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Determination of the sensory 
development directions of beers 
using the method of penalty analysis
Keywords: product optimization, consumer preference, optimum scale (JAR), beer.

1. Summary

In my research, one of the methods of the determination of sensory product 
development directions is presented, based on the preference for different beers 
and the sensory characteristics influencing it. Six different beers were tested, four 
of which are commercially available (Lowenbrau, Staropramen, cold hop Dreher, 
Soproni), and two of them are made in breweries (lager, cold hop lager). Beers were 
rated by 63 college students. 37 of them were women, 26 were men, their age being 
in the range of 18 to 27 years.

Sensory preference was evaluated by the consumers (naive panelists) on two different 
scales. First, the evaluation was carried out by characteristics -  color, global odor 
intensity, citrus odour, fruity scent, bitter odour, malt scent, yeast odour, global flavor 
intensity, citrus flavor, fruity flavor, bitter taste, malt flavor, yeast flavor, sweet taste, 
sour taste -  on a structured optimum scale Oust about right, JAR) of 1 to 9 (1=too 
weak, 5=exactly right, 9=too strong). An important feature of JAR data is that they are 
bimodal, since not only the deviation from the optimum point, but also the direction 
of the deviation is important during data processing.

After the evaluation by characteristics, global preference for the products was also 
provided by testers on a continuously increasing structured scale of 1 to 9 (1=not at 
all, 2=not very much, 3=moderately not, 4=slightly not, 5=neutral, 6=slightly preferred, 
7=moderately preferred, 8=very much preferred, 9=most preferred). The method of 
penalty analysis has been developed for the combined evaluation of the two scales, 
and it was carried out by the XL-Stat software. Based on the results of the penalty 
analysis, it can be determined which sensory properties influence most the global 
sensory preference for a certain product among consumers, and in what direction 
it is advisable to change them during product development. Based on the results, 
judges favored strong, fresh, fruity flavor, and the Dreher cold hop beer was most 
preferred by far, while the other beers were considered too bitter, unremarkable.

2. Introduction and literature overview

The structure, and the demand and supply sides of 
the Hungarian food market and, at the same time, 
of the alcoholic beverage market have changed 
significantly over the past 25 years. The production 
of alcoholic beverages was one of the dynamically 
developing sectors of the Hungarian food industry

in the ‘90s, primarily because of the investments of 
large multinational companies. The transformation of 
the demand and supply sides has led to a radical shift 
of consumer demand towards quality. In addition 
to changing consumer habits, new product types 
have also emerged. It is instructive to analyze these 
changes over a number of years [1].
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In terms of quantity, household food consumption 
is measured by the Hungarian Central Statistical 
Office (KSH) through regular logging performed in 
the framework of household statistics, and by the 
compilation of food balances. Food balances in fact 
mean the amounts of food (supply) available to the 
population, typically based on feedstocks. Looking at 
the supply side of alcoholic beverages, the structural 
transformation of the alcoholic market is clearly 
evident. On the supply side, the 105.3 liters of beer in 
1990 were continuously reduced to 68 liters in 1999 
and, after a slight increase, it was reduced further to
66.7 liters by 2007. Wine production was 27.7 liters in 
1990, reaching its peak between 2001 and 2006 with 
33 to 34 liters, which was followed by a continuous 
decline, reaching only 21.8 liters in 2014. The volume 
of distilled spirits decreased from 8.5 liters (1990) to
6.4 liters (2013). Data from the last year show 
that, while the volume of wine and distilled spirits 
increased, the volume of wine decreased (Figure 1).

Along with the changes in volume, a transformation in 
the Hungarian beer market could also be observed. 
Through the liberalization of the beer market that 
started in the 1990s, in addition to typically foreign- 
owned large-scale plants, small-scale craft breweries 
were established, mainly after 2000. The expansion of 
small-scale craft beer market was primarily promoted 
by the development of domestic gastro-culture, by 
the „street food” movement, festivals, competitions 
and beermaster training courses. The advantage of 
small breweries compared to large-scale ones is that 
they are able to adapt to new demands and trends in 
beer consum ption more easily. For the beer produced 
to meet consumer demand as much as possible, 
it is essential to map out the needs of the given 
target group, of the consumer segment, regarding 
the product. Based on this, the appearance of the 
beer, its ingredients, the technological steps and the 
sensory parameters can be adapted to consumer 
demand in a targeted way [3], [4]. At the same time, 
product selection or the place, time and volume of 
consumption are strongly socially embedded, it is 
not possible to apply only the economic approach 
of supply and demand, since consumer rationality is 
influenced by several factors [5], [6], [7].

