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The aim of the work were the optimization of an amperometric glutamate-sensitive biosensor and
its utilization for the determination of the glutamate concentrations in food samples. Amperometric
method of measurements was used. The biosensor was based on immobilized glutamate oxidase and
platinum disc electrode. The biosensor was connected to the working cell with auxiliary (platinum
wire) and reference (Ag/AgCl) electrodes. The biosensor exhibited high sensitivity to glutamate,
duration of one analysis was about 5 min. An influence of the ionic strength, pH, and buffer capacity
on the biosensor operation was investigated. The sensitivity of biosensor to various possible interfer-
ing substances, including amino acids, was studied; high selectivity to glutamate was shown. The
reproducibility of analysis of food samples and an impact of sample dilution was evaluated. Glutamate
concentrations in different sauces and seasonings were measured by the developed biosensor; the
results correlated well with those obtained by the spectrophotometric method (R? = 0,988).

Thus, the amperometric biosensor for glutamate determination was successfully optimized and used
for measurement of glutamate concentrations in sauces and seasonings.
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food samples.

Glutamate (in the form of glutamic acid
sodium salt) is a well-known nutritional
supplement often used as a flavor enhancer
in soups, sauces, chips, seasonings and other
types of foods. It can become habit-forming,
which makes people consume more and more
products with high glutamate level leading to
obesity and cardiovascular disease. In some
people, excess of glutamate in the body can
cause dizziness, headache, numbness, chest
pain [1, 2]. Moreover, excessive intake of
glutamate can result in disturbance of the
endogenous glutamate metabolism, which
is associated with the emergence of such
diseases as Alzheimer’s and Parkinson’s, and
amyotrophic lateral sclerosis [3, 4].

One more cause of necessity to control
the glutamate content is the prevention and
detection of falsified products. Considering the
glutamate property to give a pleasant taste to
almost any product, dishonest manufacturers
might add glutamate to inferior foodstuff.
Therefore, to avoid the negative consequences

of consuming poor-quality products, it is
necessary to develop new express methods for
glutamate monitoring.

The methods mainly used for glutamate
determination are following: high-performance
liquid chromatography, capillary electrophoresis,
potentiometric and conductometric titration,
gas chromatography [56—7]. Combination of
enzymatic methods with spectrophotometry
can be used too [8]. Additionally, the method
of chemiluminiscent determination is reported
involving luminol and potassium ferricyanide
and using a luminophotometer [9].

However, the above methods involve
difficult and time-consuming procedures and
complicated sample pretreatment, they are
unsuitable for quick analysis of a large number
of samples and require complex expensive
equipment and skilled personnel [10].

The use of biosensors can be an alternative
to these methods. Amperometric biosensors
are the most promising and frequently used
for glutamate determination. However, high
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working potential of amperometric biosensors
can cause the oxidation of electrochemically
active compounds present in the sample
on the transducer surface. To avoid the
influence of this effect, different methods
are used: modification of the electrode
surface, application of various mediators,
bienzyme electrodes, combination of several
membranes, etc. Several types of glutamate
biosensors were reported, including those
based on L-glutamate oxidase, L-glutamate
dehydrogenase, L-glutamate synthase
and L-glutamate decarboxylase [11-15].
L-glutamate oxidase, as compared with
the rest of mentioned enzymes, provides a
relatively high specificity to the substrate
and does not require additional expensive
coenzyme NAD?', thus it is used most
frequently for the glutamate determination
[15-1T7].

The glutamate concentration is most
often evaluated via detecting hydrogen
peroxide or ammonia using electrochemical
transducers, occasionally — via detecting
oxygen consumption by a fiber optic sensor,
which registers the changes in luminescence
of a special layer sensitive to the oxygen
concentration [18].

