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Experimental studies have proven the 
effectiveness of the use of the herbal dietary 
supplement "Immunocort" in the technology 
of rennet cheese "Mozzarella Ukrainian". 
"Immunocort" is an herbal preparation that 
contains a balanced complex of immunoactive 
plants aimed at strengthening the immune 
system and eliminating immunodeficiency. The 
composition of the dietary supplement includes 
astragalus herb, echinacea root, Damascus 
blackberry seeds, currant leaf, string grass, 
Uncaria bark, and ant tree bark.

Based on organoleptic and physical-chemical 
studies, it was established that the best option 
in the manufacture of "Mozzarella Ukrainian" 
cheese is to add to the normalized mixture before 
its pasteurization of the "Immunocort" supplement 
in the amount of 3 % by weight of the normalized 
mixture.

A study was conducted on the effect of the 
coagulation temperature and pasteurization 
temperature on the synergistic properties of 
the cheese clot. These indicators confirmed the 
significant importance for the transition of solids 
into whey in the process of making rennet cheese 
"Mozzarella Ukrainian" with the bio additive 
"Immunocort". It was found that with an increase in 
temperature, there was a decrease in the syneretic 
ability of cheese clots. The efficiency of using 
solids increased with increasing pasteurization 
temperature. The relatively low content of 
dry substances in whey at high pasteurization 
temperatures can be explained by the denaturation 
of whey proteins and their transition to a cheese 
clot. The best results were achieved at the 
pasteurization temperature (86±2) °C and the 
coagulation temperature (32±2) °C.

The data obtained could make it possible 
to manage the process of making new types of 
cheeses with vegetable additives, depending on 
the specific conditions and requirements for the 
product
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1. Introduction 

The world faces a deviation from a balanced diet these 
days [1]. Analyzing the set of foods that the population 
consumes, it is possible to identify a number of violations of 
nutritional status in adults and children. In particular, it is an 
increased caloric content of the diet due to the high content 
of animal fats and carbohydrates. Moreover, there is an in-
sufficient amount of consumption of vegetable oils, proteins, 
vitamins, and dietary fiber [2]. The lack of quality food and 
the harmful effects of the polluted environment adversely af-
fect the functioning of the human body [3]. That is why proper 
balanced nutrition should ensure full development, adaptation 
to the effects of toxic effects and cause high activity through-
out a person’s life [4].

Today, the development and manufacture of food prod-
ucts with specified properties – with a low content of animal 
fat, salt, and carbohydrates – is relevant. The range is also 
expanding and increasing the volume of production of prod-
ucts that are enriched with proteins, dietary fiber, minerals, 
and biologically active substances [5].

Among all food products, a special place is occupied 
by dairy products, in particular rennet cheeses. Cheese 
is a product of high biological and energy value, which 
contains essential and simple compounds of protein and 
non-protein nitrogen, which are absorbed easier and faster 
than milk proteins. In addition, cheeses contain a complex 
of fat, the mass fraction of which is in the range from 5–10 
to 60 % in dry matter, water-soluble vitamins, and trace 
elements [6, 7].
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they had a high total content of phenols and flavonoids 
and showed good antioxidant properties. Their main phe-
nolic compound was rosemary acid. Also, with the help of 
such packaging, you can control the taste and color of the 
cheese. In addition, consuming such cottage cheese with 
an edible film, you can avoid the formation of waste [11]. 
However, due to the hydrophilic nature of the films and 
the high water content in soft cheese (about 70 %), the 
films were absorbed by the surface a few minutes after 
coating. Thus, coated cheese should be considered as a 
new, probably functional food, as the films could not be 
separated from the cheese and they were not colorless and 
odorless.

In [12], studies have been carried out on the production 
of Cheddar-type cheeses enriched with extracts of marigold 
British flowers (Inula Britannica). It was found that higher 
concentrations of extracts resulted in a higher protein and 
ash content with a concomitant decrease in pH, total dry 
matter, and fat content compared to unsaturated control 
cheese. In addition, the use of flower extract gave the desired 
texture to the cheese and enhanced the smell and taste. The 
total phenol content also increased with the concentration 
of the plant extract but decreased over long storage periods. 
Overall, the marigold flower extract has demonstrated good 
potential as an antioxidant supplement for dairy products. 
However, it should be noted that the benefits of bioactive 
substances can be obtained using parts of plant material 
in the product. However, the study of the effect of crushed 
marigold flowers on cheese production was left out of the 
focus of this study.

