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DEVELOPMENT OF SOFT CHEESE TECHNOLOGY FROM BLENDED MILK WITH
OPTIMIZATION OF COAGULATION PARAMETERS

Abstract: The rational use of mixed dairy raw materials is a promising direction in soft cheese
technology, as it allows to increase the cheese suitability and improve the quality of the finished product. The
study investigated the effect of the ratio of cow's, goat's and camel's milk on the coagulation processes and
the quality of soft cheese. The temperature regimes of coagulation, duration of coagulation, organoleptic,
physic-chemical and textural parameters of the product were studied.

It has been established that optimal coagulation conditions for combined dairy raw materials are
achieved at a temperature of 40 ° C and a duration of 40 minutes. The best results were shown by a sample
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with a ratio of 60% cow's milk, 20% goat's milk and 20% camel's milk, which provided an increase in the yield
of cheese mass by 3.3% compared with the control, stable coagulation and formation of a homogeneous
structure of the product and a decrease in titrated acidity to 106 °T versus 116°T in the control sample from
cow's milk.

The increased cheese yield and coagulation stability in 1-sample are due to the balanced ratio of
proteins and fats in the combined dairy raw materials.

The results obtained confirm the prospects of using combined dairy raw materials in soft cheese
technology and can be used in the development of products with improved organoleptic and structural-
mechanical properties.

Key words: soft cheese, combined milk raw materials, milk coagulation, goat milk, camel milk, textural
properties of cheese, cheese suitability of milk.

Introduction

In the diet of modern humans, cheese occupies one of the leading positions. Among the wide
variety of cheeses, the group of soft cheeses — those with a short ripening period or produced without
ripening — appears particularly promising from the standpoint of high nutritional and biological value,
efficient utilization of raw material components, and the feasibility of organizing their production at
existing dairy processing facilities, among other advantages. An additional attractive feature is that
the production of soft cheeses allows the incorporation of a broad range of functional food ingredients
and various flavor additives. This capability significantly expands the assortment of cheeses
produced, enabling them to be targeted at different population groups and to be endowed with
specific functional properties [1].

Increasing the production of soft cheeses by utilizing not only cow’s milk but also milk from
other animal species — particularly goat and camel milk — can serve as one of the most accessible
approaches to partially addressing the problem of insufficient high-quality protein in the modern
human diet. This is especially relevant given that goat farming is currently a rapidly developing
branch of animal husbandry. The hypoallergenic properties and unique biological characteristics of
both goat and camel milk are also highly attractive features [2].

In this context, expanding the product range through the development and production of soft
cheeses made from mixtures of cow’s and goat’s milk with the addition of plant-derived components
represents a relevant and promising direction in modern cheese-making technology.

The purpose of the study is to substantiate the rational composition of a mixed raw material
formulation for cheese production, as well as to select and justify the optimal coagulation (renneting)
regimes that ensure stable progression of coagulation processes, the formation of a high-quality
curd, and the production of a product with predetermined physicochemical and technological
characteristics.

The scientific novelty of the study is a comprehensive assessment of the effect of a three-
component dairy system consisting of cow, goat and camel milk on the kinetics of rennet coagulation,
as well as on the physico-chemical, textural and organoleptic properties of soft cheese. Unlike
previously published studies that focused on two-component milk mixtures, this paper shows how
different ratios of three types of milk affect the formation of the cheese structure and the overall
guality of the final product.

In the present work, cow, goat, and camel milk were selected for further investigation.

Cow milk contains a sufficient amount of casein — the main milk protein responsible for curd
formation and cheese structure. Casein accounts for approximately 80% of the total protein in cow
milk, making it particularly suitable for coagulation and the production of firm and semi-firm cheeses.
This property enables the manufacture of a wide range of cheese varieties, such as Cheddar, Gouda,
Parmesan, and many others [3].

The fat and protein content in cow milk is present in an optimal ratio for cheese production,
which ensures the desired consistency and flavor profile of the final product. Milk fat plays a critical
role in the texture and flavor richness of cheese [4].

Camel milk is characterized by a lower casein content and a distinct protein structure
compared to cow milk. Nevertheless, under rationally selected technological coagulation conditions,
it is capable of forming a stable soft curd with high water-holding capacity [5].

