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Abstract. With the development of new trends in healthy eating, for 

consumer satisfaction, with aim to expand the range of bakery products and enrich 

bread with biologically active compounds of hops, bread production with the 

addition of cones of this unique plant in terms of bitter and polyphenolic 

substances, aromatic and essential oils has become widespread. The research 

conducted to study and substantiate the effective utilization of a complex of 

technologically valuable substances of Ukrainian fine aromatic hops of the 

Perlyna variety allowed to establish the possibility and feasibility of its application 

in baking and its impact on bread quality. The analysis of the results showed that 

the bittering qualities of hops had a significant impact on the taste of bread. In 

contrast, polyphenolic substances had a lesser effect on the taste, but in 

combination with bitter substances, they significantly affect consumer qualities. 

The results of studies of the application of sourdough starter of Perlyna aromatic 

hop with different content of alpha acids and polyphenolic substances showed that 

the bread had high taste qualities when added to the 1 kg of flour: 23.9 to 35.8 mg 

of bitter substances and 45.2 to 72.1 mg of polyphenolic substances. With lower 

amounts of bitter substances and higher amounts of polyphenols, the taste of the 

bread was almost the same as the control sample, although the physicochemical 

parameters improved. With an increase from 35.8 to 43.4 mg of bitter substances, 

a subtle bitterness was felt against the background of a pleasant hop aroma. 

Adding more than 50.8 mg of bitter substances to the 1 kg of flour made the bread 

noticeably bitter. Based on the example of the Pearl hop variety, the dosage of hop 

expenses was optimized and the calculation of the rate in baking was proposed, 

taking into account the content of bitter alpha acids in it. The optimally justified 

rate of bitter substances of hops to ensure excellent taste and consumer properties 

of bread is the range of added alpha acids from 23.9 to 43.4 mg per 1 kg of flour. 

The proposed technology has improved the consumer properties and taste of 

bakery products by imparting a hop aroma and a stable optimally normalized 

bread taste with a light, delicate bitterness. At the same time, the volume of bread, 

porosity, porosity structure and elasticity of the crumb are increased. Reducing 

the amount of yeast did not affect the fermentation of the dough and the stability 

of the shape of the final product. This will contribute to the health and preventive 

effects of the products.ng for modeling the minimum shelf life of oil-based 

products. 

Keywords: bread, hops, hop sourdough, hop variety, alpha acids, quality 

indicators. 
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Introduction. Formulation of the problem 
 

Modern economic and market conditions provide 

for the application of hops not only as a raw material for 

brewing, but also in other areas of the food industry. 

One such industry is bread baking, where, along with 

the use of modern technologies, there is a return to 

classic, somewhat lost and forgotten technologies for 

making bread with hop sourdough, which have been 
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widely used in Ukraine since ancient times [1, 2]. Along 

with private mini-bakeries, large bread factories are 

making adjustments to the baking of new varieties of 

wheat and rye-wheat bread by adding the cones of this 

unique plant to the recipe [1, 3]. The efforts of industry 

experts to adapt the technology of bread making with 

the application of hops to modern production conditions 

are also associated with the emergence of new scientific 

data on the functional physiological properties of hops 

[2, 4–6] and the desire to enrich bread with its 

biologically active substances [2, 7] 
 

Analysis of recent research and publications 
 

Hops are a unique plant containing hundreds of 

phytochemicals that have certain pharmacological 

potential. The bitter substances, polyphenolic 

compounds and essential oil of hops are powerful 

phytoncides that can inhibit the growth of fungi and 

protozoa and have a general stimulating, anti-

inflammatory, regenerative, anti-allergic and other 

effects on the human body [4, 8–10]. The results of 

studies of the antifungal properties of hop extract have 

demonstrated significant inhibition of the hyphal growth 

of Aspergillus niger, Aspergillus parasiticus, 

Penicillium polonicum, Penicillium paneum, 

Penicillium carneum, Penicillium chermesinum, and 

Penicillium roque [2]. 

