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Abstract. We investigated the way ultrasound exposure enhances the germinating of barley for 

brewing as germination is a major issue for the brewing industry. The rate of germinating of ultra-

sound-exposed grains were compared to those of non-exposed ones that germinated under normal 

conditions. Optimum parameters of treatment were obtained by two-factor analysis, with regard to 

post-storage initial state of the grains. Power and duration of ultrasonic exposure varied between 360 

and 630 W, 1 and 5 minutes, respectively. The research found 9–10 % increase in germinating ca-

pacity of the treated grains versus germinating capacity of the non-treated ones. Heating power of 

360 W and treatment duration of 5 minutes proved to have the strongest effect on the increase of the 

germinative ability. The aim of the study was to find the optimum non-conditions of ultrasound 

treatment to enhance the germination of conditioned barley for brewing. The method offers an op-

portunity to monitor the process the process and control the nature of metabolic processes in germi-

nating grains. 
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Аннотация. Целью наших исследований являлось изучение воздействия ультразвука на 

способность прорастания пивоваренного ячменя, так как показатель жизнеспособности ячме-

ня является серьезной проблемой для пивоваренной промышленности. Скорость прорастания 

зерен, подвергнутых воздействию ультразвука, сравнивали со скоростью прорастания зерен, 

не подвергавшихся воздействию ультразвука, которые прорастали в нормальных условиях. 

Оптимальные параметры обработки были получены путем двухфакторного анализа с 
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Introduction 
Barley is one of the world’s most important 

cereal crops. Barley grains occupy 90 % of raw 

components in brewing, with just 10 % left for 

other cereals: rice, corn, wheat, sorghum, oats, 

rye etc. However, poor quality of barley grown in 

Russia makes its most part (50–70 %) a cattle 

fodder, and only 30 % is good enough for brew-

ing [5, 13]. In terms of quality, the barley ac-

ceptable for malting must have high germinative 

ability (more than 90–95 %).  

Quality divides barley into two groups: con-

ditioned and non-conditioned one. Conditioned 

barley used for brewing is then divided into clas-

ses (depending on its germinative ability):  

 class 1 (germinative ability  95 %); 

 class 2 (germinative ability 90 to 94 %). 

However, leaders of malting both in Russia 

and in other countries struggle to obtain the re-

quired amount of the conditioned barley. One of 

the main reasons is a weak rate of germinating 

due to poor physiological quality caused by unfa-

vourable weather conditions [9]. E.g. in 2007, in 

Australia continuous drought reduced production 

volume of conditioned barley [1]; that same year, 

in Europe, low temperatures in winter and hot 

and dry summer exceeded humidity of corn, as 

grains had been damaged before germination 

[10]. In 2018, Russia increased its barley-planted 

areas by 3.5 % (vs. 2017), yet its crop yield 

dropped by 18 % because of abnormal heat that 

set at the most part of the European continent, too 

[9].  

This explains why only half of the barley 

grown had high germinative ability (more than 

90 %) and was good for brewing, whereas the 

other half could only be used as food (25 %) 

and/or fodder (25 %).  

The problem of timely, sustainable and suf-

ficient supplies of conditioned barley to the malt-

makers may find its solution through rise of non-

conditioned raw material quality. 

To overcome this difficulty, malt-makers and 

suppliers should purposely turn to innovative 

technologies of grains treatment, as traditional 

methods require too much labor, expensive 

equipment and do not always give desired result 

[6, 15].  

One of the most promising methods that 

solves this problem seems to be a resource-saving 

technology of treating the grains with ultrasound 

(US) [3, 5, 12].  

Ultrasound is a proven stimulator of vital 

forces naturally available in every agricultural 

plant, which is why it is widely used for pre-

planting treatment of grains [11, 16, 17]. 

Russian and foreign researchers found that 

ultrasound oscillations contribute to greater ger-

minating and growing power, thus having a posi-

tive effect on germinating of grains and further 

development of plants [11, 16, 17]. 

