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DETERMINATION OF THE 

INFLUENCE OF RAW MILK 

β-CASEIN POLYMORPHISM ON 

THE  EFFICIENCY OF MAKING 

COTTAGE CHEESE

The positive functional features of A2 milk and the increase in the percentage of animals with the A2A2 genotype will contribute to 
expanding the choice of dairy products, in particular, cottage cheese. It is expected that determining the influence of the protein compo-
sition of raw milk on the quality and yield of cheese will allow for effective selection of dairy breeds of cows. The object of the study is 
the technological process of producing cottage cheese, produced by the classical acid method of coagulation of milk proteins from cows 
with different β-casein genotypes (A1A1, A1A2, A2A2). Subject of the study: physical and chemical characteristics of raw milk (A1A1, 
A1A2, A2A2); yield and quality of cottage cheese. It was experimentally established that the milk samples have a typical composition 
and comply with DSTU 3662:2018. The average dry matter content in milk from cows with the A1A1 genotype was 12.73%, with the 
protein-to-fat ratio varying within 0.76–0.83. In raw material samples from animals with the A1A2 genotype, the average dry matter 
content was 12.72%, and the protein-to-fat ratio was 0.66–0.68. For milk from cows with the A2A2 genotype, the average dry matter 
content was 13.14%, and the protein-to-fat ratio was in the range of 0.62–0.82. A study of the quality indicators of cottage cheese samples 
showed that the genetic variation of β-casein does not affect the sensory properties of the final product. The moisture, protein, and fat 
contents in cheese from milk from cows with the A1A1 genotype were on average 72.27%, 9.77%, and 15.47%, respectively. In samples 
of cheeses from cows’ milk with A1A2 genotype, the average moisture content was 67.17%, protein – 18.30%, fat – 14.37%. For cheeses 
from cows’ milk with genotype A2A2, the average moisture content was 67.47%, protein – 15.30%, fat – 15.40%. It was found that the 
efficiency of cheese production from cows’ milk with A2A2 genotype is the highest and on average is 141.26%, which exceeds similar 
indicators for A1A1 milk by 13.18% and A1A2 by 2.21%.
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1. Introduction

Cottage cheese is an integral part of human nutrition, character-
ized by high nutritional and biological value. First of all, the value of 
cottage cheese is due to its high protein content (up to 16%) compared 
to milk (on average 3.5%) [1].

The chemical composition of raw milk is one of the main factors af-
fecting the production of dairy products, including cottage cheese. Since 
milk fat and protein are the main ingredients of cheese, the quality of the 
product depends primarily on their concentration in milk.

The main factor determining the quality of milk and its curdability 
is the protein content. Raw milk with a high protein content, especially 
casein, provides a high yield and good quality of cheese products. Fat 
content is also important, but its comparison with the protein or casein 
content in milk is especially important. The generally accepted curd-
ability of milk is a protein-to-fat ratio of 0.64 to 0.72. Increasing the 
protein to fat ratio in milk significantly increases the protein, calcium, 
and phosphorus content of cheese, and also has a significant impact on 
reducing the moisture and fat content in dry matter. Thus, the qualitative 
composition of protein and fat in milk significantly affects the chemical 
composition of cheese and its yield [2].

Variations in the qualitative and quantitative composition of raw 
milk depend on many factors, including the type and breed of animal, 
the stage of lactation. An important breeding trait that affects the techni-
cal properties of milk is the β-casein protein composition [3].

The dairy market is actively developing. One of the trends in the 
dairy industry, which is clearly visible in both the production and sci-
entific spheres, is the differentiation of milk types and attention to the 
features of using A2 milk [4].

The consumption of A2 milk is also gaining popularity among the 
population, which, in their opinion, has a preventive effect on a number 
of diseases, including cardiovascular pathologies, diabetes, and other 
disorders [5].

Recent studies show that milk with the A2 β-casein genotype has 
different technological properties, in particular, in the production of hard 
cheese, longer coagulation, in some cases greater curd hardness and cheese 
yield than A1 milk [6]. Similar results were obtained in the production of 
soft cheeses, in particular during the study of different methods of protein 
coagulation in milk characterized by different β-casein genotypes  [7].

