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Abstract. The article overviews the issue of wheat flour modification by enzymes. The role of enzymes in the dough 
formation process is considered. Modern ways of providing the desired dough parameters for flour products in conditions of 

Ukraine are shown. Recommendations and suggested directions for further research are given. Flour is a complex 
multicomponent product and have to correspond with a number of requirements for its composition and properties. Different 
conditions of grain cultivation and storage result in significant deviations of its quality indicators when it comes to flour mills. 
The modification of flour going through adding several technological additives, in particular by enzyme products. The action 
of enzymes to a large extent allows to adjust the properties of the dough and of flour end-products. In addition, enzymes 
further affect the nutritional values of flour, which makes it possible for the flour production to use low-quality grain, while 
maintaining the planned quality indicators of flour. The functional properties of flour fractions obtained on different 
technological passages depend on the content of various anatomical parts of the grain from which they derived from. Particle 

size, starch damage, protein content, fat content, ash content and intensity of enzyme activity vary significantly depending on 
the type of grinding equipment. All this gives reason for recommending the introduction of enzymes not while manufacturing 
bakery end-products but still at the stage of flour production. The damage to the grain with a corn bug, grain germination in 
Ukraine puts grain-processing plants the task of assessing the activity of own grain enzyme systems. Indirectly, this can be 
estimated using the gluten deformation index and the grain Falling Number. But the estimation of enzyme systems by such 
methods does not allow precisely to calculate the amount and composition of enzyme products necessary to achieve maximum 
effect when adjusting flour properties. The issue of removing anti-nutrient factors in flour, which is largely inhibitors of the 
action of both their own grain enzyme systems and additionally introduced enzyme preparations, is also relevant. 
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Анотація. Стаття є оглядом проблеми модифікації пшеничного борошна за допомогою ферментів. Розглянуто 
роль ферментів при формуванні тіста, наведено сучасні шляхи забезпечення бажаних параметрів тіста для 
борошняних виробів для умов України. Надано рекомендації та запропоновано напрямки подальших досліджень. 
Борошно є складним багатокомпонентним продуктом і повинно відповідати ряду вимог до складу та властивостей. 

Різні умови вирощування та зберігання зерна приводять до суттєвих відхилень показників його якості при 
надходженні до борошномельних підприємств. Модифікація борошна відбувається за допомогою ряду технологічних 
добавок, одними з яких є ферментні препарати. Дія ферментів значною мірою дозволяє коригувати властивості тіста 
та готових кінцевих виробів із борошна. Крім того, ферменти додатково впливають на показники поживності 
борошна, що дає можливість при виробництві борошна використовувати зерно пониженої якості, при зберіганні 
запланованих показників якості борошна. Функціональні властивості фракцій борошна, отриманих на різних 
технологічних етапах, залежать від вмісту різних анатомічних частин зерна, з яких вони походять. У залежності від 
виду розмелювального обладнання, суттєво варіюються крупність, ступінь пошкодження крохмалю, вміст білків, 

жирів, зольність та інтенсивність ферментативної активності. Все це дає підстави рекомендувати введення ферментів 
ще на етапі виробництва борошна, а не безпосередньо при виробництві виробів з борошна. Ураження зерна клопом-
черепашкою, проростання зерна у колосі в умовах України ставить перед зернопереробними підприємствами задачі 
оцінки активності власних ферментних систем зерна. Опосередковано це можна оцінити за допомогою індексу 
деформації клейковини та числа падіння. Але оцінка ферментних систем такими методами не дозволяє точно 
розрахувати кількість і склад ферментних препаратів, необхідних для досягнення максимального ефекту при 
коригуванні ними властивостей борошна. Актуальним також є питання усунення антипоживних факторів, присутніх в 
борошні, які значною мірою є інгібіторами дії як власних ферментних систем зерна, так і додатково введених 

ферментних препаратів. 
Ключові слова: борошно, ферменти, функціональні продукти. 
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Introduction. Formulation of the problem 
 

The dynamics of human development is directly 

related to its diet. Any technological or social 

breakthroughs depended directly on what a particular 

social group was eating. Indicative in this regard is the 

use of food made of grain processing products. The 

first successful attempts to domesticate wild wheat, 

barley, peas, nut, lentils etc. dated about 12000 BC in 

Fertile Crescent (Arabia), and findings of the first grain 
processing areas and objects dated about 8000 BC in 

Jericho. There were specially prepared areas for grain 

peeling and rubbing in the primitive mortars. Later, 

there was found the way of grain rubbing in flour using 

several mills. Due to the ease of implementation, this 

method can still be found today in a number of 

countries as part of their cultural legacy. 

With the development of science and knowledge 

of grain naturally there was a need to use a more 

complicated approach to grain processing technology. 

That allowed to differentiate significantly the products 

obtained from the processing of grain, basing on their 
nutritional and technological properties. Later, the 

combination of such products made it possible for 

moving to complex formulations that were balanced 

over number of indicators. 

Wheat is the main grain crop for the production of 

bread products in Ukraine. Grown in different climatic 

conditions, on different soils, wheat varieties differ 

significantly from each other by a number of 

technological properties [1]. Such diversity 

significantly affects the structure of the of wheat grain 

processing technological cycle – a set of preparation 
modes, the grinding of grain, and also determines the 

quality and output of end products [2]. 

Classic wheat grinding is a mechanical gradual 

reduction process, during which the endosperm is 

separated from the bran and embryos. During the 

production process of high-quality flour, a significant 

amount of nutrients is eliminated [1,3]. Because of this, 

the quality and quantity of streams in the production of 

flour significantly differ both in technological 

parameters and in the set of nutritional components [4]. 

The combination of different flour streams leads to the 

appearance of different types of flour for a variety of 
end-use products. 

Despite the efficiency of combining technological 

flows and providing indicators of finished flour, 

observance of effective rheological parameters of the 

dough in some cases requires the introduction of 

additional technological additives. The feasibility of 

using them is substantiated, mainly, by the influence 

on the rheology of the dough and finished products [5]. 

However, we cannot ignore the effect of some 

technological additives, in particular, enzymes 

systems, on the anti-nutritional factors. This results to 

an increase of the bioavailability of a number of 

nutrients. 

The study of enzyme systems of flour in the 

process of making flour products devoted to numerous 

publications by both home and foreign authors. 

Significant changes in the technologies of enzyme 

synthesis over the last 15 years have led to a significant 

differentiation of conditions and mechanisms for their 

action, as well as the emergence of a huge number of 

highly specialized products. 
This makes the purpose of this work as 

systematization and certain generalizations of modern 

scientific perspectives and practical approaches to the 

adjusting of flour properties with the enzyme products.  

As the priority objectives, it will be expedient to 

allocate a number of existing problems typical for flour 

production in Ukraine, as well as to highlight the main 

factors affecting the bread-making properties of flour. 
 

Analysis of recent research and publications 
 

Relevance of research. Monitoring studies of 

wheat grain quality show a strong tendency for its 

decrease, and as a result – the production of flour with 

unsatisfactory baking properties [6-11]. In this regard, 

the flour mills face the problem to bring the bread-

making properties of the flour to the standard level. 

