
Suggested Citation:
Loiko, S., Romanova, Z., Zheplinska, M., Romanov, M., & Vasyliv, V. (2024). Use of unmalted 
cereals with enzyme preparations in brewing. Animal Science and Food Technology, 15(1), 55-73. 
doi: 10.31548/animal.1.2024.55.
*Corresponding author

UDC 663.44
DOI: 10.31548/animal.1.2024.55

Use of unmalted cereals with enzyme preparations in brewing

Sergii Loiko
Postgraduate Student 
National University of Food Technologies
01033, 68 Volodymyrska Str., Kyiv, Ukraine
https://orcid.org/0009-0003-5853-6836 
Zoriana Romanova
PhD in Technical Sciences, Associate Professor 
National University of Food Technologies
01033, 68 Volodymyrska Str., Kyiv, Ukraine
https://orcid.org/0000-0003-3974-5758 
Marija Zheplinska*

PhD in Technical Sciences, Associate Professor 
National University of Life and Environmental Sciences of Ukraine 
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-7286-3003  
Mykola Romanov
PhD in Technical Sciences, Associate Professor 
National University of Food Technologies
01033, 68 Volodymyrska Str., Kyiv, Ukraine
https://orcid.org/0000-0002-0063-819X 
Volodymyr Vasyliv 
PhD in Technical Sciences, Associate Professor 
National University of Life and Environmental Sciences of Ukraine 
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-2109-0522 

ANIMAL 
SCIENCE 
AND FOOD 
TECHNOLOGY

Journal homepage: https://animalscience.com.ua/en
Animal Science and Food Technology, 15(1), 55-73
Received 06.11.2023 Revised 26.01.2024 Accepted 28.02.2024

Copyright © The Author(s). This is an open access article distributed under the terms of the 
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

https://orcid.org/0009-0003-5853-6836
https://orcid.org/0000-0003-3974-5758
https://orcid.org/0000-0002-7286-3003
https://orcid.org/0000-0002-0063-819X
https://orcid.org/0000-0002-2109-0522


Animal Science and Food Technology. 2024. Vol. 15, No. 1

56 Use of unmalted cereals with enzyme preparations in brewing

Abstract. The use of unmalted grain is one of the methods for improving quality, reducing 
production costs, and creating new types of beer. However, the enzymatic activity of such raw 
materials is zero, so the use of enzyme preparations is relevant. The purpose of the study was 
to compare the quality indicators of 100% malt beer and beer with the replacement of malt with 
unmalted barley using enzymes. Methods of technical and chemical analysis were used to 
determine the organoleptic and physico-chemical parameters of beer. Recommendations have 
been developed for intensifying the preparation of wort using various types of grain raw materials – 
unmalted barley and rice grits with the addition of enzyme preparations from Novozymes 
(Denmark) at different stages of brewing were developed. When testing new enzyme preparations 
(β-glucanase complex, xylanase), the filtration time, wort viscosity, and the content of β-glucans 
and arabinoxylans decreased by about 20% compared to the control samples. The use of a new 
enzyme preparation resulted in better breakdown of substances, which affected the quality and 
duration of filtration. This leads to an improvement of wort quality, reducing the duration of the 
process and reducing the cost of raw materials. To ensure the required ratio of substances in the 
wort, it is necessary to introduce complex enzyme preparations – peptidhydrolase, α-amylase, 
endo-β-glucanase (Ceremis Plus). Preparations containing endo-β-glucanase (Ultraflo Max) 
should be used at the beginning of mashing to improve the rheological properties of the wort and 
reduce its viscosity, which improves the filtration process. To obtain beer with the required degree 
of fermentation during mashing, it is better to use new enzyme preparations (glucoamylase). The 
practical significance of the study lies in the use of large amounts of unmalted grain together with 
exoenzymes such as Ultraflo Max and Ceremis Plus, which will allow brewers to produce wort and 
beer of the same composition and quality as premium wort and beer, using only malt

Keywords: barley; beer; wort; malt; quality

Introduction
Barley is a traditional raw material for beer pro-
duction. To turn barley grains into fermented 
wort, enzymes are needed to break down cell 
walls, release amino acids, and break down 
starch into fermented sugar. For brewing with 
a very small amount of malt, barley is a very 
good choice to replace some of the malt, as it 
has some special features. Firstly, barley con-
tains β-amylase and peptidase. Secondly, it can 
be added to the mash, since barley starch has a 
low gelatinisation temperature. Thirdly, it has a 
husk that ensures good filtration in the lauter 
tank when properly crushed (Zamai et al., 2022). 
The researchers used the replacement of 30% 
corn and 70% malt with 30% corn grits, 35% bar-
ley and 35% malt, and proved that it is possible 
to produce high-quality beer. However, there is a 
need to use exoenzymes (Park et al., 2023). 

According to G. Birta et al. (2021) found 
that the use of corn grits in brewing allowed to 
increase the quality indicators and dietary val-
ue of beer, and the optimal value of corn grits 
content ranges from 15 to 20%. A. Fujita et al. 
(2020) proved that single-grain, emmer or spelt 
grains can be used to make malt of acceptable 
quality and produce craft beer with a specific 
taste and aroma. Researchers have investigat-
ed the brewing potential of 100% unmalted 
barley, wheat, oats, and rye compared to 100% 
malt and proved that in this way, along with 
the use of enzyme preparations, it is possible 
to reduce the level of colour, the content of 
higher alcohols and esters in the finished beer. 
Results of the study by A. Dabija et al. (2021) 
showed that buckwheat can be used as a raw 
material for the production of gluten-free beer. 
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M.E. Ciocan et al. (2023) suggested using malt-
ed and unmalted sorghum instead of tradition-
al barley malt, which included 60% sorghum 
malt and 40% unmalted sorghum. N. Cela et al. 
(2022) investigated the combined effect of the 
composition of sorghum:quinoa and at a ratio 
of 6 and 34% unmalted sorghum and quinoa, 
respectively, it was found that the use of unma-
lted sorghum and quinoa in an optimised com-
bination in brewing allows the development of 
beer brewed from unconventional grains, with-
out negative impact on consumer perception.

