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ABSTRACT 

 
This article presents the results of the study of biotechnological, biochemical and rheological changes 

in dough pieces after storage in frozen form. The possibility of using cryoprotectants to preserve the required 
technological properties of frozen dough semi-finished products, which ensures high quality finished bakery 
products. 
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INTRODUCTION 
 

In order to provide the population with high-quality bakery products, it is necessary to develop 
competitive, highly efficient technologies for the production of bakery products based on frozen convenience 
foods. The technology of freezing semi-finished products allows you to have their stock replenished in a wide 
range, to ensure the quality and safety of finished products; reduce the share of manual labor; use small 
rooms and a minimum set of equipment for mini-bakeries. Of all the technologies, the most widely used 
technology is the freezing of dough semi-finished products after molding, in which after refrigerated storage 
the dough semi-finished products are thawed, settled and baked. However, the stages of freezing, thawing and 
proofing reduce gas formation and survival of yeast cells, impair the rheological properties of the dough and 
the quality of the products. Therefore, it is important to improve this technology for the production of bakery 
products from quick-frozen dough semi-finished products [1, 2]. 

 
In Russia, new technologies are being intensively developed, based on the freezing of semi-finished 

bakery production, they are most likely to be used in small enterprises and the HoReCa segment (hotels, 
restaurants, cafes), since these technologies are more flexible than traditional ones, which is very convenient 
for small enterprises [3]. 

 
The production of frozen semi-finished products allows you to control the safety and quality of 

products, to respond quickly to market changes, the cost of transporting finished products is significantly 
reduced, it is possible to increase the network of bakeries, in places of sale, due to the possibility of using the 
minimum amount of equipment [4, 5]. 

 
However, there are a number of reasons that impede the rapid introduction of new progressive 

technology in the industry. During the freezing of the dough semi-finished products, denaturation and 
aggregation of proteins occurs, causing the loss of functional properties, yeast cells die due to the formation of 
ice crystals. It should also be noted that during freezing, dough, dough pieces, there is a loss of moisture. 
Therefore, the freezing of dough, dough pieces in the technology of bread and bakery products, at the 
production carried out with the addition of various cryoprotectants [6, 7]. 

 
The use of various cryoprotectants, for example, enzyme preparations with glucoamylase and 

hemicellulase, enzyme-modified lecithin "Solek-K-EML" or the use of whipped frozen semi-finished products is 
known. 

 
The addition of cryoprotectants during freezing can reduce or prevent protein denaturation. The 

confirmation of the mechanism of cryoprotection by low molecular weight carbohydrates is served by studies 
of J. Park and T. C Lanier. They proved that the addition of sugars (lactose and glucose) to an aqueous solution 
of proteins led to an undesirable spontaneous change — stabilization of the solution in isolation from the 
surface of the hydrated protein [8, 9]. Among the substances with the property of water-holding capacity, of 
interest is pectin, which is used in the food industry in the confectionery industry as a gelling agent. Given the 
complex of positive properties of pectin, it was decided to use it for a new purpose, as a cryoprotectant in the 
production of frozen semi-finished bakery production [10, 11]. 

 
The purpose of this work was the development of scientific and practical recommendations on the 

technology of bread from frozen semi-finished products by studying the patterns of change in the rheological 
properties of dough, biochemical processes of semi-finished products. 
 

MATERIAL AND METHODS 
 

Microbiological research methods for the evaluation of semi-finished products used generally 
accepted in Russia. The physical and rheological properties of the dough were determined in accordance with 
the methods of GOST R 51404-99 and GOST R 51415-99 [13,14]. 

 
The study of the water absorption capacity of flour mixed with a cryoprotectant on an AMB-1006M 

NMR analyzer was conducted for the first time. Improved methods for determining the water absorption 
capacity and water-binding capacity, applied to semi-finished bakery production. According to the selected 
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method, weighed 10 g (flour, yeast, salt, cryoprotector) and 6.5 g of water in a test tube are mixed. Next, the 
tube is placed in the device and conduct research. 

 
The analyzer includes a personal computer and a semi-automatic weighing device. The analyzer 

implements the mode of automatic correction of measurement results, depending on changes in the 
parameters of the external environment and the mode of semi-automatic calibration according to standard 
samples. The analyzer's operation is controlled and the measurement results are processed using a special 
program adapted to the Windows XP, Windows 7 operating system. A database of all analyzes with necessary 
comments and analyzer operation modes is created in the computer's memory. It is possible to connect the 
analyzer to the computer network of the enterprise. (Register number 01-31-005 dated March 18, 2010). 

 
Verification of analyzers AMV-1006M, carried out according to GOST R 8.582-2001 (GOST 8.597-2010) 

“GSI. NMR analyzers of the oil content and moisture of agricultural materials. Method of verification. 
 
