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The quality of dairy products depends on the safety and quality of raw materials, therefore, the analysis of physicochemical and sanitary 
indicators of raw cow milk is of great importance. The composition of bulk milk of three technological groups of cows: early lactation (5–
60 days in milk), primiparous cows and all other cows starting from the second lactation was studied according to seasons. Regardless of the 
group of animals, the fat content in bulk milk was significantly lower in summer than in other seasons of the year, and the highest in winter. 
In each group of animals, the lowest somatic cell count was observed in the fall, while the highest indicator of the study of bulk milk of cows 
in early lactation and primiparous was determined in the winter, and in the spring of cows from the second lactation. The lowest milk urea 
content in all groups of animals was noted in summer. The lowest protein level was observed in autumn (3.27 ± 0.11%), and the highest in 
winter (3.39 ± 0.11%) in the bulk milk of cows in early lactation. The ratio of fat to protein in summer 1.12 ± 0.03 was significantly lower 
compared to other seasons of the year. The highest level of somatic cells was recorded in this group in winter (290 ± 82 * 103 cells/mL), 
which was twice as much as in autumn (141 ± 54 * 103 cells/mL), and by 56.8% more than in summer (185 ± 39 * 103 cells/mL). The milk 
urea content in the summer was 194.0 ± 17.6 mg/kg, which is significantly lower than the indicators in other seasons of the year in the group 
of early lactation. In the summer period, the lowest protein content (3.23 ± 0.06%) in the bulk milk of primiparous cows was observed com-
pared to other seasons of the year. The winter was characterized by the highest level of somatic cell count in milk (221 ± 49 * 103 cells/mL), 
which was almost twice as high as the autumn period (116 ± 31 * 103 cells/mL). The highest urea content in the milk of primiparous cows 
was found in autumn (228.6 ± 21.9 mg/kg), which exceeded the summer figure by 14.5%. The lowest protein content (3.29 ± 0.06%) and 
the highest in winter (3.44 ± 0.09%) was observed in the bulk milk of cows of the second lactation and older. The somatic cell count in milk 
in autumn (160 ± 69 * 103 cells/mL) was lower than the winter and spring indicators by 37.5% and 49.3%, respectively. The milk urea 
content in the summer (198 ± 22 mg/kg) was significantly lower than the autumn and winter indicators. In further studies, to improve the 
sanitary quality of milk, it is planned to use different hygienic means for processing the udder of cows depending on the season.  

Keywords: cow milk; fat; protein; somatic cells; urea; primiparous cows; early lactation.  

Introduction  
 

Due to global warming, a significant increase in drought is expected 
worldwide, which will affect feed and crop production. Heat impairs ani-
mal productivity, meat and milk quality, animal reproductive function, 
metabolic and health status, and immune response. Dairy farms are identi-
fied as a major contributor to overall greenhouse gas emissions in the dairy 
value chain, but also as the most vulnerable. A clear definition of the inte-
raction of the dairy sector and climate change is the starting point to start 
preparing this sector for the near future under climate change conditions 
(Nardone et al., 2010; Borovuk & Zazharska, 2022; Guzmán-Luna et al., 
2022; Kovalova et al., 2023; Zazharskyi et al., 2023). Milk is a vital source 
of essential nutrients in the human diet and should be safe for consumption 
(Nagovska et al., 2018). The analysis of physico-chemical and microbio-
logical indicators of raw cow milk is of crucial importance, since the milk 
quality significantly affects the final quality of dairy products. The topic of 
studying the effect of heat stress on the qualitative composition of milk in 
cows attracts a lot of attention from researchers (Aharoni et al., 2002; 
Abeni et al., 2007). Kazeminia et al. (2023) evaluated the effect of season-
al variations on the physicochemical and microbiological properties of 60 
samples of raw cow's milk collected from 15 milk collection points in 
Qazvin, Iran. According to the research results, pH, freezing point, solid-
not-fat and protein were higher in the warm season, and acidity, lactose 
and fat indicators were higher in the cold season. The scientists concluded 
that there is a direct relationship between ambient temperature and solid-
not-fat values, and an inverse relationship between pH, acidity, freezing 

