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Abstract  Non-alcoholic beer is a product whose demand by consumers is growing worldwide, however, it is not 
well accepted by consumers due to its organoleptic characteristics. Sensory evaluation reflects the flavor profile of a 
product and, more specifically, profile methods are considered to offer the best current solution to the problem of 
describing beer flavor. This research aimed to evaluate several sensory attributes of commercial regular and  
non-alcoholic beer (low-alcohol and alcohol-free beers) brands. These attributes were carbonation, body, sweetness, 
bitterness, astringency, flavor persistence, odour and taste. The results obtained by cluster and Principal Components 
Analysis are in a good consistency. It has been found that non-alcoholic beers have a higher sweetness than regular 
beers, which may be due to the brewing process. Besides, the study has allowed to determine the organoleptic 
characteristics of low-alcohol and regular beers. It has also helped to define the sensory profile of low-alcohol beer 
most valued by consumers in an attempt to improve the sensory properties of this type of beer. 
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1. Introduction 

Beer is one of the most consumed beverages in the 
world. Recently studies have shown that moderate beer 
consumption is associated with an increase in bone 
density, cardiovascular [1] and immunological benefits; is 
also associated with anti-inflammatory and antioxidant 
properties and may also exert higher protection against 
coronary heart disease than other alcoholic beverages [3]. 

Previous studies show important differences owing to 
the reason for beer consumption based on gender. Women 
drink to relax, have fun, improve their mood, or to escape 
boredom, while male drink to be brave, cool or be 
accepted by the group friends [4].  

Beer is an alcoholic beverage usually made from malted 
cereal grain (such as barley), yeast, hops and water. 
Sometimes adjuncts and additives are also used by the 
brewing companies in beer manufacturing. There are 
different types of beer, each of which have specific 
organoleptic properties encompassing gustative, visual, 
and aroma perceptions. These properties are affected by 
the raw material, the fermentation of the wort, and the 
technological conditions used for production and 
packaging [5,6]. Beer aroma profile is made by many 
volatile organic compounds which are responsible for its 

particular flavor. Among them, esters and alcohols are the 
main groups of aroma compounds [7]. These compounds 
are formed during different stages of the brewing process 
(mashing, boiling and fermentation), so their profiles 
depend on the technological procedure and on the 
particular yeast strain used. At this point, it is important to 
note that gender influences the preferred alcoholic 
beverage. It is well known that women prefer sweeter 
products as flavoured beer, instead of classic beer. The 
most of female prefer a fruity kind of flavors and smell, 
while men are known for tolerating any kind of smells 
better than women [4]. 

Non-alcoholic beer has experienced a great demand due 
to issues related to health, diet, safety, or legal restrictions 
as when a law expressly prohibits the consumption of 
alcohol in some countries, etc. [8,9]. This type of beer 
follow different legislative parameters in the different 
producing countries [10]. In the United States alcohol-free 
beer (AFB) means that there is no alcohol present, while 
0.5% alcohol by volume (ABV) corresponds to the upper 
limit of so-called non-alcoholic beer or “near-beer”. 
However, in most of the EU countries beers with low 
alcohol content are divided into alcohol-free beers, less 
than or equal to 0.5% ABV, and low-alcohol beers with 
no more than 1.2% ABV [11].  In Spain beers with low 
alcohol content have less than or equal to 3 % ABV and 
non-alcoholic beers, no more than 1% ABV. In addition, 
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commercially, non-alcoholic beers are divided into "0.0%", 
those containing less than 0.1% alcohol; and "free" with 
an alcohol content not exceeding 1% [12]. In this work, 
the term non-alcoholic beer is utilized to refer to beer with 
very low alcohol content.  

The strategies to produce non-alcoholic beers can be 
divided into two main groups [13,14]: 
 
1. Biological processes. 

The main biological approaches are based on limited 
ethanol formation during beer fermentation [15,16,17]. 
Cold contact fermentation, arrested fermentation, special 
yeast strains, yeast immobilization are the principal 
biological methods employed to elaborate non-alcoholic 
beer. They are usually performed in traditional brewery 
equipment using yeast strains with low fermentation 
abilities [10]. 
 
