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Abstract. In the paper discusses one variant of the electronic nose system. The possibility of fast, lowcost analysis of meat quality is being investigated through a developed laboratory stand. In particular, two
applications for the analysis of meat products. The first task is to determine the shelf life of chicken meat.
For this purpose, reference measurement by laboratory microbiological analysis is used.
The second application is related to the determination of meat from raw male pigs and the presence of
odor in their meat. In this case, we work with a synthesized set of samples in which there are preestablished substances that cause this odor (androstenone and scatole). Based on the instrumental sensory
analysis, estimates are given for the potential use of this approach in the development of mobile analysis
devices or its use in expert support applications.
Keywords: electronic nose, sensors array, multidimensional space, volatile compound profile, quality
control, meat quality.
I. INTRODUCTION

Smell is one of the main organoleptic properties
that is perceived by the human senses. The
identification of a given odor has a wide application for assessment of the condition and quality of
atmospheric air, healthcare, medical diagnostics,
ecological monitoring, food quality, pharmacy,
detection of the presence of dangerous gases, etc.
Through the methods of expert evaluations and the
relevant procedures to achieve coherence, to some
extent the obtained evaluations should be objectified.
The possibilities for reliable measurement and
identification of quality indicators by means of
electronic nose type systems in the industry explain
the scientific interest and its growing application in
recent years. The main advantages of the method are
the possibility for fast, cheap and automated analysis.
The electronic nose is a system of the following main
components: measuring cell for samples, sensor array
of gas-sensitive sensors, measurement control
module and subsystem for information processing

and algorithm for recognizing images of a specific or
complex aroma [1, 3, 4, 6, 7].
The measuring cell in the „e-nose“ system must
ensure the collection and supply of the atmospheric
profile of the sample to the sensors and a procedure
for recovery of the sensors (fresh air blowing).
Ensuring proper interaction between the sensors and
the sample is an important tap in data collection as it
affects all successive steps. Here it is important to
design the geometry correctly so that the injected
volatiles blow the chamber under the same
conditions, at a constant flow rate and a homogenized
laminar flow. In addition to the measurement
conditions, it is important to note the drift in the
measurement caused by the difference in
temperature and humidity of the air used as a carrier.
The main element of the system is the sensor
array, which includes a set of sensors with sensitivity
to a specific gas or more often with complex (nonselective) sensitivity, quantified by a measured
quantity (resistance, voltage).
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Fig. 1. Gas-sensors array.
The complex sensitivity inherent in the sensors is
used in this case as an opportunity to obtain a
multidimensional space in which the odor is defined
as an image unique to a particular composition of
volatile organic compounds-"volatile compound
profile" (Fig. 1).
II. MATERIALS AND METHODS

Characteristic of most gas sensors is their
sensitivity to several chemical compounds, depending
on the concentration. They usually have a
pronounced sensitivity to one or more gases for which
they are intended. In electronic nose applications, in
most cases, it is important not only the concentration
of the gas we measure with the particular sensor, but
also the "background composition" determined by a
particular combination of volatile compounds, giving a
characteristic, unique odor. This essentially means
that the determination of the elements of the sensor
array can be done by experimental studies and does
not exclude the use of sensors for a specific gas, even
assuming its absence.
The most common gas sensors used in food
analysis are based on the chemical sensitivity of metal
oxides (MOS) and especially tin oxide. The gas is
sensed by its effect on the electrical resistance of the
SnO2 semiconductor, resulting from combustion
reactions occurring with lattice oxygen species on the
surface of the SnO2 particles. By changing the choice
of catalyst and operating conditions, SnO2-resistive
sensors have been developed for a range of
applications [2, 10].
To gain the needed selectivity, several slightly
different sensors (sensor arrays) and multivariate data
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analysis are used. Recent trends in the sensor field
concern the simultaneous measure of more than one
sensor property (e.g., conductance and surface
potential) or the use of different sensor types (socalled hybrid arrays) to reduce the collinearity of the
responses
and,
therefore,
obtain
better
discrimination.
The real challenge in the sensor field, which
hampers a diffuse spread of the technique, still
remain the stability of sensors over time (onset of
drift) and reproducibility, both inside a single batch
and from batch to batch. Since the materials are
nanostructured and the working temperatures are
over 200 – 300°C, the film could degrade over time,
affecting sensor stability [5].
The typical measurement (i.e. sensor array
characterization) consists of exposure of the sensors
to a concentration step, that is, a change of odor
concentration from zero (or baseline) to establishing a
new value, and back to baseline again, and the
recording of the subsequent change in the
characteristic property of the sensor.
The change of the sensor signal output with time is
referred to as dynamical response; for MOS sensors, it
is a conductance change. The parameters that are
routinely considered to roughly describe a single
sensor response to a concentration step, and which
depend on the sensor type and on the gas type and
concentration to be sensed (and, of course, on the
measuring conditions) are:
- The variation of the sensor response between the

