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1. Introduction

Production of ice cream and frozen desserts is one of 
the most promising segments of the dairy industry. Ice 
cream is an available digestible complete product, a valuable 
source of important functional nutrients [1]. Analysis of 
the nutrient composition of Ukrainian ice cream and frozen 
desserts shows its inadequacy to the requirements of modern 
dietetics due to excessive saturated fats and digestible car-
bohydrates, which causes the need to improve formulations 
of dessert products with the focus on increasing the content 
of complete protein and dietary fiber and reducing saturat-
ed fat and sugar. A modern approach to making desserts is 
certainly linked to the compliance with the concept of the 
glycemic index and glycemic load [2].

The presence of simple sugars in ice cream causes a high 
glycemic index, which makes consumers limit the intake of 
it significantly, and patients with diabetes, cardiovascular 
disease or obesity – exclude ice cream at all. This problem 
can be solved in two ways: to produce savory ice cream or 
use sweeteners or fructose instead of sugar [3, 4]. Savory 
ice cream is very popular in Europe and in Japan, where ice 

cream is made with flavors of meat, seafood (shrimp, octopus, 
cuttle-fish), sea kale, beer, and vegetable ice cream – tomato, 
pumpkin, carrot, garlic, onion, cucumber with herbs, beet, 
potato etc. However, this type of ice cream is not popular and 
never produced in Ukraine. Ukrainians perceive ice cream as 
a dessert. So today the problem of reducing the glycemic index 
of ice cream can only be solved through the use of sweeteners 
or fructose. Thus, the scientific and practical task of creating 
new-generation frozen desserts with a low glycemic load, 
enriched with functional ingredients, is relevant and timely.

2. Literature review and problem statement

The food industry is rapidly developing new product 
platforms and introduces new categories of products to the 
market. The main purpose is the growth of economic en-
tities; therefore, most foods contain large amounts of food 
additives that form nature-identical structure, flavor, color 
etc. However, the bulk of food additives is of synthetic origin 
or undergoes profound physical and chemical treatment in 
production, which leads to harmful effects on human health.
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In the segment of frozen dessert products, characterized 
by multi-stage production process and the need for special 
equipment, all modern technologies involve the use of foam-
ing and structure-forming food additives to form whipped 
and stable structure [5].

Dairy industry experts note that the sphere of produc-
ing low-calorie ice cream due to vegetable fat substitutes 
is well-developed, but regular consumption is harmful to 
health, so more and more consumers refuse such a dessert 
and prefer more useful products. However, this segment of 
frozen products is blank in Ukraine unlike Europe, the USA, 
and Asia. Therefore, production engineers face an actual 
problem of developing new technologies and adjusting the 
prescription of ice cream and frozen desserts in order to in-
crease the content of protein [6] and dietary fibers [7] while 
reducing fat and sugar [8].

A promising solution to this problem is to use fat-free 
secondary dairy raw materials, such as whey [9] and whey 
concentrates [10], soy isolates and vegetable protein [11], 
curd cheese [12], skim goat milk [13], concentrated milk 
protein, etc. [14] as a basis for ice cream.

One way to increase the content of dietary fibers is 
the use of vegetable (pumpkin, carrot, tomato) [15], fruit 
(apple, quince, etc.) [16] and berry [17] purees as a filler in 
raw milk or ice cream basis. The researchers note that due 
to the content of pectin and dietary fiber, fruit-berry and 
vegetable purees act as water-retaining and emulsifying 
components in food systems and the presence of digestible 
sugars (mainly fructose and glucose) allow excluding or 
limiting sugar [18].

The solution to the problem is proposed by reducing the 
glycemic index of ice cream due to sweeteners (stevia, lac-
titol, sorbitol, aspartame) and fructose [19], which also act 
as water-retaining components and improve the functional 
and technological properties of the disperse ice cream sys-
tem [20].

