redistilled deionized water to remove the
unimmobilized mixture. The nished biosensor was stored at 4
�C in a refrigerator before use. The procedure used for
construction of the biosensor is shown in Scheme 1.
Fig. 2 Cyclic voltammograms of 1.0 mM K3[Fe(CN)6] in 0.1 M KCl, scan rate
20 mV s�1 at different modified electrodes: GCE ( ), PTH/NAF/GCE ( ),
PTH/NAF/MWCNT/GCE ( ) and Tyr/PTH/NAF/MWCNT/GCE ( ).
3 Results and discussion
3.1 Characterization of the biosensor

3.1.1 SCANNING ELECTRON MICROSCOPY. Fig. 1 shows the
scanning electron micrograph of NAF/MWCNT/GCE. From the
micrograph, it is observed that MWCNTs are shown in the form
of long tubes associated with naon as ion exchanger.

3.1.2 ELECTROCHEMICAL CHARACTERIZATION. Fig. 2 shows
the cyclic voltammetric behaviour of different modied elec-
trodes in 1.0 mM K3Fe(CN)6 as a redox probe at a scan rate of
20 mV s�1. It is clear from the gure that responses of the
modied electrodes PTH/NAF/GCE and PTH/NAF/MWCNT/GCE
are greater as compared to GCE, which may be attributed to the
increase in surface area of the modied electrodes. Apparently
aer electropolymerization of thionine at the PTH/NAF/
MWCNT/GCE, a pair of well-dened redox peaks appeared
Fig. 1 Scanning electron micrographic image of NAF/MWCNT/GCE.

206 | Analyst, 2013, 138, 204–210
which could be denitely attributed to the redox reaction of
thionine indicating that thionine has been successfully immo-
bilized on the pretreated electrode. Aer tyrosinase has been
immobilized on the PTH/NAF/MWCNT/GCE surface, the peak
current decreases, which is due to the fact that the tyrosinase
lm had obstructed the electron transfer.

3.1.3 ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY. Electro-
chemical impedance spectroscopy (EIS) is a valuable method to
characterize the electron transfer properties of the electrode
surface during the modication process. The semicircle diam-
eters of the Nyquist plot reect the electron transfer resistance
(Rct).30,31 Fig. 3A shows the Nyquist plots of GCE, PTH/NAF/GCE,
PTH/NAF/MWCNT/GCE and Try/PTH/NAF/MWCNT/GCE in
1.0 mM K3Fe(CN)6 containing 0.1 M KCl. It is clear from the
diameter of the semicircle of different electrodes that the
conductivity of PTH/NAF/MWCNT/GCE is more as compared to
GCE and PTH/NAF/GCE which is obvious due to the higher
conductance of MWCNTs. In contrast the charge transfer
resistance of Try/PTH/NAF/MWCNT/GCE was found to be
higher than that of GCE and other modied electrodes due to
This journal is ª The Royal Society of Chemistry 2013
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Fig. 3 (A) Nyquist plot of 1.0 mM K3[Fe(CN)6] in 0.1 M KCl at different modified
electrodes: GCE ( ), PTH/NAF/GCE ( ), PTH/NAF/MWCNT/GCE ( ) and Tyr/
PTH/NAF/MWCNT/GCE ( ). (B) Nyquist plot of 0.5 mMmatairesinol in pH 7.0 at
different modified electrodes: GCE ( ), PTH/NAF/GCE ( ), PTH/NAF/MWCNT/
GCE ( ) and Tyr/PTH/NAF/MWCNT/GCE ( ).
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the presence of tyrosinase at the electrode surface that hinders
the electron transfer which also conrms that tyrosinase is well
immobilized at the PTH/NAF/MWCNT/GCE surface.