Ukrainian researchers also used unmalted 
materials to replace some of the malt during 
brewing. Thus, the analysis of the results ob-
tained by S.P. Orel (2021) indicates the possi-
bility of replacing malt with 20% spring and 
winter barley, while wort quality indicators 
decrease, but remain within the normal range. 
When replacing malt in the amount of 20% 
spring barley, such qualitative indicators of 
wort as extractivity, amine nitrogen, reducing 
substances are slightly higher than when re-
placing 20% with winter barley. When replac-
ing malt with 25% barley, when using Termamil 
enzyme preparation in the amount of 0.6 kg/t 
of barley, a significant increase in the quality 
indicators of wort was observed. The researcher 
established that the optimal dose of malt re-
placement with rye (without the use of enzyme 
preparations) is 10%. S. Loiko & Z. Romanova 
(2018) in their research replaced 25% of malt 
with unmalted barley using the Tetramil en-
zyme in the amount of 0.15 kg/t of barley and 
proved by technological indicators the possibil-
ity of obtaining high-quality beer using exter-
nal enzymes and unmalted barley.

According to L.M. Puzik (2019), the main 
quality indicators of spring barley grain for 
use in brewing in the first months of its stor-
age under an unregulated temperature regime 
are intensively improved compared to its stor-
age under a regulated temperature regime. 
The researcher claims that it is advisable to 
store spring barley grain with humidity within 

critical and with good initial quality Indicators 
in storage facilities for no more than 9 months, 
with a longer shelf life, such grain should be 
stored under a controlled temperature regime. 
Post-harvest grain ripening of brewing spring 
barley varieties is more intensive under unregu-
lated conditions. Nevertheless, the best preser-
vation of the technological qualities of grain of 
brewing varieties of spring barley is ensured by 
its storage in a controlled temperature regime.

The exergy performance of beer produced 
using the traditional malt and brewing process 
is compared with that of beer produced using 
the fermentation process. Therefore, the pur-
pose of the study was to compare the quality 
indicators of 100% malt beer and beer with the 
replacement of malt with unmalted barley and 
rice grits with the additional use of Ondea Pro 
enzyme preparation from the Danish company 
Novozymes.

Literature Review
While beer was produced using various types of 
unmalted grain as excipients along with malt, 
brewing from 100% unmalted grain combined 
with the addition of mashing enzymes remains 
largely unknown. Barley, as one of the oldest 
crops, has great potential to regain its role as 
a food grain, mainly due to its high nutrition-
al value. W. Kunze (2004) proved that barley’s 
food enzymes, in particular lipase, amylase, and 
protease, stimulate the breakdown of proteins, 
fats, and carbohydrates.

As noted by J.  Mallett (2014) in the text-
book on malt theory, barley is the most suitable 
cereal for malting in terms of the composition 
of extractives before fermentation. The main 
varieties are those that contain a lot of starch 
and a small amount of protein, which leads 
to a better yield of extractives. According to 
F. Guzmán-Ortiz (2019), malt production has 
provided suitable conditions for the produc-
tion of various brewing varieties of malt from 
Doña Josefa barley. Malt had total and reduced 
sugar values that correspond to brewing. The 
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researcher found that temperature and soaking 
time are determining factors for the time of en-
zyme activation. At higher temperatures, enzy-
matic activation is usually faster, but there are 
some exceptions. The use of germination can be 
a promising resource for modifying grain prop-
erties and increasing enzymatic activity.

H. Gupta et al. (2020) noted that the pres-
ence of non-starchy polysaccharides in barley 
in the form of mixed bonds (1-3), (1-4)-β-d-glu-
cans and arabinoxylans together with enzymes 
is responsible for its modification. Malt produc-
tion is a rather complex process that involves 
important enzymes such as α-amylase, β-am-
ylase, α-glucosidase, and limit-dextrinase. Dur-
ing the malting and brewing process, the by-
products left over from wort separation are rich 
in protein, fibre, arabinoxylanes, and β-glucans. 
Therefore, the researchers point out the feasi-
bility of using by-products and summarise the 
properties of barley in relation to the nutrition-
al, functional, and compositional changes that 
occur during malting and brewing. 

F. Nocente et al. (2023) showed that fer-
mented beverages made from single-grain, 
tritordeum, edible sorghum, and teff may be of 
interest for light and gluten-free beer markets. 
L. Van Donkelaar et al. (2019) found beer pro-
duced with added enzymes reduced the use of 
water, raw materials, and natural gas by 7, 14, 
and 78%, respectively.  In this case, the loss of 
exergy in the enzyme production process is 
compensated by preventing the loss of exergy 
in the overall brewing process. M. Salailenbi 
et al. (2019) used a mixed dough fermentation 
culture from Khamei dough to produce beer 
from black rice, which increased the shelf life of 
the beer and lowered its alcohol content.

The use of enzyme preparations can be 
carried out with any amount of barley to pro-
duce high-quality beer. Therefore, the desired 
taste is obtained according to the developed 
brewing recipe or by blending beer, which is 
confirmed by the results of H. Kábelová-Ficová 
et  al. (2018). It was these authors who proved 

that the highest level of fermentation, which 
corresponds to 61.7%, is inherent in beer made 
from spring barley. To confirm the quality of 
beer, an organoleptic assessment was carried 
out, which corresponded to the originality of 
the beer sample.