2. Physical processes. 

Removing the alcohol in the final product 
(dealcoholization) using thermal processes (vacuum 
evaporation, vacuum distillation, centrifugal distillation), 
extraction processes (solvent extraction, carbon dioxide 
extraction, adsorption or membrane-mediated processes 
(nanofiltration, dialysis, reverse osmosis, osmotic distillation 
or pervaporation) [18,19]. During these processes, the beer 
undergoes extreme conditions that can cause loss of the 
original aromas and flavors [7,14,20]. Sensory defects 
result, in part, from the loss of various compounds such as 
alcohols, carbonyl compounds, esters and organic acids 
[13,21,22,23]. However when the process is well 
optimized the non-alcoholic beers are usually acceptable 
in organoleptic properties [11, 24].  

The main problem in the production of this type of beer 
is the difficulty of obtaining a product with the same 
characteristics (taste, aroma, body and foaming properties) 
as the regular beers. Various factors during the production 
of non-alcoholic beer influence its characteristics, such as 
the variety of barley and the malting process, temperature 
and pH during mashing, sparging, variety of hops added 
during wort boiling fermentation and storage conditions 
[10,25]. It is important to emphasize that non-alcoholic 
beers are not well accepted by consumers due to the loss 
of compounds responsible for aroma and taste derived 
from its manufacturing process [7,26,27].  

The taste and aroma of beer are the most important 
factors driving the consumers’ choices in the market. A 
‘harmonious’ beer requires a balanced taste of sour, sweet, 
bitter, acerbity and other tastes [28]. Besides esters and 
alcohols, many other components have an impact on beer 
sensory profiles, such as organic acids, sugars, hop bitter 
acids, polyphenols, dimethyl sulfide (DMS) and carbonyl 
compounds [29]. Several studies have shown that 
consumers tend to find non-alcoholic beers lacking in the 
sensory attributes of palate fullness, mouthfeel, and 
harmony [30,31].  

The descriptive profile, technique based on the 
selection of common terms for a sensory panel of trained 
tasters, is the sensory methodology commonly used to 
characterize food products [32]. 

The American Society of Brewing Chemists, the 
European Brewery Convention and the Master Brewers 
Association of the Americas developed a system of 

international sensory terminology for the sensory analysis 
of beers [33]. The terms applied to beer were arranged in a 
wheel for easy reference and learning, called "The beer 
sensory wheel". 

The flavor wheel gives each distinct flavor a descriptive 
name and groups them by similar flavors into 14 types, 
not including subjective terms such as good/bad or 
balanced/unbalanced.  

The main objective of this study focused on sensory 
description of non-alcoholic lager beers, in order to 
determine the differential descriptors between regular 
beers and non-alcoholic beers. 

2. Materials and Methods 

2.1. Beer Samples 
Sixteen commercial bottled lager beers have  

been evaluated (6 national regular lagers, 2 national  
low-alcoholic lagers, 4 national alcohol-free, 3 import 
low-alcoholic lagers and 1 import alcohol-free) (Table 1). 
The beers were randomly selected from all the brands 
found in different supermarkets in Valladolid city (Spain). 
Each bottle was opened just before carrying out the first 
measurement and used the same day.  

The samples were stored in a refrigerator at 4 ºC until 
the moment of analysis. 

Table 1. Ethanol concentration, type and origin of beer samples 

NUMBER 
ETHANOL 

CONCENTRATION 
(%) 

BEER 
TYPE ORIGIN 

1 0,0% Alcohol-free Nederland 
2 0,3% Alcohol-free Germany 
3 0,0% Alcohol-free Spain 
4 <1% Low-alcohol Germany 
5 0,0% Alcohol-free Spain 
6 0,0% Alcohol-free Spain 
7 <1% Low-alcohol Spain 
8 <1% Low-alcohol Germany 
9 <1% Low-alcohol Spain 
10 0,0% Alcohol-free Spain 
11 4,8% Regular Spain 
12 5,5% Regular Spain 
13 5,4% Regular Spain 
14 5,5% Regular Spain 
15 6,5% Regular Spain 
16 5,4% Regular Spain 

2.2. Panel of Judges 
A panel of thirteen judges, 8 men and 5 women, 

consisting of professional enologists from the internal 
staff of Valladolid University and invited expert beer 
drinkers were selected on the basis of interest and 
availability. All persons had previous experience on 
sensory-analysis panels. 

