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GROWTH STIMULATORS IN MALT
PRODUCTION TECHNOLOGIES

This study focuses on the use of the growth stimulator “Energen”
in barley malt production to accelerate biochemical processes. The
experiment was conducted on “Vorsinsky 2” barley treated with “Energen”
at a concentration of 0.6 g/dm?. The results demonstrated an increase in
amylolytic activity from 345.9 to 432.2 units/g and proteolytic activity
from 68.9 to 94.6 units/g. This facilitated the improved hydrolysis of
carbohydrates and proteins and increased malt extractivity to §3.2 %.

The application of the preparation reduced the saccharification
duration of laboratory wort from 18 to 15 minutes. The high enzymatic
activity enables the use of malt with hard-to-dissolve raw materials
and eliminates the need for corrective measures. The method is also
recommended for barley with a high protein content, as the accumulated
enzymes ensure proteolysis to regulatory values.

Thus, the stimulation of biochemical processes with “Energen”
improves the technological and quality indicators of malt, optimizing its
production process.

Keywords: barley, malt, enzymatic activity, extractivity, biocatalysis,
growth stimulators.

Introduction

Barley is the primary raw material in brewing production. However, it
is rarely used in its native form, only in specific types of beer, and mainly to
reduce product costs. In most cases, it is utilized in the form of malt. During the
malting process, the chemical composition of barley changes, new enzymes are
formed, and existing ones are activated, subsequently participating in enzymatic
processes at various production stages.

The main process occurring in the grain during the malting stages is its
biochemical transformation, which results in the breakdown of high-molecular
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compounds into lower-molecular-weight compounds, including the hydrolysis
of carbohydrates and proteins. Traditionally, when barley of good or excellent
quality is used, these processes proceed naturally, resulting in barley malt with
high quality and technological properties. However, when raw materials with
satisfactory or reduced quality indicators are used, the enzymatic activity in the
final malt will be lower than required. This will lead to deviations in subsequent
brewing processes, ultimately affecting beer yield and quality.

To address the problem of producing malt with the required characteristics
from low-quality raw materials, biotechnological methods are employed.
These include the use of stimulatory preparations of organic and inorganic
nature, as well as enzyme preparations with specific or combined actions. This
approach allows for adjusting the enzymatic activity of malt [1-5], intensifying
biochemical processes [6; 7], reducing the concentration of undesirable
compounds that affect the organoleptic properties of beverages [8], increasing
malt extractability, reducing the duration of the malting process, and overall
improving malt quality [9].

The objective of this study was to investigate the impact of chemical
treatment on barley during malting on the qualitative and technological
characteristics of barley malt.

Materials and Methods

The objects of the study were brewing barley of the “Vorsinsky 2” variety,
bred in the Altai Krai region of the Russian Federation, whose agronomic and
technological properties are presented in Table 1; barley malt obtained with
the application of the “Energen” preparation; and barley malt obtained without
treatment (control variant). The study materials included the “Energen” complex
preparation (a mixture of potassium salts of humic acids, silicic acid, and sulfur),
widely used in agriculture [10].

The research methods consisted of standard methods for quality control
of raw materials, intermediate products, and finished products in fermentation
industries, as well as mathematical and statistical methods for data processing.

Table 1 — Agronomic and Technological Properties of Barley

Indicator Value for “Vorsinsky 2 Barley
Intended Use Brewing, high-quality grade
Vegetation Period (days) 77-90 (medium-ripening)
Yield (t/ha) 3.26
Lodging Resistance High
Drought Tolerance Medium
Grain Characteristics Healthy, consistent color and odor
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Moisture Content (%) 5.4+0.1

Starch Content (%) 59.1£1.3
Protein Content (%) 11.9+0.4
Extractivity (%) 74.1£1.4
Amylolytic Activity (units/g) 114.142.2
Proteolytic Activity (units/g) 34.2+0.6

