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Abstract. This paper considers the prospects of using phytomaterials to solve the problems of baking industry, caused by the instabil-

ity and defects of wheat flour, and analyses the main methods of regulating structural and mechanical properties of wheat dough and im-

proving the quality of products made from weak flour. The prospects of using phytomaterials as natural alternatives to synthetic additives 

and baking improvers are presented. The chemical composition and the content of active substances in rosehips (the dogrose fruit) and haw-

thorn fruit are analyzed as to their effect on increasing the nutritional value and improving the protective properties of products as well as 

their effect on the course of the technological process, the quality of semi-finished and finished products. The methods of processing the 

phytomaterials have been suggested, and the optimum parameters of their extraction have been determined as to their effect on the protein-

proteinase complex. Water and milk whey are suggested as extractants with the 1:10 ratio between the raw materials and the extractant, 

while the optimal temperature (100°C) and duration (60 minutes) of extraction were determined experimentally. Rational doses of phytoex-

tracts have been found on the basis of their influence on gluten elasticity and the physical properties of wheat dough during its mixing and 

fermentation (30% of the rosehip water extract, 45% of hawthorn water extract, and 15% of whey extracts to the weight of flour). It has been 

established that proposed phytoextracts can increase the water absorption capacity of flour with weak and medium-strength gluten during 

dough mixing, improve its formation, stability, and elasticity, and decrease the degree of dilution according to the study of rheological prop-

erties of the dough using farinograph and extensograph. The mechanism of interactions and conformational changes in the structure of glu-

ten proteins with the active substances of phytoextracts, especially pectins, polyphenols, and organic acids, has been suggested. It has been 

proven that fruit phytoextracts can be used as alternatives to synthetic improvers to process weak flour. Their usage allows solving the prob-

lems of regulating the properties of the gluten network and obtaining baked products with high physical, chemical, and sensory qualities. 

The proposed methods are effective and relatively easy to implement, which is important for small bakeries and restaurant establishments. 
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Анотація. У представленій роботі розглянуто проблеми виробництва хлібопекарської продукції, спричинені коливан-

ням якості та дефектами борошна, та проаналізовано основні заходи регулювання структурно-механічних властивостей 

пшеничного тіста і підвищення якості продукції зі слабкого борошна. Показано перспективність використання фітосиро-

вини як альтернативи синтетичним добавкам та хлібопекарським поліпшувачам. Проаналізовано хімічний склад, вміст ді-

ючих речовин плодів шипшини та глоду з точки зору підвищення харчової цінності та посилення у продукції захисних 

властивостей, а також їх впливу на перебіг технологічного процесу, якість напівфабрикатів і готових виробів. Розглянуто 

способи переробки фітосировини і визначено оптимальні параметри її екстрагування з точки зору впливу на білково-

протеїназний комплекс. В якості екстрагентів запропоновано використання питної води і молочної сироватки зі співвідно-

шенням сировини до екстрагенту 1:10, оптимальні температуру (100°С) та тривалість екстрагування (60 хв) встановлювали 

дослідним шляхом. Встановлено раціональні дозування фітоекстрактів за їх впливом на пружність клейковини та фізичні 

властивості пшеничного тіста при замісі і ферментації (водні екстракти глоду – 45%, шипшини – 30%, сироваткові екстра-

кти – 15% до маси борошна). Дослідження водопоглинальної здатності борошна зі слабкою та середньою за силою клей-

ковиною, реологічних властивостей напівфабрикатів за даними екстенсографа і фаринографа показали, що тісто з запро-

понованими фітоекстрактами краще зберігає фізичні властивості протягом замісу і ферментації. Запропоновано механізм 

взаємодій і конформаційних змін в будові клейковинних білків за участю діючих речовин фітоекстрактів, насамперед пек-

тинів, поліфенолів, органічних кислот. Доведено, що плодові фітоекстракти можуть бути альтернативою синтетичним по-

ліпшувачам при переробці слабкого борошна, а їх використання дозволяє вирішити комплекс проблем по регулюванню 

властивостей клейковинного каркасу тіста та отримати хлібобулочні вироби з високими фізико-хімічними та органолепти-

чними властивостями. При цьому запропоновані заходи відрізняються ефективністю та відносною простотою використан-

ня, що є актуальним як для дрібних пекарень, так і для підприємств ресторанного господарства. 