An optical biosensor in the test-strip format
was created for glutamate analysis in food
samples [19]. The peculiarity of this biosensor
consists in simultaneous immobilization
of several sensitive agents (one indicator
dye — 3,3%,5,5 -tetramethylbenzidine, and
two enzymes — L-glutamate oxidase and
horseradish peroxidase) using a composite
membrane system with non-covalent bonding
of sensitive components. Several sensors
combined with flow-injection systems
were created for glutamate determination.
For example, a biosensor based on a gold
electrode with immobilized glutamate oxidase
and a polyionic complex for preventing
electrochemical interferents was described
[20]; in another work a solid-state electrode
based on non-plasticized chitosan was proposed
for glutamate determination in food samples
(seasoning and soups) [21]. However, the
mentioned works do not present reproducibility
of biosensor preparation, and have insufficient
examination of the biosensors selectivity
towards possible interfering substances.
Furthermore, the possibility of application of
the biosensors for multiple measurements of
food samples was not shown in the most cases.
We have earlier developed a biosensor for the
monitoring glutamate uptake and release from
the isolated brain nerve terminals and showed
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good correlation of the biosensor results with
those obtained using radiolabelled glutamate
assay, spectrofluorimetric glutamate
dehydrogenase assay and amino acid analyzer
[22, 23]. In this work we wanted to optimize
and apply the biosensor for a food analysis.

The purposes of this work were
optimization of the amperometric glutamate-
sensitive biosensor based on glutamate
oxidase, comprehensive analysis of its
selectivity, reproducibility of preparation
and other characteristics and application for
measurements of the glutamate concentration
in food products — sauces and seasonings.

Materials and Methods

Materials. In this work recombinant
glutamate oxidase (GluOx, EC 1.4.3.11) from
Streptomyces sp. with activity of 7 U/mg
(Yamasa Corporation, Tokyo, Japan) was used
for biosensor creation. For spectrophotometric
measurements, horseradish peroxidase (EC
1.11.1.7) with activity of 150 U/mg from
Sigma-Aldrich Chemie (USA) was used.
Bovine serum albumin (BSA, fraction V),
glycerol, HEPES, m-phenylenediamine,
4-aminoantipyrine, 3-(N-Ethyl-3-
methylanilino)-2-hydroxypropanesulfonic
acid sodium salt (TOOS), dithiothreitol (DTT),
ethylenediaminetetraacetic acid (EDTA)
disodium salt, NaN; and 25% aqueous
glutaraldehyde solution were obtained from
Sigma-Aldrich Chemie (USA). Monosodium
L-glutamate (as a substrate of glutamate
oxidase) was from Sigma-Aldrich Chemie
(USA). Other inorganic compounds were
domestically produced and had analytical
grade of purity.

Sauces and seasonings were bought in
supermarkets in Kyiv (Ukraine).

Preparation of biosensor. In the work,
platinum disk electrode was utilized as
amperometric transducer. Its scheme and
preparation procedure was presented in [23].
The transducers were used repeatedly; their
sensitive surfaces were cleaned with ethyl
alcohol and cotton wool before every procedure
of enzyme immobilization.

First, the transducers were modified with
phenylenediamine membrane to improve the
selectivity of the biosensor. The membrane was
deposited according to the procedure described
in[24].

Biorecognition elements of the biosensors
were obtained by covalent immobilization of
the GluOx in BSA membrane onto the sensitive
surface of amperometric transducers. The
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initial solution contained 8% of GluOx
(hereafter — mass fraction), 4% of BSA, and
10% glycerol in 100 mM phosphate buffer,
pH 6.5. Glycerol was added to stabilize the
enzyme during its immobilization, to prevent
early drying of the solution and to improve the
membrane adhesion to the transducer surface.
This solution was mixed with 0.8% aqueous
solution of glutaraldehyde (crosslinking agent)
in a ratio of 1:1 and immediately afterwards
deposited (drop-casted) onto the transducer,
which were next air dried for 30 min at
room temperature. Final deposited volume
of the enzyme/glutaraldehyde mixture was
approximately 0.1 pl. After immobilization,
the biosensors were washed in a working buffer
solution from unbound components of the
biomembrane and excess of glutaraldehyde.
Measuring procedure. The three-electrode
circuit of amperometric analysis was used in
this work. Working amperometric electrodes,
auxiliary platinum electrode and Ag/AgCl
reference electrode were connected to
PalmSens potentiostat (Palm Instruments BV,
the Netherlands). General view of the biosensor
setup is presented in Fiig. 1. The measurements
were carried out at room temperature in a
3.5 ml open measuring cell at continuous
stirring and constant working potential of
+0.6 V vs Ag/AgCl reference electrode, which
corresponds to the anodic oxidation of hydrogen
peroxide. 25 mM HEPES buffer, pH 7.4,
served as a working buffer. Concentration of
substrates in the working cell was obtained
by adding aliquots of the substrate stock
solutions. All experiments were performed
at least in three replicates. The data shown in
the tables and figures are the average of three
experiments + standard deviation.

