ISSN 2313-5891 (Online)
ISSN 2304-974X (Print)

Ukrainian
Food Journal

Volume 9, Issue 3
2020

Kyiv KuiB
2020



Ukrainian Food Journal is an
international scientific journal that
publishes innovative papers of the experts
in the fields of food science, engineering
and technology, chemistry, economics and
management.

Ukrainian Food Journal is abstracted and

indexed by scientometric databases:

Ukrainian Food Journal — mixknapomse
HayYKOBE IepioJuuHe BUAAHHS IS
nmyOiiKamii pe3yabpTaTiB OCIiKEHb
(haxiBLiB y raiy3i XapuoBoi HaYKH, TEXHIKH
Ta TEXHOJIOTI{, XiMii, EKOHOMIKH 1
YIIPaBIIiHHS.

Ukrainian Food Journal ianekcyetscs
HaYKOMETPHYHUMHE 0a3aMu:

Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
CABI full text (2014)

Online Library of University of Southern Denmark (2014)
Directory of Research Journals Indexing (DRJI) (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)

Chemical Abstracts Service Source Index (CASSI) (2016)
FSTA (Food Science and Technology Abstracts) (2018)
Emerging Sourses Citaton Index (2018)

Editorial office address:

National University
of Food Technologies
68 Volodymyrska str.
Kyiv 01601, Ukraine

Ukrainian Food Journal BkiroueHo y neperik
HayKOBHUX (haxOBHX BHAAHb YKpaiHU 3 TEXHIYHUX
Hayk, kateropis A (Haka3z MinicrepcTBa ocBiTH i
Hayku Ykpainu Ne 358 Bix 15.03.2019 )

Anpeca pegakiuii:

HamionansHuii yHiBepcuTeT
XapYOBUX TEXHOJIOTiH
Byn. Bomogumupceka, 68
Kuiz 01601

e-mail: ufj_nuft@meta.ua

Scientific Council of the National
University of Food Technologies
approved this issue for publication.
Protocol Ne 2, 1.10.2020

© NUFT, 2020

498

—— Ukrainian Food Journal.

PeKoMeH0BaHO BYEHOIO P00
HauionansHoro yHiBepcurery
XapYOBUX TEXHOIOT1H.
TIporokon Ne 2, 1.10.2020

© HVYXT, 2020

2020. Volume 9. Issue 3



Ukrainian Food Journal publishes original research papers, short communications,
scientific news in the related fields and also literature reviews.

Topics coverage:

Food engineering Food nanotechnologies

Food chemistry Food processing

Food microbiology Economics and management in food industry
Physical property of food Automation of food processing

Food quality and safety Food packaging

Periodicity. Journal is issued four times per year.

Reviewing a Manuscript for Publication. All scientific articles submitted for
publication in “Ukrainian Food Journal” are double-blind peer-reviewed by at least two
reviewers appointed by the Editorial Board: one from the Editorial Board and one reviewer
that is not affiliated to the Board and/or the Publisher.

Copyright. Authors submitting articles for publication are expected to provide an
electronic statement confirming that their work is not an infringement of any existing
copyright and will not indemnify the publisher against any breach of legislation and/or
international standards in academic publishing. For the ease of dissemination, all papers and
other contributions become the legal copyright of the publisher unless agreed otherwise.

Academic ethics policy. The Editorial Board of "Ukrainian Food Journal" strictly
follows all internationally acknowledged rules and regulations on academic publishing and
academic ethics. For more details on this see: Miguel Roig (2003, 2006) "Awvoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical
writing”. The Editorial Board suggests that all potential contributors of the journal, reviewers
and readers follow this guidance in order to avoid misconceptions.