point, lactose, protein and fat values with ambient temperature (Kazeminia 
et al., 2023). Many scientists study the dynamics of milk composition in 
connection with changes in the diet, due to the introduction of any addi-
tives. An experiment was conducted to evaluate the effect on milk compo-
sition of switching from a fresh grass diet on pasture to a mixed grass and 
corn silage diet during winter. The fatty acid composition of milk from 
pastured cows was more beneficial to the health of the consumer than that 
from cows fed silage (Elgersma et al., 2004). In another study, a total 
mixed diet of grass and corn silage, grains, soybeans and milk concen-
trates was fed in winter; during the summer months the cows were on 
pasture. Milk fat produced during the summer contained significantly 
more short-chain fatty acids than medium-chain fatty acids, indicating that 
fresh grass can alter the composition of fatty acids produced in the mam-
mary gland (Locke & Garnsworthy, 2003). The composition of milk 
obtained from seasonal pastures is influenced by the stage of lactation, 
animal genetics and feeding, which affects the nutritional profile and 
characteristics of the milk (Hayes et al., 2023; Wang et al., 2024). Calama-
ri et al. (2012) evaluated the effects of three different feeding management 
schemes on physiological markers of heat stress, milk yield and milk 
quality in heat. Findings from cow physiology show that cow feeding 
management better meets cow welfare requirements during the summer 
season than once-a-day morning feeding (Calamari et al., 2012).  

Reducing the incidence of mastitis is one of the primary tasks on 
dairy farms. Currently, new express diagnostic methods are being introdu-
ced, both direct (inoculation on nutrient media) and indirect; these me-
thods serve to determine the number of somatic cells in milk. When com-
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paring three indirect methods (the California test for mastitis, the Porta test 
for the somatic cell count in milk and the DeLaval cell counter) with the 
results of a bacteriological examination of milk, it was determined that all 
these tests can be used for rapid diagnosis of subclinical mastitis, since 
each test has certain advantages over others (Hisira et al., 2023). Somatic 
cell count is a standard for measuring the physiological health of dairy 
cows, the quality and safety of milk, as well as an important indicator of 
subclinical mastitis (Fotina et al., 2018; Sun et al., 2023). Subclinical mas-
titis is a common disease that threatens the welfare and health of dairy 
cows and causes huge economic losses (Sklyarov et al., 2020; Zazharska 
et al., 2021; Liu et al., 2023). Carmo et al. (2023) evaluated the effect of 
centrifugation and microfiltration on the number of somatic cells and 
cheese yield. Milk with a number of somatic cells ≤200 * 103 cells/mL has 
the best characteristics. Although centrifugation and microfiltration affect-
ted milk fat content, solid-not-fat and somatic cell count, they did not af-
fect cheese yield (Carmo et al., 2023). Nahusenay et al. (2023) evaluated 
changes in microbial contamination of milk between the dry season (Janu-
ary to April) and the wet season (June to August) in Ethiopia.  