The training of the panel took place in six sessions of  
1 h each according to the Standard ISO 8586:2012  
[34]. During these sessions, the panel was trained on  
non-alcoholic beers. To evaluate the performance of the 
assessors, the initial panel was assessed the different beers 
with a wide variety of sensory characteristics. Each 
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sample was evaluated three times by each assessor, using 
a complete randomized blocks study design. To make a 
final selection of trained judges, a LS Means test of the 
taster factor was carried out. The criteria for a possible 
elimination of a judge that has been considered, is 
specified for tasters whose score is outside the range of +/- 
1 point of the total average 60% of the time. Following 
this criterion, two tasters have been eliminated. On the 
other hand, performing the analysis of normality and 
homogeneity of variances has found an outlier taster. 
Therefore, the final results are evaluated with the scores of 
11 tasters. 

2.3. Experimental Design and Procedure 
The laboratory of sensory analysis, where sensory 

profiles were determined, met the general guidance for the 
design of test rooms provided by ISO 8589 [35]. 
Assessors had a minimum of three and a maximum of 
fifteen years of experience in beer sensory analysis.  

The judges assessed the 16 commercial beers in 
duplicate in two sessions. In each session, four to six beers 
were randomly presented to the panelists. The testing 
sessions took place in a room at a controlled temperature 
(25 ºC). 

The beer samples were coded and served in a random 
manner. All beers were tasted at 4 ºC and evaluated for 
selected descriptors on a ten-point scale where 1 
represented poor and 10, excellent. To eliminate fatigue 
and so as not to carry over the effects of beer taste, the 
judges applied water to rinse their mouths and ate a piece 
of bread between subsequent samples [36]. 

Two studies were conducted and consisted of:  1) 
Sensory analysis of  non-alcoholic beers (national and 
import) to determine the sensory differences, 2) sensory 
comparative analysis between national lager beers (regular 
and non-alcoholic) in order to know the differential 
sensory descriptors between each other. 

In the first tasting session, a descriptive evaluation was 
made of 10 non-alcoholic lager beers (6 national beers and 
4 import beers). Each judge valued the different beers 
analyzes. For the evaluation of each sample by the judges, 
an approximate time of 10 minutes was given. At the same 
time, in order not to lose skill in the senses, a 15-minute 
break was made at the end of the evaluation of the fifth 
sample. 

Eight descriptors were selected and used in this study: 
carbonation (CO2), body (Bd), sweetness (Sw), bitterness 
(Bi), astringency (As), aftertaste (Retro), flavor and taste. 
Abbreviations used in the results section are reported in 
brackets.  

Moreover, the presence or absence of the 13 sensory 
attributes, hoppy, grainy, malty, green apple, grassy, 
cooked vegetables, caramel, sweet butter, caprylic acid, 
sour, herb, yeast and fruit esters were evaluated by the 
assessors, All these attributes characterize the sensory 
defects of non-alcoholic beer. They comprised most of the 
classes and some first-tier terms reported in the beer 
sensory wheel [33]. 

In the second tasting session a descriptive evaluation of 
the 6 regular lager beers was carried out, the procedure 
that has been carried out as well as the tasting sheet used 
was identical to the first tasting session.  

2.4. Data Analysis 
Statistical analysis was performed using Statistica 8 

(Stat Soft. Inc., Tulsa, USA). Analysis of Variance (ANOVA), 
Cluster Analysis (CA) and Principal Component Analysis 
(PCA) were applied to the sensory data. 

Initially, an ANOVA was performed to discriminate 
among different beers. The generated model for the 
analysis of the results was a nested model. The null 
hypothesis was that all beers were equal, therefore 
significant (rejection of the null hypothesis) in samples 
where p value was greater than 0.05.   

Cluster Analysis (CA) and Principal Components 
Analysis (PCA) were applied in order to establish if the 
sensory attributes correlate with each other. The same 
methods have been used to determine if the different beers 
can be grouped according to their alcoholic strength. 
Cluster Analysis is a statistical classification method in 
which a set of samples with similar characteristics are 
grouped together in groups called clusters. Each sample is 
treated as a point in a n-dimensional space (one dimension 
for each variable). The samples which belong to the same 
category will appear close in this n-dimensional space, 
while samples that are different will appear separately.  

Principal Component Analysis (PCA) allows transforming 
a big number of correlated variables into a reduced number 
of uncorrelated variables called principal components. By 
this method, a small number of components, determined as a 
linear combination of the measured variables, are used to 
replace the original variables measured in the experiment. 