It has been established that bitter substances in 

hops, in particular alpha and beta acids, soft and hard 

resins and polyphenolic compounds, have antioxidant 

properties and act as natural preservatives with bread 

baking. According to the authors [2], sourdough 

enriched with hop extract had a significantly higher 

concentration of phenols and antioxidant activity 

compared to sourdough without hops. The sourdough 

from hop used in bread production inhibited the growth 

of pathogenic microflora (up to 14 days), contributing 

to the production of bread characterized by a higher 

concentration of free amino acids, antioxidant and 

phytase activity compared to bread where only baker’s 

yeast was used [2]. Bitter substances, in particular alpha 

acids and beta acids, are toxic to acid-forming 

microorganisms, other Gram–positive bacteria, fungi 

and in high concentrations inhibit Gram-negative 

bacteria and also demonstrate antibacterial and 

antifungal activity [5, 11, 12]. Bitter substances and 

essential oil have insecticidal activity [13, 14]. 

There is a prenylflavonoid – xanthohumol, was 

also identified in hops, which proved to be the most 

active compound in biological tests, exhibiting 

anticancer and antioxidant properties [18, 19]. The 

authors presented a wide range of antiviral and 

insecticidal effects of hop xanthohumol [20, 21]. 

Another reason for the increased attention to the 

application of hops in baking is the desire of 

manufacturers to satisfy consumer requirements and 

expand the range of bakery products by applying 

microingredients – food additives, baking improvers 

and various types of non-traditional raw materials [1, 2]. 

Currently, several methods of bread production 

using hops have been developed in Ukraine [1, 3]. Some 

of them have practical application in industry. The 

application of hops improves the sensory characteristics 

and extends the shelf life of bakery products [22]. The 

use of hop sourdough has a positive effect on bread 

quality and reduces the risk of pathogenic microflora 

development in finished products [22]. Hops are used as 

a preservative and a source of biologically active 

substances to enrich bread with microelements. Hop 

extracts affect the rheological properties of dough, in 

particular, they reduce the elasticity and degree of 

softening of wheat dough [23].  

A limiting factor for the application of hops in 

baking is its dosage due to the intense bitterness of hop 

raw materials. Hop varieties differ significantly in their 

biochemical indicators, so the application of different 

hop varieties will affect the taste of bread in different 

ways and therefore requires a detailed approach to its 

standardization in bread baking. 

In previous studies, we developed technological 

solutions for the application of hops in bread baking 

[24–26]. The possibility and feasibility of using 

domestic hop varieties: Slavyanka, Zlato Polissya, and 

Klon 18 in bread production to improve its taste and 

physical and chemical indicators, taking into account 

the peculiarities of the biochemical composition and 

chemical and technological evaluation of these 

varieties, has been established. However, with the 

development of new trends towards healthy food and the 

expansion of the range of yeast-free bakery products at 

the request of consumers, as well as the appearance of 

new hop varieties with taste and aroma characteristics 

that differ from other varieties, today’s promising task 

is to substantiate the effective application of a complex 

of technologically valuable compounds of new hop 

varieties in baking, to study their impact on bread 

quality, to optimization of the dosage of bitter and 

polyphenolic compounds to ensure the high consumer 

quality of the final product. 

Purpose and objectives of the study. 

The purpose of the study was to investigate the 

effect of biologically active compounds of sourdough of 

fine-aromatic hop of Perlyna variety on the quality of 

wheat bread and to optimize the norm of application of 

bitter and polyphenolic compounds to ensure high 

consumer quality of the final product. 

To achieve this goal, the following objectives were 

set: 

- to determine the physical, chemical and 

biochemical quality indicators of Perlyna fine-aromatic 

hop cones;  

- to study the effect of biologically active 

compounds of Perlyna fine-aromatic hop sourdough on 

the quality of wheat bread; 

- to optimize the norm application of bitter and 

polyphenolic compounds of hops to ensure high 

consumer quality of bread. 
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Research materials and methods 
 

The research was conducted in 2021–2024 in an 

accredited laboratory of the Department of Hop and 

Beer Biochemistry and Biotechnology at the Polissya 

Institute of Agriculture of the National Academy of 

Agrarian Sciences of Ukraine. The biochemical quality 

indicators of cones fine-aromatic hop of Perlyna variety 

and wheat bread made from hop sourdough of this 

variety were studied.  