Ukrainian scientists studied the relationship between weather condi-
tions (air temperature, relative humidity, wind direction, wind strength, in-
solation) and daily milk yield of Holstein cows, as well as its components 
(milk fat and protein) (Mylostyvyi et al., 2023); the effectiveness of differ-
ent breeds for sustainable milk productivity was evaluated (Bashchenko 
et al., 2023; Krugliak & Krugliak, 2023). The purpose of the study by 
Brodziak et al. (2012) was to evaluate the effect of breed and feeding 
system on the content of selective whey proteins in milk collected in the 
spring-summer and autumn-winter periods from cows of the black-red-
spotted breed of the Polish Holstein-Friesian breed and the Simmental and 
Jersey breeds. Assessment of the simultaneous effects of breed and season 
on whey protein content showed significant interactions (P < 0.05 and P < 
0.01) for all whey proteins analyzed (Brodziak et al., 2012). Ormston et al. 
(2023) compared the milk productivity of organic and conventional herds. 
The milk of cows from conventional herds was characterized by higher 
milk yield, fat and protein and casein content compared to organic ones. 
In addition, they more efficiently converted feed into milk, fat and protein. 
However, organic herds produced more milk, fat and protein per kg of 
non-pasture and concentrate diets due to a greater reliance on grazing, 
especially during the outdoor grazing period (Ormston et al., 2023). 
The purpose of Alrhmoun et al. (2024) was to assess the effect of altitude 
on milk quality from dairy cows on small farms in alpine areas. 5,680 
collected milk samples were taken from 32 farms located at different geo-
graphical altitudes. Data (fat, protein, lactose, free fatty acids, casein, milk 
urea nitrogen, pH value and somatic cell count) were analyzed using a sta-
tistical model that considered height category, grazing practice, housing 
system and season of milk analysis as fixed effects. The results revealed a 
positive relationship between altitude and milk fat, free fatty acids and so-
matic cell count. Conversely, lactose content, milk urea nitrogen, and milk 
pH of cows kept on farms at higher altitudes (>1200 m above sea level) 
showed a negative relationship with altitude. Farms located at an altitude 
of more than 1,200 m showed higher fat, protein, urea and somatic cell 
contents than farms located at lower levels. The results provide new in-
sight into a production effect that has received little attention so far and that 
should be considered in farm management (e.g. feeding management, 
breed selection) to ensure animal health and corresponding animal welfare 
and productivity of dairy cows. on traditional small mountain dairy farms 
(Alrhmoun et al., 2024). The concentration of urea in milk serves as an in-
dicator of nitrogen excretion in the urine, but with comparable crude pro-
tein intake, cows with high and low levels of milk urea excrete the same 
amount of urea in the urine. Eighteen dairy cows of the Holstein breed 
with a high level of urea in milk and 18 with a low level of urea were stu-
died. The diet was low and normal in terms of crude protein. Urea concen-
trations in milk, plasma, and urine were higher with a diet with a normal 
level of crude protein. Uric acid concentrations in milk and plasma were 
higher when fed a diet low in crude protein. The ratio of uric acid in milk 
to urine was higher in cows with high milk urea (Prahl et al., 2023). Scien-
tists from Saudi Arabia evaluated the variability of the productivity of 
camels and the composition of milk of four Saudi breeds during different 
seasons. Milk collected in winter was characterized by a significant in-
crease in all milk components and milk pH (El-Hanafy et al., 2023). Yield 

and compositional characteristics of goat milk had significant correlations 
with high ambient temperature, while high humidity had little effect on 
milk composition. Therefore, heat has a significant impact on goat farm 
profits, and strategies may include improved management as well as heat-
resistant animals through genetic selection (Zhu et al., 2020).  

So, seasonal fluctuations of the main characteristics of milk are quite 
often the object of research by scientists, but no literature data was found 
on seasonal changes in milk parameters between different technological 
groups of cows (primiparous cows and other cows of older lactations, 
cows in early lactation). The aim of the study was to identify seasonal 
changes in the indicators of bulk milk of cows of different technological 
groups (early lactation (5–60 days in milk), primiparous cows and all other 
cows starting from the second lactation).  
 
Materials and methods  
 

The research was carried out at the farm “Yekaterinoslavsky”, Dnipro 
city. Today, this enterprise is considered to be the largest in Ukraine in 
terms of the number of dairy cows of the Brown Swiss breed. In total, 
5,600 cattle are kept on the farm, of which 2,200 are dairy herds. Several 
breeds of cows are raised here: Brown Swiss, Ukrainian black-spotted and 
red-spotted. Cows of the Brown Swiss breed (of Austrian breeding) pre-
dominate – they are considered more resistant to mastitis and problems 
with hooves. This breed has a calm temperament and a positive reaction to 
people, but the most important feature is a high percentage of fat and 
protein in milk. The farm uses the technology of free-stall barn.  