For a Complete Guide for Authors please visit our website:

http://ufj.nuft.edu.ua

—— Ukrainian Food Journal. 2020. Volume 9. Issue 3 499



Ukrainian Food Journal

International Editorial Board
Editor-in-Chief:
Volodymyr Ivanov, PhD, Prof., National University of Food Technologies, Ukraine
Members of Editorial board:

Agota Giedré RaiSiené, PhD, Lithuanian Institute of Agrarian Economics, Lithuania
Cristina Popovici, PhD, Assoc. Prof., Technical University of Moldova

Egon Schnitzler, PhD, Prof., State University of Ponta Grossa, Ponta Grossa, Brazil
Lelieveld Huub, PhD, President of Global Harmonization Initiative Association, The
Netherlands

Mark Shamtsyan, PhD, Assoc. Prof, Black Sea Association of Food Science and
Technology, Romania

Octavio Paredes Lopez, PhD, The Center for Research and Advanced Studies of the
National Polytechnic Institute, Mexico.

Pascal Dupeux, PhD, University Claude Bernard Lion 1, France

Semih Otles, PhD, Prof., Ege University, Turkey

Sonia Amariei, PhD, Prof., University "Stefan cel Mare" of Suceava, Romania
Stanka Damianova, PhD, Prof., Ruse University “Angal Kanchev”, branch Razgrad,
Bulgaria

Stefan Stefanov, PhD, Prof., University of Food Technologies, Bulgaria

Tetiana Pyrog, PhD, Prof., National University of Food Technologies, Ukraine
Tomasz Bernat, PhD, Prof., Szczecin University, Poland

Valerii Myronchuk, PhD, Prof., National University for Food Technologies, Ukraine
Viktor Stabnikov, PhD, Prof., National University for Food Technologies, Ukraine
Vladimir Grudanov, PhD, Prof., Belarusian State Agrarian Technical University
Yordanka Stefanova, PhD, Assist. Prof., University of Plovdiv "Paisii Hilendarski",
Bulgaria

Yuliya Dzyazko, PhD, Prof., Institute of General and Inorganic Chemistry «Vernadskii»
of National Academy of Sciences of Ukraine

Yurii Bilan, PhD, Prof., Rzeszow University of Technology, Poland

Managing Editor:

Oleksii Gubenia, PhD., Assoc. Prof., National University of Food Technologies, Ukraine

500 —— Ukrainian Food Journal. 2020. Volume 9. Issue 3



Contents

FOOd TEChNOIOQY......eiviieiecietie e

Stanko Stankov, Hafize Fidan, Nadezhda Petkova, Albena Stoyanova,
Ivaila Dincheva, Hulya Dogan, Belgin Cosge Senkal, Tansu Uskutoglu,
Hatice Bas, Gungor Yilmaz

Phytochemical composition of Helichrysum arenarium (L.) Moench
essential oil (aerial parts) from Turkey............cooviiiiiiiiiiiiiiinn.

Fang Wang,, Valerii Sukmanov, Jie Zeng, Jikai Jiang
Improving the quality of soybean by-products by physical methods during
its use in bakery technology. ReView..............ccoooiviiiiiiiiiiien,

Mykola Oseyko, Nataliia Sova, Dmytro Petrachenko, Svitlana Mykolenko
Technological and chemical aspects of storage and complex processing of
industrial hemp SEedS. ... ..o

Zhivka Goranova, Todorka Petrova, Marianna Baeva, Stefan Stefanov
Effect of natural sugar substitutes — mesquite (Prosopis alba) flour and
coconut (Cocos nucifera L.) sugar on the quality properties of sponge

Oleksandr Pivovarov, Olena Kovaliova, Vitalii Koshulko
Effect of plasmochemically activated aqueous solution on process
of food sprouts production..............ccoiiiii i,

Ivan Petelkov, Vesela Shopska, Rositsa Denkova-Kostova,

Velislava Lyubenova, Kristina Ivanova, Georgi Kostov

Effect of non-malted barley on low alcohol and non-alcoholic beer
PrOTUCTION. ... e

Valentina Koshova, Roman Mukoid, Anastasia Parkhomenko
Influence of low-gluten grain crops on beer properties.........................