The measurement procedure was approved in the rank of standards GOST R 8.620-2006 (GOST 8.596-

2010) “GSI. Oilseeds and their products. Methods for the measurement of oil and moisture by the method of 
pulsed nuclear magnetic resonance ". 
 

RESULTS AND DISCUSSION 
 

The effect of various cryoprotectors on the rheology of the dough for semi-finished products. For 
dough subject to freezing, three fundamental factors are important: gas formation, gas holding, rheological 
properties of the dough, because when exposed to low temperatures, gas formation decreases, gas holding 
capacity decreases and the rheological properties of the dough decrease. To correct and preserve the optimal 
data of the listed factors, cryoprotectors are used - substances whose properties are moisture retention [16, 
17]. 

 
At the first stage of research, we conducted work on studying the effect of various cryoprotectors on 

the rheology of dough. The rheological properties of the dough using cryoprotectants were studied using a 
farinograph and alveograph on devices. In the experiment on the effect of cryoprotectants (pectin, sorbitol, 
fructose) on the physical properties of the dough, variants with the introduction of cryoprotectants in dosages 
of 0.5; 1.0; 1.5; 2,0% to the mass of flour. The control served as a sample without making additives. The 
obtained experimental data are presented in Figures 1, 2, 3. 
 

 
Figure 1: Change in water absorption capacity of the dough with addition of cryoprotectants 
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Figure 2: Change of formation time and stability of the dough with addition of cryoprotectants 
 

 
 

Figure 3: Changes in the valorimetric assessment of the dough with addition of cryoprotectants 
 

Analysis of the data showed that the use of pectin in kneading dough leads to an increase in WAC 
(water absorption capacity) of dough in all variants of experiments in comparison with the control. It should be 
noted that the addition of pectin increases the kneading time of the dough. The formation time and stability of 
the dough increased at the same time from 8.5 minutes at the control, to 10 minutes when pectin was added 
to the dough at a dosage of 1.5%. Valorimetric evaluation in all variants with pectin was higher compared with 
control at 8 e. When adding sorbitol and fructose, in the same dosages, the indicators of the rheological 
properties of the dough were lower in comparison with the variant where pectin was added during kneading 
the dough at 8 and 14 e. C. respectively. Analysis of the results obtained on the device farinograph, led to the 
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conclusion that WAC in the variants with the addition of pectin increases due to the ability of the pectin 
carboxyl groups to retain water, which is a positive factor when freezing dough pieces. The improvement of 
the structural and mechanical properties of the dough is associated with the strengthening of gluten-free 
scaffolds, due to the interaction of hydroxyl and free carboxyl groups with the amino groups of gluten 
proteins, due to conformational changes in the protein molecule, resulting in a more “dense package”, as well 
as due to the ability to approximate methoxylated carboxyl groups in the aquatic environment, with the 
formation of polymer chains of pectin, which is of no small importance in the technology of frozen semi-
finished products [18, 19]. 

 
The main indicator of the baking properties of flour is the "flour power" indicator, which was 

determined on the alveograph. In the experiment, previously used dosages of cryoprotectants were used. The 
data obtained are presented in table 1. 
 

Table 1: Changes in the rheological parameters of the dough when making cryoprotectants 
 

Indicator 
The value of the dough when making cryoprotectants in the dosage,% 

Control (0) 0,5 1,0 1,5 2,0 

Pectin 

Power of the flour, u. a. 227 235 245 247 258 

Maximum overpressure, mm 71 70 83 95 103 

Ratio of resilience to elasticity (R / E) 0,70 0,7 1,01 1,40 1,56 

Sorbitol 

Power of the flour, u. a. 227 221 227 230 231 

Maximum overpressure, mm 71 67 67 67 64 

Ratio of resilience to elasticity (R / E) 0,70 0,59 0,62 0,62 0,56 

Fructose 

Power of the flour, u. a. 227 199 205 225 207 

Maximum overpressure, mm 71 64 64 65 59 

Ratio of resilience to elasticity (R / E) 0,70 0,65 0,61 0,57 0,53 

 
Studies on the study of pectin as a cryoprotectant show that it exceeds the cryoprotectants currently 

used, such as fructose, sorbitol in terms of formation time and dough stability. In the case of adding pectin, the 
dilution of the dough occurred 1.5 minutes later, compared with sorbitol at dosages of 1.0; 1.5%, and with the 
addition of fructose, in the same dosages for 2 and 3 minutes. Flour strength was also higher when pectin was 
added at 18 and 17 u. a. in comparison with sorbitol and 20, 22 u. a. when adding fructose. Improving the 
rheology of the dough when adding pectin during kneading occurs because pectins form a strong frame, due to 
the convergence of hydrophobic methoxyl groups in the aquatic environment, and free carboxyl groups 
dissociate into ions that interact on the protein surface with –NH3+ groups, since pectins represent a surface-
active compounds and thereby improve the structural and mechanical properties of the dough. 