Therefore, the technological additives implementation 

for flour bettering at ukrainian mills is 

relevant [5,12,13]. 

The expediency of using micro-ingredients is 
substantiated by the following aspects: 

 difference of wheat varieties and types; 

 agrotechnical and climatic conditions of grain 

growing [1,14]; 

 low quality (weak or strong) of gluten or its 

insufficient amount; 

 decrease or increase of grain enzymes 

autolytic activity; 

 the complexity of adjusting the bread-making 

properties of flour at bakery enterprises; 

 unpopularity of chemical ingredients usage; 

 the need for purpose flour depending on the 

range of produced products; 

 economic feasibility by using low quality 

flour with improved properties and therefore reducing 

cost of end product. 

Usage of micro-ingredients allows us to solve the 

following problems for flour mills: 

 adjustment and stabilization of baking 

properties of flour; 

 formation of flour properties depending on its 

intended purpose; 

 lowering cost and making products more 

competitive [5]. 
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The concept of adjusting the flour properties at 

flour mills depends on the following factors: 

 original quality of wheat and rye flour 

(depending on regional, varietal, climatic and other 

conditions); 

 the list of food additives and bakery improvers 

permitted for usage by law; 

 special level of the analytical equipment in 

laboratories of flour mills; 

 methods of dough making and finish products 

assortment at bakery enterprises; 

 the traditions of using bakery improvers in 

bakery enterprises. 

Special additives using is an effective direction to 

adjust the properties of wheat and rye purpose flour 

and to increase its range [4]. This led to the expediency 

of their adding at the final stages of flour production to 

adjust needed baking properties for customers. 

Components of flour that determine its baking 

properties 

Wheat flour is a complex multicomponent system 

that includes: protein-protease complex, carbohydrate-
amylase complex and lipid complex, as well as various 

mineral components. 

The above-mentioned complexes include, 

respectively, the protein, carbohydrate, lipid 

components, as well as activators or inhibitors of their 

lysis. In fact, technological properties of flour are 

determined by its composition [15]. 

The protein-protease complex of flour covers 

protein and proteolytic enzymes. Distribution of 

proteins in the structure of grain is irregular. Surface 

layers and aleurone layer is depleted by proteins, but 

contain high amounts of fiber and mineral substances. 
The endosperm and the embryo contain an increased 

amount of proteins and fats; in the endosperm the 

maximum amount of starch is concentrated. The 

aleurone layer and the germ mostly contain globulins 

and albumin, and the maximum number gliadins and 

glutelins are observed in the endosperm [16]. 

Some proteins (glutenins and gliadins) are 

combined by disulfide bonds into a complex spatial 

structure that is the basis of a gluten frame [17]. In fact, 

the technological properties of the flour are not 

determined by the whole protein, but only by proteins 
of the gluten frame [18,19]. Therefore, in order to 

improve the quality of flour it is necessary to apply 

technological additives which eliminate the main cause 

of low baking properties of flour (low gluten content in 

combination with its indicators of quality). 

The rheological properties of flour dough 

(elasticity, resilience, extensibility) are also largely 

influenced by the amount of disulfide and hydrogen 

bonds: the more links occurs between protein 

molecules, the higher is the elastibility of gluten and 

the lower its extensibility. Weak gluten has less 

disulfide and hydrogen bonds than strong [20]. The 
quality of gluten directly depends on the activity of 

proteolytic enzymes. The activity of grain enzymes 

depends on various factors, and for Ukrainian wheat 

the greatest effect actually is the grain damage by a 

corn bug (lat. Eurygaster integriceps). 

The carbohydrate-amylase complex of flour cover 

carbohydrates (starch, pentosans, sugars) and 

amylolytic enzymes (amylase). Starch is the main 

chemical substance of grain, its content varies from 

65% to 70%, depending on the several characteristics 

of wheat, climatic conditions of its ripening and grain 

size. The starch is structured in starch grains. It is a 

chemical compound consisting of two polysaccharides: 
15–30% amylose, forming the inner part of starch 

grains, and 70–85% of amylopectin, which forms its 

outer part. Both components are heterogeneous, their 

molecular weight varies widely, depending on the 

origin of starch [21]. The structure of starch grains is 

very diverse and depends on the type of grain, the 

conditions of growth [22] and also the type of wheat. 

At the end of the 20th century the breeders received 

waxy wheat, whose starch consists only mostly from 

amylopectin [23]. 

Amylose differs from amylopectin with less 

molecular weight and simpler structure of the 
molecule. During heating of starch in water amylose 

passes into colloidal solution, and amylopectin swells, 

forming a paste. Complete pasteurization of flour 

starch, in which its grain loses shape, is carried out at a 

mass ratio of starch and water 1:10. When undergoing 

pasteurization, starch grains increase significantly in 

volume, become loose and more vulnerable enzymes 

action. The temperature and origin of the 

pasteurization process depend on the starch origin, the 

pH of the medium, damage rate of starch grains when 

grinding, etc. [24,25]. The starch is characterized by a 
significant adsorption capacity, which can cause a 

large amount of water to bind even at a temperature of 

30 °C, which corresponds with the temperature of 

dough making. 

Enzymatic hydrolysis of starch is carried out with 

amylase presence. There are three types of amylase: α-

amylase, β-amylase and glucoamylase. Each of these 

types has its own specific mechanisms of action. With 

increased amylolytic activity of the hydrocarbon-

amylase complex, flour properties change due to the 

large amount of accumulated dextrin and free, unbound 

moisture starch [26,27]. 
The carbohydrate complex of wheat flour also 

includes non-starch polysaccharides – pentosans. 

Researchers distinguish further insoluble pentosans in 

water – hemicelluloses, and water-soluble pentosans – 

mucus [28]. 

The lipid complex of flour covers simple and 

complex lipids, fat-soluble pigments, sterols, vitamins, 

lipolytic enzymes, etc. [28,29]. 

Significant influence on the technological 

properties of wheat flour is enzymatic hydrolysis of 

lipids, carried out using lipase enzymes and 
lipoxygenase. The result of hydrolysis is the formation 

of hydroperoxides that cause oxidation of disulfide 
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bonds of protease, glutathione and cysteine residues in 

the protein polypeptide chain. As a result, structure of 

the proteins became stronger and denser, decreasing 

their vulnerability to proteases, and increases water 

absorption of flour [30,31]. Along with the positive 

role of the lipid complex of flour, a significant increase 

in its activity is undesirable, since during storage, it can 

lead to oxidative damage to finished products 

containing a large amount of fat in the formulation. 

Technological additives that is being used in the 

flour and baking 
Depending on the functional purpose and 

technological properties, various food additives and 

bakery enhancers are used [21,32]. The variety of food 

additives and baking improvers determined by a 

different set of functions they perform. They are 

classified in the following groups: 

 Oxidizing and reducing agents; 

 Modified starches; 

 Enzyme preparations; 

 Surfactants (emulsifiers); 

 Organic acids; 

 Mineral salts; 

 Preservatives; 

 Aromatic and flavoring additives. 

