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1. Introduction

Beer is a sparkling, refreshing drink with a characteristic 
aroma of hops and a bit bitter taste. Due to the pleasant taste 
and tonic effect, beer is in great demand among the popula-
tion. Being a low-alcohol drink, beer in many countries is a 
rival of strong alcoholic beverages [1]. Being a good emulsi-
fier of food, it contributes to a more correct metabolism and 

increased digestibility of food. In addition, beer extract is 
quite easily and completely absorbed by the organism [2].

Under modern economic conditions, at all stages of pro-
duction and processing of food agricultural raw materials, 
much attention is paid to the creation and devising of new 
resource-saving technologies, as well as the improvement of 
existing technological processes [3]. Among them, a special 
role is played by membrane methods for the treatment of food 
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The issue related to the possi-
bility of applying the filtration pro-
cess of young beer with the use of 
experimental microfiltration polymer 
semi-permeable membrane elements 
was considered. It was shown that 
under modern conditions, it is expe-
dient to use membrane processes of 
young beer filtration in the brewing 
industry. The process of membrane 
treatment of beer can be carried out 
at the stage of pasteurization of young 
beer in a cold way. Such actions can 
be directed to preserve the organo-
leptic parameters of the final prod-
uct ‒ filtered beer. An experimental 
setup for the study of the main techno-
logical parameters of membrane pro-
cessing of young beer was presented. 
The results of experimental studies of 
the influence of baric and temperature 
modes on the performance of nucle-
ar microfiltration polymer membranes 
were shown. Rational parameters of 
pressure (0.03–0.05 MPa), duration 
(8–10 s-1), and temperature  (3...6 °С) 
of the process of membrane filtration of 
young beer using nuclear microfiltra-
tion polymer membranes were deter-
mined. The qualitative characteristics 
of filtered beer obtained by membrane 
methods were explored. The compar-
ative characteristic of the results of 
the studies of the qualitative compo-
nent of resulting beer after microfiltra-
tion according to the known require-
ments and standards for organoleptic 
indicators was presented. It is found 
that in terms of filtration rate, selec-
tivity, yeast residue, and other char-
acteristics, nuclear microfiltration 
polymer membranes are promising for 
the implementation of the process of 
microfiltration of young beer. These 
studies proved the feasibility of further 
research into improving the process of 
membrane processing of beer and tech-
nical equipment of the beer produc-
tion line with the development of new 
equipment

Keywords: young beer, microfil-
tration process, membrane installa-
tion, qualitative characteristics

UDC 664.6.001.8
DOI: 10.15587/1729-4061.2021.238216

Received date 06.07.2021

Accepted date 30.07.2021

Published date 30.08.2021

Copyright © 2021, Authors. This is an open access article under the Creative Commons CC BY license



Technology and equipment of food production: food technology

67

liquids, which are now used in almost all branches of the food 
industry [4, 5]. The use of microfiltration in the food indus-
try is particularly promising since it enables the purification 
and concentration of liquids without the temperature influ-
ence. In addition, membrane treatment helps to preserve the 
native properties of food products, increase the degree of us-
ing separate components of raw materials, reduce the energy 
intensity of processes. This makes it possible to get food of 
increased nutritional value [6, 7].

Efficiency and reliable sanitization make it possible to 
use membrane technologies in the production of beer. Thus, 
the process of microfiltration is economically and envi-
ronmentally feasible to perform to stabilize beer before its 
bottling [7, 8].

At the same time, improvement of the final product qual-
ity in the process of beer production, in turn, will give a posi-
tive result regarding the vital activity of the population. The 
main task is to preserve the state of health of the consumer 
of a particular product. For this purpose, public catering is 
arranged, which includes the creation of high-quality prod-
ucts that maintain the health of people.

The beer market in the world is developing very inten-
sively. The volume of production of this drink abroad is in-
creasing rather rapidly. To obtain economic benefits without 
losing the quality of the finished product, it is necessary to 
constantly introduce the latest developments in the field 
of brewing. It is necessary to produce large volumes of the 
drink and at the same time maintain the quality at the prop-
er level in order to retain its market share. Therefore, the 
introduction of new technologies (including membrane tech-
nologies) in the production of beer and their modernization 
is a relevant problem [9].

