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The research is devoted to a topical issue — establishing the influence of seasonal
changes on the quality indicators of cow milk in the forest-steppe of Ukraine. Researchers
from different countries and climatic regions have proven the impact of seasonal changes
on the milk productivity of cows. Studies were conducted on cows of the Ukrainian red-
pock dairy breed, in which milk productivity was taken into account by the method of
control milking during January-August and the fat and protein content in milk was
determined. The experiment was divided into three stages according to the actual ambient
temperature: | — from -3 °C to +9 °C, II — from +10 °C to +24 °C, IIl — from +24.5 °C
to +36.4 °C. the actual average air temperature was — +7 °C, +21 °C and 28 °C,
respectively.

At the first stage of the experiment, the average daily milk yield of experimental
cows was 19.6 kg, during the first — the coldest period of research (from January 2 to
March 25) — their productivity increased by 0.2 kg. At the second stage of research,
during the spring warming (from March 26 to May 26), the average daily milk yield
increased by 0.7 kg. At the end of the hottest third period of the study (from May 27 to
August 31), the daily milk yield decreased by 1.1 kg compared to the first period and by
1.8 kg compared to the second period.

Differences between the indicators of fat and protein content in the milk of
experimental cows were established. At the first stage of the experiment, the average fat
content in the milk of experimental cows was 3.93%, protein — 2.98 %. During the coldest
period of the year studied, the fat content in milk increased by 0.14 % (p<0.01), protein
— by 0.24 % (p<0.01). At the end of the second stage of the study, the fat and protein
content in milk increased slightly, by 0.05% and 0.02%, respectively. During the hottest
period of research, the fat content in the milk of experimental cows increased by 0.14 %.
The protein content in milk decreased slightly (by 0.06%) at the end of the third study
period.

Thus, it is proved that seasonal changes affect the milk productivity of cows, in
particular, the daily milk yield, fat and protein content in milk, which is consistent with
studies by other scientists conducted in different countries. Further research should be
aimed at finding innovative ways to offset the negative factors of seasonal changes on the
productivity of dairy cattle.
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Hocniosicennss npucesueHi akmyanibHOMy NUMAHHIO — 6CMAHOGIEHHIO 6NJIUBY
Ce30HHUX 3MIH HA NOKA3HUKU SKOCMI MOJOKA Kopié 6 ymosax Jlicocmeny Yxpainu.
Jocnionuxamu pizHux Kpain i K1iMamudHux pecionié 008e0eHO 8NIUE Ce30HHI 3MIH HA
MONIOUHY NPOOYKMUGHICMb Kopis. [locniodcents npogedeHi HA KOPOBAX YKPAIHCbKOI
4epBOHO-pAO0i MONOYHOI NOpOOU, 6 AKUX O0ONIKO8YBANU MONOYHY NPOOYKMUBHICD
MemoO0oM KOHMPOIbHUX O0iHb BNPOO0BIHC CIUHA-CEPNHSL | BUSHAUANU 8MICm Hcupy I OinKa
v monoyi. [ocnio 6yno posoineHo ma mpu emanu 3a (AKMUYHOI MeMNepamyporo
308HIWHbO2O cepedosuwia: I — 6i0 -3°C 0o +9°C, II — 6i0 +10°C oo +24°C, III — 6io
+24,5°C 0o +36,4°C. ®Daxmuuna cepedHs memnepamypa NOSIMps CMAHOBUNLA
gionogiono — +7°C, +21°C ma 28°C.