3. Results 

3.1. Descriptive Sensory Analysis of  
Non-alcoholic Beers (National and Imported) 

The results obtained for all descriptors analyzed are 
shown in Table 2. Comparing the imported non-alcoholic 
beers, we can observe that there was no statistically 
significant difference in carbonation, aftertaste, 
astringency, body, flavor and taste. However, statistically 
important differences have been found in bitterness and 
sweetness descriptors. Beer 2 shows lower sweetness and 
a higher bitterness than the other analyzed beers.  

On the other hand, comparing the Spanish non-alcoholic 
beers, no statistical difference were found for carbonation, 
astringency and flavor descriptors. However, statistically 
important differences have been found in all other 
descriptors analyzed. 

Finally, comparing all non-alcoholic beers analyzed 
(national and imported), no statistical difference were 
found for carbonation and astringency descriptors, 
however, statistically important differences have been 
found in all other descriptors analyzed. 

Regarding the flavors present in non-alcoholic beers a 
different behavior has been observed for the two types of 
beers analyzed. Imported non-alcoholic beers have very 
different characteristics. Beer 1 has an increased cereal 
and caramel flavor. Beer 2 has an increased hoppy, yeast 
and sour flavor. Beer 4 has an increased hoppy and fruit 
esters flavor. However, national non-alcoholic beers 
present a similar trend (Figure 1).  

 



 Journal of Food and Nutrition Research 209 

Table 2. The means comparison of the sensory attributes in 16 beers 

 SENSORY ATTIBUTES 

Code CO2 Retro As Bd Bi Sw Flavor Taste 

1 3,7a 4 ab 2,6 a,b 3,9 a,b 2,7 a 4,3 a 5 a 5,2 a 

2 4,5 a 4,3 ab 3,2 a,b 3,7 a,b 6,1 b 2,6 b 4,5 a,b 4,8 a,b 

4 5 a,b 5,3 b 2,9 a,b 4,8 b 3,5 a 4,5 a 5,3a 6,1 a 

8 4,3 a 4,7 ab 2,6 a,b 4,4 b 3,8 a 4,7 a 5,2 a 4,8 a,b 

3 4,25 a 3,3 a 3,3 a,b 3,6 a 3,5 a 3,4 a,b 4,2 b 4,3 b 

5 4,8 a,b 4,4 a,b 2,9 a,b 4 a,b 3,9 a 3,7 a,b 4,3 b 4,1 b 

6 4,4 a 3,1 a 2,6 a,b 2,9 a 3,5 a 3,3 a,b 3,7 b 3,8 b 

7 4,6 a,b 4 a,b 2,3 a 3,6 a 3,2 a 4,8 a 3,2 b 4,2 b 

9 4,6 a,b 5,2 b 3 a,b 4,8 b 5,7 b 2,7 b 4,6 a,b 5,1 a 

10 4,5 a,b 4,8 a,b 2,6 a,b 3,4 a 3,3 a 3,2 a,b 3,9 b 4,5 b 

11 6,4 b 3,9 a,b 3,3 a,b 4,2 b 4,6 b 2,9 b 4,45 a,b 4,5 b 

12 5,4 a,b 4,6 a,b 3,6 b 4,6 b 5,3 b 3 b 4,1 b 4,7 b 

13 5,6 a,b 4,7 b 3,6 b 4,2 b 5,2 b 2,9 b 4,2 b 5,1 a,b 

14 5,5 a,b 4,2 a,b 3,2 a,b 4,4 b 4,8 a,b 3,3 b 4,6 a,b 4,4 b 

15 6,3 b 5,1 b 3,8 b 5,1 b 5,5 b 2,5 b 5,2 a 5,4 a 

16 6,3 b 4,6 a,b 3,6 b 4,4 b 4,6 a,b 3,2 b 4,3 a,b 4,8 b 

 
These flavor differences between different non-

alcoholic beers could be related to raw materials and 
production process differences. Spanish analyzed beers 
are mostly produced using adjuncts (wheat or corn) that 
substitute a large proportion of barley. Sometimes, 
fermentation is carried out at higher temperatures for a 
shorter period of time. Very often, a combination of these 
modifications is used, and this affects the final sensorial 
profile of the beer. The brewing techniques can lead to 
higher concentrations of 2-3 butanediol imparting sweet 
and butterscotch flavors [37]. 