The innovative direction in the formation and stabili-
zation of disperse food systems is implementing the prin-
ciples of evidence-based use of dairy and vegetable raw 
materials that are carriers of functional and technological 
components, namely protein in skim milk and pectin in 
infrequent vegetables – pumpkin, dogberries, sloes and 
sea buckthorn berries. A new approach to the application 
of unused natural properties of raw materials may allow 
maximum implementation of their functional properties 
(foaming capacity of milk protein and stabilizing effect 
of fruit pectin), which improves the economic efficiency 
of technologies by reducing the use of food additives and 
sugar, and increases the nutritional and biological value of 
finished products.

In view of the above, it can be concluded that dairy 
technologists perform fairly intense research work on 
searching for new ways to improve ice cream formulations 
and technologies towards the development of new-genera-
tion products. Promising raw material for frozen disperse 
products is a protein-carbohydrate mix (PCM), which is 
a valuable source of essential substances. Previous studies 
indicate that the PCM can be used in the production of 
sweet dishes with foam structure [21]. This allows pre-
dicting the specific functional and technological prop-
erties of the mixes in frozen disperse systems and the 
feasibility of using it as a basis in technologies of frozen 
dessert products.

3. Research goal and objectives 

The goal of the research is to justify the feasibility of us-
ing the protein-carbohydrate mix (PCM) in the technology 
of disperse products as a stabilizing base.

To achieve this goal, the following tasks are set:
– to determine the sequence of the production process of 

a system consisting of a protein-carbohydrate clot and berry 
puree;

– to investigate the functional-technological and struc-
tural-mechanical properties of the PCM compositions;

– to determine the production process parameters and 
investigate the chemical composition of the PCM.

4. Materials and methods of the quality study of whipped 
systems

The content of total nitrogen in vegetable samples was 
determined by chloramine method, the factor of 6.25 was 
used for conversion to crude protein. The mass fraction 
of soluble sugars in vegetable samples was determined by 
the Bertrand’s titration method. The amount of fat was 
determined by the weight of dry fat-free residue by the 
Rushkovsky’s method. The mass fraction of the “crude” fiber 
was determined by the gravimetric method after successive 
boiling in the medium of sulfuric acid, sodium hydroxide, 
and sample drying. The mass fraction of pectin was deter-
mined by the photometric carbazole method by galacturonic 
acid with separation into soluble and insoluble fractions 
using the photoelectrocolorimeter FEC 56M. The mass 
fraction of macro- and microelements in vegetable samples 
was determined by the X-ray fluorescence method using the 
spectrometer “Spectroscan”.

The quality of whipped systems was investigated using 
the following parameters: foaming capacity (FC), foam sta-
bility (FS), surface tension (σ), active acidity (pH), relative 
and effective viscosity (η).

The foaming capacity of the samples was determined by 
the Lurie method. The FC calculation was performed using 
the formula:

n

с

F
V

C 100,
V

= ⋅

where FC is the foaming capacity, %; Vп is the system vol-
ume after whipping, 10-3 dm3; Vс is the system volume before 
whipping, ·10-3 dm3.

The stability of the foam structure of whipped samples 
was determined by the Lurie method. The foam stability 
calculation was performed using the formula:

2

1

F
h

S 100,
h

= ⋅

where FS is the foam stability, %; h2 is the foam height after 
holding,·10-3 m; h1 is the initial foam height, 10-3 m.

The study of the rheological parameters of the samples 
(effective viscosity, shear stress) was carried out on a rotary 
viscometer with smooth coaxial cylinders “REOTEST 2”. 
The system of cylinders S 2 with the radial clearance of 
1.13·10-3 m and the radii ratio of 1.06 was used. The surface 
tension was determined on the Rehbinder device by the 
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pressure that is necessary for the air bubble separation from 
the capillary at the “air – liquid” interface. Active acidity 
was determined by the potentiometric method according to 
GOST 26180 – 84 on the device “Ionometer I16 – 0M”.

5. The results of studies of the production process of 
dairy-vegetable disperse food systems 

To justify this technology, the innovative strategy of 
developing a new type of frozen dessert products was deter-
mined.