Results and Discussion

The raw material proposed for the study was selected considering its high
agronomic properties, particularly yield and resistance to adverse climatic
factors, which allows for the potential of consistent supply to brewing enterprises.
Key technological indicators of barley suitability for production include starch
content, protein content, and extractivity. Starch content is standardized due
to its technological purpose as a source of fermentable sugars, requiring a
minimum content of 55 %. Strict requirements are imposed on protein content,
as it, on the one hand, ensures foam formation in beverages, and on the other
hand, may disrupt the colloidal stability of beer, leading to reduced quality and
biological stability. Therefore, the protein content must be between 9-12 %.
Barley extractivity determines the ability of essential macro- and micronutrients
to transition into a dissolved state. The variety of barley presented in Table 1
fully meets the requirements for brewing barley and can thus be used in malt
production, which will subsequently serve as a raw material for beer production.

Additionally, the specified enzymatic activity indicates a low level of
activity of the primary enzymes — amylases and proteases — highlighting the
necessity for the accumulation of hydrolytic enzymes in the grain. This can be
intensified through the implementation of stimulating actions.

The production of barley malt was carried out using traditional technology:
steeping using the air-water method, germination in a “box malting” system,
drying, and removal of sprouts. To enhance enzyme formation during the
steeping stage, the complex preparation “Energen” was used. The concentration
of the stimulator was determined experimentally using mathematical processing
of the obtained data. The results of the study and their analysis are shown in
Figure 1 (x: — concentration of the preparation, x» — steeping duration), which
allowed the determination of the optimal dosage of the preparation — 0.6 g/dm?
of steeping water.
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a b
Figure 1 — Changes in amylolytic activity (a) and proteolytic activity (b)
of barley during germination depending on the dosage of the “Energen”
preparation and the steeping duration

Regression equations for amylolytic (AC) and proteolytic (PC) activity of
barley:

AC =-35159,7849+653,7479x+101,4993y-3,025xx-0,681 1xy+1,0687yy

PC =-16 771,7839+315,695x—72,7874y—1,4821xx+0,715xy+0,4458yy

During the germination process, the activity of amylolytic and proteolytic

enzymes in barley was monitored once a day throughout the entire stage. The
results of the dynamics of amylase and protease activity are presented in Figure 2.
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a 6
Figure 2 — Dynamics of amylolytic (a) and proteolytic (b) activity of barley
enzymes during germination; *Soaked — soaked barley

The presented data demonstrate that stimulating the grain during steeping
activates enzyme formation in the grain and contributes to the production of
barley malt with high enzymatic activity [ 11]. By the end of germination, the level
of amylases in the grain treated with the “Energen” preparation reached 432.2
units/g, compared to 345.9 units/g in the control variant. This level of amylolytic
enzymes enables hydrolytic processes during the mashing stage to proceed without
the need for corrective measures, including the use of enzyme preparations or
unconventional methods for preparing grain wort, thereby eliminating additional
economic costs [12]. Alternatively, this malt can be incorporated into beer
production technologies when unmalted, hard-to-dissolve raw materials are used.

An evaluation of the accumulation of proteolytic enzymes showed a similar
positive trend. By the end of germination, protease activity was 94.6 and 68.9
units/g in treated and untreated grain, respectively. The high level of proteolytic
enzymes supports deeper hydrolysis of proteins and polypeptides present in the
grain, leading to the formation of amino acids that play a technological role in
production and enrich the final beverage with essential components. Furthermore,
applying the proposed method of biochemical grain dissolution using the
“Energen” preparation in malt production allows for the use of barley with a higher
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protein content, as the proteolysis will be ensured by the high levels of proteolytic
enzymes accumulated during germination [13].

The application of chemical stimulation during the malting process improves
other quality indicators of barley malt regulated by standards, as evidenced by
the data in Table 2.