After calving, all animals were in the technological group of early lac-
tation (5–60 days in milk) and received the same diet; the colostrum pe-
riod lasts up to 5 days of lactation. Two months after calving, cows of the 
first lactation formed a group of primiparous cows, and all other cows 
from the second lactation were kept and milked separately in the other 
technological group. Milking took place three times a day in a parallel 
type milking parlor (De Laval & Sweden, 2015). Each group was milked 
separately. With the help of means built into the milking system, an aver-
age sample of 1 liter was automatically taken from each group. The milk 
fell into a separate glass for sampling. The sample was analyzed in the 
laboratory. For statistical processing, average indicators of bulk milk were 
taken separately by sections of cows per week for two years (2022–2023).  

The enterprise “Yekaterinoslavsky” has its own laboratory for milk 
quality control. The following indicators are usually determined in the la-
boratory: protein content, fat content, somatic cell count, acidity, urea, pH. 
The fat content in milk was measured by the acidic method using the 
Orbita laboratory universal centrifuge (Orbita, Ukraine, 2021), the protein 
content was determined using the Atago Master Milk refractometer (Ata-
go, Japan, 2022), and the acidity was determined by titrometric method. 
The ratio coefficient was calculated by dividing the fat index by the pro-
tein index. The number of somatic cells in raw milk was determined using 
the analyzer of somatic cells in milk "DCC" (DeLaval, Sweden, 2018). 
The essence of the express analyzer's method of operation is the fluores-
cent illumination of somatic cells and their automated counting using an 
electronic microscope-sensor. Ulab 101 spectrophotometer (Ulab, China, 
2017) was used to determine the milk urea content. Urea, which is present 
in milk, forms a coloured complex with diacetylmonoxin in the reaction, 
its colour intensity is proportional to the content of urea.  

The data was analyzed by ANOVA using the package Statistica 6.0 
(StatSoft Inc., USA). The data in the tables are presented as x ± SD 
(mean ± standard deviation). Differences between values in the groups 
were determined using the Tukey test, where the differences were consi-
dered significant at P < 0.05 (subject to the Bonferroni correctiont).  
 
Results  
 

Changes in milk indicators of cows of different technological groups 
by season are presented in Tables 1–3. The lowest fat content in the milk 
of cows in early lactation (Table 1) was observed in the summer, a statis-
tical difference was found compared to other seasons of the year: P = 
2.84*10–18 (spring); P = 1.46*10–8 (autumn); P = 2.52*10–15 (winter).  

Regarding protein in milk, the lowest indicator was in autumn. 
The protein content of milk in winter is higher compared to the indicators 
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of summer (P = 8.02*10–4) and autumn (P = 1.94*10–4). The index of the 
ratio of fat to milk protein in spring (P = 1.50*10–7), autumn (P = 1.08*10–7), 
winter (P = 6.27*10–7) is greater than the summer indicator by 7.1%, 
11.6%, 8.9%, respectively.  

The largest number of somatic cells in milk was noted in winter, 
which is twice as much as in autumn (P = 7.42*10–4). The winter index is 
56.8% higher than the summer index (P = 1.11*10–3). Regarding the level 
of urea, a trend similar to the fat content of milk was observed: the lowest 
indicator was noted in summer, a statistical difference was found relative 
to other seasons of the year (P = 2.69*10–6 (spring), P = 2.85*10–8 (au-
tumn), P = 1.73*10–4 (winter)). The acidity of the milk of cows in early 
lactation (5–60 days in milk) is 4.7% lower in autumn compared to the 
spring indicator (P = 3.10*10–4).  