Taking into account the specific technological properties of each type of milk, it is considered
technologically and economically justified to develop a combined mixture based on cow, goat, and
camel milk.
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This approach allows for the creation of a balanced raw material base that combines the
strong coagulating ability and structural-forming potential of cow milk with the unique biological and
functional properties of goat and camel milk, thereby expanding the possibilities for producing soft
cheeses with enhanced nutritional and consumer characteristics.

It has been found that using milk from several species of animals can produce a product with
a unigue combination of fats, proteins and vitamins, since cow's milk provides the basis for a product
with a high casein content, necessary for coagulation and texture formation [6]. And goat milk adds
lightness and improves digestibility thanks to its small fat globules and special fatty acids. Camel
milk adds probiotic and antibacterial properties to the product, and also increases the content of
vitamins C and B, which makes snacks healthier. Due to camel milk, the product can have a probiotic
effect, helping to improve digestion [7].

Previously, research was carried out on the creation of cheeses from mixed components of
dairy raw materials. For example, Gemechu et al. found that 100% camel milk is characterized by
low cheese yield and delayed coagulation, while its mixture with cow’s milk, especially 25:75,
provides intensive coagulation, higher yield and improved physicochemical properties, confirming
the feasibility of combined raw materials [8].

Abdugamitova A.E. et al. investigated the technology for the production of brine cheese from
combined milk raw materials (a mixture of cow and goat milk), showing that the use of a combined
composition allows us to obtain a product with an improved consistency, a more pronounced flavor
profile and stable organoleptic characteristics compared to cheese from single-species cow's milk,
and cheese from a combined mixture gave a higher yield (12.5%) than cow's milk (11%) [9]. In a
study by S. Saremnezhad et al. studied the effect of different ratios of sheep and goat milk on the
functional properties of Lighvan white cheese cheese during 90 days of ripening and showed that
the use of a milk mixture with a higher proportion of goat milk increased antioxidant activity and
angiotensin converting enzyme (ACE) inhibitory activity, and also increased a-glucosidase inhibition,
while a higher proportion of sheep milk increased the content esters, terpenes, alcohols and
saturated/unsaturated fatty acids, which indicates positive changes in the functional and aromatic
profile of the product when using formula [10]. In the works of O. Boukria et al. Cheeses based on
mixtures of milk from different animal species are studied and it is shown that such cheeses
demonstrate improved chemical, physicochemical, structural and organoleptic properties. Such as
a change in fat and protein profile, increased free fatty acid content and improved sensory
characteristics - compared to cheeses made from milk of the same type [6].

Modern cheese making actively uses combined milk, which is a specially developed mixture
of milk from different animals (cattle and small livestock). This approach allows for precise control of
casein, whey proteins, fat and minerals, which are critical to achieving the desired curdling and
ripening properties of the cheese. Mixing different types of milk (for example, cow's milk with goat's
or camel's milk) provides a number of advantages, such as accelerated curd formation, increased
cheese yield, improved moisture and texture, as well as enrichment with fatty acids and minerals
[11, 12].

Materials and methods

To conduct experimental studies on the comparative assessment of milk from various farm
animals as raw materials for cheese production, the following were used: milk from Simmental cows
from «Moya Ferma» LLP, camel milk from the Bacterian breed from personal farms, and milk from
Saanen goats from «Arka-Zerenda» LLP.

The technology of soft cheese commences with the reception of milk, which undergoes initial
purification to remove any foreign particles. Following this, the milk is homogenized to achieve an
ideal distribution of its protein, fat, and mineral components. This prepared blend is then subjected
to pasteurization at 72°C for a brief period of 15-20 seconds, before being cooled to the appropriate
temperature for fermentation. At this stage, specific starter cultures, namely Lactococcus lactis
subsp. lactis and Lactococcus lactis subsp. cremoris, along with rennet, are introduced. The interplay
of lactic acid fermentation and enzymatic action leads to the formation of a firm, uniform curd.

The curd is cut to accelerate the separation of the whey. This is followed by a process of self-
pressing and mechanical pressing to consolidate its structure. Salting is achieved by immersing the
cheese in a 10% sodium chloride solution for 10-15 minutes. Finally, the cheese undergoes a
ripening phase at 10-12 °C with approximately 80% relative humidity, allowing it to develop its
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distinctive sensory attributes. Figure 1 shows the appearance of soft cheese produced from the
combined milk mixture.