value in air 𝑦𝑦0 (the so-called baseline) and the steadystate (or static or equilibrium) value in gas - 𝑦𝑦𝑠𝑠 .
Depending on the sensor type, various functions of
𝑦𝑦𝑠𝑠 and 𝑦𝑦0 are considered the standard parameters
characterizing the dynamical response;
- The degree to which the sensor recovers its

baseline. Complete recovery can be hampered by
desorption processes that are too slow or irreversible
changes of the surface constitution (poisoning);
- The response time (i.e., the time to reach steadystate conditions in gas) and the recovery time (i.e.,
the time to return to the baseline value) [8, 9].

These values depend on the adsorption and
desorption kinetics of the surface-gas reactions. They
are defined as a fraction of the time needed to reach
a steady-state value (in gas or air) or, modeling the
rise and fall as simple exponentials, as the time
constants of the exponentials (Fig. 2).
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Fig. 2. Response time.
Multivariate analysis, including clustering or
pattern recognition techniques of a gas mixture data
is a necessary tool for analyzing sensor array data.
Visual inspections of calibration curves and responses,
as done for single gases, is too lengthy and not
informative enough when using the sensors in
realistic applications. In the case of complex mixtures,
it is not interesting (nor possible) to quantify the
concentrations of the huge number of single
constituents [7, 8].

Fig. 3 (a). Laboratory model of the
„еlectronic nose“ system.

Fig. 3 (b). Computer data simulation.

The calibration normally consists of making
repeated measurements on different classes of
samples (e.g., meat products) subject to types with
certain class affiliation (including artificially prepared
samples). Based on the created prototypes, the goal is
to find quantitative measures for the proximity of
new unclassified (analyzed) and classify them to one
of the defined classes. The laboratory model of the
„еlectronic nose“ system is equipped with a set of
sensors presented in figure 3.
The analysis process begins with the search for an
informative subset of sensors with maximum
sensitivity in the respective application. Additional
reduction of the sensors used can be achieved by
correlation analysis in time series. The full set of
sensors given in Table. I.
TABLE I. SENSOR ARRAY SENSITIVITY
№

Sensors
type

1.

MQ-3

Alcohol, petrol, ethanol, smoke

2.

TGS-813

Methane, butan, propane

3.

TGS-822

Vapors of organic solvents and
other volatile vapors, carbon
monoxide, ethanol, acetone,
benzene, methane, isobutane,
hexane

4.

TGS2600

Contaminants such as hydrogen
and carbon monoxide, methane,
carbon monoxide (formic acid),
isobutane and hydrogen

5.

MQ-9

Carbon monoxide, and other
flammable gases: methane,
propane/ butane, etc.

6.

MQ135

NH3, S2, bensene

7.

SENSHS-131

Purity of air, steam and alcohol

8.

MC107

Combustible gases

9.

CZGCO

Carbon monoxide, hydrogen,
ethanol and low sensitivity to
methane

10.

CZGNH3

Ammonia, with low sensitivity to
methane, carbon monoxide and
hydrogen

11.

MP901

Acetone, alcohol, benzene and
others

Sensing species
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III. RESULTS AND DISCUSSION.

2.1. Measurement of the condition of chicken
meat during storage.
Table II presents the results of measuring meat
chicken samples for 2, 5, 6, 7, 11 and the 12th day of
storage at a temperature of 4 - 5 ˚С.
The aim of the experiment is to select a set of
sensors that have carry information about the change
in the state of the product.
Based on graphical analysis, the sensor reading
CZGCO (Table I) was ignored.
TABLE II. RESULTS OF MEASURING MEAT CHICKEN
SAMPLES.