The work used modern international physical and 

chemical methods for analyzing bitter substances, 

polyphenolic compounds and essential oils of hops: 

high-performance liquid chromatography, 

spectrophotometry and other methods for controlling 

the quality of hop raw materials and finished bakery 

products. 

Each series of experiments was conducted at least 

three times. The tables and figures show the average 

values of the parameters of the determined quantities. 

Methods for studying bitter substances in hops 

The organoleptic indicators of cones and the mass 

fraction of moisture were determined according to the 

international method Analytica EBS 7.2. [26, 27]. The 

amount of alpha acids in them – a conductometric 

indicator of bitterness – was determined according to the 

international method Analytica EBC 7.4 [26, 27]. The 

method is based on conductometric titration of hexane 

extract of hop bitter substances with lead acetate 

solution and calculation of the mass fraction of alpha 

acids. 

The content and composition of alpha-, beta-acids 

and xanthohumol were determined by high-

performance liquid chromatography according to the 

international method EBS 7.7. [26, 27]. Bitter 

substances of hops: alpha- and beta-acids and their 

components, in particular, cohumulone, colupulone and 

xanthohumol, were extracted from hops using an 

organic solvent – methanol. The ratio between the mass 

of hops and the extractant was 1:10. The amount of 

alpha and beta acids and the content of cohumulone and 

xanthohumol were determined by high-performance 

liquid chromatography. Chromatography was 

performed using an Ultimate 3000 liquid 

chromatograph with a UV detector at a temperature of 

35 °C. A 100 x 2.1 mm column filled with Pinacle DV 

C18 3 μm sorbent was used. A solution of methanol, 

water and acetonitrile in a ratio of 38:24:38 was used as 

the mobile phase. For the quantitative determination of 

xanthogumol, a xanthogumol standard–etalon with a 

content of 99.8% of this compound was used and for the 

bitter components: alpha- and beta-acids – the 

international etalon of ICF–3 [27]. 

Methods for determining the quantity and 

qualitative composition of hop essential oil The 

quantity of essential oil was determined using the 

international method Analytica EBS 7.10 [28], which is 

based on determining the essential oil content in cm3 per 

100 g of air-dry substance by obtaining essential oil by 

hydrodistillation, followed by decantation and 

collection in a special trap. 

The chemical composition of the essential oil was 

analyzed by gas chromatography, following the official 

method in Analytica-EBC 7.12 [29]. Four selected 

components (myrcene, caryophyllene, farnesene and 

humulene) were identified and quantified using a 

Crystal-2000M capillary gas chromatograph equipped 

with a flame ionization detector. The essential oil 

obtained from hop pellets was separated into individual 

compounds by gas chromatography on 50–60 m 

columns (Restek Stabilwax®, USA) with the 

application of 20–30 cm3 of chromatographic inert 

nitrogen carrier gas. The temperature program was as 

follows: 60 °C (holding time 1 min), 60–190 °C (4 

°C/min), 190–220 °C (holding time in isothermal 

regime 40 min). The injector temperature was 220 °C, 

the injection volume was 0.3–0.4 μl, and the detector 

temperature was 250 °C. The results were expressed as 

the relative % of a particular compound in the essential 

oil. 

Preparation of hop extracts for hop sourdoughs 

The extraction and accumulation of valuable hop 

compounds in solution are influenced by boiling time, the 

presence of a reflux condenser and other factors. 

According to research [24], the boiling time for the 

accumulation of bitter and polyphenolic hop compounds 

in the extract (93–95%) was 60 minutes. After 45 

minutes, 85–87% of the total amount of bitter substances 

was extracted from the hops. In order to reduce energy 

consumption and the duration of preparation of hop 

extract for application in bakery products, it is advisable 

to extract hops at boiling temperature for 45 minutes. The 

hop extract was prepared by boiling hop cones (10 g of 

cones per 1 liter of boiling water) for 45 minutes with a 

reflux condenser, after which the quantitative parameters 

of the hop extract were taken into account with the 

normalization of hop consumption.  