Figure 1 — The appearance of soft cheese made from a combined milk mixture (60-20-20)

Studies of the chemical composition of milk from camels, goats and cows, and the study of
their comparative characteristics were carried out in the scientific laboratory of the Institute of
Engineering and Food Technologies in accordance with regulatory documents using generally
accepted research methods.

The coagulation processes of a combined milk mixture in the production of soft cheese were
studied in laboratory conditions.

To select the optimal temperature regime for coagulation during production, the most
important factors are temperature and duration of heat treatment. These factors affect milk
coagulability, cheese yield, consistency and moisture content.

The mass fraction of proteins and fats (%) was determined using a Tango-R FT-NIR near-
infrared spectrometer. This method is an express, non-destructive and high-precision analytical
method that ensures prompt receipt of reliable results.

Titratable acidity (°T) was determined by the acid-base titration method in accordance with
GOST 3624-92 «Milk and dairy products. Method for determining titratable acidity». This method
allows an integral assessment of the total content of all titratable acids present in the product.

The density of milk mixtures was determined in accordance with the GOST R 54758-2011
standard «Milk and milk processing products. Methods for determining density» [13].

The mass fraction of dry substances (%) was determined by the refractometric method in
accordance with the requirements of GOST 3626-73 «Milk and dairy products. Method for
determining the content of dry substances». This method is based on the dependence of the
refractive index of a sample on the concentration of dissolved solids in its compaosition [14].

Active acidity (pH) was determined in accordance with the requirements of GOST 26188-84
«Food Products. Methods for determining pH». The study used an Atago pH meter, which provides
a reliable and accurate estimate of the hydrogen ion concentration in the samples [15].

Organoleptic evaluation was carried out in accordance with GOST R ISO 22935-2-2011 «Milk
and dairy products. Organoleptic analysis. Part 2. Recommended methods for organoleptic
evaluation». The tasting assessment was carried out in a specially prepared room under standard
conditions: air temperature 20-22 °C, uniform natural and artificial lighting, absence of foreign odors
and noise. 10 tasters (teachers and students) took part in the organoleptic analysis. Processing and
systematization of the obtained data was carried out using the Microsoft Excel software application
[16].

The determination of texture characteristics was carried out on a TX-700 Lamy Rheology
SARL texture analyzer, the operation of which is based on measuring the resistance force of a
sample during its mechanical deformation. During the analysis, the sample was subjected to
controlled compression by a probe at a given speed and depth, and the device recorded the
dependence of force on deformation. Based on the curves obtained, the main textural parameters
characterizing the structural and mechanical properties of the product were calculated.

Statistical data processing was performed using Minitab software, while graphical
visualization of the results was carried out in Microsoft Excel.

Results
Proper combination of different types of milk is an effective way to control the processes of curd
formation and formation of the cheese structure. In the context of the conducted research, special
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attention was paid to the effect of mixing milk of different animal species on the parameters of
coagulation and structure formation during the cheese-making process.

Compositions were made from cow, goat and camel milk and work was carried out in the
laboratory to study changes in the content of fat, protein and density and acidity in raw milk.

The combined mixture consists of a composition of milk: cow/goat/camel in the following
ratios (%):

Option-1: 60:20:20

Option-2: 40:30:30

Option-3: 20:40:40

Cow's milk 100/0 was taken as a control sample. Analysis data are shown in Table 1.

Table 1 — Chemical composition and properties of mixed compositions of dairy raw materials

Samples . - Indigators - —
Mass fraction of protein, % | Mass fraction of fat, % | Density, kg/m® [ Acidity, °T
n=5
Control 3.112£0,06 3,32+0,08 1028,87+0,17 17+0.78
60/20/20 3,07+0,08 4,03+0,07 1027,80+0,21 18+0.15
40/30/30 3,04+0,07 3,7610,06 1028,13+0,19 18+1.25
20/40/40 3,01+0,06 4,04+0,08 1027,81+0,13 18+0.65

In the original cow's milk, the mass fraction of protein was 3.11%, while in all variants of mixed
milk (60/20/20, 40/30/30 and 20/40/40) it was slightly lower (3.07-3.01%), that is, the difference did
not exceed approximately 1-3% compared to the control sample. The mass fraction of fat, on the
contrary, increased from 3.32% in cow's milk to 3.76-4.04% in mixtures, which corresponds to an
increase of approximately 13-22% relative to the control and reflects the contribution of fattier
components (goat and camel milk) in the formation of the mixture composition. The density in all
samples remained comparable (1027.80-1028.87 kg/m?), the titratable acidity value changed
slightly.