In addition, Fig. 3B shows the Nyquist plots obtained at GCE,
PTH/NAF/GCE, PTH/NAF/MWCNT/GCE and Try/PTH/NAF/
MWCNT/GCE in 0.5 mM matairesinol. Aer GCE was modied
with PTH/NAF/MWCNTs, the surface resistance of the resulting
electrode decreased to an even lower value than the bare GCE
showing that the conductivity and surface area of the lm have
been increased due to the presence of carbon nanotubes. The
diameter of the semicircle of the Try/PTH/NAF/MWCNT/GCE
was found to be lower than all modied electrodes suggesting
the catalytic activity of the tyrosinase at the surface of the PTH/
NAF/MWCNT/GCE towards the oxidation of matairesinol.
3.2 Optimization of experimental conditions

3.2.1 INFLUENCE OF PH. The inuence of pH (6.0 to 10.0) on
the electrochemical activity of the biosensor towards 180 nM
matairesinol containing phosphate buffer solution was studied.
This journal is ª The Royal Society of Chemistry 2013
It was observed that when the pH was increased from 6.0 to 7.0,
the responses of the enzyme biosensor increased. On the other
hand, when the pH was further increased from 7.0 to 10.0, a
decrease in activity of the enzyme biosensor towards the
oxidation of matairesinol was observed. The current response
resulting from the enzyme-catalyzed reaction achieved
maximum value at pH 7.0 and this value was selected for further
studies.

3.2.2 INFLUENCE OF ENZYME CONCENTRATION. The enzymatic
activity of the bioactive layer of the biosensor is dependent on
the concentration of the enzyme used. The effect of tyrosinase
concentration was evaluated for 180 nM matairesinol in 0.1 M
PBS (pH 7.0) within the range of enzyme concentration from 1.4
to 100 mg mL�1. It was observed that the increase of the current
signal with the enzyme concentration was signicant up to
50 mg mL�1. Further increase of the enzyme concentration did
not affect biosensor response greatly. Therefore this concen-
tration (50 mg mL�1) was chosen as the optimum value.

3.2.3 EFFECT OF MWCNT LOADING. The effect of varying the
dosage of saturated MWCNTs coated on the GCE surface
ranging from 5.0 to 40 mL on oxidation of 18 nM matairesinol
was studied. The results showed that the use of increasing
MWCNT dosage was associated with an increasing oxidation
peak current of matairesinol up to 15 mL and then the peak
current decreases inversely due to large background current.
This is related to the thickness of the lm. If the lm is too thin,
the matairesinol peak current is small and when it is too thick,
the lm conductivity is reduced blocking the electrode surface
resulting in a decrease of the peak current. Therefore 15 mL
MWCNT dosage was optimized as an experimental condition
for the investigation of oxidation of matairesinol.

3.3 Electrocatalytic oxidation of matairesinol

The cyclic voltammograms of 180 nM matairesinol in PBS (pH
7.0) at Tyr/PTH/NAF/MWCNT/GCE exhibit a single well dened
anodic peak assigned to the oxidation of the –OH group which
is not accompanied by the corresponding reduction indicating
the irreversibility of the electrode process.

Fig. 4 illustrates the voltammograms, CV (Fig. 4A) and SWV
(Fig. 4B) of matairesinol at a bare GCE and Tyr/PTH/NAF/
MWCNT/GCE in pH 7.0. On the basis of these observations, it is
clear that the biosensor has a signicant catalytic effect on the
matairesinol oxidation leading to a decrease of the over-
potential and an enhancement of the peak current.

3.4 Scan rate studies and mechanism of electrode reaction

Useful information about the mechanism of the electrode
reaction can be acquired from the relationship between the
scan rate and peak current. As the scan rate was increased from
10 to 50 mV s�1, the peak potential shied towards a more
positive value with increase in current conrming the irrevers-
ible nature of the oxidation process (Fig. 5).32

A linear Randles–Sevcik plot (plot of Ip vs. y
1/2) was obtained

indicating that the diffusion was the means of mass transport:
Ip/mA ¼ 0.0713y1/2 (mV s�1) � 0.1399; r2 ¼ 0.9698. The nding
was further conrmed by plotting log Ip vs. log y corresponding
Analyst, 2013, 138, 204–210 | 207
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Fig. 4 (A) Cyclic voltammetric behaviour: (a) blank, (b) 180 nM matairesinol at
GCE, and (c) 180 nM matairesinol at Tyr/PTH/NAF/MWCNT/GCE; scan rate:
20 mV s�1. (B) Square wave voltammetric behaviour: (a) blank, (b) 180 nM
matairesinol at GCE, and (c) 180 nM matairesinol at Tyr/PTH/NAF/MWCNT/GCE.