Olha Dulka, Vitalii Prybylskyi, Svitlana Oliinyk,

Anatolii Kuts, Oksana Vitriak

Influence of physicochemical parameters of water on the amino acid
composition of bread KVass............coooviiiiiiiiii

Ovidiu Tita, Cristina Popovici, Loreta Tamosaitiené,
Vijole Bradauskiene, Mihaela Adriana Tita
Effect of chufa flour addition on characteristics of yoghurt quality.........

—— Ukrainian Food Journal. 2020. Volume 9. Issue 3

501



—— Food Technology ——
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Introduction. The prospects of using buckwheat and buckwheat
malt for the production of low-gluten beer are shown.

Materials and methods. Beer wort and beer were made from
crushed white buckwheat and buckwheat malt in the ratio of 85, 90,
95 percent barley malt and 15, 10, 5 percent (crushed buckwheat
and buckwheat malt). To determine the content of amine nitrogen
iodometric method was used, to determine the content of reducing
substances the method of Wilshteter-Schudl was used, the protein
content was determined by the method of Keldal, the starch content
was determined by the method of Evers.

Results and discussion. Gluten is absent in such cereals as
buckwheat and rice, and in other cereals the amount of gluten is:
corn 80 ppm, barley 151 ppm, wheat 162 ppm. Therefore, for the
preparation of low-gluten beer, crushed white buckwheat,
buckwheat malt and barley malt are recommended.

The sample with the replacement of 5% barley malt on
buckwheat has the highest content of reducing substances, namely
91.0 g per 100 g of extract and amine nitrogen 167.1 mg per 100 g
of extract, the content of ethyl alcohol in the finished beer 3.5% by
weight at mass fraction of the actual extract of 4.83% by mass.

When replacing barley malt with crushed white buckwheat, it
was better to replace it with 5% barley malt. The content of reducing
substances was 86.9 g per 100 g of extract, and the content of amine
nitrogen was 154.9 mg per 100 g of extract. The obtained beer of
this sample has the best result in terms of alcohol content of 2.9%
by weight and in terms of mass fraction of real extract — 5.53% by
weight.

As the amount of crushed buckwheat and buckwheat malt
increases, the amount of reducing substances and amine nitrogen
decreases due to the insufficient amount of hydrolytic enzymes in
barley malt, under the action of which the above substances are
formed. Thus, in the sample with the replacement of 5% barley malt
by buckwheat, the content of reducing substances was 92 g per 100
g of extract, and the content of amine nitrogen was 168 mg per 100
g of extract. Whereas in the sample with a substitution of 15%
barley malt, these figures are 82 g per 100 g of extract and 91 g per
100 g of extract, respectively.

Conclusions. The best crop for the production of low-gluten beer
is crushed white buckwheat and buckwheat malt in a ratio of 95:5.
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Introduction

Studies of the following cereals were made: barley, wheat, rye, corn, buckwheat in order
to select grains with minimum gluten content for the production of low-gluten beer. The
content of gluten in crops such as barley, wheat, corn, buckwheat is different [2].

Therefore, studies aimed at determining the minimum amount of gluten in cereals are
of particular importance [16, 17]. Wheat (gliadin), rye (secaline) and barley (hordein)
prolamines are toxic to the intestinal mucosa of patients with celiac disease [8, 17] due to the
high content of glutamine (30%) [4] and proline (15%) [5, 6], while prolamins of rice,
buckwheat, corn are not toxic due to the lower content of these amino acids [7].

Significant scientific and applied interests are the possibility of using gluten-free raw
materials for the preparation of low-gluten beer [1, 3].

In study [2] it is recommended to use up to 30% of extruded buckwheat flakes for
brewing wort. The use of such an amount of unmalted raw materials necessarily requires the
use of a complex of hydrolytic enzymes [15], which is undesirable in the preparation of low-
gluten beer. When using barley malt, this amount of extruded buckwheat flakes will not be
able to saccharify the mash, so the optimal amount of buckwheat flakes remains unknown
[5], which requires additional research.