The use of enzyme preparations can increase 
the stability of beer and improve its consumer 
characteristics along with improving the filtra-
tion process. Zh. Zamai et al. (2022) experimen-
tally investigated and substantiated the possi-
bility of using enzyme preparations available on 
the market to optimise the filtration process of 
craft beer. The use of enzyme preparations helps 
to speed up the technological cycle of produc-
tion and to obtain finished products with high 
indicators of colloidal resistance. The effect of 
the enzyme preparations Laminex® MAX Flow 
4G, Amylex 5T, Beerzym® AMYL HT, Beerzym® 
BG, EnerZyme® P7 on the wort filtration pro-
cess was studied and evaluated by determining 
the content of extractives in beer pellets at the 
premises of the “Bierwelle” brewery.

According to sources (Sustainable brewing 
starts..., n.d.), beer is produced with standard 
brewing equipment using a standard mashing 
profile and time. Ondea Pro enzyme prepara-
tion is also particularly suitable for the produc-
tion of flavoured beer or any type of soft grain 
beverages, and for the production of extracts 
from unmalted grains. Standard technological 
instructions for beer production provide for the 
use of established modes of brewing beer wort. 
However, the modern operating conditions of 
breweries of any capacity require intensifica-
tion of production processes, which is impos-
sible using old technological methods. One of 
these techniques, as noted by M.  Zheplinska 
et al. (2022a), may be the use of enzyme prepa-
rations. There are currently no universal rec-
ommendations for the effective operation of 
the brewery shop. This indicates that there is 
a need to develop an intensive technology of 
high-quality beer wort, adapted to the process-
ing of various raw materials using exogenous 
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enzymes, which can replace a certain amount of 
malt with unmalted material in the form of rice 
or barley and obtain the wort and finished prod-
uct – high-quality beer using the method of opti-
mising beer fermentation. This was the issue ad-
dressed by A. Rodman & D.I. Gerogiorgis (2021), 
who found that to accelerate the fermentation 
process and reduce its duration, it is necessary 
to optimise it through dynamic modelling.

Materials and Methods
Barley malt, unmalted barley and rice grits were 
used for the study. Danish enzymes Novozymes 
Ondea Pro were used to replace some of the 
barley malt with unmalted barley or rice grits 
in order to provide effective viscosity, turbidi-
ty reduction, and protein degradation. The en-
zymes work in synergy with endogenous barley 
enzymes to produce fermented wort. In combi-
nation with endogenous barley proteases and 
β-amylases, Ondea Pro enzymes create a syner-
gistic effect to achieve the best brewing results. 
The study used enzyme preparations contain-
ing the same enzymes as brewing barley malt. 
The research was conducted in the laboratories 
of the National University of Food Technologies 
and the National University of Life and Envi-
ronmental Sciences of Ukraine.

The physico-chemical parameters of wort 
and finished beer were determined using a 
PBA-B generation M beer analyser (Anton Paar, 
Austria). Physical and chemical parameters 
(moisture, fat, protein, colour, acidity, amine 
nitrogen, coagulation nitrogen, pH values, 
polyphenols and reducing sugars) were de-
termined by standard methods in accordance 
with DSTU 7103:2009 (2016); DSTU 3888:2015 
(2017). Dynamic viscosity was determined using 
the Hepler device according to the method pro-
vided by D. Kumar et al. (2017). Determination 
of organoleptic parameters was carried out in 
accordance with DSTU 7103:2020 (2023). Barley 
and rice were crushed on a hammer mill (with 
adjusted power consumption), which allowed 
for perfect filtration of the mash. For better roll 

grinding, barley of uniform size with a particle 
diameter of more than 2.2 mm was used. 

The mashing mode corresponded to a tem-
perature of 53°C for a duration of 15-30 minutes 
to prevent grain deposition and ensure good 
enzyme efficiency (Zheplinska et al., 2022b). 
The saccharification time did not exceed 64°C 
to maintain the productivity of heat-sensitive 
barley β-amylase. The pH value of barley grits 
did not decrease below 5.6 units. The wort was 
acidified to a pH of 5.2 during boiling to main-
tain a drop in the pH value during fermentation 
to the beer pH value of 4.5. The quality of wort 
and beer obtained from 100% malt with the re-
placement of 11% malt with rice and 14% malt 
with barley was investigated. Pre-filling pro-
cesses were carried out at 50-52°C and at 37-
39°C. The main mash was kept at 52 and 63°C 
for 15 and 40 minutes, respectively, and the to-
tal mash was kept for 15 minutes at 72°C until 
it was completely saccharified, heated to 78°C, 
and filtered. Pre-mashing processes were car-
ried out at temperatures of 50-52°C, which cor-
responds to the modes (1.1, 2.1, 3.1) and at 37-
39°C (modes 2.2, 2.3, 3.2, 3.3, which are given in 
the Section “Results and Discussion”). The main 
mash was kept at 52 and 63°C for 15 and 40 min-
utes, respectively, and the total mash was kept 
for 15 minutes at 72°C until completely cooled. 
The mash was then heated to 78°C and filtered.

Application rates of exogenous enzyme 
preparations: α-amylase – ≈100 g/t; α-glu-
canase+xylanase complex – ≈100 g/t. Ultraflo 
Max was used to accelerate the mash filtration, 
having previously determined its rational dos-
age. 100% malt mash was prepared according to 
mode 1.1 with standard pauses (mash 50, paus-
es 52, 63, and 72°C). During wort filtration for 
10 brews, the filtration time was recorded and 
the wort viscosity, β-glucan and arabinoxylane 
content were determined with and without us-
ing the Ultraflo Max enzyme according to the 
classical brewing scheme. Statistical analysis 
data were obtained using Microsoft Excel and 
Statistica 15 software suites. All experiments 
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were conducted in 5 replicates, and the results 
are averages of these replicates with standard 
deviations. The Student’s t-test was used for 
statistical processing of the results obtained. 
The data are presented as the mean ± standard 
deviation from the mean (SDM). The smallest 
acceptable difference for probes from a single 
sample is indicated at 5%. The confidence value 
was chosen as p<0.05.