Ключові слова: шипшина, глід, фітосировина, екстракт, клейковина, структурно-механічні властивості, слабке борошно. 
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Introduction. Formulation of the problem 
 

Bread products are staple, mass-consumption ones. 

They belong to the most affordable sources of energy and 

biologically active substances (BAS) for people. Depend-

ing on the recipe, technology, and thus their chemical 

composition and their nutrient and micronutrient content, 

bread products can have different lipotropic, detoxifying, 

antioxidant or other valuable therapeutic and prophylac-

tic properties. Bread can motivate and signal, its flavor 

and taste are among the most effective factors in arousing 

appetite and improving the emotional state. Besides, 

some specific features of the content and state of biopol-

ymers and the porous texture allow bread products to im-

part the required consistency and structure to the food 

consumed along with them. This contributes to the effec-

tiveness of gastrointestinal tract functioning, allowing 

fuller digestion of different types of food. To preserve the 

special value of bread in human life and its functions so 

important for the organism, its quality (taste, aroma, ap-

pearance, porosity, acidity, chemical composition, state 

of biopolymers, and BAS content) must comply with cer-

tain requirements. The formation of the above character-

istics depends on the baking properties of the raw materi-

als (especially of the flour), the recipes, the organization 

of the technological process, the duration, intensity and 

direction of the physical, chemical, colloidal, biochemi-

cal, microbiological, and thermophysical modifications 

of the components of the dough systems [1]. 
 

Analysis of recent research and publications 
 

In recent years, instability and reduction of the bak-

ing quality of wheat flour have become one of the major 

problems of domestic baking industry [2]. Bakeries more 

and more often face the problem of being provided with 

defective wheat flour – low in gluten (24.0 to 28.0%), of 

insufficient elasticity and excessive resilience (47 to 63 

units of gluten strain meter with 11.0–12.5 cm of elonga-

tion), or too diluted after the processing. The defects can 

also include significant fluctuations in the falling number 

(285 to 556 s), in gas production (1070–1490 cm3 of 

СО2), and in other technological and biochemical charac-

teristics. All this hinders the formation of a continuous 

sponge-like gluten structure of the wheat dough, its struc-

tural and mechanical properties and elasticity-resilience 

balance during the technological process, the gas-

forming, gas-retaining and shape-keeping capabilities of 

the dough, – thus, it prevents the dough from taking the 

required shape, volume, porosity, and other product qual-

ity characteristics. Fluctuations of flour properties along 

with the manufacturers’ desire to improve the range of 

products, to form their special sensory characteristics, to 

strengthen the prophylactic, therapeutic, and preventive 

properties of the products by using new raw materials 

and introducing intensive technologies – all this has 

made the problems of baking products quality and their 

stability in storage really acute. The insufficient intensity 

of colloidal, biochemical and microbiological processes 

during the preparation of wheat dough negatively affects, 

first of all, the taste and aroma of bread, its shelf-life, and 

increases the risk of microbiological damage, which re-

duces the consumer demand [1-3]. 

Most of the activities aimed at solving these problems 

are implemented at the stage of dough preparation – its 

mixing and fermentation. The decisive factor in the regula-

tion of rheological properties of wheat dough is considered 

to be the modification of the composition, structure, and 

properties of gluten proteins due to updating the recipes, in-

cluding reactive compounds, changing the medium (pH, 

humidity, temperature) and the parameters of mechanical 

loading during the doughing process. This provides chemi-

cal, physical, mechanical, and biochemical effects on the 

state of proteins, on intermolecular and intramolecular pro-

tein-protein, protein-lipid, and protein-polysaccharide inter-

actions of covalent and nonvalent nature, causes changes in 

the quality of gluten, its degree of hydration, aggregation 

ability of glutenin, gliadin and other biopolymers of flour 

systems, activity of proteolytic enzymes, etc. 