Oxidizing and reducing agents allow to correct the 

rheological properties of the dough and the intensity of 

biochemical and colloidal processes in the dough. Such 

additives strengthen the gluten, increase the gas-

retaining ability of the dough, thereby increasing the 

dough ability to be processed, reduce the indistinctness 

of hearth bread products [33-35]. 

Modified starches (oxidized, extruded) improve 
the structural and mechanical properties of the dough, 

the structure of bread porosity and the color of the 

crumb. Modified starches help to improve the porosity 

and color of the crumb and slow down the bread 

staling. For correction of flour with reduced baking 

properties in Ukraine, starches (E-1404) that oxidized 

in various ways are widely used. 

Surfactants (emulsifiers) improve the properties of 

the dough and the quality of bread, extending its 

freshness. 

The organic acids (citric, acetic, lactic, wine acid, 

etc.) are acidity regulating agents of dough, especially 
rye made. 

Mineral salts containing calcium, magnesium, 

phosphorus, sodium, manganese activate enzymes of 

yeast cells. 

Dry wheat gluten regulates the rheological 

properties of the dough, its water absorption and 

quality of the end products. For complex technological 

processes, multicomponent baking additives are widely 

used. 

Enzyme Preparations of different action allows to 

regulate the alcohol fermentation intensity in the 
dough, improve the color of brown bread crust, 

increases dough water absorption, intensify ripening of 

dough, etc. Enzyme-based improvers for the 

production of flour are widely used in western 

countries [36]; in Ukraine they have not yet become 

significantly widespread. An important role in the 

technology of bread production is played by enzymes 

that correct dough rheology. Enzyme preparations of 

various composition have a wide range of effects on 

components such as starch, proteins, lipids, non-starch 

carbohydrates etc. [37-41]. 

Characteristics of flour enzymes 

Baking properties of flour directly depend on the 
properties of protein-protease and carbohydrate-

amylase complexes. Insufficient protein content, 

excessive elasticity or extensibility of gluten do not 

promote the formation of a continuous dough structure. 

The condition of protein-protease and carbohydrate-

amylase complexes depends not only on the amount of 

protein and starch, but on the activity of enzymes that 

act on them during dough making [37-41]. The 

maximum action on the substrate occurs in the 

solution, therefore, while storage of dry grain and 

flour, enzyme has no action. After the mixing of half-

stuff, most enzymes begin to catalyze the reaction of 
substrate hydrolysis. 

The autolytic activity of flour is an important 

indicator of its baking properties. Both low and high 

autolytic activity of flour negatively affects the quality 

of dough and bread. It is important that the autolytic 

process of protein and starch degradation in dough 

occurs at a certain, moderate rate. In order to regulate 

autolytic processes in the production of bread, it is 

necessary to know the properties of enzymes groups 

that act on proteins, starch and other components of 

flour. This will allow to control the stage lysis 
direction. 

Amylolytic enzymes (amylases). 

The main substrate for the action of amylolytic 

enzymes is starch, which is hydrolyzed to dextrin and 

maltose. Depending on the type of amylase, the 

amount of maltose can vary significantly; at the 

simultaneous action of various types of amylase, the 

starch in flour paste is hydrolyzed almost 

completely [37,40]. The sensitivity of alpha and beta 

amylase to environment conditions is different. Alpha-

amylase is more sensitive to the acidity of the medium 

and is less sensitive to temperature than beta amylase. 
The technological significance of amylase is also 

different: beta-amylase reduces the starch contained in 

the dough, promotes the accumulation of sugars 

needed for alcohol fermentation, and while alpha-

amylase is converting starch into dextrin, impairs the 

quality of bread products. Beta-amylase is found in 

flour of all kinds and varieties; alpha-amylase is found 

in flour from unripe or sprouted grain. Rye flour of 

normal quality always contains alpha amylase, which 

greatly affects its baking properties [41,42]. 

Proteolytic enzymes (proteases). Proteolytic 
enzymes act on proteins and products of their 

hydrolysis. Proteases are widespread in animal and 
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plant tissues, as well as in many microorganisms. They 

are the most common industrial enzymes and can have 

plant, animal or microbiological origin. Depending on 

the protease origin, their heat-stability and pH-

optimum of their action vary in wide range. Unlike 

fungal proteases that break down certain limited bonds 

in the gluten protein molecules, bacterial protease and 

papain affect the structure of gluten more intensively; 

as a result, the dough is more malleable. 

By the way of action on the protein compounds 

proteases can be separated into 2 subclasses: 
endoproteases and exoproteases. Endoproteases break 

peptide bonds within the polypeptide chain, forming 

small peptides and free amino acids. Depending on the 

type of catalysis mechanism, the following groups of 

endoproteases can be identified: serine, cysteine, 

aspargin and metal-proteases. Exoproteases 

(peptidases) break peptide bonds at the edge’s protein 

chain with the formation of free amino acids and short 

peptides. Depending on what amino acids are cleaved 

by hydrolysis from the substrate with peptidases, 

carboxypeptidases and aminopeptidases are identified. 

Since the most important functional component of 
wheat flour is gluten, any modification of the gluten 

frame or individual gluten proteins has a significant 

effect on the quality of the dough and bread. 

Hydrolysis of gluten proteins immediately affects at 

covalent interactions in the gluten framework. 

Proteases have long been used in bread making, mainly 

in the processing of thick and dry dough that comes 

from a very strong flour. Firstly, proteases were used to 

improve the softness and improve the technological 

properties of the dough, but their effect is wider. They 

reduce the duration of dough kneading, increase gas-
retaining ability (due to improved extensibility of the 

dough) improve disclosure of dough billets while 

making buns and rolls, better crumb texture, water 

absorption, color, flavor and aromas of products [43]. 

The grain and flour always contain proteases, 

usually having low activities. It is believed that cereal 

protease does not completely destroy the protein 

molecule, but changes its complex structure, which 

changes the properties of proteins and dough. In the 

sprouted, unripe and especially in affected by the corn-

bug grain, the activity of proteases is significantly 

increased. In this case, it impairs the quality of gluten, 
reduces its elasticity, resilience and ability to 

swell [44]. Grain protease act most actively in the low 

acid medium at a temperature of 45–47°С. Protease 

activity greatly reduced in the presence of oxidants, 

and increases in the presence of reducing agents. 

Depending on the type of flour products, the different 

resilience and elasticity of the dough are required for 

their preparation. The use of enzyme additives allows 

you to adjust the properties of the dough to the desired 

parameters. 

Lipases always contained in the flour, they 
hydrolyze fats to glycerol and fatty acids. Lipase is 

very important while flour storing, since increasing of 

flour acidity during storage is primarily result of the 

lipase presence. Lipase involved in the formation of 

gluten frame in and influence on the interaction of 

gluten proteins with starch and lipids [42]. The 

enzymes of this group also help to increase the specific 

volume of bread, obtaining the thin bread crust, 

increasing crumb elasticity and the improvement of 

bread structure. 

Enzymes of oxidative action are enzymes of 

oxidase, peroxidase. They improve the gas-retaining 

ability and stability of the dough during treatment, 
resulting in increased quality of finished products. 

Earlier, as a source of enzymes, malt (source of α-

amylase, proteolytic and other enzymes) was used, 

now enzymes of microbial origin are widely being 

used [45]. 

