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Abstract 
 

The article is devoted to the complex study of the rheological properties of raw materials, semi-finished and finished 
products to support optimal modes of production and to manufacture products with specified structural-mechanical 
characteristics. It was found that the nature of changes in the plastic strength of semi-finished products depends on the modes 
of tempering and the influence of plant additives on the process of structure formation. The authors also analyze the effect of 
phytonutrients and vegetable powders on the strength of adhesive contacts between the layers of candy mass in forming 
multilayered confectionery products. The simulation results of determining the optimal ratio of recipe ingredients, which 
provide specified structural-mechanical characteristics of the jelly bodies, are presented. 

According to the research results, the effect of dosing and dispersion of phytonutrients and vegetable powders on candy 
mass viscosity at different temperatures and strain rates allowed to develop recommendations for selecting modes of thermo-
mechanical processing of fondant and jelly masses at the stage of tempering and molding.    
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Introduction 
 

Physico-mechanical characteristics are the most 
important indicators of candy mass properties, where 
candy mass is a semi-finished product entering further 
process steps. These characteristics also determine 
structural and mechanical properties of the finished 
product. The study of adhesion properties, plastic 
strength and duration of structure formation process 
allows to evaluate the possibility of using various 
additives, technological modes and methods of 
molding to give the finished products defined 
properties, stability during transportation and storage.  

In recent years domestic and foreign journals have 
published a number of studies on the rheological behavior of 
confectionery mass and structure of finished products [1–3]. 

Constantly expanding the range of products as 
well as using non-conventional raw materials in candy 
recipes actualizes the problem of studying the 
rheological behavior of candy mass and bank data on 
the influence of recipe ingredients and process 
conditions on technological properties of semi-finished 

products and stability of structural and mechanical 
properties of finished products during the storage 
period.  

The aim of the research is to validate the modes of 
candy production using enrichers in the form of 
powders from local vegetable raw materials on the 
basis of studying rheological, structural and 
mechanical properties of semi-finished products. 

 

Materials and Methods 
 

The objects of the study were samples of fondant, 
jelly and whipped mass and candies made on their 
basis according to classical recipes, as well as with the 
addition of vegetable powders (pumpkin, carrot) and 
medicinal-technical raw materials (nettle leaves, lemon 
balm, raspberry) of various concentration and 
dispersion. Herbal additives were used in the form of 
powder, hydrated powders (puree) and water-alcoholic 
extracts.  

The study of rheological properties of semi-
finished products and structural-mechanical 
characteristics of candy bodies were performed on 
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The graphical representation of the equations (1) 

and (2) as response surfaces and lines of equal level 
with a fixed amount of citric acid x2 = 4 g is shown in 
Fig. 3. 

The strength of whipped jellies with the use of 
powdered semi-finished products, on the contrary, 
increases due to the combined action of agar molecules 
and pectin substances presented in vegetable powders 
in large quantities. Thus, the hydrated powder 
increases the strength 2.0-fold, the dry powder –  
8.0-fold. When using hydrated powder, the whipped 
mass strength increases owing to additional filling of 
the space frame surrounding the bubbles with swollen 
fibers of the vegetable powder. Gelation occurs within 
40 minutes after casting at a temperature of 20–22 °C, 
but a large amount of swollen polysaccharides makes 
the mass aqueous and prone to syneresis.  

In samples containing dry powder syneresis is 
avoided by narrowing the channel, increasing the 
roughness of the walls and forming local “gates” from 
the particles not adhered to the bubbles. However, the 
presence of solid particles may have the opposite 
effect: they may undergo the adsorption of surfactants 
and the concentration decrease of surfactants in the 
solution leads to the increase in the surface tension and 
decrease in the foam dispersion, whereby the syneresis 
speed can be boosted. 

Factors affecting the rate of fondant mass 
structuring are the ratio of solid and liquid phases, the 
presence of large crystals, the concentration and 
dispersion of functional additives, and body 
temperizing modes. The rate of fondant mass 
structuring can be judged by the increase in the limit 
shear stress [3]. 

For classical fondant mass at low temperatures 
(70–75 °C) the limiting shear stress raises dramatically 
in a short period of time which indicates a high rate of 
sucrose crystallization. A high degree of 
supersaturation of the solution leads to intensive 
crystallization of sucrose not only on the surface but 
also in internal layers of the body. Structuring process 
in the mass casting with temperature of 95 °C is slower 
and the mass cast at temperature of 100 °C  
reaches normal consistency (critical shear stress of  
30–40·103 N⋅m-2) after 3 hours of structure formation 
process. 

The structure formation process of the fondant 
mass can be traced according to increase in the 
strength of the structure of candy body. Fig. 4 shows 
the dependence of the strength of the fondant sample 
on the depth of the indenter. 

On the surface of the semi-finished product there 
is a dense crystalline crust formation, the hardness of 
which increases during the first hour (up to 1600 g), 
and after two hours of temporizing the thickness 
 

a) 

b) 
 

 

Fig. 3. Surface of goal function response: 
y1 – jelly mass viscosity, Pa⋅s (a); y2 – plastic strength  

of jelly, kPa (b); depending on factors under study:  
x1 – pectin dosage, g; x3 – concentrated nettle extract dosage, g 

 
reaches 2.5 mm. Inside the formed body there is thick 
mass with large crystals of sucrose (the presence of 
crystals characterizes the presence of peaks within 
curve) (section 3*). In the crystallization process the 
adhesion of samples decreases to stainless steel. 

In 2.5–3 hours of structure formation process at 
ambient temperature of 23–25 °C the candy body has a 
solid crystalline structure with the strength 4·103 g 
(Fig. 5). 

The study on adhesive properties of the candy 
mass helps to evaluate the possibility of using various 
molding techniques for manufacturing candy bodies. 

The violation of production modes, moisture 
migration between the layers and syneresis during the 
storage leads to the weakening of the adhesive 
interactions and changing in structural and mechanical 
characteristics of the products. 
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