Technological, physicochemical, biochemical properties of different varieties of
buckwheat were studied and the choice of its optimal amount for brewing was substantiated
[20]. Beer wort was prepared in an infused manner with a dry matter content of 8%, the main
indicators: reducing substances and amine nitrogen decreased with increasing amount of
buckwheat. It would be necessary to investigate in more detail the process of mashing and
the amount of unmalted raw materials.

The use of light buckwheat malt for the production of gluten-free beverages: bread
kvass, low-alcohol beverages, gluten-free beer has been studied [19]. For example, the made
gluten-free beer, for the preparation of which this raw material was used, had the following
physicochemical parameters: dry matter content — 11%, alcohol content by volume — 4%,
active pH — 4, color — 18.5 units. EBC, amine nitrogen — 185 mg /dm3, titratable acidity —
0.9 mol/dm3 NaOH. To determine the content of reducing substances that play a significant
role in the process of brewing young and finished beer additional research is needed.

For the preparation of low-gluten beer, it is advisable to use buckwheat, as it has optimal
physicochemical properties, does not contain gluten and has a unique amino acid
composition, which is much better than barley [10, 11].

Therefore, for the preparation of wort, and subsequently low-gluten beer as an auxiliary
raw material crushed white buckwheat and buckwheat malt was selected [1, 2].

The purpose of research is to establish the effect of white buckwheat or buckwheat malt
on physicochemical and organoleptic parameters for the production of low-gluten beer.

Materials and methods

Materials

Barley malt, buckwheat malt, and crushed white buckwheat were used to prepare beer
wort. The mash is prepared in an insistent way [15].

Malt wort was obtained by mashing at various temperature pauses ranging from 45 °C
to 78 °C, followed by filtration, boiling with and hopping, followed by clarification and
cooling [12].

601
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The finished beer wort was fermented and rambled in the classical way. The finished
beer was filtered and physicochemical parameters were determined in it [15].
Pure malt wort made from light barley malt was selected as a control sample.

Methods

Determination of extractivity in grain raw materials. Extractivities in grain raw
materials were performed by the congress method [12].

The essence of the method is to convert to a solution of extractive substances of malt
under the action of its personal enzymes, provided that they are close to optimal, followed
by separation of the solution and determine its concentration on the Anton Paar analyzer [13].

Determination of starch content in grain raw materials. Determination of starch was
carried out by the Evers method. To determine the starch content, a portion of the ground raw
material was dissolved at low boil with 1% hydrochloric acid solution. The resulting clear
solution was polarized on a polarimeter using a tube length of 200 mm [15].

Determination of protein content in grain raw materials. Protein determination was
performed by the Keldal method. The essence of the method is that the product sample is
decomposed (burned) with sulfuric acid in the presence of a catalyst, and then obtained after
decomposition, bound in the form of ammonium sulfate, nitrogen is determined by titration
[14].

The nitrogen content (A) as a percentage of the dry matter of barley is calculated by the
formula:

(a—b)-0.0014-100- 100
a H - (100 —w) ’
where a is the amount of sulfuric acid solution taken (0.1 mol/dm3), cm3;
b — is the amount of sodium hydroxide (0.1 mol/dm3), which is spent on back titration, cm3;
w — moisture content of flour,%;
H — portion of flour, g.

A

Determination of moisture in grain raw materials. Determination of humidity was
performed by drying to constant weight at a temperature of 130°C [12].

m —m,
W=—x100%

m; — My
W — product moisture,%;
mo — mass of cups without sample g;
m; — mass of sample cups before drying, g;
m, — mass of the sample cups after drying, g.

Determination of physicochemical parameters of beer wort. Determination of
physicochemical parameters of beer wort (mass fraction of dry matter, titratable acidity,
active acidity, bitterness, color, transparency), as mentioned above, was determined using
Anton Paar analyzer [13].

Determination of reducing substances in the wort. Determination of reducing
substances in the wort was determined by the method of Wilshteter-Schudl, based on the
oxidation of aldose by iodine [15].
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Determination of amine nitrogen content in wort. The content of amine nitrogen in
the wort was determined by iodometric method (according to Pop and Stevens) [12].