The technologies of milk-based frozen dessert products 
with pectin, starches, alginates, gums, etc. for the structure 
formation and stabilization have become increasingly wide-
spread in recent years. The feasibility of using raw milk in 
technologies of whipped products is caused by the foaming 
capacity of the milk protein. Raw milk is used in a variety 
of milk protein concentrates. The disadvantages of this 
product include the use of food additives, which reduces the 
nutritional and biological value of finished products. Today 
it is partly compensated by the use of biologically active 
substances, dietary fiber, complete proteins, mineral salts 
and synthesized vitamins in conventional technologies. But 
the development of technologies using natural vegetable 
fillers that allow expanding the range of products, meeting 
the needs of the body not only in essential micro- and mac-
ronutrients but also in necessary minor food components is 
the most promising.

Typically, the functional properties of raw materials are 
not used to their fullest potential in the production process 
of dairy-vegetable disperse food systems, hence the need for 
additional structure formation and stabilization elements in 
the form of food supplements.

Vegetable raw materials are mainly used in the technolo-
gies of disperse products as a flavoring component, a filler, a 
source of biologically active substances etc. Less use is made 
of the stabilizing properties of vegetable raw materials, which 
is caused by chemical composition, namely the content of 
hydrocolloids. When considering the vegetable raw materials 
in terms of the content of functional and technological sub-
stances, infrequent berries from the south-eastern Ukraine – 
dogberries and sloes, which are the source of many important 
nutrients, including protopectin were noted.

Currently, the resources of these raw materials are used 
for the production of a limited range of products, although 
the annual yield is sufficient for industrial processing. Con-
sequently, many valuable substances contained in infrequent 
berries and fruits are lost.

Implementation of the principles of the evidence-based 
use of raw materials that are carriers of functional and 
technological components such as protein in skim milk 
(SM) and pectin in infrequent berries, on one hand, allows 
implementing the functional properties of the components, 
which increases the economic efficiency of technologies due 
to reduced application of food additives and, on the other 
hand, increases the nutritional and biological value of fin-
ished products.

However, because of the technological properties inher-
ent in the SM, including coagulation and denaturation in an 
acidic medium, and vegetable raw materials - high acidity, 
heterogeneity, color dependence on the pH, their joint use in 
the formulation is virtually impossible. Current limitations 
lie in the plane of denaturation and coagulation of the milk 

protein under the influence of organic acids of vegetable raw 
materials, structural breach of SM, coloring change and in-
stability of vegetable raw materials due to the increased pH 
of the systems.

Functional and technological substances in the skim 
milk, dogberries and sloes are inactive, so for the imple-
mentation of the functional properties of the components 
of dairy and vegetable raw materials in the formation of 
whipped structure, it is necessary to activate them, and at 
the structure stabilization stage – to transfer from the active 
state to inactive protein-carbohydrate complexes. Pectin 
of berries should contribute to the foam stabilization, but 
efficient foaming is possible only in the presence of water-sol-
uble pectin. Berries, along with the soluble pectin, contain 
a significant amount of inactive protopectin, which can be 
by hydrolysis, effective catalysts of which are hydrogen and 
hydroxyl ions. However, bivalent metals that make up the 
protopectin structure should be withdrawn from the system 
to prevent reverse complex formation. This can be achieved 
in hydrolysis at pH above 7.0.

The use of skim milk as a source of functional materials 
and technological substances in technologies of disperse 
products has several disadvantages, including the protein 
concentration insufficient for air dispersion. In addition, 
casein is in the form of inert caseinate-calcium-phosphate 
complex that exhibits surface active properties only after 
treatment with sodium caseinate as alkali. This ensures 
the casein solubility and release of calcium ions from the 
complex, which under certain conditions can react with sol-
uble pectins to form pectates. Maximum foaming capacity 
(FC) and foam stability (FS) are in systems with 10...16 % 
protein. Accordingly, proteins should be concentrated to ac-
tivate the SM casein proteins and implement their foaming 
properties before alkali treatment.

