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Abstract—We propose amperometric biosensors for the determination of aflatoxin M1, based on screen-
printed platinum electrodes modified by carbon nanotubes (CNT), graphene oxide (GO), gold nanoparticles
(Au-NP) in chitosan, and immobilized tyrosinase. The conditions for obtaining gold nanoparticles are opti-
mized. Aflatoxin M1 exhibits properties of a reversible tyrosinase inhibitor, which makes ensures its determi-
nation using biosensors modified by nanomaterials in the concentration range 1 × 10–11–1 × 10–6 M with
LOD = 5 × 10–12 M. The kinetic studies of the enzymatic conversion of phenol in the presence of af latoxin
M1 and a tyrosinase biosensor show both two-parameter mismatch inhibition (modification with a CNT/Au-NP
composite) and two-parameter coordinated inhibition (modification with GO/Au-NP). Using the proposed
enzyme sensors based on tyrosinase, the procedures for determining aflatoxin M1 in dairy products are
tested.
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Aflatoxin M1 is a hydrolyzed metabolite of afla-
toxin B1, a product of microscopic fungi Aspergillus,
which naturally contaminates cereals, legumes, and
other food products and is capable of transforming
into aflatoxin M1 (chemical structure) in animals.

Chemical structure of aflatoxin M1.
This toxin is found in the milk of cows that received

feed contaminated with aflatoxin B1 and, therefore,
received the name “milk toxin” with the letter symbol
M1. Aflatoxins have neither taste nor odor but are
highly toxic. A dose of just 2 μg per kilogram of body
weight can cause systemic disease, that is, aflatoxico-
sis [1, 2]. Like its precursor, the M1 toxin represents a
severe threat to the health of animals and humans even
at low concentrations.

At present, promising, simple, and cost-effective
methods for determining mycotoxins are being devel-
oped based on a combination of the principles of bio-
catalytic interactions and voltammetric recording of
an analytical signal [3]. Such methods are a worthy
alternative to the known chromatographic and optical

methods [4–6] and even often significantly surpass
them in the selectivity of determinations.

An analysis of the publications has shown
that examples of biosensors for the determination of
mycotoxins today are few. These are mainly cholines-
terase biosensors and aflatoxin-oxidase-based biosen-
sors [7].

The modern approach to the improvement and
development of new amperometric biosensors is asso-
ciated with various ways of modifying the surface of
the primary transducers in order to give them the
desired properties. Nanomaterials, in particular, car-
bon nanotubes, are promising for use as a basis for cre-
ating miniature biosensor devices due to their unique
electronic properties [8]. Graphene oxide has hydro-
philic properties because of the presence of oxygen-
containing functional groups and is well dispersed in
an aqueous medium. This ensures the possibility of
grafting and/or entrapment (retention) of the enzyme
by the surface of the modifier used. A large number of
oxygen-containing groups in combination with a large
surface area makes graphene oxide an ideal platform
for covalent immobilization of protein [9].

The use of gold nanoparticles is accompanied by
the appearance of new physical and electrochemical
properties of electrodes and their good conductivity
[10]. The use of carbon nanotubes and metal nanopar-
ticles ensures the creation of a required charge density,
which makes it possible to control the sensitivity of the
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sensor directly and to maintain its high electroactivity.
Composites based on graphene oxide can be used as
an electrode material to improve the electrochemical
properties of sensors and biosensors [11]. Graphene
oxide can also be deposited on any substrate, thus con-
verting it into a conductor.

Such an approach is very promising for improving
the surface of primary converters, which opens up new
possibilities in the development of biosensors for the
determination of various mycotoxins. It is of interest to
develop amperometric biosensors based on immobi-
lized tyrosinase for the determination of mycotoxins.

The goal of this work was to develop amperometric
biosensors based on screen-printed platinum elec-
trodes modified with carbon nanotubes, graphene
oxide, gold nanoparticles, and immobilized tyrosinase
to determine aflatoxin M1, evaluate their analytical
capabilities, compare the results of the analysis
obtained for modified and unmodified sensors, and
use the obtained results to control the content of this
mycotoxin in food.

EXPERIMENTAL
Reagents and instruments. The basis of the devel-

oped biosensors was a screen-printed system consist-
ing of a working electrode, an auxiliary electrode, and
a reference electrode (BVT Technologies, Brno,
Czech Republic).