The use of enzymes in bread-making: advantages 

and problems 

The current tendency of replacing chemical 

additives in flour with analogues from natural sources 

is determined more to the need for enrichment of food 

products with components that have a beneficial effect 

on human health. Numerous studies have shown the 
necessity of using enzymes to obtain bread-rich 

cellulose [46,47], to develop of gluten-free 

products [48], and products with high arabinoxylan 

content with high prebiotic potential [47]. 

Enzyme additives have a number of advantages 

compared with other food additives. The main ones are 

natural origin and high specificity of action. That 

ensures ecological compatibility of end products and 

the lack of negative effects that occur in the latest 

stages of production. In addition, in practice, enzymes 

allow bakeries to expand the products range of their 
enterprise and save both raw materials and energy. 

Today, the rapid development of biotechnology 

has made enzyme preparations indispensable 

participant in many of food technologies. Usage of 

enzymes can increase the speed of technological 

processes, significantly increase the output of finished 

products, improve its quality, save valuable raw 

materials and reduce the amount of waste. 

For industrial manufacture of enzymes for food 

purposes, sources of animal, plant and microbiological 

origin are used. Different origin of enzymes determines 

the conditions of their application. The modern market 
of enzymes is largely represented by enzymes of 

bacterial genesis, since the rate and volume of 

production of enzyme preparations for bacterial 

genesis are significantly higher compared to fungal 

genesis enzymes. The enzymes of the bacterial genesis 

are more narrowly specialized in relation to the 

substrate comparing to enzymes of fungal origin. This 

is to a certain extent a useful feature for using them in 

the flour-mill industry, since it allows adjust the 

production process to be more predictable. In addition, 

in some cases, bacterial enzymes can be more 
convenient for usage because the optimum of their 
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action is closer to the physical and chemical conditions 

in the production of dough [49]. 

We should also mention about the usage of 

enzyme preparations which is derived from of gene-

modified producents. Despite the different points of 

view concerning the lawfulness of the use of such 

organisms in the issue of human food security, 

nowadays the high rate of purification during 

production actually excludes the presence of residues 

of microorganisms with a modified genome in their 

composition, and therefore the use of such enzyme 
products is completely safe and expedient [50,51]. 

The use of enzyme mixes is a widespread practice, 

since a properly selected combination of enzymes can 

act synergistically and have a better effect on the 

various components of flour [52]. 

Some authors reported the use of enzyme 

combination made of amylase, xylanase and 

lipase [46,52,53]. Such a specific mixture is said to 

increase the volume of bread and the duration of its 

storage. The use of α-amylase and glucose oxidase to 

replace potassium bromate leads to a significant 

improvement in the breadth and breadth of 
breadth [54]. 

The addition of commercial enzyme mixtures 

containing α-amylase and lipase activity in bread 

samples in experiments also increased the thermostable 

properties of the amylose-lipid complex as compared 

to control samples of bread [55]. 

Enzymes that are synthesized by polar organisms 

usually have optimum range performance and stability 

at lower temperatures than their mesophilic 

counterparts [56]. Due to the fact that the temperatures 

most commonly used in mixing and maintaining the 
dough are approximately 35°C or lower, it was 

assumed that such enzymes may be potential 

candidates for use as additives in the baking 

industry [57,58]. In the context of such assumptions, 

researchers have shown that much lower 

concentrations of xylanase, effective at low 

temperatures, can be used to reach the maximum 

amount of bread, to achieve maximum bread 

levels [58-60]. Nevertheless, the issue of the long-term 

storage of such enzymes after their isolation from 

producer organisms was not resolved. On the other 

hand, directed evolution is a powerful tool for protein 
engineering to develop and modify the properties of 

enzymes [61]. This technology can be used for a wide 

range of proteins, most of which are of interest to 

biocatalytic processes. Over the past 10 years, 

evolution has become a standard methodology in 

protein engineering and can be used in conjunction 

with rational protein design and other standard 

methods that meet the requirements for bio-catalysts in 

industrial production: high activity, high temperatures 

and long-term stability, as well as the desired 

specificity and/or selectivity [62]. Recent studies report 
the combined use of directed evolution and high-yield 

screening to improve the performance of the use of 

maltogenic α-amylase from Bacillus sp. in bread with 

lower pH conditions [63]. 

Beside enzymes of microbiological origin in 

baking, enzyme-active plant materials are used – e.g., 

malt, malt flour or preparations based on them, soy 

flour with active lipoxygenase. Surfactants 

(emulsifiers) are used in bread making as additives for 

improving the quality of food products. Dough 

emulsifiers are used for a better quality of fatting, 

forming a gluten frame, increasing the water 

absorption of the flour. 
The strength of wheat flour is also affected by the 

presence of fats and lipases in the grain. Enzyme 

systems aimed at interaction with grain lipids also play 

an essential role in correcting the properties of flour. 

According to [19,64], additional action of lipase leads 

to compact the tertiary and quaternary structure of the 

protein. Such transformations reduce its enzymatic 

vulnerability, which increases the strength of flour and 

strengthens gluten. 

Mineral salts are activators of the fermentation 

ability of baking yeast, and increase the rate of 

accumulation of carbon dioxide in half-stuffs. Mineral 
salts are used as a complex additive – on the one hand, 

they regulate osmotic pressure in the yeast cell, on the 

other hand, they can act as inhibitors or activators of 

enzymatic action. In some cases, the use of mineral 

salts can simultaneously lead to the activation of 

certain enzymes and in the same time to be as inhibitor 

for others. The addition of mineral salts also improves 

the consistency and elasticity of the dough, as well as 

intensifies the formation of the dough. 

Also, inhibitors of enzymes in the grain differ for 

their origin. The inhibitor action is very often complex, 
which significantly impairs the control of the enzyme 

systems behavior of during dough process. However, 

the issue of reducing the natural inhibitors impact is 

extremely relevant for whole-wheat flour, which is 

considered more useful than white flour. Although 

quantitative indicators, forms of vitamins and minerals 

in such grain shells are often undigestible for human. 

One of example is undigestible phosphorus, calcium, 

magnesium, and zinc in wheat grains, which are bound 

tightly in the structure of the myo-inosithexafosforic 

acid salts molecules, serving as a kind of "nutrient 

depot" in the grain and almost not digested by humans. 
In order to convert the useful components into easily 

digestible forms, it is expedient to develop enzyme 

complexes that contribute to this process. 

Another problem in the use of complex enzyme 

systems in the production of flour is the complexity of 

evaluating of own grain enzyme system activity. While 

making different purpose flour from Ukrainian grain, 

you need to know how much external enzyme activity 

to add. That requires knowing own grain enzyme 

systems activity. Currently, such an assessment 

requires either specialized laboratory and appropriate 
methods of analysis or to use some indicators (e.g., 

grain falling number, gluten deformation index, etc.) 
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that characterize indirectly protein-protease, 

carbohydrate-amylase and lipase complexes in grain. 

The development of inexpensive methods for express 

estimation of own enzyme systems of grain would be 

extremely relevant, especially in cases of damage to 

the grain from corn bug. Given the assessment of the 

quality of the grain, the introduction of enzyme 

preparations should be carried out at the stage of flour 

production, to ensure stable indicators of its quality. 