The lowest milk fat content of primiparous cows (Table 2) was obser-
ved in the summer, a statistical difference was found relative to other sea-

sons of the year (P = 5.53*10–5 (spring), Р = 5.87*10–8 (autumn), Р = 
3.14*10–12 (winter)). Also, the lowest protein content was in summer 
compared to other seasons of the year (P = 3.87*10–9 (spring), P = 
4.31*10–8 (autumn), P = 8.58*10–13 (winter)). The ratio of fat to milk 
protein in winter is 2.7% higher than in summer (P = 4.90*10–3).  

In the winter period, the largest number of somatic cells was found in 
milk, which is almost twice as high as in the autumn period (P = 1.40*10–5). 
Also, the winter index exceeds the summer index by 20.8%. The highest 
content of urea was noted in autumn, which is 14.5% more than the sum-
mer indicator (P = 1.20*10–5). Acidity was observed at the same level in 
summer, autumn and winter. The highest acidity was observed in spring, 
which may be explained by the more "acidic" silage in this season of the 
year.  

Table 1 
Seasonal changes in the composition of bulk milk of cows in early lactation (x ± SD)  

Indicator Spring (n = 20) Summer (n = 23) Autumn (n = 26) Winter (n = 26) 
Fat, % 4.053 ± 0.084 b 3.711 ± 0.066 a 4.088 ± 0.257 b 4.147 ± 0.170 b 
Protein, % 3.331 ± 0.099ab 3.299 ± 0.055a 3.266 ± 0.110а 3.387 ± 0.106b 
Somatic cell count, × 103 cells/mL 232 ± 89 ab 185 ± 39 a 141 ± 54 a 290 ± 82 b 
Milk urea content, mg/kg 230.9 ± 26.6 b 194.0 ± 17.6 a 228.2 ± 18.4 b 225.0 ± 32.4 b 

Acidity, °Т 17.03 ± 0.50b 16.65 ± 0.44ab 16.15 ± 0.89 a 16.48 ± 0.83ab 

Fat / protein 1.203 ± 0.049 b 1.123 ± 0.032 a 1.254 ± 0.095 b 1.222 ± 0.076 b 

Note: different letters indicate selections that significantly (P < 0.05) within the line differ from each other according to the results of the Tukey test, with Bonferroni correction; if 
there are no letters above the numbers in the line, then no significant difference between any selections is registered.  

Table 2  
Seasonal changes in the composition of bulk milk of primiparous cows (x ± SD)  

Indicator Spring (n = 20) Summer (n = 24) Autumn (n = 26) Winter (n = 34) 
Fat, % 3.737 ± 0.159 b 3.573 ± 0.075 a 3.828 ± 0.181 b 3.839 ± 0.133 b 

Protein, % 3.365 ± 0.055 b 3.234 ± 0.061 a 3.408 ± 0.117 b 3.413 ± 0.080 b 

Somatic cell count, × 103 cells/mL 206 ± 131ab 183 ± 26 b 116 ± 31 a 221 ± 49 b 

Milk urea content, mg/kg 217.2 ± 30.6ab 200.3 ± 20.2 a 228.6 ± 21.9 b 215.0 ± 37.3ab 
Acidity, °Т 17.15 ± 0.40 16.83 ± 0.38 16.75 ± 0.70 16.81 ± 0.88 

Fat / protein 1.110 ± 0.050ab 1.104 ± 0.009a 1.128 ± 0.055ab 1.125 ± 0.034b 

Table 3  
Seasonal changes in the composition of bulk milk of cows from the second lactation and older (x ± SD) 

Indicator Spring (n = 60) Summer (n = 72) Autumn (n = 79) Winter (n = 102) 
Fat, % 3.788 ± 0.271 b 3.665 ± 0.100 a 3.832 ± 0.0253 b 3.869 ± 0.0201 b 

Protein, % 3.378 ± 0.114 b 3.287 ± 0.059 a 3.420 ± 0.098 bс 3.441 ± 0.090с 

Somatic cell count, × 103 cells/mL 239 ± 92 b 199 ± 41ab 160 ± 69a 220 ± 61 b 

Milk urea content, mg/kg 208.8 ± 32.2ab 197.6 ± 22.0a 220.2 ± 33.0b 214.3 ± 36.9b 

