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SUMMARY

Report  36 p., 7 figures, 2 tables, 19 sources, 3 attachments
GLUCOAMYLASE, BREAD BAKING, SELECTION, IMMOBILIZATION, ASPERGILLUS 
The objects of research are microscopic fungus Aspergillus oryzae M/R.

The project aim is a screening of microbial strain with increased glucoamylase production and secretion capacity for its further application in bread-making industry.
Methods of investigations – microbiological and biochemical. 
During present research work selection of the strain Aspergillus oryzae M/R and the study of its variability during long–term cultivation in in submerged conditions of growth in order to obtain an active culture - a glucoamylase producer were carried out. As a result, an active culture of Aspergillus oryzae M/R-8 was obtained, the activity of which exceeded the enzymatic activity of the original strain of Aspergillus oryzae M/R.
The scientific novelty of the project consists in the fact that for the first time a highly active association of microscopic fungi-producers of glucoamylase was obtained using new method of cultivation of filamentous microorganisms based on immobilization of enzyme producers in submerged conditions of growth. 

The basic microbiological and biotechnological parameters: high level of enzymatic activity obtained isolate, a possibility of application of fungal isolate to the bread making industry. 

Degree of implementation - selected active isolate Aspergillus oryzae M/R-8 - a glucoamylase producer is included to museum's collection of fungal cultures. The effectiveness of the use of glucoamylase in baking has been investigated.
The field of application - microbiology, biotechnology, food industry. 
   The economic efficiency of work is determined by the application of the obtained active associative culture – glucoamylase producer in the development, improvement and production of biological products for the bread making industry.
    The forecast of the development of the object of research is the use of the obtained active isolate in the development of a biological product.
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TERMS AND DEFINITIONS
Present report has been supported by the following terms 

	Enzymes
	–
	specific catalysts (proteins) that accelerate only certain reactions, acting selectively only on quite certain substances


	Аспергилл (лат. Aspergillus)
	–
	genus of higher aerobic mold fungi (Deuteromycetes, or marsupials), which includes several hundred species, distributed throughout the world under various climatic conditions. Some species cause disease, others - are used in the production of citric acid, antibiotics, enzymes


	Glucoamylase
	–
	an enzyme that breaks down dextrin and starch molecules to form glucose


	Strain
	–
	a pure culture of a certain type of microorganism with special physiological and biochemical properties


	Micromycetes
	-
	microscopic fungi


	Selection
	-
	methods for creating new and improving existing animal breeds, plant varieties, strains microorganisms with properties beneficial to humans


ABBREVIATIONS AND SYMBOLS

The following abbreviations and symbols are used in this R&D report
	GOST  
g 

	-
-


	state standard
gram


	U/ ml 


	-
	units per milliliter

	l 


	-

	liter

	ml 


	-
	milliliter

	mg 


	-
	milligram

	pH 
	-
	an indicator of the value of H-ions



	
	
	


	
	
	

	
	
	


INTRODUCTION

 Modern baking industry can be referred to highly effective dynamically developing branches of the agro-industrial complex of Kazakhstan. Bread, as a major part of the population’s diet, demonstrates a significant potential to be targeted as health promotion subject. The main purpose of the technological process of bread production is to obtain a high quality product. An important aspect that contributed to evolution of the baking market is the introduction of industrial enzymes in the baking process, where bakery enzymes represent a relevant segment of the industry.

The main purpose of the technological process of bread production is to obtain a high quality product. An important aspect that contributed to evolution of the baking market is the introduction of industrial enzymes in the baking process, where bakery enzymes represent a relevant segment of the industry. Enzymes are an important ingredient used in most bakery products. More recently enzymes have assumed an even greater importance in baking, due to the restrictions on the use of chemical additives, especially in the manufacture of bread and other fermented products.

The production of enzyme preparations, including glucoamylase, occupies one of the leading places in modern biotechnology, and the main producers of enzymes used are mycelial fungi. Industrial production of enzymes requires highly productive strains. When using strains with low productivity in enzyme synthesis, the technological process, due to incomplete or long-term hydrolysis of the substrate, may be unprofitable. When using highly active enzyme preparations in technology, the cost of enzymatic processing of raw materials is reduced by reducing the dosage of enzymes and shortening the duration of the hydrolysis process, and, as a consequence, an increase in the yield of the final product. 

Thus, the intense demand for industrial enzymes requires the search of new strains with high level of enzymatic productivity in order to enhance the enzyme production capacity and their applications. In this regards, immobilization offers various advantages, such as increase of productivity due to the high cell concentration within the reactor and the ability to separate cell mass from the bulk liquid for possible reuse. During cells immobilization it is possible to form a variety of morphoforms, which may vary not only by morphological, cultural and physiological properties, but also by enzyme activity. Due to formation of highly active producers during submerged cultivation of the immobilized cells and study of the cultural conditions for glucoamylase formation, the fungal enzymatic activity can be increased significantly.
Searching patent databases as well as the appearance of recent published research and review papers indicates a continued interest in this in this group of enzymes. The most active countries conducting research in this area are Russia, the United States and China. Analysis of patent documentation (2011-2021) showed that research in selection of microorganisms to increase their biosynthetic capacity requires further research. The conducted patent studies have shown that the object has patent purity.

In this regard, obtaining of active strain strongly producing glucoamylase enzyme on the base of selection of microorganism in the immobilized state in submerged conditions is very important.
Metrological support of the research was carried out by the Almaty branch of JSC "National Center for Expertise and Certification" by checking laboratory equipment and measuring instruments.

The purpose of the present study was screening of microbial strain with increased glucoamylase production and secretion capacity for its further application in bread-making industry 

To achieve this goal, the following objectives were pursued:
- Selection of isolates in different periods of long-term cultivation of Aspergillus oryzae M/R strain – glucoamylase producer. 
- Selection of the most active isolate with enhanced glucoamylase activity and its morphological characteristics.
- Isolation of glucoamylase enzyme preparation.

- Application of glucoamylase enzyme to bread-making industry.
MAIN PART
1 Selection of research area

Glucoamylase (EC 3.2.1.3) is an exo-enzyme that mainly hydrolyzes α-1, 4-glycosidic linkages from the non-reducing ends of starch chains, which leads to the production of glucose [1]. Enzymes used in industry, agriculture and medicine, depending on the scope of application, must meet certain requirements: have specificity, reaction rate, pH and temperature optima, stability, affinity for the substrate and other properties. Microorganisms that produce enzymes must be technologically advanced, harmless, and produce extracellular enzymes in sufficient quantities.

In bread baking they use preparations of amylolytic, proteolytic, cellulolytic, lipolytic and oxidation-reduction enzymes. Among them amylolytic enzymes are the main group of enzymes used for intensifying the process of dough making and improvement of bread quality [2-5]. Glucoamylase increase the total fermentable sugar content of dough, can improve the gas-retention properties of fermented dough and reduce dough viscosity during starch gelatinization, with consequent improvements in product volume and softness, showed better impact on bread volume and crumb structure. Glucoamylase is functional in whole wheat bread formulations, which benefit from an increase in sugars both for improving the sweetness and increasing yeast activity. Oftentimes sweeteners are added to the formulation, but amyloglucosidase creates extra glucose in the dough, which aids in fermentation and crust color via Maillard browning [6, 7].
Mycelial fungi are one of the main producers secreting a wide variety of industrially important enzyme complexes or individual enzymes. The main advantage of fungal strains for using them as producers is the ability to secrete a large number of extracellular enzymes into the medium, the possibility of cultivating them on simple media, high growth rate, stability of the enzyme preparations obtained. The producers of glucoamylase enzymes were found among Aspergillus, Trichoderma, Mucоr, Rhizоpus etc. [8-10]. Amylases of mold fungi are of considerable theoretical and practical interest due to their high activity, comparative ease of preparation and sufficiently broad substrate specificity. 