Experimental studies were also conducted on the fea-
sibility of using both extracts and oregano essential oil in 
the dairy industry. In nanoemulsions, oregano essential 
oil acted as a dispersed phase, and the corresponding 
aqueous extract acted as a continuous phase. Oil-in-water 
nanoemulsions have been prepared by sonication as a sys-
tem for the delivery of oregano bioactive compounds. These 
systems were incorporated into traditional and Greek 
whey cheeses Mizitra and Antothyro. Sensory analysis has 
shown that oregano nanoemulsions affect the organoleptic 
profile of both types of whey cheeses [13]. However, most 
bioactive extraction protocols that are safe for human con-
sumption (aqueous, ethanol extracts, and essential oils) do 
not allow the extraction of all bioactive compounds from 
plant materials. Therefore, to take advantage of the biolog-
ically active substances of many plants (such as sulfur com-
pounds, polyphenols, etc.), it is best to include these plants 
directly in foods. This approach was used in work [14]. In 
the production of cream cheese, pink onion leaves (Allium 
roseum) were used in powder form and fresh leaf paste in 
quantities of 0.8 % and 6 %, respectively. The positive effect 
of these additives has been proven on the basis of sensory, 
physicochemical, and microbiological qualities. The results 
showed a significant extension in the shelf life of cream 
cheeses. However, determining the effect of powder and 
paste from pink onion leaves on technological processes in 
the production of cheese was left unattended.

Paper [15] describes the study of ultrafiltration soft 
cheese containing red radish root in the form of a nano-
powder. Nanopowder was introduced in concentrations 
of 1, 2, and 3 %. The chemical, rheological, sensory, and 
antioxidant properties of cheese during storage for a 
month were investigated. It was found that it had an in-

The main principles of creating new cheeses with a 
combined composition are to reduce calorie content and 
increase the content of biologically active substances. Such 
products must have a high taste and have a functional 
purpose [8].

The relevance of the research is to study the possibility 
of using dietary supplements of plant origin in the produc-
tion of rennet cheese. This will not only expand the range 
of useful food products but also improve their organoleptic 
characteristics and chemical composition.

2. Literature review and problem statement

In works [9–17], a large number of research results are 
given on the use of various plant components in the produc-
tion of cheeses to obtain products with specified character-
istics. It is shown that cheeses are traditional food products 
in many countries of the world. Cheeses with herbal supple-
ments continue to gain popularity among supporters of a 
healthy diet.

Analyzing the sources, it was found that considerable 
attention is paid to the manufacture and research of cheeses 
with the use of aqueous extracts of herbs or essential oils in 
their technology [9–13]. However, it should be noted that in 
most of the studies conducted, the addition of plant extracts 
was intended not only to increase the content of bioactive 
components and limit oxidation but also to increase the 
microbial stability of the product. In particular, studies 
are being conducted on the use of encapsulated extracts 
as cheese supplements. The extracts demonstrate excellent 
antioxidant and significant antimicrobial effects. But usu-
ally, they are not as powerful as essential oils. A number of 
experiments were carried out on the effect of encapsulated 
extracts from different plants on the physicochemical and 
microbiological profile of various cheeses. In order to extend 
the shelf life and maintain quality throughout the entire 
storage period, without adversely affecting the organoleptic 
characteristics, encapsulated essential oils and extracts have 
been included in various types of cheeses. The results of the 
study showed that due to encapsulation in various carriers, 
biologically active compounds are protected from oxidation, 
evaporation, and interaction with other components of the 
food matrix [9].

In [10], the use of nanoemulsions of coriander seed 
extract as a preservative for soft cheese is proposed. Co-
riander is a medicinal culinary plant. Its main value is in 
the seeds, which contain essential oil in the range from 
0.3 to 1.1 %. It has been proven that extracts and essential 
oils derived from coriander exhibit antimicrobial, antioxi-
dant, antidiabetic, anti-cancer, and antimutagenic effects. 
Coriander is the main source of flavonoids, phenols, and 
vitamins. Coriander can also be used as a flavoring in food. 
However, the authors have not investigated the possibility 
of using the coriander seed itself as a herbal supplement in 
the production of cheese. 

The use of whey protein concentrate and aqueous ex-
tracts of rosemary and sage for the production of active 
food packaging materials for soft cheese was investigated. 
In samples of cottage cheese covered with edible films en-
riched with infusions, no spoilage and pathogenic bacteria 
were found until the end of storage. Rosemary and sage 
infusions were chosen for inclusion in the film because 
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creased amount of protein, minerals, fiber, and had good 
antioxidant activity. Adding red radish roots in the form 
of a nanopowder improves the quality of cheese products, 
as well as increases their nutritional value. But this study 
does not pay attention to the effect of the additive on the 
technological process of cheese production, which is also 
important.

The use of spinach powder as a functional ingredient 
in the production of ultrafiltration soft cheese is also de-
scribed. Spinach nanopowder was applied in the amount of 
0.5, 1, 1.5, and 2 %. Due to the addition of nanopowder with 
retentate, the content of fiber, minerals, phenols, as well as 
antioxidant activity was increased. In addition, the protein 
content and acidity of the product increased significantly 
with an increase in the percentage of added herbal supple-
ment [16]. The processes that occur in the manufacture of 
ultrafiltration soft cheese from spinach powder have not 
been investigated.

The technology of functional soft rennet cheese “Moz-
zarella-manzar” with herbal additives has been developed. 
In the technological scheme of production of this cheese, 
they proposed the introduction of dill and parsley in a dry 
form in the amount of 1 % at the stage of readiness of the 
curd mass [17]. However, this paper did not study the issue 
of making a herbal supplement at other stages of cheese 
production.