Acidity, °Т 16.87 ± 0.57ab 16.97 ± 0.43b 16.58 ± 0.79a 16.93 ± 0.86b 

Fat / protein 1.123 ± 0.078 1.115 ± 0.015 1.120 ± 0.071 1.126 ± 0.049 
 
 

The lowest fat content of the milk of cows from the second lactation 
and older (Table 3) was observed in summer, a statistical difference was 
found relative to other seasons of the year (P = 4.56*10–4 (spring), P = 
4.89*10–7 (autumn), 2.69*10–13 (winter)). Regarding protein in milk, the 
lowest value was also noted in summer (P = 2.57*10–8 (spring), P = 
3.07*10–18 (autumn), P = 1.73*10–26 (winter)). The ratio of fat to milk 
protein was higher in winter.  

Somatic cell count in milk in spring, winter, summer was greater than 
the autumn indicator by 49.3% (P = 9.76*10–4), 37.5% (P = 3.08*10–4), 
24.3% respectively. Regarding the level of milk urea content, a trend 
similar to the fat content of milk was observed: the lowest value was noted 
in summer, a statistical difference was found relative to autumn (P = 
2.38*10–6) and winter (Р = 7.44*10–4). The acidity of the cows' milk was 
the lowest in autumn, a statistical difference was found relative to summer 
(P = 2.66*10–4) and winter indicators (P = 5.46*10–3).  
 
Discussion  
 

According to the somatic cell count, bulk milk of different technolo-
gical groups meets the requirements of Regulation (EC) No. 853/2004. 
Cows of all technological groups have statistically lower milk fat content 
in summer compared to other seasons. Summer heat stress has a negative 
effect on milk yield and feed consumption by dairy cows (Bernabucci 

et al., 2015; Könyves et al., 2017; Zazharska et al., 2018). One of the most 
important components of milk is protein, which directly affects its nutri-
tional value. Another important component of milk is fat. The fat content 
directly affects not only the nutritional value of the product, but also the 
sensory properties, such as taste and aroma. In addition, the quality of 
dairy products such as cheese, butter and cream is highly dependent on the 
amount and quality of fat contained in the milk. The fat content of raw 
milk is so important that dairy companies price milk based on its fat con-
tent. There are significant seasonal fluctuations in the concentrations of the 
main components and the fatty acid composition of milk. According to 
Bernabucci et al. (2015) for all the main components of milk (fat, protein, 
solids and solid-not-fat), the lowest values were observed in summer, and 
the highest values were observed in winter. A mild effect of season was 
observed for milk somatic cell count with higher values in summer than in 
winter and spring (Bernabucci et al., 2015). The conclusions about the 
content of fat and protein coincide with our own results: the lowest values 
were observed in the summer (Table 3). But the number of somatic cells 
showed a different trend: the highest values were observed in winter and 
spring, and the lowest values were observed in autumn.  

Heck et al. (2009) also noted the lowest protein content of cows’ milk 
in June (3.21 g/100 g), and the highest in December (3.38 g/100 g); the 
concentration of fat in milk increased from a minimum of 4.10 g/100 g in 
June to a maximum of 4.57 g/100 g in January. According to our own 
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results, in the milk of cows of the second lactation and older, the lowest 
protein level is 3.287% in summer, the highest is 3.441%; the lowest fat 
content is 3.665% in summer, and the highest is 3.869% in winter, which 
is completely consistent with the data of the above-mentioned scientists. 
But Leila et al. (2014) reported that the protein content of summer milk 
was higher than that of winter milk (3.71% and 3.01%, respectively).  