However, great drawback of industrial strains is their low activity, despite the fact that the chief requirement to enzymes is their high catalyst activity which is directly connected with the activity of the microorganism that produces this enzyme. Scientific research of the leading biochemical laboratories of the world are directed to the solution of this problem, i.e. obtaining of a highly active strain – superproducer of enzymes. The use of such highly active strain can reduce expenses on production of the enzyme, which will positively influence the price of the final product.
There have been many studies in the area of glucoamylase enzyme and its application in the past 20 years. Much research activity has focused on biochemical characteristics related to enzyme activity and stability; development of novel recombinant and mutant microbial strains along with different optimization strategies leading to expansive production and yield of enzyme, etc. [11-14]. However, there have been relatively few studies have used living  cells  in immobilized  systems in spite of the fact that the major advantage of immobilized cells in contrast to immobilized enzymes and free cells is the reduction of bioprocessing cost. This comes from the repeated and continuous use of biocatalyst, the maintenance of a high cell density, absence of foreign substances, controlled process of enzyme production, ability of various enzymes simultaneous production, etc. 
Traditionally used technology for the production of enzyme preparations uses a deep method of cultivation of micromycetes in periodic conditions. With such cultivation, their biomass is formed in the form of pellets, which in the process of cultivation becomes more and more compacted and becomes inaccessible to oxygen and nutrients. The maximum of the target product can be produced for 3-5 days and only once, and then the culture is autolysed and its enzymatic activity decreases. After that it is necessary to re-inoculate the nutrient medium with a suspension of fungal spores. 

We developed a new method of cultivation of filamentous microorganisms, as well as devices and equipment for their cultivation [15, 16]. Such devices and equipment prolong producers’ cultivation period and create the opportunity to obtain enzymes repeatedly in every 2-3 days of cultivation. This method is based on immobilizing enzymes producers with solid support in submerged conditions of growth.
 Immobilizing has a range of advantages: decreasing the price of the final product, absence of foreign substances, controlled process of enzyme-genesis, ability of various enzymes simultaneous production, etc.

The design of the proposed device made it possible to increase the activity of culture filtrates of immobilized cells relatively free, growing under periodic cultivation conditions at the first stage of the process by 3 times, and in subsequent stages by 8-10 times; to increase the productivity of the culture; to increase the duration of mushroom cultivation and the frequency of obtaining active culture fluid, as well as to improve the quality of filtrates - to make them transparent, to eliminate laborious operations for recharging fermentation vessels associated with the removal of mycelium from the substrate, requiring manual labor.

In fact, during the theoretical researches, we have proved the fact that in the process of long-lasting micromycets cultivation on a substrate the culture undergoes a range of cause stresses, which lead to the formation of various new morph-types (from 5 to 20) that differ in enzyme activity. This gives the opportunity to select the most active cells from the population
In this regards, the selection of a highly active strain of micromycetes, a producer of glucoamylase based on its immobilization on a solid support under submerged conditions of growth is an actual problem. 

2   Materials and Methods
The objects of research was microscopic fungus Aspergillus oryzae M/R – glucoamylase producer from our own collection of microorganisms. The initial culture was grown on agarized Rolene medium of the following composition: 1 kg of carrots were extracted in a water bath for 1 hour, filtered, after which the volume was adjusted to 1 liter of distilled water. After that, glucose was added – 20g; NH4NO3 - 0.3g; KH2PO4 - 1.0g; FeSO4 – 0.003g; agar - 20g; pH 7.2 - 7.3. 
Cultivation of the selected glucoamylase producer Aspergillus oryzae M/R was carried out in an immobilized state under deep growth conditions on an optimized nutrient medium of the following composition (%): NH4NO3 - 0.5; KH2PO4 - 0.1; MgSO4 - 0.05; KCL - 0.05; FeSO4 - 0.001; glucose - 1.0; starch - 1.0. The medium was replaced and the active culture fluid was obtained every three days. The seed material was an aqueous suspension of Aspergillus oryzae M/R culture, introduced in an amount of 2% to the volume of the medium, containing 1.3 x 105 conidia in 1 mL. Every three days, the activity of glucoamylase was determined according to GOST. The determination of the glucoamylase activity will be carried out according to the State Standard [22]. It was carried out in the filtrates of the culture liquid according to the method based on the spectrophotometric determination of hydrolyzed starch, as a result of its hydrolysis by the enzymes of the amylolytic complex to dextrins of various molecular weights under standard conditions (temperature 30°C, pH 4.7, hydrolysis duration 10 min). One unit of glucoamylase activity is the amount of enzyme that, at pH values ​​of 4.7 and a temperature of 30°C for 1 hour, catalyzes the hydrolysis of 1g of starch to dextrins of various molecular weights, which is 30% of the starch introduced into the reaction. [17].
To identify the active variant formed on the substrate, a number of isolates were selected at different periods of long-term cultivation. Isolates were taken during the first and second cultivation periods. Samples were taken by scraping the mycelium from the surface and depth of immobilized structure. A monosporous suspension was prepared for inoculation on agar plates. 9 ml of sterile distilled water was added to the 1ml of fungal suspension, filtered and then diluted with sterile water and plated on agar Petri dishes. In each dish, 0.1 mL of diluted suspension was added, triturated on the surface with a sterile glass spatula. The inoculated plates were incubated for 5-7 days at 28-30°C. After that, the colonies grown on the plates were counted. The obtained variants were isolated in a pure culture and grown for 3-4 days in a liquid nutrient medium and protease and collagenase activity was determined. The experiments were carried out in triplicate. Isolation of the enzyme preparation was carried out according to the standard procedure [18]. 
Total titrable acidity was determined by titration, where a 25g sample was blended with 250 mL distill water and the suspension was then titrated with a 0.1 mol/L NaOH to a final pH of 8.5. The total titrable acidity was expressed as the amount (mL) of NaOH used. The acidity was determined by the formula. Total titrable acidity is expressed in milliliters (ml) and represents the number of ml of 0.1 normal sodium hydroxide (NaOH) needed to neutralize a specific amount of an acid solution to a pH of 6.6.
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,                                                                    (1)
V - the volume of 0.1N of NaOH, cm3; 10 - reduction of 0.1N NaOH solution to 1N NaOH; 100 - conversion factor per 100g of product; 25 - sample of the test product, g; 250 - volume of water taken for acid extraction, cm3; 50 - volume of the test solution taken for titration, cm3; - the amount of NaOH solution, ml.


Dough volume was measured by formula  Vs = V / m 

V – volume of bread,

m – mass in gram.