To study the coagulation processes of the combined milk formula, 3 variants of technological
modes were selected — temperature and duration of heat treatment.

1st mode — temperature 30 °C: duration 40 minutes;

2nd mode — temperature 40 °C: duration 40 minutes;

3rd mode — temperature 50 °C: duration 40 minutes.

It should be noted that when using the 1st mode, i.e. at 30°C, the coagulation process of the
combined milk formula did not occur due to the low temperature. A study of the 2nd and 3rd
coagulation modes at coagulation temperatures of 40 °C and 50 °C showed positive results.

The Table 2 provides data on the effect of temperature conditions on the yield of cheese and
whey.

Table 2 — Influence of technological regimes (temperature 40 °C and 50 °C, duration 40
minutes) on the coagulation process of the combined milk mixture during the self-pressing stage

Indicators Control 1-sample 2-sample 3-sample
100/0 60/20/20 40/30/30 20/40/40
At 40°C
Cheese mass yield, g 600 620 550 The clot did not form
Cheese whey yield, ml 400 380 450 The serum did not stand out
At 50°C
Cheese mass yield, g 560 610 530 An unstable clot has formed
Cheese whey yield, ml 440 990 470 Most of the protein went into the whey

At 40°C, the control sample (100/0) produced 600 g of cheese mass and 400 ml of whey.
The highest cheese yield was observed in the 1-sample (60/20/20), reaching 620 g, while the whey
yield decreased to 380 ml. In the 2-sample (40/30/30), the cheese mass yield decreased to 550 g,
accompanied by an increase in whey separation to 450 ml. In the 3-sample (20/40/40), stable clot
formation was not observed, and whey separation did not occur.
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At 50°C, a decrease in cheese mass yield was observed in most samples. The control sample
produced 560 g of cheese mass and 440 ml of whey, while the 1-sample showed a yield of 610 g.
However, in the 1-sample, whey separation increased substantially to 990 ml. The 2-sample
demonstrated lower cheese yield (530 g) and 470 ml of whey. In the 3-sample, only an unstable clot
was formed, indicating impaired coagulation properties at elevated temperature.

Also, analyzes were carried out on the obtained cheese samples to determine
physicochemical parameters. The data is given below on Figure 2.

® Titratable acidity, 0T ®pH
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Figure 2 — pH and titratable acidity of cheese from a combined milk mixture

The results showed that the addition of goat and camel milk to cow’s milk affected the
physicochemical properties of the samples, particularly titratable acidity and pH. Compared to the
control, titratable acidity decreased from 116°T to 106°T and 98°T in the 1-sample and 2-sample,
while pH increased from 5.19 to 5.54 and 5.87, indicating a decrease in overall acidity.

However, in the 3-sample, titratable acidity increased to 114 °T and pH decreased to 5.25,
approaching the control values.

Subsequently, an examination of the protein, fat, and solids mass fractions presented in
Figure 3 was conducted.
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Figure 3 — Physic-chemical characteristics of cheese from a combined milk mixture
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The substitution of cow’s milk with goat's and camel milk significantly affected the
physicochemical properties of the samples. As the proportion of goat and camel milk increased from
60/20/20 to 20/40/40 (cow/goat/camel milk), the fat content gradually decreased from 11,8+1,63%
in the control sample to 9,1£1,06%, 7,51+£0,02%, and 7,96+1,05% in the 1-, 2-, and 3-samples,
respectively. Protein content varied within a relatively narrow range; however, the 1-sample showed
the highest value (4,25+1,41%). A gradual decrease in dry substances was also observed, from
29,47+0,86% in the control to 26,25+1,05%, 25,16+1,45%, and 24,35+0,56% in the experimental
samples.

