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ESTIMATION OF THE MEASUREMENTS’ ACCURACY DURING THE 
PRODUCTION OF THE NEW LIQUOR "MENTINA"

Olena Piven, Tatyana Chunikhina, Viktoriia Papchenko, Victoria Kumpitskaya

Abstract. The article considers laboratory and sensory evaluation methods to estimate important consumer appeals 
for a new alcoholic beverage "Mentina." The work shows that during a series of experiments in order to ascertain 
the optimal composition of the new drink a regression equation for the relationship between sensory evaluation and 
content of plant extracts (mint, lemon balm and savory) was obtained. Also dependence between beverage stability and 
technological parameters of the process was experimentally found. The analysis of the accuracy of the measurements 
with using the physical and chemical methods was done.

Keywords: physical and chemical methods, sensory evaluation indicators, regression analysis, concentration of 
components, uncertainty of measurements.

1. Introduction.
Techno-chemical control is very important in the 

alcoholic beverage industry, which produces a wide 
range of high-quality liqueurs, cordials, liqueurs 
and vodka from ethanol, herbal and food products 
(sugar, oils, etc.). This control is focused on product 
quality improvement, implementation of efficient 
technologies, raw materials usage rates, reduction of 
losses. Therefore, it is a set of indicators characteriz-
ing the chemical composition and physico-chemical 
properties of raw materials, intermediates, additional 
materials used in the manufacture of finished prod-
ucts, and ascertaining if obtained results meet the 
requirements of actual regulation documents.

Technical control is carried out by using labora-
tory methods for determining the quality of prod-
ucts. These methods are divided into the physical, 
chemical, physical-chemical and biological. For 
food stuff together with the laboratory methods 
sensory evaluation methods are particularly im-
portant in order to assess consumer appeal of the 
product. The smell and taste of food are signs of 
its purity or defectiveness. Therefore, the national 
standards include all of the sensory evaluation 
parameters that are important, and testing methods 
standards describe sensory evaluation methods 
along with the laboratory ones.

The main aim of research was to determine 
(on the basis of regression analysis) beverage 
formulations in order to obtain their high quality 
by sensory evaluation methods and estimation of 
relationship between technological modes and 
stability of the final product (color stability and 
feculence absence). The next task of the work was 
the estimation of the accuracy of measurements 
with using the physical and chemical methods.

2. Sensory evaluation of quality 
parameters of the investigated 
beverage.
Sensory evaluation characteristics of alcoholic 

beverages include: clarity, color, aroma and fla-
vor, filling level, alcohol by volume, total extract 
content (by mass) sugar content (by mass), acid 
content (by mass) [1].

For these parameters: clarity and color, aroma 
and taste a sensory evaluation test was carried 
out. In the alcoholic beverage industry the sensory 
evaluation is carried out with a 10-point system. 
The highest points for each parameter are set as 
follows: for color and transparency 2 points, taste -  
4 points, aroma - 4 points.

The sensory evaluation of the abovementioned 
parameters was carried out according to the re-
quirements described in [2] by 8 experts. The 
results of sensory evaluation were used for regres-
sion analysis to determine the recipe for making 
the beverage which would have the appropriate 
sensory evaluation characteristics.

The most common formula for the study tracks 
is Scheffe simplex-lattice design. It provides a 
uniform spacing for the experimental points for 
(q-1)-dimensional simplex. Experimental points 
form a {q, n}-simplex lattice where q is the num-
ber of components in the mixture, n is polynomial 
degree by which the response function for the 
factors (the concentration of components)will 
be described. Simplex-lattice plans are saturat-
ed. From the each component (n + 1) of equally 
spaced levels xi = 0, 1 / n, 2 / n, ..., 1 all possible 
combinations of the values of the concentration of 
components are taken. Thus, for a square-lattice 
{q, 2}, the following levels of factors 0, ½ and  
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1 are set, and for the cubic-lattice - 0, 1/3, 2/3 and 
1 respectively.

To determine the dependence between the 
sensory evaluation (y) the concentration of plant 
extracts a third order factorial experiment was 
carried out (planning matrix is shown in Table 1).