Bread porosity (%) was determined by GOST [19]. A cylindrical piece of crumb was cut from a slice obtained from the middle of the loaf by a cylindrical sharpened brass perforator  and weighed. The slices were obtained by cutting the bread transversely using a cutter to obtain uniform slices of 60 mm thickness. To obtain an average porosity, three cylinders, from three different areas, were analysed.
Bread porosity (X) was determined as follows:

                                                       [image: image4.jpg]


                                                              (2)
V - cylindrical sharpened brass perforator, см3;

m – notches mass, g;

p - bulk density of pulp.

(р) - 1,31.
Porosity is calculated within 1%. Value up to 0.5% is discarded, and above - are equated to 1 unit.
All analyzes were performed in triplicate. Statistical analysis was carried by calculation of the mean values (M), the arithmetic mean error (m) using the Microsoft Excel 2010. Statistically significant findings (p <0.5) were considered.

3 Results and discussion
3.1 Selection of isolates in different periods of long-term cultivation of Aspergillus oryzae M/R strain – glucoamylase producer
The cultivation method has a great influence on the level of enzyme biosynthesis by micromycetes. To obtain enzymes, including amylolytic, methods of solid-phase, surface and deep cultivation of enzyme producers are used. Among them, the best conditions for the formation of amylolytic enzymes are created in deep culture, because aeration of the nutrient medium is of great importance for the biosynthesis of enzymes.

Deep cultivation of microorganisms can be carried out in a periodic and continuous process. The periodic process is characterized by the growth of microorganisms in a limited volume of the nutrient medium without the possibility of its replacement, which leads to low physiological activity of the culture. Continuous cultivation makes it possible to stabilize the parameters of the medium and the physiological state of the microorganism due to the constant influx of fresh nutrient medium and outflow of culture fluid. 

In order to obtain an active variant Aspergillus oryzae M/R for 36 days at a temperature of 28-300С C on an optimized nutrient medium in submerged conditions of growth using new method of fungal cultivation.
During long-term cultivation of the producer, it was found that the culture of Aspergillus oryzae M/R is well immobilized on a carrier, which was used as a cotton porous belting tissue (Figure 1).
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Figure 1– Immobilized culture Aspergillus oryzae M/R
During cultivation, the enzyme biosynthesis took place actively and for a long time (Figure 2).
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Figure 2 – Dynamics of glucoamylase production by Aspergillus oryzae M/R
As can be seen from the data presented in Figure 2, the glucoamylase activity varied from 67 U / mL to 142 U/mL. The maximum formation of enzymes falls on the 9th, 18th, 27th and 36th days of cultivation. It is noted that the culture liquid is transparent and does not require additional filtration; it is easily separated from the mycelium. This is very convenient for continuous cultivation of the culture, when it is necessary to periodically replace the culture liquid with a fresh portion of the nutrient medium. The productivity of the culture increases, the cultivation time of the enzyme-producing strain increases by more than 20 times, the stage of active enzyme formation is lengthened, the multiple production of the target product and the use of the culture initially immobilized on the carrier are ensured.
The study of the variability of microorganisms and the selection of new, more perfect forms is of great importance, therefore this issue is always in the center of attention of microbiologists. Successful breeding depends on the degree of variability of the original crop.
Immobilized cells are a convenient tool for identifying and selecting active variants. One of the reasons for increasing the biosynthetic activity of immobilized cells is the variability of the heterogeneous culture. To establish the natural variability of immobilized cells, the isolates were taken at different periods of long-term cultivation, when the enzymatic activity was increased. A prerequisite for the formation of active variants is the stresses that the culture experiences during long-term cultivation. This is mechanical damage to hyphae during removal of the accumulating mycelium from the substrate, the conditions for changing the nutrient medium - depleted to full and the process of long-term cultivation itself.

With prolonged cultivation of an immobilized culture, the process of enzyme biosynthesis is prolonged and takes place in several stages. With the accumulation and aging of the mycelium (on the 9th day of cultivation) on the substrate, the level of enzyme biosynthesis in the culture liquid begins to decrease, which is associated with insufficient aeration. To restore the level of enzyme biosynthesis, all biomass is removed from the substrate. This concludes the first stage of long-term cultivation.

 After removal of the fungal biomass from the substrate, the second stage of the enzyme biosynthesis begins, which is characterized by a drop in the enzymatic activity of the culture liquid. 3 days after removing the mycelium and replacing the nutrient medium with new old cells remaining in the pores of the carrier, they begin to multiply and the process repeats again, i.e. biomass begins to actively growth on the substrate. Further, the patterns observed at the first stage are repeated at the second. To identify the active variant formed on the substrate, we selected isolates at different periods of long-term cultivation, when the glucoamylase activity was maximal. All isolates were kept at nutrient medium for further study.
3.2 Selection of the most active isolate with enhanced glucoamylase activity and its morphological characteristics
Immobilized cells on a substrate are a convenient tool for identifying and selecting active variants. One of the reasons for the increase in the biosynthetic activity of immobilized cells is the variability of a heterogeneous culture grown on a substrate. All information about the characteristics inherent in a given organism is concentrated in its genetic apparatus. It ensures the preservation and accurate reproduction of these characters in the process of reproduction of the microorganism, and daughter individuals in most cases show complete similarity to the parental forms. This suggests that the genetic apparatus is highly stable and precise, ensuring its functioning. 

Study of the previously identified variants obtained in different periods of long-term cultivation of Aspergillus oryzae M/R showed that they have differed level of glucoamylase production. To identify the active variant formed on the substrate, the glucoamylase activity was determined in 8 isolates selected earlier. For this purpose, the obtained isolates were cultured under periodic conditions for 3 days at a temperature of 28-30° C. After that, the glucoamylase activity of each variant was determined. The experiments were carried out in triplicate. The data obtained are presented in Table 1.
Тable 1 – Enzymatic activity of isolates obtained at different stages of submerged cultivation of Aspergillus oryzae M/R
	Isolate
	Stage
	Glucoamylase activity

	A. oryzae M/R-1
	I
	68±1,3

	A. oryzae M/R-2
	I
	74±2,1

	A. oryzae M/R-3
	II
	52±1,7

	A. oryzae M/R-4
	II
	57±1,4

	A. oryzae M/R-5
	III
	81±0,9

	A. oryzae M/R-6
	III
	76±1,7

	A. oryzae M/R-7
	IV
	67±2,0

	A. oryzae M/R-8
	IV
	106±1,3

	A. oryzae M/R (parental)
	
	67±2,1


As shown on Table 1, the level of biosynthesis of the glucoamylase ranged from 52 U/mL to 106 U/mL. Thus, at the end of cells immobilization, the isolate Aspergillus oryzae M/R-8 was formed with increased enzymatic activity of 106 U/mL.
Macro- and micromorphology of Aspergillus oryzae M/R-8 are presented in Figure 3. 
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а) – macro-morphology б) – micro-morphology
Figure 3 – Macro- and micromorphology of Aspergillus oryzae M/R-8  
Colonies are fluffy, round shaped, the edges are even. Aerial mycelium is light green color. The edge of the colony is a 3mm white fluffy mycelium. Substrate mycelium is light beige. The reverse side of the colony appeared light brown in color, there is no exudate. There is no pigment. The mycelium of the fungus is septate, branched, conidia are formed exogenously, located on the conidiophores in a chain. The surface of conidia is smooth, the shape is round, and color is olive dark.
Thus, if the enzymatic activity of the initial culture of A. oryzae M/R was 67 U/mL, among the newly obtained isolates a variant of A. oryzae M/R-8 was formed with the enzymatic activity of 106 U/mL. This isolate was selected for further study.
3.3 Isolation of glucoamylase enzyme preparation
In order to isolate glucoamylase enzyme preparation, a sufficient amount of culture liquid culture medium was produced during long-term cultivation of active isolate. Cultivation was carried out on optimized nutrient medium for 70 days at 30°C. Liquid media was exchanged in every three day interval. As shown on Figure 4 maximum of glucoamylase synthesis was in 9, 18, 27, 36, 45, 54, 63 and 70 days of fungal cultivation. Glucoamylase activity varied from 104.3 U/mL to 252.4 U/mL.
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Figure 4 – Dynamics of glucoamylase production during long-term cultivation of 