Results and Discussion
A study was conducted on the production of 
beer with the replacement of part of the barley 

malt with unmalted barley and rice grits using 
Novozymes preparations. The research data 
covers the entire process from raw material 
processing to the production of finished beer 
and the obtaining of physicochemical and or-
ganoleptic parameters that comply with the 
DSTU for beer.

Table 1 shows the indicators of grain raw 
materials, namely, barley malt, barley and rice 
grits, which were used in the manufacture of 
beer. Indicators of barley and rice grits as solid 
raw materials are represented by the mass frac-
tion of moisture, extract, fat, and protein.

Table 1. Indicators of grain raw materials

Values
Raw material

Barley malt Barley grits Rice grits

Number of grains (%):
flouriness

85.0±0.5
3.0±0.1

-
-

-
-

Mass fraction of moisture (%) 4.5±0.05 14.5±0.05 13.2±0.05

Mass fraction of the extract in the dry matter of 
finely ground malt (%) 77.8±0.07 63.6±0.06 82.2±0.06

Mass fraction of fat (%) 1.8± 0.01 2.0± 0.02 1.1± 0.01

Difference in the mass fractions of extracts in 
the dry matter of fine and coarse malt (%) 1.4±0.01 - -

Mass fraction of protein substances (%) 10.1±0.02 10.9±0.02 7.6±0.03

Duration of saccharification (min.) 15 - -

Colour (chromaticity units) 0.18±0.005 - -

Acidity (units) 0.9±0.02 - -

Amine nitrogen (mg/dm3) 4.6±0.1 - -

Viscosity (mm2/cwt) 1.58±0.02 - -

Source: compiled by the authors

As can be seen from Table 1, the moisture 
content of barley and rice grits differs by only 
1.3%, but a significant difference in these two 
solids is observed in the mass fraction of the 
extract in the dry matter. Thus, for rice grits, 
this value was 18.6% higher than for barley 
grits, but barley grits have a higher amount of 
fat and protein. Therefore, the results obtained 
for the above indicators allow conducting ex-
periments with such types of unmalted grain, 
replacing them with barley malt, for which the 
results obtained for determining the number of 

grains, flouriness, saccharification time, colour, 
acidity, amine nitrogen content, and viscosity 
correspond to DSTU 4282:2018 (2019). Table 1 
indicators show a well-ground dispersion of 
raw materials, which predicts enzymatic hy-
drolysis to values acceptable for obtaining an 
optimal extract. The mass fraction of protein 
substances does not exceed 11%, which pre-
dicts the production of wort with an optimal 
nitrogen composition. Research conducted 
by Z.M.  Romanova et al. (2021) confirmed the 
optimal nitrogen composition by automatic 
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control of the brewing process, which considers 
the features of the chemical composition of raw 
materials, the structure and quality of auxiliary 
materials. The researchers proved that the de-
velopment and implementation of modern soft-
ware with its practical use in the preparation of 
existing and new types of beer will contribute to 
further intensification of brewing, which is of 
great importance in the context of compliance 
with high quality standards for hop beverages.

The optimal effect of drugs and the influ-
ence of various factors on their stability have 
been studied and confirmed, because in gen-
eral, the quality of beer depends on many fac-
tors, such as the chemical composition, phys-
ico-chemical characteristics of the wort, the 
type of beer, the degree of fermentation, etc. 
The results of the study of the optimal action 
and activity of enzyme preparations are pre-
sented in Table 2.

Table 2. Characteristics of enzyme preparations

Enzyme 
preparation Manufacturer Active substance

Optimal conditions actions

temperature (°C) pH value

Ultraflo Max Humicola insolens cellulase 70.0±5 5.0±0.5

Ceremix Plus Bacillus amuliquefacien
α-amylase

Endo-®-glucanase
endoproteases

70.0±2
50.0±2

45.0±2

5.5±0.1
7.0±0.1

6.0±0.1

Neutraz 0.5 L Bacillum 
amynoliquefaciens neutral protease 40.0±2 6.0±0.1

Attenuzim Pro Asperglus niger glucoamylase 60.0±2 4.3±0.1

Source: compiled by the authors

Based on the results obtained in Table 2, 
it can be seen that the first two enzyme prepa-
rations Ultraflo Max and Ceremix Plus are best 
suited for use in brewing, with the optimum ef-
fect on unmalted raw materials at 70°C. In ad-
dition, these enzyme preparations are active in 
an environment with a pH value from 5.0 to 5.6 
units, which is exactly what is necessary for the 
mashing process. I. Zeida (2023) investigated 
and substantiated the possibility of using en-
zyme preparations available on the market to 
optimise the beer preparation process. The use 
of enzyme preparations helps to speed up the 
technological cycle of production, to obtain fin-
ished products with high indicators of biological 
and colloidal resistance. The effect of Laminex® 
MAX Flow 4G, Amylex 5T, Beerzym® AMYL HT, 
Beerzym® BG, EnerZyme® P7 enzyme prepara-
tions on the brewing of beer wort and finished 
beer was investigated and evaluated. 

In the course of the study, it was found out 
that the use of Hytemphase EP in the mashing 

process can increase the content of extractives 
and maltose in the wort, reduce its viscosi-
ty, and therefore, improve the quality of beer, 
reduce the duration of filtration, speed up the 
fermentation of beer wort, and control its com-
position. Due to its high thermal stability, the 
enzyme preparation under study allows carry-
ing out the mashing process at high tempera-
tures, while malt’s own enzymes can already be 
inactivated.