2. Literature review and problem statement

Work [10] shows that in the preparation of beer, many 
physical and chemical, biochemical, and other processes 
determine the quality and taste indicators of the finished 
product. The management of these processes and the 
manufacturing of high-quality beverages requires work-
ers’ knowledge of technology and equipment, advanced 
methods of work, high responsibility for the assigned 
business [11]. It is necessary to produce large volumes of 
the drink and at the same time to maintain its quality at 
the proper level in order to retain its market share. In this 
case, the development of membrane technologies for beer 
production and their modernization is currently a relevant 
problem [12].

Research performed in paper [13] revealed that after the 
boiling process the wort is sterile. It was shown that after 
boiling, microorganisms for various reasons still get into the 
beer. Since it must not lose quality during certain shelf life, 
all microorganisms that enter beer must be neutralized. To 
do this, the brewer has several options:

– pasteurization of bottled beer; 
– pasteurization in the stream; 
– hot bottling of beer; 
– cold-sterile filtration and bottling.
Such approaches were described in research [14]. The 

most common method for ensuring the microbiological re-
sistance of beer is heat treatment – pasteurization. However, 
the use of such a reliable method can lead to a significant 
deterioration in organoleptic parameters that appear imme-

diately after the process (pasteurization aftertaste, rapid 
aging of beer during storage) [15].

In addition, the method of cold-sterile pasteurization 
and bottling is used. This method better makes it possible to 
convey to the consumer the real range of tastes of high-qual-
ity beer and provides a long shelf life of beer for consump-
tion  [16]. The taste of fresh beer is preserved due to the 
fact that no thermal effect is used in the filtration. Harmful 
microorganisms are destroyed and removed with the help 
of various filters: сита всех видов, metal or textile fabrics, 
filter layers, bulk materials, membrane elements can be used 
as filtering membranes [17].

When filtering beer by membrane methods, yeast cells 
that still remain and other suspended particles are removed 
from the beer. At the same time, substances that may be 
isolated in beer in the coming weeks or months with the 
appearance of turbidity are also removed [18].

In the process of membrane treatment of beer, residual 
yeast cells or fractions of turbidity and bacteria, resulting 
in turbidity and capable of making it completely unsuit-
able for consumption due to their metabolic products, are 
removed. Since beer must remain flawless throughout its 
shelf life, all microorganisms that get into its composition 
must be separated and destroyed. All this makes it possible 
to assert that at the present stage of development of the 
brewing industry, there are several opportunities, includ-
ing membrane filtration, at the disposal of a brewer. Other 
methods for neutralizing microorganisms include pasteur-
ization of bottled beer, pasteurization in the stream, and 
hot bottling of beer, that is, such processes that are applied 
using high temperatures and negatively affect the taste of 
beer [19].

3. The aim and objectives of the study

The aim of the paper is to identify the influence of the 
membrane filtration process on the quality characteristics 
of beer, which will determine further directions of the ap-
plication of microfiltration membranes in the production 
of beer.

To achieve the set goal, the following problems should 
be solved:

– to identify the advantages of the beer filtration process 
using polymer microfiltration membranes; 

– to determine the factors that affect the process of fil-
tering beer using polymer microfiltration membranes;

– to determine the qualitative indicators of filtered beer 
using microfiltration nuclear membranes and to give a com-
parative analysis in relation to the standard.

4. The study materials and methods

At the scientific laboratory “Nanotechnology of food 
products”, the Kharkiv State University of Food and 
Trade  (Ukraine), a series of studies on the choice of rational 
modes of the beer microfiltration process was performed. 
In order to determine the performance of microfiltration 
membranes, a laboratory installation, in which the process 
proceeded in a dead-end mode, was fabricated.