The bitterness in the hop extract was determined by 

spectrophotometry using a SECOMAM Uvilight XT 2 

spectrophotometer [30]. To determine the polyphenol 

content in the hop extract, we used the method developed 

and proposed by the EBC Analytical Committee 

Yerumanis (variant II) [31]. 

Preparation of hop sourdough for bread baking 

The 1 liter of cooled and filtered solution of hop extract 

were added 200 g of flour and 75 g of sugar. The 

sourdough was placed in a warm place (at a temperature 

of 30–35°C) for two days to pass the fermentation 

process (depending on the temperature, the fermentation 

process may take longer or shorter). The finished 

sourdough was stored in a glass container, covered with 

a lid with holes, in the refrigerator until application. 

Evaluation of bread quality indicators with 

hops The effect of hops on bread quality indicators was 

determined by laboratory baking. The dough was 

prepared from high quality wheat flour using a single-

phase method. Hops were added to the dough in the 

form of sourdough. The amount of yeast was reduced by 
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half from that specified in the recipe (3% of the flour 

weight). Wheat bread without the addition of hop 

sourdough was used as a control sample. The quality of 

bread made with the addition of hops and the control 

sample was evaluated according to organoleptic and 

physicochemical indicators. The organoleptic 

evaluation of bread was carried out in accordance with 

DSTU 7044 in accordance with the five-point quality 

system for bakery products. Organoleptic characteristics 

included appearance: crust color, product shape 

stability, surface condition, crumb condition, porosity 

structure, degree of baking, freshness, smell, and taste 

of bread. When determining the surface condition, 

attention was focused on the shape of the crust and its 

condition. The surface should be smooth, without cracks 

or breaks. The crumb should be well baked, elastic, not 

sticky, with developed porosity, without traces of 

unevenness and compaction of crumbs. When assessing 

the porosity of the crumb, the size of the pores, their 

uniform distribution, and the thickness of the pore walls 

were taken into account. The elasticity of the crumb was 

assessed by lightly pressing one or two fingers on the 

cut surface of the product. The structure of the crumb 

was observed by removing the fingers from the surface. 

With no residual deformation, the elasticity of the crumb 

was assessed as good; with slight deformation, it was 

assessed as average, and with significant residual 

deformation and crumb compression, it was assessed as 

bad. The aroma and taste were determined during 

tasting. Each indicator was evaluated on a five-point 

scale. The better the indicator for each sample, the 

higher the score it received for that indicator. 

The physical and chemical indicators in bread 

samples were determined in accordance with DSTU 

7045. The physical and chemical indicators of bread 

quality include: moisture content, acidity, porosity, as 

well as sugar and fat content in products that contain 

sugar and fat according to the recipe. The physical and 

chemical parameters of bread quality were determined 

no earlier than 3 hours after baking and no later than 24 

hours. The physical and chemical properties included 

specific volume, shape stability, structural and 

mechanical properties of crumbs, and porosity. The 

volume of bread in cm3 was measured according to the 

principle of measuring the volume of bulk filler 

displaced by bread. The specific volume of bread 

(volume of 100 g of product, cm3/100 g) was determined 

by dividing the volume of bread by its weight. The 

stability of the bread shape was characterized by the 

ratio of its height (H) to diameter (D). The porosity of 

bread reflects the volume of pores in a given volume of 

crumbs, expressed as a percentage of the total volume 

of bread. An increase in this indicator indicates a larger 

volume, better appearance and greater crumbly texture. 
 

Results of the research and their discussion 
 

One of the ways to enrich bread with biologically 

active hop compounds, expand the range of bakery 

products, and improve their quality, taste, and aroma is 

to study and apply hop sourdoughs made from water 

extract of cones of finely aromatic hop varieties in bread 

baking. 

As a result, boiling of hop water extract, alpha acids 

are isomerized to form iso-alpha acids, which have a 

more bitter taste [32, 33]. At the same time, other 

biologically active substances, in particular polyphenols 

and essential oils, are also extracted into the solution [34]. 