Fig. 1. General view of the biosensor setup
(potentiostat, working cell with three electrodes,
and computer)

Methods of biosensor analysis of glutamate
in real samples. Before measurements, the
sauces were 10-fold diluted with distilled
water. The aliquots of this solution were
next added to the measuring cell containing
working buffer. The seasonings (dry powder)
were dissolved in hot distilled water; the mass
fraction of seasoning in solution was 1% . After
cooling, the seasoning solutions were filtered
through a filter paper for removal of dried
vegetables and other insoluble components.

Two methods were wutilized for
measurement — comparison with the
calibration curve and method of standard
additions. In the first method, the glutamate
concentration was determined by comparing
the biosensor response after the sample
addition to the measuring cell with the
previously obtained calibration graph. In the
standard additions method, first a biosensor
response to the sample was measured,
afterwards the glutamate model solution
was added to the working cell three times in
turn and responses were measured (without
washing between the measurements). Thus,
four sequential responses were obtained (in the
form of a stairs). Based on the data received,
a line chart was plotted — the glutamate
concentrations in solution were put on the
X-axis, the biosensor responses (in nA) — on the
Y-axis; the unknown glutamate concentration
(the first response) was taken as a zero X value.
Linear extrapolation of this curve crosses the
X-axis at a point corresponding to the analyte
concentration in the tested sample.

Determination of glutamate in real samp-
les by spectrophotometric method. Spectro-
photometric measurements were carried
out in 1 ml disposable plastic cuvettes. The
composition of solution in the cuvette was
as follows: 25 mM HEPES buffer, pH 7.4,
0.3 mM TOOS, 0.1 mM 4-aminoantipyrine,
horseradish peroxidase (1.8 U), and an aliquot
of glutamate sample (sauce, seasoning or
model solution). The reaction started after the
addition of GluOx (0.112 U) to the cuvette.
In the course of reaction, GluOx oxidized
glutamate to a-ketoglutarate and produce
hydrogen peroxide. Horseradish peroxidase
in the presence of hydrogen peroxide formed
a colored (violet) product through oxidation
of TOOS and 4-aminoantipyrine. The intensity
of the solution color was proportional to the
hydrogen peroxide concentration, and hence to
the glutamate concentration. The reaction was
carried out for 8 min (the time of incubation
was determined previously to attain the
maximum level of the solution color).
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The intensity of light absorption by
solution was measured by the Thermo Electron
Corporation Bio Mate 5 spectrophotometer.
The light wavelength was 555 nm. It was
chosen because the highest peak of light
absorption by the reaction product was
observed at this wavelength. Before the GluOx
addition, the blank light absorbance was
determined for each solution. This value was
subtracted from the value of post-reaction
absorbance (in most cases, the basic absorbance
was insignificant and could be ignored, except
for the most colored sauces).

To obtain a calibration curve, the
aliquots of a model glutamate solution were
sequentially added to the cuvette with 8-min
intervals and the absorbance values were
fixed. Totally, six additions were made up to
the final glutamate concentration of 120 uM.
The calibration curve of dependence of
absorbance on the glutamate concentration
was then plotted; actually, it was a straight
line . The glutamate concentration in sauces
and seasonings was determined comparing
the samples absorbance with this calibration
curve.

The glutamate concentration in the sample
was also determined by a proportion (simplified
method of standard additions). After
measurement of the post-reaction absorbance
of the food sample, a model glutamate solution
was added to the same cuvette up to the final
glutamate concentration of 20 uM; after 8-min
interval, the sample absorbance was measured
again. The initial (unknown) glutamate
concentration in the sample was determined
by the ratio between the values of absorbance
before and after addition of 20 uM glutamate.

