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DEVELOPMENT OF BEER TECHNOLOGY
USING UNMALTED DOMESTIC RAW MATERIALS

A.K. KEKIBAEVA
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Kazakhstan, 050012, Almaty, Tole bi str., 100)
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Currently, brewing is a leading industry in the beverage industry. The expansion of the product range, the use
of new technologies, and modern equipment allows us to remain competitive in the market. For Kazakhstan, brewing
is a new, modernized industry. The creation of new flavors and the use of non-traditional raw materials creates
opportunities for obtaining beverages with enhanced biological properties. This study examines the possibility of using
an unconventional grain crop of sorghum, in the form of non-malted raw materials of domestic breeding in beer
production technology. The use of new types of grain crops makes it possible to obtain new beer profiles, as well as
improve the functional properties due to individual components in the grain. The purpose of the study is to study the
properties of sorghum grain of the domestic selection of the Kazakhstan- 16 variety and to develop beer technology
based on it. A single-brewed mashing method has been selected, which is associated with the increased temperature of
the sorghum grain gelatinization. The physicochemical properties, vitamin composition and antioxidant activity of the
developed type of beer have been studied. The research was carried out at the NANO BREWERY TYPE 50 L4
microbrewery. The developed technology will make it possible to expand the range of products and produce beer with
enhanced biological properties.

Keywords: brewing, beer, non-traditional raw materials, technology, sorghum, antioxidant
activity.
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OTAHABIK CEJIEKIIUSHBIH YBITTAJIMAYAH IIIKI3ATTDI
HAUJTAJTAHA OTBIPBIII CBIPA TEXHOJOTUACBIH KACAY

A.K. KEKUBAEBA

(AIMATBI TEXHOJIOTUSJIBIK YHUBEPCUTETI,
Kazakcran Pecny6aukacel, 050012, Aamatsl K., Tese 6u ke, 100)
ABTOP-KOPPECTIOHICHTTIH AMEKTPOHABIK momrackr: anara_06061983@mail.ru

Kaszipei yakpimma colpa Kaithamy cycblHOGp OHEPKaCiOiHIY JcemeKwii canacel 0071bln  mMaodvLIAObL.
Accopmumenmmi KeHeimy, Heana mexHoaouANap MeH 3aManayu HcadovlKmapovl naiioaiany HapvlKma 6acekeze
Kabinemmi 00161n Kanyea MymKiHOiK 6epedi. Kazaxkcman ywin colpa Kaiinamy oHOIpici scana, MOOepHU3AUUATIAHEAH
cana 6onvin maodvinadvl. Kana mypnepoi rncacay iicane 0acmypai emec WUKIiZammyl RAUOATAHY OUOIOZUATBIK
Kacuemmepi HcakcapmolizaH CycblHOApObl aiy MyMKiHOIZiH myovipadsl. byn 3epmmey coipa enoipicinin
MEXHO102UACHIHOA OMAHObIK CeIeKUUAHBIH, YolIMMAIMAZAN WUKI3am peminde acmulKmol 0aKblioaposly, 09cmypii
emec mypiepin nandanany MymMKinoizin 3epmmenoi. ACmovlKmol 0aKblL10apObly HeaHa mypiepin KoJa0auy Heana colpa
npogunvoepin anyea, conoai-ax acmuvlK KypambvlHOA2bl JceKenezeH KOMNOHenmmep ecedinen QYHKUuonanovlk
KacuemmepOi apmmulpyea MyMKiHOIK 0epedi. 3epmmeyoin maKcamvl 0manovik, cenekyuanvik «Kazaxcmanckan -
16» copmouinbiy Kymail 02HIHIN Kacuemmepin 3epmmey JHcoHe 0aapobly Hezi3iHOe Cblpa MeEXHOI0ZUACHIH JHeaAcay.
Kymaii 0anin Kneiicmepuzauus memnepamypacsiHbly JHco2apvl 0071yvlHa Oailianvicmuvl 0ip KallHamnaniwvl 20ici
manoanovl. Jlaivinoanzan  Colpanbly, — QUIUKA-XUMUATBIK  Kacuemmepi, OIPYMEHOIK  Kypamsl  JicoHe
anmuoxcudanmmuolx, 6encendinici 3epmmendi. 3epmmeynep NANO BREWERY type 50 L4 wazvin colpa Kaiitnamy
3aybimolnoa yHcypeizindi. /laivinoanzan mexHonocus Wwbi2apollAmblH OHIM ACCOPMUMEHMIN KeHelmyze MHcoHe
OuoN02UANBIK Kacuemmepi H#co2apvl colpa 6HOIpyze MyMKIHOIK Oepeoi.