We used platinum-containing paste as the surface
material of the working electrode, on which the
enzyme was immobilized. An auxiliary electrode is
also made of platinum. A silver–silver chloride elec-
trode consisting of silver in a 0.1 M solution of potas-
sium chloride was used as a reference electrode. The
volume of the working cell was 200 μL. All measure-
ments with the use of these electrodes were performed
using a MEB multipurpose electrochemical detector
with digital control [12]. A WiseClean model WUC-
A03H ultrasonic bath (DAIHAN Scientific, South
Korea) was used at the frequency was 40 kHz to pre-
pare a suspension of carbon nanotubes, graphene
oxide, and gold nanoparticles.

Phenol (cp grade) was used as a substrate, the solu-
tions of which were prepared by dissolving an accu-
rately weighed portion in the working buffer solution
and used for no more than 3 h. Tyrosinase from fungal
tissue (champignons) with a catalytic activity of 165 ±
8 U/mL was used.

A 1% glutaraldehyde solution (ICN Biomedicals)
and bovine serum albumin (BSA; Reanal, Hungary)
were used. Sodium citrate (cp grade), HCl (cp grade),
HAuCl4 ⋅ 4H2O (cp grade), SnCl2 (technical grade),
and polyethylene glycol PEG-3000 (Sigma) were used
to produce gold nanoparticles.

We used carbon nanotubes with the following geo-
metrical parameters: length of 0.1–10 μm, inner
diameter of 2–6 nm, and outer diameter of 10–15 nm
JOURNAL OF 
(Sigma-Aldrich, United States). Graphene oxide with
a predominant size of 75 nm (Sigma-Aldrich, United
States) was used.

A chromatographically pure preparation of afla-
toxin M1 (solution of aflatoxin M1 in acetonitrile),
which is the state standard sample no. 7935-2001 (All-
Russian Research Institute of Veterinary Sanitation,
Hygiene, and Ecology, Moscow), was used.

The organic solvent (acetonitrile) was distilled off
from the standard sample of aflatoxin M1 under vac-
uum at room temperature. The resulting preparation
of mycotoxin was used to prepare working solutions by
dissolving it in bidistilled water with the addition of
methanol. A phosphate buffer solution with pH 7.05 ±
0.05 was used. The pH values of the aqueous solutions
were determined using a pH-150 potentiometer with a
glass electrode calibrated by standard buffer solutions.

Preparation of carbon nanotubes for the modifica-
tion of electrodes. To prepare carbon nanotubes for
deposition, they were treated with solutions of nitric
and sulfuric acids [8]. Then, carbon nanotubes were
centrifuged and repeatedly (5–6 times) washed with
water until neutral reaction. The treated nanotubes
were dried at 60°C to constant weight. After that, a
0.5% (by weight) solution of chitosan in 0.05 M acetic
acid was added to the sample of carbon nanotubes; the
mixture was solubilized using ultrasound at room tem-
perature to obtain a homogeneous solution. The final
concentration of carbon nanotube was 1 mg/mL. The
homogeneity of the CNT solutions used for the mod-
ification of the electrode surface was maintained by
periodic (at least once a month) ultrasonic treatment.

Preparation of graphene oxide for the modification
of the electrode surface. Initial graphene oxide was an
aqueous solution with a concentration of 2 mg/mL.
For a better fixing of graphene oxide on the electrode
surface, a 0.5% chitosan acetate solution was added.
The resulting mixture was subjected to ultrasonic
treatment at 35°C to obtain a dispersion with a con-
centration of 1.5 mg/mL [11]. The homogeneity of the
graphene oxide solution used to modify the electrode
surface was maintained by periodic (at least once a
month) ultrasonic treatment.

The dispersion of graphene oxide in chitosan
(1 μL) was applied to the electrodes and dried at 20°C
for 24 h [12].

Preparation of a homogenate from fungi. We used a
homogenate from mushrooms (champignons, Agari-
cusbisporus) as a source of tyrosinase. A portion of the
fungal fruit was finely chopped and ground in a frozen
mortar to a pasty texture. Next, a phosphate buffer
solution with pH 7.05 was added to the paste, and the
suspension was stirred with a magnetic stirrer. The
mixture was filtered through a double gauze layer and
used as a direct source of tyrosinase [13].