The structural diagram of the laboratory installation 
for microfiltration of beer is presented in Fig. 1; its general 
view – in Fig. 2.
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The setup is module 3, made of stainless steel, the in-
ternal volume of which is 5 liters. Flanges, to which lower 
6 upper 5 lids are attached with the help of tightening 
bolts are welded to the lower and upper base. Tightness of 
fastening of lids is provided by rubber gaskets 14. Pressure 
gauge 11 is mounted in the upper lid to monitor and main-
tain the required filtration pressure. At the top lid, there is 
also a tap for supplying and releasing pressure 10, through 
which the necessary pressure is provided inside the module 
with the help of compressor 3. In the lower part of the in-
termediate tank, there is a connecting pipe for draining the 
liquid of the concentrate from microfiltration module 4, in 
which the microfiltration membrane and two sealed lids 6 
and 9 are fixed, the parts are fastened together by bolts. 
The liquid enters the housing, where the filtration process 
takes place, the permeate is collected by means of connect-
ing pipe 7 in tank 8. The working surface of the membranes 
of the setup is 0.037 m2 [18].

The process of microfiltration at this setup is carried out 
as follows. The intermediate tank is filled with filtered liq-
uid  (beer), the required pressure is created with the help of 
compressor 11, the liquid enters the housing of the microfiltra-
tion module, where the microfiltration process is carried out.

The studies were carried out at several stages. At stage 1 
of the research, the influence of working pressure on the 
process of beer microfiltration was determined.

When conducting experiments to identify the dependence 
of the microfiltration rate on operating pressure, the concen-
trate was returned to the tank for the original product.

When constructing graphical dependences of the per-
meate going out through nuclear membranes on pressure 
and duration of the process, all experiments were repeated 
five times. The obtained experimental data were subjected 

to statistical processing by the least-squares method to 
determine the error of obtained data. The experimental 
data were processed using the methods of statistical mod-
eling using the tabular processor Microsoft Excel 2007. 
The differences were considered statistically significant 
at a reliability of A=0.95.

The required pressure in the intermembrane space of 
the microfiltration modules was created using a compres-
sor and changed from 0.01 MPa to 0.05 MPa [21]. 

When performing the work, we used generally ac-
cepted and standard methods for studying physical and 
chemical indicators and chemical composition [22, 23]. 
Detailed chemical and biological analyses were carried 
out on an automatic beer analyzer in the laboratory of 
the Kharkiv branch of JSC SunInBev Ukraine [24].

Taking into consideration the size of microorganisms 
that lead to beer turbidity and, as a consequence, to taste 
deterioration, a series of studies of the process of micro-
filtration of beer on membranes with a pore diameter of 
4 μm and 2 μm was carried out. Lager beer “Traditional” 
and dark beer “Chernihivske strong” produced by Rogan 
brewery (Kharkiv, Ukraine) taken after filtration on kie-
selguhr alluvial filters, were taken as the samples.

5. The results of studying beer microfiltration  

5. 1. Studying the beer microfiltration process
First, the process of beer microfiltration was carried 

out on the experimental installation (Fig. 1) under labo-
ratory conditions. The results of the obtained data of the 
yield of filtered beer depending on filtration time for lager 
beer are summarized in Table 1, for dark beer ‒ in Table 2.

From the obtained data on permeate yield (Ta-
bles 1, 2), it is clear that from the point of view of con-
ducting the filtration process, it is advisable to treat 
beer on microfiltration membranes.

Fig.	1.	Structural	diagram	of	the	experimental	installation:	
1	–	connecting	pipe	for	removal	of	intermediate	fluid;	2	–	air	

injection	compressor	pressure	gauge;	3	–	microfiltration	
module;	4	–	tap	for	removal	of	microfiltration	concentrate;		

5	–	semi-permeable	membrane;	6	–	lower	lid;	7	–	connecting	
pipe	for	removal	of	permeate;	8	–	tank	for	collecting	

permeate;	9	–	top	lid;	10	–	tap	for	pressure	supply	and	relief;	
11	–	pressure	gauge;	12	–	potentiometer	KSP-4;	13	–	fitting	

for	the	supply	of	intermediate	fluid;	14	–	rubber	gasket;		
15	–	ultra	thermostat	UT-15
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Fig.	2.	General	view	of	the	setup	for	studying	the	beer	
microfiltration	process	[20] 