Fig. 5 Cyclic voltammograms of 180 nMmatairesinol at Tyr/PTH/NAF/MWCNT/
GCE in pH 7.0 at different scan rates: 10, 20, 30, 40 and 50mV s�1. Inset: Ip vs. y

1/2.

Scheme 2 Mechanism of the electrode reaction.
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to the equation: log Ip/mA ¼ 0.4876 log y (mV s�1) � 1.957; r2 ¼
0.996. The obtained slope of 0.48 is close to 0.5 which conrms
diffusion controlled nature of the electrode process.

For a typical diffusion-controlled irreversible electrode
process, the relationship of Ep vs. y obeys the following
equation.33

Ep ¼ E00 + (RT/anaF)[0.78 + ln(D0
1/2/k0) + ln(anaFn/RT)

1/2] (1)

where E0
0
is the formal potential, k0 is the standard heteroge-

neous rate constant, D0 is the diffusion coefficient of matair-
esinol, A is the electrode area, and a is the transfer coefficient of
the reduction of matairesinol. Other symbols have their usual
signicance.

In the present study Ep linearly depends on the logarithm of
the scan rate according to the following equation:

Ep ¼ 11.7 + 0.0533 (ln y); r2 ¼ 0.9686 (2)

From eqn (1) and (2), we can obtain:

(RT/anaF) ¼ 0.0533 (3)
208 | Analyst, 2013, 138, 204–210
The value of ana calculated from eqn (3) is 1.372, as for a
totally irreversible electrode process, a is assumed to be 0.5, so
the na was calculated to be 2.14, which shows that two electrons
are involved in the oxidation of matairesinol.

It is well known that tyrosinase is a copper protein, which
shows two catalytic functions: ortho-hydroxylation of mono-
phenols to o-diphenols in the presence of molecular oxygen
(cresolase activity) and a two-electron oxidation of o-diphenols
into o-quinones (catecholase activity).34,35 Matairesinol is a
monophenol compound, which could bind to the axial position
of one of the coppers of the oxy tyrosinase site during the cre-
solase cycle to generate o-diphenolate. When tyrosinase was
This journal is ª The Royal Society of Chemistry 2013
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Table 1 Accuracy, precision and recovery for the determination of matairesinol
(n ¼ 3)

Added (mM) Founda (mM) RSD% (Bias %)b %Recovery

Intra-day
2.0 1.98 1.61 �0.01 99.0
3.0 3.04 0.92 0.01 100.1
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immobilized on the Tyr/PTH/NAF/MWCNT/GCE surface, the
oxidation peak current of matairesinol was much higher than
that at GCE, which might be attributed to the electrooxidation
of o-diphenolate to o-quinone aer the enzyme catalytic oxida-
tion of matairesinol to generate o-diphenolate. In the light of
our results electrochemical reaction mechanisms of matair-
esinol could be expressed as in Scheme 2.
4.0 3.92 0.54 �0.02 98.0
Inter-day
2.0 1.92 1.65 �0.04 96.0
3.0 2.92 1.28 �0.02 97.3
4.0 3.94 0.62 �0.01 98.5

a Average of three replicates. b [(Found � added)/added] � 100.
3.5 Linearity range and detection limit