When exposed to ultrasound, the surface of 

dry grains forms microcracks [8] of typical size 

(10
–5

–10
–6

 m), that weaken mechanical strength 

of cover and make gas and moisture exchange 

easier. As a result, grains swell faster and germi-

nate sooner than usual, plants develop better and 

учетом исходного состояния зерна после хранения. Мощность и продолжительность ультра-

звукового воздействия варьировались от 360 до 630 Вт, 1 и 5 минут соответственно. Иссле-

дование показало увеличение всхожести обработанных зерен на 9–10 % по сравнению с не-

обработанными. Мощность нагрева 360 Вт и продолжительность обработки 5 минут оказали 

сильнейшее влияние на повышение всхожести семян. Конечным результатом исследования 

являлось нахождение оптимальных параметров ультразвуковой обработки для повышения 

всхожести кондиционированного ячменя для пивоварения. Предлагаемый способ дает воз-

можность наблюдать за ходом процесса и контролировать характер обменных процессов в 

прорастающих зернах. 

Ключевые слова: ультразвуковое воздействие, ячмень, солод, скорость прорастания, 

всхожесть 
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produce higher crop of grains and herbage. E.g 

grains treated with ultrasound spring 2–3 days 

earlier than non-treated ones, with 30 % increase 

in spike length and number of its grains.  

Germination of grain is the most important 

process of malting. In the process, the grain un-

dergoes biochemical and physiological changes 

similar to those of natural growing in the soil. 

This is why US treatment may produce the same 

effect, if the grain of barley to be used for 

malting will be used as an object of action.  

The purposes of barley germination on malt 

are: 

1) grain accumulates maximum amount of 

active ferments to biologically convert amylum 

into soluble carbohydrates that can be fermented 

with yeast;  

2) preparedness of reserve products to fer-

ment exposure.  

Activity of ferments is essential, as it ‘sets 

pace’ for all physiological processes the grain 

undergoes during germination on malt.  

Activation and work of ferments in the ger-

minating grain launch the following necessary 

processes:  

1)  biological – germination of germ, for-

mation of new substances, breathing and morpho-

logical changes of the grain (development of or-

gans and of the kernel itself);  

2) biochemical – hydrolysis of endosperm 

reserve products;  

3) chemical – interaction of solved sub-

stances obtained by hydrolysis and formation of 

aromatic and taste substances;  

4) physical – transportation of solved re-

serve products from endosperm to germ and 

back.  

These processes contribute to greater activity 

of ferments and formation of new substances as 

the grain germinates. These substances catalyze 

conversion of highly-molecular reserve products 

of grain endosperm (amylum, albuminous sub-

stances, oils etc.) into simpler ones, easy to solve 

and transportable to germ, necessary both for feed-

ing and developing of germ and, in future, for ob-

taining desired quality of the brewing syrup.  

In addition, ultrasound increases penetrabil-

ity of biological membranes [8] and activates 

activity of ferments that, in its turn, accelerates 

metabolism extremely important for barley ger-

mination on malt, because a sprouted grain (malt) 

is the richest source of ferments.  

 

However, only several regimes of ultrasonic 

exposure have a positive effect. Biological influ-

ence the ultrasound has on cells and tissues relies 

mostly on intensity of ultrasound and duration of 

exposure [2, 18]. 

Scientific research performed in many coun-

tries agree that different parameters of US-

exposure cause different biological effects. E.g., 

positive effect is possible at low intensities of 

ultrasound (up to 1–2 Wt/cm
2
) when mechanical 

oscillations of particles work as micromassage of 

tissues that improves metabolism and supplies 

tissues with blood and lymph. At medium inten-

sity (2 to 10 Wt/cm
2
), variable ultrasonic pressure 

can destroy, conver and/or damage 

biomacromolecules.  

Negative biological effect occurs at continu-

ous exposure and intensity of more than 10 

Wt/cm
2
. This regime causes undesirable morpho-

logical and functional changes accompanied with 

irreversible damages, beginning with the cell nu-

cleus, and are expressed in pathological defor-

mations, destruction of cells and homogenization 

of tissue. In addition, ultrasound can inactivate 

ferments, and results of many researches prove 

this [2, 17].  