Baking improvers are commonly used, during both 

the production of flour and the dough preparation, to regu-

late the technological properties of flour, and thus the phys-

ical characteristics of the dough, and to improve the prod-

ucts quality both in Ukraine and abroad. These improvers 

are, first of all, enzymes, dry wheat gluten, as well as redox 

supplements, emulsifiers, modified starches, hydrocolloids, 

mineral salts, etc. [4-9]. The versatility and interrelation of 

the processes of forming the necessary consumer character-

istics of bread and the complexity of baking problems pre-

determine the usage of combined approaches and complex 

improvers (mostly of foreign production), capable of multi-

functional effect on the technological process and product 

quality. The wide spread of baking improvers is due to their 

effectiveness in forming the main characteristics of product 

quality, controlled by regulatory documents, and the ease of 

their usage in dynamic industrial conditions. However, 

since baking improvers are largely synthetic additives, their 

wide usage alarms a lot of consumers (according to sur-

veys, it is the reason why 35% of consumers choose not to 

buy such products) and nutritionists (who link them to the 

spread of allergies and other diseases), both in Ukraine and 

abroad [10-13]. 

That is why it is becoming relevant to search for 

natural alternatives to synthetic additives that combine 

safety, complexity, the polyvalent effect, the possibility 

of solving the problems of the industry and improving 

the nutritional value of baked goods and their physiologi-

cal properties. The products of processing plant and ani-

mal raw materials (legumes, fruit powders, dairy prod-

http://creativecommons.org/licenses/by/4.0
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ucts, etc.) are used in baking industry. Their benefits in-

clude the complex composition, the balance of their indi-

vidual components, the presence of compounds in the 

most easily digested form [1,14,15]. In recent years, spe-

cial importance worldwide has been given to medicinal 

and aromatic plants, both in terms of their usage in phy-

totherapy and in the production of dietary supplements, 

food, cosmetics, natural dyes, flavors, preservatives, 

etc. [16-18]. 

The value of phytomaterials, as applied to baking, 

consists in their diversity, high content of biologically ac-

tive substances with relevant physiological effects, reac-

tive to the components of flour systems. Particularly, the 

composition of BAS in hawthorn fruit (Crataegus san-

guinea) includes mono- and disaccharides (up to 15%), 

pectins (up to 1.8%), and 2.1% of organic acids (citric, 

malic, caffeic), polyphenols and tannins (anthocyanins, 

catechins, flavonols, etc.), up to 24 micro- and macro-

elements [19-21]. Hips of the dogrose (Rosa canina) con-

tain up to 18% of mono- and disaccharides, up to 2.8% of 

organic acids (mainly citric and malic) and 1.8–2.7% of 

pectin. Rosehips mostly contain such BAS as vitamin C, 

β-carotene, and phenolic compounds (anthocyanins, fla-

vonols, etc.). Fruit pulp also contains vitamins PP, B1, B2, 

B9, E, essential oils, and a significant amount of salts (Ca, 

Na, Fe, Mn, P, K, Mg, etc.) [22,23]. 

This chemical composition allows us to view rose-

hips and hawthorn fruit as promising additives to in-

crease the nutritional value, improve the protective prop-

erties of products, and enrich semi-finished flour prod-

ucts with nutrients, important for fermentative microflora 

(saccharides, amino acids, vitamins, macro- and micro-

elements), including using them as components of the 

nutrient medium for yeast activation [24]. The presence 

of pectins, tannins, organic acids that can shift the pH of 

the medium, interact with proteins, affect the activity of 

proteases allows us to consider whether they can regulate 

the structural and mechanical properties of wheat dough, 

neutralize the negative effects of fluctuations in the bak-

ing properties of flour [1,25]. However, the use of medic-

inal and aromatic plants to solve the problems of baking 

industry is hindered by the instability of their quality. Be-

sides, it is necessary to deepen the theory and, basing on 

it, standardize the requirements for their quality, methods 

of determining their technological properties, the profile 

of their main active substances, and recommendations 

about rational methods of their preparation. 