Results and Discussion

Principle of biosensor operation. Deter-
mination of glutamate by the amperometric
biosensor is based on the enzymatic reaction
(1) in the biorecognition membrane, which
results in the oxidation of glutamate and the
formation of hydrogen peroxide. A positive
potential (+0.6 V vs Ag/AgCl) was applied to
the transducer, and for this reason hydrogen
peroxide was decomposed in reaction (2),
resulting in the formation of electrons, which
were directly registered by the amperometric
transducer:

Glutamate + 0, $9%, o _ketoglutarate +

+NH; + H,0, 1)

60

H,0, 2™ 9l 4+ 0, + 26 @)

The Dbiosensor response occured
immediately after the glutamate addition
and the maximum response was observed in
1.5 min.

Influence of the working buffer parameters
on the biosensor operation. It is known that the
work of any biosensor depends on both its own
characteristics and the properties of working
buffer solution, in which the measurements
are carried out, namely, ionic strength, pH and
buffer capacity. Food products, in particular
sauces and seasonings, are characterized by a
significant ionic strength due to the presence
of nutritional additives such as sodium
chloride, various acids, preservatives, etc. The
ionic strength of solution also depends on the
buffer concentration. Therefore, the biosensor
operation was studied depending on the value
of ionic strength. As a source of ions, different
aliquots of 3.3 M NaCl solution were added to
the working cell. Next, the biosensor responses
to 100 uM glutamate were measured. No
significant changes in the biosensor response
to glutamate were observed at various NaCl
concentrations in the working cell, which is
typical for amperometric method of detection.

Optimum pH of enzymes can be changed
during immobilization. Therefore, the
effect of buffer pH on the work of developed
amperometric biosensor was studied. A
universal buffer (containing Tris-HCI,
KH,PO,, citric acid and sodium tetraborate
in concentrations of 10 mM) was used. This
buffer has the same capacity in a wide pH
range. The pH values in experiments ranged
from 5 to 10. The highest biosensor responses
were observed in the pH range of 7-8.5.

The effect of buffer concentration
(buffer capacity) was also investigated. The
experiment showed that an increase of buffer
concentration from 5 to 100 mM did not affect
significantly the sensitivity of biosensor to
glutamate, which allows utilization of the
developed biosensor to determine glutamate
in samples characterized by various buffer
capacities.

Response reproducibility and biosensor
storage. Response reproducibility is one of the
main working characteristics of a biosensor
as it is necessary to get accurate results over
all the period of measurements. Therefore,
the reproducibility of biosensor responses to
glutamate was investigated over a prolonged
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period of continuous work. One measurement
of glutamate took 3—5 min, the intervals
between measurements were about 10 min.
During intervals, the biosensors were washed
from the substrate with the working buffer
changing it several times. No noticeable
drop in the responses was observed over 10
measurements. The relative standard deviation
of responses was 3%.

To determine the optimum conditions of
storage, the developed biosensor was tested
when storing for a long time. The total period
of storage was 65 days. The biosensors were
stored under the following conditions: at
+25 °C and +4 °C in a dry state and in 25 mM
HEPES buffer; in a dry state at —18 °C.
Additional substances (1 mM DTT, 1 mM
EDTA and 0.1% NaNj) were added to the
buffer during storage to improve stability of
GluOx.

When stored at + 25 °C, the biosensors
lost their sensitivity during several days. At
storage temperatures of +4 °C and —18 °C, the
biosensors were stable for a much longer time.
After 65-day storage, the highest responses to
glutamate demonstrated the biosensors stored
in the buffer at +4 °C, the responses decreased
by only 15% . However, over the storage period
the biosensor was unstable, its sensitivity to
glutamate changed to a greater or lesser extent
due to the interaction of bioselective membrane
with the components of buffer solution.

Significantly worse results were observed
when the biosensor was stored in a dry state
at +4 °C; by the end of the storage period the
responses equaled 35% of their initial values.
However, this method of storage can be used
if necessary since the response decreases
most significantly during the first 20 days
of storage, afterwards the biosensor was
quite stable. The most predicted was storage
at —18 °C since the biosensor sensitivity to
glutamate decreased at approximately the same
speed, and a decrease in responses at the end
of storage was 30% . These results prove the
possibility of using biosensor after prolonged
storage, but for accurate results recalibration
of the biosensor is required before use.