It is recognized by more and more large-scale 
companies that nowadays it is only possible to 
produce beer with good organoleptic properties 
from the highest quality feedstocks, while observing 
good hygienic practices and adhering to proper 
technological steps. The main ingredient of beer is 
water, therefore, the quality of drinking water used 
in the production is a key factor, which should be 
analyzed from a microbiological, analytical and 
sensory point of view as well [8].

Furthermore, in addition to well-established recipes, 
there is a demand for special beers with a more 
characteristic taste. Beer consumption habits of the day 
are increasingly influenced by current trends and new

recipes, and these are mainly affected by hops and its 
newly bred varieties. To enhance the citrus, pine, fruity, 
spicy aroma of hops, the technological step of cold 
hopping has gained acceptance. In this method, hops 
are not boiled, it is only added to the beer in the final 
stage of hopping, thus it typically gives finished beer a 
fresh, floral, fruitier, spicier aroma, which can significantly 
affect the sensory preference for the products. The use 
of aroma hops has gained acceptance in the Hungarian 
beer market with the increasing role of small-scale 
breweries, however, they are also used in large-scale 
brewing, in accordance with the practices of integrated 
quality management and food safety systems (Dréher 
Cold Hop Lager) [9], [10].

Sensory judges are classified by the literature into 
three categories according to their qualifications: 
lay/consumer judges, trained judges and expert 
judges. Different types of task require the use of 
judges with different qualifications [11].

Trained and expert judges are subject to special, multi
stage judge selection tests, where the “measurement 
range” of their sensory organs, their thresholds 
and accuracy are tested, they acquire knowledge 
related to the field of sensory science, and also gain 
experience regarding the products to be tested, the 
scales and the methods [12]. Several methods have 
been developed for the testing of the ability of sensory 
judges to differentiate, of their repeating ability and of 
their consensus [13], [14], [15], [16], [17], [18].

Consumer tests can be used to understand which 
products consumers favor or prefer. Several studies 
have shown that using only preference (hedonic) 
measurements it is less possible to predict future 
preference, therefore, when evaluating the reliability 
of hedonic methods, the changing behavior of people 
has to be taken into account [19], [20], [21]. The role 
of consumers (lay judges) in quality management is 
essential, because the “final control” is exercised by 
them by buying and consuming the product. Their taste 
varies widely, it is practically impossible to manufacture 
products that satisfy the taste of all consumer groups, 
therefore, it is advisable to optimize the product for the 
given consumer segment [22], [23], [24].

During food industry product optimization, products 
are developed according to consumer demand with 
several aspects in mind. The main aspects are: food 
safety, nutritional value, sensory characteristics, 
logistical solutions, etc. From a sensory point of 
view, several scientific studies have been carried out 
in the Sensory Analysis Laboratory of Szent István 
University, including preference tests of aleuron-rich 
pasta and bread [25], [26], various coffee drinks [27], 
margarine spreads [28], [29], cola drinks [30], quick- 
frozen sweetcorn products [31], [32], apple drinks 
[33], tea drinks [34], flavored kefirs [35] and flavored 
bottled waters [36]. The essence of the preference 
method is that a mathematical relationship is 
established between the preference test carried out
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by large number of lay (naive) consumers and the 
sensory test performed by a small group of expert 
judges for a given product group [37]. Today, new 
eye tracking methods are known which follow the 
eye movements of consumers, making product 
optimization possible [38, [39], [40].

Evaluation of sensory tests is usually based on some 
kind of scale. During scaling, the degree of sensation 
induced in the brain by the food examined is indirectly 
analyzed by the judges. Based on the psychophysical 
approach, if the strength of the physical stimulus 
increases, then the increase in the sensation can be 
modeled mathematically [41]. Naturally, the possibilities 
of evaluation are fundamentally influenced by the fact 
whether a nominal, ordinal, interval or ratio scale is 
used by the judges. For sensory testing, several types 
of scales have been developed and used: unstructured 
line scales, structured line scales, category scales, 
optimum scales, magnitude estimation scales, etc. 
[42]. Preference tests measure the acceptance of or 
the preference for a product. In this case, the consumer 
serves as a measuring instrument, and he or she 
typically indicates on a scale the value or descriptive 
term corresponding to their sensation [43], [44]. In 
preference tests, the structured optimum scale (JAR 
-  Just About Right) is often used, in which judges are 
asked how the given organoleptic characteristics (e.g., 
sweetness) of the product are perceived: too strong, 
too weak, or just about right. In the middle of the scale, 
there is the „just about right” value, while at the two 
ends are the two extremes for the given property. 
This test method was created to help researchers 
understand why consumers like or dislike a product; 
and how to guide product development in order to 
increase consumer acceptance [45].