Herisri ce3aep: cbipa KaiiHaTty eujipici, cbIpa, J9CTYpJli eMec IIMKI3aT, TEXHOJOTUs, KyMmaii,
AHTHOKCHIAHTTLIK 0eJICeHALTIK.

PA3PABOTKA TEXHOJIOI'MHA ITUBA C IPUMEHEHHUEM
HECOJIOKEHHOTI'O CbIPbSA OTEHECTBEHHOM CEJIEKIIUHN

A.K. KEKUBAEBA

(ATMATHHCKUI TEXHOJIOTHYECKUIT YHHBEPCUTET,
Pecnyoaunka Ka3zaxcran, 050012, r. Aamatsl, yi.Tose 6u, 100)
DJeKTpOHHAsK [TOYTa aBTOpa-KoppecnonaenTa: anara_06061983@mail.ru

B nacmoawee epema nueoeapenue AenAEMCA AUOUPYIOUiEll OMPACTbIO € NPOU3BOOCHIEE HANUMKOE.
Pacwupenue accopmumenma, npumeHeHue HOBbIX MEXHOI02UN, COBPEMEHHO20 000pY0O8aHUs NO360J1Aem
ocmagamuvcs KOHKYpeHmocnocoonvim na poinke. /Ina Kazaxcmana nueogapennoe npou3eo0cmeo aeisaemcs Ho6oll,
Mooepuusuposannoit ompaciavio. Co3z0anue HOBLIX B6KYCcO8, HpUMEHEHUe HEeMPAOUUUOHHO20 CbIPbA CO30aem
603MOMNCHOCHU 0711 RONYYEHU HANUMKO8 C NOGbIUEHHLIMU OUON0ZUYeCKUMU ceolicmeamu. B oOannom
UCCIe006AHUN U3YUEHA B03MOMNCHOCHb NPUMEHEHUs HempAOUYUOHHOI 3ePHOB0U Kyabmypbl CcOp20, 6 8ude
HeCcO10:CeHHO20 CbIPbA OMeUeCmEeHHOIl CeleKUUU 8 mexHonozuu npouzeoocmea nuea. Ilpumenenue noevix 61006
3EPHOGLIX KYIbmYp 0Aent 603MONCHOCHY NOJIYUUMb HOGblE NPOPUIU RUBA, A MAKIHCE NOBLICUND DYHKYUOHATbHbLE
ceoiicmea 3a cuem OomoeabHbIX KOMROHEHmMOE 6 3epHe. Llenvlo uccnedoeanus agnaemca usyuenue ceolicme 3epua
copzo omeuecmeenHnou cenekyuu copma «Kazaxcmanckaa - 16» u pazpabomka mexnonozuu nuea Ha ee 0CHoge.
ITooobpan oonoomeapounsiii cnocod 3amupanus, céA3AHHLLIL C NOGLIUIEHHOI MeMRepamypoil Kieicmeepuzayuu
3epna copzo. H3yuenwl puzurxo-xumuueckue ceoiicmea, 6UmMaMuHHbLIL COCINAG U AHMUOKCUOAHMHAA AKMUGHOCHb
paspabomannozo euoa nusa. Hccneoosanusn nposedenvt na MuHu- nugosapernom 3aeo0e NANO BREWERY TYPE
50 L4. Pazpabomannas mexHo02UA NO360JAUM PACUIUPUME ACCOPMUMEHM 8bINYCKAEMOU RPOOYKUUU U
npoU3600UmMb NUEO C NOGLIUIEHHBIMU OUOIO2UYECKUMU CEOTICHEAMU.