Selectivity of biosensor. The developed
GluOx-based biosensor is intended for
glutamate determination in food products.
Nevertheless, there are many additional
substances (e.g. ascorbic acid, cysteine,
benzoic acid, etc) in these food products,
which can be either oxidized on the electrode
upon application of the potential (electroactive
substances) or can be substrates for GluOx;

in both cases, presence of such interfering
substances can cause non-specific biosensor
response and lead to errors in measurements.
To avoid impact of electroactive substances
on the biosensor response, permselective
membrane based on polymerized
phenylenediamine (PPD) was deposited on the
electrodes before immobilization of GluOx.
Effectiveness of the PPD membrane was tested
earlier [25, 26].

To test the biosensor selectivity, we tried
to obtain biosensor responses to possible
interfering substances. It turned out that
there was no biosensor response to glucose,
citric acid, benzoic acid, sodium azide,
oa-ketoglutarate, urea, EDTA, NaCl, KCI
and CaCl, in concentration of 1 mM, and the
presence of these substances in a working
cell did not affect the biosensor response to
glutamate.

The biosensor sensitivity to amino acids
was also examined (Fig. 2).

The biosensor did not respond to most
amino acids. Low sensitivity to asparagine,
aspartic acid, glutamine and histidine was
observed, but sensitivity to glutamate was
50—-100-fold higher; therefore, the presence
of amino acids in the sample even in high
concentrations could not lead to measurement
errors. These results coincide with the data
obtained by another team of researchers for
a different GluOx-based biosensor [27]. The
biosensor sensitivity to some amino acids
can be explained by the fact that GIOx is not
perfectly selective to glutamate; additionally,
trace amounts of other enzymes, such as
L-amino acid oxidase, remained after GluOx
purification.

According to these results, GluOx-based
biosensor is sufficiently selective to glutamate
and is suitable for the measurements of real
food samples.

Analytical characteristics of developed
biosensor. The limit of detection of biosensor
for glutamate is defined as the glutamate
concentration, the response to which
equals three-fold the baseline noise; when
using 25 mM HEPES buffer, pH 7.4, it was
0.5—2 puM. The linear working range was from
2 to 700 uM, the sensitivity to glutamate
200—-230 nA/mM. The biosensor response time
was 5—20 s.

A typical calibration curve of the biosensor
for glutamate determination is shown in
Fig. 3. The linear part of this calibration
curve is described by the equation I = 210%C
+ 0.3 (R? = 0.999), where I is the steady-
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glutamic acid
arginine
isoleucine
serine
lysine
asparagine
cysteine
alanine
glycine
glutamine
aspartic acid
proline
leucine
threonine
valine
histidine
methionine

tyrosine
L I
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05 00 05 10 15 55 56 57 58
Response, nA

Fig. 2. Biosensor responses to various amino acids:

concentration of each amino acid was 1 mM. Measurements were carried out in 25 mM HEPES buffer, pH
7.4, at a constant potential of +0.6 V vs Ag/AgCl reference electrode

state current (nA), C is the concentration of
glutamate (mM).

Reproducibility of biosensor preparation.
Reproducibility of preparation of biosensors
is very important for their large-scale
manufacturing. To study this characteristic
11 different biosensors were prepared
and the responses of these biosensors to
200 pnM glutamate were compared. The
relative standard deviation of responses of
various biosensors to glutamate was 6%,
which is acceptable. The calibration curves
of the created biosensors for glutamate
determination were studied. They had the
same shape and the same linear range. Given
that the biosensors were prepared manually,
the received reproducibility of characteristics
of different biosensors is very good. The
difference in the response values did not pose
a problem since before use each biosensor was
calibrated.

Determination of glutamate concentrations
in food samples. To confirm the possibility
of practical use of the biosensor, glutamate
concentration in real samples was analyzed.
The sauces and seasonings were purchased in
the supermarket. Before the measurements
the sauces were 10-fold diluted with distilled
water, and 1% solutions of dry seasonings
were prepared. Two methods of glutamate
determination (using calibration curve and
standard additions) were used, which are
described in section 2.5. In total, 6 sauces
and 4 seasonings were analyzed. The
spectrophotometric method of glutamate
determination was used as control. The results
are shown in Table 1. The results are expressed
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not in moles but in mass fraction since it is not
possible to determine molar concentration in
dry seasonings. Noteworthy, the method of
standard additions showed a better correlation
with the spectrophotometric one than using the
calibration curve. This is because the method
of standard additions takes into account an
impact of components of the real sample on the
biosensor sensitivity to glutamate. However,
use of this method often requires preliminary
measurement of the glutamate concentration
in the tested sample by the calibration curve.
It is necessary in order to determine needed
dilution of the tested sample, at which the
response to the sample and three responses to
the model glutamate solution (according to
the method of standard addition) were within
the linear range of biosensor analysis. A
correlation graph was plotted (Fig. 4). As seen,
the results of biosensor measurement well
correlated with the control spectrophotometric
method (R%? = 0,988); results are well
distributed along the theoretical line.