A. oryzae M/R-8  

Isolation of glucoamylase enzyme preparation was carried out in two steps: purification of the liquid culture media from impurities by ultrafiltration and precipitation of enzyme proteins with ethyl alcohol (96%). The purification of the liquid culture media is due to a number of technical difficulties associated mainly with the enzyme instability (lability), the loss of their activity under the influence of minor changes in cultural conditions. Therefore, when choosing the technology of isolation, concentration and purification of enzyme preparations, solutions are sought which allow these processes to be carried out in a continuous mode, at high speed, in "soft" conditions, which provide a small percentage of the decrease in enzyme activity.
The liquid culture media contains a mixture of cells and their metabolic products and, as a rule, a low content of the main component (enzyme) and presence of many impurity substances. In the first stage, in order to purify the liquid culture media from the contaminating microflora, a microfiltration method using membranes of the Millipore brand with a pore diameter of 0.22 μm was applied. The microfiltration process was carried out at 19 ± 2°C under vacuum of 0.1-0.3 MPa. The liquid culture media was passed through an ultrafiltration cassette. In the second stage, an ultrafiltration cassette with a pore size of 100 kDa was used to more fully purify the liquid culture medium from inert proteins and proteins, whose molecular weight is more than 100 kDa. 
There are various methods of isolation of enzyme preparations. These methods include protein precipitation with organic solvents or neutral salts. Ethyl alcohol is used as an organic solvent, less often other alcohols, acetone. To isolate the enzyme preparation from the liquid culture media, ethyl alcohol has been used. The ratio of the culture liquid: ethanol = 1: 4. Precipitation was carried out by pre-cooling the solvent in 4°C. The precipitated protein was aged for 30-40 minutes, after which the clear supernatant was decanted and the enzyme preparation was filtered and dried to constant weight. In total, 16.8g of enzyme preparation was obtained.

3.4 Application of glucoamylase enzyme to bread-making industry
The effectiveness of the bakery production management is determined by the application of a quality assurance system for finished products, the main element of which is the use of various food additives and, in particular, enzyme preparations. The need to the use of exogenous enzymes in bakery is mainly due to their lack. Extra enzymes added to the dough improve control of the baking process, allowing the use of different baking processes, reducing process time, slowing-down staling, compensating for flour variability and substituting chemical additives.

The main group of enzymes used to intensify the dough preparation process and improve the quality of bread are amylolytic enzymes, and in particular glucoamylase. The use of glucoamylase affects the indicators of dough formation time, its stability and viscosity, improves the saccharifying ability of flour, reduces the falling number of premium wheat flour, improves the quality of bread and bakery products, and prevents staleness.
Despite the rapid development of advanced methods, the production of high quality bread is still a rather laborious activity. Traditionally, it includes a number of basic operations: preparatory processing of raw materials, kneading dough, fermentation, portioned dough, making dough pieces, baking, cooling, packaging and storage. Acceleration of the dough preparation leads to a reduction in costs. Now there are many ways to accelerate this process (increase yeast mass, use of food additives, enzyme preparations, starter cultures, etc.).
Wheat flour contain from 1.0 to 2.5% of sugar - mainly sucrose, which is very easily broken down under the influence of yeast β-fructofuranosidase. The resulting mixture of glucose and fructose is easily fermented by yeast. Thus, during the first stages of fermentation process sugar of flour is fermented by yeast. However, this amount of sugar is not enough for dough fermentation. At the next stages of fermentation process, glucose was formed in the dough by the action of glucoamylase on starch. Glucoamylase catalyzes the cleavage of glucose from the non-reducing end of amylose and amylopectin, that is, the sequential hydrolysis of several glycosidic bonds in one substrate molecule
Glucose formed under the action of glucoamylase is fermented by yeast. If the flour has a low amylolytic activity, there will not be enough glucose in the dough, fermentation will not be intense enough and you will get poor quality bread with a dense crumb.
In the experiments wheat flour of the 1st grade was used. The dough preparation stage included dough kneading, dough fermentation and kneading. The glucoamylase enzyme preparation was added in concentration of 0.003% of the flour weight at the time of dough preparation, which was prepared by a sponge process. Sample without the addition of an enzyme preparation has been served as a control. The dough was made for 5-10 minutes. After that it was left to ferment for 2.5-4 hours. The fermented dough was cut manually. Test billets of 400g for the shaped bread were put in molds. Proofing of the test billets was carried out at 30-35° C and relative humidity of 75-80%. Testing of dough billets for baking was assessed visually. Bread was baked in the bakery electric furnace at baking chamber temperature of 240°C for 25 minutes. Determination of quality parameters of finished products was carried out 16-18 hours after baking process. During the test, the effect of glucoamylase on volume, moisture, acidity, as well as organoleptic properties was evaluated.

Volume of bread. The bread volume is directly related to the dough fermentation process. The acidity of the dough, the specific volume and the porosity of the finished products were measured. The dough acidity is an indicator  of its maturation, so acidity is one of the important indicators of the quality of bread. Acidity is expressed in degrees. The degree of acidity corresponds to 1 ml of a normal solution of sodium or potassium hydroxide, consumed to neutralize the acid in 100g of crumb. It was found that when the glucoamylase was added to the sponge, a rapid increase in acidity occurs than without the enzyme (figure 5). 
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Figure 5 – Effect of glucoamylase on dough acidity

Acidity up to 8° was accumulated in the sponge dough  with supplementing of glucoamylase after 2.5 hours of the dough kneading, whereas in the control without enzyme after 2.5 hours of dough kneading the acidity was 5.8°. The maximum acidity of the sponge dough without the enzyme was only after 4.5 hours of the dough kneading. Thus, the glucoamylase preparation  contributes to the increase in dough acidity faster than in control, i.e. addition of glucoamylase allows to reduce wheat dough fermentation process. The increase in dough acidity with the addition of enzyme indicates about the intensification of the processes of accumulation and fermentation of low-molecular carbohydrates (glucose) in the dough. Intensive acid accumulation in the dough with the enzyme preparation is due to the fact that its addition increases the sugar-forming ability of the flour. The yeast obtains more digestible carbohydrates, multiplies and ferments the dough, which is accompanied by an increase in the concentration of organic acids in the dough. Insufficient acidity in the dough leads to the fact that the finished products have less volume and a denser crumb, which becomes sticky and sticky.