Thus, the nature of metabolic processes in a 

germinating grain may be affected by various 

parameters of ultrasonic exposure. The mecha-

nism of the effect ultrasound has on the grain 

during barley germination on malt is not yet 

known completely, which is why the study of this 

issue makes a scientific interest.  

The aim of the study was to find the opti-

mum conditions of ultrasound treatment to en-

hance the germination of conditioned barley for 

brewing. The method offers an opportunity to 

monitor the process the process and control the 

nature of metabolic processes in germinating 

grains. 

Materials and methods 

Sample collection and preparation 

Samples of barley were grown in Russia, in 

different areas of Kurgan, Sverdlovsk, Tyumen 

and Chelyabinsk regions (lots 1, 2, 3, 4, respec-

tively). 100 grains from each lot were selected for 

quality assessment; experiments were repeated at 

least 15 times. 100 g of weighted grains were 

selected as model samples for US treatment. Ver-

sion of treatment depended on the regime of ul-

trasound exposure (Tabl. 1). 
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Regimes of ultrasonic treatment for grain mass 

accounted for variations of power (360, 495 and 

630 Wt) and duration of treatment (1, 3 and 5 

minutes). To process the studied samples based on 

ultrasonic exposure, Volna-M ultrasonic technolog-

ical device (model UZTA-04/22-OM) with the fol-

lowing characteristics was used: frequency of me-

chanical oscillations – (22  ±  1.65) kHz; power – 

400 VА; ultrasonic exposure intensity, no less than 

10 W cm
–2

; radiating surface diameter – 25 mm.  

The ultrasonic oscillatory system is built on 

piezoelectric ring elements and is made of VT5 

titanium alloy. The engineering solutions used 

are protected by the RF patent No. 2141386. 

The effect of ultrasonic exposure to rate of 

germinating of barley grains was monitored 

throughout the germination period, as well as 120 

hours after the barley had been put for germina-

tion.  

The following control parameters prove 

positive direction of the germination process:  

1) ‘eyes’ after 24 hours; 

2) roots (sprouts) after 72 hours; 

3) number of grains germinated in 120 

hours (% of the whole number of the grains ana-

lyzed) since the moment grains were put for ger-

mination.  

Indicators were assessed with regard to con-

ditions of barley grain growing. Variation coeffi-

cient (в, %) was calculated with methods of 

mathematical statistics.  

Design of the experiment 

The first step focused on the quality of bar-

ley grown in Russia, in different areas of Kurgan, 

Sverdlovsk, Tyumen and Chelyabinsk regions.  

Then, one part of dry barley was treated with 

ultrasound (model samples), and other part was 

not (control samples).  

Barley grains were placed in a glass tumbler 

and exposed to ultrasound (Fig. 1). 

The second step studied how ultrasonic ex-

posure effected barley grains rate of germinating 

during germination.  

Rate of germinating of barley treated and not 

treated with ultrasound was found when wet 

grains were being germinated at constant temper-

ature (20 °С). Average samples (50 g) of grain 

were taken from every lot; then two analytical 

samples of 500 grains each were formed. 

Rate of germinating was estimated visually, 

after 120 hours.  

Barley is thought to have germinating power 

when it produces so called ‘eyes’ (the first indi-

cation of rootlet) in 24 hours since the moment of 

germination, and, after 72 hours of germination 

has well-developed white firm branched rootlets 

(sprouts) of the length equal to caryopsis or 1.5–2 

times longer. 90 % and/or more grains must ger-

minate in 120 hours (% of total amount of the 

grains analyzed).  

 

 
 

Fig. 1. Grains being exposed to ultrasound 

 

Statistical data analysis 

The experimental data was processed using 

traditional variation statistics methods and ex-

pressed as an arithmetic mean (m) and a standard 

error (m). Statistically significant differences be-

tween the test and control groups were deter-

mined through the use of Maneesn-Whitney test 

(U). Results were expressed as an arithmetic 

mean and its standard deviation. The differences 

Table 1 
Regimes of grain treatment 

Treatment parameters 
No. of version 

1 2 3 4 5 6 7 8 9 

Duration of treatment, min  5 1 5 1 5 1 3 3 3 

Power of exposure, Wt 630 630 360 360 495 495 630 360 495 
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were considered significant at p < 0.05. Statisti-

cal interrelations were studied using the nonpar-

ametric correlation analysis by calculating the 

Spearman correlation coefficients (PC). 