 

Conclusions 

 

1. Monitoring studies of grain quality of wheat 
show a steady tendency towards its decrease, and as a 

result - the production of flour with unsatisfactory 

baking properties. 

2. Flour baking properties primarily depend on 

protein-protease and carbohydrate-amylase complex. 

But adding enzymes of other classes may significantly 

better nutrition indicators of end product. 

3. Own enzyme activity estimation of flour 

cannot be made by direct methods at flour mills. 

Indirectly, the amylolytic activity of the flour can be 

estimated by the falling number, the proteolytic 

activity – by gluten deformation index. 

4. The enzymatic activity of the flour may be 

corrected by adding external enzyme preparations. 

Enzyme-based improvers for flour production are 

widely used in western countries; in Ukraine this 

promising direction has not yet become significantly 

widespread. 
5. In order to improve the baking properties of 

flour, it is advisable to use enzyme preparations of 

complex action, but neither their formulation nor the 

dosage for purpose flour from Ukrainian grain is not 

scientifically based yet. 

6. Input of complex enzyme additives based on 

enzyme preparations should be carried out directly on 

flour mills. It requires the development and 

substantiation of the structure, and also regimes of the 

technological process of flour manufacturing. 

 
List of references: 

1. Campbell G., Webb C., Owens G., Scanlon M. Milling and flour quality // Bread Making: Improving quality. Second Edition. 2012. 

p.188-215. DOI: 10.1533/9780857095695.1.188 

2. Prabhasankar P., Sudha M., Haridas R. Quality characteristics of wheat flour milled streams // Food Research International. 2000. Vol. 33, 

Issue 5. p.381-386. DOI: 10.1016/S0963-9969(00)00059-4 

3. Clydesdale F. Optimizing the diet with whole grains // Critical Reviews in Food Science and Nutrition. 1994. Vol 34, Issue 5 -6.  

Р. 453-471. DOI: 10.1080/10408399409527675 

4. Banu I., Stoenescu G., Ionescu V., Aprodu I. Physicochemical and rheological analysis of flour mill streams // Cereal Chemistry. 2010. 

Vol 87, Issue 2. p.112-117.   

5. Ravi R., Sai Manohar R., Haridas Rao P. Influence of additives on the rheological characteristics and baking quality of wheat flours // 

European Food and Research Technology. 2000. Vol 210, Issue 3. p.202-208. DOI: 10.1007/PL00005512 

6. Аношкина Г. Переработка муки с пониженными хлебопекарными свойствами // Хлебопродукты. 2001. № 8. с. 30-33. 

7. Козлов Г., Пшенишнюк Г., Коровкина Л. Повышение хлебопекарных свойств пшеничной муки с клейковиной III группы 

качества // Хранение и переработка зерна. 2000. № 12. с. 56-57. 

8. Hrušková M, Hanzlíková K, Varáček P. Wheat and flour quality relations in a commercial mill // Czech Journal of Food Science. 2000. 

Vol 19, Issue 5. p.189-195. DOI: 10.17221/6606-CJFS 

9. Bordes J. et al. Agronomic characteristics, grain quality and flour rheology of 372 bread wheats in a worldwide core collection // Journal 

of Cereal Science. 2008. Vol 48, Issue 3.  p.569-579. DOI: 10.1016/j.jcs.2008.05.005 

10. RakszegiM. et al. Composition and end-use quality of 150 wheat lines selected for the HEALTHGRAIN diversity screen //  Journal of 

Agricultural and Food Chemistry. 2008. Vol 56, Issue 21. p. 9750-9757. DOI: 10.1021/jf8009359 

11. Koppel R., Ingver A.: Stability and predictability of baking quality of winter wheat // Agronomy Research.  2010. Vol. 8, Issue 3,  

p. 637-644. 

12. Белибова Ю., Матвеева И. Корректировка пшеничной муки ферментными препаратами // Хлебопродукты. 2006. № 3. с.52-55. 

13. Карчевская О., Дремучева Г. Как повысить качество муки из хлеба, смолотой с примесью зерна, пораженного клопом-

черепашкой // Хлебопечение России. 2000. № 3. с.23-24. 

14. Jelena Tomić J. et al. Biochemical Quality Indicators and Enzymatic Activity of Wheat Flour from the Aspect of Climatic Conditions // 

Journal of Food Quality. 2018. Vol 2018. p.1-9. Article ID 5187841. DOI: 10.1155/2018/5187841 

15. Козьмина, Н. Биохимия зерна и продуктов его переработки // М.: Колос, 1976. 376 c. 

16. Козьмина Н. Биохимия хлебопечения  // М.: Пищевая промышленность. 1978. 278 c. 

17. Cornell H. The chemistry and biochemistry of wheat // Breadmaking: Improving Quality. Second Edition.  2012. Vol 1. p.35–76. DOI: 

10.1533/9780857095695.1.35 

18. Конарев В. Белки растений как генетические маркеры // М.: Колос, 1983. 320с. 

19. MacRitchie F. Flours lipids: theoretical aspects and functional properties // Cereal Chemistry. 1981. Vol 58, Issue 3. p.156-158 

20. Нецветаев В., Пащенко Л. Характеристика почти изогенных линий яровой мягкой пшеницы по числу дисульфидных связей в 

запасных белках // Научные ведомости БелГУ. Серия "Естественные науки". 2010. №. 15, Т. 12. с.55-59. 

21. Поппер Л. Улучшение муки (начало)// Хлебопродукты. 2003. № 10, 11. с.24-26, 22-23. 

22. Уистлер Р., Пашаль Э. Химия и технология крахмала // М.: Пищевая промышленность. 1975. 360 c.  

23. Рибалка О., Литвиненко М. Використання пшениці ваксі для селекції сортів нового покоління // Вісник аграрної науки. 2008. 

№ 7. с.34-38. 

24. Трегубов Н., Жарова Е., Жушман А. Технология крахмала и крахмалопродуктов // М.: Легкая и пищевая промышленность. 1981. 

472 c. 

25. Черных В., Ширшиков М. Регулирование состояния углеводно-амилазного комплекса хлебопекарной муки // М.: МГУПП. 2003. 

138 c. 

26. Фалунина З. Влияние α-амилазы на физические свойства теста : дис. … к.т.н.: 05.18.01. М. 1986. 175 c. 

27. Шуб И. Исследование особенностей действия амилолитических ферментных препаратов в процессе приготовления пшеничного 

хлеба : дис. … к.т.н.: 05.18.01. М. 1972. 196 c 



Біопроцеси, біотехнологія харчових продуктів / Bioprocesses, biotechnology of food products 

 

 

Харчова наука і технологія / Food science and technology 31 Volume 13 Issue 2/ 2019 
 

28. Глинка И. Пшеница и оценка ее качества // М.: Колос. 1968. 496 c. 

29. Нечаев А., Сандер Ж. Липиды зерна // М.: Колос. 1975. 160 c. 

30. Матвеева И., Белявская И. Биотехнологические основы приготовления хлеба // М.: Делипринт. 2001. 150 c. 

