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Abstract— Production of a high quality cheese is a complex 
and time consuming process requiring exact compliance 
with the technology of manufacturing. This work presents 
the results of test of sheep's milk cheese done by "electronic 
nose" multi-sensor system based on metal oxide gas sensors. 
Several samples of cheese were measured during different 
stages of its aging. The collected data is used for training, 
validation and test of artificial neural network for 
determining the aging of sheep cheese. 

I. INTRODUCTION 
Rapid quality control of foods and the determination of 

their quality during storage time are essential for human 
health. 

For determining of their taste usually is used 
organoleptic sensory analysis called "flavor analysis." For 
this purpose is employed a team of well-trained tasters. 
The essence of tasting process in practice is that the tasters 
assess the product through their receptors for taste, odor, 
smell and vision [1]. The disadvantages of this method of 
assessment are that it is relatively expensive, requires a lot 
of time and has a rather subjective character. 

Another method to diagnose the state of foods is the 
determining the composition of gases collected from the 
product by using a classical gas chromatograph [2]. This 
method is considerably objective and accurate but is 
characterized by its high costs and long duration of 
measurements. 

The most accurate of all analysis is the method based 
on examination of the specific protein composition and 
DNA identification [3]. In this case, like in the first two 
methods also, serious disadvantages are the high costs, 
and the need for relatively long time for testing, as well as 
the requirement for highly trained personnel, and 
expensive special equipment. 

Knowing the working principles of the olfactory organs 
of biological systems allows the development of technical 
tools for gas analysis based on gas sensors which are 
called "electronic nose" and are comparable in efficiency 
with their biological analogues [4]. The "electronic nose" 
is multi-sensor system for detection of gaseous 
substances. Different from traditional sensor systems 
requiring highly selective sensitive elements, the 
"electronic nose" uses a set of relatively non-selective gas 
sensors. The development of "electronic nose" systems is 
based on the modern technologies in the fields of 
electronics and special methods for data processing and 
data fusion [5]. 

The “electronic nose" is used in the food industry for 
quality control, monitoring and evaluation of the products 
freshness, determining of their expiration date and others. 

Its advantage is based on the fact that it provides the 
ability to determine the quality of the tested products 
quickly and with great accuracy [6]. 

In this work are presented the testing results of cheese 
from sheep's milk carried out with "electronic nose" multi-
sensor system based on metal oxide gas sensors. Tested 
samples of cheese were taken during different stages of its 
aging. Artificial neural network was trained and tested 
with the collected data to determine the maturity of the 
sheep cheese. 

II. EXPERIMENTAL RESEARCHES AND RESULTS 
The metal-oxide gas sensors are particularly suitable for 

the realization of the "electronic nose" because they have 
a high sensitivity related to different gases and - in 
addition to this - they have a very low price. They are used 
in systems for detection of intentionally added water in 
milk [7], for analysis and quality control of yoghurt [8], 
for detection of dangerous bacteria in dairy products [9, 
10], etc. 

In the experiments was used cheese from sheep's milk. 
Samples of sheep cheese were obtained directly in 
production plant and they were taken during the overall 
period of its aging. The different samples for experiments 
were taken from 5th, 14th, 21st, 28th and 46th day of the 
cheese production. The analysis of individual samples was 
carried out by multi-sensor system of type "electronic 
nose" based on metal oxide gas sensors as described in 
[11]. 

All tested samples for a given period of aging were 
divided into equal parts in shape and weight and stored in 
a refrigerator with temperature at about 4°C. Before the 
measurement of each sample, the “electronic nose” system 
was turned on for a specified time, to reach by the test 
chamber and the gas sensor the operating temperature. 
During the process of measurement the glass container, in 
which the sample is placed, is maintained at constant 
temperature of 50°C. Placing the sample in an 
environment with such a temperature contributes to the 
separation of a larger quantity of gases which are analyzed 
by the gas sensors in the upper part of the chamber. The 
period of measurement for every individual sample is 
equal. After gathering the results of all sensors and 
removal of sample it is required a definite time for 
relaxation of sensors. In the study for every period of 
aging were carried out six measurements with different 
samples. Five of the results were used for training of 
artificial neural network. The results of the rest 
measurement were used for testing of the trained network. 
Samples used for every testing were selected by random 
way. 
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Figure 1.  Signal levels from sensors for five measurements of sheep 

cheese 

The data that were used to train the neural network are 
shown in the following figures.  

Fig.1 shows the data from five measurements on five 
different aging periods of sheep cheese. 

In the results presented in Fig.1 can be observed the 
differences in the reactions of six sensors (GGS 1330, 
GGS 2330, GGS 3330, GGS 4330, GGS5330 and GGS 
7330) according to different periods of aging of sheep 
cheese. The results show that there is a good repeatability 
in the responses of sensors for the five subsequent 
measurements of cheese samples. 

Fig.2 presents the data about the averaged 
measurements of each cheese sample. The figure clearly 
shows the trend of changing responses of the sensors. The 
most informative in this case are the sensors GGS 3330 
and GGS 4330. These two sensors demonstrate the best 
expressed changes in the response of sensors to the period 
of aging of the cheese. 