Results 

Analysis of barley quality control results 

shown in Fig. 2 found a significant percentage 

(37–58 %) of non-conditioned grains inappropri-

ate for brewing.  

Amount of noconditioned barley increases 

annually, as data in Fig. 3 show. 

Control sample of barley failed to produce 

‘eyes’ after 24 hours (Fig. 4,а). In 72 hours since the 

moment of germination, only some grains of barley 

developed branched rootlets, as long as caryopsis or 

even longer (Fig. 4,b). After 120 hours, the analysis 

of germination found (83 ± 2) % germinated grains, 

7 % below the threshold value (Fig. 4,c).  
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Fig. 2. Percentage of conditioned/non-conditioned barley in total amount  
of grains in sample lots from different areas of Russia: Kurgan, Sverdlovsk, Tyumen  

and Chelyabinsk regions (lots 1, 2, 3, 4, respectively) 
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Fig. 3. Percentage of non-conditioned barley vs. total amount of grains in sample lots of barley  
from different areas of Russia in the period between years 2015 and 2018 
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The second step of the experiment re-

searched how ultrasonic exposure affects the rate 

of germinating of non-conditioned barley.  

Steady germinative ability [14] is known to 

be important in assessment of barley acceptabil-

ity for malting, this was why we watched if the 

treated barley produced ‘eyes’ in 24 hours since 

the start of germination.  

The results are presented in the Tabl. 2. 

Passing of rootlet through the shells of the 

grain gives the external indication the germination 

has started. However, regimes of US exposure 

have different effect on the rate and nature of ex-

change processes in the germinating grains. Spe-

cifically, some regimes of treatment (No. 2, No. 3 

and No. 5) contribute to appearance of numerous 

‘eyes’ as early as one day since start, while other 

regimes deter germination (No. 1, No. 4, No. 6–9).  

Different reaction of barley grains to 1–5 

minutes exposure to ultrasound of 22 kHz, 360–

630 Wt gives an insight into the mechanism of 

action, that in many ways depend on the parame-

ters of exposure (power and duration).  

The effect of US exposure was assessed 

through the number of grains that germinated 

after 120 hours. Fig. 5 shows how US exposure 

affected rate of germinating of the barley grains.  

 

 

Specifically, regimes No. 2, 3 and 5 demon-

strated the strongest ‘germinating’ effect. As ear-

ly as on the second day (after 48 hours) we could 

see well-developed, white, firm, fresh young 

rootlets (sprouts, Fig. 7, a), whereas control bar-

ley demonstrated well-developed rootlets only 

after 72 hours (Fig. 7, b). This is how barley 

germination on malt can be intensified. 

They offer maximum increase in germinative 

ability, 9–10 % vs. control samples, and increase 

its quality. After the US treatment, germinative 

ability of non-conditioned barley reached 92–

93 % (see Fig. 8), that agrees with ‘conditioned 

barley’ quality category (Class 2).  

Discussion 

The result of biochemical processes during 

barley germination depends on the quality of the 

raw grain being processed. Low qualitative indi-

cators were the main reason why brewing barley 

was transferred to non-conditioned category. In 

particular, control samples of barley grains had 

low germinating power (83 ± 2 %). This barley 

cannot be used for malting, as, for normally ripen 

grains, the energy of germinating exceeds 95 % of 

germinated grains with well-developed rootlets, 

and germinative ability does not fall below 95 % 

(for class 1 barley) and 90 % (for class 2 barley). 

 

 

  

 

a) 

 

b)  

 
c) 
 

Fig. 4. Control sample of grain after 24 (a), 72 (b) and 120 (c) hours of germination (photo) 
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Results of research presented in Fig. 6 prove 

positive effect US exposure has on barley germi-

nating power that increases by 1–10 % vs. the 

control sample.  