The effect of bitter substances, polyphenolic 

compounds and essential oils of hops on bread quality 

indicators was determined by laboratory baking. The 

dough was prepared from high-grade wheat flour using 

a single-phase method. The determining factor for 

establishing the maximum possible dose of hops was the 

taste of the bread. Data obtained in the case of 

application of hop cones of the Klon 18, Zlato Polissya 

and Slavyanka varieties showed [24, 35] that when hops 

were dosed at 0.08% of the flour weight, the taste was 

typical for bread with a light taste and aroma of hops. At 

lower doses of hops, the taste and aroma of bread were 

almost the same as the control sample. When adding 

hops in an amount of more than 0.10% of the flour 

weight, a slightly bitter tone was felt, which an increase 

in the dosage of hops transformed into a more bitter 

taste. Thus, the maximum possible dose of aromatic 

hops for bread making was 0.08–0.10% of the flour 

weight, which was approximately twice the dose known 

from the literature (0.04%) [25], on the condition that 

bitter varieties with a high content of α-acids were used. 

Study of the effect of a complex of technologically 

valuable compounds hops of Perlyna variety on the 

quality indicators of bread.  

The study of the effect of a complex of 

technologically valuable compounds hops of Perlyna 

variety on the quality indicators of bread, sourdough of 

hops of this variety was added to the dough in a dosage of 

0.1% of the flour weight. The biochemical characteristics 

of hop cones of Perlyna variety are given in Tab. 1. 

The mass fraction of alpha acids in the studied 

hops was 5.2%, polyphenolic compounds – 4.8%. The 

aromaticity coefficient, which characterized by the ratio 

of beta acids to alpha acids was greater than 0.9, 

confirms that this Perlyna hop variety belongs to the 

delicately aromatic type of hops. The studied hops also 

had a high content of farnesene-type essential oil (1.6 ml 

per 100 g of dry matter). 

The amount of yeast was reduced by half from that 

indicated in the recipe (3% of the flour weight). Wheat 

bread without the addition of hop sourdough was used 

as a control sample. The quality of bread made with the 

application of hops and the control sample was 

evaluated according to organoleptic and 

physicochemical indicators. 

The effect of bitter, polyphenolic substances and 

other biologically active compounds of sourdough made 

from hops of Perlyna variety on the organoleptic 

indicators of wheat bread is presented in the form of a 

profilogram in Fig. 1.
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Table 1 – Biochemical quality indicators of hop cones of Perlyna variety 
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Perlyna 5.2±0.42 24.7±1.98 0.92±0.31 4.8±0.54 0.47±0.034 1.6±0.09 13.9±1.37 

 
 

Fig. 1.  Profilogram of organoleptic properties of wheat bread with application of hop sourdough 

from cones of Perlyna variety 

 

All repeated variants of bread made with the 

addition of sourdough from aromatic hop cones of 

Perlyna variety had a pleasant taste and aroma of hops. 

Compared to them, the control sample had an aroma 

characteristic only of bread. The color of the bread crust 

in the experimental variants ranged from light yellow to 

golden yellow. The control sample had a light yellow 

crust. The addition of hop sourdough did not deteriorate 

the color and shape of the bread, the condition and color 

of the crumb, or its physical and chemical properties. 

Reducing the amount of yeast and adding hop 

sourdough instead had a positive effect on dough 

fermentation. The porosity in the control sample was 

uniform. In the experimental samples, the porosity was 

improved (homogeneous, medium, fine), which was due 

to better dough fermentation. The results of the study are 

in agreement with the results of studies by other 

scientists [1–3]. The color of the crumb in all samples, 

including the control sample, was light cream. The 

crumb was elastic and not sticky. The specific volume 

remained normal for all variants. 

Optimization of hop dosage for sourdough 

preparation according to its alpha acids content. 