However, conventional and modern methods of concen-
tration, separation and processing of raw milk protein have 
several disadvantages such as the lack of complex protein 
precipitation, application of expensive coagulants, high-tem-
perature treatment, foreign flavor and odor of the clot, dense 
texture of the clot, reducing its functional and technological 
properties. Therefore, the development of the modified meth-
od of complex precipitation of SM proteins, which would in-
crease the protein precipitation degree and obtain products 
with new functional and technological, consumer properties, 
is appropriate and promising.

Thus, the aim of developing the modified method of com-
plex precipitation of SM proteins is to obtain the protein clot 
with the desired properties, namely it must contain whey 
proteins, have foaming-optimum solids content, certain ti-
tratable and active acidity.

In the theoretical justification of the modified method 
of complex precipitation of SM proteins, the berries were 
examined in terms of protein coagulant, explained as fol-
lows: berry acids provide the conditions for coagulation; the 
use of pectins allows the formation of protein-carbohydrate 
complexes; when combined with casein, berry calcium ions 
form phosphate-calcium “bridges”; berry proteins can be 
additional coagulation centers.

Based on the protein-carbohydrate clot and berry puree 
after the activation of their functional substances in their 
joint whipping due to the presence of surface-active sodium 
caseinate and stabilizing properties of pectin, it is possible to 
obtain a high-quality whipped system. The stability of this 
system can be significantly increased by the complex forma-
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tion at certain pH between proteins and soluble pectins due 
to calcium ions. As a result of the controlled interaction of 
these substances, calcium pectate, and protein-carbohydrate 
complexes are formed, which can significantly increase the 
viscosity and cause gelation.

The sequence of the process of obtaining the above sys-
tem is as follows:

– precipitation of skim milk proteins due to berry puree 
acids;

– solubilization of protein-carbohydrate clot proteins;
– solubilization of berry puree pectin;
– mixing of the modified products-carriers of the func-

tional and technological substances at temperatures which 
prevent chemical interaction.

The mixes can be used in technologies of disperse prod-
ucts in case of performing a number of operations:

– tempering of the mix to a temperature above the gela-
tion point;

– saturation of the mix with gas by whipping or aeration;
– addition of the acidic pH regulator at the final stage 

of whipping or aeration to provide optimum conditions for 
interaction between the protein and pectin;

– cooling and freezing of finished products to the storage 
temperature.

Thus, it can be concluded that the combined use of 
modified dairy and vegetable raw materials under the evi-
dence-based conduct of the process provides new foaming 
and stabilizing properties of the system, different from the 
simple mixing of raw materials.

The above provisions are the basis of the innovative de-
velopment strategy of frozen disperse dessert products based 
on low-fat dairy and vegetable raw materials.

As a result of experimental studies according to innova-
tive strategy, the data are obtained which allowed justifying 
the production process parameters of frozen dessert products 
based on low-fat dairy and vegetable raw materials.

The chemical composition of dogberries and sloes, con-
taining 1.20 % and 1.01 % of pectin substances, including 
water-soluble – 0.68 % and 0.53 % respectively was deter-
mined.

The use of berry raw material in the form of puree in 
the FDP technologies is efficient, so the next stage was 
to investigate the patterns of influence of hydrothermal 
treatment on the functional and technological state of 
the puree pectin. It was found that the production of the 
berry puree with a maximum content of soluble pectin 
requires a three-stage treatment of berry raw materials: 
hydrothermal treatment of dogberries at 85...87 °C for 
60...80 s and sloes at 90...92 °C for 165...180 s, and the 
subsequent wiping of the berries at 80±2 °C to obtain the 
puree (stage I), heat treatment of puree in the presence of 
water at 80±2 °C for 10...12 min (stage II), heat treatment 
in the presence of whey at 80±2 °C for 30...35 min (sta- 
ge III), which provides an increase in the share of soluble 
pectin by 2.5...3.0 times.

According to the innovative strategy, the SM in the mix-
es for the FDP is supposed to be used after the precipitation 
of proteins in the form of milk protein concentrate with high 
FTP. In the development of the modified method of com-
plex precipitation of SM proteins due to berry puree acids, 
process conditions of SM preparation to precipitation and 
treatment conditions of the clot were determined: pasteuri-
zation temperature of SM – 91...93 °C for 10 min, cooling to 
80 P...82 °C, introduction of the dogberry or sloe puree to the 

SM at 80...82 °C, coagulation, cooling to 12...14 °C, filtering 
of the clot and subsequent self-pressing for 20...30 min.