Porosity of bread is the volume of pores expressed in percentages to the total volume of bread crumb. It was found that when glucoamylase was added, the specific bread volume in control was 245 cm3 / 100g, while in experiment it was 258 cm3/100g (figure 6). The same porosity in the control was 59%, and in the experiment with the addition of the enzyme preparation - 63%. Thus, incorporation of α-amylase lead to the growth of the specific volume of bread by 11%, as well as the bread porosity by 5% compared to control.

Thus, glucoamylase enzyme lead to the growth of the specific volume of bread by 5.3%, as well as the bread porosity by 6.7% compared to control.
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Fugure 6 – Effect of glucoamylase on bread volume

At the next stage, bread was analyzed by organoleptic properties (appearance, taste, smell). The data obtained are presented in table 2. 
Table 2 – Effect of glucoamylase on the organoleptic properties of bread

	Bread
	

Organoleptic properties

	
	taste, smell
	crust of bread 

	without enzyme
	specific to wheat flour, slightly blan, not molded, not suffocated 
	Rough surface, visible cracks and explosions, not glossy

	with enzyme
	specific to wheat flour, without foreign taste, not moldy, not suffocated
	smooth, hardly noticeable small short cracks and explosions, shiny surface 


Bread with the addition of glucoamylase organoleptic characteristics differed from the control variant: the crust of bread without obvious cracks, smooth, its color is more intense. The addition of glucoamylase leads to an increase in the total content of fermentable sugar in the dough, improves the gas-retaining properties of the dough and decreases its viscosity during starch gelatinization, followed by an increase in the volume and softness of the finished product, which has a positive effect on bread volume and crumb structure. Moreover, the extra glucose released by glucoamylase leads to increased yeast activity, which promotes fermentation and color of the bread crust due to Maillard darkening (Figure 7).
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Figure 7 - Effect of glucoamylase on bread appearance 
Thus, the addition of glucoamylase results in increase sponge dough acidity in 1.5 times compared to control; an increase in specific volume of bread - by 5.3%; porosity - by 6.7% compared to the control, organoleptic properties of the bread quality (taste, smell, crust, crumb) improved (ATTACHMENT A). The enzymatic effect on starch contributes to an increase in the amount of sugars in the dough, which leads to an intensification of the fermentation process, an increase in gas formation at the stage of final proofing and in the early stages of baking. This leads to an increase in the volume of products, an improvement in the porosity and texture of the crumb.
CONCLUSION

As a result of the planned work, the following results were obtained:

Cultivation of Aspergillus oryzae M/R fungal strain - glucoamylase producer in the immobilized state under deep growth conditions on optimized nutrient medium for 36 days was carried out.
 It was found that Aspergillus oryzae M/R is well immobilized on the carrier. The maximum enzyme biosynthesis was on the 9th, 18th, 27th and 36th days of cultivation. It is noted that the culture liquid is transparent and does not require additional filtration; it is easily separated from the mycelium.

During cells immobilization a variety of morphoforms were formed, which vary not only by morphological, cultural and physiological properties, but also by enzyme activity. Among them the most active Aspergillus oryzae M/R-8 isolate was formed, the enzymatic activity of which was higher than the rest of the obtained variants, 106 U/mL.
Cultivation of active Aspergillus oryzae M/R-8 isolate was performed on optimal nutrient medium for 70 days at 30° C to collect sufficient amount of liquid culture medium. The enzymatic activity varied from 104.3 to 252.4 U/mL.
Isolation of glucoamylase enzyme preparation was carried out in two steps: purification of the liquid culture media from impurities by ultrafiltration and precipitation of enzyme proteins with ethyl alcohol (96%). Total of 16.8g of glucoamylase enzyme preparation was obtained.
The addition of glucoamylase to the dough results in increase sponge dough acidity in 1.5 times compared to control; an increase in specific volume of bread - by 5.3%; porosity - by 6.7% compared to the control, organoleptic properties of the bread quality (taste, smell, crust, crumb) improved. All tasks were performed according to the Calendar Work Plan (ATTACHMENT B).
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ATTACHMENT А

Industrial test report
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NPOHU3BOJACTBEHHBIX HCIILITAHUN (pepMEHTHOrO npenapara rioKoamMmiasbl B
XJie0oneyeHnun

Hacrosmwuit axt cocraBnen xommccued B cocrase: pykoBomutens MII «Ilyreua»
H6parumosoit XK. A., texnonora Kacenosoit A. H, rnaBroro Hay4yHOro cotpyanuka TOO «HIIIT
Anturen» bimesoit P.K., Bemymero HaydyHoro corpyaauka TOO «HIIII Asxtureny
Cyneiimenosoit XK.b., nayunoro corpymuuxa TOO «HITIT AHTHreH Canyesoit XK.K. o ToM, uTo
B nepuox ¢ 26 wmrons no 15 asrycra 2021 roma IIPOBEJCHBI MPOU3BOJACTBEHHBIE HCIILITAHUS
(hepMeHTHOTrO IpemnapaTa rMOKOAMHUIIA3H! B XIeGONCUCHHH.

Llenbro  WccnenoBanHuit  SBNANOCH  HM3ydYeHHEe  BIMAHUA (epmenTHOrO mpenapara
TIOKOAMHUIIA3el HA Ka4eCTBO Xieba. B kadecTBe ucTOdHMKA (hepMeHTHOro penapara
HCTIONE30BAH TIFOKOAMUIIA3Y, TIOTYICHHYIO B IIPONEcCe [IIyGHHHOTO KYJIbTHBHPOBAHMUS rpuba
Aspergillus oryzae M/R-8.

B ombitax uenomp3oBaiy nmeHnuHy0 MyKy 1-ro copra. Kak n3BecTHO, ra3oo6pasyromas
CIIOCOOHOCTL MYKH M TECTa 3aBHCHT, IPEX/E BCErO, OT aKTHBHOCTH JPOMOKEN, OT KOJTHYECTBA
caxapa, IMEIOIIerocst B MyKe M Tecte. B mmenuunon Myke comepxures ot 1 xo 2,5% caxapa -
IIaBHBIM 00pa30M caxapo3bl, KOTOpas OYeHb JTerko PACIIEILISETC MO BIHSHAEM BBIIETISIEMOMT
npoxokamu B-gppykrodypanosunassr. [lonydennas B pe3ylpTaTe CMECh IIFOKO3BI U (PPYKTO3BI
JIETKO cOpaxkuBaeTcs aposokamu. TakuM o6pasom, Ha NEPBBIX dTanax OpPOKEHHS TeCTa IPOHKIKU
cOpakuBarOT caxap Mykd. OJHAKO, 3TOTO KOTHYECTBA caxapa HEJO0CTaTOYHO, YTOOBI IMpoIece
OposkeHust mren g0 korua. Ha crmenyrommx sramax OpokeHHs Ha NEPBBIA IUIAH BBICTYIACT
[JII0KO3a,  KOTOpad B Tecte  oOpasyercs mpd  JEHCTBHM  IUIIOKOAMHJIA3sl  HA
Kpaxmail. [ IrokoaMuiasa KaTalusupyeT OTIIEIUIEHHE TIIFOKO3bI OT He PEAYLHUPYIOUIETO KOHIA
aMHJIO3BI M AMHIIONICKTHHA, TO €CTh IOCIECAOBATENbHBIA THAPOIN3 HECKONBKHX [ITHKO3HIHBIX
CBS3€H B ONHOM Mouekyne cyGerpata. Ecin myka nmeer Huskyio (epMeHTaTHBHYIO aKTUBHOCTB,
B TeCTe HE OyAeT JO0CTATOYHOrO KOJHYECTBA IJIFOKO3bI, OpoxeHHe OymeT NpPOXOIUTH
HEIO0CTATOHO HHTCHCUBHO U MOJYYUTCA XJ1€0 MIIOXOro Ka4ecTBa, C MIOTHLIM MSIKHIIEM.