 
Since the dough is subject to freezing, the rheological properties are important factors, the data 

obtained provide the basis for further research on its effect on the quality of frozen semi-finished products. 
 
Influence of cryoprotectants on the structure of frozen convenience foods. Using the method of 

microscopy, it was found that the cryoprotector affects the binding capacity of water in the cell, in connection 
with which the dough without the addition of pectin and with pectin has different physical properties (Figure 
4). 
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a b 
 

Figure 4: Micrographs of frozen yeast dough: 
a) without the introduction of a cryoprotectant, b) with the addition of pectin (1 - protein, 2 - starch grains) 

 
In the sample without the addition of a cryoprotectant, the polymer chains of starch and protein are a 

compressed compacted structure. When pectin is added while kneading the dough, an increase in the polymer 
chains due to the formation of protein-polysaccharide complexes is clearly seen on the sample cut. In the 
works of N. V. Kenyiz [3], it is noted that the glass transition of a polymer chain is influenced by the number 
and size of replacement groups (i.e., side chains). When pectin is attached to the polymer chains of protein 
and starch, its side chains act as a plasticizer and lower the glass transition temperature. The obtained results 
allow us to conclude that the addition of pectin leads to the formation of protein-polysaccharide complexes, 
allowing to reduce the glass transition temperature. 

 
From the literature it is known [4, 6, 7] that an increase in the molecular weight of the polymer also 

reduces the glass transition temperature. In our studies, the addition of pectin increases the molecular weight 
of polymers and this is also a positive factor when freezing dough semi-finished products. 

 
Thus, it can be concluded that adding pectin during kneading dough intended for freezing reduces the 

glass transition temperature, by increasing the molecular weight of the polymer, forming protein-
polysaccharide complexes, in addition, the pectin side chains in the branched structure of the polymer act as 
plasticizer and additionally lower the glass transition temperature. 

 
Effect of freezing rate on the structure of ice crystals. In the work of L. J. Hayes [20], the freezing rate 

is determined relative to the speed of the freezing front. This approach is also adopted in the «Red Book» of 
the International Institute of Refrigeration. 

 
The speed of freezing determines the type, size and distribution of the formed ice, which can be 

represented by extra-and intracellular ice, tree-like or sphere-like ice (in quick frozen aqueous solutions), 
sometimes partially limited by the food matrix. By using very high cooling rates, ice formation can be 
completely avoided, and instead vitrification can be achieved, to a glassy state. 

 
An overview of the processes of ice crystallization in food products is presented in the works of the 

authors C. A. Angell, J.V. Blanshard. Due to the difficulties in interpreting the results of measuring the 
proportion of ice formed in complex food matrices, most of the studies were carried out on model systems 
that were aqueous solutions [21, 22].  

 
Larger ice crystals are formed by slow freezing. Smaller crystals - at fast. Which crystals (large or small) 

are more preferable depends on the purpose of freezing - in the production of ice cream, ice crystals should be 
as small as possible, since the finished product is more homogeneous and the texture is smoother. However, 
when freezing liquid products, it is more convenient to separate large ice crystals from the concentrate. For 
freeze-drying of a food product, the formation of a small number of large crystals is desirable, this allows the 
subsequent sublimation process to be accelerated. 

2 
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At the initial stage of the freezing process, the water present in the food product migrates and joins 
the growing ice crystals. With rapid freezing, plant or animal tissue, water does not penetrate through the cell 
membrane, and small uniformly distributed ice crystals form inside the cell. 

 
The speed of freezing food in industrial environments is usually too low for the formation of 

intracellular ice. During slow freezing of food products, large ice crystals are formed, which fill the intercellular 
space and cause dehydration of cells. Ice crystals divide cells or tissue fibers, despite the fact that small ice 
crystals form in quickly frozen food products, as a result of a process called recrystallization or ripening of 
Ostwald, they may become larger over time. When storing frozen food, recrystallization occurs due to the fact 
that larger crystals are thermodynamically more stable, due to the relatively small surface energy. 
Temperature gradients enhance recrystallization during freezing or thawing of foods. Temperature 
fluctuations, during long-term cold storage, during transportation and storage in household refrigerators (the 
temperature of the defrosting mode in a home refrigerator with the frost-free option can rise to almost 0 ° C), 
recrystallization also increases. 
 

CONCLUSION 
 

Scientifically substantiated and given practical recommendations on the use of pectin as a 
cryoprotectant in the technology of bread from frozen semi-finished products. It was found on the NMR 
analyzer that when kneading dough with pectin at a dosage of 1.5% to the flour mass, intensive water binding 
occurs after kneading the dough, which is confirmed by the absence of weakly bound moisture in the sample 
with pectin, which forms crystals with decreasing temperature. 
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