It is crucial to study the texture characteristics of cheeses in order to assess their quality and
technological suitability. Modern scientific studies emphasize the importance of texture analysis in
the development and comparison of cheeses with different compositions. Changes in the
composition and ripening stage of cheeses significantly impact their rheological and textural
properties, which directly affect the functionality and quality of the final product [17]. Texture
indicators such as hardness, elasticity, and cohesion allow for objective differentiation between
different types of cheeses and correlate with their structural integrity and organoleptic properties [18].
The Table 3 shows data on texture indicators.
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Table 3 — Texture indicators of cheese from a combined milk mixture

Indicator | Control | 60/20/20 |  40/30/30 | 20/40/40
n=5

Hardness 8,90+1.02 7,50+£1.02 6,701£0.12 3,80+0.12
Gumminess 6,80+0.56 8,90+1.86 5,10+1.52 2,90+0.75
Chewiness 6,90+0.75 9,10+0.15 5,20£0.12 3,0040.75
Cohesiveness 0,76+0.45 0,79+0.85 0,74+0.85 0,68+0.15
Springiness 0,95+0.95 1,02+0.95 0,96+0.75 0,90+0.25
Resilience 0,28+0.12 0,32+0.15 0,27+0.96 0,22+0.87

According to the research, the sample with a ratio of 60:20:20 demonstrated the highest
hardness values (7.50 N), significantly superior to the other tested samples (40:30:30 — 6.70 N;
20:40:40 — 3.80 N). Similarly, this sample had the highest values of stickiness (8.90 N) and
chewiness (9.10 N), indicating the formation of a denser and more elastic protein structure. It also
showed the best results in cohesion (0.79), elasticity (1.02) and elasticity (0.32), indicating strong
internal bonds and good recovery after deformation.

Organoleptic analysis allows you to comprehensively assess the consumer properties of
cheese — taste, aroma, consistency, appearance and color, reflecting its quality, degree of maturity
and compliance with technological requirements. Figure 4 shows the organoleptic characteristics of
ready-made cheeses.

s CoONtrol 60/20/20 40/3030 20/40/40

Apé)earance

3
Colour. ///\ Taste

2
1
0
\‘—Z
Consistency’ mell

Figure 4 — Diagram of organoleptic characteristics of cheese samples

Organoleptic evaluation showed that the control sample and the sample with a 60/20/20 ratio
received the highest scores (4.8-5.0), characterized by harmonious taste, aroma, uniform
consistency, attractive appearance and uniform color. Sample 40/30/30 was rated as satisfactory
(3.5-4.6 points) with slight deterioration in taste, smell and consistency. The worst results (2.8-4.7
points) were shown by sample 20/40/40, which had noticeably reduced indicators of appearance,
taste and consistency. In general, an increase in the proportion of some components in the recipe
led to a deterioration in the organoleptic characteristics of the product.

Discussion

The incorporation of goat and camel milk noticeably influenced the physicochemical and
technological behavior of the mixed dairy systems. These effects are primarily related to differences
in protein structure, fat globule size, mineral composition, and buffering properties of the non-cow
milk components [19]. Goat milk, characterized by lower as1-casein content and smaller fat globules,
contributed to the formation of a softer protein matrix, whereas camel milk affected coagulation
behavior due to its specific casein profile and reduced coagulation ability [20].

Changes in acidity parameters confirmed the impact of milk composition on the acid-base
equilibrium of the system [21]. The decrease in titratable acidity and increase in pH observed in the
1- and 2-samples may be associated with the higher buffering capacity and altered mineral balance
of goat and camel milk. However, at higher replacement levels (20/40/40), the acidity profile shifted
closer to the control values, suggesting destabilization of the mineral-protein equilibrium and
changes in acid formation during coagulation [22].

Coagulation temperature also played a critical role in curd formation and whey separation.
The absence of stable coagulation at 30°C indicates insufficient enzymatic activity and slower
aggregation of casein micelles in combined milk systems. In contrast, increasing the temperature to
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50 °C intensified syneresis and weakened the protein matrix, resulting in higher whey losses and
reduced curd stability. These effects were especially pronounced in samples with elevated
proportions of goat and camel milk. The most stable coagulation behavior and the highest
technological suitability were observed at 40°C, particularly for the 60/20/20 formulation.