Thus, the purpose of this work was to develop prac-

tical measures supposed to stabilize the quality of bakery 

products by using the products of processing hawthorn fruit 

and rosehips to regulate the dough preparation processes 

and its structural and mechanical properties. 

Research tasks. 

1. To determine the optimum extraction parameters 

for rosehips and hawthorn fruit by their influence on the 

state of gluten in wheat flour. 

2. To investigate the effect of phytoextracts on the 

structural and mechanical properties of wheat dough, and 

to establish their rational doses. 

3. To determine the physical, chemical, and or-

ganoleptic properties of wheat dough and bakery prod-

ucts made from normal and weak flour with phytoex-

tracts. 
 

Research materials and methods  
 

In this research, first grade wheat flour was used. To 

assess the state of the protein-proteinase complex of the 

flour, such parameters were determined as the ‘raw’ gluten 

content according to GOST 27839-88, its elasticity (meas-

ured on the gluten strain meter), and elongation [26]. The 

selected samples of flour had the following baking proper-

ties: 1st – weak gluten with a content of 28.2%, 105 units of 

elasticity, and 20 cm of elongation; 2nd – good quality glu-

ten with a content of 26.8%, 75 units of elasticity, and 15 

cm of elongation. The following phytomaterials were used: 

hawthorn fruit and rosehips, whose quality (average particle 

size, bulk density, degree of swelling) was evaluated ac-

cording to the recommendations of the State Pharmacopoe-

ia of Ukraine [27]. 

A Brabender farinograph and extensograph were 

used to evaluate the effect of phytomaterials and the 

products of their processing on the progress of wheat 

dough preparation, its structural and mechanical proper-

ties during mixing and fermentation, according to DSTU 

4111.1-2002, DSTU 4111.2-2002. Other characteristics 

determined were dough running (during 180 min. of fer-

mentation), shape stability, volume and porosity of the 

test-baked bread according to GOST 27669-88 [26]. 
 

Results of the research and their discussion  
 

A comparison of the sensory, physical, and chemical 

characteristics of powdered phytomaterials with first 

grade wheat flour (Table 1) has shown that the particle 

size of the former is much larger, they can be sensed 

while chewing, have a darker color, and swell much 

more slowly. This means that measures should be devel-

oped for the preliminary preparation of phytomaterials so 

as to eliminate these flaws and retain valuable properties. 

Table 1 – Comparative analysis of powdered  

fruit phytomaterials and flour 

Physical characteristics 
Hawthorn and 
rosehip phyto-

materials 

1
st
 grade 

wheat 
flour 

- average particle size, µ  325–464 40-60 

- bulk density, kg/m3  380–450 550 

- degree of swelling, 
cm3/g  

3.60–4.47 1.78–2.05 

 

One of the oldest and most widespread methods of 

isolating BAS from plant materials is extraction, which re-

moves unwanted fractions that can adversely affect the sen-

sory properties of the product. The main goal when organ-

izing a phytomaterial extracting process is to determine its 

optimum parameters (type of extractant, material-to-

extractant ratio, dispersion, extraction temperature and du-

ration, etc.) to isolate the technologically significant com-
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pounds and preserve their physiological properties with the 

least possible energy consumption [28-30]. 

Water and milk whey (OST 10-02-02-3-87) are 

suggested as extractants, since they are widely used in 

baking. The ratio between the raw materials and the ex-

tractant was chosen as 1:10, according to the recommen-

dations of the State Pharmacopoeia of Ukraine and pre-

liminary studies [31], and the optimum temperature and 

duration of extraction were established experimentally. 

The effectiveness of the process was determined by the 

effect of rosehip and hawthorn extracts on the gluten 

network. The effect was evaluated by measuring gluten 

elasticity with a gluten strain meter (Fig. 1). 