Technology and equipment of food production: food technology

69

Table	1	
Dependence	of	permeate	yield	on	the	duration	of	the	process	

of	microfiltration	treatment	of	lager	beer

Membrane 4 μm* Duration  
τ·60-1, s

Membrane 2 μm*

Permeate yield, ml Permeate yield, ml

150 1.54 90

300 3.37 180

450 4.41 270

600 5.47 360

750 6.50 450

900 7.51 540

Table	2	

Dependence	of	permeate	yield	on	the	duration	of	the	process	
of	microfiltration	treatment	of	dark	beer

Membrane 4 μm* Duration  
τ·60-1, s

Membrane 2 μm*

Permeate yield, ml Permeate yield, ml

150 1.54 90

300 3.37 180

450 4.41 270

600 5.47 360

750 6.50 450

900 7.51 540

Note: *At a pressure of P=0.003 MPa, beer temperature t=3...6 °С, 
membrane area s=0.037 m2

5. 2. Determining the factors affecting the process 
of beer microfiltration 

The productivity of microfiltration membranes in 
terms of permeate (flow through the membrane) with the 
pore diameter of 4 μm is much higher than the productiv-
ity of membranes with the pore diameter of 2 μm. During 
the same time of beer treatment on the membrane with the 
pore diameter of 4 μm, almost twice as much filtered beer 
was obtained than during the microfiltration treatment 
on the membrane with the pore diameter of 2 μm. The 
results are summarized in the diagram in Fig. 3.

The graphic dependence of the productivity of mem-
branes on the parameters of the pressure of the beer mi-
crofiltration process is shown in Fig. 4.

These dependences (Fig. 4) reveal that the productiv-
ity of 2 types of microfiltration nuclear membranes de-
pending on pressure varies along the curve with the same 
pitch. When the pressure parameters of 0.03...0.04 MPa 
are reached, the volume of permeate yield falls and tends 
to a constant value.

5. 3. Studying the qualitative indicators of filtered 
beer

In order to prove the correct choice of the membrane, 
a study was conducted to determine the microbiological 
indicators of the quality of original beer and beer subject 
to microfiltration treatment. The results of the obtained 
data are given in Tables 3, 4.

To produce good quality beer, which has constant 
quality, a number of indicators should be constantly mon-
itored;

– determining the extractive capacity of original wort, 
which includes determining the content of real extract 
and alcohol in beer; 

– determining pH magnitude;
– determining oxygen content in beer; 
– determining diacetin content; 
– determining the content of bitter substances; 
– determining the CO content; 
– determining colloidal resistance, and other analyses.
Analysis of the received data in Tables 3, 4, showed that 

the use of membrane filtration methods makes it possible to 
obtain beer with higher quality indicators. For example, the 
turbidity of the beer subject to microfiltration decreased by 
0.8 EBU, and the color – by 0.46 EBU.

After analyzing the results summarized in Tables 3, 4, 
they were compared with the standard parameters of the 
physical-chemical composition of some varieties of light and 
dark beer (Table 5).

Fig.	3.	Dependence	of	permeate	yield	(V)	on	the	duration	(τ)	
of	the	process	of	microfiltration	treatment	of	beer:		

1	–	microfiltration	through	a	membrane	of	4	μm;		
2	–	microfiltration	through	a	membrane	of	2	μm
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Fig.	4.	Dependence	of	permeate	yield	(V)		
on	pressure	(P)	of	the	process	of	beer	microfiltration	

treatment:	1	–	microfiltration	through	the	membrane	of	4	μm;	
2	–	microfiltration	through	the	membrane	of	2	μm
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Table	3

Physical	and	chemical	indicators	of	the	original	and	filtered	
beer	“Chernihivske	traditional”