Germinating power of model samples varied 

between 84 and 93 % depending on power and 

duration of exposure (Fig. 8).  

Analysis of data presented in Fig. 8 high-

lights the most effective parameters of treatment. 

Regimes most favourable for US treatment 

of barley are:  

 No. 2 (duration 1 minute, power 630 Wt), 

 No. 3 (duration 5 minutes, power 360 Wt), 

 No. 5 (duration 5 minutes, power 495 Wt). 

Tablе 2 
Typical examples of US-treatment effect on the grain germinating power (in 24 hours) 

Regimes of US exposure 

No. 2 No. 5 No. 3 

   

No. 4 No. 6 No. 8 

  
 

No. 1 No. 7 No. 9 
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Fig. 5. Grain germinating power affected by US exposure 
 

 

 
 

Fig. 6. Dynamics of brewing barley germination after US exposure  
(germinated grains), % 
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US treatment stimulates biological activity of 

the barley grain; the effect of the exposure is dif-

ferent and depends on the parameters of regime. 

Some regimes of exposure activate grains (accel-

erate germination, increase growing of roots), 

while others inhibit them. Change of water ab-

sorption dynamics can be an important result of 

such exposures [7]. Thus, at certain parameters of 

 
Fig. 7. Germinating power of model (a) and control (b) grain samples 

after 24, 48 and 72 hours 
 

 
 

Fig. 8. Grains germinated after 120 hours (percentage of germinated grains), % 
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exposure some heterogenous parts of caryopsis 

vibrate and make microstructure of natural chan-

nels in the grain appropriate for transporting of 

water and nutrients. Water absorption can accel-

erate denaturation and unwinding of polypeptide 

chains in the germ and endosperm and forms cav-

ities where additional osmotic water rushes.  

This creates good conditions for activity of 

the germ, release and transportation of ferments 

into the cells of aleurone level, synthesis of fer-

ments important for amylolysis in the endosperm 

cells and germ feeding during germination.  

Thus, certain regimes of US exposure and 

variation of US treatment parameters (power and 

duration) can manage barley germination on 

malt, influence germination rate and degree of 

barley swelling.  

Variation of germination rate and degree of 

swelling result from structural changes in the 

caryopsis and offer a mechanism for US exposure 

to increase the activity of the main groups of hy-

drolytic ferments that, in its turn, improves the 

quality of the end malt.  

The main goal of barley germination on malt 

is the synthesis and activation of enzymes, which 

is achieved by dissolving the mealy body of the 

grain. In this case, the grain structure changes, 

important biochemical changes occur: some en-

zymes pass from the inactive state to the active 

state, others are formed as a result of synthesis. 

The activity of enzymes changes the structure of 

endosperm cells, as a result of which the cell 

walls soften. Changes in the grain structure de-

termine the degree of loosening of the grain en-

dosperm an important technological factor of 

malting. This factor is due to the action of a com-

plex of cytolytic and proteolytic enzymes, the 

rate of accumulation of which determines the 

quality of preparation of malt. These data are 

consistent with those of other scientists [16]. 

The nature of metabolic processes in germi-

nating grains can be influenced by the use of var-

ious physical factors of influence [16]. In particu-

lar, US treatment can increase the activity of hy-

drolytic enzymes during the germination of bar-

ley in malt. US treatment has proved to be effec-

tive for increasing of the barley quality. 

Conclusion 

Ultrasonic exposure was used as a stimulat-

ing factor that increased activity of ferments.  

Certain regimes of barley US treatment in-

creased its rate of germinating by 9–10 % against 

the control sample, thus raising its quality to Class 

2, that agrees with ‘conditioned barley’ quality 

category. Heating power of 360 Wt and treatment 

duration of 5 minutes brought the strongest effect 

in increasing of rate of germinating. 

The research has found US treatment reduces 

time required for the cycle of barley germination 

on malt that, in its turn, intensifies technological 

process of grain treatment during germination on 

malt and reduces risk of defects.  
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