Reproducibility of analysis of glutamate in
a food sample. To study the biosensor accuracy,
the reproducibility of glutamate determination
in a single sample was evaluated. The aliquots
of 10-fold dissolved sauce were added 12 times
to the biosensor working cell (with washing of
the biosensor between the additions), and the
obtained responses were analyzed (Fig. 5).

In the working cell, the sample was 50-
fold diluted, thus, the initial sample was
diluted in total by 500 times. The relative
standard deviation of the biosensor responses
was 2.7%, no decrease of responses during



Experimental articles

Table 1. Results of determination of glutamate concentrations in sauces and seasonings

Biosensor, mass fraction (%) Spectrophotometry, mass fraction (%)
Measured samples
Calibration Standard Calibration curve Proportion
curve additions
Sauce #1 0.49 0.52 0.54 0.68
Sauce #2 0.36 0.45 0.39 0.46
Sauce #3 1.08 1.23 1.41 1.57
Sauce #4 1.74 2.11 2.32 2.45
Sauce #5 1.17 1.27 1.14 1.13
Sauce #6 1.92 2.45 2.39 2.22
Seasoning #1 5.39 5.64 5.31 6.65
Seasoning #2 9.68 9.73 9.16 10.18
Seasoning #3 5.62 5.56 5.17 6.33
Seasoning #4 4.61 4.57 4.16 4.74
120 4 e
- S

Response, nA
g ¢

8
L]

g

0 T

2 50 75
Concantration of glutamate, pi
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0.8 1.0 1,2 1.4
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Fig. 3. Calibration curve of biosensor for glutamate determination:
measurements were carried out in 25 mM HEPES buffer, pH 7.4, at a constant potential of +0.6 V
vs Ag/AgCl reference electrode

12 measurements was observed. This indicates
high accuracy and stability of the biosensor
during real samples analysis. However, after a
larger number of measurements, the biosensor
recalibration is required, since the components
of samples likely interact with the bioselective
membrane and could change the biosensor
sensitivity to glutamate.

Determination of glutamate at
different dilutions of food samples. For
correct determination of the analyte, its

concentration in the working cell should be
within the linear range of biosensor analysis.
When determining glutamate in food samples,
significant dilution of the food samples is
commonly required due to high concentration
of glutamate in it. Use of different dilutions
might affect the results of measurement
of glutamate concentration; therefore, an
impact of the dilution rate was investigated.
In the experiment, different volumes of
non-diluted sauce were added to the cell and
glutamate concentration in the samples was
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Concentration of glutamate, %
Measured by the control method
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Concentration of glutamate, %
Measured by the biosensor

Fig. 4. Correlation between biosensor and spectrophotometric determination of glutamate concentrations in
food samples

Response, nA

Number of measurement

Fig. 5. Reproducibility of glutamate determination in a single sample of sauce: measurements were carried
out in 25 mM HEPES buffer, pH 7.4, at a constant potential of +0.6 V vs Ag/AgCl reference electrode

determined. Four different rates of sample
dilution were further used. Since initially the
sauce was not diluted, small volumes of the
sample were added to get within the linear
range of biosensor analysis.

The results of experiments are presented in
Table 2. As seen, the glutamate concentrations
in the sauce determined at different dilutions
are practically the same. This demonstrates
the possibility of using different dilutions of
samples. The main condition of accurate results
is hitting of the glutamate concentration
(in the working cell) in the linear range of
biosensor analysis.

Thus, the amperometric biosensor for
glutamate determination was optimized
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and used for measurement of glutamate
concentrations in sauces and seasonings.