Sensor
type

Days of storage
2

5

6

7

11

12

MQ-3

80

80

91

95

89

66

TGS813

201

197

201

190

213

207

TGS822

87

82

93

86

113

108

TGS2600

293

258

298

280

357

356

MQ-9

140

135

136

126

139

140

CZGNH3

128

119

128

136

165

156

HS131

216

198

198

175

159

153

To estimate the difference (similarity) between the
vectors, a Procrustean analysis was used, in which the
set of values for the first day was adopted as the
reference vector. The change in the similarity
coefficient is presented in figure 4 [7, 9].

Fig. 5. A Radar plot of sensor response data.
Figure 5 presents graphically the results of the
measurements. The largest variation of the values for
the total measurement period is with the sensors
TGS2600, CZGNH3 and HS131. This allows a
preliminary reduction of the discriminant features in
the synthesis of a classifier [7, 9].
2.2. Possibility of assessing the boar taint into
pork-minced meat.
The research discusses the possibility of assessing
the boar taint into pork-minced meat associated with
the presence of androstenone and skatole, which are
compounds related mostly to uncastrated male pigs.
Experimental studies aim at rapid analysis of values
below human sensory perceptions based on the
product's multisensory gas profile.
For this purpose, a prototype of the "electronic
nose" system is designed (Fig. 3), through which the
experimental studies were performed with minced
meat samples with quantities of 5 mg/kg, 0.5 mg/kg,
0.05 mg/kg for androstenone and 0.5 mg/kg, 0.05
mg/kg and 0.005 mg/kg for boxes.

Fig. 4. Change in similarity coefficient.
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A combination of 8 different MOS sensors and an
experimental set were used, suitable for identification
and quantitative recognition of boar taint in minced
meat.
A result of the preliminary graphical analysis, a
subset of informative sensors is formed.
In the Table III presents the results of the average
values of the established levels for four types of
samples. For example - the control is measured 10
times, and then the result of each sensor is averaged.
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TABLE III. AVERAGE VALUES OF THE ESTABLISHED
LEVELS OF THE SENSORS FOR 4 TYPES OF SAMPLES.
The result
for each of
the
sensors

2500
2000

Sensor type
S1

S1

1500

S2

S3

S4

TGS-822

CZGNH3

SENSHS-131

MQ135

K

468

486

423

1319

A

532

598

630

1772

C

549

744

917

2256

K

AC

541

634

683

1939

A

*K - control sample (pure meet), A - samples with androstenone, C - samples with skatole, AC - components for
the lowest concentrations.

For pork-minced meat samples, the reduced
number of sensors is four, those that react with a
difference in levels.
Figures 6 and 7 show the response of the gas
sensors for the different meat samples.
The results presented in this study are a good basis
for creating intelligent classifiers to determine food
products in accordance with their quality.
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Fig. 7. A Radar plot of sensor response data.
CONCLUSION
In recent years, technological and scientific trends
have focused on the creation and implementation of
automated systems whose responses are close to the
human sensory system. This gives rise to the idea of
implementing the so-called "sensor fusion". In this
process, signals from many different sources are
mixed and integrated. Algorithms that can be
conditionally divided into two groups process the
information obtained from a multisensory system:
sensory aggregation based on probabilistic statistical
models and sensory aggregation based on intelligent
models.
This article presents the results of laboratory tests
conducted with the “electronic nose” system in the
Department of Automatics, Information and Control
Systems at the University of Food Technologies,
Plovdiv, Bulgaria.
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Fig. 6. Electronic nose response to meat sample.

The research aims to determine the quality of
chicken meat during long-term storage and the
possibility of detecting impurities in minced pork
associated with the presence of the compounds
androstenone and skatole.
A relationship has been established between the
response of gas to selective sensors on the electronic
nose and the storage period of chicken meat. An
approach for pre-selection of the most informative gas
sensors from the sensor array of the electronic nose
system is proposed.
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When working with pork meat, there is also a
certain change in the gas profile of meat samples
contaminated with the substances androstenone and
skatole.
The presented results are a good information base,
which allows continuing the research of the author's
team in the direction of application of multisensory
systems in solving the tasks of determining the quality
of food products.
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