Due to the bipolar nature of optimum scales (JAR), 
different evaluation methods have been developed. 
For analysis based solely on the JAR values, the 
statistical methods of percentage, average, one 
sample t-test, correspondence analysis, main 
component analysis,/-test and variance analysis are 
used [46]. The most common evaluation process is 
penalty analysis, which takes into account preference 
values as well [47, [48], [49].

Of course, several other methods have been 
published in connection with the modification of 
penalty analysis, and these are listed according 
to Gere [42]: bootstrapped penalty analysis [50], 
linear regression [51], multiple linear regression 
[46], multivariate adaptive smoothing curves [50], 
canonical variate analysis (CVA) [45] and the 
generalized pair-correlation method (GPCM) [52].

3. Objective

As the topic of my research, the preference for 
different beers and the parameters influencing it were 
chosen. In the first step, my goal was to determine 
the development directions of the organoleptic

characteristics of different beers. In the second 
step, I aimed to determine the sensory properties 
whose change has the greatest impact on the global 
preference for the product. In accordance with 
these, I intended to reveal which sensory properties 
influence the popularity of beers the most, and to 
what extent judges differentiate between the tastes 
of premium, non-premium and cold hop products.

4. Materials and methods

4.1. The beers included in the study and 
beer-making

Inthecourseofourstudy, sixdifferent beers were tested, 
four of which are commercially available (Löwenbrau, 
Staropramen, cold hop Dreher, Soproni), while two 
were produced under pilot-scale conditions, for the 
Department of Brewing and Distilling of Szent István 
University (lager, cold hop lager). The raw materials 
used for making the beers are shown in Table 1.

For the preparation of the beers, the appropriate 
amounts of malt were first measured using the 
balance, and then they were ground with the malt 
mill. The wort tank of the brewing apparatus was 
filled with 40 liters of water, then the ground malt was 
added. Following this, warm water was allowed to 
fill the jacket of the wort tank, and the mixture was 
heated to 52 °C this way. The malt to water ratio was 
set to 1:3.5 for the first brewing. The first stage is the 
protein degradation rest at 52 °C. In this step, endo- 
and exopeptidases begin to work, causing the protein 
content of the wort to degrade, which contributes to 
the increase in foam durability.

The protein degradation step lasted 15 minutes. 
This was followed by the p-amylase stage (62 °C, 
45 minutes). In this step, as an effect of p-amylase, 
glucose units split off from the non-reducing chain 
ends in twos, until the enzyme reaches bond a-1,6. 
The third step is a-amylase degradation (72 °C, 20 
minutes). The enzyme produces a-limit dextrins are 
produced. This step was continued until a negative 
iodine test was obtained. A sample was taken from the 
mixing tank with the help of a rod, and it was checked 
with a drop of iodine whether there was any remaining 
starch in the wort. After this, the wort was transferred 
to a filter tub. The wort was introduced through a tube 
at the bottom of the tub, and air was removed from the 
tube, so that contact between the wort and the oxygen 
in air was minimized. After twenty minutes of settling, 
the liquids were removed. The liquids were transferred 
from the filter tub to the hop boiler. Water was added 
to the filter tub, and then solids were washed two more 
times. This process took 50 minutes. After filtration, the 
dry matter content of the liquids in weight percentage 
(Balling degree) was determined. The result of the 
measurement was 17.7 B°.

Hop boiling lasted 60 minutes. Bitter hops (Perle hops) 
were added to the boiling cauldron in the tenth minute
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of boiling. Hops give the bitterness of finished beer. 
Roughly 10% of the a-acid content of this type of hops 
is isomerized by heat, and the bitter taste is the result of 
this transformation. Aroma hops (citra hops) are added 
to the beer 5 minutes before the completion of boiling. 
Aroma hops are responsible not for bitterness, but for 
the fresh citrus taste, its a-acid content does not play 
a role in the development of the bitter taste. By the end 
of the boiling, the beer had a Balling degree of 12.9. 
Following this, the beer rested in a whirlpool for 10 
minutes, where the remaining smaller sediments could 
settle. After this, the beer was cooled in a cooling tank 
to 12 °C. The cooled beer was transferred to a 13-liter 
fermentation tub, where 50 g of yeast (Brewmasters 
lager) was added to it.