 

  
Ia Ib 

  
IIa IIb 

Fig. 1. Effect of water (І) and whey (ІІ) extracts of hawthorn (a)  

and rosehips (b) on the elasticity of weak flour gluten  

 

The above results show that phytoextracts 

strengthen the gluten, increase its elasticity, and reduce 

its running and elongation. In this case, the most signifi-

cant factor of extraction is its duration, the optimum val-

ue of which is 60 minutes. Obviously, such extracts con-

tain higher concentrations of pectin, other polysaccha-

rides, polyphenols, and organic acids that can interact 

with gluten-free proteins of the dough, affect the number 

of intra- and intermolecular hydrogen, disulphide, and 

ionic bonds between gliadin and glutenin fractions. They 

can become embedded into the structure of gluten, and 

this effects on the density of their packaging and on their 

properties. Increasing the extraction time adversely af-

fects the effectiveness of phytoextracts strengthening the 

gluten network. This, apparently, results from the chang-

es in the state of active substances, in particular, from 

hydrolysis and polymerization of pectins and polyphe-

nols, and from an increase in acidity. 

To check the hypothesis that fruit phytoextracts 

are effective for strengthening the gluten network of 

wheat dough, the dough was made with addition of dif-

ferent doses of hawthorn and rosehips that had been ex-

tracted with water or milk whey for over 30 min (a) and 

60 min (b), and then, the quality of its gluten was deter-

mined (Fig. 2). 

 
Fig. 2. Effect of hawthorn (I) and rosehip (II) phyto-

extracts on the gluten resilience: 1 – control (water);  

2–5 – water extract dosage to the mass of flour:  

2 – 15 %; 3 – 30 %; 4 – 45 %; 5 – 60 %; 6 – control 

(15 % of milk whey); 7–9 – whey extract dosage to the 

mass of flour: 7 – 5 %; 8 – 10 %; 9 – 15 % 
 

It has been confirmed that addition of up to 30% of 

the rosehip water extract, up to 45% of hawthorn water 
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extract, and up to 15% of whey extracts (with the extrac-

tion time of 60 minutes) to the dough while mixing it has 

a positive effect on the formation of the gluten network. 

The gluten from the samples with hawthorn and rosehip 

water extracts added had higher resilience (by 23 and 

27%, respectively) and lower elongation (by 22.5 and 

20.0%). In the samples with whey phytoextracts added, 

the gluten resilience increased by 15.7 and 23.5%, and 

elongation was reduced by 11.8 and 23.2%, as compared 

to the control sample. Using the extracts with the extrac-

tion time of 30 min. resulted in a slightly increased gluten 

resilience (by 1.5–2.9% for water extracts, 2.8–5.7% for 

whey extracts) and decreased elongation (by 1.8–3.7% 

and 3.3–6.7%, respectively), compared to the control 

sample. 

This is, evidently, due to faster extraction of sac-

charides, amino acids, organic acids, vitamins, minerals 

with low molecular weight, valuable when intensifying 

dough fermentation, but ineffective for strengthening the 

gluten. Besides, this is due to slower extraction of pec-

tins, polyphenols, and other substances active as to the 

protein-proteinase complex. 

At the same time, higher doses of phytoextracts 

lead to further strengthening of gluten, but also to un-

wanted reduction of its yield, loss of elasticity, and high-

er crumbling, which can be the result of excessively 

dense packing of protein macromolecules. 

To determine the relationship between the chemical 

composition of the extracts, the physical properties of the 

dough, and the quality of bread, the main characteristics 

and content of active substances in the hawthorn and 

rosehip extracts were determined (Table 2). 

For a more detailed study of the effect these fruit 

phytoextracts have on the properties of the dough during 

its mixing and fermentation, farinograph and extenso-

graph were used, respectively. The results of processing 

the farinograms are presented in Fig. 3 

 

Table 2 – Characteristics of phytoextracts likely to be effective in regulating  

the physical properties of wheat dough made from weak flour 
 

Extract 
Extraction 
parameters 

Extract quality characteristics 

Dry matter 
content, % 

рН 
Content of the main active substances 

pectins, mg/100 g 
polyphenols, 

mg/100 g 
organic acids, % of dry 

matter 

Rosehip extract 
(water) 

Water duty 
(material-to-

extractant ratio – 
1:10; extraction time 

– 60±2 min.; 
temperature – 

100±2 °C 

3.6±0.2 5.7±0.1 585±5 74.9±3 
0.114±0.001 

(citric, mallic) 