However, the scientific community has not fully substantiated the 
feasibility of using A2 milk in the production of fermented dairy prod-
ucts, in particular cottage cheese.
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Therefore, in order to promote a rational technological approach 
to A2 milk and its processing, it is important to expand the study of the 
influence of the polymorphism of raw milk β-casein on cheese charac-
teristics, in particular, on the production of cottage cheeses.

In cheesemaking, β-casein plays an important role due to its posi-
tive correlation with the actual cheese yield [8], and its share in the total 
protein composition of cows’ milk is over 35% [9]. Genetic analysis of 
dairy cows revealed the presence of 13 genetic variants of β-casein: A1, 
A2, A3, B, C, D, E, F, G, H1, H2, I and J [10].

The A1 and A2 β-casein genotypes are the most common among dairy 
cattle and differ in amino acid at position 67 (His in A1 or Pro in A2) [11]. 
The concentrations of A1 and A2 β-casein vary depending on the breed 
of cattle, which can produce A1A1, A2A2 or A1A2 milk [12].

Genetic polymorphisms of β-casein have attracted considerable 
attention due to their potential impact on the composition and techno-
logical properties of milk, and its impact on human health [13].

In  [14], it was reported that the difference between A1 and A2 
β-casein lies in the difference in the amino acid residue of the CSN2 
gene (His67 in β-casein A1, Pro67 in β-casein A2). This difference af-
fects the human body differently. In particular, the authors claim that 
they form different structural units of enzymatic cleavage during 
digestion  [15]. The scientific community also claims that A2 milk is 
more easily digested, does not cause inflammation and discomfort in 
the gastrointestinal tract, unlike A1 milk [16]. However, the impact of 
β-casein genotype variation on the technical properties of raw milk is 
not considered.

The interest of the dairy industry and the need to develop sound 
technological solutions for processing A2 milk is confirmed by the in-
creasing proportion of cows with the A2 genotype and the narrow range 
of available A2 milk products (mainly drinking milk) [17].

The analysis of information sources showed that the issue of using 
milk with the A2 β-casein genotype in the production of fermented 
milk products, in particular cottage cheeses, is insufficiently considered. 
Therefore, this study on determining the technological properties of 
A2 milk is promising for understanding the potential consequences of 
using this raw material in the technology of fermented milk products.

In [18], it was investigated that the type of β-casein genotype af-
fects the gel strength, water retention capacity in the production of fer-
mented milk products such as yogurt. Studies have shown that genetic 
variants of β-casein play a crucial role in determining these functional 
properties, thereby affecting the texture and sensory characteristics of 
fermented milk products. However, the disadvantage of this work is the 
narrow range of products studied, which does not allow to fully state the 
technological properties of A2 milk.

In [19], it is shown that the cheese yield indicator is important for 
studies aimed at verifying the genetic affiliation of dairy cows to the 
cheese industry with ensuring a high rate of profitability of production. 
Since the daily cheese yield, expressed in kilograms of cheese produced, 
is the ultimate production goal of most dairy enterprises. The authors 
aimed to develop a model of the cheese production process with cheese 
yield measurement taking into account the chemical composition of 
the raw milk, the nutrient recovery index, and the influence of genetic 
variations in dairy cattle. It was shown that milk with A1A2 and A2A2 
β-casein genotypes coagulated worse with the formation of a weak clot 
compared to A1A1 milk. The consequence may be a lower cheese yield 
during production. Accordingly, genetic variations in protein composi-
tion can be used in breeding programs aimed at improving the rennet 
properties of milk and cheese yield or obtaining milk with an increased 
content of specific protein fractions. However, a disadvantage of this 
work is that the study considers the technology of hard cheeses, which 
is significantly different from the technology of cottage cheeses.

All this indicates the need for research to study the combined effect 
of A1/A2 β-casein polymorphism and the chemical composition of raw 
milk in the production of cottage cheese made by traditional methods.

The aim of this research is to assess the effect of β-casein polymor-
phism of raw milk on the efficiency of cottage cheese production. This 
will allow for the selection of dairy cow breeds based on the protein 
composition suitable for cheese production.