31. Shiiba K., Negishi Y., Okada K. Chemical changes during sponge-dough fermentation. // Cereal Chemistry. 1990. Vol.61, Issue 4, p. 350-

355. 

32. Поппер Л. Улучшение муки (продолжение) // Хлебопродукты. 2003. № 12. с. 30-31. 

33. Bloksma A. Dough structure, dough rheology and baking quality // Cereal Foods World. 1990. Vol 35. p.237–244. 

34. Bloksma, A. Rheology of the bread making process // Cereal Foods World. 1990. Vol. 35. p.228–236 

35. Van Vliet T., Janssen A., Bloksma A., Walstra P. Strain hardening of dough as a requirement for gas retention // Journal of Texture 

Studies. 1992. Vol 23, Issue 4.  p.439–460. DOI: 10.1111/j.1745-4603.1992.tb00033.x 

36. Banu I. et al. Estimation of the Baking Quality of Wheat Flours Based on Rheological Parameters of the Mixolab Curve. // Czech J. Food 

Sci. 2011. Vol 29, Issue 1. p.35–44. 

37. Кондратьев И. Использование ферментных препаратов на мукомольных заводах // Хлебопродукты. 2002. № 6. c. 26-27. 

38. Шлеленко Л. Влияние мультиэнзимных композиций на свойства теста и качество пшеничного хлеба // Хлебопечение России. 

2001. №1. c.20-22. 

39. Матвеева И., Белибова Ю. Попов М. Концепция корректировки качества муки на основе ферментных препаратов // 

Хлебопродукты. 2006. № 12. c.43-44. 

40. Рец Е. Модификаторы пшеничной муки // Хлебопродукты. 1999. №9. c.32-35 . 

41. Денисова Т. и др. Повышение качества муки // Хлебопродукты. 2005. № 4. c.36-38. 

42. Капрельянц Л. Ферменты в пищевых технологиях // монография. ОНАПТ. 2009. 468с.  

43. Lyons T. Proteinase enzymes relevant to the baking industry // Biochemical Society Transactions. 1982. Vol 10, Issue 4. p.287-290; DOI: 

10.1042/bst0100287 

44. Dojczew D., Sobczyk M. The effect of proteolytic activity on the technological value of wheat flour from pre-harvest sprouted grain. // 

Acta Sci. Pol., Technol. Aliment. 2007. Vol 6, Issue 4. p.45-53.  

45. Bonet A. et al. Glucose oxidase effect on dough rheology and bread quality: A study from macroscopic to molecular level // Food 

Chemistry. 2006. Vol 99, Issue 2. p.408-415; DOI: 10.1016/j.foodchem.2005.07.043 

46. Stojceska V, Ainsworth P. The effect of different enzymes on the quality of high-fibre enriched brewer’s spent grain breads // Food 

Chemistry. 2008. Vol 110, Issue 4. p.865–872 

47. Damen B. et al. Xylanase-mediated in situ production of arabinoxylan oligosaccharides with prebiotic potential in whole meal breads and 

breads enriched with arabinoxylan rich materials // Food Chemistry. 2012. Vol 131, Issue 1. p. 111–118; 

DOI: 10.1016/j.foodchem.2011.08.043 

48. Renzetti S, Dal Bello F, Arendt E. Microstructure, fundamental rheology and baking characteristics of batters and breads from different 

gluten-free flours treated with a microbial transglutaminase // Journal of Cereal Science. 2008. Vol 48, Issue 1. p. 33-45; 

DOI: 10.1016/j.jcs.2007.07.011 

49. Melim Miguel A. et al. Enzymes in Bakery: Current and Future Trends // Food Industry. 2013. p.287-321. DOI: 10.5772/53168 

50. Waters D. et al. Characterisation of a Talaromyces emersonii thermostable enzyme cocktail with applications in wheat dough rheology // 

Enzyme and Microbial Technology. 2011. Vol 49, Issue 2. p.229–236; DOI: 10.1016/j.enzmictec.2011.04.006 

51. Zhang C. et al. Extracellular production of lipoxygenase from Anabaena sp. PCC 7120 in Bacillus subtilis and its effect on wheat protein 

// Applied Microbiology and Biotechnology. 2012. Vol 94, Issue 4. p.949–958; DOI: 10.1007/s00253-012-3895-5 

52. Di Cagno R. et al. Interactions between sourdough lactic acid bacteria and exogenous enzymes: effects on the microbial kinetics of 

acidification and dough textural properties // Food Microbiology. 2003. Vol 20, Issue 1. p.67–75; DOI: 10.1016/S0740-0020(02)00102-8 

53. Katina K. et al. Effects of sour-dough and enzymes on staling of high-fibre wheat bread // LWT Food Science and Technology. 2006. Vol 

39, Issue 5. p.479–491; DOI: 10.1016/j.lwt.2005.03.013 

54. Saxena R., Gupta R., Saxena S., Gulati R. Role of fungal lipases in food processing // Applied Mycology and Biotechnology. 2001.  

Vol. 1, Issue 9. p.353-386; DOI: 10.1016/S1874-5334(01)80015-0 

55. Leon A., Duran E., Barber C. Utilization of enzyme mixtures to retard bread crumb firming // Journal of Agricultural and Food Chemistry. 

2002. Vol 50, Issue 6. p.1416-1419; DOI: 10.1021/jf0106446 

56. Gerday C. et al. Cold-adapted enzymes: from fundamentals to biotechnology // Trends in Biotechnology. 2000. Vol 18, Issue 3.  

Р. 103-107; DOI: 10.1016/S0167-7799(99)01413-4 

57. Collins T., Gerday C., Feller G. Xylanases, xylanase families and extremophilic xylanases // FEMS Microbiology Reviews.  2005.  

Vol. 29, Issue 1. p.3–23; DOI: 10.1016/j.femsre.2004.06.005 

58. Collins T. et al. Use of glycoside hydrolase family 8 xylanases in baking // Journal of Cereal Science. 2006, Vol 43 Issue 1. p.79–84; 

DOI: 10.1016/j.jcs.2005.08.002 

59. Dornez E. et al. Use of psychrophilic xylanases provides insight into the xylanase functionality in bread making // Journal of Agricultural 

and Food Chemistry. 2011. Vol 59, Issue 17. p.9553-9562; DOI: 10.1021/jf201752g 

60. Zheng H. et al. Improvement of the quality of wheat bread by addition of glycoside hydrolase family 10 xylanases // Applied 

Microbiology and Biotechnology. 2011. Vol 90, Issue 2. p.509–515; DOI: 10.1007/s00253-011-3088-7 

61. Wang M., Si T., Zhao H. Biocatalyst development by directed evolution // Bioresource Technology. 2012. Vol 115 p.117–125; 

DOI: 10.1016/j.biortech.2012.01.054 

62. Böttcher D., Bornscheuer U. Protein engineering of microbial enzymes // Current Opinion in Microbiology. 2010. Vol 13, Issue 3. p.274–

282; DOI: 10.1016/j.mib.2010.01.010  

63. Jones A. et al. Directed evolution of a maltogenic α-amylase from Bacillus sp. TS-25 // Journal of Biotechnology. 2008. Vol 134, Issue 3-

4. p.325–333; DOI: 10.1016/j.jbiotec.2008.01.016 

64. Левицкий А. и др. Протеолиз клейковины различных по технологическим свойствам сортов озимой мягкой пшеницы // 

Прикладная биохимия и микробиология. 1987. Т.23, вып.6. с.806-811 

 

References: 

1. Campbell G, Webb C, Owens G, Scanlon M. Milling and flour quality. Bread Making: Improving quality. Second Edition. 2012: 188-215. 