Rosehip extract 
(whey) 

10.0±0.2 4.7±0.1 624±5 154.5±3 
0.118±0.001 

(lactic, citric, mallic) 

Hawthorn extract 
(water) 

3.2±0.2 6.1±0.1 498±5 50.4±3 
0.118±0.001 

(citric, mallic) 

Hawthorn extract 
(whey) 

9.2±0.2 4.8±0.1 595±5 98.9±3 
0.120±0.001 

(citric, mallic) 

 

  

 – range of recommended values 

Fig. 3. Structural and mechanical properties of wheat dough with hawthorn (a) and rosehip (b) extracts added: 

1 – control (water); 2–5 – water extract dosage to the mass of flour: 2 – 15 %; 3 – 30 %; 4 – 45 %; 5 – 60 %;  

6 – control (15 % of milk whey); 7–9 – whey extract dosage to the mass of flour: 7 – 5 %; 8 – 10 %; 9 – 15 % 

 

The experimental data shows a 2.0–3.5 min. in-

crease in dough formation time and a 3.0–4.5 min. in-

crease in its stability, improved elasticity and reduced di-

lution when using hawthorn (up to 45%) and rosehip (up 

to 30%) water extracts. At the same time, all samples 

with whey extracts added in an amount of up to 15 % to 

the mass of the flour improved the physical properties of 

the dough. Hawthorn extracts increased its elasticity by 

27.7–44.4%, rosehip extracts by 14.3–31.3%. Exceeding 

these doses resulted in drastic loss of dough elasticity, 

decreased stability, and increased dilution caused by the 

destruction of the gluten network. This is confirmed by a 

reduced gluten yield and its high crumbling. 

Differences in the effects of extracts on the physi-

cal properties of wheat dough are more pronounced in 

the course of the technological process, which is charac-

terized by continuous colloidal and biochemical trans-

formations of flour biopolymers. They determine the 

dough fermentation and, to a large extent, the formation 

of quality bread products. But they can also lead to the 
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loss of required characteristics due to deviations in their 

intensity and direction caused by the baking properties of 

the flour, the specific features of mechanical treatment, 

and other factors. To assess the influence of phytoex-

tracts on the speed and direction of changes in the struc-

tural and mechanical properties of the dough during 45, 

90, and 135 minutes of fermentation, the dough’s ability 

to resist tensile deformation was analyzed. The results of 

decoding the extensograms are presented in Fig. 4. 

 

  

  
Fig. 4. Changes in the structural and mechanical properties of the dough with hawthorn  

(I) and rosehip (II) extracts obtained using water (a) and whey (b) 

 

  
Fig. 5. Water absorption capacity of normal (I) and weak (II) wheat flour with water (a) and whey (b) extracts: 

1 – control; 2 – hawthorn (30 min. extraction); 3 – rosehips (30 min. extraction); 4 – hawthorn (60 min. extrac-

tion); 5 – rosehips (60 min. extraction) 
 

The data demonstrates the positive influence of 

rosehip and hawthorn extracts on the structural and me-

chanical properties of wheat dough, the dough’s in-

creased resistance to tensile deformation, the reduced rate 

and degree of dough dilution during fermentation due to 

slowing down the disaggregation of the gluten network. 

A better balance between the elasticity and resilience of 

wheat dough is observed when introducing 45% of haw-

thorn water extracts, 30 % of rosehip water extracts, and 

15% of whey extracts to the mass of flour. 

To confirm the effectiveness of using rosehip and 

hawthorn extracts as regulators of dough’s structural 

properties, it is necessary to investigate their effect on the 

physical properties of semi-finished products made from 

wheat flour with reduced baking properties. At the same 

time, despite the fact that the best characteristics were ob-
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tained using phytoextracts with extraction time of 60 

min, it is also advisable to study less effective extracts 

with extraction time of 30 min, taking into account the 

recommendations for their use to intensify microbiologi-

cal processes. 