In terms of dealcoholization processes, most Spanish 
beers use vacuum distillation, which results in an 
unbalanced content of volatile compounds with the loss of 
more than 75% of higher alcohols and 100% of esters [11], 
in this sense, the lower concentration of higher alcohols 
and esters along with the removal of ethanol could 
intensify the sweet flavour [37]. 

3.2. Descriptive Sensory Analysis of Regular 
and Non-alcoholic Beers 

Comparing regular beers, no statistical differences were 
found for carbonation, body, sweetness, bitterness, 
astringency and aftertaste descriptors. However, 
statistically important differences have been found in 
flavor and taste descriptors, higher for beer 15. 

Comparing all national beer analyzed (regular and non-
alcoholic) statistically important differences have been 
found in all other descriptors analyzed. 

Regarding the flavors present national beers, regular 
national beer generally have an increased malty flavor, 
which are associated with high content of higher alcohols, 
which indicates that these compounds have been 
eliminated during the dealcoholization process. Higher 
alcohols have boiling points close to ethanol and,  
 
 

consequently, are largely eliminated in beers produced by 
thermal processes [38]. The yeast descriptor decreases 
after the removal of ethanol in non-alcoholic beers  
(Figure 1), in which the cereal taste is more pronounced 
than in the regular beer. 

On the other hand, all national beers analyzed (regular 
and non-alcoholic) do not have herb, sour, caprylic acid, 
sweet butter, caramel, cooked vegetables and green apple 
flavor.  

After an individual analysis of each descriptor, through 
a comprehensive means test for all non-alcoholic beer 
samples analyzed, it can be concluded that beer 4  
(German beer) was the most appreciated by the  
tasting panel, being the best valued in five of the eight 
descriptors analyzed (carbonation, aftertaste, body, flavor 
and taste). 

Taking into account that, in the analysis of non-
alcoholic beer, sample 4 has been the best rated beer, we 
proceeded to assess the differential factors with other 
beers. This beer is significantly different in intensity of 
taste and flavor, generally much more intense than other 
non-alcoholic beers. Also, it differs in most cases in the 
aftertaste and body, resulting better appreciated. 
Furthermore, its significant features, that were above the 
rest, are hop flavors, cereal and fruit esters, being green 
apples (acetaldehyde) the only default flavor. 

3.3. Cluster Analysis 
Cluster Analysis was performed in order to find natural 

groupings of correlating variables. Cluster analysis of the 
evaluated variables (astringency, bitterness, sweetness, 
flavor, taste, body, aftertaste and carbonation) shows two 
distinct clusters (Figure 2a). The first one corresponds to 
astringency and sweetness that are independent variables, 
and the second cluster groups the other 6 variables. In this  
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second cluster it can be seen that bitterness and 
carbonation are independent, while flavor and taste are 
associated with each other, just as are the descriptors body 
and aftertaste. 

Performing a cluster analysis to different samples of 
beers two distinct clusters were observed (Figure 2b). The 

first corresponds to samples 1, 4 and 8 (non-alcoholic 
imported beers), and the second to the rest of samples. It 
can be observed that samples number 1 and 15 are 
independent of any other variable. It is also noted that 
samples 11, 12, 13, 14 and 16 are grouped (alcohol beer 
samples). 

 

Figure 1. The spider diagram of flavors on import non-alcoholic (a), national non-alcoholic (b) and national regular beers (c) 
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Figure 2. Cluster analysis of sensory attributes (a) and beer samples (b) 

3.4. Principal Component Analysis (PCA) 
In order to corroborate the correlations obtained in the 

Cluster Analysis, a Principal Component Analysis (PCA) 
was performed. Performing a PCA of sensory variables, 
two factors that explain the 81.32% of the variance 
associated with variables are obtained. Representing our 
variables on these two factors, it appears that the 
sweetness variable is totally independent of the rest 
studied variables and is associated with a positive value  
of Factor 1 whereas Factor 2 has a negative value  
(Figure 3a). 

The Factor 1 had negative loadings for carbonation, 
astringency, bitterness, body, aftertaste, taste and flavor as 

well as high positive loadings for sweetness. Objects close 
together have similar characteristics and therefore 
astringency and bitterness variables appeared to be highly 
positive correlated, as well as flavor and taste. The Factor 
2 had negative loadings for body, aftertaste, taste, flavor 
and sweetness as well as high positive loadings for 
carbonation, astringency, bitterness. 