2. Materials and Methods

2.1. The object and hypothesis of research
The object of research is the technological process of producing 

cottage cheese, produced by the classical acid method of coagulation 
of milk proteins from cows with different β-casein genotypes (A1A1, 
A1A2, A2A2).

Subject of the study: physical, chemical characteristics of raw milk 
from cows with different β-casein genotypes (A1A1, A1A2, A2A2); yield 
of cottage cheese made by the traditional acid method of protein coagu-
lation, as well as its qualitative characteristics.

Hypothesis of research: the technological properties of raw milk are 
influenced by numerous factors, in particular genetic modifications 
of proteins. The positive functional properties of A2 milk, an increase 
in the proportion of cows with the A2A2 genotype contribute to the 
expansion of the range of dairy products, in particular cottage cheese. 
It is expected that determining the influence of the protein composition 
of raw milk on the quality and yield of cottage cheese will allow for ef-
fective selection of dairy cow breeds.

2.2. Raw materials and finished products used in the experiment
A herd of Ukrainian black-and-white dairy cattle kept on a farm 

in Sumy district (Ukraine) was selected for the study. Raw milk sam-
ples were taken in March-April 2024. As part of the experiment, 10 kg 
of morning milk was taken from nine cows with different β-casein 
genotypes (A1A1, A1A2 and A2A2). Immediately after milking , the 
samples were brought to the university laboratory, immediately cooled 
in cold water to a temperature of (4 ± 2)°C and kept in a refrigera-
tor ((4 ± 2)°C) for no longer than 6 hours.

Samples of cottage cheese for the study were obtained from whole 
milk by the method of acid coagulation of proteins according to classi-
cal technology and DSTU 4554:2006 "Cottage cheese. Technical con-
ditions". Nine variants of cheese were simultaneously produced from 
milk of different genotypes. The test samples of cheeses were labeled  
as K1–K9 according to the sample number of the raw milk.

10 kg of raw milk was used to produce each sample of cheese. The 
processes of pasteurization, fermentation and subsequent formation of 
cheese grains were performed in laboratory conditions.

The technological cycle of cottage cheese production consisted 
of the following stages: removal of mechanical impurities from milk, 
temperature treatment (78 ± 2)°C with a holding time of 20–30  sec-
onds. The milk mass cooled to (35 ± 2)°C was inoculated with direct-
introduction bacterial starter cultures in the amount recommended by 
the manufacturer (2.8–4.0 g per 100 kg of milk mixture). The starter 
preparation included a collection of bacteria of various species: Lacto-
bacillus lactis; Lactococcus lactis subsp. cremoris; Lactobacillus bulgaricus; 
Streptococcus thermophilus (mesophilic-thermophilic starter culture 
XMT-3, manufacturer Chr. Hansen, Denmark). After the introduc-
tion of the bacterial complex, the milk mass was thoroughly mixed for 
10–12 minutes, after which it was left to form a clot. Protein coagula-
tion took place at a temperature of (35 ± 2)°C until a pH of 4.6–4.7 was 
reached, which lasted 4.0–4.5 hours. The next stage was cutting the formed 
clot into fragments measuring 2 × 2 × 2 cm, which took 5–7 minutes. Next, 
the mixture was kept for 30–40  minutes, contributing to an increase 
in acidity and activation of the whey separation process. After that, 
40–60% of the whey was removed, and the curd was subjected to 
gradual heating to (38 ± 1)°С with a holding time of 15–20 minutes 
for further acidification and acceleration of whey separation. The final 
stage was the self-pressing of the curd, which contributed to the final 
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removal of whey and the formation of optimal moisture content of the 
cottage cheese. The cheese mass was distributed into lavsan bags, filled 
to three quarters of the volume, and left for self-pressing for 2–3 hours. 
After that, the finished cheese was cooled to (8 ± 2)°С, packed in plastic 
containers and stored until analysis for no longer than 5 days at a tem-
perature of (6 ± 2)°С.