An integral indicator that allows us to assess the 

properties and balance of the solid and liquid phases of 

wheat dough and its constituents (primarily proteins, but 

also other biopolymers, hydrophilic compounds) is the 

water absorption capacity of the flour. It affects the yield 

of bread products and thus has economic and technologi-

cal significance. Fig. 5 presents the changes in the water 

absorption capacity of wheat flour with normal and weak 

gluten under the influence of hawthorn and rosehip water 

phytoextracts (45 and 30% of the mass of the flour, re-

spectively) and whey extracts (15%). 

It has been observed that both flour with normal 

and that with weak gluten require more water (mixed 

with extracts) to form wheat dough with a specified con-

sistency (500 farinograph units). Using rosehip and haw-

thorn extracts with 60 min extraction time increases this 

parameter by 1.2–5.0%, with 30 min extraction time – by 

0.5–3.6 %. This is, evidently, due to the introduction of 

pectins, polyphenols, and other biopolymers that have 

hydrophilic properties, can polymerize and form com-

plexes with protein macromolecules, other biopolymers, 

which increases their swelling and the amount of bound 

moisture. 

A comparative analysis of the effect of phytoex-

tracts on the physical properties of wheat dough during 

mixing (Fig. 6) indicates that dough stability increases by 

1.9–2.2 min for weak flour, and 0.7–1.3 min for normal 

flour. The dilution of wheat dough with gluten of normal 

strength decreases by 4.0–6.7% when using rosehip and 

hawthorn extracts with 30 min extraction time, and by 

6.8–10.7% with 60 minutes’ extraction time. The dilution 

decreases by 2.3–22.2% and 12.5–33.3%, respectively, 

for flour with weak gluten. 

To study the intensity of colloidal and biochemical 

processes, occurring at the subsequent stages of dough 

preparation (its fermentation and maturation), the chang-

es in the physical properties of the wheat dough were 

evaluated during the 135 minutes of fermentation with 

the Brabender extensograph (Fig. 7), and the running of 

the dough pieces in 180 min was determined (Fig. 8). 

The extensograms having been analyzed, the 

dough’s increased resistance to elongation was observed 

during the whole period of fermentation when using wa-

ter and whey phytoextracts, especially those with 60 min. 

extraction time. Using water and whey phytoextracts 

with 30 and 60 min. extraction time results in improve-

ment of the physical properties of weak dough by 6.2–

9.5% and 11.3–19.0%, respectively, and normal dough 

by 4.2–6.3% and 12.7–15.3%. 

To determine the effect of phytoextracts on the 

bread quality characteristics that depend primarily on the 

state of the gluten network, a baking test was carried out, 

the results of which, particularly, the loaf’s shape stabil-

ity, are presented in Fig. 8, and the outer appearance of 

the bread obtained – in Fig. 9. 

It has been established that the introduction of fruit 

phytoextracts with 30 min. extraction time into the dough 

made from normal flour allows increasing the uniformity 

of bread loaf by 6.8–11.3%, and of those with 60 min. 

extraction time – by 20.4–35.5%. The shape stability of 

the loaf made from weak flour increases by 33.3–41.9% 

and 60.0–67.7%, respectively, under the influence of ac-

tive substances of phytoextracts, which also improve the 

volume and porosity (Fig. 9). This is due to the for-

mation, during dough mixing with pectins, polyphenols, 

and other components of phytoextracts, of a gluten net-

work that is more stable, has a better balance between 

elasticity and resilience, is more resistant to different 

types of loading and to the proteolytic activity of en-

zymes, which leads to its less disaggregation in the 

course of the technological process. Saccharides, vita-

mins, minerals, organic acids of phytoextracts intensify 

alcoholic and lactic acid fermentation. Together with im-

proved gas formation and retention capacity of dough, 

this results in the increased volume and porosity of the 

products. 