The second brew was a cold hop lager, which was 
made at the same time as the simple lager. The 
malt types used were the same as in the case of the 
latter, the only difference being that for 40 liters of 
water only 10 kg of malt was used. The reason for 
this was that the initial Balling degree for the simple 
lager was too high. The initial malt to water ratio here 
was only 1:4, so the initial Balling degree turned out 
to be only 15.5 B°. The preparation of this beer was 
identical to the preparation of the simple lager, with 
the modification that aroma hops were added to the 
beer at the very end of the boiling. By the end of the 
hop boiling the beer had a 10.8 B°. After cooling, 
the beer was pumped into the 13-liter fermentation 
tank, where the yeast was added and fermentation 
began. Fermentation lasted two weeks, and then the 
beer was drained into bottles. Samples were then 
transferred to the Sensory Analysis Laboratory of 
Szent István University for sensory testing.

4.2 Sensory analysis

Beers were rated by 63 college students (37 women, 
26 men; age 18 to 27). Consumers (naive panelists) 
had no previous sensory training, because the goal 
was not a descriptive analysis of the products, but the 
exploration of different product development direc
tions, based on consumer acceptance/preference. 
Sensory preference was evaluated by the consumers 
(lay judges) on two different scales. First, the evaluation 
was carried out by characteristics -  color, general 
odor intensity, citrus odour, fruity scent, bitter odour, 
malt scent, yeast odour, global flavor intensity, citrus 
flavor, fruity flavor, bitter taste, malt flavor, yeast flavor, 
sweet taste, sour taste -  on a structured optimum 
scale (JAR) of 1 to 9 (1 =too weak, 5=just-about-right, 
9=too strong). An important feature of JAR data is that 
they are bimodal, since not only the deviation from the 
optimum point, but also the direction of the deviation is 
important during data processing. After the evaluation 
by characteristics, overall liking for the products 
was also provided by testers on a continuously 
increasing structured scale of 1 to 9 (1=not at all, 
2=not very much, 3=moderately not, 4=slightly 
not, 5=neutral, 6=slightly preferred, 7=moderately 
preferred, 8=very much preferred, 9=most preferred).

The design and implementation of the sensory 
experiment, as well as data collection was carried 
out by a special, cloud-based RedJade sensory 
software. With its help, random encoding of the 
beer samples, sample rotation, and computerized 
execution and data collection of the sensory testing 
could be performed. The method of penalty analysis 
was developed for the simultaneous evaluation of 
the data collected using the two scales, and it was 
carried out using the XL-Stat software. Following 
the questions of sensory testing, a short socio
demographic survey was conducted, regarding the 
sex, age, consumption frequency, place of residence 
and net monthly income of the testers.

4.2.1 Steps of penalty analysis

Data were evaluated with the XL-Stat software 
programmed in an Excel environment, using the 
method of penalty analysis, with the help of the tutorial 
found on the software’s website [53], [54]. First, the 
information of the structured optimum scales of 1 to 9 
(JAR) is aggregated by the XL-Stat program into a scale 
of 1 to 3 for each characteristic (1 -4—>1 =too weak, 
5^2= just about right, 6-9^3=too strong). Then the 
average preference values for the groups „too weak” , 
„just about right” and „too strong” are calculated. 
Penalties are calculated by subtracting the averages 
of the „too weak” and „too strong” groups from the 
average preference value of the „just about right 
group”. The differences obtained are depicted in a so- 
called „Mean Drop” diagram. In the scatter diagram, 
differences are plotted against the percentage of 
consumers in the category. The higher the Mean Drop 
value and the more consumers perceived the sensory 
characteristic of the given product too low or too high, 
the more important the given property (characteristic) 
is, and it is advisable to adjust it during product 
development, in order to achieve a higher overall 
preference for the product among consumers.

On the output side, a large number of tables and 
charts are generated by program automatically. 
These are:

1. Descriptive statistics table of the sensory 
variables examined (number of participants, 
missing data, minimum, maximum, average, 
standard deviation values).

2. Spearman’s correlation table, showing the 
correlation between sensory variables. If the 
correlation proves to be significant (a=0.05), 
then the variables can be investigated. During 
the evaluation, mainly the overall liking and the 
correlation of the JAR variables are important. 
The question is which JAR variable has a 
significant effect on global popularity, and how 
big the effect is.