KarwoueBble cjaoBa: NMUBOBAPECHHOC IPOU3BOACTBO, ITIUBO, HETPAAUIUOHHOE CHIPbHE, TCXHOJIOI'USA,
COpPro, AaHTHOKCUAAHTHAsI aKTUBHOCTbD.
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Introduction

The agricultural and industrial complex is an
interconnected system of rural and industrial
sectors. This, in turn, is closely related to
agricultural  production, as well as the
transportation, storage, processing of agricultural
products, and their delivery to consumers [1].

The brewing industry is a separate sector of
the economy. Because various related industries
are connected with it. Today, it is one of the
dynamically developing markets of the non-
commodity sector of the economy, it is an
innovative, modernized and modern industry [2].

Beer, being a natural product of natural
fermentation, does not lose its position and has its
own consumer in the market. Currently, there is an
increasing interest in the production of beer with
increased nutritional properties. Of particular
interest is the use of non-traditional grain raw
materials, which make it possible to obtain high
guality indicators and expand the range of
products.

Despite the fact that the beer market in the
world is developing dynamically, the task of
expanding the range of beer and reducing its cost
remains relevant. Resource-saving technologies
allow us to solve this issue. Malt is the main
traditional raw material component in classical
beer brewing technology, but its full use is not
always possible for producers in a difficult
economic situation. An effective solution to this
problem is the use of unsalted raw materials of
plant origin.

The use of unsalted raw materials in brewing
makes it possible to achieve the following positive
effects from its targeted use: reducing the cost of
using barley; increasing the extractivity of wort;
increasing the productivity of the brewhouse when
using grain crops with greater extractivity;
increasing the colloidal and flavor stability of beer;
creating new beers.

Unsalted raw materials are sugar-containing
or starch-containing products, the enzymatic
activity of which is practically zero. This type of
raw material includes cereals (barley, rice, corn,
wheat, rye, oats, sorghum, millet, triticale,
buckwheat), non-cereals: solid (granulated sugar,
vegetables, fruits) and liquid materials (glucose-
maltose syrups, sugar syrups, malt extracts, syrups
from cereals) [3,4].

The traditional types of unsalted raw
materials used all over the world include grains of
barley, rice, and corn. The remaining types of grain
crops are considered unconventional due to their
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characteristics and cultivation in different climatic
conditions [5].

Crops such as sorghum and triticale are of
interest to Kazakhstan brewing, as they began to be
cultivated in the republic relatively recently and the
study of their properties and effects on beer is an
urgent area of research.

The sorghum grain crop is a unique cereal
plant, both in terms of its biological characteristics
and economic characteristics [6]. In Kazakhstan,
they were obtained for the first time in the
laboratory of breeding and seed production of the
Scientific and Production Center for Agriculture
and Crop Production (former KazNIlZ by
Williams) under the guidance of Doctor of
Agricultural Sciences V.M. Makarov, promising
cultivars of forage sorghum and breeding material
of early-ripening food sorghum varieties
Kazakhstan 16 and Kazakhstan 20 [7].

The purpose of the presented scientific
research is to study the possibility of using
sorghum grain of domestic breeding to produce a
new type of beer with enhanced functional
properties.

To achieve this goal, the following tasks
were solved:

- justification of the use of non-traditional
grain raw materials, sorghum grains, and domestic
breeding in beer production technology;

- development of beer technology using
sorghum grain and study of its physico-chemical
characteristics.

Materials and research methods

The objects of the study were sorghum
grains of the Kazakhstan-16 variety, developed and
presented for research by "Kazakh Scientific
Research Institute of Agriculture and Crop
Production" LLP (Almaty region, Kazakhstan),
used as unsalted raw materials. Light Pilsen barley
malt, bitter granulated hops (a-acid 14.2%) and
aromatic (o-acid 4.3%), yeast of the Saflager S-23
strain were also used for brewing wort preparation.

Scientific research was conducted at the
Scientific Research Institute "Food Safety" of the
Almaty Technological University. Beer samples
were brewed at the educational and scientific
center for fermentation products of the Almaty
Technological ~ University at the NANO
BREWERY TYPE 50 L4 microbrewery.