2.3. Methodology for determining sample quality indicators
The quality assessment of selected samples of milk and cottage cheese 

was carried out in accordance with generally accepted analysis methods.
The determination of quality parameters of dairy raw materials was 

carried out in accordance with DSTU 3662:2018, and the quality control 
of cottage cheese was carried out in accordance with DSTU 4554:2006.

The density of milk was determined by the aerometric method, 
guided by the standards of DSTU  6082:2009. The acidity (pH) in-
dicators in dairy raw materials and cottage cheese were determined 
by the potentiometric method in accordance with the regulations  
of DSTU 8550:2015.

The mass fraction of dry matter in the studied samples was esti-
mated by drying to constant mass in accordance with DSTU 8552:2015.  
To determine the mass fraction of protein, the Kjeldahl method was used, 
guided by the standards DSTU ISO 8968-1:2005 and DSTU 5038:2008. 
The mass fraction of fat was determined by the acid method (Gerber 
method) in accordance with DSTU ISO 2446:2019.

The evaluation of the organoleptic quality indicators of cottage cheese 
was carried out in accordance with the provisions of DSTU 4554:2006, 
taking into account the recommendations of the international standard 
ISO 22935-2:2023.

To conduct an organoleptic analysis of cottage cheese by such in-
dicators as appearance, consistency, color, taste and smell, an expert 
commission was formed, which included 15 experts from the Faculty 
of Food Technologies of Sumy National Agrarian University.

Experts were previously trained to familiarize themselves with the 
method of conducting organoleptic analysis of cottage cheese. Specific 
organoleptic quality indicators of cottage cheese were first determined 
for experts using a reference sensory profile that meets the requirements 
of DSTU  4554:2006. According to the standard, the appearance and 
consistency of cottage cheese are defined as soft, smeary or crumbly, 
slight graininess is allowed and partial separation of whey is possible. 
The color should be white or with a light cream tint, evenly distributed 
throughout the mass of the product. The taste and aroma should cor-
respond to the typical characteristics of cottage cheese of this type, 
without foreign smells or aftertastes. At the next stage, experts assessed 
the organoleptic quality indicators of cottage cheese using a 5-point 
scale. In this scoring system, the value 1 corresponds to the level of 
"very bad", and 5 – "excellent". The average values of the scoring results 
were interpreted in the form of a profilogram.

Also, the expert commission evaluated 
the organoleptic quality indicators of cottage 
cheese using the descriptive method. The re-
sults obtained were entered into the tasting 
sheet, noting the recorded specific descrip-
tors of appearance, consistency, color, taste 
and smell.

All analytical studies were carried out with 
three repetitions of measurements. The results 
obtained are given in SI units.

The efficiency of the cottage cheese pro-
duction process was assessed according to the 
recommendations given in the source  [20], 
by analyzing the recovery coefficient of milk 
components in the cheese mass and compar-
ing the actual product yield with theoretical 
calculations.

The recovery of milk components (protein and fat) in the final 
product was calculated by the formula
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where Rprotein/fat – recovery of milk components, namely protein and fat, 
in cheese %; weight of milkprotein/fat – weight of protein and fat in milk, g; 
weight of wheyprotein/fat – weight of protein and fat in whey, g.

The efficiency of cheese production was calculated by the formula
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where E – cheese production efficiency,  %; С – experimental cheese 
yield, %; ThС – theoretical cheese yield, %.

The experimental cheese yield from the studied milk samples was 
calculated by the formula
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where C – cheese yield, %; mcheese – mass of fresh cheese, kg; mmilk – mass 
of milk, kg.

The theoretical cheese yield was calculated using the formula
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where ThС – theoretical cheese yield; % fat, % protein – mass fraction 
of fat, protein in milk, %; % W – mass fraction of moisture in cheese, %.

The obtained experimental data were processed using computer 
technology using Excel software from the Microsoft Office 2016 pack-
age (Microsoft Corporation, Washington, USA). The probability of 
statistical error (p) did not exceed 0.05, which confirms the high level 
of accuracy of the obtained results (p > 0.95).

3. Results and Discussion

3.1.  Results of studies of physicochemical parameters of raw 
milk samples

The results of physicochemical analysis of cows’ milk samples taken 
from animals with different β-casein variants (A1A1, A1A2, A2A2) are 
given in Table 1.