Proteolytic components work in synergy 
with endogenous barley enzymes. The genera-
tion free amino nitrogen compounds (FAN) is 
directly related to the protein content of the 
grain. According to an online source (Features 
of growing..., n.d.), the use of high protein 
barley can have some negative effects, as bar-
ley is naturally high in protein, and high pro-
tein levels can affect the enzymatic processes 
during brewing. This can lead to less efficient 
breakdown of starch and other components of 
barley, which affects the quality of beer. A high 
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protein content can also lead to the formation 
of bilge substances during brewing. This leads 
to a darkening of the beer and an unpleasant 
taste. Protein can increase the viscosity of the 
wort, which can complicate the filtration and 
separation of wort from the waste. A high pro-
tein content can lead to more waste during 
filtration, which can be inefficient from a pro-
duction standpoint. In general, brewers choose 
barley with the appropriate protein content to 
ensure beer quality and optimal conditions for 

enzymatic processes. High protein content may 
be undesirable if its effects on beer production 
are not controlled. 

Figure 1 shows the dependence of FAN con-
tent on protein content in barley grain. Using 
barley with a high protein content can be an 
advantage when brewing using Ondea Pro en-
zymes. The amine-nitrogen compounds in bar-
ley wort are more easily absorbed by yeast, so 
barley wort requires only 9-12 mg FAN/L/°P to 
ensure good fermentation.

Figure 1. Dependence of FAN on grain protein content
Source: compiled by the authors
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T. Pryimachuk et al. (2018) note that the 
quality of beer is largely determined by the 
characteristics of wort, which depend on the 
indicators of raw materials, which is why the 
beer and hop markets are interconnected 
and respond to economic (prices, purchasing 
power) and technological (change of equip-
ment, overproduction) indicators. I. Mascia 
et  al. (2019) point out the need to use ap-
propriate mashing modes and the ratio of 
the main components to ensure good physi-
co-chemical and organoleptic characteristics 

of the finished beer. It is impossible to brew 
high-quality beer without the appropri-
ate equipment for grinding grain products, 
mashing them, and filtering them. According 
to (The brewing equipment..., 2022), due to 
well-chosen equipment, it is possible to con-
trol the degree of grinding, which is used to 
grind the grains for brewing different types of 
beer. Therefore, it is important to investigate 
the effective mashing mode, which was carried 
out based on composition of raw materials, 
their ratios and parameters given in Table 3.

Table 3. Mash composition and ratio

No.
of mode

Dry matter 
content of initial 

wort (%)

Ratio Raw material (%)

Decoction Main part Total part Light malt Barley Rice grits

1 11.0±0.01 1:4.8 1:3.3 1:3.6 100.0 - -

2 11.0±0.01 1:5.3 1:3.7 1:4.1 83.0 - 12.0

3 11.0±0.02 1:4.2 1:4.0 1:4.1 81.0 14.0 -
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No.
of mode

Dry matter 
content of initial 

wort (%)

Ratio Raw material (%)

Decoction Main part Total part Light malt Barley Rice grits

4 11.6±0.02 1:4.5 1:3.1 1:3.6 83.0 - -

Source: compiled by the authors

The quality of wort and beer obtained 
from 100% barley malt (mashing mode 1.1, 
control) was studied, replacing 12% malt with 
rice malt (mashing modes 2.1, 2.2, 2.3), 14% 
malt with barley malt (mode 3.1, 3.2, 3.3). Cer-
emix Plus enzyme preparation was added to 
the wort at the rate of 100 g per tonne. This 

particular drug was chosen because, as can be 
seen from Table 2, the activity of enzymes has 
broad actions in the temperature range. Phys-
ical and chemical parameters of the obtained 
wort, which is brewed according to the classi-
cal scheme and using unmalted raw materials, 
are given in Table 4.

Table 4. Physical and chemical parameters of wort

No. of 
mode

Viscosity 
(mm2/cwt)

Content in wort

Amine 
nitrogen 
(mg/dm3)

Coagulating 
nitrogen 

(mg/100 cm3 )

Polyphenols 
(mg/dm3)

Reducing 
sugar 

(g/dm3)

Ratio of 
polyphenols:amine 

nitrogen

1.1 Control 1.33±0.015 150.0±2.3 1.55±0.05 202.1±2.5 58.5±0.11 1.35

2.1 Rice 1.50±0.020 147.7±1.9 1.58±0.04 190.3±3.1 62.2±0.15 1.29

2.2 Rice 1.46±0.015 137.2±1.5 1.43±0.04 204.4±3.2 63.1±0.10 1.49

2.3 Rice 1.42±0.015 145.2±1.4 1.58±0.04 204.8±1.8 62.9±0.13 1.41

3.1 Barley 1.54±0.02 145.9±2.0 1.54±0.05 213.6± 3.7 59.4±0.10 1.46

3.2 Barley 1.49±0.015 140.7±1.3 1.57±0.05 223.2±3.4 61.6±0.15 1.59

3.3 Barley 1.47±0.015 143.7±1.6 1.45±0.04 221.3±3.3 69.6±0.12 1.54

Source: compiled by the authors
Note: figures are given for 10% wort

Table 4 shows that partial replacement of 
malt with rice and unmalted barley gives good 
results regarding the final content of amine 
nitrogen and coagulating nitrogen, increases 
the amount of polyphenols and reducing sug-
ars by 9.4 and 18.97%, respectively, especially 
in samples 3.2 and 3.3. This will contribute to 
the development of protein-polyphenolic com-
plexes during boiling of the wort, high-quality 
clarification of the hopped wort, and the rich-
ness of taste of the finished beer. Filtration of 
wort using “classic” technology is the longest 
technological stage of brewing wort. In modern 
conditions, it is possible to reduce its duration 

due to the use of modern equipment and the 
use of enzyme preparations, the action of which 
is aimed at hydrolysis of biopolymers, mainly 
β-glucan. The use of the Ultraflo Max enzyme 
preparation helped to reduce the viscosity and 
content of β-glucans in the wort at a dosage of 
0.01%, which corresponds to 100 g/t.