The production of rennet cheeses with the bio additive 
“Immunocort” is a very promising area of research. The herbal 
preparation “Immunocort” contains a complex of plants aimed 
at strengthening the immune system and eliminating immu-
nodeficiency. It increases antiviral, antibacterial, antitumor 
protection of the body, prevents the development of respiratory 
viral diseases, neutralizes the negative effects of aggressive 
environments, stress, bad habits. “Immunocort” has a tonic, an-
ti-inflammatory, antioxidant effect, promotes the development 
of its own interferon, eliminates hypersecretion of adrenaline, 
norepinephrine, increases the activity of phagocytes, macro-
phages, and leukocytes, restores impaired functions. It pro-
motes better recognition of cancer and precancerous cells and 
their destruction in the early stages, provides effective support 
of the immune system during a massive microbial attack, radi-
ation, intoxication. “Immunocort” is recommended for people 
with weakened immunity, who often and for a long time get 
sick, with immunodeficiency states, allergies, frequent colds. 
The composition of the dietary supplement includes astragalus 
herb, echinacea root, Damascus blackberry seeds, currant 
leaf, string grass, cat’s claw bark, and ant tree bark.

The literary sources [9–17] did not reveal data on the 
use of echinacea root, currant leaves, Damascus black-
berry seeds, grass of the train and astragalus, cat claw 
bark, and ant tree, which have beneficial properties for 
the human body, in the technology of cheeses. All these 
immunoactive plants are contained in a balanced ratio in 
the composition of the drug “Immunocort”. And because 
of this, it is necessary to conduct a comprehensive study 
to study the effect of the plant supplement “Immunocort” 
on the production and quality of rennet cheese.

3. The aim and objectives of the study

The aim of this work is to analyze the influence of 
the dietary supplement “Immunocort” on the production 
and quality of cheese “Mozzarella Ukrainian”. This will 

expand the range of cheeses, as well as this cheese will be 
useful for consumers due to the natural ingredients that are 
part of the herbal supplement “Immunocort”.

To accomplish the aim, the following tasks have been set:
– to establish the optimal amount of introduction of the 

“Immunocort” bio additive during the production of the 
cheese “Mozzarella Ukrainian”;

– to study the syneretic properties of the cheese clot 
depending on the coagulation temperature and the pasteuri-
zation temperature of the normalized mixture;

– to study the dependence of the transition of solids into 
whey on the coagulation temperature and the pasteurization 
temperature of the normalized mixture;

– to determine the quality indicators of the finished 
product.

4. Materials and research methods

4. 1. The object and hypothesis of research
The object of our study is the cheese “Mozzarella 

Ukrainian” with the addition of the herbal dietary supple-
ment “Immunocort”. The main hypothesis of this study 
is that the introduction of the proper amount of dietary 
supplements will not lead to a decrease in the quality of 
“Mozzarella Ukrainian” cheese but will also increase the 
biological value, give it original organoleptic characteristics, 
and expand the product range. 

4. 2. The study materials and methods
Experimental part of the work was carried out at the 

Lviv enterprise “Lemberg cheese” (Ukraine).
The main material for research was rennet cheese “Moz-

zarella Ukrainian” with the biologically active additive “Im-
munocort”.

Two series of studies have been conducted. In the first 
series of studies, the dose of the “Immunocort” supplement 
was selected and the features of the “Mozzarella Ukrainian” 
cheese technology with a dietary supplement were studied.

The bio additive “Immunocort” (Fig. 1) was introduced 
in the amount of 1, 3, and 5 % by weight of the normalized 
mixture.

Rennet cheese “Mozzarella Ukrainian” with the bio ad-
ditive “Immunocort” is made according to the technological 
scheme shown in Fig. 2.

 

 
  

Biologically active additive 
"Immunocort" 

Cheese 
factory 

Fig.	1.	Biologically	active	additive	“Immunocort”
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Milk for the production of cottage cheese must meet 
the requirements of DSTU 3662:2018. Depending on the 
quality indicators, milk is sorted, its quantity is estab-
lished, and suitability for cheese is determined. Then the 
milk is sent for aging at a temperature of 8–12 °C for 10–
14 hours. Normalization of milk is carried out in a stream 
on separators-normalizers up to a mass fraction of fat of 
3.1 % in a normalized mixture. Before separation, the milk 
is heated to a temperature of 40–45 °C in a plate pasteuri-
zation and cooling plant. In the tank with the normalized 
mixture, we add the bio additive “Immunocort” in quanti-
ties of 1, 3, and 5 % by weight of the normalized mixture. 
We pasteurize the mixture at a temperature of 72±2 °C 
with an aging of 20–25 s and cool it to a fermentation 
temperature of 32±2 °C. The cooled normalized mixture is 

fed into the cheese bath and an aqueous solution of CaSl2, 
dry sourdough, and enzyme preparation for milk clotting 
are introduced. An aqueous solution of calcium chloride is 
applied at the rate of 25±15 g of anhydrous salt per 100 kg 
of milk. Next, the mixture is stirred for 3–5 minutes and 
left to form a homogeneous clot. Cheese clot should be of 
normal density and give an even fracture with sharp edges 
and highlight the whey of light green color. The cheese 
clot is processed in order to partially dehydrate the curd 
mass and regulate lactic fermentation. The processing of 
the clot consists of the following operations: cutting the 
clot and setting the grain, kneading the cheese grain, sec-
ond heating, kneading after the second heating. Cutting 
the clot is carried out with liras for 10–15 minutes. The 
size of the cheese grain should be 8±2 mm. After cutting 