Results are consistent with those obtained in the cluster 
analysis. 

The score plot (Figure 3b) showed the position of the 
16 samples of beer in the multivariate space of the first 
two PCs. Scores were arranged in four areas. The clear 
separation between the samples pointed out the 
differences in certain investigated sensory parameters. 
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Figure 3. Principal component analysis of sensory attributes (a) and beer samples (b) 

Through Factor 2 was possible to discriminate between 
national beers and the most of non-alcoholic beers 
analyzed. On the other hand, it was not possible to 
separate the different types of national beers (regular and 
non-alcoholic beers). 

Beer 1 is negatively correlated with Factor 2 and it is 
correlated with sweetness descriptor; 2, 3, 5, 6, 7 and 10 
samples are plotted in the positive quadrant of Factor 1 

and they are weakly correlated with all analyzed 
descriptors; sample 4 is plotted in the negative quadrant of 
Factor 1 and Factor 2 and it is strongly correlated with 
body, aftertaste, flavor and taste descriptors; sample 15 is 
plotted in the negative quadrant of Factor 1 and positive 
quadrant of Factor 2 and it is strongly correlated with 
astringency bitterness and carbonation descriptors; while 
the samples 11, 12, 13, 14 and 16 (non-alcoholic beers) 
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have high carbonation and lower body, aftertaste, flavor 
and taste (Figure 3b). 

4. Conclusions 

The results show that non-alcoholic beers have a higher 
sweetness than regular beers. This could be due to the 
addition of additives such as glycerol or saccharin after 
the dealcoholization process. Moreover, the addition of 
dextrins into beer has been reported to improve the flavor 
profile of non-alcoholic beer through their action on the 
retention and/or perception of flavor active compounds 
[11,22]. In the case of limited fermentation, residual 
sugars from fermentation, could be associated a sweet 
taste.  

Large differences between two types of non-alcoholic 
beers (national and import) have been found. The first 
exhibits large values of carbonation, while the last 
presents higher values of aftertaste, body, flavor and taste. 

On the other hand, regarding the sensory variables 
analyzed it was found that the sweetness is a completely 
independent variable, while the taste and odour are closely 
related as with the body and aftertaste. 

These results are very valuable not only for brewers and 
researchers in this field who seek to improve the quality of 
non-alcoholic beers but also for those interested in social, 
technological and economic concerns. 

Acknowledgments 

 Financial support from Junta de Castilla y León. 
(VA332A12-2) is gratefully acknowledged. 

Competing Interests  

The authors have no competing interests. 

References 
[1] de Gaetano, G.; Cerletti, C.; Alkerwi, A.; Iacoviello, L.; Badimon, 

L.; Costanzo, S.; Pounis, G.; Trevisan, M.; Panico, S.; Stranges, S.; 
et al. “Effects of moderate beer consumption on health and disease: 
A consensus document.” Nutr. Metab. Cardiovasc. Dis., 26.  
443-467. 2016. 

[2] Redondo, N.; Nova, E.; Díaz-Prieto, L.E.; Marcos, A. “Effects of 
moderate beer consumption on health”. Nutr. Hosp., 35. 41-44. 
2018. 

[3] Franco, L.; Galán, C.; Bravo, R.; Bejarano, I.; Peñas-Lledo, E.; 
Rodríguez, A.B.; Barriga, C.; Cubero, J. “Effect of non-alcohol 
beer on anxiety: Relationship of 5-HIAA”. Neurochem J., 9(2), 
149-152. 2015. 

[4] Salanta, C.; Tofana, M.; POP, C.; POP, A.; Coldea, T; Mudara, E. 
“Beverage Alcohol Choice Among University Students: 
Perception, Consumption and Preferences”. Bulletin UASVM Food 
Science and Technology, 74(1), 23-30. 2017. 

[5] Blanco, C.A.; Nimubona D.; Fernández-Fernández E.; Álvarez I. 
“Sensory Characterization of Commercial Lager Beers and Their 
Correlations with Iso-α-Acid Concentrations”. J Food Nutr Res. 
3(1), 1-8. 2015. 

[6] Vera, L.; Aceña, L.; Guasch, J; Boqué, R.; Mestres, M. 
“Characterization and classification of the aroma of beer samples 
by mean of an MS e-nose and chemometric tool”. Anal Bioanal 
Chem. 399, 2073-2081. 2011. 