Preparation of the biosensitive part of an ampero-
metric tyrosinase biosensor based on a screen-printed
platinum electrode. To obtain the biosensitive part of
ANALYTICAL CHEMISTRY  Vol. 74  Suppl. 1  2019
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Fig. 1. Cyclic voltammogram of the products of the enzymatic conversion of phenol in the presence of a tyrosinase biosensor;
phenol concentration, 1 × 10–3 M; supporting electrolyte, a phosphate buffer solution with pH 7.05. 
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the biosensor, a mixture containing the enzyme solu-
tion (tyrosinase), a BSA solution (50 mg/mL), a phos-
phate buffer solution (50 mM, pH 7.5), distilled water,
and a 1% glutaraldehyde solution were applied to the
surface of the working electrode. Glutaraldehyde was
added last. After vigorous stirring, 1 μL of the resulting
mixture was applied on the surface of the electrodes.
The biosensors obtained in this way were left overnight
in a closed Petri dish at 4°С. On the next day, the bio-
sensors were washed with water, left to dry in air, and
subsequently stored in a refrigerator at 4°C.

RESULTS AND DISCUSSION

An analysis of publications showed that today there
are no amperometric tyrosinase biosensors for the
determination of aflatoxin M1 in food products. How-
ever, the tyrosinase enzyme has an excellent potential
for determining the effectors of this enzyme of differ-
ent nature. For example, the insufficient activity of
tyrosinase or its complete absence in the human body
leads to some diseases [14]. At the same time, there are
simple and affordable ways to obtain an enzyme
preparation from the fruit body of fungus Agaricusbis-
porus. In this regard, we used tyrosinase obtained by
the method described above for the development of
new amperometric biosensors for the determination of
aflatoxin M1.

Under the action of tyrosinase, phenol undergoes
biocatalytic hydrolysis with the formation of quinone
according to the following mechanisms:

enzymatic reaction [14]

O2 + 2H+

−H2O −H2O2

OH OH
OH

O2

O
O

,
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electrochemical reaction

An additional peak is observed for the tyrosinase
biosensor at potentials 0.65–0.70 V, which can be
attributed to the oxidation of hydrogen peroxide
(Fig. 1). According to [15], the electrochemical oxida-
tion of hydrogen peroxide proceeds by reaction

The peak at a potential of 0.2 V is most likely
related to the electrochemical oxidation of phenol to
the corresponding quinone.

The most substantial catalytic effect for this
enzyme is observed in a phosphate buffer solution with
pH 7.0 ± 0.05 [16]; therefore, it was used as a support-
ing electrolyte for measurements with a tyrosinase bio-
sensor. The concentration of the tyrosinase substrate
(phenol) used was 1 mM.

Effect of aflatoxin M1 on the catalytic activity of
immobilized tyrosinase. Studying the effect of aflatoxin
M1 on immobilized tyrosinase included in the biosen-
sitive part of the amperometric biosensor based on
screen-printed electrodes showed that in the presence
of the toxin in the concentration range of 1 × 10–10–
1 × 10–6 M, the analytical signal decreases; that is,
aflatoxin M1 inhibits the enzymatic conversion of
phenol. This phenomenon was detected for the first
time (Fig. 2); previously, a similar effect was observed
only for zearalenone [17].

The maximum degree (percentage) of inhibition of
the tyrosinase–phenol enzyme–substrate system by

OH
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Fig. 2. Voltammograms of phenol oxidation on a tyrosinase biosensor (1) in the absence and (2) in the presence of 1 μM of afla-
toxin M1; (3) a phosphate buffer solution with pH 7.05. 
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aflatoxin M1 is 78 ± 1.0% in the studied concentration
range (Table 1).

The accuracy of the determination of aflatoxin M1
in the specified concentration ranges by a biosensor
based on immobilized tyrosinase was evaluated by the
standard addition method (Table 2).

Effect of carbon nanostructured materials on the
analytical characteristics of the developed biosensors.
To modify the screen-printed electrodes used, the
obtained dispersions of carbon nanotubes or graphene
oxide in chitosan were applied to the electrode surface
by drop evaporation. Then, a tyrosinase solution was
immobilized on the obtained modified surface.