In the technology of sourdough preparation from 

hops, it was reasonable to regulate the content of bitter 

substances in it, which would ensure the stability of the 

taste characteristics of the finished product and a certain 

level of bactericidal action in the fermentation medium 

of sourdough during the formation of its 

microbiological composition. Based on this, in order to 

ensure sufficient quality-standardized bitterness of 

bread, it became necessary to regulate hops taking into 

account the content of bitter alpha acids, which 

determined its consumer and technological value. For 

establishing the application of the optimal amount of 

bitter substances per unit of flour, a series of 

experiments was conducted on the preparation of 

sourdough from hops of Perlyna variety with different 

contents of bitter substances and polyphenolic 

compounds. The reason for choosing this variety was 

that among the aromatic varieties, the Perlyna variety 

had a high content of essential oil—up to 1.6 ml per 100 

g of dry hops, which also has antibacterial properties 

and affects the smell of the product. 

Experimental samples were selected to study the 

formation of economically valuable indicators of hop 
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cones of Perlyna variety from August 4 to September 

15, during the period from the beginning of hop cone 

formation to the stage of full technical ripeness. The 

results of the dynamics of the accumulation of bitter 

substances, polyphenolic compounds, and the load of 

polyphenols per 1 g of alpha acids are presented in Fig. 2. 

As can be seen from Fig. 2, hop cones at the 

beginning of their formation had a low content of bitter 

substances, in particular 1.32% alpha acids, and a high 

content of polyphenolic compounds (10.12%). As the 

cones ripen, bitter substances are synthesized, the 

amount of alpha acids increasing from 1.32 to 5.95% by 

the phase of full technical ripeness of the cones. The 

amount of polyphenolic compounds, on the contrary, 

decreases from the beginning of cone formation to the 

phase of full technical ripeness from 10.12 to 4.81%. 

The polyphenolic compound load coefficient per 1 g of 

alpha acids also decreases significantly from 7.7 to 0.8 

in technically ripe cones. 

Further studies were conducted with these samples 

hop of Perlyna variety with different alpha acid content 

in the amount of 0.1% of flour weight in the form of 

sourdough. 

The content of bitter substances and polyphenolic 

compounds in bread was determined by calculation, 

based on the condition that with a hop dosage of 0.1% 

of the flour weight, the requirement for hops with a 

standard moisture content of 10% was 1.0 g for the 

preparation of bread from 1 kg of flour.  

The calculation of the amount of alpha acids (AA) 

and polyphenolic compounds (PC) per 1 kg of flour, 

taking into account the moisture content of hop cones, 

is shown in the example of the first hop sample of 

Perlyna variety.  

AA =  1.0 × 0.0132 × 0.9 = 0.01188 g = 11.88 × 10-3 g 

of alpha acids 

PC = 1.0 × 0.1012 × 0.9 = 0.09108 = 91.08 × 10-3 g 

polyphenolic compounds 

The research results are presented in Table 2. 

 
Fig. 2. Content of alpha acids and polyphenolic compounds in hop cones of Perlyna variety harvested at 

different stages of ripeness 

 

Table 2 – Technological characteristics of hop samples and hop sourdough of the Perlyna variety 

Sample No.     

Hop indicators, % to DM     
Added with hop sourdough, 

g /1 kg of flour 

mass fraction of 

alpha acids     

mass fraction of 

polyphenolic 

compounds     

alpha acids     
polyphenolic 

compounds 

1 1.32±0.01 10.12±0.03 (11.88±0.05) × 10-3 (91.08±0.37) × 10-3 

2 1.94±0.01 9.23±0.05 (17.46±0.07) × 10-3 (83.07±0.33) × 10-3 

3 2.66±0.01 8.01±0.04 (23.94±0.09) × 10-3 (72.09±0.29) × 10-3 

4 3.12±0.01 7.36±0.03 (28.08±0.11) × 10-3 (66.24±0.21) × 10-3 

5 3.58±0.01 5.50±0.03 (32.22±0.12) × 10-3 (49.50±0.21) × 10-3 

6 3.98±0.02 5.38±0.02 (35.82±0.14) × 10-3 (48.42±0.19) × 10-3 

7 4.82±0.02 5.02±0.02 (43.38±0.16) × 10-3 (45.18±0.18) × 10-3 

8 5.64±0.02 4.85±0.02 (50.76±0.18) ×10-3 (43.65±0.18) × 10-3 

9 5.95±0.03 4.81±0.02 (53.55±0.21) × 10-3 (43.29±0.18) × 10-3 
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The results of studies on the application of 