 
Reservation of milk at 2–6 °C on farms and milk receiving points no more than 24 hours 

↓ 
Acceptance, quality assessment, determination of milk raw cheese capacity 

↓ 
Milk ripening at 8–12 °C for no more than 10–14 hours 

  ↓  
Additive 

«Immunocort» 
 Heating to 40–45 °C, normalization of milk by mass fraction of 

fat, taking into account the mass fraction of protein 
  ↓  

Pasteurization of the normalized mixture at 72±2 °C, aging 20–25 s 
↓ 

Cooling milk to 32±2 °C 
↓ 

The introduction of an aqueous solution of CaCl2 (25±15 g of anhydrous salt per 100 kg of milk) 
and sourdough DVS. Application of annato dye (5–10 ml per 100 kg of milk) 

↓ 
The introduction of an enzyme preparation for milk coagulation 

↓ 
Cutting the clot and putting the grain. The size of the cheese grain is 8±2 mm. Release of 30 % 

whey 
↓ 

Kneading grain. Whey acidity 15–17 °T at the end of kneading 
↓ 

Second heating at 38–42 °C. Acidity of whey at the end of heating – 16–18 °T 
↓ 

Kneading grain 40–60 min. Whey acidity at the end of kneading 18–20 °T 
↓ 

Exposure of a layer of curd mass (25–30 cm thick) under a layer of whey for 25–40 minutes 
↓ 

Self-pressing 10–15 min. and pressing for 15–25 minutes. Whey acidity at the end of pressing 
26±1 °T 

↓ 
Draining of whey from the molding apparatus, coating the layer with sickle, cheddarization 
(35±3 °C, 1–3 hours), whey acidity up to 70 °T, pH of curd mass 5.2–5.4. Reservoir cutting 

↓ 
Grinding, melting, kneading the curd mass, pickling and forming on the AFK unit. Brine 

concentration 10–16 %, acidity up to 20 °T, temperature 78–80 °С 
↓ 

Embedding the heads in the form. Self-pressing and cooling of cottage cheese in a chamber with 
an air temperature of 6–10 °C, turning over 2–3 times a day. Cooling time 8–12 hours 

↓ 
Drying cheese at 12±2 °C 

↓ 
Cheese packaging 

↓ 
Cheese ripening (15–30 days) at 10±2 °C, relative humidity 80–85 % 

 
  Fig.	2.	Technological	scheme	of	the	rennet	cheese	“Mozzarella	Ukrainian”	with	the	biologically	active	additive	“Immunocort”
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the clot, when setting the grain from the bath, 30 % of the 
whey is eliminated from the total mass, the acidity of the 
whey before the second heating should be 15–17 °T. The 
temperature of the second heating is set in the range of 
38–42 °C, the heating rate is 1 °C in 3±1 minutes. The 
whey acidity content after the second heating should be 
16–18 °T. After the second heating, the cheese grain is 
kneaded for 40–60 minutes, the acidity of the whey at the 
end of grain processing should be 18–20 °T.

The peculiarity of “Mozzarella Ukrainian” cheese is 
its cheddarization, that is, keeping a layer of cheese under 
a layer of whey for 25–40 minutes. The thickness of the 
cheese layer should be 25–30 cm. During cheddarization, 
self-pressing of the cheese layer is carried out for 10–15 min-
utes and pressing for 15–25 minutes. The acidity of whey at 
the end of pressing is 26±1 °T.

Cheddarization of curd mass is a technological oper-
ation during which the necessary acidity and moisture 
of the curd mass is achieved. The curd mass acquires a 
layered-fibrous structure. To do this, the whey is removed 
from the molding apparatus, and the cheese layer is covered 
with lavsan and kept under a pressure of 1–2 kPa until the 
end of cheddarization. The readiness of the curd mass is set 
by melting breakdown, namely: pieces of curd mass with a 
thickness of 2–4 mm are cut out of the middle of the layer, 
dipped into hot water or brine at 71–72 °C. Curd mass, 
which is ripe, should stretch well into a long thread under 
its own weight.