Studying the effect of aflatoxin M1 on tyrosinase
immobilized in chitosan on the electrodes modified
with carbon nanotubes or graphene oxide showed that
JOURNAL OF 

Table 1. Analytical characteristics of the tyrosinase biosensor
aflatoxin M1 (n = 5, P = 0.95)

* I = Ip/Io × 100, (Ip = Io – Is), where Is is current in the presence o

Modifier Analytical range, 
M

I* = 

(А ± δ)

– 1 × 10–10–1 × 10–6 92 ± 2

CNT 2 × 10–10–1 × 10–6 48 ± 1

GO 5 × 10–11–1 × 10–6 64 ± 2

CNT/Au-NP 5 × 10–12–1 × 10–6 62 ± 2

GO/Au-NP 1 × 1011–1 × 10–6 60 ± 2
the nature of the impact of this compound does not
change significantly; that is, the mycotoxin still inhib-
its tyrosinase. At the same time, electrodes modified
with carbon nanotubes or graphene oxide in chitosan
enable expansion of the analytical range of mycotoxin
and improve the correlation coefficient (Table 1). The
maximum degree of inhibition of aflatoxin M1 upon
the action of tyrosinase–phenol enzyme–substrate
system under these conditions increased and
amounted to 85.6 ± 0.8% for carbon nanotubes and
82.0 ± 0.9% for graphene oxide for the studied myco-
toxin concentration range.

The accuracy of the determination of aflatoxin M1
in the specified concentration ranges with tyrosinase
biosensors was evaluated by the standard addition
method (Table 2).
ANALYTICAL CHEMISTRY  Vol. 74  Suppl. 1  2019

 in the absence and the presence of modifiers in determining

f an inhibitor, and Io is current in the absence of an inhibitor.

Calibration equation
(А ± δ) + (В ± δ)(–logc) LOD, M

(В ± δ) r

9.0 ± 0.3 0.9892 5 × 10–11

4.1 ± 0.2 0.9920 1 × 10–11

5.6 ± 0.2 0.9901 1 × 10–11

5.0 ± 0.2 0.9978 1 × 10–12

5.2 ± 0.1 0.9948 5 × 10–12
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Table 2. Determination of aflatoxin M1 using the tyrosinase biosensors in the absence and the presence of modifiers (n = 5,
P = 0.95)

Modifier Added, M Found, M RSD, % Percentage 
of finding, %

– 7 × 10–8 (7.2 ± 0.4) × 10–8 6 92–103

5 × 10–9 (4.8 ± 0.3) × 10–9 6 98–111

CNT 3 × 10–8 (2.9 ± 0.1) × 10–8 3 100–107

6 × 10–10 (6.3 ± 0.4) × 10–10 6 94–106

GO 4 × 10–8 (4.1 ± 0.2) × 10–8 5 93–103

7 × 10–9 (6.8 ± 0.4) × 10–9 6 97–109

CNT/Au-NP 5 × 10–8 (5.1 ± 0.2) × 10–8 4 94–102

8 × 10–10 (7.8 ± 0.4) × 10–10 5 98–108

GO/Au-NP 8 × 10–7 (7.8 ± 0.3) × 10–7 4 99–107

4 × 10–10 (4.1 ± 0.2) × 10–10 5 93–103

Table 3. Conditions for the synthesis of gold nanoparticles

Type of gold 
nanoparticles

Component
Color 

of solutionHAuCl4 ⋅ 4H2O 
solution, mg/L

SnCl2 
solution, mg/L

citrate buffer 
solution, pH

PEG solution, 
mg/L chitosan, %

1 25 950 4.3 ± 0.1 10 0.5 Pink
2 1 × 104 9500 4.3 ± 0.1 10 0.75 Wine-red

Fig. 3. Absorption spectra of gold nanoparticles with a par-
ticle size of (1) ~25 nm and (2) ~45 nm in a 0.5% chitosan
solution. 
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Gold nanoparticles as modifiers of the surface of
screen-printed electrodes. Preparation of gold
nanoparticles. Modification of the surface of the elec-
trodes serving as the basis of biosensors with carbon
nanotubes, graphene oxide, and nanocomposites
based on them, including metal nanoparticles is one of
the modern methods for changing the properties of
biosensors and their analytical characteristics. Gold
nanoparticles turned out to be a very useful compo-
nent for this purpose; for example, nanocomposites
carbon nanotubes/metal nanoparticles (CNT/Au-
NP) and graphene oxide/metal nanoparticles
(GO/Au-NP) are used.