The influence of the mass fraction of the puree intro-
duced (Fig. 1), temperature (Fig. 2) and duration of coagu-
lation (Fig. 3) on the degree of complex precipitation of the 
SM proteins was investigated.

Fig. 1. The degree of precipitation of SM proteins depending 
on the share of the puree introduced, %:  

–▲–, –□– – the composition of skim milk with dogberry 
and sloe puree respectively

Fig. 2. The degree of precipitation of SM proteins depending 
on the treatment temperature, %:  

–▲–, –□– – the composition of skim milk with dogberry 
and sloe puree respectively

Fig. 3. The degree of precipitation of SM proteins depending 
on the coagulation duration at 92±1 ºC, %:  

–▲–, –□– – the composition of skim milk with dogberry 
and sloe puree respectively

Cpuree, wt %

Degree of 
precipitation, %

Degree of 
precipitation, %

s

Degree of 
precipitation, %
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It was found that the maximum precipitation of SM pro-
teins occurs with the introduction of 2.5...3.5 % berry puree 
at a coagulation temperature of 90...94 °C and coagulation 
duration of 10...15 min.

The increase in the precipitation temperature from 
80 °C to 94 °C leads to a decrease in moisture content 
of the clots from 80.1 % and 79.5 % to 68.3 % and 67.14 % 
for compositions with dogberry and sloe puree respectively. 
The effective viscosity of the clots (ε=1.8 s-1) obtained at 
the precipitation temperature of 92 °C is 118.0...119.8 Pa·s, 
and at 94°C, due to reduced protein-carbohydrate in-
teraction through the protein denaturation decreases to  
102.6...101.9 Pa·s (Fig. 4, 5).

Fig. 4. The dependence of the effective viscosity (η) of the 
shear rate (ε) of compositions of SM with the dogberry 

puree: –▲– – at the precipitation temperature of 80 °C; 
–■– – at 92 °C; –●– – at 94 °C; -◊- – the control  

(low-fat curd cheese with a moisture content of 70.0 %)

Fig. 5. The dependence of the effective viscosity (η) on the 
shear rate (ε) of compositions of SM with the sloe puree (B): 

–– – at the precipitation temperature of 80 °C;  
–□– – at 92 °C; –○– – at 94 °C; –♦– – the control (low-fat 

curd cheese with a moisture content of 70.0 %)

The structural and mechanical properties of the clots, 
obtained at optimum parameters were investigated. It was 
found that the maximum effective viscosity of the clots 
(ε=1.8 s-1) increases due to the pectin and the stabiliz-
ing effect of protein-carbohydrate complexes by 2.62 and  
2.66 times compared to the control (low-fat curd cheese) for 
the clots with the dogberry and sloe puree.

Along with the viscosity increase, the strength growth 
is observed in the samples. Thus, the initial shear stress R0 
that determines the force at which the system extremely 
collapses, and the shear stress in the creep area R1 that de-
termines the force at which the system begins to collapse is  
2.53...2.63 times higher in the clots than in the control.

The effect of the alkaline pH regulator on the solubility 
degree of caseinate-calcium-phosphate complex (CCPC) 
of the clots was investigated to increase the FTP of pro-
tein-carbohydrate clots (PCC). The surface tension was the 
criterion of the CCPC decalcination process and accumu-
lation of soluble proteins. For this, the clot with a certain 
concentration of phosphate was subjected to heat treatment, 
then centrifuged, the supernatant solution was collected 
and its surface tension was determined. The maximum ac-
cumulation of surfactants by the PCC protein solubilization 
is achieved in heat treatment of the clot with the addition of 
0.90 % phosphate mix “Biofos 90” at 80±2 °C for 10...12 min.