As independent variables the beverage com-
ponents (х1 - peppermint extract vol. fraction, 
х2 - lemon balm extract vol. fraction,  х3 - savory 
extract vol. fraction) were considered.

Table 1. Planning matrix for  
"composition-property"

No. of 
experim. 

Component 
concentration v./v. 

Resp. 
function, 

у, pts. х1 х2 х3 
1 1 0 0 9,75 
2 0 1 0 9,7 
3 0 0 1 9,25 
4 0,66 0,33 0 9,75 
5 0,33 0,66 0 9,7 
6 0 0,66 0,33 9,6 
7 0 0,33 0,66 9,4 
8 0,66 0 0,33 9,65 
9 0,33 0 0,66 9,35 
10 0,33 0,33 0,33 9,75 

 
The regression equation (with statistically 

significant coefficients), which connects the com-
position of the drink and its sensory evaluation 
characteristics, is shown below:

у (x1, x2, x3) = 9,75x1 + 9,7x2 + 9,25x3 + 0,113x2x3 +  
+0,225x1x2 (x1 - x2) + 0,225x1x3 (x1 – x3) + 
+1,013x2x3 (x2 – x3) + 4,613x1x2x3              (1)

After checking the regression model adequacy 
by Fischer criterion the diagram (Figure 1.) was 
built. The diagram allows graphical determination 
of dependence between the sensory evaluation of 
the "Mentina" beverage and its composition.
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Figure 1. Diagram for dependence between the 
sensory evaluation of the "Mentina" beverage and its 

extracts concentration.

0 - corresponds y in the range of: 9,23: 9,29;
1 - 9.30: 9.35; 2 - 9.36: 9.4; 3 - 9.41: 9.46;
4 - 9.47: 9.52; 5 - 9.53: 9.57; 6 - 9.58: 9.63;
7 - 9,64: 9,69; 8 - 9.70: 9.75; 9 - 9.76: 9.81.

ymax values were calculated for values: 
x1 = 0,43; x2 = 0,4; x3 = 0,17.
At this point ymax to verify the resulting regres-

sion equation adequacy an experiment was carried 
out. The experiment has confirmed that the calcu-
lated ratio for the extracts in the beverage leads 
to the highest sensory evaluation of the beverage.

3. Determination of the optimal 
technological modes.
Alcoholic beverages production should be 

carried out according to [2, 3, 4] under certain 
conditions. These conditions affect the quality of 
the finished product.

An important indicator of quality is the stability 
of the beverage, i.e. transparency and color stability 
of the product (feculence absence). Determination 
of the optimal technological modes to obtain the 
best results in stability determination was set 
as the aim. In general, beverage stability can be 
determined either visually or via photoelectric 
colorimeter. In this study photoelectric colorimeter 
“FEK KFK-2” was used.

The primary goal when developing the technol-
ogy of extraction of nutrients from plant material is 
to determine the processing parameters, ensuring 
the maximum extraction of phenolic compounds 
and chlorophyll.

Previous studies have established that the most 
important technological factors affecting the ex-
traction of these substances are: temperature (x1), 
duration of the extraction process (x2), and the in-
tensity of mixing (x3) To determine the dependence 
of the stability of the beverage (y) on the above-
mentioned factors three-factor experiment was 
carried out (planning matrix is shown in Table 2).
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Table 2. Planning matrix for technological 
factors evaluation.

N
o.

 o
f e

xp
er

im
en

t. 

Extraction 
temp., х1 

Extraction 
time, 

х2 

Stirring 
speed, 

х3 

Beverage 
stability, 

у 

eq. °С eq. min. eq. min-1 eq. unit 

1 1 40 1 60 1 50 0,615 

2 1 40 1 60 -1 30 0,62 

3 1 40 -1 30 1 50 0,56 

4 1 40 -1 30 -1 30 0,562 

5 -1 20 1 60 1 50 0,52 

6 -1 20 1 60 -1 30 0,515 

7 -1 20 -1 30 1 50 0,48 

8 -1 20 -1 30 -1 30 0,475 
 
Definition of the optimal technological param-

eters was also based on regression analysis. After 
processing the results of the study a mathematical 
description of the extraction process was received 
in the form of regression equation (2). This mathe-
matical description links the processing parameters 
(stirring rate, extraction temperature and duration) 
and beverage stability. Graphic representation of 
the response surface is shown in Figure 2.