An influence of the composition of
working buffer on the biosensor analytical
characteristics was investigated. The
highest responses were in the pH range of
7-8.5. Buffer capacity and ionic strength
did not affect the biosensor response. The
reproducibility of biosensor responses to
glutamate over one day was studied; the
relative standard deviation of response was
3% . Different conditions of the biosensor
storage were evaluated. The storage at
—18 °C was preferable, since in this case the
biosensor sensitivity to glutamate decreased
at approximately the same speed, and the
drop in responses by the end of storage period
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Table 2. Results of the determination of glutamate concentration in sauce obtained
with different dilutions of the sauce in working cell

Sample dilution, Sample volume, added to Response of biosensor. nA Concentration of gluta-
times the working cell, nL p ’ mate in sauce, mM
2917 1.2 8.6 166.1 = 10.9
1522 2.3 15.2 167.4 +10.7
1000 3.5 23.6 168.7 = 6.9
700 5 29.1 165.1 % 2.4

(2 month) was 30% . The results indicate the
possibility of using biosensor after prolonged
storage, but recalibration is necessary for
repeated application.

The reproducibility of biosensor
preparation was checked. The calibration
curves of all tested biosensors were of the
same form and had the same linear range of
detection. The relative standard deviation of
responses to glutamate for various biosensors
was 6%, which is acceptable. The biosensor
sensitivity to various interfering substances,
including amino acids, was studied and it
shown that the biosensor is highly selective to
glutamate.

Concentrations of glutamate in 6 sauces
and 4 seasonings were measured using the
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BUKOPUCTAHHA I''IYTAMAT-
YYTJHUBOTO BIOCEHCOPA |
AJISA AHAJI3Y XAPYOBUX ITPOAYKTIB

1. IO. R'yltepel-mol, 1.C. R‘yuepemcoz,
0. 0. Condamxkin® 2, 0. I1. Condamiin' 2

'KuiBchruit HamioHa bHMI yHiBepcurer
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2IHeTUTYT MOJIEKYJIAPHOI 6ioJIoTii i reHeTHKH
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MeToto poboTu Oyam omTUMisaIia aMmmepo-
METPHUUYHOTO IJIyTaMaTdyTJIuBOro 6ioceHcopa i
MOT0 BUKOPUCTAHHSA AJIS BUSHAYEHHS KOHIIEHT-
pariii rayramaTy B 3paskax ixki. 3acTocoByBau
aMIepoMeTpUUYHUI MeTo BUMiproBaHb. BioceH-
cop 6asyBaBca Ha imMMmo6inisoBaHilt rayrama-
TOKCHZAa3i Ta MJIATHHOBOMY AUCKOBOMY €JIEK-
Tpoxai. BioceHcop 6yB migK/IOUeHU 10 po6oUoi
KOMipKH 3 JOIOMIKHUM eJeKTpoaoM (IIJIaTu-
HOBHUM JAPOTOM) i €JIeKTPOJAOM IOPiBHAHHSA
(Ag/AgCl). Biocencop MaB BUCOKY UyTJIUBiCTH
o TIayTaMaTry, TPUBAJiCTh OJHOTO aHaJIi3y cTa-
HOBMJIA OsMB3BKO 5 xB. [lociimkeHO BIIUB i0H-
"ol cuau, pH i 6ydeproi emHOCTi Ha pPobOTy
O6ioceHcopa. BuBueno uyTauBicTs 6iocercopa mo
PiBHUX MOMKJUBUX iHTephepyoUnX PEUYOBUH,
BKJIIOUAIOYM aMiHOKMCJIOTH; IIOKa3aHa BUCOKa
ceJeKTUBHIiCTH A0 ruayramary. ByJso omiHeHo
BiITBOPIOBAHICTL aHAaJi3y 3pasKiB XapuyoBUX
OPOAYKTiB Ta BIJIUB PO3BeleHHA 3pas3KiB. KoH-
IeHTpaIllii riryraMmaTy B pi3HUX coycax i mpuipa-
BaX BUMipIOBAJM 3a AOIIOMOTOIO0 PO3POOJIEHOTO
O6ioceHcopa; pesyabTaTu A0Ope KOpeJoBaIu 3
pesyJbTaTaMu, OTPUMAHUMU CIEeKTPOodOoTOME-
rpuurnM MeroxoMm (R? = 0,988).