Fig.3 shows the averaged data for each of the five 
different periods of aging of sheep cheese. 

When the data of five measurements for each stage of 
aging are averaged, the responses from the gas sensors 
have very definite changes for the different periods. From 
the results it can be concluded that when signals from five 
sensors (GGS 1330, GGS 2330, GGS 3330, GGS4330, 
and GGS 8330) are observed then for good separation for 
different periods of aging of the cheese can be marked. 
The best separation for the different periods of aging was 
produced by the signals of three sensors (GGS 3330, 
GGS4330 and GGS 8330).  

 
Figure 2.  Averaged values of signals from sensors for measurement of 

five samples of sheep cheese 

 
Figure 3.  Averaged values from the signals of sensors for the five 

measurements of each period of aging of sheep cheese 

The trend in the responses of the sensors is very clear. 
The differences in the levels of the sensors are directly 
related to the period of aging of the cheese. 

III. ARTIFICIAL NEURAL NETWORK FOR ANALYZE OF 
AGING OF CHEESE FROM SHEEP'S MILK  

To determine the quality of sheep cheese in accordance 
with the level of its aging was trained an artificial neural 
network. The Levenberg-Marquardt algorithm was used as 
training algorithm. The structure of the neural network 
consists of 3 inputs, one hidden layer with 10 neurons and 
one neuron in the output layer. The transfer function of the 
neurons in hidden layer is tangent sigmoid function and a 
linear function is used for the neuron in the output layer. 

The data for training of neural network were five of the 
six samples of sheep's cheese with varying degrees of 
aging. After the data obtained from all sensors were 
analyzed, only data from three sensors - GGS3330, 
GGS4330 and GGS8330 were selected for training of the 
neural network while these three sensors had the best 
reaction depending on the degree of aging of sheep 
cheese. 

Before the training of a neural network, a polynomial 
approximation was used to generate additional points that 
lie on approximated data curves. A second order 
polynomial process was used for approximation. Fig.4 
shows the dependences for the three sensors which were 
received by the approximation. 

 
Figure 4.  Approximated data from three sensors for determining of the 

time of aging of sheep cheese 
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Figure 5.  Results of a neural network training for determining of the 

time of aging of sheep cheese 

After the training, the performance of the neural 
network has been verified with testing data. The test 
results are presented on Fig.5. 

The comparison between the expected time and the 
time received on the neural network output (Fig.6) it can 
be seen that the neural network was trained successfully 
and there is no big discrepancy between the expected and 
received time. The error that occurs in this case is about 
10 minutes, which is negligible for a period of aging 
which is measured in days and weeks. 

The work of the trained neural network was tested with 
input data which has random noise added with maximum 
amplitude of 50mV.  

Fig.7 presents the relation between the expected time of 
aging and the resulting time generated by the neural 
network with presence of noise in the input data. 

The proper functioning of neural network except with 
the simulated data was checked with testing data, which 
have not participated in the training process of the 
network.  

When the neural network was tested its response 
determined successfully submitted data for different aging 
periods. Fig.8 illustrates the distribution of neural 
networks response to the testing data in the three-
dimensional space using for visualization data from two 
sensors. 

 
Figure 6.  Time - expected and received from the neural network for 

the period of aging of sheep cheese 

 
Figure 7.  Expected and received from the neural network time for the 
period of aging of sheep cheese with the presence of noise in the input 

data

 

Figure 8.  Distribution of testing data for the time of aging of sheep 
cheese  

Fig.9 illustrates the time of aging of sheep cheese 
generated by the neural network with actual testing data. 
The straight line presents the expected time in days, the 
other line – the time derived from neural network with 
applied testing data. The biggest is the deviation in the 
initial period of aging - 6 days. Increasing the time of 
aging of the cheese, the deviation decreases and at 46 day 
the deviation in aging is within one day, which is 
sufficient to determine the state of the cheese. 

 
Figure 9.  Time received by the neural network for the period of aging 

of sheep cheese  
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Figure 10.  Distribution of error for generated by the neural network 

results for the period of aging 

Fig.10 presents the error for time of aging of sheep 
cheese achieved from neural network with the actual 
testing data. 

IV. CONCLUSION 
The work presents the experimental test of cheese 

from sheep's milk. The analyzed samples of cheese were 
taken during different stages of its aging. The analyses 
were done with the help of multi-sensor system for quality 
control of food products based on metal oxide gas sensors. 
Results of this study show significant differences in the 
responses of gas sensors. They are in direct relation to the 
period of aging of the various samples of the cheese. 

With the data obtained from the tests was trained an 
artificial neural network. When the neural network was 
tested with data that have not participated in the training it 
was found that the error decreases with time and at full 
aging it is within the range of one day. The cheese has to 
be qualified at the final stage of its aging and therefore an 
error of one day is normally and allowable when 
recognition by neural network is implemented. 

Based on the obtained results it can be concluded, that 
a multi-sensor system could be applied successfully for 
analyze and determination the aging of cheese from 
sheep's milk which is commercially available. 
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