Table 2 — Quality Indicators of Barley Malt

Category Indicator Treated with Untreated
“Energen”
General Appearance, Color, Typical of light Typical of light
Characteristics Taste, Aroma barley malt, barley malt,
compliant compliant
with standard with standard
requirements requirements
Moisture - 4.9+0.1 4.840.1
Content (%)
Protein and Protein Content (%) 10.6+0.2 11.3+0.2
Starch Extractivity (%) 83.2+1.4 80.2+1.4
(fine grind)
Laboratory Wort | Transparency Transparent Transparent
Saccharification 15+0.5 18+0.5
Duration (min)
Acidity (units) 0.90+0.01 0.90+0.01
Color (units) 0.18+0.01 0.17+0.01
Enzymatic Amylolytic Activity 359.4+10.6 311.449.6
Activity (units/g)
Proteolytic Activity 71.3£2.0 54.8+1.1
(units/g)

The obtained data confirm an improvement in the physicochemical
characteristics of malt, particularly in technologically important parameters such
as extractives and the saccharification duration of laboratory wort. Additionally,
our findings align with [14] regarding the lower protein content in treated malt,
which does not pose any concerns for using malt derived from such raw materials
in beer production. Furthermore, it essentially permits the use of barley malt with
raw materials containing higher protein levels in brewing technologies.
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Conclusions

Thus, stimulating biochemical processes in barley malt production through
the use of the “Energen” complex preparation allows for intensifying the process
of enzyme formation and activation in the grain, improving the quality parameters
of malt as the primary raw material for fermentation beverage production,
optimizing technological stages, and ensuring the production of a final product
with high-quality indicators. It is recommended to apply this preparation during
grain steeping at a concentration of 0.6 g/dm? of steeping water and to steep the
grain with this preparation for 6 hours.

The proposed method can be recommended for the production of barley malt
based on standard-quality raw materials, as well as raw materials with increased
protein content. The resulting proteolytic enzymes will reduce protein levels to
regulated values. The resulting malt is recommended for use in the production
of beer and kvass.
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CoJIo4 ©HAIPY TEXHOJIOT'UACBIHIAFBI
OCY CTUMYJISATOPJIAPHI

Byn zepmmey 6uoxumusineix npoyecmepoi dcedendemy MaKcamulHOd
«DHepeeny ocy cmumynismopvii apna Cono0blH OHOIpYyOe KoNOaHyad
apuanean. Dxcnepumenm 0,6 2/0m> KOHYeHMpayusacvlHOa «DHepeeH»
npenapamuvimen oqoencen «Bopcunckui 2» copmuinbiy apnaceinoa
orcypeizindi. Homuoicenep 60ublHwa amuiloiumuKaislk 0eicenoiniK
345,9-0an 432,2 Gipaik/e-2a, an npomeoiumuraivl 0eiceHoiniK
68,9-0an 94,6 bipnix/e-ea Oetiin apmmol. byn kemipcynap mer axyvi30apobiy
2UOPONUZIHIY dHCAKCAPYBIHA HCOHE CONOOMbBIY IKCMPAKMUBMINIIHIY
83,2 %-2a Oeilin ocyine viknan emmi.

Ilpenapammul KOL0AHY CYCLAHBIY 3ePMXAHANBIK OCAXAPIAHY
yakpimoin 18 munymman 15 munymka Oeuin KblcKapmyaa MyMKIiHOIK
bepoi. JKozapol pepmenmamusmi OenceHOINIK cON00Mbl KUbIH epUmin
WuUKI3amner naioailanyaa MymKiHOIK bepedi Jcone my3emy wmapaiapoiy
Kaocem emnetidi. Q0ic coHOAU-aK aKyvl3 Meaulepi xcoaapuvl apna
YWiH YColHbLIAObI, cebebi dcuHaKmanean epmenmmep npomeoausoi
HOpmamuemi MoHOepze Oellin KamMmamacsls emeoi.

Ocvinatiwa, «SHepeeny npenapamvlibly KOMe2iMeH OUOXUMUSIbIK
npoyecmepOi dicedendemy COi00mMbly MEXHOLOSUSIbIK HCOHE CANATbIK,
KOpCemKiumepin HaKcapmaobl HCOHE OHblY OHOIPIC NPOYeciH
OHMAUNAHOBLIPAODL.