The ratio of milk components additionally influenced fat retention, dry matter content, and
textural characteristics of the cheeses. Increasing the proportion of goat and camel milk led to a
gradual reduction in hardness, cohesiveness, and chewiness, indicating the formation of a softer
and less compact structure [23]. This is consistent with literature data describing weaker gel
formation and higher moisture retention in cheese systems containing goat and camel milk [24].
Samples with higher levels of camel milk also demonstrated increased whey separation and a more
curd-like consistency, reflecting weaker protein network formation.

Sensory evaluation supported the physicochemical and textural findings. The control sample
demonstrated organoleptic properties typical of soft cheese, while the 60/20/20 sample combined a
mild creamy flavor, uniform consistency, and acceptable structural stability. Further increase in goat
and camel milk content negatively affected texture and appearance, resulting in softer, less cohesive
products with visible whey release.

Overall, the results indicate that moderate incorporation of goat and camel milk can improve
certain nutritional and sensory characteristics of soft cheese while preserving technological stability.
Among the studied formulations, the 60/20/20 ratio provided the most balanced combination of
coagulation properties, texture, physicochemical characteristics, and sensory quality.

Conclusion

Currently, the use of mixed milk raw materials is of particular importance, as it enables more
efficient resource utilization, compensates for the limitations inherent to individual milk types, and
provides precise control over the coagulation and structure-forming processes during cheese
production.

Blending different types of milk represents an effective technological approach that enhances
production stability and facilitates the development of novel cheese varieties with tailored functional
and sensory characteristics.

The conducted research demonstrated that the optimal coagulation conditions are a
temperature of 40°C and a coagulation time of 40 minutes. These parameters ensure a stable and
reproducible coagulation process, resulting in the formation of a high-quality curd.

It was established that the proportions of cow, goat, and camel milk in the mixture significantly
influence the quality attributes and overall characteristics of the resulting soft cheese. The best
results in terms of taste, aroma, appearance, chemical composition, and texture parameters
(hardness, chewiness, elasticity, and cohesiveness) were obtained with the formulation containing
60% cow milk, 20% goat milk, and 20% camel milk. The sensory and textural properties of this
variant fully comply with the quality requirements for soft cheeses.

This particular blend also contributed to an increased cheese yield, efficient whey separation,
and the achievement of optimal physicochemical properties in the final product.

Thus, the selected coagulation parameters and the composition of the milk mixture have
been scientifically substantiated and are recommended for practical application in cheese-making
technology.
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PA3PABOTKA TEXHONOIM'MU MArKOro CblIPA HA OCHOBE CMECU KOPOBBLEIO, KO3bEIO
N BEPBJIHOXKbEIO MOJIOKA C ONTUMU3ALUEN NAPAMETPOB KOAIynsaumu

PauyuoHanbHoe ucnonb3oeaHue CMewaHHO20 MOJI0YHO20 ChIpbsi S8/1SI€MCS  NepPCreKmMueHbIM
HarnpassieHuUeM 8 MEXHOI02UU MS2KUX Cblp08, OCKOJbKY 10380J19em [08bICUMb ChIPONPU20OHOCMb U
yryqwume Ka4ecmeo 20moeozo npodykma. B pabome uccrnedoganu enusiHue COOMHOWEHUST KOPO8bE2O,
Ko3bez20 U 8epbiloxbe20 MOJIOKa Ha MpOoUecChl Koaz2ynsuyuu U Kadyecmeo MSsS2Ko20 cbipa. M3ydanuck
memriepamypHbIe PEXUMbI C8epMbIBaHUs, MPOJOHKUMEbHOCMb KOoa_yisyuu, opaaHonenmu4yeckue,
U3UKO-XUMUYECKUE U MEeKCMYypPHbIe rMokasamersnu rnpodykma.