IIpouece mpoussoacTBa xs1e6a MOXKHO pas/ienuTs Ha CJICIYIOIINE IIPOU3BOICTBEHHBIE

OTallbI:

~ MOATrOTOBKA CBIPbsl (IPOCEUBAHME MYKH, €€ OYMCTKA H JIp.);
— 3aMeC TeCTa;
— OpokeH#He TecTa;

— HACJICHHUE TeCTa,
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— OXJIa)XACHUeE,

— XpaHeHHe.

OepMEeHTHBIH TIpenapar rIroKOaMHIa3bl 106aB/ISTH B KOTHUECTRE 0,003% ot Beca myku
B MOMEHT IPHIOTOBJICHHMS TECTa, KOTOPOE TOTOBHIIOCH OMAPHBIM CIOCOGOM. KonTtponem
cryxuna npoba Ge3 noGasnenus pepMmeHTa. 3amec TecTa IIPOM3BOJMIM B TeueHHe 5-10 muH,
TI0CIIe ¥ero €ro oCTaB/IAIN OpoaUTh Ha 2,5-4 yaca. [0TOBOE BHIOPOKEHHOE TECTO pasnensiBaIu
BPYUHYIO, TECTOBBbIC 3aroToBkH Maccod 400r mis dopmoBoro xneba yKiIagblBald B (bOpMEL.
Paccrofiky TecToBBIX 3aroToBOK OCyIECTBIAMH npu 30-35°C U OTHOCHTENBHON BJIAKHOCTH
BO31yXa 75-80%. ['0TOBHOCTb TECTOBBIX 3arOTOBOK K BBINEUKE OEHUBAITH BU3YyalbHO. Beineuky
xneba TMpoBOAMIM B XyeGomekapHOi snextponeun XII3-500 (Poccmst) mpum Temmeparype
nexapHo# kameps! 240°C B tedenne 25 munyT. Onpenenenue MapaMeTPOB Ka4eCTBa I'OTOBBIX
U3JIeTHI IPOBOIMIHN Yepe3 16-18 4acoB mocsie BhINeuKH.

B Xome mpoBeneHus WcbITaHM# ONEHHBATH BIMSHHE TMIOKOAMIIA3HI HA TaKue
TMOKA3aTe/M KaK 00BEM, BIaXHOCTh, KHCIOTHOCTh, a TAK)KE OPraHOJENTHYECKHe CBOKCTBA
(BHELIHHMH BHA, BKYC, 3amax).

1) O6bem xne6a. OGbeM xse6a HAMPAMYIO CBA3aH ¢ poneccoM OpOoXKeHHUs TecTa, s
XapakTEPUCTHKH KOTOPOTO NPOBOAMIN M3MEPEHHE KHCIOTHOCTH TECTa, YAEIbHOTO 00BeMa H
TTOPACTOCTH TOTOBBIX HM3NETMH. KHCIOTHOCTH Tecta sBIseTCS NMPH3HAKOM €ro CO3peBaHus,
[IOSTOMY KHCJIOTHOCTh — OJMH M3 BaXKHBIX IOKa3aTejled KadecTBa xjeba. KHUCIOTHOCTE
BRIPAXKACTCS B rpajycax. I'paayc KHCIOTHOCTH COOTBETCTBYET IMI HOPMAIBHOTO pacTBopa
CIIKOTO HATPHsI WITH KaJIKs, paCXOAyeMOT0 Ul HeUTpatu3alui KUCI0Thl B 100r MaKuIIa.

Tecro st amanusa rotoBwmn cremyrommm o6pasoM. OTBEIIHBANH HA TEXHHUECKHX
Becax Sr tecra. Hasecky mnepenocumn B apdopoByro CTYNKy M pacTtupaid ¢ S0Mia
AMCTHJMPOBAHHOH BOMBI. CHavala, 106aB/sid BOAY MO KAIUISM, JOBOIHMIM HABECKY TECTA JIO
COCTOAHHS CYCICH3HH, 3aTEM NPHIIMIIM OCTaBLIYIOCA BOAy. Ilocie 3Toro n06GaBHIM TPH—IISTH
Kanenb 1% cnuproBoro pactBopa (erondraneHHa. [Tonyuennyro cmech tutpoBamu 0,1H.

pacTBOpOM NaOH A0 IIOSIBJICHHUS 6H€IIHO-pO3OBOFO OKpalllhuBaHH s, HE UCUYE3AIOIIEro B TEUYEHUE

MHHYTBL. KHCIOTHOCTE onpeernsitu o Gpopmyie
Xt =2aK,
e a — Konu4iecTBo pactBopa NaOH, momenmero Ha TuTpoBanue, MiI;

K — nonpaBounslit Ko3GGUUHEeHT K TUTPY IenoUn.
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Konrpoins (6e3 hepmenTa)
KucnotHOCTh TecTa uepes:

1 gac mocne 3ameca —3,0°

2 gaca mociie 3ameca — 5,0°

3 gaca mocie 3ameca — 35,5°
4,5 gaca mocie 3ameca — 7,0°

Omneit (¢ n06aBneHneM GepmenTa)
Kucnorsocts Tecra uepes:

1 gac mocie 3ameca — 4,0°

2 gaca nocJie 3ameca — 6,0°

2,5 gaca mocie 3ameca — 8,0°

Taxum oGpasom, npu noGapneHun GepMeHTa B ONApy MPOUCKOIUT ObIcTpOE HapacTaHue
KHCIOTHOCTH TIO CpaBHEHHIO ¢ KoOHTponeM (Ge3 depmenta). Kucmotocts mo  8,0°
HaKaIlJIMBAETCS B omape ¢ GepMEHTHBIM MPENapaToM 4epes 2,5 daca IOCIE 3aMeca, TOra KaK

MaKCHMaIbHask KUCIOTHOCT omapk! 6e3 Gepmenta — 7,0° HakaIHBaeTCs TONBKO depes 4,5 gaca

IIocCJIE€ 3ameca. CHeZ[OBaTCHBHO, Iperapar TJIFOKOaMHUJIa3bl CHOCO6CTBy€T HapaCTaHHUIO

KHCJIOTHOCTH OBICTpEe, YeM KOHTPOJIbHbIH BAPHAHT.

2) Onpenenenune ynensHOro oosema, cm>/100r

YnenbHeii 00beM xeba ONpeneson IyTeM IeleHHs BeIHYMHBI oObeMa xieba V B

KyOMYeCKUX CAaHTHMETpax Ha €ro Maccy m B rpaMMax:
Vy=V/m
[TomyuenHbIe pe3ynbTaThl:

Kontpois (6e3 hepmenta) — 245 cm’/100r
OmneT (¢ no6aBnenueM hepmenta) — 258 cm?/100r

3) Onpenenenne nopucroctu (TOCT 5669-51).