The next stage was to determine the efficient ratio of the 
PCC and berry puree by investigating the FC and FS of the 
systems. To prevent the irreversible formation of calcium 
pectates and protein-carbohydrate complexes, mixing of 
components was conducted at temperatures above 70 °C, 
which do not allow chemical interaction. The compositions 
were heated to 80...82 °C, cooled and whipped.

After analyzing the data, it can be concluded that the 
maximum FC and FS values for the compositions “PCC – 
dogberry puree” and “PCC – sloe puree” are observed in 
compositions with the content of the modified berry puree 
of 15...20 %. These concentrations decrease pH by 0.61... 
0.56 units, which raise the surface tension by 1.20.10-3 N/m 
and 1.40.10-3 N/m (for compositions with dogberry and sloe 
puree, respectively). This ensures the maximum implementa-
tion of surface properties of milk protein, which is reflected 
in the FC increase by 57.2 % and 56.1 %, respectively

The effect of sugar on the functional-technological and 
structural-mechanical properties of the compositions of 
the PCC with the optimum puree content was examined 
(Fig. 6, 7).

Fig. 6. The effect of sugar on the functional-technological 
and structural-mechanical properties of the composition of 
the dogberry PCC with the dogberry puree:  – foaming 
capacity;  – foam stability; –▲– – effective viscosity

It was found that the viscosity (ε=1.8 s-1) of compositions 
of the PCC with dogberry and sloe puree with the addition 
of up to 15 % of sugar increases by 18.39 % and 20.27 % 

s-1

Pa.s

Pa.s

s-1

FC, FS, %

Sugar content, %

Pa.s
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respectively. A further increase in the sugar content leads 
to syneresis with a visible fluid release and reduction of the 
structural and mechanical properties of the compositions. 
Thus, viscosity decreases by 7.14 % and 3.92 % respectively 
at the sugar content of 20 %.

Fig. 7. The effect of sugar on the functional-technological 
and structural-mechanical properties of the composition of 
the sloe PCC with the sloe puree:  – foaming capacity;  

 – foam stability; –– – effective viscosity

The foaming capacity (FC) of the compositions of PCC 
with dogberry and sloe puree with the addition of 5...20 % 
of sugar decreases by 33.54 % and 34.84 % respectively. At 
the same time, the compositions are characterized by high 
stability with the sugar content of up to 15 %. As a result of 
sugar content optimization by the conjugate gradient meth-
od and organoleptic research, the efficient sugar content in 
the composition of the dogberry PCC with dogberry puree is 
7.5...8.0 %, in the composition of the sloe PCC with the sloe 
puree – 7.8...8 0 %.

Thus, the content of the basic ingredients, including 
PCC, berry puree, and sugar in the mixes was determined 
and optimized. The developed mixes can be used as mixes for 
FDP without foaming and structure-forming food additives 
due to the presence of surface-active sodium caseinate in the 
PCC, the pectin in the berry puree and provided their in-
teraction to form calcium pectate and protein-carbohydrate 
complexes.

The mixes can be used in the FDP technologies in case 
of performing a number of operations: tempering of the 
mix to 80...82 °C for the activation of protein-carbohydrate 
complex formation; whipping at 25...30 °C; addition of the 
acidic pH regulator at the final stage of whipping to provide 
optimum conditions for interaction between the protein and 
pectin; cooling of finished products to the temperature of 
consumption.

Based on the experimental data and in accordance with 
the innovative strategy, the production process parameters 
of the PCM were determined, the prescription of three types 
of the PCM was developed and their chemical composition 
was investigated (Table 1).

According to Table 1, the developed PCM have low-
er protein content compared to the control (low-fat curd 
cheese) due to the presence of up to 20 % of the vegetable 
component that enriches them with carbohydrates. The 
PCM contain 10.2...10.5 times more carbohydrates and 
1.6...3.4 times fatter than the control.