YcmaHosneHo, 4mo onmumaribHble YCI08uUsl Koaz2ynsayuu KOMOUHUPOBaHHO20 MOJIOYHO20 Chipbsi
docmuearomces npu memnepamype 40 °C u npodomkumenbHocmu 40 muHym. Haunydwue pesynbmamsl
rnokasas obpasey ¢ coomHoweHuem 60 % koposbezo, 20 % ko3bez20 U 20 % 8epbrioxbe20 MOoJsIoKa,
obecneyuswuli nosbiweHuUe 8bixoda cbipHoU Macchbl Ha 3,3 % o cpasHeHUK ¢ KOHmMporsemMm, cmaburnbHoe
ceepmbigaHue U ¢hopmuposaHue OOHOPOOHOU CcmpyKkmypbl MnpodyKkma U CHUXEeHUe mumpyemol
kucriom+docmu 0o 106 °T npomue 116 °T y KOHMPOIbHO20 06pa3ya U3 KOPOBbE20 MOJIOKaA.

[MoebiweHHbIU 8bIX00 Chipa U cmabunbHOCMb Koaesynsyuu 6 obpasue 1 006ycriosrneHsb!
cbanaHcuposaHHbIM COOMHOWEHUEM BESIKO8 U XUpPO8 8 KOMOUHUPOB8AHHOM MOJIOYHOM CbIPbE.

[MonyyeHHble pesynbmamel rnodmeepxdarom repcrekmueHoCcmab Ucrosb308aHusi
KOMOUHUpPOBaHHO20 MOJIOYHO20 ChIpbsi 8 MEXHOI02UU MSI2KUX ChIpo8 U Mo2ym 6bimb UCMOMb308aHb! Mpu
paspabomke npPodyKkmo8 C YAYYWEHHbLIMU OpP2aHOIeNmMUYecKuUMU U CMPYKMYypPHO-MexaHU4YecKuMuU
ceolicmeamu.

Knroyeenblie crioea: Msizkull cbip, KOMOUHUPOBAHHOE MOJTIOYHOE ChbIPbe, CBEPMbIBAHUE MOJIOKa, KO3bEe
Mors10KO, 8epbiitoxXbe MOJIOKO, MEeKCMYypHbIe ceolicmea cbipa, ChipHasl npuao0HOCMb MOJIOKA.
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CUbIP, ELLKI XKXOHE TYWUE CYTIHIH KOCNACbI HETI3IHAE ¥AbITY NAPAMETPJIEPIH
OHTAUNAHObIPY APKblJbl XK¥MCAK IPIMLIK TEXHOJNOMMACBLIH 93IPJIEY

KombuHupnieHzeH cym wukidambiH ymbiMObl natidanaHy XyMcaK ipiMWiK MmexHOIo2usiChiHbIH
nepcriekmuearbl barbimbl 605bIN mabbinadbl, 6UmKeHi 05 ipiMWIKKe XapamMOblbIKMbl apmmbIpyFa XeHe
OalibIH eHiMHIH canacbkiH xakcapmyra MyMKiHOiKk 6epedi. byn 3epmmeyde cubip, eWwKi XoHe myle CymiHiH
apakambIHacbhIHbIH Koa2yrnsyusi npoyecmepiHe XoHe Xymcak ipiMwikmiH canackiHa acepi 3epmmerioi.
¥lUbimydblH memnepamyparbiK pexumoepi, ylbimy y3akmbifbl, 6HIMHIH Opa2aHofenmukanbik, ¢hu3uka-
XUMUSITIbIK XXeHe meKcmyparblK Kepcemkiwmepi 3epmmeroi.

KombuHupneHzeH cym WuKizambiHbIH Koa2yrnsuusicbiHbIH OHMalnbl wapmmapbsiHa 40 °C
memnepamypada xoHe y3akmbirbl 40 MuHymma Kon xemkisinemini aHbikmandbl. OHmatnsl Hemuxe 60%
cubip, 20% ewki xoHe 20% mylde cymiHiH apakambiHacsl 6ap yrnei kepcemmi, Oyn b6akbliaymeH
carnbicmbipraHoa ipiMwik MmaccacbiHbiH 3,3% xofapbinaybiH, 6HIMHIH GipKeriKi KypbibIMbIHbIH MypaKmbl Yiobl
MEH KarsbimacybiH XXoHe mumpJrieHemiH KbiwkblidbikmbiH 106 °T OeliiH memeHOeyiH Kammamachki3 emmi.

1-yneideai ipimwixk eHimMOiniei MeH Koa2ynsauus mypakKmblibifbiHbIH XOfapbliaybl apanac cym
wukizambiHOarb! aKybi3dap MeH malinapobiH meHOecmipinaeH KambiHackiHa b6adliaHbicmbl 6051ybl MYMKIH.