The main physico-chemical parameters were
measured on a biomer of alcohol-containing
products "Kolos". Water-soluble antioxidants
according to GOST R 54037-2010. The content of
water-soluble B vitamins according to GOST
31483-2012 [8,9].
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Literature review

Beer is one of the oldest and most popular
alcoholic beverages [10, 11]. Currently, there are
about a thousand different varieties of beer, the
recipes of which vary from country to country, and
sometimes even from city to city. Beer
consumption around the world remains at a high
level and continues to grow due to the variety of
beer varieties and new innovative flavors and
recipes of its production. Craft beer is becoming
popular in many parts of the world. In light of the
growing interest in a healthy lifestyle, the demand
for non-alcoholic beer is also increasing [12].

Lager and IPA are traditionally preferred in
Asia, and overall consumption continues to rise. The
population is eager to try new flavors and innovative
variations of beer, which stimulates interest in craft
beers with a variety of flavors and flavors.

Currently, the brewing industry in
Kazakhstan is one of the leaders in the beverage
industry. Expanding the range and increasing the
functional properties of the drink is one of the
conditions for competitiveness in the market of
Kazakhstan and beyond [13]. Beer production and
sales in Kazakhstan have increased significantly in
recent years. The majority of the population prefers
classic light beer of medium strength, which is
characterized by a low alcohol content and
bitterness. This segment accounts for almost 92%
of the total beer market. In the period from January
to October 2024, 598.2 million liters of beer were
produced, which is 6.2% more than in the previous
year [14]. The main beer production in 2024 in the
regional context is concentrated in Almaty and the
Almaty region.

Today, in addition to traditional barley and
soft wheat, ftriticale, quinoa, buckwheat,
tritordeum, sorghum, and others are used in beer
production [15,16]. These cereals are used as
unsalted raw materials in order to increase the
extractivity of the wort, expand the product range,
obtain certain organoleptic characteristics and
reduce the cost of the final product. Moreover,
some of them have other functional properties,
which increases the nutritional value of the drink.
The authors of [17] have developed beer samples
with antioxidant properties due to the content of
phenols and flavonoids obtained from quinoa. An
innovation of the research is the development of a
technology for the production of sour non-
alcoholic beer (non-alcoholic Sour Ale) using juice
from the fruits of the red-colored dogwood variety
(Cornus mas L.). It has been proven that in addition
to interesting organoleptic qualities, such as sour
taste or aroma, this beer has other valuable
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properties, such as strong antioxidant potential, and
also contains iridoids, which are found in these
types of fruits.

Replacing expensive brewing malt with
unsalted carbohydrate-containing raw materials is
one of the most important and urgent tasks of the
brewing industry. For beer production, it is
important to select the raw materials that make it
possible to obtain a semi-finished product with a
high final degree of fermentation and increased
organoleptic characteristics of the finished drink.

It is known that in the production of
traditional beer, the higher the extractivity of the
raw material, the faster the available enzymes
hydrolyze starch to simple sugars. Consequently,
the yield of fermentable carbohydrates increases,
which has a positive effect on the process of basic
fermentation and an increase in the yield of ethyl
alcohol. The mashing process is also accompanied
by starch gelatinization when heated. Gelatinized
starch is more easily exposed to the action of
amylolytic enzymes, thereby conducting the starch
hydrolysis process more deeply, which also helps
to increase the yield of extractive substances in the
wort [18].

In this regard, according to the monitoring of
scientific literature, sorghum grain may become the
most promising type of non-traditional grain raw
materials that can be used in beer production.

Grain sorghum is a unique cereal crop of
interest to the agriculture of our republic. Showing
its drought-resistant properties, it can be cultivated
in southern regions with a hot climate, yielding
good vyields. It is not capricious to changes in
weather conditions, soil composition, and
processing methods [19].

Research suggests that sorghum grain is not
inferior in starch content to barley or corn, which
has a positive effect on the yield of extractive
substances. In beer production, an important
condition is deep hydrolysis of starch compounds,
with maximum vyield of unfermented sugars. Since
sorghum grain has a large number of small starch
grains (less than 1 micron), and they fit snugly
together, elevated temperatures must be used
during mashing (78-85 ° C) for their gelatinization
and liquefaction. In this regard, a certain mashing
mode has been selected, in which it is necessary to
completely hydrolyze the starch grains of sorghum.