[7] Catarino, M.; Mendes, A.; Madeira, L.M.; Ferreira, A. “Alcohol 
Removal From Beer by Reverse Osmosis”. Sep Sci Technol. 
42(13), 3011-302. 2007. 

[8] Bamforth, C.W. Nutritional aspects of non-alcoholic beer-a review. 
“Nutr Res.” 22, 227-237. 2002. 

[9] Krebs G.; Muller M.; Becker T.; Gastl, M. “Characterization of 
the macromolecular and sensory profile of non-alcoholic beers 
produced with various methods”. Food Research Int., 16, 508-517. 
2019. 

[10] Muller, C.; Neves, L.E.; Gomes, L.; Guimares, M.; Ghesti, G. 
“Processes for alcohol-free beer production: a review”. Food Sci. 
Technol, Campinas. 40(2): 273-281. 2020. 

[11] Brányik, T.; Silva, D. P.; Baszczyňski, M.; Lehnert, R.; Almeida, 
J.B. “A review of methods of low alcohol and alcohol-free beer 
production”. J Food Eng. 108 (4), 493-506. 2012. 

[12] BOE (1995) Real Decreto 53/1995, de 20 de Enero, por el que se 
aprueba la reglamentación técnico-sanitaria para la elaboración, 
circulación y comercio de la cerveza y de la malta líquida. BOE, 
34, 4271-4274. 

[13] Lehnert, R.; Novák, P.; Macieira, F.; Kurec, M.; Teixeira, J.A.; 
Brányik, T. “Optimisation of lab-scale continuous alcohol-free 
beer production”. Czech J. Food Sci. 27 (4), 267-275. 2009. 

[14] Pilarski, D.W.; Gerogiorgis, D. I. Progress and modelling of cold 
contact fermentation for alcohol-free beer production: A review. J 
Food Eng. 2020, 273, 109804. 

[15] Bellut, K.; Michel, M.; Zarnkow, M.; Hutzler M.; Jacob. F.; De 
Schutter, D.P.; Daenen, L.; Lynch, K.M.; Arendt, E.K. 
“Application of Non-Saccharomyces Yeasts Isolated from 
Kombucha in the Production of Alcohol-Free Beer”. Fermentation. 
4, 66; 2018. 

[16] De Fusco, D.O.; Madaleno, L.L.; Del Bianchi, V.L.; Da Silva, A.; 
Assi, R.R.; de Almeida, G.H. “Development of low-alcohol 
isotonic beer by interrupted fermentation”. Int. J. Food Sci. Tech. 
54(7), 2416-2424. 2019. 

[17] De Francesco, G.; Sannino, C.; Sileoni, V.; Marconi o.; Filippucci, 
S.; Tasselli, G.; Turchetti. B. “Mrakia gelida in brewing process: 
An innovative production of low alcohol beer using a 
psychrophilic yeast strain”. Food Microbiol., 76, 354-362. 2018. 

[18] Liguori, L.; De Francesco, G.; Russo, P.; Perretti, G.; Albanese, D.; 
Di Matteo, M.  “Production and characterization of alcohol free 
beer by membrane process”. Food Bioprod Process., 94, 158-168. 
2015. 

[19] Müller, M.; Bellut, K.; Tippmann, J.; Becker, T. “Physical 
Methods for Dealcoholization of Beverage Matrices and their 
Impact on Quality Attributes”. Chem. Bio. Eng. Reviews. 4(5), 
310-326. 2017. 

[20] Del Olmo, A.; Blanco, C.A.; Palacio, L;, Pradanos, P.; Hernandez, 
A. Pervaporation methodology for improving alcohol-free beer 
quality through aroma recovery. J. Food Eng., 2014, 133, 1-8. 

[21] Brányik, T.; Vicente, A.A.; Dostálek, B.; Ostálek, P.; Teixeira, J.A. 
“A review of flavor formation in continuous beer fermentations”. 
J Inst Brew., 114 (1), 3-13. 2008. 

[22] Sohrabvandi, S.; Mousavi, S.M.; Razavi, S.H.; Mortazavian, A.M.; 
Rezaei, K. “Alcohol-free beer: methods of production, sensorial 
defects and healthfull effects”. Food Rev Int., 26, 335-352. 2010. 