Taxum YMHOM, aMIIEPOMETPUUHUNA GioceHcop
IJis BU3HAUEHHS TrJyTraMaTy OyJ0 YCIiIIHO
ONTHUMi30BaHO 1 BUKOPUCTAHO JIJIA BUMipIOBAHHS
KOHIIeHTpAaIlii riryramMary B coycax i mpunpaBax.

Knawmouwosi cnosa: amnepomerpuunuii 6iocencop,
rayTamMaToKcumasa, ImoJji(peHiJeHgiaMuu), riay-
TaMmar, Xap4oBi 3pasKu.

HNCIIOJIb3OBAHUE I''ITYTAMAT-
YYBCTBUTEJbHOI'O BUIOCEHCOPA
OJISI AHAJIN3A ITPOAYRKTOB ITMTAHU S

1. IO. R'yltepel-mol, a.c. I{yuepemcoz,
0. 0. Condamrun® 2, A. IT. Condamrun®

'KueBckuit HanmoHaIbHBIN YHUBEPCUTET
uMmenu Tapaca IlleBuenko, YKpauHa
2MHCTUTYT MOJIEKYIAPHO 6HOIOT MY U TeHeTHKY
HamnuonanbpHOU akageMuu HayK Y KpauHbl, Kues

E-mail: didukh.d@gmail.com

ITesnbio paboOTHI OBLLIN OITUMUBAIUA aMIIePO-
MEeTPUUYECKOTO TJIyTaMaTYyBCTBUTEJIHLHOTO OMO-
CeHcopa U ero MCIIOJb30BaHUE IJIs ONIpeesIeHUA
KOHIIeHTpAI[uil ryyTaMara B o0pasiiax MHIIH.
ITpumenanu amMmepoMeTpUUYeCKUN MeTO] M3Me-
penuii. Buocencop OB OCHOBAH Ha WMMOOMJIN-
30BaHHOM IJIyTaMaTOKCHUJa3€ U IIJIATUHOBOM JIVIC-
KOBOM aJieKTpoje. BruoceHcop ObLI IOAKJIIOUEH K
paboueit sUelike cO BCIIOMOTaTEeJIbHBIM dJEKTPO-
oM (IIJIATMHOBO# ITPOBOJIOKOW) U 3JEKTPOAOM
cpaBHeHus (Ag/AgCl). Buocemcop nMeJs BLICOKYIO
YYBCTBUTEJIBHOCTH K TJIyTaMaTy, IPOJOJIKUTEb-
HOCTh OJHOTO aHAJIN3a COCTABJIAIA OKOJIO O MUH.
WccnenoBaHo BIusHUE MOHHOUN cuabl, pH u 0y-
depHO eMKOCTH Ha paboTy 6uocencopa. Msyue-
Ha YYBCTBUTEJIbHOCTh OMOCEHCOPA K PA3JIUYHBIM
BO3MOKHBIM HHTEP(PepUpymoIuM BelllecTBaM,
BKJIIOUAA aMUHOKUCJIOTHI; ITOKa3aHa BBICOKAA
CeJIEKTUBHOCTH K IJIyTaMaTy. Bhlyia orieHeHa BOC-
MIPOM3BOAUMOCTD aHaJin3a 00pas3I0B MUIIEBHIX
MIPOAYKTOB U BJIUSHUE PasBeleHus 00pasIoB.
Koumenrpanuu rayraMara B pasHbIX coycax u
IIPUIIPABaxX M3MEPAJHU C IIOMOIIbI0 padpaboTaH-
HOTO GMOCEHCOPAa; Pe3yJIbTAaThl XOPOIIIO0 KOPPEJIH-
POBaJIU C pe3yabTaTaMU, OJYIYEHHBIMU CIIEKTPO-
doToOMEeTPUUECKIM METOA0M (R2 = (0,988). Takum
o0pasoM, aMIepOMeTPUUYECKUl OMOCeHCOp A
oIpefiesieHusA rayTamMara OblJ YCIEITHO ONITUMU-
3UPOBAH U MCHOJb30BAH AJIs N3MEPEHUA KOHIIEH-
Tpaluu TIyTaMaTa B cOycax 1 IpuIpaBax.

Knrouesvle cnosa: amnepoMeTpuuecKuii 61MoceH-

cop, IJIyTamMaToKcuaasa, noan(peHnieHauaMnH),
rJIyTamar, IHUIeBbie 00pas3Ilhl.
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