ITopucrocts xne6a — 310 06BEM IOp, BBHIPaXKEHHBIH B MPOLEHTAX K obmemy oOGbemy
MsKUIIa Xyeba. JIist onpeseseHus OPUCTOCTH MSKHIIA X/1e0a U3 CepeIUHBI H3Ie/THs BBIPE3AOT
Ha PacCTOAHMHM HE MEHEE 1CM OT KOPOK, ¢ MOMOIIBIO MOJOr0 WHIMHApA. L[UIHHAp BBOIIT B
MSKHII X7eba BpaliaTeJbHBIM [BHKEHHEM M BBIHMMAIOT BMECTE C BBIEMKOM. 3aMoTHEHHBIH
MSKHIICM [UIMHIP YKJIaJBIBAIOT HA JIOTOK Tak, YTOOBI 060I0K €ro INIOTHO BXOMHI B IPOpE3b,
MMCIOIYIOCS Ha JIOTKE, 3aTeM XJIEOHBIH MSAKMII BHITAIKHBAIOT W3 IWIMHIPA JEPEBSHHOMN
BTYJIKOH NPUMEPHO Ha lCM M Cpe3aloT ero y Kpas LIUIMHIPA OCTPBIM HOXOM. OTpe3aHHBINH
KyCOUYeK MSKHIIA yAasiioT. OCTaBIIMICS B MIMHAPE MSIKALI BHITAJIKHBAIOT BTYJIKOM O CTEHKH

JIOTKa M TaKXK€ OTPEe3aroT y Kpas HuaMHApa. Takum o0pasoM, JOCTHraeTcs OJMHAKOBBIH 00beM
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IInotHOCTE G€3MOPUCTOH MacCH! (p) IPUHUMAIOT TSt TieHUYHOTro XJeba I copra - 1,31.

Benn4uHy nopHCTOCTH BBIMUCISIOT ¢ TOYHOCTHIO 10 1%. Jlomu 10 0.5% BKIIOYHMTENBHO

0T6paCI>IBaIOTCSI, a CBBILIC - IPUPABHUBAIOTCA K CAUHHUIIC.

[Tomy4ennblie pe3yabTaThl:

KonTpouns (6e3 pepmenta) — 59%
Ompit (¢ no6aBnenuem pepmenta) — 63%.

Taxum ob6pasom, B onbITHOM 00pasie ¢ no0aBieHneM (epMeHTa MOPUCTOCTh Xeba Oblia

BBILLIE, UeM B KOHTpoJe (6e3 hepmenTa).

4) HOHy‘{eHHbIe FOTOBBIC U3ICIHUA AHAITU3UPOBATIHN IO OPTaHOJICIITHYCCKHUM CBOMCTBaM

(BHEIIHUY BUJ, BKYC, 3alax).

X1eb

OpI‘aHOHeHTI/I‘ICCKI/Ie ImoKasarTeii

BKYC, 3aI1ax

COCTOSIHHUE KOPKH

6e3 pepmenTa

XapaKTEepHBIH MIIEHHYHON MYyKe,
HEMHOTO NTPECHOBATBHIN, HE

IUIECHEBEJIBIHM, HE 3aIIOXH}’BIHI/II7ICH

mepoxoBaras, 3aMETHBIC TPEIMHUHEBL U

IIOAPBIBLI, HE IIAHIICBAA

¢ nobaBieHueM

bepmenTa

XapaKTepHbIN MIIIEHUYHOH MyKe, 0e3

IIOCTOPOHHETrO MPUBKYCa, HE

IIJIECHEBEJIBIN, HE 3aI0XHYBIIHICS

JOCTATOYHO IJIagKasi, €aBa

3aMCTHBIC MEJIKUE KOPOTKHE

TPCIINHBI U ITOAPBIBLI, INITHICBAA

Xneb ¢ IIO6aBJIeHI/I€M (’bepMCHTHOFO IIperapara IIroKoaMuJiasbl 110 OPraHOJICIITHYCCKHUM

IIOKasaTeJIIM OTJIMYAJICS OT KOHTPOJIBHOT'O BapHaHTa: KOPKa xj1e0a 0e3 SIBHBIX TPCIIUH, I'NTagKad,

OKpacka €€ OoJlee HHTEHCUBHAS.
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ATTACHMENT B
     Calendar Work Plan
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1.TOO «HAYYHO-TIPOU3BOJICTBEHHOE TIPEJIIPUATUE «AHTUTEH»

1.1 Tlo mpuopurtery: I'eonorns, 1o0bda 1 nepepaboTKa MUHEPATBHOrO  YIICBOIOPOHOIO
CHIpBSl, HOBBIE MATEPHAIIBL, TEXHOJIOTHH, Ge30MacHbIC H3IETHA H KOHCTPYKIUH

1.2 o nognpuoputery: [1poMbiieHHAsL BGUOTEXHOJIOTHS, TPHK/IAAHBIC HCCIEN0BAHUS

13 To Teme mpoekta: MPH NeAP09561450 «buocuntes (epMeHTa  TTIOKOAMHJIA3BI
MHKDPOMHIIETAMH POZIa Aspergillus ams yny4iIeHus kauecTsa xn1e6a ¥ X1eG00yIOUHBIX H3ACTHiDY

1.4 Obmas cymma MpoeKTa Ha 2021 rox ansi BHUIOJHEHHs paboOT COMIACHO MYHKTY 3
7 996 559 (ceMb MHIUTHOHOB J€BSTHCOT JIEBIHOCTO HECTh THICSY MATHCOT MATHCCAT JIEBATD) TCHIE;

2. Xapakmepucmuxa HAYUHO-MeXHUYECKOl npoOyKuuU NO KEANUPUKAYUOHHBIM NPUSHAKAM T
IKOHOMUUECKUE NOKA3ameNU

2.1 HanpagJiere paboThl: TEXHOJIOTHH nepepalOTKH CHIPbSL 1 POLYKITHI

2.2 O6nacTh NPUMEHEHHS: THLLCBAK MPOMBILICHHOCTh

2.3 Koneunsrit pesynsrar 3a 2021 rox: Byner nposexcH 0TGOp H30JIATOB B PA3HEIC TIEPHOIB!
JUTHTENBHOTO KyJNbTHBMPOBAHHS — ITAMMA Aspergillus oryzae M/R —TIpOJlylEHTA [IOKOaMHIIASEL.
Byser nposenen otéop HauGosee AKTHBHOrO 10 (epMenTo-00pasyoeit CII0COOHOCTH H30J15Ta 1
nasa ero Mopdo-morHucckas XapaxTepHCTHKA. bymer BbuleneH (EPMEHTHBIH Tmpenapar
[OKOaMMIa3kl. ByJYT IPOBEEHbl MPOM3BOJICTBCHHEIC HMCIBITAHMA (epMEHTHOTO  TIpenapara
[IOKOaMuTassl B xmeonedenui. 1 (0nHa) craTbs Gyner ony0uukoBaHa, MO0 MPUHATA B NEYATE,
uB0 TMOjaHa B PENEH3UPYEMOE HAyYHOE M3/AHME, BXOAAUIEE B Gasel Science Citation Index
Expanded mm Social Science Citation Index Gassi Web of Science n (Win) HMEIOMIEE NPOLCHTIIH
110 Cite Score B Gaze Scopus He MeHee 35 (TPHANATH MSTH).

