
INTRODUCTION
In several regions of Europe the quality of the tap water considerably changed because of the 
different pollutants. From the chemical and microbiological point of view the quality is usually 
suitable for human consumption but the sensory properties are not always acceptable. The 
sensory evaluation of tap waters and mineral waters is an emerging research field and only a 
limited number of publications deal with this topic. The classical analytical methods provide reliable 
results concerning chemical ingredients. However, some chemicals cannot be detected by the 
conventional analytical methods. The development of artificial sensor techniques resulted in a rapid 
test method of the sensory attributes. Nowadays, scientific papers on liquid food measurements 
play an increasing role and the evaluation of sensory properties is of great importance.

MATERIALS AND METHODS
Materials
Seven different still mineral waters (without any additive) were tested. A French premium brand 
which contains low amount of minerals (named: A) and six Hungarian mineral waters (named: B, 
C, D, E, F, G). Two of them have high amount of minerals (named: B, G). The B sample contains 
carbon dioxide from natural source. Two water samples contain very low amount of sodium 
(named: A, E). Samples were measured directly from the bottle without any pre-treatment.
Instrumentation
An Astree II (Alpha-MOS, Toulouse, France) potentiometric electronic tongue connected with LS 
16 autosampler unit was used to measure the samples. The electronic tongue had seven ISFET 
(ion sensitive field effect transistor) based potentiometric chemical sensors for food application. 
The sensors were sensitive on the chemicals being in the mineral waters. Sensor potential was 
measured versus a standard Ag/AgCl 3M KCl reference electrode (Metrohm AG).
Sensory analysis
Profile analysis is one of the most comprehensive and reliable procedures for taste evaluation. It 
provides with comparison between products by completely describing the sensory attributes of the 
tested samples. The sensory tests were conducted in the Sensory Laboratory of Corvinus
University of Budapest. The profile analysis was performed in two steps with multiple overlapping 
of the different mineral waters. Samples A, B, E, F and G were analyzed in the first profile analysis 
test and samples A, D, E, F and G in the second test. The applied sensory attributes were 
determined by consensus groups. Besides the profile analysis one of the most sensitive tests, the 
triangle test was applied in research. In this case the differences between two samples were 
determined.
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CONCLUSIONS
Two mineral waters were definitely different from the others according to the sensory attributes based profile analysis.
PCA and CDA analysis are able to discriminate mineral waters having chemical composition similar to each other.
On the basis of our experiences the electronic tongue is able to distinguish taste differences with higher accuracy than the human tongue.
Consequently very close correlation was found between the sensory attributes and the electronic tongue measurement. However, the results of the 
measurements performed with the electronic tongue showed a more accurate discrimination of the different mineral waters than the sensory evaluation.

OBJECTIVE

The objective of the current research was to determine relationships 
between the sensory evaluation and measurement results obtained 
by electronic tongue for mineral waters. Furthermore, the purpose 
was to predict the sensory characteristics of the mineral waters
measured by the electronic tongue and to determine taste 
differences that cannot be detected by the sensory evaluation.

Results of electronic tongue measurement
The canonical discriminant analysis was used for the evaluation of the results obtained by
the electronic tongue (Figure 3). Discriminant function 1 shows the differences between the 
sample groups B and G relative to the other samples. The latter ones are connected to CA, 
BA, GA, BB and ZZ sensors. The difference among the other samples was not 
distinguished by sensory evaluation. However this difference is distinguished by the 
electronic tongue and it is based on the discriminant function 2. It is interesting to note that 
according to the profile analysis the sample B was definitely distinguished from the other 
samples. However, with the electronic tongue measurements the sample G was 
considerably different from the other samples. This is the effect of the carbon dioxide with 
the profile analysis. Since, the carbon dioxide was eliminated from the G sample for the 
measurements by the electronic tongue.

Figure 2: Canonical discriminant analysis of profile 
analysis by sensory panel

Comparison of the two methods

Figure 3: Canonical discriminant analysis of results  
obtained by the electronic tongue

Partial least square regression was used to find relationship and 
to predict the sensory attributes from the results obtained by the 
electronic tongue. The parameters of partial least square 
regression (done for three components) with cross validation are 
shown in Table 1.
Close correlation was found between the sensory attributes and 
the electronic tongue measurement. It is interesting to note that 
relatively low determination coefficients (0.604 and 0.670) were
found for the bubble quantity of both profile analysis. These 
results confirm that the disturbing character of carbon dioxide was 
eliminated with electronic tongue measurements.
Figure 4 shows the sensory score values and predicted values 
from the electronic tongue measurement of the softness in 
mouthfeel for the analyzed water samples.

Results of sensory evaluation
The evaluation of the profile analysis was performed by one-way analysis of variance and
canonical discriminant analysis. The result of the first test is shown in the Figure 1. and 2.
Two mineral waters (named: B, G) were definitely different from the others according to the 
sensory attributes based profile analysis. Discriminant function 1 shows the differences 
between the sample B and the other samples. This was caused by the natural bubble 
content of the mineral water. The high standard deviation of this group shows that the 
bubble content decreased during the tasting. This results show that the sample G is 
different from the other samples according to all of the sensory attributes. During the 
second profile analysis test only the G sample was found to be significantly different from 
the other mineral water samples. The results of the triangle tests demonstrated also definite 
differences in the case of samples B and G. However, sample C was also distinguished 
from the others in some tests.
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Figure 1: Spider web diagram for profile analysis 
by sensory panel 
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RESULTS AND DISCUSSION

Figure 4: Prediction results from the PLS models for 
softness in mouthfeel by the electronic tongue
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Table 1: Correlation between sensory evaluation 
and electronic tongue measurements (PLS-R)

R2 – coefficient of multiple determination
RMSEP – root mean squared error of prediction

Profile analysis 
No. 1. R2

Profile analysis 
No. 2. R2

Bubble quantity 0.604 Bubble quantity 0.670
Salty taste 0.974 Salty taste 0.995
Carbonation 0.965 Carbonation 0.993
Mineralization 0.958 Metallic taste 0.983
Acidity 0.903 Sweet taste 0.681

Bitter taste 0.951Softness
in Mouthfeel 0.988 Aftertaste 0.977

RMSEP

28.40
7.57
6.73
7.40
8.64

3.98

RMSEP

0.33
0.40
2.01
2.09
1.32

2.59
0.98