Hemuxxenep xymcak ipiMwik mexHoroeusicbiHoa KOMOUHUprieH2eH cym wiukizambiH naddanaHy
amarnbiH pacmalidbl XeHe OpeaHOonenmuKkasblK XoHe  KypblibIMObIK-MeXaHuKaiblK  Kacuemmepi
JKaKcapmblriraH eHimOepdi a3ipney KesiHOe natdanaHbliybl MyMKIH.

TyliiH ce30ep: XymMmcaK IpiMWIK, apanac cym WukKizambl, CymmiH YIObl, ewki cymi, myde cymi,
ipiMwWikmiH KypbinbIMObIK Kacuemmepi, CymmiH ipiMwikke xapamobIribIfbil.
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UCCIIENOBAHUE AHTUOKCMAOAHTHOIO CbIPbA U PEOJIOTMYECKUX CBOMUCTB
nnoaoBoO-ArogHO-oBOWHOIo KNEMA

AHHOmMauyusi: B cmambe npedcmasneHbl pes3yribmambl ucciedosaHusi U3UKO-XUMUYECKUX
rokazamenel, aHMUOKCUOaHMHbIX U PeosioeuU4eCcKUX CeolUCm8 pacmumesibHO20 Cbipbsi U 0ecepmHo20
npodykma «Kuéma» Ha e2o ocHose. B ka4ecmee 06beKkmos uccredo8aHuUs UCM0b308aHbl WagpaH, KypKyma
u umbupb, a markxe obpasybl KUEMO8, paspabomaHHble C MNPUMEHEHUEM pPas/iUuYHbIX PeuernmypHbiX
peweHud.

Llenbto Hacmosiweeo uccnedogaHusi siensiemcsi 060CcHO8aHUe UennecoobpasHocmu UCMoIb308aHUSs
pacmumersibHbIX UHepedUEeHmMo8 C 8bICOKOU aHmuokKcuOaHmMHOU akmueHOCmMbio rpu pa3pabomke
yHKYUOHaIbHO20 M100080-080WHO20-9200H020 decepma «KUEMa», a makxe OUeHKa UX e/usiHUsI Ha
CMPYKMypHO-MEXaHU4YeCcKue xapakmepucmuku 20mogoeo rnpodykma. Passumue accopmumeHma
HamyparsbHbiX 0ecepmos Ha OCHoge (hpyKmos, osow,eli U rpsiHO-apoMamu4yeckozo Cbipbsi criocobcmeyem
OopPMUpPOBaHUI0 payuoHanIbHO20 NUMaHUsl 3a c4ém 3ameuwjeHuUss mpaduyUOHHbLIX caxapocodepXaujux
cnadkux usdenut npodykmamu ¢ rnosbileHHoU rnuwieeol u buonoaudeckol UeHHOCMAbIO.

B xode akcriepumeHmarnbHbiX uccriedosaHuli onpedesieHbl nokKasamesu 61axXHOCmu, 30/1bHOCMU,
pH, codepxaHuss 6uonoesudecku akmueHbIX COeOUHeHUU U aHmuokcudaHmHoU akmueHocmu
pacmumeribHO20 ChIpbs. YcmaHo8rneHo, Ymo wadgbpaH xapakmepusyemcs Haubornsuwel aHmuokcudaHmHou
aKmueHoCmMbH, 00yCrI08/1€HHOU 8bICOKUM COOep)xaHUeM KpoUuHa u ¢hriagoHoudos8, moada KaK KypKyma u
umMbupb AOMOMHAM KOMIO3UUUKO 3@ CHEM KYPKYMUHA.

Peonoesuyeckue ceolicmea Kuéma oueHueasu o riokazamesisiM 8513K0Cmu, Kpymsiuje2o MoOMeHma,
mekydecmu, nunkocmu u adeesuu. [lokazaHo, uymo uccriedyemblie 0b6pasubl OMHOCSIMCS K B53KO-
nnacmuyHbIM cucmemam ¢ 1cegdo MIacmu4YeCcKUM XapakmepoM MeEYeHuUs, a peuernmypHbie pasiuyusi
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