Ha nepuwomy emani docnioy cepedHuiii 00608uii Haditl MOI0KA OOCHIOHUX KOPI6
cmanosus 19,6 ke, 3a nepuiutl — HAUOLILW XONOOHUL NEPI0d DOCHIOdCeHD (3 2 CiuHs no
25 bepesns) — ix npoodykmuenicme 3pocia na 0,2 xe. Ha opyeomy emani oocniodxcens
8NPO00BIC BeCHAHO020 nomeniinus (3 26 Oepesns no 26 mpaews) cepeowill NOKAZHUK
00008020 Haoow niosuwuecs na 0,7 ke. Hanpukinyi Hatloinibul cnekomuo2o mpemvbo2o
nepiody oocniodcens (3 27 mpashs no 31 cepnus) nokaszHux 00608020 HAO0IO 3HUZUBCSL
Ha 1,1 ke y nopiensanui 3 nepuium nepiooom i Ha 1,8 ke y nopieHsaHHI 3 OpyeUM NepioOOM.

Bcmanoeneno siominnocmi mise nokazHuxamu micmy xcupy i Oiika y mMoaoyi
docnionux kopie. Ha nepwiomy emani 0ocnioy cepeoniti emicm scupy y Moaoyi 00C1iOHUX
kopie cmanosue 3,93 %, oinka — 2,98 %. Bnpo0ooeoic naiibinvuu Xo100H020 00CHi0HCEHO20
nepiody poky emicm dcupy y moaoyi nioguwuecs na 0,14 % (p<0,01), 6inka — na 0,24 %
(p<0,01). Hanpuxinyi opyeoco emany 00CHiodcenb émicm dcupy [ OUIKa y MOI0Yi
He3HauHo nioguwuscs, 6ionosiono na 0,05 % i 0,02 %. 3a nHaiibinew cnekomuuii nepioo
00CNIOAHCEHb BMICT JHCUPY Y MOOYT Q0CHIOHUX Kopie nidsuwuscs Ha 0,14 %. Bumicm 6inka
Y MOIOYI HANPUKIHYI MPembo20 00CIiOH020 nepiody ne3nayno 3uusuecs (na 0,06 %).

Takum uquHOM, O008€0€HO, WO Ce30HHI 3MIHU B6NIUBAIOMb HA MOJOYHY
NPOOYKMUBHICIb KOPIB, 30KpeMa — Ha 00008ull HAOIU, 8MICm dcupy i OLIKa y MOI0YL, U0
V32004CYEMbCA 13 OOCNIOHNCEHHAMU THWUX BUEHUX, NPOBEOCHUX ) PIZHUX KpaiHax.
THooanvwi O0ocniodcenus maroms OYMU CAPAMOBAHI HA NOWLYK THHOBAYIUHUX 3AC00i8
HIBENIIOBAHHS He2aMUBHUX (DAKMOPI8 Ce30HHUX 3MIH HA NPOOYKMUBHICMb MOJLOYHOL
xyooou.

Kuo4oBi cjioBa: MonouyHa xy00a, MOJIOYHA TIPOTYKTUBHICTh, TOOOBHI HaJIH,
MOJIOYHHH KHP, MOJIOUHHUH O110K

Introduction. Cow milk production is known to vary with the season and
environmental factors (Borshch, 2021; Gauly & Ammer, 2020; Skliarov et al., 2022).
Consequently, Picinin and co-authors established a correlation between climatic

Vi Haykosuii kepiBuuk — 1. B. Tka4oBa, TOKTOp CilIbCHKOrOCHOJAPCHKUX HAyK, MpoQecop,
IncturyT TBapunHunTBa HAAH
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conditions and the physicochemical properties of raw milk, as well as the total volume of
milk produced in the conditions of dairy farms in Brazil (Picinin et al., 2019). According
to their research, an increase in temperature from 6.2 °C to 31.3 °C led to a significant
decrease in the content of milk protein (by 4.09 %), fat (by 5.75 %), also decreased by
1.31% the content of skimmed dry matter (SNF) and by 16.8 % — the content of somatic
cells, but the total content of microorganisms in milk increased by 13.7 %. South Korean
scientists have studied 1.5 million people. data and established the negative impact of
heat stress on the productivity and milk quality of Holstein cows (Lee at al., 2023).