Kinmmi cesdep: apna, conod, ¢pepmenmamuemi OenceHnoinix,
IKCMPAKMUBMINIK, OUOKAMATUZAYUSL, OCY CHIUMYAAMOPAAPYL.

*FO. FO. Muanep

Cubupckuil yHUBEpCUTET NOTPEOUTETHCKOM KOOTIEPALIUH,
Poccwuiickas ®enepanus, r. HoBocnbupcek.

INoctynuno B pegaxuuto 02.12.24.

IToctynuio ¢ ucnpasnenusmu 03.12.24.

IIpunsaro B neuats 27.12.24.

CTUMYJATOPBI POCTA B TEXHOJIOT'UAX COJOAOPAILIEHUA

Hccnedosanue nocesuyeno npumeHeHu0 CmumMyasmopa pocma
«DHepeen» 8 npouzeoocmee SUMEHHO20 CON00a OJisi UHMeHCUupuKayuu
OUOXUMUYECKUX NPOYeCCcO8. DKcnepumenm ObLl NPO8edeH Ha AUMeHe COpma
«Bopcurckutl 2», 00pabomanrHom npenapamom « JHepeeH» 8 KOHYeHmpayuu
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0,6 2/0m>. Pesynbmamvl nokazaiu ygeiuderue amMuioiumuyeckou
akmugnocmu ¢ 345,9 00 432,2 ed./e u npomeonumuyeckoi — c 68,9 do 94,6
ed./e. Dmo cnocobcmeosano yayuuenuro 2uopoIu3a yeneo008 u OeiKkos,
a makdice ygeauuenuro IKCmpaxmugnocmu conoda 0o 83,2 %.

TIpumenenue npenapama no3601UN0 COKPAMUNG NPOOOTNCUMETLHOCTL
ocaxapusanus nabopamopHozo cycia ¢ 18 0o 15 munym. Beicokas
hepmenmamueHas akKMusHOCHb 0OeCnewUusaen 603MONHCHOCHbL UCHONL308AHUS
€oN00a ¢ MpyOHOPACMBOPUMBIM CbIPbEM U CHUNCAENm HeoDX00UMOCHb
KOppekmupyrowux meponpusimuil. Memoo maxoice peKkomMeHO0BAH O AUMEHS
€ NOBLIWEHHBIM COOepoicanuem benxka, max KaKk Hakonusuwuecst ghepmerimol
obecneuusaiom nPomeoaus 00 HOPMAMUBHbIX 3HAUCHUIL.

Taxum 06pazom, CmumynAYUs OUOXUMUHECKUX HPOYECCOB C NOMOUJBIO
«DOHnepeenay ynyuuiaem mexHoiocu4ecKue U KaiecmseenHovle noKasamenu
€0100a, ONMUMUIUPYSL RPOYECC €20 NPOU3800CmEa.

Kniouegvie cnosa: aumens, conod, pepmenmamusnas akmueHoOCb,
IKCMPAKMUBHOCMb, OUOKAMANUZAYUS, CIMUMYIAMOPLL POCHA.
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Tepyre 27.12.2024 x. xib6epinmi. bacyra 31.12.2024 x. Ko7 KOWBUIIHI.
DnekTpoH I Oacta
4,20 Mb RAM
[HaptTe! 6acna Tabarsr 9,26
Tapanemver 300 mana. barackr kemiciM OOWBIHIIIA.
Kommreiotepne 6erreren A. K. Temupranunosa
Koppexkropnap: A. P. Omaposa, JI. A. Koxac
Tamnceipsic Ne 4321

Cnano B Habop 27.12.2024 . [Tognucano B neyats 31.12.2024 1.
DNEKTPOHHOE HU3/1aHue

4,20 Mb RAM
Ve n. i 9,26. Tupax 300 3x3. Llena noroBopHasi.
Kommnsrotepnas Bepctka A. K. Temupranmusosa
Koppexkropsr: A. P. Omaposa, 1. A. Koxac
3aka3 Ne 4321
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