Kheowsri et al. (2022) studied changes in milk according to seasons: 
cold (November to February), hot (March to June) and rainy season (July 
to October) in Thailand. The hot season turned out to be the most critical 
season for all studied parameters, showing significantly the lowest values 
(P < 0.001) of fat (3.79 ± 0.27%) and protein (3.02 ± 0.07%), while a 
significantly higher somatic cell count was obtained in the rainy season 
(321.21 ± 3.93 * 103 cells/mL). These data coincide with our own results 
regarding the content of protein and fat, but contradict the number of 
somatic cells: according to the obtained data, the lowest somatic cell count 
is precisely in autumn. The results of Bokharaeian et al. (2023) in nor-
theastern Iran showed that milk yield, fat and protein content were highest 
in winter, while somatic cell count was lowest during this season. Accord-
ing to our own results, the highest indicators of the somatic cell count were 
noted in winter and spring.  

Quist et al. (2008) in Canada noted that seasonal differences in fat 
yield (summer – 1.02 ± 1.05 kg/day; winter – 1.19 ± 1.05 kg/day) and 
protein yield (summer – 0.85 ± 1.05 kg/day; winter – 0.96 ± 1.05 kg/day) 
were significant only for the first lactation. According to our own results, 
the lowest fat index (3.573 ± 0.075%) in the milk of primiparous cows 
was observed in summer, the highest – 3.839 ± 0.133% in winter (P = 
3.14*10–12). Also, the lowest protein content was noted in summer 
(3.234 ± 0.061%) against the highest indicator in winter, 3.413 ± 0.080%, 
(P = 8.58*10–13). According to a retrospective study by Bertocchi et al. 
(2014) of cow's milk characteristics and the relationship between the tem-
perature and humidity index of the Lombardy region, Italy, the summer 
season was found to be the most critical. In July, there were the most 
critical conditions for the content of fat and protein in milk (3.73 ± 0.35% 
and 3.30 ± 0.15%, respectively), and in August there were higher values 
of somatic cell count (369 503 ± 228 377 in mL).  

Some scientists believe that the protein content of cow's milk can vary 
from 2.8% to 4.6% depending on four main factors, including manage-
ment, health, feeding and genetics (Pellegrino et al., 2012; Timlin et al. al., 
2021). The content of the investigated milk proteins and the relative con-
tent of different caseins in the total casein are significantly influenced by 
the breed and the month of lactation (Jõudu et al., 2008). The decrease in 
milk protein content in summer is associated with a decrease in casein 
content, which is caused by a decrease in α-casein and β-casein content. 
These changes may explain the change in cheese-making properties of 
milk commonly observed in summer (Bernabucci et al., 2004). According 
to our own results, protein in the milk of cows from the second lactation 
and older was noted in the range of 3.287–3.441%. According to Kaze-
minia et al. (2023) protein content was measured at 3.06 g/100 g with a 
range of 2.85% to 3.16%. Milk studies conducted in Romania by Pavel & 
Gavan (2011) during three seasons of spring, summer and autumn did not 
reveal any statistically significant differences in protein content. However, 
a study consistent with our own results found higher protein and fat con-
tent in cold season than warm season milk (Chenet al., 2014). Also Ge-
mechu (2016) in Ethiopia and Shokoohmand et al. (2012) in Iran reported 
higher fat levels in cold seasons than warm seasons. Overall, these results 
suggest that milk protein content can be influenced by various factors, 
including season, animal breed, and environmental factors. The positive 
correlation between the content of protein and fat in milk indicates that the 
two components may be influenced by similar factors (Kazeminia et al., 
2023).  