The method is based on the ability of amino acids to form soluble complex compounds
with copper [12]. Excess copper is filtered off, acetic acid is added to the filtrate, which
cleaves copper from the complex compound to form copper acetate, and then potassium
iodide is added. When the latter interacts with copper acetic acid, free iodine is released, the
amount of which is proportional to the amount of copper, and hence the amount of amine
nitrogen [12]. Free iodine is titrated with a solution of sodium thiosulfate in the calculation
[12].

Analysis of finished beer. Physicochemical parameters in the finished beer (mass

fraction of visible, actual extract, ethyl alcohol, transparency, bitterness) were determined
using an Anton Paar analyzer [13].

Results and discussion
Physicochemical parameters of raw materials

In samples of different cereals their fractional composition of proteins have been studied
[5], the data are given in Table 1.

Table 1
Fractional composition of buckwheat proteins and some cereals
(as a percentage of total protein content)

Factions Grain products

Buckwheat Barley Wheat Rice Corn
Albumins 21-24 2,8-6,4 0,5-5,2 | 5,8-11,2 0-10,0
Globulins 42-45 7,5-18,1 | 0,6-12,6 | 4,8-9,2 4,5-6,0
Prolamines 1,1-1,2 37,2-41,6 | 35,6-99 | 4,4-14,0 | 29,9-55,0
Glutelins 10-12 26,6-41,9 | 0-28,2 | 63,0-70 | 30,0-45,0

According to the obtained results (Table 1), buckwheat and rice are classified as gluten-
free cultures and are recommended for use in dietary nutrition for patients with celiac disease
[3] (other names — intestinal enteropathy, gluten intolerance, gluten atoxia). This autoimmune
disease, according to the World Association of Gastroenterologists, affects about one percent
of the world's population [5].

Buckwheat has the best properties for brewing, beer made from buckwheat or by
replacing part of the barley malt with buckwheat in taste and color is almost no different from
barley.

In the Table 2 it is shown the physicochemical parameters of the studied grain raw
materials.
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Table 2
Physicochemical parameters of grain raw materials
Extractivity, % Starch,% Protein,% =
S 5 S
z SE8
Raw T | Air-dry Dry | Air-dry Dry | Air-dry Dry = 8’-5
E jsubstance substance substance substance substance substance| 5 =8
o) ©
T 5
ey 36| 7453 | 7732 | 628 | 656 | 101 | 1115 30
suckwheat 42 | 614 | 667 | 662 | 685 | 123 | 129 45
Crushed
white 12,7 67,2 69,8 70,3 72,1 13,5 14,7 45
buckwheat

The dry matter extract content of light barley malt exceeds the content of buckwheat
malt and crushed buckwheat and is 77.32%. But the highest protein content was found in
crushed buckwheat, which is 14.7%, which is 21.8% higher than the content in barley malt
and 12.4% in buckwheat.

The process of filtering the wort is much faster when using barley malt, but when
using buckwheat malt or white buckwheat, the filtration process is not much longer than
when using barley malt. This is due to the fact that collapsed buckwheat does not have a fruit
shell, which leads to a decrease in the height of the filter layer, while slowing down the
filtration rate [12, 15].

Analysis of beer wort

Physicochemical parameters of pure malt wort from light barley malt (control) with
partial replacement of barley malt with crushed white buckwheat are given in Table 3.
Table 3

Physicochemical parameters of malt wort with partial replacement of barley malt with crushed
white buckwheat