DOI: 10.1533/9780857095695.1.188 

2. Prabhasankar P, Sudha, Haridas R. Quality characteristics of wheat flour milled streams. Food Research International. 2000; 33(5); 381-

386. DOI: 10.1016/S0963-9969(00)00059-4 

3. Clydesdale F. Optimizing the diet with whole grains. Critical Reviews in Food Science and Nutrition. 1994; 34(5-6): 453-471. DOI: 

10.1080/10408399409527675 



Біопроцеси, біотехнологія харчових продуктів / Bioprocesses, biotechnology of food products 

 

 

Харчова наука і технологія / Food science and technology 32 Volume 13 Issue 2/ 2019 
 

4. Banu I, Stoenescu G, Ionescu V, Aprodu I. Physicochemical and rheological analysis of flour mill streams. Cereal Chemistry. 2010; 

87(2): 112-117.   

5. Ravi R, Sai Manohar R, Haridas Rao P. Influence of additives on the rheological characteristics and baking quality of wheat flours. 

European Food and Research Technology. 2000; 210(3): 202-208. DOI: 10.1007/PL00005512 

6. Anoshkina G. Pererabotka muki s ponizhennyimi hlebopekarnyimi svoystvami. Hleboproduktyi. 2001;8:30-33. 

7. Kozlov G, Pshenishnyuk G, Korovkina L. Povyishenie hlebopekarnyih svoystv pshenichnoy muki s kleykovinoy III gruppyi kachestva. 

Hranenie i pererabotka zerna. 2000;12: 56-57. 

8. Hrušková M, Hanzlíková K, Varáček P. Wheat and flour quality relations in a commercial mill. Czech Journal of Food Science. 2000; 

19(5): 189-195. DOI: 10.17221/6606-CJFS 

9. Bordes J. et al. Agronomic characteristics, grain quality and flour rheology of 372 bread wheats in a worldwide core collection. Journal of 

Cereal Science. 2008; 48(3): 569-579. DOI: 10.1016/j.jcs.2008.05.005 

10. Rakszegi M. et al. Composition and end-use quality of 150 wheat lines selected for the HEALTHGRAIN diversity screen. Journal of 

Agricultural and Food Chemistry. 2008; 56(21): 9750-9757. DOI: 10.1021/jf8009359 

11. Koppel R, Ingver A. Stability and predictability of baking quality of winter wheat. Agronomy Research. 2010;8(3): 637-644. 

12. Belibova Y., Matveeva I. Korrektirovka pshenichnoy muki fermentnyimi preparatami. Hleboproduktyi. 2006; 3:52-55. 

13. Karchevskaya O, Dremucheva G. Kak povyisit kachestvo muki iz hleba, smolotoy s primesyu zerna, porazhennogo klopom-

cherepashkoy. Hlebopechenie Rossii. 2000; 3:23-24. 

14. Jelena Tomić J. et al. Biochemical Quality Indicators and Enzymatic Activity of Wheat Flour from the Aspect of Climatic Conditions. 

Journal of Food Quality. 2018; 2018: 1-9. Article ID 5187841. DOI: 10.1155/2018/5187841 

15. Kozmina N. Biohimiya zerna i produktov ego pererabotki. M: Kolos; 1976.  

16. Kozmina N. Biohimiya hlebopecheniya. M.: Pischevaya promyishlennost; 1978. 

17. Cornell H. The chemistry and biochemistry of wheat. Breadmaking: Improving Quality. Second Edition. 2012;1: 35-76. DOI: 

10.1533/9780857095695.1.35 

18. Konarev V. Belki rasteniy kak geneticheskie markeryi. M.: Kolos; 1983.  

19. MacRitchie F. Flours lipids: theoretical aspects and functional properties. Cereal Chemistry. 1981; 58(3): 156-158. 

20. Netsvetaev V., Paschenko L. Harakteristika pochti izogennyih liniy yarovoy myagkoy pshenitsyi po chislu disulfidnyih svyazey v 

zapasnyih belkah. Nauchnyie vedomosti BelGU. Seriya "Estestvennyie nauki". 2010;15(12):55-59. 

21. Popper L. Uluchshenie muki (nachalo). Hleboproduktyi. 2003;10,11:24-26: 22-23. 

22. Uistler R, Pashal E. Himiya i tehnologiya krahmala. M.: Pischevaya promyishlennost; 1975.  

23. Ribalka O, Litvinenko M. Vikoristannya pshenitsI vaksI dlya selektsIYi sortIv novogo pokolInnya. VIsnik agrarnoYi nauki. 2008; 7:34-38. 

24. Tregubov N, Zharova E, Zhushman A. Tehnologiya krahmala i krahmaloproduktov. M.: Legkaya i pischevaya promyishlennost; 1981.  

25. Chernyih V, Shirshikov M. Regulirovanie sostoyaniya uglevodno-amilaznogo kompleksa hlebopekarnoy muki. M.: MGUPP. 2003.  

26. Falunina Z. Vliyanie α-amilazyi na fizicheskie svoystva testa : dis. … k.t.n.: 05.18.01. M. 1986.  

27. SHub I. Issledovanie osobennostey deystviya amiloliticheskih fermentnyih preparatov v protsesse prigotovleniya pshenichnogo hleba : 

dis. … k.t.n.: 05.18.01. M. 1972.  

28. Glinka I. Pshenitsa i otsenka ee kachestva. M.: Kolos; 1968.  

29. Nechaev A, Sander J. Lipidyi zerna. M.: Kolos; 1975.  

30. Matveeva I, Belyavskaya I. Biotehnologicheskie osnovyi prigotovleniya hleba. M.: Deliprint. 2001.  

31. Shiiba K, Negishi Y, Okada K. Chemical changes during sponge-dough fermentation. Cereal Chemistry. 1990;61(4): 350-355. 

32. Popper L. Uluchshenie muki (prodoljenie). Hleboproduktyi. 2003; 12: 30-31. 

33. Bloksma A. Dough structure, dough rheology and baking quality. Cereal Foods World. 1990; 35: 237-244. 

34. Bloksma A. Rheology of the bread making process. Cereal Foods World. 1990; 35: 228-236. 

35. Van Vliet T, Janssen ., Bloksma A, Walstra P. Strain hardening of dough as a requirement for gas retention. Journal of Texture Studies. 

1992; 23(4): 439-460. DOI: 10.1111/j.1745-4603.1992.tb00033.x 

36. Banu I. et al. Estimation of the Baking Quality of Wheat Flours Based on Rheological Parameters of the Mixolab Curve. Czech J . Food 

Sci. 2011; 29(1): 35-44. 