Table 1

Physicochemical parameters of raw milk samples with different genotypes (n = 3, p ≤ 0.05)

Sample 

No.

β-casein 

genotype

Acidity, pH 

units

Density,  

kg/m
3

Mass fraction of 

dry matter, %

Mass fraction 

of protein, %

Mass fraction 

of fat, %

Norm* 6.55–6.80 ≥ 1027.0 ≥ 11.5 3.0 3.4

1

А1А1

6.61 ± 0.01 1025.0 ± 1.0 12.64 ± 0.01 2.91 ± 0.01 4.86 ± 0.01

2 6.63 ± 0.01 1027.0 ± 1.0 12.92 ± 0.01 3.00 ± 0.01 3.62 ± 0.01

3 6.63 ± 0.01 1026.0 ± 1.0 12.65 ± 0.01 2.90 ± 0.01 3.55 ± 0.01

4

А1А2

6.79 ± 0.01 1027.0 ± 1.0 12.99 ± 0.01 3.03 ± 0.01 4.58 ± 0.01

5 6.66 ± 0.01 1026.0 ± 1.0 12.64 ± 0.01 2.90 ± 0.01 4.27 ± 0.01

6 6.76 ± 0.01 1025.0 ± 1.0 12.55 ± 0.01 2.87 ± 0.01 4.36 ± 0.01

7

А2А2

6.67 ± 0.01 1028.0 ± 1.0 13.19 ± 0.01 3.11 ± 0.01 4.26 ± 0.01

8 6.67 ± 0.01 1028.0 ± 1.0 12.99 ± 0.01 3.03 ± 0.01 3.71 ± 0.01

9 6.66 ± 0.01 1025.0 ± 1.0 13.25 ± 0.01 3.15 ± 0.01 5.07 ± 0.01

Note: * – data according to the standard DSTU 3662:2018 "Raw cows’ milk. Technical conditions"
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It was established that the studied samples have a typical composi-
tion for fresh cows’ milk and are consistent with DSTU  3662:2018.

According to the data obtained, the average dry matter content in 
the cows’ milk with the A1A1 genotype was 12.73%, while the protein-
to-fat ratio varied within 0.76–0.83.

In raw material samples from animals with the A1A2 genotype, 
the average dry matter content was 12.72%, and the protein-to-fat ratio 
was 0.66–0.68.

For milk from cows with the A2A2 genotype, the average dry mat-
ter content was 13.14%, and the protein-to-fat ratio was in the range of 
0.62–0.82.

3.2. Results of studies of the quality indicators of cottage cheese 
from milk with different genotypes by β-casein

Fig.  1 presents a set of external characteristics of cottage cheese 
made by acid coagulation of proteins from cows’ milk with different 
β-casein genotypes (A1A1, A1A2, A2A2).

 
Fig. 1. Appearance of cottage cheese samples

The evaluation of organoleptic quality indicators of cottage cheese 
(appearance, taste, smell, consistency, color) was carried out by an ex-
pert commission, and the results are reflected in a profilogram (Fig. 2).
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Fig. 2. Sensory profile of samples of cottage cheese from cows’ milk  

with different genotypes by β-casein

According to the obtained data, samples of cottage cheese made 
from cows’ milk with A1A1 genotype received an average score of 
4.7 points for appearance, 4.8 points for taste and smell, 4.8 points for 
consistency, and 4.4 points for color. These samples had a moderately 
smeary and crumbly consistency with slight graininess, a pronounced 
fermented milk taste and aroma, and a uniform milky-creamy color. 
Samples of cheese made from cows’ milk with genotype A1A2 received 
an average score of 4.5 points for appearance, 4.6 points for taste and 
smell, 4.1  points for consistency, and 4.7  points for color. They were 
characterized by a delicate consistency, uniform creamy color and pro-
nounced sour milk taste. Cottage cheese from cows’ milk with the A2A2 
genotype had an average appearance score of 4.5  points, consistency 
and color – 4.5  points, taste and smell – 4.7  points. It was character-
ized by a moderate smear, crumbly consistency, pronounced sour milk 
aroma and uniform creamy color.