2.4 [1aTeHTOCTIOCOOHOCTb: HET

2.5 Hay4HO-TEXHHUYECKHH yPOBEHD (HOBH3HA): GbICOKUII

2.6 Ucio b30BaHHe HaydHO-TEXHHUECKOH MPOAYKIHHA OCYIICCTBIACTCA: UCHOTHUMENEM.

2.7 Bijl HCIOMB30BAHAS PE3YLTATA HAYYHOI 1 (i) HAyYHO-TEXHHUECKOH AeATCIBHOCTI
nybnuxayuu, onyenbi.

3. Haumenosarnue pabom, CPOKU UX peanu3alyui u pesynbmarnvl

Mudp |Hanvenorauue paboT 10 CpOK BbIIOTHEHHS® OskuaaeMBblii pe3ysbrar

3ajauus, | Jlorosopy  H ocuoafue e RORAIIE

STana | JTamnbl ero BLINOJIHCHUS
O16op W30NATOB B pasHbIE Maii Maii Byner TIPOBE/ICH otbop

1.1 TIEPHOTBI JUIHTENEHOTO 2021 . 2021 . |M307MATOB B PAsHBEIE MEPHO/BI
KyIlBTMBHpOBaHHSl mramMa JIUTATENIbHOIO
Aspergillus oryzae MR — KyJIBTHBAPOBAHUS mTaMma
TIPOJYLIEHTA Aspergillus oryzae M/R
TJIIOKOAMHAJIasbl NPOAYLEHTA TJIHOKOAMHMJIA3bI

12 Ot60p HanGonee aKTUBHOTO Wions Hrons Byner TIPOBEMICH ot6op
no depmentoodpasyomeit 2021r. 2021 r. |naubomee ~ AKTUBHOTO MO
CrOCOGHOCTH N30JIATA U Cro depmenTo-oGpasyromeit
MOpGomorHyecKas CNOCOGHOCTH H301ATA U JlaHa
XapaKTepUCTHKA ero mopdo-noruyeckas

XapaKTepUCTHKA 1
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13 Bouzenenue  (HEPMEHTHOrO Hions Aspryct | Byner BblICICH (epMEHTHBIH
Tipernapara [JIIOKOaMHUJIa3shl 2021r. 2021 r. |mpenapar rmoKOamHIIashl

1.4 [Mposenenue Asryct Jlexabpb | bymyT TPOBEIEHBI
IPOH3BOJICTBEHHBIX 2021 r. 2021 r. |mpOM3BOACTBEHHLIC
ucmbranuit  (PEPMEHTHOTO HCIBITAHNAS (HhepPMEHTHOTO

npenapara  TJIOKOAMHIA3bL
B XJ1e0OTICUEHHH

npenapara ITIOKOAMUJIashl B
xneGoneuenmm. 1 (onma)
ctarps Oymer omyOnMKoBaHa,
u60 TpUHSTA B TEYaTh, oo
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HAYYHOE M3JaHHE, BXOLSIIEE B
Gaswr Science Citation Index
Expanded wmt Social Science
Citation Index Gaser Web of
Science u (WIM) HMEHOIIEE
npouentnns mo Cite Score B
Gase Scopus He wMenee 35
(TpHALATH NATH). ]
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Appendix 1.1

to this agreement

No. 300/12-2  dated "21" June 2021
     Calendar Work Plan
1. LLP "SCIENTIFIC AND PRODUCTION ENTERPRISE "ANTIGEN"
1.1 By priority: Geology, mining and processing of mineral and hydrocarbon raw materials, new materials, technologies, safe products and structures
1.2 By sub-priority: Industrial biotechnology, applied research

1.3 On the topic of the project: IRN No. AP09561450 "Biosynthesis of glucoamylase enzyme by Aspergillus fungi to improve the quality of bread and baked goods"

1.4 The total amount of the project for 2021 for the performance of work in accordance with point 3: 7,996,559 (seven million nine hundred ninety six thousand, five hundred fifty nine) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Direction of work: technologies for processing raw materials and products

2.2 Applications: food industry

2.3 Final result for 2021: Isolates in different periods of long-term cultivation of Aspergillus oryzae M/R strain – glucoamylase producer will be selected. The most active isolate with enhanced glucoamylase activity will be selected and its morphology will be described.  Glucoamylase enzyme preparation will be isolated.  Application of glucoamylase enzyme to bread-making industry will be conducted. 1 (one) article will be published, or accepted for publication, or submitted to the peer-reviewed scientific journals indexed in Science Citation Index Expanded or Social Science Citation Index of Web of Science database, or Scopus database with at least Cite Score percentile of 35%. 
2.4 Patentability: no

2.5 Scientific and technical level (novelty): high

2.6 The use of scientific and technical products is carried out: by the contractor.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: publications, reports.
3. Name of work, terms of their implementation and results
	Task number and stage
	The name of works under the Contract and the main stages of its implementation
	Deadline
	Expected Results

	
	
	start
	end
	

	1.1
	Selection of isolates in different periods of long-term cultivation of Aspergillus oryzae M/R strain – glucoamylase producer
	May

2021
	May

2021
	Isolates in different periods of long-term cultivation of Aspergillus oryzae M/R strain – glucoamylase producer will be selected

	1.2
	Selection of the most active isolate with enhanced  glucoamylase activity and its morphological characteristics
	June

2021
	July

2021
	The most active isolate with enhanced glucoamylase activity will be selected and its morphology will be described

	1.3
	Isolation of glucoamylase enzyme preparation
	July

2021
	August

2021
	Glucoamylase enzyme preparation will be isolated  

	1.4
	Application of glucoamylase enzyme to bread-making industry
	Август
2021 г.
	Декабрь  2021 г.
	Application of glucoamylase enzyme to bread-making industry will be conducted. 1 1 (one) article will be published, or accepted for publication, or submitted to the peer-reviewed scientific journals indexed in Science Citation Index Expanded or Social Science Citation Index of Web of Science database, or Scopus database with at least Cite Score percentile of 35%. 



From the customer:                                                                 From the Contractor:                              
Head                                                                                        General Director
State Institution "Science Committee                                     LLP "Scientific and Production

of the Ministry of Education and Science                               enterprise "Antigen"

of the Republic of Kazakhstan"

________________ Kurmangaliyeva Zh.D.                  ________________ Akhmetsadykov N.N.                  

ATTACHMENT C
1                                             List of published works
2 R.K. Blieva, Zh.B. Suleimenova, Zh.K. Saduyeva, N.A. Bisko, Zh.B. Narmuratova Method of immobilization of mycelial microorganisms // Rasayan Journal of Chemistry (submitted), SCOPUS, Q2.
3 R.K. Blieva, N.A. Bisko, Zh.B. Suleimenova, A.S. Zhakipbekova, Zh.K. Saduyeva Improvement technique for efficient enzymes production // Turkish Journal of Biochemistry (submitted), Web of Science (Science Citation Index Expanded).
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				Для изменения диапазона данных диаграммы перетащите правый нижний угол диапазона.
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