37. Kondratev I. Ispolzovanie fermentnyih preparatov na mukomolnyih zavodah. Hleboproduktyi. 2002; 6: 26-27. 

38. SHlelenko L. Vliyanie multienzimnyih kompozitsiy na svoystva testa i kachestvo pshenichnogo hleba // Hlebopechenie Rossii. 2001;1:20-

22. 

39. Matveeva I, Belibova YU, Popov M. Kontseptsiya korrektirovki kachestva muki na osnove fermentnyih preparatov. Hleboproduktyi. 

2006; 12:43-44. 

40. Rets E. Modifikatoryi pshenichnoy muki. Hleboproduktyi. 1999;9:32-35 . 

41. Denisova T. i dr. Povyishenie kachestva muki. Hleboproduktyi. 2005; 4:36-38. 

42. Kaprelyants L. Fermentyi v pischevyih tehnologiyah. monografiya. ONAPT; 2009.  

43. Lyons T. Proteinase enzymes relevant to the baking industry. Biochemical Society Transactions.1982; 10(4): 287-290; 

DOI: 10.1042/bst0100287 

44. Dojczew D, Sobczyk M. The effect of proteolytic activity on the technological value of wheat flour from pre-harvest sprouted grain. Acta 

Sci. Pol., Technol. Aliment. 2007; 6(4): 45-53.  

45. Bonet A. et al. Glucose oxidase effect on dough rheology and bread quality: A study from macroscopic to molecular level. Food 

Chemistry. 2006; 99(2): 408-415; DOI: 10.1016/j.foodchem.2005.07.043 

46. Stojceska V, Ainsworth P. The effect of different enzymes on the quality of high-fibre enriched brewer’s spent grain breads. Food 

Chemistry. 2008; 110(4); 865-872. 

47. Damen B. et al. Xylanase-mediated in situ production of arabinoxylan oligosaccharides with prebiotic potential in whole meal breads and 

breads enriched with arabinoxylan rich materials. Food Chemistry. 2012; 131(1): 111–118; DOI: 10.1016/j.foodchem.2011.08.043 

48. Renzetti S, Dal Bello F, Arendt E. Microstructure, fundamental rheology and baking characteristics of batters and breads from different 

gluten-free flours treated with a microbial transglutaminase. Journal of Cereal Science. 2008; 48(1): 33-45; 

DOI: 10.1016/j.jcs.2007.07.011 

49. Melim Miguel A. et al. Enzymes in Bakery: Current and Future Trends. Food Industry. 2013: 287-321. DOI: 10.5772/53168 

50. Waters D. et al. Characterisation of a Talaromyces emersonii thermostable enzyme cocktail with applications in wheat dough rheology. 

Enzyme and Microbial Technology. 2011; 49(2): 229-236; DOI: 10.1016/j.enzmictec.2011.04.006 

51. Zhang C. et al. Extracellular production of lipoxygenase from Anabaena sp. PCC 7120 in Bacillus subtilis and its effect on wheat protein. 

Applied Microbiology and Biotechnology. 2012; 94(4): 949-958; DOI: 10.1007/s00253-012-3895-5 

52. Di Cagno R. et al. Interactions between sourdough lactic acid bacteria and exogenous enzymes: effects on the microbial kinetics of 

acidification and dough textural properties. Food Microbiology. 2003; 20(1): 67-75; DOI: 10.1016/S0740-0020(02)00102-8 



Біопроцеси, біотехнологія харчових продуктів / Bioprocesses, biotechnology of food products 

 

 

Харчова наука і технологія / Food science and technology 33 Volume 13 Issue 2/ 2019 
 

53. Katina K. et al. Effects of sour-dough and enzymes on staling of high-fibre wheat bread. LWT Food Science and Technology. 2006; 

39(5): 479-491; DOI: 10.1016/j.lwt.2005.03.013 

54. Saxena R, Gupta, Saxena S, Gulati R. Role of fungal lipases in food processing. Applied Mycology and Biotechnology. 2001; 1(9): 353-

386; DOI: 10.1016/S1874-5334(01)80015-0 

55. Leon A, Duran E, Barber C. Utilization of enzyme mixtures to retard bread crumb firming. Journal of Agricultural and Food Chemistry. 

2002; 50(6):1416-1419; DOI: 10.1021/jf0106446 

56. Gerday C. et al. Cold-adapted enzymes: from fundamentals to biotechnology. Trends in Biotechnology. 2000; 18(3):103-107; 

DOI: 10.1016/S0167-7799(99)01413-4 

57. Collins T, Gerday C, Feller G. Xylanases, xylanase families and extremophilic xylanases. FEMS Microbiology Reviews. 2005; 29(1):  

3-23; DOI: 10.1016/j.femsre.2004.06.005 

58. Collins T. et al. Use of glycoside hydrolase family 8 xylanases in baking. Journal of Cereal Science. 2006; 43(1): 79-84; 

DOI: 10.1016/j.jcs.2005.08.002 

59. Dornez E. et al. Use of psychrophilic xylanases provides insight into the xylanase functionality in bread making. Journal of Agricultural 

and Food Chemistry. 2011; 59(17):9553-9562; DOI: 10.1021/jf201752g 

60. Zheng H. et al. Improvement of the quality of wheat bread by addition of glycoside hydrolase family 10 xylanases. Applied Microbiology 

and Biotechnology. 2011; 90(2): 509-515; DOI: 10.1007/s00253-011-3088-7 

61. Wang M, Si T, Zhao H. Biocatalyst development by directed evolution. Bioresource Technology. 2012; 115: 117-125; 

DOI: 10.1016/j.biortech.2012.01.054 

62. Böttcher D, Bornscheuer U. Protein engineering of microbial enzymes. Current Opinion in Microbiology. 2010; 13(3): 274-282; 

DOI: 10.1016/j.mib.2010.01.010  

63. Jones A. et al. Directed evolution of a maltogenic α-amylase from Bacillus sp. TS-25. Journal of Biotechnology. 2008; 134(3-4): 325-333; 

DOI: 10.1016/j.jbiotec.2008.01.016  

64. Levitskiy A. i dr. Proteoliz kleykovinyi razlichnyih po tehnologicheskim svoystvam sortov ozimoy myagkoy pshenitsyi. Prikladnaya 

biohimiya i mikrobiologiya. 1987;23(6):806-811. 

  

Отримано в редакцію 15.01.2019 Received 15.01.2019 

Прийнято до друку 07.06.2019 Approved 07.06.2019 

 

Цитування згідно ДСТУ 8302:2015 

Zhygunov D., Marchenkov D., Lebedenko T. Adjusting flour quality by enzymes: current state, problem analysis, future development 

prospects // Food science and technology. 2019. Vol. 13, Issue 2. P. 24-33. DOI: http://dx.doi.org/ 10.15673/fst.v13i2.1380 

Cite as Vancuver style citation 

Zhygunov D., Marchenkov D., Lebedenko T. Adjusting flour quality by enzymes: current state, problem analysis, future development 

prospects. Food science and technology. 2019;13(2):24-33. DOI: http://dx.doi.org/ 10.15673/fst.v13i2.1380 

 

 
 

 