sourdough made from aromatic hops of Perlyna variety 

with different contents of alpha acids and polyphenolic 

compounds showed that bread had high taste qualities 

with the addition of up to 1 kg of flour: from 23.9 × 10-

3 to 35.8 × 10-3 g of bitter substances and 45.2 × 10-3 to 

72.1 × 10-3 g of polyphenolic compounds. The taste of 

the bread with less bitter substances and more 

polyphenols was almost the same as the control sample, 

although the physical and chemical indicators 

improved. As a result, increase amount of bitter 

substances from 35.8 × 10-3 to 43.4 × 10-3 g, a slightly 

noticeable bitterness was felt against the background of 

a pleasant hop aroma. The addition of 1 kg of flour more 

than 50.8 × 10-3 g of bitter substances, the bread 

acquired a noticeable bitterness. Thus, a reasonable 

norm of hop bitter substances to ensure excellent taste 

and consumer properties of bread is in the range of 23.9 

to 43.4 mg of added alpha acids per 1 kg of flour. 

Analysis of the results showed that the bitter 

qualities of hops had a significant effect on the taste of 

bread. In contrast, polyphenolic compounds had less 

influence on taste, but in combination with bitter 

substances had a significant effect on consumer 

qualities, in particular on the microbiological purity of 

bread, which prolongs its shelf life and increases its 

stability and specific volume (Fig. 3). 

The dosing of hops in the studied samples with 

different contents of bitter substances, which are 

represented by alpha acids, different amounts of them 

are added to bread therefore the stability of the addition 

of bitter substances is not ensured. The results of studies 

on the application of hop sourdoughs based on the 

Perlyna hop variety with different contents of alpha 

acids and polyphenolic compounds and the results of 

tasting evaluation of bread samples showed that the 

optimally justified norm of hop bitter substances, which 

ensures excellent taste and consumer properties of 

bread, is (23.9 + 43.4)/2 = 33.7 mg or 33.7 x 10-3 g per 

1 kg of flour. Similar results were obtained for other 

aromatic varieties [24]. Therefore, to ensure stable, 

optimally standardized bitterness of bread, it is 

advisable to calculate the mass of hops added based on 

the alpha acid content per unit of flour. 

An analysis of the principle of normalizing hop 

application in the brewing industry showed that its 

calculation was based on a number of indicators aimed 

at ensuring a pleasant hop bitterness for a particular beer 

and increasing its colloidal stability during storage. 

Based on the data presented above and taking into 

account the purpose of application of hop sourdough in 

baking, as well as the consumer properties of bread, a 

simplified method for calculating the amount of hops, g, 

per 1 kg of flour, as a recipe component, was proposed, 

which will allow producing finished products with 

stable bitterness: 

mх = 
33.7 × 10-3× 100 ×100 

, g/kg                                 
         α ×(100–w) 

or 

mх = 
           337  

, g/kg                                                                 
     α × (100–w) 

where   mх – weight of hop, g/kg;   

 α – mass fraction of alpha acids in hops, % to DM; 

w – mass fraction of moisture in hops (actual), %. 

For 100 kg of flour, the requirement for hops will 

be:                              

       mх = 
      337 х100 

, g/100 kg                                 
     α × (100–w) 

. 

 
Fig. 3.  Specific volume of bread samples made with the application of hop sourdough of Perlyna 

variety with different contents of bitter substances and polyphenolic compounds 
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For example, to make wheat bread with the use of 

delicately aromatic hop of Perlyna variety with an alpha 

acids content of 2.7% and a moisture content of 9%, 1 

kg of flour requires the following amount of hops when 

boiling the hop extract for 45 minutes: 

mх = 
             337 

= 1.4 g/kg                                 
     2.7 × (100–9) 

For 100 kg of flour, the amount of hops required 

will be: 

mх = 
         337х100 

= 140 g/100 kg                                 
     2.7 × (100–9) 

Thus, the proposed method allows calculating the 

required amount of hops that should be added to flour in 

the form of sourdough, ensuring a certain content of 

alpha acids for the finished bread with a pleasant aroma 

and stable taste, which will improve its quality and 

consumer properties.  