 

  
I II 

Fig. 6. Changes in the stability and dilution of dough made from normal (I) and weak (II) wheat flour 

with water (a) and whey (b) phytoextracts: 1 – hawthorn (30 min. extraction); 2 – rosehips (30 min. extraction); 

3 – hawthorn (60 min. extraction); 4 – rosehips (60 min. extraction) 
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Fig. 7. Changes in the physical properties of dough made from normal (I) and weak (II) wheat flour with water (a) and whey (b) phytoex-

tracts: 1 – control; 2 – hawthorn (30 min. extraction); 3 – rosehips (30 min. extraction); 4 – hawthorn (60 min. extraction); 5 – rosehips  

(60 min. extraction) 

 

  
Fig. 8. Running and shape stability of dough made from normal (I) and weak (II) wheat flour with water (a) and whey (b) phytoextracts: 1 – con-

trol; 2 – hawthorn (30 min. extraction); 3 – rosehips (30 min. extraction); 4 – hawthorn (60 min. extraction); 5 – rosehips (60 min. extraction) 
 

a)  

b)  
Fig. 9. Wheat bread made from weak flour with water (a) and whey (b) phytoextracts: 1 – control; 2 – hawthorn (30 min. extraction); 3 – 

rosehips (30 min. extraction); 4 – hawthorn (60 min. extraction); 5 – rosehips (60 min. extraction) 

 

The results of the research confirm that there is a 

correlation between the effect of phytoextracts on the 

physical properties of wheat dough during mixing and 

fermentation and the structural properties of bread. Rose-
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hip and hawthorn extracts, particularly those with 60 

min. extraction time, have a positive effect on the physi-

cal properties of dough, and those with 30 min. extrac-

tion time have a less pronounced effect. 

Considering the structure and properties of gluten 

proteins of wheat flour and active substances of phytoex-

tracts (pectin, polyphenols, organic acids, etc.), it is pos-

sible to suggest the following mechanisms of their inter-

action and dough quality regulation. Firstly, when organ-

ic acids make the pH phytoadditives of the liquid phase 

shift into the acidic medium, the proteins’ amphoteric 

properties make the surface charge of macromolecules 

change (they acquire a positive charge by transforming 

bipolar ion amino acids into their ammonium cations). 

This intensifies the unfolding of globules and α-helices of 

proteins, causes repulsion between similarly charged por-

tions of polypeptides, initiates the formation of new in-

teractions of the functional groups of previously inacces-

sible amino acids with water, and establishes a contact 

with the active groups of compounds in phytoextracts. 

Secondly, a high amount of reactive groups in pectins 

(which are acidic polysaccharides) and in polyphenols 

that are contained in phytoextracts creates the conditions 

for their interaction with proteins, the formation of addi-

tional cross-interactions, and their integration into the 

gluten network. Thirdly, phytoextract compounds en-

hance the stability of intermolecular disulfide bonds. All 

this leads to an increase of bound intermolecular interac-

tions, the formation of new, more orderly conformations 

of gluten proteins with high density and strength of hy-

drogen bonds, forces of Van der Waals electrostatic in-

teraction, and disulfide bridges in order to form stable 

structures of dough where elasticity and resilience are 

combined. 
 

Conclusion  
 

The theoretical and experimental research has proved 

that using rosehip and hawthorn extracts is a relevant and 

expedient method of improving the structural and me-

chanical properties of wheat dough and bread products 

made from normal and weak flour, particularly those 

with extraction time of 60 minutes and temperature of 

100°С, using water or milk whey as extractants. It has 

been established that phytoextracts can increase the water 

absorption capacity of flour during dough mixing, im-

prove its formation, stability, and elasticity, and decrease 

the degree of dilution. It has been demonstrated that add-

ing hawthorn (45% of the mass of the flour) and rosehip 

(30%) water extracts or whey extracts (15%) to the 

dough made from normal or weak flour can improve its 

physical properties, particularly, its elasticity during fer-

mentation for 135 and 180 min. It has been proven that 

fruit phytoextracts can be used as alternatives to synthetic 

improvers to process weak flour. Their usage allows 

solving the problems of regulating the properties of the 

gluten network, intensifying alcoholic and lactic acid 

fermentation, and obtaining baked goods with a brightly 

colored crust, sufficient volume, porosity, and shape sta-

bility. 

The mechanism of interactions and conformational 

changes in the structure of gluten proteins with the active 

substances of phytoextracts, especially pectins, polyphe-

nols, and organic acids, has been suggested. 
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