M - © Titrated acidity, Content of Content of amine
ash T o 3 reducing .
P mol/dm* NaOH nitrogen, mg
(barley malt + eg H substances, g
crushed white S g P per 100 per per 100 per per 100 per
buckwheat) ‘g < cm®of |100gof | cm®of [100gof | cm® of |100 g of
o wort | extract | wort | extract wort extract
fvgrr‘t”o' puremalt | 44 lsg9| 21 | 51 | 103 | 713 | 2212 | 1529
95% barley malt
+5% crushed white | 14 6,1 | 4,0 9,2 12,0 86,9 22,4 154,9
buckwheat
90% barley malt
+10% crushed white | 14 6,1 | 4,1 9,5 11,0 81,4 18,2 124,4
buckwheat
85% barley malt
+15% crushed white | 14 6,1 | 4,2 9,7 11,7 80,8 12,6 87,1
buckwheat
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The best results in terms of reducing substances and amine nitrogen showed a sample
of wort, which was prepared from barley malt and crushed white buckwheat in a ratio of
95:5, respectively. As the content of crushed white buckwheat increases, the content of
reducing substances and amine nitrogen decreases, this is due to the fact that white buckwheat
lacks enzymes and therefore reducing substances and amine nitrogen cannot be extracted into
solution (pure malt wort) [7]. Therefore, in the preparation of low-gluten beer, it is proposed
to use wort with partial replacement of barley malt with crushed white buckwheat in the
amount of 5%.

Physicochemical parameters of malt wort with partial replacement of barley malt with
buckwheat malt are given in Table 4.

Table 4
Physicochemical parameters of malt wort with partial replacement of barley malt with
buckwheat malt
Tirated aciaity, | SRR | E e
Mash Content mol/dm3 NaOH substanceg m gen,
(barley malt + of dry pH 9 g
buckwheat malt) |substance,%
per per per per per per
100 cm® (100 g of {100 cm® 100 g of {100 cm? 100 g of
of wort | extract | of wort | extract |of wort | extract
chg?t”o' pure malt 14 59| 21 | 51 | 103 | 713 | 221 | 1529
05% barley malt
+5% buckwheat 14 59| 45 11,9 13,2 91,0 24,2 | 167,1
malt
90% barley malt
+10% buckwheat 14 6,0 48 11,2 12,7 87,5 195 | 139,2
malt
85% barley malt
+15% buckwheat 14 59| 41 9,5 11,9 82,1 134 92,4
malt

The best results in terms of reducing substances and amine nitrogen content showed a
sample of wort, which was prepared from barley and buckwheat malt in the ratio of 95:5%,
respectively. You can also see a pattern that increasing the amount of buckwheat malt
decreases the amount of reducing substances and amine nitrogen, this is due to the fact that
buckwheat malt has a small amount of amylolytic and proteolytic enzymes [18, 19], so
biologically active substances cannot be hydrolyzed and then extracted in solution [18, 19].

But in the production of low-gluten beer, enzyme preparations are not desirable to use,
as they can harm people with celiac disease [9,16].

Comparing the two types of wort (Figure 1, 2), namely the wort made from light barley
malt and crushed white buckwheat and barley malt and buckwheat malt, it was concluded
that for brewing wort made from barley and buckwheat malt is better. This wort has the best
physicochemical parameters, and buckwheat malt has enzymatic activity [12, 15], which
allows you to hydrolyze more biologically active substances. This will further prepare low-
gluten beer for prophylactic purposes [12, 15] with the best Physicochemical and
organoleptic characteristics.
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g White buckweat g Buckwheat malt
95 95 92
90 87 90 S 88
85 ] 82 81 85 H 82
80 1 ™ 80 ]
75 72 75 72
70 70
65 65
60 60
55 55
50 50 —
5% 10% 15% checkup 5% 10% 15% checkup
of PMW of PMW

Figure 1. Content of reducing substances in malt wort from various buckwheat raw materials

White buckwheat Buckwheat malt
mg mg
155 153
160 | = 180\ 168
140 124 170 | =+
120 = 160 153
150 139 H
100 87 140
80 130
60 120
110
40 100 91
0 — 80 —
5% 10% 15% checkup 5% 10% 15% checkup
PMW PMW

Figure 2. Content of amine nitrogen in malt wort from various buckwheat raw materials

Analysis of finished beer

The finished beer, prepared with partial replacement of barley malt with crushed white
buckwheat and with partial replacement with buckwheat malt, had physicochemical
parameters, which are presented in Tables 5 and 6.