V.M. Gulyaev et al. (2020) found that the 
addition of Jerusalem artichoke wort to malt 
wort causes, as in our case, an increase in the 
degree of fermentation and the mass fraction of 
alcohol in young beer. The researchers also ob-
served an increase in the colour of young beer 
compared to the control sample. But replacing 

Table 3. Continued
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10% barley malt with Jerusalem artichoke can 
only be recommended for making dark beers, as 
opposed to light beers obtained in this study. In 
brewing technology, classic beer malt wort can 
be diluted with Jerusalem artichoke wort. The 
yeast works equally well in the wort specified 
by the composition. The addition of Jerusalem 
artichoke wort improves the fermentation pro-
cess and promotes the accumulation of yeast 
biomass. The researchers noted that partial 
replacement of malt wort with Jerusalem arti-
choke tuber wort will be economically feasible, 
since it will lead to a reduction in the cost of 

beer and brewer’s yeast production. Jerusa-
lem artichoke raw materials are affordable and 
cheaper than malt. The product obtained as a 
result of fermentation – dark beer has satisfac-
tory organoleptic properties, sweet taste, and a 
light sunflower aftertaste.

Figures 2-4 present the results obtained 
in determining the viscosity of wort and the 
content of β-glucan and arabinoxylan, from 
which the following conclusions can be drawn. 
The total filtration time using enzyme prepa-
rations is reduced due to the lower viscosity of 
the wort (Fig. 2). 

Figure 2. Change in wort viscosity depending on the number of brews
Source: compiled by the authors
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As can be seen from Fig. 2, the use of the 
Ultraflo Max enzyme preparation resulted in 
a decrease in the wort viscosity by an average 
of 0.8 mPa·s, which reduces the filtration pro-
cess by up to 20%. The viscosity of the wort 
depends on the presence of enzymes, so the 

amount of β-glucan residues (Fig. 2) and ara-
binoxylan (Fig. 3) for the variant using an 
enzyme preparation, it is significantly lower 
than in the case of traditional wort brewing, 
in which only barley malt was used without 
adding an enzyme.

Figure 3. Change in β-glucan depending on the number of brews
Source: compiled by the authors
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Arabinoxylane is one of the most impor-
tant components of the yeast cell walls used 
for beer production, so its amount should be 
large. T.V. Bytka et al. (2019) found that arabi-
noxylan itself as a biologically active substance 
is a promising component for the creation of 
food and dietary supplements. Therefore, its 
increased amount in beer will contribute to 

positive physiological effects for humans. How-
ever, as can be seen from Figure 4, the arabinox-
ylan content in the wort is very low. Accordingly, 
the effect of enzyme complexes will stimulate 
its growth for yeast cells during fermentation. 

In the brewed beer, physico-chemical pa-
rameters were determined, which are shown in 
Table 5.

Figure 4. Change in arabinoxylan content depending on the number of brews
Source: compiled by the authors

Table 5. Physical and chemical parameters of beer obtained according to the classical scheme and 
using barley and rice grits

Mashing 
mode

Final degree of 
fermentation (%)

Actual degree of 
fermentation (%)

Dry wort 
substance (%)

Alcohol 
content (vol.%)

Total extract 
(%)

1.1 Control 87.0±0.1 67.5±0.1 11.09±0.02 5.13±0.02 3.61±0.02

2.1 Rice 85.1±0.1 66.2±0.1 11.02±0.015 4.95±0.01 3.72±0.03

2.2 Rice 85.1±0.1 67.6±0.1 11.07±0.01 5.10±0.02 3.60±0.01

2.3 Rice 89.6±0.1 68.0±0.1 11.08±0.02 5.15±0.02 3.53±0.02

3.1 Barley 84.6±0.1 66.8±0.1 11.07±0.01 4.94±0.01 3.79±0.03

3.2 Barley 86.4± 0.1 67.5± 0.1 11.10± 0.01 5.10± 0.01 3.51± 0.01

3.3 Barley 87.6±0.015 66.9±0.01 10.95± 0.01 5.00±0.01 3.63±0.015

Source: compiled by the authors

As can be seen from Table 5, there is a 
higher final fermentation rate in beer com-
pared to the control sample 1.1 and almost 
the same result in terms of alcohol content in 
beer. A higher final fermentation rate in beer 
can be a consequence of a higher fermentation 

temperature, which can lead to an increase in 
the content of esters and higher alcohols in 
beer. For mode 2.3, the alcohol content is even 
more important. This follows from Table 4 for 
this mode, since it has a high content of amine 
nitrogen. This indicates the presence of protein 
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compounds, which are important components 
of beer. Amine nitrogen is one of the key indica-
tors of beer quality, as it affects its taste, aroma, 
and foam stability. Consequently, the complex 
of enzyme preparations hydrolyses the nutri-
ents of raw materials to values that, in the pro-
cess of fermentation of the finished wort, give 
indicators at the level or higher than the indi-
cators of the control sample (Table 5).