The use of grain sorghum of domestic
breeding is of particular interest for brewing as a
source of extractive substances and functional
properties.
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Results and discussions

At the first stage of the study, the main
physico-chemical quality indicators of some grain
crops used in brewing in the form of unsalted raw
materials were studied and a comparative analysis
was carried out with the quality indicators of grain
sorghum of the Kazakhstan-16 variety (picture 1).

According to the data presented in picture 1,
sorghum grain is in no way inferior in its main
characteristics to traditional grain crops used in
beer production. Sorghum has a moderate starch
content, which is not inferior to traditional types of
unsalted raw materials, at a high gelatinization
temperature (78-85 © C), which is higher than for
other cereals (on average it is 60-72 ° C).

In connection with the above, when
developing beer technology, a single-brewed
mashing method was selected, which promotes
deeper hydrolysis of starch grains and increases the
yield of extractives.

At the next stage of the study, beer
production technologies using domestic sorghum
were developed, taking into account the structural
features of this grain crop (picture 2).

The traditional brewing technology involves
the production of beer wort from extract-containing
raw materials, its further hopping and fermentation
with brewer's yeast. Next, the resulting green beer
must go through the stages of aging and
maturation, colloidal stabilization and bottling.
Beer production in the framework of this study was
carried out according to a typical technological
scheme. The content of unsalted raw materials in
the fill was 20%, which is optimal for obtaining
beer with the specified characteristics.

The main technological stages of the
prototype production were: crushing and mashing
of grain products, mash filtration, hopping and
cooling of wort, calculation and task of yeast
culture, fermentation and fermentation of beer,
filtration and bottling.

As part of this study, a single-boil mashing
method was used, which involves separating one
part of the mash, boiling it and returning it to the
mash vat in order to increase the temperature of the
entire mash.

From the point of view of the technological
description of the mashing process, the following
modes were observed: grain raw materials were
crushed on a crusher, after which the mash boiler
was filled with water (temperature 45 ° C), with the
ratio of the selected hydraulic module and grain
raw materials. Crushed sorghum was poured into
broth | with constant stirring to prevent sticking
due to gelatinization of starch grains.
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Further, when the jam temperature increased
by 1 ° C in 1 minute, the first temperature pause
was reached - 62 ° C, the pause was maintained for
15 minutes, then the temperature was increased to
72 °© C and the pause was maintained at this
temperature for 15 minutes. This was followed by
a pause at 85 ° C for 20 minutes, followed by a
temperature pause at 98 ° C for 15 minutes for the
final gelatinization of sorghum starch.

At the same time, crushed barley malt was
combined with water at a temperature of 52 ° C in
another mash boiler. When combining the first and
second decoctions, the mash temperature rose to 63
° C and a 20-minute pause was maintained. This
was followed by a pause at 65 ° C for 15 minutes,
at 68 ° C for 20 minutes. The maltose pause (at 72
° C) lasted 30 minutes, followed by a quality check
of saccharification with an iodine sample. The total
mashing time was 15 minutes (2 hours and 30
minutes). The mashing schedule is shown in the
technological scheme of beer production in Figure
2.

After that, the sugared mash was sent for
filtration to separate the wort from the pellet and
clarify. As the first wort was obtained, filtration
continued until the washing water was collected,
and both fractions were then combined to obtain
the most highly extractable wort with the least
losses.

Further, according to the technological
scheme of the study, the wort was boiled with hops
and the wort was fermented. The technological
characteristics of the boiling process are shown in
Table 1.

The bitterness was calculated by determining
the required amount of bitterness for the volume of
wort obtained after filtration. The resulting volume of
wort after filtration was 52 liters (including washing
water), the desired amount of bitterness in hopped
wort was 16-18 EBC.