Melting (heat treatment) of the curd mass is carried out 
in brine with an acidity of not more than 20 °T and a salt 
concentration of 10–16 %. The initial brine temperature 
is 78 °C, and during the melting process it is maintained 
at 74–80 °C. Warm-up temperature of the curd mass is 
72–75 °C, the duration of the process is 5–8 minutes. Be-
fore warming up, the curd mass is crushed into pieces up 
to 6 mm in size. The temperature of the molten curd mass 
at the outlet of the unit must be at least 65–67 °C. Molten 
curd mass is separated from the brine and kneaded to a fi-
brous-elastic dough. Kneading takes place first in a drum 
with holes, which slowly spins, and then with the help of 
an auger, with which the curd mass is fed into the dis-
penser for packaging into the mold. Formed cheese heads 
weighing 1 kg in molds are fed into the chamber, where 
the air temperature is 6–10 °C, for self-pressing and cool-
ing. For uniform cooling and obtaining a smooth surface, 
the cheese heads in the molds are turned over 2–3 times 
during the day. The cooling time is 8–12 hours, then the 
cheese is removed from the molds and sent to dry at a 
temperature of 12±2 °C. Dried cheese heads are packed 
on vacuum packaging machines into poviden bags. Cheese 
ripening is carried out at a temperature of 10±2 °C and a 
relative humidity of 80–85 % for 15–30 days. Packaging 
and labeling of cheese are carried out in accordance with 
the requirements of TUU 46.39.122-2001.

In the second series of studies, they studied the 
effect of pasteurization temperatures and coagulation 
temperatures of mixtures on the syneresis of cheese 
clots and the transition of solids into whey in the pro-
duction of rennet cheese with the “Immunocort” sup- 
plement.

To establish the degree of syneresis in the production of 
rennet cheeses, the amount of whey was determined, which 
was released from the cheese clot for half an hour.

Samples of cheeses and whey were taken according to 
DSTU ISO 707:2002 Milk and dairy products. Sampling 
guidelines (ISO 707:1997, IDT), DSTU 4834:2007 Milk and 
dairy products. Rules for acceptance, sampling, and prepara-
tion of samples for control and DSTU ISO 5538:2004 Milk 
and dairy products. Sampling. Control over quality fea-
tures (ISO 5538:1987, IDT). 

Preparation of cheese samples for microbiological an-
alyzes was carried out according to the methodology: 
DSTU IDF 122C:2003 Milk and dairy products. Prepa-
ration of samples and dilutions for microbiological re-
search (IDF 122C:1996, IDT).

Evaluation of the quality of cheeses was carried out 
in accordance with generally accepted procedures. In 
cheese samples, we investigated the mass fraction of fat 
in cheese and dry matter of cheese in accordance with 
DSTU ISO 2446:2019 Milk. Determination of fat con-
tent (ISO 2446:2008, IDT). The mass fraction of sodium 
chloride in cheese was determined by the method of titra-
tion of the extract with silver nitrate (GOST 3627-81). 
The study of the mass fraction of moisture and solids 
in cheese and whey was carried out in accordance with 
DSTU 8552:2015 Milk and dairy products. Methods for 
determining moisture and dry matter. Organoleptic in-
dicators of cheese samples were determined according to 
DSTU 6003:2008.

Bacteria of the E. coli group in 0.01 g of the product 
were determined in accordance with DSTU IDF 73A:2003 
Milk and dairy products. Counting the number of coli-
forms. The method of counting colonies and the method 
for determining the most likely number at a temperature 
of 30 °C. The determination of Staphylococcus aureus was 
carried out in accordance with DSTU ISO 6888-1: 2003 
Microbiology of food and animal feed. Horizontal method 
for calculating coagulase-positive staphylococci (Staphylo-
coccus aureus and other species) (ISO 6888-1:1999, IDT).  
The presence of Salmonella was investigated in accor-
dance with DSTU IDF 93 A:2003 Milk and dairy prod-
ucts. Definition of Salmonella (IDF 93A:1985, IDT).

5. The results of research on the effect of the dietary 
supplement “Immunocort” on the production and 

quality of cheese “Mozzarella Ukrainian”

5. 1. Study of the optimal amount of dietary supple-
ment in the manufacture of cottage cheese

In the manufacture of dairy products, including rennet 
cheeses, their organoleptic characteristics are important. 
Therefore, first of all, they investigate their appearance, 
taste, smell, and color. Table 1 gives organoleptic indi-
cators of all types of cottage cheese with different doses 
of biologically active additive of plant origin “Immuno- 
cort”.

The introduction of a dietary supplement in dif-
ferent quantities revealed an impact on the formation 
of organoleptic indicators of “Mozzarella Ukrainian” 
cheese. From the data in Table 1, you can see that 
the most acceptable organoleptic characteristics is ren-
net cheese with a dietary supplement in the amount 
of 3 % by weight of the normalized mixture. There-
fore, for further research, they chose this type of  
cheese.
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5. 2. Study of the syneretic properties of the cheese 
clot depending on the coagulation and pasteurization 
temperatures

From the literary data and studies [18, 19] conducted ear-
lier, it was established that the formation of cheeses with vege-
table and biologically active additives is greatly influenced by 
the number of herbal supplements made and 
the stage of their introduction. The content 
of the mass fraction of moisture in the fin-
ished product, organoleptic parameters, and 
the syneretic property of cheese clots depend 
on these factors.

At this stage, we studied the influence of 
individual technological parameters (pas-
teurization temperature, coagulation tem-
perature of the mixture) on the formation of 
rennet cheese “Mozzarella Ukrainian” with 
the bio additive “Immunocort”, which was 
added to the normalized mixture before its 
pasteurization.