Square wave voltammograms of matairesinol at Tyr/PTH/NAF/
MWCNT/GCE showed that the peak current increased linearly
with increasing concentration (Fig. 6). The linearity evaluated
by linear regression analysis was calculated by the least square
regression method.36,37 The linearity was obtained over the
concentration range of 180 nM to 4.33 mM and the linear
regression equation is Ip/mA ¼ 0.1713 (mM) + (0.1813); r2 ¼
0.9829 (n ¼ 3). The detection limit (LOD) estimated as 3s/m is
found to be 37 nM with s representing the standard deviation of
the peak currents (n ¼ 3) and m is the slope of the calibration
curve.
3.6 Accuracy, precision and recovery

The intra-day and inter-day accuracy and precision of the
proposed procedure were estimated by analyzing 2.0 to 4.0 mM
matairesinol solutions three times in three successive days
(Table 1). The relative error of�0.10 to 0.01 and%RSD of 0.54 to
1.65 indicate the high accuracy and precision of the proposed
method.

The recovery of matairesinol was performed in the same
concentration range 2.0 to 4.0 mM. The results show that the
recoveries vary in the range of 96.0% to 100.1% and the relative
standard deviation was �1.3%.
Fig. 6 Linearity of square wave voltammetric peak current of matairesinol at
Tyr/PTH/NAF/MWCNT/GCE (pH 7.0) at different concentrations: (a) blank, (b) 180
nM, (c) 653 nM, (d) 984 nM, (e) 1.68 mM, (f) 2.65 mM, and (g) 4.33 mM. The error
bars represent the standard deviation from three separate experiments.

This journal is ª The Royal Society of Chemistry 2013
3.7 Stability, reproducibility and interferences of the
biosensor

The stability of Tyr/PTH/NAF/MWCNT/GCE and its effect on the
oxidation of 180 nM matairesinol were investigated by
recording cyclic voltammograms. It is observed that aer 10
days the biosensor current response maintained about 87% of
the initial current response, which shows that the biosensor has
a good long-term stability.

The intra-day reproducibility of Tyr/PTH/NAF/MWCNT/GCE
was evaluated by repeating four measurements of cyclic vol-
tammogram on the same day and in the same solution of
(180 nM) matairesinol. An RSD value of 0.84% was obtained.
Inter-day variation of the same concentration of matairesinol
was analyzed for four consecutive days by performing four
measurements on each day. The RSD value is 1.25% which
demonstrates good reproducibility of the biosensor.

The tolerance limit was dened as the maximum concen-
tration of the interfering substance that caused an error less
than�5% for the determination of matairesinol. Under optimal
conditions, the interference test was performed in the presence
of 100 fold concentration of phenol, ethanol, Cu2+, Ca2+, Fe3+,
Mg2+, Al3+, Zn2+, SO4

2� and NO3
�. The results indicate that they

have no inuence on the signals of 180 nM matairesinol with
deviation below 5.0%. Due to the excellent reproducibility,
stability and the result of interference tests, Tyr/PTH/NAF/
MWCNT/GCE can be used in practical analytical applications.
4 Conclusion

In the present work, through a simple route by incorporating a
redox mediator thionine into the CNT/naon composite matrix
for immobilization of tyrosinase, a new electrochemical sensing
platform is designed, due to the ion-exchange ability of naon
and the strong adsorption of CNTs. Beneting from the
coupling of the antifouling/discriminative properties of naon
with the three-dimensional electronic conductivity of CNTs and
highly intimate contact with thionine, the integrated thionine
and CNT/naon composite lm shows a stable matrix which
enhances the electrocatalytic response of tyrosinase toward the
oxidation of matairesinol at a much lower potential. The
composite electrode showed an excellent electrocatalytic activity
in lowering the anodic overpotential and remarkable
Analyst, 2013, 138, 204–210 | 209
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enhancement of the anodic current of matairesinol compared
with the electrochemical performances obtained at a GCE. The
fabricated biosensor has been successfully used for detection of
matairesinol with remarkable properties such as fast response,
broad linear range, good reproducibility, acceptable stability
and low detection limit.
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