After hopping (temperature 98 ° C), the wort
underwent a cooling stage to a temperature of 18 °
C by passing through a heat exchanger and cooled
with ice water. Upon reaching this value, the wort
was directly seeded with dry yeast. Since top-
fermentation yeast was selected, the temperature
and duration of the main fermentation were 18 ° C
and 7 days, fermentation was carried out in a
cylindrical-conical tank. To control the quality of
fermentation, beer extractivity and alcohol content
were measured on a daily basis. Based on the
indicators of the sugar meter, the degree of
fermentation was calculated, upon reaching the
target value of 78%, the main fermentation stopped
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and the beer was transferred to the post-
fermentation stage.

As soon as the desired degree of
fermentation was achieved, the green beer was
transferred to fermentation, where it was aged at a
temperature of 2 © C for 7 days. At the end of
fermentation, there was an obvious lightening of
the wort and an improvement in the taste profile.
Next, the finished beer was clarified and its
physico-chemical properties were determined
(Table 2).

Beer made using classical technology was
used for control. For this, malt filling with a 1:4
hydraulic module was used, mashing was carried
out using classical technology with 3 pauses, the
main fermentation was carried out using low-
fermentation yeast at a temperature of 8-12 ° C, for
7 days, and fermentation at a temperature of 0-2 °
C, for 7 days, then sent to 3-stage filtration. The
physico-chemical parameters of the prototype were
within the normal range for classic light beer. The
color index is higher than for the control sample as
a result of the introduction of sorghum grain, but it
is within the acceptable range for light beer.

The nutritional value of the drink is due to
the presence of vitamins and amino acids in its
composition. Its nutritional value and antioxidant
activity were determined in the developed drink
(Table 3).

According to the data shown in Table 3, a
small amount of B vitamins was identified in the
developed beer, which were transferred from grain
raw materials to beer. Nutritionists believe that B
vitamins have a positive effect on the nervous
system and can reduce stress levels. This drink is a
natural product of natural fermentation, which
makes it possible to replenish the body's water
balance (19% of the daily value).

Of particular interest is the antioxidant
activity of the developed beer, this indicator is one
of the additional criteria for the quality of
beverages.

It is important to note that in addition to
information about product quality, the indicator of
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antioxidant activity also reflects the physiological
value of the product for the human body. In recent
years, from the point of view of consumer
properties, various groups of beverages have been
increasingly considered as products with a certain
physiological value and used to enrich the body
with a wide range of biologically active substances.
At the same time, compounds of the phenolic
complex (catechins, tannins, aitocyanins, flavones,
flavonols, etc.) are of particular interest, since, on
the one hand, they are factors that reduce the risk
of developing chronic non-communicable diseases,
and on the other hand, they bind free radicals, that
is, they exhibit pronounced antioxidant properties.
Currently, for various groups of phenolic
compounds, the need for their presence in the diet
has been proven due to their participation in a
number of metabolic processes, and adequate and
upper acceptable levels of their daily intake have
been established. It has been established that
phenolic compounds have pronounced
anticarcinogenic, anti-inflammatory, antiallergic,
and antiviral properties.

The antioxidant activity of the developed
beer is 0.7 mg/ml, which is equivalent to 0.07 mg
of quercetin. Quercetin is a well-known and
widespread antioxidant [20]. The predominance of
the antioxidant properties of the developed beer is
due to the content of hops containing polyphenolic
compounds, as well as the presence of unsalted
sorghum grain. Sorghum is rich in a number of
phytochemicals, including tannins, phenolic acids,
anthocyanins, and phytosterols, which enhance its
antioxidant properties.

Thus, the use of grain sorghum in beer
production can become an alternative to the
traditional type of unsalted raw materials, which
does not require additional investments in
production. Also, the presence of antioxidant
properties of sorghum grain will increase the
nutritional value of the developed drink. These
studies will make a definite contribution to the
development of the brewing industry in the
country.
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Picture 1. Physico-chemical properties of some grain crops used in brewing
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Table 1. Technological parameters of boiling wort with hops

Duration of boiling 60 min

Boiling with bitter hops 50 min

Boiling with aromatic hops 10 min

Evaporation rate 75%
Table 2. Physico-chemical indicators of beer quality
Indicator Control Experience

Extractivity of the initial wort, % 12 12
Valid extract, % 3,8 3,2
Visible extract, % 2,8 2,6
Alcohol content, % volume 4.3 47
The actual degree of fermentation, % 70 74,1
pH 4,2 51
The color of beer, EBC 8,2 11,5