The results of the physical and chemical analysis of cottage cheese 
made by acid coagulation of proteins are given in Table 2.

It was found that the moisture, protein and fat content in cheese 
from cows with the A1A1 genotype was on average 72.27%, 9.77% and 
15.47% respectively. In samples of cheese from cows with the A1A2 
genotype, the average moisture content was 67.17%, protein – 18.30%, 
fat – 14.37%. For cheeses from cows with the A2A2 genotype, the 
average moisture content was 67.47%, protein – 15.30%, fat – 15.40%.

Table 2

Physical and chemical indicators of samples of cottage cheese from cows’ milk with different genotypes  

by β-casein (n = 3, p ≤ 0.05)

β-casein  

genotype

Cheese  

sample

Moisture  

content, %

Mass fraction  

of protein, %

Mass fraction  

of fat, %

Acidity,  

pH units

Norm* 65–80 ≥ 14 2–18 4.62–4.08

А1А1

K1 70.30 ± 0.01 12.50 ± 0.01 14.70 ± 0.01 4.35 ± 0.01

K2 74.20 ± 0.01 9.00 ± 0.01 14.30 ± 0.01 4.32 ± 0.01

K3 72.30 ± 0.01 7.80 ± 0.01 17.40 ± 0.01 4.29 ± 0.01

А1А2

K4 66.60 ± 0.01 20.30 ± 0.01 12.60 ± 0.01 4.34 ± 0.01

K5 68.20 ± 0.01 16.80 ± 0.01 12.50 ± 0.01 4.30 ± 0.01

K6 66.70 ± 0.01 17.80 ± 0.01 18.00 ± 0.01 4.34 ± 0.01

А2А2

K7 69.20 ± 0.01 13.70 ± 0.01 14.60 ± 0.01 4.39 ± 0.01

K8 66.30 ± 0.01 20.10 ± 0.01 13.10 ± 0.01 4.33 ± 0.01

K9 66.90 ± 0.01 12.10 ± 0.01 18.50 ± 0.01 4.34 ± 0.01

Note: * – data according to the standard DSTU  4554:2006 "Cottage cheese. Technical conditions"
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3.3. Determination of the efficiency of cottage cheese produc-
tion from cows’ milk with different β-casein genotypes

Calculations of the yield of cottage cheese (%) from cows’ milk 
with different β-casein variations (A1A1, A1A2, A2A2) according to 
formulas (3) and (4) are presented in the histogram (Fig. 3).
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C
he

es
e 

yi
el

d,
 %

Theoretical yield, % Experimental yield, %

Fig. 3. Cottage cheese yields from cows’ milk with different genotypes  

by β-casein

The average experimental yield of cheese was 30.23% for A1A1 
milk, 29.30% for A1A2 and 30.50% for A2A2.

The results of evaluating the efficiency of cottage cheese production 
from the point of view of the recovery of milk components and the ratio 
of actual and theoretical yield are presented in Table 3.

Table 3

Efficiency of cottage cheese production from cows’ milk with different 

genotypes by β-casein

β-casein 

genotype

Cheese 

sample

Recovery of milk components 

in cheese, R, %:

Cheese  

production  

efficiency, %protein fat

А1А1

K1 75.90 96.97 122.12

K2 76.67 99.45 134.32

K3 75.86 99.72 133.57

А1А2

K4 76.90 99.56 124.04

K5 75.86 99.77 144.28

K6 75.61 99.77 148.82

А2А2

K7 77.46 99.76 137.58

K8 76.86 99.73 147.59

K9 77.78 99.01 138.62

Analysis of the average content of milk components in the structure 
of cottage cheese shows that in the process of cheese production from 
samples of milk of the A1A1 genotype, protein losses are observed at 
the level of 23.86% and fat losses – 0.62%. For samples of cheeses made 
from milk of the A1A2 genotype, the average level of protein losses is 
23.88% and fat losses – 0.30%. At the same time, in samples obtained 
from milk of the A2A2 genotype, protein losses are recorded at the level 
of 22.64% and fat losses – 0.50%.