As the content of crushed white buckwheat increases, the amount of alcohol changes
and the mass fraction of the actual extract decreases. This is due to the fact [19] that during
the main fermentation with increasing amine nitrogen, the volume fraction of alcohol
increases.
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Table 5
Physicochemical parameters of finished beer with partial replacement
of barley malt on crushed white buckwheat
Content of | Color, cm® 0.1 Titrated acidity, c ¢l Mass
dry  |mmol of iodine mol / dm? ontent o fraction of
Beer ; ethyl
substance | solution per | pH the actual
samples | initial | 100 cm? of P 5 ¢ [per 100 g [AICONOLYS| oot ot
100 cm? of 70
wort, % wort ofextract| Wt wit
’ beer
Pure malt beer 14 1,55 4,3 2,3 5,7 2,8 5,51
95% barley
malt +
5% crushed 14 1,6 4,2 2,4 58 2,9 5,53
white
buckwheat
90% barley
malt +
10% crushed 14 1,7 4,3 2,5 59 3,1 5,46
white
buckwheat
85% barley
malt +
15% crushed 14 1,75 4,2 2,3 5,6 34 5,41
white
buckwheat
Table 6
Physicochemical parameters of finished beer with partial replacement of barley malt with
buckwheat malt
Content COIOr’ cm? Titrated aCidity, Mass
of dry 0.1_mmo| of mol / dm? NaOH Content of fraction of
Beer iodine ethyl
samples s_ub_s tance solution per pH alcohol,% the actual
ininitial |5 0 e per 100  |per 100 g of wt | extract%
wort. % cm® of beer |  extract wit
' wort
Pure malt beer 14 1,55 4,25 2,3 5,74 2,9 5,51
05% barley
malt +
E06 buckwheat 14 1,75 4,29 2,65 6,1 3,5 4,83
malt
90% barley
malt +
10% 14 1,80 4,35 2,60 5,98 3,7 4,91
buckwheat
malt
85% barley
malt +
15% 14 1,82 4,26 2,75 6,23 3,8 5,58
buckwheat
malt
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With an increase in the content of buckwheat malt increases the amount of alcohol and
increases the mass fraction of the actual extract (Figure 3,4). The best results showed a sample
made from 95% barley malt and 5% buckwheat malt, as it had optimal results in alcohol
content and the best results in mass fraction of real extract, because the smaller the mass
fraction of real extract, the better the yeast fermented the wort [12, 15].

11,07
%3,5 3,45 0 11,2 -
3,4 5 11,0 ¥ 10,92
3,3 10,8
gi 3,12 10,6
’ 10,4
3,0 2,91 10,11
2.9 10,2 I
2,8 10,0
2,7 9,8
2,6 9,6
2,5 — — 5% 10% 15%
5% 10% 15% Mass fraction of the actual
Alcohol content, % extract, %

Figure 3. Effect of the amount of crushed white buckwheat on the content of ethyl alcohol and
the mass fraction of the actual extract in the finished beer

% 4,0 5,6
3,9 % 5,6 —
39 ——
3,8 54
3,7
3,7 52
3,6
3,5 5,0 4,9
35 4,8
4,8
3,4 | |
88 ——— 100/ e 5% 10% 15%
5% 10% 15% 0 . 0 0
Mass fraction of actual
Alcohol content, % extract, %

Figure 4. Effect of the amount of buckwheat malt on the content of ethyl alcohol and the mass
fraction of the actual extract in the finished beer

Conclusions

The choice and quantity of unmalted raw materials — crushed white buckwheat and
buckwheat malt for the production of low-gluten beer (95% barley malt and 5% buckwheat
malt or crushed white buckwheat) are substantiated.

Beer brewed with a partial replacement of barley malt for buckwheat malt has better
physicochemical properties than beer brewed with a partial replacement of barley malt for
crushed white buckwheat.

For the production of low-gluten beer, it is recommended to use 5% buckwheat malt as
a low-gluten raw material.
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