The coagulation temperature was 
changed from 30 to 42 °C, the pasteuriza-
tion temperature of the mixture was from 
70 to 92 °C.

One of the most important indicators of 
a cheese clot is its syneretic ability. With the 
help of syneresis, you can control the process 
of formation of the structure of the protein 
gel, which contains the bio additive “Immu-
nocort”. This will affect the moisture content 
in the finished product, and also affect the 
yield of cottage cheese and its consistency.

The syneretic properties of the clot (the 
proportion of the released whey in 30 min-
utes) depend on the coagulation temperature 
and the pasteurization temperature of the 
normalized mixture.

The intensity of the isolation of whey 
from a cheese clot is influenced by each of 
the studied factors – this can be seen in the 
obtained graphs from Fig. 3, 4.

The process of separating the whey was 
influenced by the coagulation temperature. 
An increase in temperature (from 30 to 40 °C) led to an in-
crease in the release of whey, contributing to the activation 
of processes occurring under the action of rennet enzyme, 

increasing the activity of the lactic acid process and reducing 
the viscosity of clots. At a coagulation temperature of 30 °C, 
the volume of whey released was 33 %. Of the clots coagu-
lated at a temperature of 35 °C, the volume of whey released 
increased by 1 %. At a coagulation temperature of 40 °C, the 
whey volume was 34.7 %.

Of the clots coagulated at a temperature of 30 °C, the 
minimum intensity of whey separation was 20.8 %; at a tem-
perature of 35 °C – 21.7 %; at a temperature of 40 °C – 23.4 %.

Table	1

Organoleptic	indicators	of	“Mozzarella	Ukrainian”	cheese	with	the	“Immunocort”	supplement

Indicator name
Characteristics for cottage cheese with a mass fraction of a supplement

1 % 3 % 5 %

Appearance The surface is flat, covered with polymer film. Light delamination on the surface of the cheese is allowed

Taste and smell

Lactic acid, moderately salted

There is a light taste and smell of 
currants and grass

Significantly more intense taste and 
smell of currants and grass, as well as a 
spicy taste of Uncaria and blackberry

The taste and smell of the grass and 
currants are clearly felt, the taste of 

Uncaria and blackberry becomes sharp

Consistency, 
pattern 

There is no pattern, there are separate oval-shaped eyes. Plastic cheese, with light delamination

There are separate inclusions of plants 
included in the bio additive

The inclusion of powder supplements 
is clearly visible, evenly distributed 
over the entire head of the cheese

The inclusion of a dietary supplement 
is visible throughout the head of the 

cheese

Color
Barely cream with separate inclusions 

of dietary supplements 
Cream, with clear inclusions of gray-

ish-brown color
Cream, with a large number of gray-

ish-brown inclusions
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An increase in the pasteurization re-
gime has led to a decrease in the syneretic 
capacity of cheese clots. The amount of sep-
arated whey from pasteurized milk at 70 °C, 
coagulated at 40 °C, was 36.8 %. With an 
increase in the pasteurization temperature 
to 80 °C, a decrease in the syneretic ability 
of clots was observed. The amount of whey 
isolated is 34.3 %. With an increase in the 
pasteurization regime to 90 °C, the volume 
of separated whey decreased to 25.2 %. 
The syneretic capacity of cheese clots was 
significantly lower with all pasteuriza-
tion regimes and a subsidence temperature 
of 30 °C. When pasteurized at a tempera-
ture of 70 °C, the amount of whey isolated 
is 34.2 %. Of the clots obtained using the 
pasteurization regime of 80 °C, the volume 
of the isolated whey was 30.4 %. When 
pasteurizing milk at 90 °C, clots isolated 
21.0 % whey.

Thus, the intensity of the syneretic abil-
ity of cheese clots is influenced by pasteuri-
zation and coagulation temperatures. These 
factors are highly dependent on each other. 
The greatest influence on the whey separa-
tion process was exerted by the pasteuriza-
tion temperature.

5. 3. The results of studies of the de-
pendence of the transition of solids into 
whey on the coagulation and pasteuri-
zation temperatures of the normalized 
mixture

The content of components such as fat 
and protein in milk has a significant impact 
on the yield of cottage cheese. How effec-
tively these components of milk pass into 
the curd mass can be concluded by their 
content in whey.

In whey, which separated as a result of the treatment of 
clots coagulated at a temperature of 30 to 40 °C, a decrease 
in the dry matter content was observed (Fig. 5).

When processing clots obtained at a coagulation tem-
perature of 30 °C, the maximum dry matter content was 
5.9 %; minimum – 5.3 %.

Analyzing the graphic dependence shown in Fig. 6, 
note that with an increase in the temperature of pasteur-
ization, the degree of transition of solids into the whey 
decreased.

The maximum solids content in whey separated during 
the processing of clots obtained from pasteurized milk 
at 70 °C and coagulated at 30 °C was 5.95 %. While main-
taining the coagulation regime and increasing the pasteuri-
zation temperature to 80 °C, the degree of transition of solids 
into the whey decreased to 5.68 %. In the pasteurization 
mode of 90 °C, the dry matter content in the whey acquired 
the minimum value of 5.37 %.