Table 1

Characteristics of the chemical composition of mixes, 
(α≤0.05)

Indicator

Mass fraction, %

Control
Protein-carbohydrate mix

Dogberry Sloe Dogberry-sloe

Dry matter 30.00 29.54 30.62 30.15

Proteins 16.22 10.05 10.20 10.12

Fats 0.54 0.89 1.82 1.26

Carbohydrates 1.62 16.57 17.01 16.91

Ash 1.08 1.84 1.22 1.65

Energy value, 
kcal

76.14 114.49 125.22 119.46

18 amino acids (AA), including all essential, were identi-
fied and quantified in the mixes. The cumulative percentage 
of essential AA of the total amount of AA is 45.59 % for the 
dogberry PCM, 43.25 % for the sloe PCM and 44.53 % for 
the dogberry-sloe PCM, which is by 0.38...2.79 % higher 
than in the control.

It was found that the PCM protein contains no limit-
ing amino acids, has a good balance by the “tryptophan” 
and “threonine” indexes. The score of the control-limiting 
methionine in the PCM is 129...134 %. The study of the 
proteolysis degree of proteins of mixes by enzymes indicates 
that the PCM proteins are characterized by a high degree of 
proteolysis by pepsin and trypsin due to the carbohydrate 
component.

The content of most minerals and vitamins in the de-
veloped mixes is much higher than in the control. The ratio 
Ca:P:Mg for the PCM is 1:(1.16...1.18):(0.61...0.63), which is 
close to the formula of balanced nutrition. It was found that 
microbiological indicators of the PCM and the content of 
toxic elements meet the regulatory requirements.

Based on the study of changes in the microbiological 
parameters over time, the storage conditions and shelf life of 
the PCM: temperature – 4±2 °C; duration – no more than  
72 hours were justified.

The study of the dynamics of the functional-techno-
logical and structural-mechanical properties of the PCM 
when stored at 4±2 ºC within 72 hours showed an increase 
of effective viscosity by 45...50 %, which reduces the FC by 
7.1...8.1 % and foam stability (FS) – by 3.9...4.7 %. Also, 
the protein-carbohydrate complex formation strengthens 
the structure during storage, with the increase in the initial 
shear stress R0 by 8.3 % and shear stress in the creep area 
R1 – by 30.7 %. It was found that the PCM are capable of 
thixotropic recovery during storage, so the hysteresis loop 
area after 72 hours of storage decreases by 11.2 %.

Given the above, it can be concluded that due to the 
functional and technological properties, the PCM can be 
used in technologies of whipped dessert products. We con-
sider the PCM use in technologies of frozen dessert products 
(dzhelato, sorbets, etc.) as promising. To take account of 
modern approaches to creating foods, the goal of developing 
the low-sugar frozen dessert technology was set, with the 
fructose, which, as you know, has a higher sweetness and 
does not overload the pancreas due to the low glycaemic 
index as the sweetening component.

The PCM under study structurally resembles curd 
cheese, so it can be the basis for producing whipped and 
aerated desserts. However, the frozen dessert technology 
requires the addition of a liquid component, such as cream, 

FC, FS, %

Sugar content, %

Pa.s
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vegetable or fruit puree. The basic requirement for the 
selection of raw materials for puree is a sufficient amount 
of pectin, which, when whipped with the PCM can form a 
stable foam-like structure of the frozen dessert. From this 
perspective, it is reasonable to add puree on the basis of 
pumpkin and sea buckthorn, produced by the new technol-
ogy using enzymes [22], which provides a puree with a high 
pectin content. Besides pectin, the puree is a valuable source 
of carotenoids and fiber.

Based on the studies, the formulation of the developed 
frozen dessert on the PCM basis with the fructose con-
tent of 4.5 %, stabilization system “Kremodan SE406” –  
0.2...0.3 % and pumpkin-sea-buckthorn puree – 30...32 % 
can be considered the most reasonable.

The known formulation of soft ice cream was used as the 
control [23]. Table 2 indicates that the developed dairy-veg-
etable frozen dessert has a higher whipping capacity  
(by 12.9 %) and foam stability (by 20.1 %); the fat phase 
dispersion degree is less by 14.5 %, due to lower fat in the 
experimental sample (by 3.8 times).