It was established that the efficiency of cheese production from 
cows’ milk with the A2A2 genotype is the highest and on average 
is 141.26%, which exceeds the similar indicators for A1A1 milk by 
13.18% and A1A2 by 2.21%.

3.4. Discussion of the results of determining the influence of 
β-casein polymorphism in raw milk on the soft cheese production

The obtained results of the physicochemical parameters of raw 
milk samples (Table  1) show that variations in β-casein do not sig-
nificantly affect the acidity or density of milk . The average dry matter 
content in milk samples fluctuates at the level of (12.87 ± 0.01)% for all 
modifications of β-casein genotypes. However, it was found that the 

protein content in A2A2 milk is slightly higher (on average by 0.1%) 
than in A1A1 and A1A2 milk. On the contrary, the fat content in A2A2 
milk is lower than in A1A2, but the fat content in A1A1 milk is higher.

The obtained results are consistent with the conclusions of scien-
tists [21–24]. It is shown that the genetic variation in β-casein does not 
affect the quality parameters of raw milk. In contrast, in [25] cows with 
the A2A2 genotype had a higher percentage of fat in milk than their 
A1A1 and A1A2 counterparts.

Calculations of the protein:fat ratio showed that milk samples with 
the A1A1 genotype had higher values (on average 0.73) compared to 
milk samples with the A1A2 genotype (0.67) and A2A2 (0.71).

The results of the sensory analysis (Fig.  1) showed that genetic 
variations of β-casein in raw milk did not significantly affect the or-
ganoleptic characteristics of cottage cheese. In all cases, the cheese 
produced had a moderately soft smear and a crumbly consistency, typi-
cal of this group of cheeses. The results obtained are consistent with 
the results described in [26]. The authors indicated that no significant 
sensory difference was found between the fermented samples.

Genetic variation of β-casein in milk significantly affected the 
chemical composition of cottage cheese (Table 2). In particular, cheese 
samples from A2A2 milk had an increased protein content (on average 
by 15.30%) and a significantly reduced moisture content (on average 
by 4.8%) compared to A1A1 milk. However, the results obtained dem-
onstrate that all samples of cottage cheese in terms of quality indicators 
are consistent with DSTU 4554:2006. The protein:fat ratio in milk raw 
materials has a significant impact on the efficiency of cheese production. 
In [23] it is substantiated that the protein:fat ratio as 0.7:0.8 provides 
an increase in cheese yield and the value of milk component recovery in 
cheese. It is shown that a high fat content in milk negatively affects cheese 
quality (increases moisture content), but at the same time increases 
cheese yield. Conversely, an increase in protein content improves cheese 
quality but reduces its yield.

The experimental yield of cottage cheeses (Fig. 3) from A2A2 milk 
was higher (average value 30.50%), which is interconnected with the 
chemical composition (higher fat content) of the initial raw milk sam-
ples. Thus, the obtained results are consistent with the data [23].

The cheese yield per unit of processed milk is a key factor in the 
profitability of dairy production. And together with the recovery rate 
of individual milk components in the cheese mass, they determine the 
efficiency of the cheesemaking process [19].

In [9], it is emphasized that β-casein is a protein fraction of milk 
with a high impact on the actual yield of cheese and is associated with 
the recovery of protein and dry matter in the finished product.

The results of calculations of the recovery of milk components (pro-
tein and fat) in the cheese mass (Table 3) showed that protein losses are 
lower in the production of cottage cheese from A2A2 milk compared 
to A1A1 and A1A2 milk (by 1.22% and 1.24%, respectively). Fat losses 
are not significant in all cases (within 0.3–0.6%). The obtained data, 
together with data on the chemical composition of raw milk, affect the 
efficiency of product production. It was established that the efficiency of 
the production of cottage cheese from cows’ milk with the A2A2 geno-
type is the highest and on average is 141.26%, which exceeds similar 
indicators for A1A1 milk by 13.18% and A1A2 by 2.21%.

Thus, the results obtained show that the polymorphism of β-casein 
of raw milk has a significant impact on the efficiency of cottage cheese 
production. In addition, it was noted that the cheese-making proper-
ties of A2 milk were at a high level, the actual cheese yield was higher 
compared to A1A1 and A1A2 milk samples.