When processing clots coagulated at 40 °C, a decrease 
in the content of solids in the whey was observed. Under 
pasteurization modes of 70, 80, and 90 °C, the degree of 
transition of solids into the whey was 5.62; 5.38; and 4.52 %, 
respectively.

5. 4. The results of examining indicators of the quality 
of the finished product

It is known that the physicochemical and microbiological 
parameters of dairy products are very important in assess-
ing their quality and safety for consumption. Therefore, 
Tables 2, 3 give the corresponding characteristics of cottage 
cheese with a dietary supplement.

Studies of the mass fraction of fat in the dry matter 
of cottage cheese showed that the value of this indicator 
ranged from 50.36 to 50.58 %. It should also be noted there 
was a decrease in the mass fraction of moisture in cottage 
cheese with an increase in the dose of the introduced sup-
plement. Regarding the content of salt, it is worth noting 
that the use of the dietary supplement “Immunocort” in 
the technology of cheese “Mozzarella Ukrainian” did not 
affect its level.

Bacteria of the E. coli group in 0.01 g of cottage cheese 
and salmonella in 25 g were not detected. The amount of Str. 
aureus in 1 g of the product was within the normal range.

So, our studies of “Mozzarella Ukrainian” cheese with 
the “Immunocort” supplement have shown that all types of 
cheese meet the requirements of regulatory documentation 
for all indicators.
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Table	2

Physical	and	chemical	indicators	of	cheese	“Mozzarella	
Ukrainian”	with	the	bio	additive	“Immunocort”

Indicator

The value of the indicator for cottage 
cheese with a mass fraction of dietary 

supplements

1 % 3 % 5 %

Mass fraction of fat in dry 
matter, %

50.45±0.43 50.58±0.64 50.36±0.58

Mass fraction of 
moisture, %

47.81±0.16 47.12±0.18 45.76±0.13

Mass fraction of salt, % 1.77±0.09 1.70±0.08 1.68±0.09

Table	3

Microbiological	indicators	of	cheese	“Mozzarella	Ukrainian”	
with	the	bio	additive	“Immunocort”

Indicator name
Acceptable level

1 % 3 % 5 %

Bacteria of the E. 
coli group in 0.01 g 

of product
not detected not detected not detected

Pathogenic microor-
ganisms, including 

salmonella, in 25 g of 
cottage cheese

not detected not detected not detected

Str. аureus per 1 g 231.03±38.65 154.20±27.09 193.69±40.75

6. Discussion of results of studying the effect of the 
additive “Immunocort” on the production and quality 

of cheese

One of the priorities of the dairy industry is the produc-
tion of combined products. The essence of this direction is 
the directed regulation of the constituent components in 
order to improve the composition and properties of the fin-
ished products.

That is why the use of dietary supplements such as “Spir-
ulex”, “Blueberry Forte”, “Rosehip, Rowan”, “Rosehip, Echi-
nacea, Mint”, “Immunocort” opens up ample opportunities 
to create various combined products of a balanced compo-
sition [20]. Among all foods, a special place is occupied by 
dairy products, in particular rennet cheeses.

Cottage cheese is a high-protein and high-energy, biolog-
ically complete food product, which is obtained as a result 
of enzymatic coagulation of milk, the release of curd mass 
with its subsequent concentration and aging [6]. The inclu-
sion of vegetable dietary supplements in the composition of 
rennet cheeses will make it possible to expand the range and 
increase the nutritional and biological value of combined 
dairy products.

It is important to note that the formation of cheeses with 
herbal supplements is greatly influenced by the stage of ap-
plication and the number of herbal supplements introduced. 
Both organoleptic indicators and the mass fraction of mois-
ture in the finished product, as well as the syneretic property 
of cheese clots, depend on it.

The results of studies of organoleptic parameters (Ta-
ble 1) show that in the production of cheese “Mozzarella 
Ukrainian” it is optimal to introduce the supplement “Im-
munocort” in the amount of 3 % by weight of the normalized 
mixture before pasteurization. When adding this dose of 

supplements, the cheese was cream with clear inclusions of a 
grayish-brown color.

In the manufacture of combined cheeses, it is necessary 
to take into account not only the number of herbal supple-
ments but also the influence of technological factors on the 
quality and formation of the resulting product [21].

Cheese production is essentially milk dehydration com-
bined with other canning effects such as cultivation, acid-
ification, pickling, packing, and cooling. In the production 
of cottage cheese, the main task is to obtain a strong clot 
that easily separates the whey. Syneresis is a phenomenon 
of spontaneous reduction in the size of the gel due to the 
release of a dispersion medium held in the structure. Sy-
neresis is caused by an increase in the number and strength 
of contacts between particles and is accompanied by the 
appearance of crystallization bridges. An example of sy-
neresis is the transition of the coagulation structure into a 
condensation-crystallization structure with the expulsion of 
fluid. The phenomenon of syneresis is prompted by factors 
contributing to coagulation. To obtain a product or clot with 
certain structural, mechanical and syneretic properties, it is 
necessary to be able to control the process of gelation. The 
structural-mechanical and syneretic properties of protein 
clots are viscosity, elasticity, strength, elasticity, ductility, 
brittleness, and the ability to separate the whey. These prop-
erties depend on the composition of milk, the modes of heat 
and machining, the method and duration of coagulation of 
milk proteins, and a number of other factors [22].