Table 3. The content of vitamins and antioxidant activity in the developed beer

Indicator | The average norm for an adult | The prototype
Vitamins of group B, mg/100 ml
BI, 0,15 0,01
B2 0,18 0,05
B3 2,0 0,8
B4 250 40
B5 100 9
B6 40 8
Antioxidant activity, mg/ml
water-soluble 0,27 0,7
antioxidants

Conclusion

Based on the conducted experimental
studies, the following conclusions can be drawn:

1. For the production of beer using non-
traditional grain raw materials, a type of unsalted
grain sorghum of the Kazakhstan -16 variety of
domestic breeding has been selected. The
introduction of this grain crop is justified by the
presence of an optimal starch content (70.0-81.0%),
necessary for an increased yield of extractives.

2. A technological scheme for beer
production has been developed, taking into account
the characteristics of grain sorghum. Thus, a
single-brewed mashing method has been selected,
which makes it possible to increase the yield of
extractive substances.

3. The physico-chemical quality indicators
have been determined, which are not inferior in
their values to the classic light beer produced in
production conditions.

4. The content of vitamins in the composition
and antioxidant activity in beer were studied. Water-
soluble vitamins in small amounts have been
identified in the finished beer, which also determines
its nutritional value. The antioxidant activity of beer
was 0.7 mg/ml, which is a high indicator of beer
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stabilization and is justified by the presence of these
properties in grain sorghum.
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Kem-won onOipy ayvin wiapyauvliivl2olHbly, He2i32i cananapulinbly Oipi, Oyn Kypama syncem OHOIpIciHiy ocyi
JCIHE OCbl MAN  WAPYAWBLIBIZLIHBIY, KAPKLIHObL O0aMyblHA acep emeodi Hcone Man OHIMOepiniy 0Oacexeze
Kabinemminizin Jicozapaamuin, Manovly Aa3bIKMbIK Macenecin wiewiedi. Oiumikeni man wapyauivlibleblMeH
QUHIBICAMBIH KOHCATBIKMAPOA MAJl A3bI2LIHA HCYMCATIAMBIH WBIZLIHBLY KOR 00.1i2i ocbl man azvizvina kemeodi. Con
cebenmi ezicmikme Heapamcol3 Kai2an Mailjipl 0axKwulioapoviyy 09cmypii emec KaaoblKmapovlh Railoanamny opslHobl
0o1vtn cananadwvl. Ocvl Maiinbl 0AKbLIOAPObL HeEeM A3bIZbIHA RATOANARY APKbLIbL OIPA3 IKOI02UATBIK, IKOHOMUKAIBIK
JHCIHE MEXHON0ZUATBIK Maceenepoi uieuiyze 601a0bl, OHbLH eH MAHBI30bICHl — KAYINCI3 Keulenoi mexnoa02usnaposl
Jcacay. Ayviin wmapyamvlivlk HCAHYaAPaaApbIHA APHANRAH KYpama yHcem OHOIPICiH dcakcapmy Yuiin 0acmypiii emec
Maitivl 0aKbLI0ApObIH, e2icmikmezi Ka10blKmMapovlH NA0ANAHy apKbliibl CAYbIHObL CUBIPAAPObLY, OPMAULA MaYAiKmIK
CAYLIHBIHBIH HCO2APTIANMBIN HCIHE A3bIKMBIK UWIbIZBIHOAPObIH, MOMeHOeyile bIKnan ememini manvizovl. Ocwl depinzen
MaKanaoa ezicmikmepoen MCUHANZAH KYHOA2bIC KAaNObIKMAPLIHAH ANbIHZAH MHCeMOIK YHHbIH (QU3UKANbIK-
MEXAHUKANBIK KOPCeMKiumepi, XUmMusivlK, AMUHKbIUKbLIObIK, KYPAMbL MEH MUKPOOUOIOCUAIBIK, KOpCemKiuimepi
aHvIKmanean. 3epmmeynep Hamudicenepi OouviHwia ezicmkmezi 0acmypii emec Mauabl  OAKbLIOAPOLIH
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