[23] Liguori, L.; De Francesco, G.; Albanese, D.; Mincione, A.; 
Perretti, G.; Di Matteo, M.; Russo,  P. “Impact of Osmotic 
Distillation on the Sensory Properties and Quality of Low Alcohol 
Beer”. J. Food Qual. Article ID 8780725, 11 pages, 2018. 

[24] De Francesco, G.; Turchetti, B.; Sileoni, V.; Marconi, O.; Perretti, 
G. “Screening of new strains of Saccharomycodes ludwigii and 
Zygosaccharomyces rouxii to produce low-alcohol beer”. J. Inst. 
Brew., 121 (1), 113-121. 2015. 

[25] Guido, L.F.; Rodrigues, P.G.; Rodrigues, J.A.; Gonçalves, C.R.; 
Barros, A.A. “The impact of the physiological condition of the 
pitching yeast on beer flavor stability: An industrial approach”. 
Food Chem. 87, 187-193. 2004. 

[26] Missbach, B.; Majchrzak, D.; Sulzner, R.; Wansink, B.; Reichel, 
M.; Koenig, J. “Exploring the flavor life cycle of beers with 
varying alcohol content”. Food Sci Nutr., 5(4), 889-895. 2017. 

[27] Andrés-Iglesias, C.; Nešpor, J.; Karabín, M.; Montero, O.; Blanco, 
C. A.; Dostálek, P. “Comparison of carbonyl profiles from Czech 
and Spanish lagers: traditional and modern technology”. LWT - 
Food Sci Technol., 66, 390-397. 2016. 

[28] Chunfeng, L.; Jianjun, D.; Jinjing, W.; Xiangsheng, Y.; Qi, L. “A 
comprehensive sensory evaluation of beers from the Chinese 
market”. J Inst Brew., 118, 325-333. 2012. 

 



214 Journal of Food and Nutrition Research  

[29] Gernat, D.C.; Brouwer, E.; Ottens, M. “Aldehydes as Wort Off-
Flavours in Alcohol-Free Beers—Origin and Control”. Food 
Bioprocess Tech., 13, 195-216. 2020. 

[30] Perpéte, P.; Collin, S. “Influence of beer ethanol content on the 
wort flavor perception”. Food Chem., 71, 379-385. 2000. 

[31] Malfliet, S.; Goiris, K.; Aerts, G.; DeCooman, L. “Analytical-
Sensory Determination of Potential flavour Deficiency of Light 
Beer”. J. Ins. Brew., 115(1): 49-63. 2009. 

[32] Valentin, D.; Chollet, S.; Lelièvre, M.; Abdi, H. “Quick and dirty 
but still pretty good: a review of new descriptive methods in food 
science”. Int. J. Food Sci. Tech., 47(8), 1563-1578. 2012. 

[33] Meilgaard, M.C.; DalgLiesh, C.E.; Clapperton, J.F. “Beer flavor 
terminology”. J. Am. Soc. Brew. Chem., 37, 47-52. 1979. 

[34] International Organization for Standardization (ISO). ISO 8586. 
Sensory analysis. General guidance for the selection, training and 
monitoring of assessors. Part 1: Selected assessors, 2012. 

[35] International Organization for Standardization (ISO). ISO 8589 
Sensory analysis – General Guidance for design of test rooms. 
International Organization for Standardization: Geneva, 
Switzerland. 2007. 

[36] Rudnitskaya, A.; Polshin, E.; Kirsanov, D.; Lammertyn, J.; 
Nicolai, B.; Saison, D.; Delvaux, F.R.; Delvaux, F.; Legin, A. 
“Instrumental measurement of beer taste attributes using an 
electronic tongue”. Anal Chim Acta., 646, 111-118. 2009. 

[37] Nešpor, J.; Andrés-Iglesias, C.; Karabín, M,; Montero, O.; Blanco, 
C.A.; Dostálek, P. “Volatile compounds profiling in Czech and 
Spanish lager beers in relation to used production technology”. 
Food Anal Method, 12, 2293-2305. 2019. 

[38] Andrés-Iglesias, C.; Blanco, C.A.; García-Serna, J.; Pando, V.; 
Montero O. “Volatile Compound Profiling in Commercial Lager 
Regular Beers and Derived Alcohol-Free Beers After 
Dealcoholization by Vacuum Distillation”. Food Anal Method., 9, 
3230-3241, 2016. 

 

 
© The Author(s) 2021. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