Table 2

Functional and technological indicators of dairy-vegetable 
mixture for the frozen dessert

Indicators Control 
Dairy-vegetable 

mixture for frozen 
dessert

Whipping capacity, % 62±1.5 70±1.8

Stable foaming capacity, % 67±1.5 81±2.0

Fat phase dispersion degree, mcm 110±2.8 96±2.3

The studies confirm the feasibility of the PCM use in 
technologies of frozen dessert products both in terms of ef-
fectiveness and nutritional value. The developed technology 
is low-waste, resource-saving and simple. Domestic origin 
of the basic raw ingredients of the developed technology is 
also an advantage. The resource of SM is inexhaustible due 
to the nature of the whole milk processing, and the resource 
of the dogberry, sloe, sea-buckthorn, and pumpkin harvest is 
hardly used today.

6. Discussion of results of study of the PCM use in the 
technology of disperse products 

The paper presents the use of skim milk proteins and 
pectins of infrequent berries (dogberries and sloes).

The high-quality whipped system based on the pro-
tein-carbohydrate clot and berry puree after the activation 
of functional compounds in their joint whipping, due to the 
presence of surface-active sodium caseinate and stabilizing 
properties of pectin was obtained. The stability of this sys-
tem can be significantly increased by the complex formation 
at certain pH between proteins and soluble pectin due to 
calcium ions. As a result of the controlled interaction of these 
substances, calcium pectate and protein-carbohydrate com-
plexes are formed, which ultimately improves viscosity and 
causes gelation. The PCM can be used in the FDP technolo-

gies in case of performing a number of operations: tempering 
of the mix to 80...82 °C for the activation of protein-carbohy-
drate complex formation; whipping at 25...30 °C; addition of 
the acidic pH regulator at the final stage of whipping to pro-
vide optimum conditions for interaction between the protein 
and pectin; cooling of finished products to the temperature 
of consumption.

Based on the experimental data and in accordance with 
the innovative strategy, the production process parameters 
of the PCM were determined, the prescription of three types 
of the PCM was developed and their chemical composition 
was investigated.

On the basis of the studies, the formulation of the frozen 
dessert based on the PCM with the low content of high-
ly glycemic sugars due to vegetable and berry puree and 
fructose was developed. The subject of future research is to 
determine the glycemic index.

7. Conclusions

1. The stable whipped disperse system based on the pro-
tein-carbohydrate clot and berry puree after the activation 
of functional compounds in their joint whipping, due to the 
presence of surface-active sodium caseinate and stabilizing 
properties of pectin was obtained.

2. It was proved that the maximum precipitation of SM 
proteins occurs with the introduction of 2.5...3.5 % berry 
puree at a coagulation temperature of 90...94 °C and coagu-
lation duration of 10...15 min. 

3. It was found that the maximum effective viscosity 
of the clots (ε=1.8 s-1) increases due to the pectin and the 
stabilizing effect of protein-carbohydrate complexes by 2.62 
and 2.66 times compared to the control for the clots with the 
dogberry and sloe puree.

Along with the viscosity increase, the strength growth is 
observed in the samples. Thus, the initial shear stress in the 
investigated clots is by 2.53...2.63 times higher than in the 
control sample.

4. It was found that the viscosity (ε=1.8 s-1) of compo-
sitions of the PCC with dogberry and sloe puree with the 
addition of up to 15 % of sugar increases by 18.39 % and  
20.27 % respectively. A further increase in the sugar content 
leads to syneresis with a visible fluid release and reduction of 
the structural and mechanical properties of the compositions.

5. Based on the experimental data and in accordance 
with the innovative strategy, the production process param-
eters of the PCM were determined, the prescription of three 
types of the PCM was developed and their chemical com-
position was investigated. The developed PCM contain by 
10.2...10.5 times more carbohydrates and by 1.6...3.4 times 
more fat compared to the control (low-fat curd cheese). It 
was also found that the PCM protein contains no limiting 
amino acids and is balanced for the “tryptophan” and “thre-
onine” indexes.

Thus, the developed PCM are appropriate to be used as a 
basis for frozen desserts. The prospect of further research is 
to develop a range of frozen desserts based on PCM and fruit 
and vegetable and berry puree with reduced sugar.
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