This will contribute to expanding the product 

range, giving products a preventive and health-

promoting effect, improving the taste and aroma of 

bread, enriching bread with biologically active 

substances, extending the shelf life of bakery products, 

and ensuring their microbiological purity 
 

Conclusion  
 

The possibility of applying fine-aromatic hop of 

Perlyna variety in bread production has been 

investigated. However, it is necessary to take into 

account the peculiarities of the biochemical composition 

and chemical-technological evaluation of hops. It has 

been established that bitter substances, essential oil and 

polyphenolic compounds of hops had a significant 

effect on the taste of bread. The application of 

sourdough made from the delicately aromatic hop of 

Perlyna variety improved the quality of bread, in 

particular its taste and aroma. The volume and porosity 

of bread also increased and the structure of porosity and 

elasticity of the crumb improved. The reduction in the 

amount of yeast did not affect the fermentation process 

of the dough and the stability of the final product. The 

dosage of hop sourdough was optimized and a 

calculation of hop use in baking was proposed, taking 

into account the content of bitter alpha acids in it. The 

optimally justified norm of bitter substances in hops to 

ensure excellent taste and consumer properties of bread 

is a range of added alpha acids from 23.9 to 43.4 mg per 

1 kg of flour. The proposed technology improved the 

consumer properties and taste qualities of bakery 

products by giving them a hop aroma and a stable, 

optimally normalized taste with a slight delicate 

bitterness. The application of hops was aimed at 

improving the taste and physical and chemical 

characteristics of bread, giving it preventive and health-

promoting properties. 
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Перлина дозволили встановити можливість і доцільність його використання у випічці та вплив на якість хліба.  Аналіз 

отриманих результатів показав, що гіркі якості хмелю мали значний вплив на смак хліба. На відміну від цього, 

поліфенольні сполуки мали менший вплив на смак, але в поєднанні з гіркими речовинами значно впливають на споживчі 

якості. Результати досліджень використання закваски хмелю ароматичного сорту Перлина з різним вмістом альфа-

кислот та поліфенольних сполук показали, що хліб мав високі смакові якості при додаванні до 1 кг борошна: від 23,9 

до 35,8 мг гірких речовин та 45,2 – 72,1 мг поліфенольних сполук. З меншою кількістю гірких речовин та більшою 

кількістю поліфенолів смак хліба майже не відрізнявся від контрольного зразка, хоча фізико-хімічні показники 

покращилися. При збільшенні з 35,8 до 43,4 мг гірких речовин на фоні приємного хмельового аромату відчувалася ледь 

помітна гірчинка. При додаванні до тіста з     1 кг борошна більше 50,8 мг гірких речовин хліб набував помітної гіркоти. 

На прикладі хмелю сорту Перлина, оптимізовано дозування витрат хмелю та запропоновано розрахунок норми його 

споживання в хлібопеченні з урахуванням вмісту в ньому гірких альфа-кислот. Оптимально обґрунтованою нормою 

гірких речовин хмелю для забезпечення відмінних смакових і споживчих властивостей хліба є  діапазон внесених альфа-

кислот від 23,9 до 43,4 мг на 1 кг борошна. Запропонована технологія покращила споживчі властивості та смакові якості 

хлібобулочних виробів з наданням аромату хмелю та стабільного оптимально-нормалізованого смаку хліба з легкою 

ніжною гірчинкою. При цьому зростає об’єм хліба, пористість, покращується структура пористості та еластичність 

м’якушки. Зменшення кількості дріжджів не вплинуло на процес бродіння тіста та стабільність форми кінцевого 

продукту. Це сприятиме оздоровчим та профілактичним ефектам продуктів. 

Ключові слова: хліб, хміль,  хмельова закваска, сорт хмелю, альфа-кислоти, показники якості. 

 

 