To date, there are quite a few ways to produce gold
nanoparticles. We used method [18], because it is
quite simple, enables the synthesis of gold nanoparti-
cles from the available reagents under mild conditions,
and does not take much time. The best conditions for
obtaining gold nanoparticles are presented in Table 3.
The presence of gold nanoparticles of a certain size in
solutions is confirmed by optical spectra (Fig. 3); they
contain plasmon resonance bands of gold nanoparti-
cles with maxima at λ = 580 nm (particle size about
45 nm) and 520 nm (particle size about 25 nm). Based
on the shape of the absorption spectra, gold nanopar-
ticles 45 nm in size are more uniform in size than
nanoparticles 25 nm in size.
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 74  Su
Preliminary studies showed that modification of
the electrode surface with suspensions of carbon
nanotubes, graphene oxide, and gold nanoparticles
leads to a change in the analytical capabilities of bio-
sensors. It was of interest to consider the morphology
of the surface of the electrodes in the modification
ppl. 1  2019
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Fig. 4. AFM images in the topography modes in (a, b) 2D and (c, d) 3D projections of the surface of a platinum electrode mod-
ified with gold nanoparticles in (a, c) a 0.5% and (b, d) 0.75% solution of chitosan; plot size 2.5 × 2.5 μm. 
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with carbon nanotubes, graphene oxide, and gold
nanoparticles. Atomic force microscopy (AFM) is a
convenient method for obtaining information; using
AFM images, one can observe the surfaces of elec-
trodes at different stages of preparing the biosensitive
part of sensors under different conditions (Fig. 4). The
AFM images of the electrode surface show that when
applying gold nanoparticles of type 2 (Table 3), the
surface becomes more developed, the nanoparticles
are more uniform, and, moreover, they are more
evenly distributed over the electrode surface.

Tyrosinase was immobilized on the obtained mod-
ified surface. When modifying the surface of the work-
ing electrode, the amount of gold nanoparticles in chi-
tosan applied to the surface of the screen-printed elec-
trode was varied. It is found that the use of 0.5 μL of
the solution yields a more reproducible homogeneous
surface, providing a fairly intense analytical signal.
Subsequently, 0.5 μL of the gold nanoparticle solution
was used (Fig. 5).
JOURNAL OF 
Effect of electrode surface modification by nano-
composites of CNT/Au-NP and GO/Au-NP on the
analytical capabilities of a tyrosinase biosensor. Study-
ing the effects of af latoxin M1 on the tyrosinase sen-
sors modified with CNT/Au-NP and GO/Au-NP
showed that mycotoxin has an inhibitory effect on
them. The degree (percentage) of inhibition for af la-
toxin M1 upon the action on the tyrosinase–phenol
enzyme–substrate system is 90 ± 2% for CNT/Au-
NP and 89 ± 1% for GO/Au-NP (Table 1).

The accuracy of the determination of aflatoxin M1
in the specified concentration ranges with tyrosinase
biosensors was evaluated by the standard addition
method (Table 2).

The use of the tyrosinase biosensors modified with
CNT/Au-NP and GO/Au-NP decreases the limit of
detection for af latoxin M1 (Fig. 6).

We performed kinetic studies using the biosensors
modified with carbon nanotubes, graphene oxide, and
ANALYTICAL CHEMISTRY  Vol. 74  Suppl. 1  2019
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Fig. 5. Dependence of the analytical signal (current) on the
amount of gold nanoparticles applied to the working sur-
face of the electrode.
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gold nanoparticles in the presence of aflatoxin M1 at
different concentrations and a substrate at a concen-
tration of 1 × 10–3 M. Two-parameter mismatch inhi-
bition is observed in the case of a tyrosinase biosensor
modified with CNT/Au-NP with the same effect
leading to a decrease in the affinity of the substrate and
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 74  Su

Fig. 6. Limit of detection (LOD) for aflatoxin M1
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the enzyme (the effector in the presence of phenol at
this concentration decreases the rate of its enzymatic
conversion). In the case of a tyrosinase biosensor
modified with GO/Au-NP, two-parameter coordi-
nated inhibition is observed with the same effect lead-
ing to an increase in the affinity of the substrate and
the enzyme (the effector in the presence of phenol at
this concentration decreases the rate of its enzymatic
transformation) (Table 4).

Determination of aflatoxin M1 in food. The pro-
posed biosensors can be used to determine the con-
centration of aflatoxin M1 in food. We determined
this mycotoxin in milk, kefir, and cottage cheese. In
the sample preparation stage, the recommendations
[19] were used.