Indicators Original beer

Beer after 
microfiltration, 
pore diameter 

2 μm

Beer after 
microfiltration, 
pore diameter 

4 μm

Weight share 
of alcohol, 

Aw/w, %
4.57 4.52 4.52

Volume share 
of alcohol, 

Av/v, %
5.82 5.76 5.75

Amount of 
dry matter in 
original wort 

Eorig, %

12.98 12.85 12.79

Apparent ex-
tract (finished 

fermenting) 
Eapp, %

2.07 2.04 2.02

Real extract 
Ereal, % 

4.18 4.13 4.09

Caloricity, 
Kсal/кg

472.7 468.1 465.98

Weight share 
of carbon diox-

ide СO2, g/l
0.5 0.5 0.5

Amount of 
oxygen О2, %

190 190 190

Relative densi-
ty, g/сm3 1.00628 1.00615 0.00603

Colour, ЕВС 10.8 10.34 10.18

Turbidity, ЕВС 0.87 0.79 0.72

Bitterness, 
ЕВС

23.4 23.4 23.3

Acidity, рН 4.4 4.48 4.51

The comparison of these tables makes it possible to 
conclude that after the microfiltration process on nuclear 
microfiltration membranes of beer varieties “Traditional” 
and “Strong”, their physical and chemical indicators fully 

comply with existing norms and requirements. Based on the 
obtained results, it is possible to conclude about the pros-
pects of research and improvement of membrane processes of 
beer filtration and its technical equipment.

Table	4	

Physical	and	chemical	parameters	of	original	and	filtered	
beer	“Strong”

Indicators Original beer

Beer after 
microfiltration, 
pore diameter 

2 μm

Beer after 
microfiltration, 
pore diameter 

4 μm

Weight share 
of alcohol, 

Aw/w, %
7.5 7.49 7.49

Volume share 
of alcohol, 

Av/v, %
5.82 5.76 5.75

Amount of 
dry matter in 
original wort 

Eorig, %

15.3 15.27 15.27

Apparent ex-
tract (finished 

fermenting) 
Eapp, %

2.07 2.04 2.02

Real extract 
Ereal, % 

4.18 4.13 4.09

Caloricity, 
Kсal/кg

572.7 568.1 565.98

Weight share 
of carbon diox-

ide СO2, g/l
0.5 0.5 0.5

Amount of 
oxygen О2, %

190 190 190

Relative densi-
ty, g/сm3 1.00628 1.00615 0.00603

Colour, ЕВС 10.8 10.34 10.18

Turbidity, ЕВС 0.87 0.79 0.78

Bitterness, 
ЕВС

31.4 31.4 31.4

Acidity, рН 4.4 4.48 4.51

Table	5

The	current	standard	for	physical	and	chemical	parameters	of	finished	beer	[25]

Variety of beer
Weight share of dry 
matter in original 

wort, %

Weight share of alco-
hol, not less than, %

Acidity, ml 1 n of 
alkali solution per 

100 ml of beer

Color, ml 0.1 n of 
iodine solution per 

100 ml of water 

Weight share of 
carbon dioxide, not 

less than, %

Lager beer

Obolon 11.0 2.8 From 1.6 to 2.8 From 0.6 to 2.0 0.30

Slavutich 12.0 4.0 From 1.9 to 3.1 From 0.5 to 1.0 0.33

Traditional 13 4.5 From 2.1 to 3.3 From 0.5 to 1.0 0.33

Lvivske 20 6.0 From 3.3 to 5.1 From 1.0 to 2.5 0.35

Dark beer

Barhotne 12.0 Not more than 2.5 From 1.9 to 3.1 8.0 and more 0.32

Bagrove 13.0 3.2 From 2.1 to 6.3 From 4.0 to 8.0 0.32

Porter 20.0 5.0 From 4.0 to 5.5 8.0 and more 0.35
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6. Discussion of results of studying the application of 
the technique for eliminating the gel layer during the 

ultrafiltration of pectin extracts

During beer microfiltration, pores of the membrane are 
clogged with organic substances (macromolecules, biological 
substances, etc.), the size of which coincides or is greater 
than the diameter of the pores of the membrane itself. Ac-
cording to the results of the dependence of permeate yield 
through the membrane on time (Fig. 3), it should be noted 
that there is no significant influence of organic substances 
on the beer filtration process [6].