The regression is presented below:

у = 0,6 – 0,0025x1 – 0,0036x2 – 0,0045x3 + 

+ 0,00014x1x2 + 0,00012x1x3 + 0,00009x2x3–
–0.0000023 x1x2x3 (2)

rez
Figure 2. Dependence between the beverage stability 

and temperature and extraction duration  
(x1: = 20…40; x2:= 30…60; x3 – const = 40) 

On the response surface the maximum point 

corresponds to the maximum processing temper-
ature of 40 °C and duration of 55 minutes. The 
fixed factor was stirring rate (40 rpm.) at the centre 
of plan.

Therefore, the technological parameters were 
determined in order to obtain extracts which pro-
vide maximum stability of the finished beverage. 
They are processing temperature – 40°C; duration –  
55 minutes; stirring rate – 40 rpm.

4. Analysis of the measurements’ 
accuracy with using physical and 
chemical methods.
Physical and chemical methods of measure-

ments were used to estimation the performance 
quality of the finished liquor "Mentina" and in-
termediates. These methods were realized by the 
means of the measuring technique with their own 
measuring errors.

In the work with using the physical and chemi-
cal methods were determined such characteristics: 
clarity, alcohol by volume, sugar content, total 
extract content.

The following devices were used: colorimeter 
photoelectrical concentration CPC-2, hydrometer 
for the alcohol, hydrometer for the sugar, refrac-
tometer RLU.

The measurements of the check parameters 
were done at the reference conditions, the addi-
tional errors were absent [5].

The results of the multiple measurements were 
used to determine the uncertainty of the measure-
ments of type A, the passport date of the devices –  
to determine the uncertainty of the measurements 
of type B [6, 7].

The account of the uncertainties of measure-

ments (of type A Au  , of type B Bu , the total 

standard uncertainty сu  and the expanded uncer-
tainty U) was done, using the following formulas:
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x   – average of the multiple measurements;
n   – number of the multiple measurements.

,
3

Θ
=Bu  (4)

Θ  – limits of the non-excluded systematic 
error;
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3   – coefficient, that relates to the rectangular 
law of the distribution of probability.

uu BAсu 22 +=  (5)

,cukU ⋅=  (6)

k – Student’s coefficient, that is determined at 
the confidence probability 95,0=P  and at the 
effective degrees of freedom. 

The account of the effective degrees of freedom 
was done using the following formula for the direct 
measurements:
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Determined values of the uncertainties of meas-

urements ( Au , Bu  , сu , U ) are shown in Table 3.

Table 3. Determined values  
of the uncertainties of measurements

Measurand 
(characteristic 

of quality) 
Au  Bu  сu  U  

trannsmissivity 
(clarity) 

0,1863 
 

0,5774 
 

0,6067 
 

1,1951 
 

volume part 
(alcohol by 

volume) 

3,3333E-
05 

 

0,02887 
 

0,02887 
 

0,05658 
 

mass part 
(sugar content) 

0,03333 
 

0,02887 
 

0,044096 
 

0,10804 
 

coefficient of 
refraction 

(total extract 
content) 

3,162E-05 
 

5,774E-05 
 

6,583E-05 
 

0,000131 
 

 

The results of measurements of the main param-
eters with account the expanded uncertainty of the 
measurements are shown in Table 4.

Table 4. The results of measurements 
 of the check parameters

Conclusions.
During a series of experiments in order to as-

certain the optimal composition of the new drink 
a regression equation for the relationship between 
sensory evaluation and content of plant extracts 
was obtained (mint – 43%, lemon balm – 40% and 
savory – 17%).

The technological parameters were determined 
in order to obtain extracts which provide maximum 
stability of the finished beverage. They are process-
ing temperature – 40°C; duration – 55 minutes; 
stirring rate – 40 rpm.

In the work the accuracy of the measurements 
with using the physical and chemical methods was 
determined.
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