To establish the degree of syneresis in the production of 
rennet cheeses, the amount of whey that was released from 
the cheese clot for 30 minutes was determined.

Analyzing the different temperature regimes, it is worth 
noting that the syneretic properties of the clot depend on the 
coagulation temperature and the pasteurization temperature 
of the normalized mixture.

An increase in the coagulation temperature from 30 to 
40 °C (Fig. 3) caused an increase in the release of whey, con-
tributing to the activation of processes occurring under the 
action of rennet enzyme, increasing the activity of the lactic 
acid process.

The increase in pasteurization temperature in the pro-
duction of “Mozzarella Ukrainian” cheese contributed to a 
decrease in the syneretic ability of cheese clots (Fig. 4). This 
can be explained by the fact that denatured whey proteins, 
having high hydrating properties, reduce the syneretic ca-
pacity of cheese clots.

Consequently, the intensity of the syneretic ability 
of cheese clots is influenced by both the pasteurization 
temperature and the coagulation temperature. These 
factors are dependent on each other. The pasteurization 
temperature most affects the separation of whey. This 
does coincide with the practical data obtained in work of 
other authors [23].

In whey, which is separated as a result of the treatment of 
clots coagulated at a temperature of 30 to 40 °C, a decrease 
in the dry matter content was observed (Fig. 5).

With an increase in the temperature of pasteurization, 
the degree of transition of solids into whey decreased (Fig. 6). 
The decrease in the content of solids in whey is explained by 
the denaturation of whey proteins, which precipitate, which 
allows them to be used in a clot. 

Samples of cheeses, in the production of which the plant 
dietary supplement “Immunocort” was used, according to 
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physicochemical (Table 2) and microbiological (Table 3) 
indicators met the requirements of the current regulatory 
documentation. This indicates the possibility of using this 
supplement in the technology of rennet cheeses.

So, the goal has been achieved. On the basis of ex-
perimental studies, the optimal amount of application 
of the “Immunocort” supplement in the manufacture of 
“Mozzarella Ukrainian” cheese has been established. The 
dependence of the syneretic properties of the cheese clot 
on the coagulation and pasteurization temperatures of the 
normalized mixture has also been studied. The transition 
of solids into cheese whey depending on the coagulation 
temperature and pasteurization temperature of the normal-
ized mixture was investigated. The quality indicators of the 
finished product are determined. The obtained data on the 
influence of coagulation and pasteurization temperatures 
on the degree of syneresis will make it possible to manage 
the process of making new types of cheeses with herbal 
supplements, depending on the specific conditions and re-
quirements for the product.

The disadvantage of this study is that it focuses only on 
the effects of the proposed dietary supplement on the pro-
duction and quality indicators of rennet cheese. No study has 
been conducted on the internal mechanism leading to these 
changes. Also, the detailed chemical composition of the fin-
ished product and the indicator of cheese yield have not been 
investigated. Therefore, in the next study, it is necessary to 
study the mechanism of qualitative changes, the chemical 
composition of cheese with a dietary supplement and the 
effect of the additive on the yield of cheese.

The limitations of this study are that it is only a study 
at the stage of a small laboratory experiment. So, in order 
for “Mozzarella Ukrainian” cheese with the “Immuno-
cort” supplement to be used for commercial purposes, it is 
necessary to conduct further control experiments. In ad-
dition, the general acceptability of products is subjective 
since in this study the participants of the sensory group 
were only applicants for higher education and employees 
at the department of technology of milk and dairy prod-
ucts. Thus, a large number of sensory assessments must 
be carried out before commercial use in order to reduce 
the influence of individual preferences on the results of 
sensory evaluation.

7. Conclusions 

1. The optimal amount of the introduced supplement 
“Immunocort” in the production of cottage cheese is 3 % by 
weight of the normalized mixture.

2. The greatest influence on the whey separation process is 
exerted by the pasteurization temperature and the coagulation 
temperature of the mixture. With an increase in pasteurization 
and coagulation temperatures, there is a decrease in the syner-
etic capacity of cheese clots. We recommend the most accept-
able values of the studied criteria in the production of rennet 
cheeses with herbal supplements within the following limits:

– pasteurization temperature – 86±2 °С;
– coagulation temperature – 32±2 °С.
3. With an increase in the temperature of pasteurization 

of milk, the release of solids into the whey decreases and the 
efficiency of the use of solids increases.

4. The cheese “Mozzarella Ukrainian” with a dietary 
supplement had a mass fraction of fat in dry matter on aver-
age 50.58 %, mass fraction of moisture – 47.12 %. The exper-
imental cheese was characterized by a more intense taste and 
smell due to the added herbal supplement and cream color 
with clear grayish-brown inclusions. According to microbio-
logical indicators, the produced cheese met the requirements 
of the current documentation.
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