That is why in order to determine the degree of influence 
of organic substances on the beer microfiltration process, 
it was necessary to calculate the membrane filtration in-
dex  MFI. Determining the MFI makes it possible to dis-
tinguish solutions by their tendency to membrane clogging, 
to assess the maximum permissible value of the MFI for this 
setup, to determine in advance a decrease in the flow [2].

Analysis of experimental data presented in Tables 1, 2, 
showed that the tendency to form sediment and clogging 
of pores of the membrane with a diameter of 4 μm is less 
than a microfiltration membrane with pores of 2 μm. This is 
evidenced by the obtained values of the membrane filtration 
index; the MFI of 4 μm and of 2 μm of beer is 0.017 and 
0.0167, respectively.

Based on experimental and theoretical studies, it should 
be noted that the obtained MFI values are small, which indi-
cates that the original beer contains practically no colloids. 
It follows from this assumption that the difference in the pro-
ductivity of microfiltration membranes lies in the difference 
in pore diameter and, to a small extent, in the retention of a 
certain number of bacteria [3].

The data of the graphical dependence of permeate yield 
on filtration pressure in the dead-end mode when using the 
two types of membranes are identical. At an increase in pres-
sure up to 0.003 MPa, the permeate yield increases rapidly. 
At the achievement of values from 0.003 to 0.005 MPa, the 
permeate yield does not change significantly. This is due to 
the insignificant shrinkage of the microfiltration membrane 
and the process entering the stationary mode [21].

According to the conducted studies of membrane treat-
ment of beer and its physical and chemical parameters, it can 
be concluded that it is expedient to use nuclear microfiltra-
tion membranes to conduct the process of beer stabilizing. 
Concretizing certain research results, we can conclude that 
according to the indicators of permeate yield, it is best to use 
nuclear membranes with a pore diameter of 4 μm.

The conducted studies have limitations on the param-
eters of pressure and duration, as well as using only the 
dead-end regime with one type of nuclear microfiltration 
membrane. The drawback of the conducted research is the 
difficulty of applying the parameters of the process of mem-
brane treatment of beer for other types of food liquids, as 
well as the impossibility of their use for flow microfiltration 
models of continuous action.

The obtained results can be used in the establishment of 
other operating parameters of the process of beer microfiltra-
tion, as well as for devising technical equipment to produce 
filtered beer of various types and varieties.

The conducted research is a continuation of scientific 
research on the development of processes and equipment 
for membrane treatment of raw materials of animal and 
plant origin using polymer membranes. Representing sci-
entific and practical interest, these studies should be de-
veloped in the direction of applying methods for improv-
ing the membrane treatment of high-molecular systems in 
the food industry.

7. Conclusions

1. The results of theoretical and experimental studies 
revealed the benefits of the widespread use of microfiltration 
nuclear membranes in the process of membrane treatment 
of beer to obtain high-quality indicators of the resulting 
product. The use of nuclear membranes makes it possible to 
obtain a high-quality product ‒ beer, without subjecting it to 
physical and chemical changes in the case of pasteurization 
with heat treatment.

2. The duration and baric parameters of the beer mi-
crofiltration process were explored. Rational technological 
modes of the beer microfiltration process in a dead-end 
mode were determined. It was established that the working 
pressure of the process should be equal to 0.03...0.05 MPa, 
the filtration temperature ‒ 3...6 °C, which is explained by 
volumetric changes in the yield of filtered beer through nu-
clear membranes.

3. The data of physical and chemical parameters of 
filtered beer with the use of microfiltration nuclear mem-
branes were obtained. Comparative analysis of the data 
in relation to normative indicators showed that nuclear 
membranes are promising in the implementation and 
improvement of membrane processes and equipment in 
micro-breweries to increase the resistance and stability 
of beer.
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