3. Percentage distribution figure of JAR levels, 
calculated from the frequency of JAR property 
values (1 -9), and its condensation (1 -3).
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4. The penalty table includes the following:
a. JAR dimension names, 3 aggregate levels of 

JAR data;
b. frequencies and percentages of each level;
c. overall liking and average liking of each 

level;
d. Mean Drop values for the „too strong” 

and „too weak” values (these are the 
differences between the average liking of 
the JAR levels and the “too strong” and “too 
weak” levels; this information is important 
because it shows how many points we lose 
in liking if a characteristic is „too strong” or 
„too weak”);

e. the p-values, concerning the results of the 
t-test comparing the averages of the other 
two levels („too strong” or „too weak”) to the 
average of the JAR level;

f. automatic interpretation, depending on the 
level of significance chosen (a=0.05);

g. weighted differences between the penalty 
values and the averages (average JAR liking 
-  average liking of the other levels together); 
(this shows how many points we lose in 
liking, if the product is not as expected by 
the consumer);

h. p-values, regarding the comparative test of 
the JAR level average and the averages of 
the other levels;

i. automatic interpretation, depending on the 
level of significance chosen (here 5%).

5. Mean Drop chart. Too strong (red +) and too 
weak (blue -) values of the individual properties 
are displayed. The x axis shows the percentage 
number of consumers, while the Mean Drop 
value on the y axis presents the importance of 
the attribute.

6. Penalty chart. The y axis shows the penalty 
score, while JAR variables are found on the 
x axis. The chart shows which variables were 
significant for each other, which were not, and 
which variable was characterized by less than 
20% of consumers [54].

5. Results

Of the products tested, the Dreher cold hop beer 
proved to be the most popular, receiving an average 
liking rating of 6.3. The highest level of consensus 
among the consumers was also found in the case 
of this product, since the liking rating had the lowest 
standard deviation here (1.8). The lowest average 
liking rating was awarded to the simple beer brewed 
at the university (4.3), and the cold hop lager beers 
(4.0). Standard deviation values were also the highest 
in the case of these beers (2.2-2.4). The liking ratings 
and standard deviations of the Lòwenbrau, Soprani 
and Staropramen beers were roughly identical (1.9- 
1.9-2.0) (Figure 2).

Interpretation of the results is presented through the 
example of the Dreher cold hop beer, which received 
the highest overall liking (OAL) score.

The Spearman correlation table of the Dreher cold 
hop beer shows the correlation of all variables. From 
a penalty analysis point of view, the correlations 
between the overall liking and the other JAR sensory 
parameters are important. In the interpretation, 
it should be taken into account that a significant 
correlation means that the overall liking is less affected 
by the JAR variable. In an ideal case, correlation is 
zero (the difference in interpretation comes from the 
two different scales). Based on the results, there was 
a significant correlation between several sensory 
attributes, however, none of the variables affected 
the liking of the Dreher cold hop beer significantly 
(Table 2).

Figure 3 shows that, for most attributes, the given 
color, taste/flavour or odor was perceived by the 
judges mostly to be too weak (blue color) or just about 
right (green color). What stands out from the values are 
too weak color intensity, fruity, bitter and malt odour, 
fruity flavor and too strong sour taste (red color).

The first column of the penalty table of the Dreher 
cold hop beer (Table 3) shows the list of properties 
evaluated. The second column shows the 3 
aggregate levels (“too weak” , “just about right” , 
“too strong”) created from the original 9 ones. The 
percentage of the consumers is shown in the third 
column. In the fourth column, for example, in the 
first row, the average score given by 50.79% of the 
judges is shown, i.e., the average popularity value 
of the consumers who thought that the color of the 
product was too weak. The fifth column displays the 
importance of the property endpoints (Mean Drop 
values). This means that the average of the other two 
groups is subtracted from the JAR average. Column 
six shows the result of the f-test, indicating whether 
the differences between the JAR value and the two 
endpoints are statistically verifiable. The p values 
corresponding to the f-test are displayed, and data 
pairs significant at the 95% significance level are 
highlighted in bold.

Importance values were calculated and f-tests were 
performed only for the attributes endpoints that were 
checked by more than 20% of consumers. Column 
seven indicates the penalty for the entire attributes, 
i.e., whether the non-conformity of the attribute itself 
resulted in a decrease in popularity. Column eight 
shows the result of the f-test for the entire attribute, 
with the p values corresponding to the f-test, that is, 
the level at which the result is significant.