The main limitations of research are the analysis of raw milk from 
commercial cattle of the Ukrainian Black and White dairy breed, kept 
on a farm in the Sumy district (Ukraine). Breeding, keeping and feed-
ing practices of cattle in Ukraine (as a result, the composition of milk) 
may differ from practices in other countries with different climates and 
cultures. However, the characteristics of raw milk from the point of view 
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of genetic variation of milk proteins and cottage cheese made from such 
milk using classical technology may be applicable to other countries.

The disadvantage of this research is that the influence of β-casein 
polymorphism of raw milk on the efficiency of production of cottage 
cheese made from whole milk without standardization of fat content 
by the method of acid coagulation of proteins according to classical 
technology was investigated. Further research should be aimed at 
studying the cheese-making properties of the protein fraction of raw 
milk without taking into account the effect of fat content.

The conclusions obtained are of practical importance, since it can 
be taken into account that genetic modifications of β-casein in raw milk 
can affect the efficiency of cheese production, and therefore, the profit-
ability of production as a whole. Particular attention should be paid to 
the choice of bacterial starter cultures and the method of production of 
cottage cheese in further research. Attention should also be paid to the 
choice of temperature regimes when processing raw milk, since inap-
propriate heat treatment can affect the protein structure and reduce the 
practical value of the results obtained.

The study selected cattle of the Ukrainian Black and White dairy 
breed, which is kept in one of the farms of the Sumy district in Ukraine. 
It is worth emphasizing that this region has repeatedly been subjected 
to enemy shelling, which is confirmed by the inclusion of the commu-
nity in the List of territories where hostilities are (were) conducted or 
temporarily occupied by the Russian Federation (order of the Ministry 
of Development of Communities and Territories of Ukraine No. 376 
dated 28.02.2025). Changes in animal housing conditions, limited ac-
cess to high-quality feed and clean water, as well as increased stress 
due to military operations are key factors that negatively affect the 
physiological state of livestock. In particular, the inability to provide 
balanced nutrition, together with the deterioration of care standards, 
can lead to a decrease in the herd’s milk productivity and a deteriora-
tion in milk quality. Additionally, stressors such as loud noises, moving 
animals to safe areas, or other external stimuli can affect both milk 
yield and milk composition.

4. Conclusions

The conducted studies have established that the studied samples 
have a typical composition for fresh cow’s milk and are consistent with 
DSTU 3662:2018. According to the results obtained, the average dry 
matter content in milk from cows with the A1A1 genotype was 12.73%, 
while the protein-to-fat ratio varied within 0.76–0.83. In raw material 
samples from animals with the A1A2 genotype, the average dry matter 
content was 12.72%, and the protein-to-fat ratio was 0.66–0.68. For 
milk from cows with the A2A2 genotype, the average dry matter content 
was 13.14%, and the protein-to-fat ratio was in the range of 0.62–0.82.  
A comprehensive study of the quality indicators of cottage cheese 
samples shows that the genetic variation of β-casein does not affect the 
sensory properties of the final product. However, the moisture, protein 
and fat content in cheese from cows with the A1A1 genotype is on aver-
age 72.27%, 9.77% and 15.47%, respectively. In samples of cheese from 
cows with the A1A2 genotype, the average moisture content is 67.17%, 
protein – 18.30%, fat – 14.37%. For cheese from cows with the A2A2 
genotype, the average moisture content is 67.47%, protein – 15.30%, 
fat – 15.40%.

Analysis of the average milk component content in the structure 
of cottage cheese shows that in the process of producing cheese from 
samples of A1A1 genotype milk, protein losses of 23.86% and fat losses 
of 0.62% are observed. For cheese samples made from milk of the A1A2 
genotype, the average level of protein loss is 23.88% and fat loss is 0.30%. 
At the same time, in samples obtained from milk of the A2A2 geno-
type, protein loss is recorded at the level of 22.64% and fat loss is 0.50%.  
It is found that the efficiency of cheese production from cows’ milk 
with the A2A2 genotype is the highest and on average is 141.26%,  

which exceeds the similar indicators for milk A1A1 by 13.18% and 
A1A2 by 2.21%.
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