K. Habschied et al. (2022) evaluated the 
possibility of using Lutra® Kveik yeast for the 
production of pseudo-lager. The beer pro-
duced showed good physical and chemical 
quality indicators, comparable to ordinary 
light beer made using unmalted grain and 
enzyme preparations. Faster fermentation 

and no diacetyl residue, no maturation, and 
no settling time – all in favour of this strong 
yeast. In terms of sensory characteristics, this 
yeast can offer a good, balanced, and refresh-
ing light beer, similar to a regular lager. Beer 
brewed with Ondea Pro enzyme preparations 
will be successfully produced with 100% barley 
inclusion on an industrial scale. In the finished 
product, physico-chemical parameters were 
determined, which are represented by densi-
ty, alcohol content, colour, pH value, carbon 
dioxide content, foam stability, and the actual 
degree of fermentation in Table 6. The typical 
composition of Pilsner beer was achieved in 
terms of its basic physical and chemical pa-
rameters.

Table 6. Physical and chemical parameters of Pilsner beer using Ondea Pro enzyme preparations

Density (g/cm3 ) Alcohol 
content (vol.%) Colour, units pH value Content 

CO2 (%)
Foam 

stability RDF

10.47±0.03 4.9±0.02 5.9±0.05 4.48±0.15 0.5±0.01 258±5 69.8±2.2

Source: compiled by the authors
Note: RDF – real degree of fermentation

When using enzyme preparations, the phys-
ical and chemical parameters of Pilsner beer are 
important for ensuring the quality of the drink. 
As can be seen in the Table 6 indicators corre-
spond to light beer of Pilsner type: the content 
of ethyl alcohol in beer usually ranges from 3.4 
to 4.5%. In Table 6, the value corresponds to 
4.9 vol.%, which is obtained through the use of 
enzymes (the dissolution processes took place 
deeper, a larger extract was obtained, more ni-
trogenous components for yeast nutrition). The 
beer density is 10.47±0.03 g/cm3, which corre-
sponds to a light beer such as Pilsner. Mass frac-
tion of CO2 according to DSTU for beer should 
be at least 0.3%. According to the data obtained, 
this value is within 0.5±0.01%. Beer contains 
dextrins (75-85% of the total amount of car-
bohydrates), simple sugars (glucose, fructose, 
sucrose) and complex sugars (polysaccharides, 
etc.). The actual degree of fermentation for light 
beer is about 68-75%, that is, it is included in the 

limits for beer, as well as the values of colour, pH 
value, and foam stability. The values of the phys-
ical and chemical parameters of beer, which are 
shown in Table 6, is within the normal range.

Thus, Table 6 shows that the physical and 
chemical parameters of beer obtained using 
unmalted barley and enzyme preparations cor-
respond to the indicators of the typical compo-
sition of Pilsner beer. The conducted organo-
leptic assessment of beer indicates its excellent 
quality, which can be seen from Tables 7-8. The 
developed beer was a transparent straw-yellow 
drink based on such organoleptic parameters as 
aroma, taste, smell, and bitterness. The taste of 
the beer was pronounced, characteristic of raw 
materials, with a slight aftertaste that did not 
change the overall flavour. A light original smell 
was also noted. Despite the added same amount 
of hops, the bitterness for beer using 100% bar-
ley and enzyme preparations was at the highest 
level, which affected the total score.
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Table 7. Organoleptic parameters according to GAS

Values
100% barley 100% malt

fresh used fresh used

Flavour 4.3 3.8 4.2 3.6
Taste 3.9 3.7 4.0 3.8
Smell 4.4 4.3 4.3 4.3

Bitterness 4.6 4.0 4.0 3.9
GAS score 4.3 4.0 4.1 3.9

Note: GAS – German Agricultural Society. Taste score: 5 – very good, 1 – unacceptable 
Source: compiled by the authors

As noted by R. Yerolla et al. (2022), the tem-
perature of the wort during fermentation affects 
the content of acids, higher alcohols, and esters 
of beer. The researchers developed a taste mod-
el based on the available literature and built a 
growth model in MATLAB and compared it with 
industry data to establish important kinetics of 
taste development. The beer taste model used 
by US confirms the obtained data on organolep-

tic parameters of the developed beer using un-
malted raw materials and enzyme preparations 
according to the methodology of the German 
Agricultural Society. As can be seen from Table 
7 according to such indicators as aroma, smell, 
and bitterness, beer produced from unmalted 
barley using enzyme preparations has higher 
indicators than beer produced using classical 
technology using only barley malt.

Table 8. Organoleptic parameters with an emphasis on ageing

Values
100% barley 100% malt

fresh used fresh used
Flavour 1.0 1.4 1.0 1.8
Taste 1.0 1.6 1.0 1.8

Bitterness 1.0 1.6 1.0 1.7
Score 1.0 1.5 1.0 1.7

Acceptance (%) 100 77 100 70
Note: Ageing conditions: 24 hours of shaking (100 g) at 20°C and 4 days of storage at 40°C: 1 – fresh, 4 – very aged 
Source: compiled by the authors

The obtained data on organoleptic pa-
rameters of aged beer brewed in two ways also 
confirmed the high quality of beer in all indi-
cators of aroma, taste, and bitterness, which 
can be seen in Table 8. Laboratory wort and 
subsequently prepared beer were examined 
in terms of transparency and colour (5.13-
0.17  units), acidity (0.93-1.0 units), the final 
degree of fermentation (79.2-80.3%), viscosity 
(1.32-1.40 mPa·s), and the content of β-glucans 
(12-140 mg/l) correspond to the indicators of 
Pilsner beer. The results obtained confirm com-
pliance in all experiments with the current re-
quirements of the standard.