The table shows that the null hypothesis can be 
rejected in the case of the general odor intensity, 
the fruity, bitter or yeast odour, as well as the 
global, citrus, fruity, sweet and sour flavor, that is, 
the averages of the JAR and the other levels belong
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to different populations. Thus, liking values are 
significantly influenced by the JAR levels. It follows 
that, in the case of the global odor intensity, the 
fruity, bitter or yeast odour, as well as the general, 
citrus, fruity flavour and sweet taste, because of the 
too weak level, significantly lower liking scores were 
given the the product by the consumers. However, in 
the case of the sour flavour, significantly lower liking 
scores were given because of the too string level. The 
same cannot be said about the color, citrus and malt 
odour, and the bitter, malt and yeast flavor. Here, the 
null hypothesis is accepted, meaning that liking is not 
influenced significantly by the levels (Table 3).

Figure 4  shows the Mean Drop values (the importance 
of the attributes) for the two endpoints of the attributes, 
while the figure below shows the penalties for the 
attributes as a whole (Figure 5). In the case of both 
diagrams, attributes with no significant differences 
are indicated in green color, attributes with detectable 
differences are shown in red, while attributes below 
the 20% limit, for which the f-test is not performed, are 
colored gray by the program.

Based on the Mean Drop diagram of the Dreher cold 
hop beer, the most important attributes are global 
taste and odor intensities, which were found to be 
too strong and too weak by the consumers, but in the 
case of the odor intensity, the too weak value is not 
much lower than the too strong one. Attributes were 
also considered by the consumers too weak and too 
strong in the case of the sweet taste and fruity flavor 
as well. Fruity scent and sour taste were found to be 
too strong, and bitter odourrs and citrus odourrs too 
weak by the consumers.

Based on the penalty chart of the Dreher cold 
hop beer, the greatest penalty was given by the 
consumers because of the inadequate global flavor 
intensity and the general odor intensity (Figure 5). In 
addition, fruity scent, bitter odourrs, yeast odourrs, 
citrus flavor, fruity flavor, sweet taste and sour taste 
also had a significant effect on liking.

6. Conclusions

Based on the results, it can be concluded that cold 
hop flavor was most preferred by consumers. This 
type of beer can be described with fresh, citrus, fruity, 
less bitter sensory characteristics. In the case of the 
Dreher cold hop beer, liking was not significantly 
affected by by either the too low or the too high score 
of any of the attributes.

Surprisingly, there were hardly any differences 
between the lager and cold hop lager beers produced 
at the university. Global flavor and odor intensity 
were considered too string for both beers by most 
of the consumers, while citrus and fruity flavor and 
odour were judged to be too weak and, at the same 
time, too strong by most. Therefore, they could not 
differentiate between simple and cold hop flavor. The

reason for this could be that, in the case of the beer 
produced at the university, the flavor characteristic 
of cold hop beers could not be developed fully. The 
answer to the question why some of the consumers 
considered the citrus and fruity character too strong, 
while other thought it to be too weak m ight presumably 
be that a strong flavor and odour was felt by the 
consumers and its nature could not be decided by 
them, because they were untrained judges. Overall, it 
can be stated that these beers could have been more 
liking had they been produced with less hops, with a 
less strong flavor.

There were many similarities in the evaluation results 
of the Löwenbrau, Soproni and Staropramen beers. 
It can be stated in general that these beer were felt 
by consumers to be unremarkable, giving them low 
general flavor and odor intensity scores, they were not 
popular. The color of Staropramen was considered 
to be too strong, while that of the other two beers 
too weak. The flavor of all three beers was judged 
to be too bitter, therefore, lower preference scores 
were awarded to them. The similarity of the three 
beers is an unexpected result, because Staropramen 
is considered to be a premium beer, while the other 
two belong to the classic category.

My research shows that penalty analysis is a good 
and adequate method for the determination of 
product development directions of foods. Results 
have supported the fact that consumers prefer fresh, 
citrus, less bitter flavors, and consider medium, not 
too strong, but not too weak colors attractive. Of the 
properties, liking was influenced mainly by general 
flavor and odor intensity. Premium beer could not be 
significantly differentiated from the classic category 
by the consumers surveyed.

In summary, design and implementation of sensory 
experiments, as well as data collection is adequately 
supported by the RedJade sensory target software. 
With its help, random encoding of the beer samples, 
sample rotation, computerized support of testing and 
data collection could be performed in an automated 
and reproducible fashion. The experimental design 
could easily incorporate the just about right (JAR) scale 
and questions regarding overall liking, evaluation of 
the data extracted was efficiently supported by the 
Excel-based XL-Stat software.
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