Sample preparation. The sample was suspended in a
mixture of acetonitrile and water; then, a 1.7 M NaCl
solution was added. According to [19], sufficiently
complete extraction of the components to be deter-
mined should be achieved in this case. The mixture
was stirred with a magnetic stirrer for at least 30 min
and then centrifuged for 20 min at a speed of
7000 rpm. The supernatant was used to prepare work-
ing aqueous solutions by sequential dilution for the
subsequent determination of aflatoxin M1 using a
tyrosinase biosensor based on CNT/Au-NP-modified
electrodes. This tyrosinase biosensor showed the most
suitable analytical characteristics, that is, higher sensi-
tivity and correlation coefficient.
ppl. 1  2019
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Table 4. Kinetic parameters of the tyrosinase transformation of phenol in the presence of aflatoxin M1 (cphenol = 1 mM,
pH 7.0, n = 5, P = 0.95)

Designations: Km and  are the apparent Michaelis constants in the absence and the presence of a tyrosinase inhibitor, respectively;
Vmax and  are the maximum reaction rates in the absence and the presence of a tyrosinase inhibitor, respectively.

cafl M1, М Km × 105, M Vmax × 106, M s
Ratio of Km 

and Vmax
Inhibition type KI, М–1

Tyrosinase biosensor CNT/Au-NP
0 3.5 ± 0.9 3.8 ± 0.8

1 × 10–6 2.5 ± 0.3 1.5 ± 0.7  < Km

 < Vmax

Two-parameter 
mismatch inhibition

(7.2 ± 0.9) × 10–7

Tyrosinase biosensor GO/Au-NP
0 2.9 ± 0.3 3.6 ± 0.3

1 × 10–8 5.2 ± 0.2 1.2 ± 0.1  > Km

 < Vmax

Two-parameter 
coordinated inhibition

(1.5 ± 0.2) × 10–9

m
'K

max
'V

m
'K

max
'V

m'K

max'V

Table 5. Determination of aflatoxin M1* in dairy products by a tyrosinase biosensor modified by CNT/Au-NP (n = 5,
P = 0.95)

* MPC = 0.5 mg/kg.

Object
Found of aflatoxin M1

M RSD, % mg/kg RSD, %

Milk 1.5% (7.0 ± 0.3) × 10–11 4 (2.3 ± 0.1) × 10–5 4

Milk 0.5% (4.4 ± 0.2) × 10–11 4 (1.40 ± 0.06) × 10–5 4

Silken cottage cheese 0.1% (5.0 ± 0.3) × 10–10 6 (1.80 ± 0.09) × 10–4 5

Skimmed kefir (6.0 ± 0.4) × 10–12 7 (2.00 ± 0.12) × 10–7 6
It is previously found that there is no analytical sig-
nal for a solution obtained after a single extraction of
mycotoxin; this solution does not contain components
that have an inhibitory effect on immobilized
enzymes. Thus, the mycotoxin is completely removed
from the sample in a single extraction stage.

Procedure. A specific volume of the substrate solu-
tion, a buffer solution, a 0.1 M KCl solution, an ana-
lyte solution, and an enzyme sensor were introduced
JOURNAL OF 

Table 6. Determination of aflatoxin M1 in milk by the tyrosi
desulfhydrase biosensor (n = 5, P = 0.95, ttabl = 2.78, Ftabl = 

Biosensor Added × 107, M
(х ± δ) × 1

Tyrosinase 3.0 2.9 ± 0.2
Cysteine desulfhydrase 3.0 3.1 ± 0.2
into an electrochemical cell. After 10 min, current
value measured at the manifestation potential of the
analytical signal. The mycotoxin concentration was
determined by an appropriate calibration curve. The
results of determining aflatoxin M1 in samples of dairy
products are presented in Table 5.

The amount of aflatoxin M1 found in the test food
samples is in all cases lower than its maximum permis-
sible concentration (MPC). Thus, the developed
ANALYTICAL CHEMISTRY  Vol. 74  Suppl. 1  2019

nase biosensor modified with CNT/Au-NP and the cysteine
6.39)

Found, M
tcalc Fcalc

0–7 RSD, %

 3 1.51 2.00
 6
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tyrosinase biosensor modified with CNT/Au-NP can
be used to control the quality of food. A comparison of
these results with the data obtained using another bio-
sensor, in particular, cysteine desulfhydrase, the oper-
ation of which is based on other principles [3], shows
that the results are comparable (equally accurate) and
the contribution of the systematic error is insignificant
(Table 6).
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