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Abstract:  One of the most pressing problems is the use of various types of modified starches in baked bakery 
products. Such starches can be obtained from low-quality grain, which usually accounts for a significant part of the 
losses during storage. The processing of such grain into useful ingredients for use in the production of food is of par-
ticular relevance in the absence of specialized starch-treacle production facilities near the storage facilities, for ex-
ample, in the Far North, shift settlements and other areas with a compact population deprived of the possibility of 
regular replenishment of food. 
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Introduction.  Modern requirements of critical technologies and priority directions of the development of sci-
ence and technology associated with the rational use of natural resources and the development of biotechnology at the 
current level should be implemented in the food industries in the form of deep processing of such valuable food raw 
materials as grain. Experts believe that a promising direction in this area is the search and application of new techno-
logical methods for processing low-quality raw materials into useful ingredients for their use in the production of food 
products, in particular bakery products [1]. In this regard, additional research is required to identify the effectiv e-
ness of the use of different types of starch in baked small -piece bakery products. 

Research objectives and formulation. Formulations and starch slurry manufacturing process chosen for the 
experiments traditional native starch and in accordance with the development of All-Russia Research Institute of 
starch products [2]. They included thorough mixing of the starting material in water at 50 of C, and maintaining the 
resulting slurry for one hour, and in 0.12% FeSO 4 and 0.20% H 2 O 2 wt. were taken as modifying reagents of dry 
substances. 

For the prepared samples, the rate of gelation was determined in accordance with the developed technique. 
A comparative qualitative analysis of the gelation rate was determined using high-speed photography on pre-

pared samples of starch suspensions by the gelation rate determined by the ratio of the equivalent spreading diameter 
to the gelation time (Fig. 1) 

  [m/s]                  or    [m/s] 
Comparison of the experimental results obtained over a period of 5 to 20 minutes indicates that modified starches 

have a higher gelation rate, as evidenced by a lower spreading rate of the paste (Fig. 2). In order to improve the technology 
for the production of modified starches for workshops of low productivity, we have carried out studies of the combined 
thermo-chemical treatment of grain starch of the first grade in accordance with GOST 31935-2012 Wheat starch. Technical 
conditions. The composition of the raw material source for it was selected in the form of wheat with lower quality require-
ments bordering on substandard grain according to GOST 9353-2016 Wheat.Technical conditions. The chemicals used were 
the same as in the preliminary experiment with the same dosages. 
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Figure 1. Dynamics of gelation of starch paste at 50   

(upper row - spreading of control samples along the measuring grid, lower row - spreading of modified samples) 
  

 
Figure 2. Comparative characteristics of the spreading rate of chemically modified (1) and native (2) and starch 

  

Table 1  
Characteristics of grain raw materials selected for the experiment  

Indicator name Characteristic 
  top grade first grade 
Mass fraction of moisture,%, no more 14 14 
Mass fraction of total ash in terms of dry matter,%, no more 0.20 0.30 
Acidity, cm , no more 20 25 
Mass fraction of protein in terms of dry matter,%, no more 0.3 0.5 

  

The thermo-chemical treatment of such grain was carried out on a KESh-2 extruder equipped with the neces-
sary measuring sensors, according to the modes recommended for extruding starch-containing food raw materials [3]. 

After receiving the extruded product (Fig. 3), it was ground on a laboratory hammer mill MD 5 e-
gree of powder. 

 
Figure 3. Extruded starch 
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 The obtained thermo-chemical modified starches were used for baking samples of small-piece bakery products 
to compare their organoleptic characteristics. 

The quality of baked samples of bakery products was assessed organoleptically (Fig.4). 
 

 
Figure 4. Samples baked using different starches for organoleptic evaluation:  

1 - native; 2 - chemically modified;  3 - thermo-chemically modified 
  

Results obtained and discussion 
The organoleptic assessment of the quality of baked bakery products was carried out by a group of experts in-

cluding designers of heating equipment, technologists of bakery production and representatives of customers from 
chain supermarkets, such as "Lenta". Concordance of the expert group was assessed by the Kendall criterion 
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where  M is the number of experts in the group;   
 N is the number of factors;  
 S is the sum of the squares of the rank differences (deviations from the mean), calculated by the formula:  
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The value of this criterion turned out to be 0.87, which indicates the consistency of the opinions of experts. 
During the survey, an attempt was made to identify the influence of the main organoleptic indicators on the 

quality of bakery products baked with native starch, chemically modified, thermo-chemically modified. 
The indicators set for organoleptic control by the National Standard of the Russian Federation [4] were chosen 

as descriptors for such an assessment. 
The collected data was subjected to statistical processing, taking the overall quality of the product as an objec-

tive function, and individual indicators as descriptors. 
Table 2 

Descriptors according to the national standard 
Indicator name Characteristic 
Smell Characteristic of a product of this type, without foreign smell. When using aromatic additives - the smell 

characteristic of the added additives 
Surface Corresponds to the type of product 
Color Light yellow to dark brown 
The form Inherent to the product 
Baked Baked, not wet to the touch, no traces of impurities 
Promes No traces of impurities 
Porosity Porous 
Taste Characteristic of a product of this type without any foreign taste, When using food additives, characteristic 

of the additives introduced 
 

Table 3  
Quality of baked goods 

 
Name of  indicator 

Starch type 
Native Chemically modified Thermo-chemically modified 

1. Smell 77 64 75 
2. Surface 22 41 31 
3. Color 21 37 38 
4. Form 22 34 41 
5. Baked 31 33 23 
6.  Promes 16 15 17 
7.  Porosity 5 14 8 
8. Taste 30 41 48 
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In order to more objectively assess the quality of baked products, you can determine the areas of the figures 
outlined by the corresponding curves. The results obtained are presented in Table 4 and Fig. 7. The calculation results 
showed that the filling factor for baking using thermo-chemically modified starch is 1303, and for chemically modi-
fied starch 812.242. 

Table 4 
Results of the survey of experts 

Expert 
 

Starch type 
Native Chemically  modified Thermo-chemically modified 

1 77 64 75 
2 22 41 31 
3 21 37 38 
4 22 34 41 
5 31 33 23 
6 16 15 17 
7 5 14 8 
8 30 41 48 

 

 
Figure 5. Processing of survey results by types of starch: 1 - native; 2 - chemically modified; 3 - thermochemically modified 

 
For the scientific substantiation of the technology and technological processes of food production, a mathemat-

ical model has been developed for predicting the accuracy and stability of processes [5]. The essence and main stages 
of modeling are shown in figure 6. 

 
Figure 6. The main stages of the mathematical model for predicting the accuracy and stability of grain processing  

and production of baked goods 
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Results  
Modern requirements for resource conservation, the fulfillment of which is implemented in the food industries, 

require deep processing of such valuable food raw materials as grain. One of the promising directions in this area is 
the use of modern technological methods for the processing of low-quality raw materials into useful ingredients for 
their use in the production of food products, in particular bakery products. The above experiments have shown that the 
best quality is possessed by baked goods containing thermo-chemically modified starch obtained by extrusion of low 
quality grain subjected to preliminary chemical treatment.
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