According to Fedorovych et al. (2023) the year of birth and the place 
of residence of cows had the most significant effect on milk yield and fat 
content in it, this was especially noticeable in primiparous cows; the high-
est fat content in milk both during the first and third lactation was also 
found in cows from the steppe zones — 4.08% and 4.01%, which was 
significantly (P < 0.001) higher than in cows from the forest-steppe zone 
by 0.48% and 0.44%, and from the Polissia zone by 0.45% and 0.36%. 
Bernabucci et al. (2014) proved that primiparous cows are less sensitive to 
heat stress than cows of the second lactation and older when studying the 

negative effect of temperature and humidity index on the constituent cha-
racteristics of milk. The genetic component of heat resistance is important, 
which indicates the need to include it in the selection of breeding bulls 
(Bernabucci et al., 2014). It was determined that heat stress had a negative 
effect on milk yield and fat and protein concentration during lactation. 
The negative effect of the duration of the daylight hours in the prenatal 
period and the heat during lactation on these indicators in primiparous 
cows was especially noted (Aharoni et al., 2002). According to our own 
results, the fat content of the bulk milk of primiparous cows was deter-
mined at the level of 3.573–3.839%, and this indicator in cows of the 
second lactation and older ranged from 3.665 to 3.869%. Regarding the 
theory that primiparous cows are less sensitive to heat, we have noted the 
opposite trend: in primiparous cows the percentage of fat and protein in 
milk in summer is 0.266% and 0.179% lower, respectively, compared to 
winter indicators (Table 2). In the milk of cows from the second lactation 
and older (Table 3), this decrease is not so significant: the percentage of fat 
and protein in summer is less by 0.204% and 0.154%, respectively, com-
pared to winter indicators.  

Milk urea content can potentially serve as a new easily measured in-
dicator of nitrogen excretion by cows. According to our results, the urea 
content in the milk of primiparous cows was observed at the level of 
200.3–228.6 mg/kg, in cows of the second lactation and older – 197.6–
220.2 mg/kg. The decrease in this indicator with subsequent lactations is 
also noted by other scientists: in cows of the first lactation 25.16 mg/kg, in 
cows of the second lactation – 24.93 mg/kg and in the third lactation 
23.75 mg/kg (Jahnel et al., 2023). According to Yoon et al. (2004) in-
creased concentration of urea nitrogen in milk positively correlated with 
the fat content of Holstein dairy cows. According to our own results, such 
a trend was not observed. Yoon et al. (2004) notes that with an increase in 
somatic cell count, the level of urea nitrogen in milk increased; both urea 
nitrogen concentration and somatic cell count were highest in winter. 
According to our own data, the maximum number of somatic cells in 
cows of different technological groups was observed mainly in winter, 
and the maximum values of milk urea content in milk were observed in 
autumn. Yoon et al. (2004) stated that the concentration of urea nitrogen in 
milk produced in summer and autumn was significantly lower (P < 0.01) 
than in spring and winter. The lowest concentration of urea nitrogen in 
milk in summer coincides with our own results, but in autumn this indica-
tor is significantly higher in all technological groups of cows.  

Therefore, the significant influence of the season on the composition-
al characteristics of cows’ milk has been proven.  
 
Conclusion  
 

The fat content in bulk milk of all technological groups of animals 
(group of early lactation (5–60 days in milk), primiparous cows and all 
other cows starting from the second lactation) was significantly lower in 
summer than in other seasons of the year, and the highest rate was noted in 
winter. The highest content of protein and fat in bulk milk of primiparous 
cows and other cows from the second lactation was noted in winter, and 
the lowest in summer. The group of early lactation had the lowest milk fat 
in summer and the highest in winter, while the protein content was lowest 
in autumn and highest in winter.  

In each group of animals, the lowest number of somatic cells was 
noted in the autumn, while the highest indicator in bulk milk of the group 
of early lactation and primiparous cows was determined in the winter, and 
in other cows from the second lactation and older – in the spring. In the 
results of a seasonal study of milk urea content in the bulk milk of primi-
parous cows and other cows from the second lactation, the highest rate 
was determined in the fall, while the lowest was determined in the sum-
mer. In cows of early lactation, the lowest milk urea content was noted in 
summer, and the highest in spring. The acidity of the milk of cows in early 
lactation was the lowest in autumn, and the highest in spring. When study-
ing bulk milk in the group of cows of the second lactation and older, acidi-
ty in autumn was lower than summer and winter indicators.  
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