Brewing with Ondea Pro enzyme prepa-
ration requires specific ideas and know-how 
from the brewery to achieve the desired taste 
of a particular type of beer or brand, similar to 
making malt-based beer. Therefore, it is recom-
mended to dose Ondea Pro at the beginning of 
mashing (when approximately 30% of the grain 
is crushed) at a dose of 1.5-2.5 kg per tonne of 
raw barley, depending on the mashing mode 
and recipe. Beer, as a liquid with a dynamic 
viscosity coefficient of 1.2 mPa·s, is ideal for 
automatic dosing equipment. Optimisation of 
saccharification time and dosage is possible to 
achieve the desired wort profile.
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Therefore, the conducted comparative 
studies of the indicators of barley malt and 
unmalted grain on the example of barley and 
rice grits confirmed the possibility of replacing 
malt with unmalted raw materials. Well-chosen 
dispersion of unmalted raw materials, which 
allows obtaining wort with optimal nitrogen 
content. The optimal effect of enzyme prepa-
rations of the Danish company Novozymes was 
investigated and confirmed. It was found that 
the use of Ultraflo Max enzyme preparation re-
duces the duration of the wort filtration process 
by 20% due to its lower viscosity. The use of 
enzyme preparations can significantly increase 
the content of β-glucan and arabinoxylan, 
which will lead to the growth of yeast cells dur-
ing fermentation. Studies have shown that the 
replacement of malt with unmalted grain and 
the use of enzyme preparations has a higher fi-
nal fermentation rate and a similar result in re-
lation to the alcohol content in beer. In terms of 
physico-chemical and organoleptic parameters, 
the resulting beer corresponds to the indicators 
of the typical composition of Pilsner beer.

Conclusions
It was found that the selected barley and rice 
grits as unmalted raw materials for brewing do 
not exceed 11% in terms of protein content, 
which allows obtaining wort with an optimal 
nitrogen composition. The optimal effect of en-
zyme preparations and the effect of tempera-
ture and pH on their stability were investigated 
and confirmed. Partial replacement of malt with 
rice and unmalted barley gives good results in 
terms of the final content of amine nitrogen 
and coagulating nitrogen, increases the amount 
of polyphenols and reducing sugars by 9.4% 
and 18.97%, respectively. The use of the Ultra-
flo Max enzyme preparation helped to reduce 
the viscosity by an average of 0.8 mPa·s and 
the content of β-glucans in the wort at a dos-
age of 0.01%, which corresponds to 100 g/t. It 

is recommended to introduce complex enzyme 
preparations at the beginning of mashing – 
Peptidhydrolase, α-amylase, endo-β-glucanase 
(Ceremis Plus) to ensure the necessary ratio 
of substances in the wort. It was found that to 
improve the rheological properties of the mash 
and reduce the viscosity of the wort, which in-
tensifies the filtration process, it is necessary to 
use preparations containing endo-β-glucanase 
(Ultraflo Max).

In experimental samples of wort after the 
introduction of enzyme preparations, the fol-
lowing results were obtained: a higher final de-
gree of fermentation in beer compared to the 
control by 0.69 and 2.99% for rice and barley 
grits, respectively, which may be a consequence 
of a higher fermentation temperature and lead 
to an increase in the content of esters and high-
er alcohols in beer. Using large amounts of un-
malted grain together with external enzymes 
such as Ultraflo Max and Ceremis Plus allows 
brewers to produce wort and beer of the same 
composition and quality as high-quality wort 
and beer using only malt. Studies have estab-
lished that replacing part of barley malt with 
such unmalted materials as barley and rice grits 
using exoenzyme preparations Ultraflo Max 
and Ceremis Plus leads to high-quality beer, 
which is confirmed by organoleptic indicators 
of the aroma, taste, and bitterness of beer.

Promising areas for further research are 
the use of other unmalted materials, such as 
buckwheat and oats. Therefore, this work will 
be continued with studies replacing barley 
malt with buckwheat and oat malt with the ad-
dition of enzyme preparations and comparing 
the results.
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Анотація. Застосування несоложеної сировини є одним із методів для підвищення якості, 
зниження собівартості і створення нових сортів пива. Але при цьому ферментативна 
активність такої сировини дорівнює нулю, тому актуальним є використання ферментних 
препаратів. Метою дослідження було порівняння показників якості 100 % солодового пива 
та пива з заміною солоду несоложеним ячменем із застосуванням ферментів. В роботі 
використовувалися методи техніко-хімічного аналізу для визначення органолептичних 
та фізико-хімічних показників пива. Розроблено рекомендації щодо інтенсифікації 
приготування сусла з використанням різних видів зернової сировини – несоложеної ячмінної 
та рисової крупки з додаванням на різних етапах пивоваріння ферментних препаратів фірми 
Novozymes (Данія). При випробуванні нових ферментних препаратів (бета-глюканазний 
комплекс, ксиланаза) після контрольних зразків зменшилася тривалість фільтрації приблизно 
на 20 %, в’язкість сусла, вміст бета-глюканів, арабіноксиланів. Завдяки застосуванню нового 
ферментного препарату відбулося краще розщеплення речовин, що вплинуло на якість і 
тривалість фільтрації. Це призводить до поліпшення якості сусла, скорочення тривалості 
процесу і зменшення у витратах сировини. Для забезпечення необхідного співвідношення 
речовин у суслі на початку затирання необхідно вводити ферментні препарати комплексної 
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дії – пептидгідролазу, α-амілазу, ендо-бета-глюканазу (Ceremis Plus). Препарати, що містять 
ендо-бета-глюканазу (Ultraflo Max), необхідно використовувати на початку затирання 
для поліпшення реологічних властивостей сусла і зниження в›язкості сусла, що покращує 
здійснення процесу фільтрації. Для отримання пива з необхідним ступенем бродіння при 
затиранні краще застосовувати нові ферментні препарати (глюкоамілазу). Практична 
цінність роботи полягає у використанні великої кількості несоложеного зерна разом із 
зовнішніми ферментами, такими як Ultraflo Max і Ceremis Plus, що дозволить пивоварам 
виробляти сусло та пиво такого ж складу та якості, що й сусло та пиво преміум-класу, 
використовуючи лише солод

Ключові слова: ячмінь; пиво; сусло; солод; якість