Many scientists prove that the summer season is the most critical for milk
production. Experiments on Holstein cows in the conditions of 3,328 dairy farms in the
Lombard region of Italy were studied (Bertocchi et al., 2014) results of analysis of 508613
milk samples and established a significant association with seasonal changes in such
indicators as the content of dry matter, skimmed milk residue powder, fat and protein in
milk. In particular, the most critical season in terms of milk quality was summer,
especially July. Tanc¢in and co-authors also on Holstein cows proved the influence of
factors of the season of the year on milk quality indicators (Tanéin et al., 2020). Parmar
and co-authors (Parmar et al., 2020) established the variability of milk density depending
on seasonal fluctuations throughout the year. The highest fat and protein content in milk
was observed in the autumn-winter period, and the lowest — in the summer. Studies of fat
and protein content in cow's milk on large farms under different weather conditions
throughout the year have also established seasonal patterns (Feliciano et al., 2023).

It has been proven (Ayemele, 2021) that heat stress causes oxidative stress in the
body, resulting in an increase in the content of reactive oxygen species in cells.
Significantly higher levels of stress indices catalase, SOD, GSH reductase, and Malone
dialaldehyde were found in lactating cows in summer. Increased milk production during
this period leads to oxidative tissue damage due to the induction of heat stress. In the
work of Rodney J. Feliciano et al. (2020) noted that climate change affects the microbial
safety of dairy products. Under conditions of heat stress, the susceptibility of lactating
cows to microbial contamination increases, and accordingly, microbial contamination of
milk increases. The researchers propose developing models to quantify microbial
pollution to evaluate risk reduction strategies, which will be a key step in prioritizing the
creation of a climate-resilient dairy industry.

Zazharska et al., 2024) examined the composition of whole milk of cows of
different technological groups by season of the year and found that the fat content in the
milk of cows of all groups was significantly lower in summer, and the highest in winter.
All cows had the lowest content of somatic cells in autumn, and the highest rate — in cows
at the beginning of lactation and primiparous — in winter, and in cows of the second
lactation — in spring. The lowest urea content in milk in all animal groups was observed
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 volume milk of cows at the beginning of lactation.
Sara Pacheco-Pappenheim et al. (2021) link the fatty acid and triacylglycerol composition
of cow's milk to seasonal changes. In their research, they associate significant changes in
the fatty acid composition of milk with increased intake of C18:3 cis-9,12,15 from grass
in spring and summer. The triacylglycerol profile, in turn, depended on the fatty acid
composition of the milk. At the same time, low - and medium-molecular groups of the
triacylglycerol profile increased in winter and decreased in summer, while high-
molecular groups increased in summer and decreased in winter.

They are particularly concerned with the impact of seasonal climate changes on
livestock production in countries with arid climates. Thus, studies of the milk quality of
Holstein cows in the north-eastern regions of Iran have proven (Toghdory A. at all., 2022)
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that livestock productivity is influenced by various factors due to the complex interaction
between the animal and the environment. The main factors influencing the quality of milk,
these researchers consider the temperature and humidity of the environment. They
attribute their conclusions to factors — an increase in temperature from 6.2 to 31.3 °C led
to a significant decrease in the content of milk protein (by 4.09 %), fat (by 5.75 %).
Depending on the increase in ambient temperature, the content of skimmed dry matter
(SNF) decreased by 1.31% and the content of somatic cells (by 16.8 %). But with an
increase in ambient temperature, the total content of microorganisms in milk increased
by 13.7 %.

At the same time, in different regions of the world, the seasons of the year differ
in climatic conditions. Consequently, Iranian scientists prove (Nateghi et al., 2024), in
contrast, milk obtained in summer had a significantly higher dry matter content and better
microbiological quality compared to milk obtained in winter. Scientists attribute seasonal
fluctuations in the composition of cow's milk to differences in diets, because in summer
the animals consumed fresh grass on pastures, and in winter — mixtures of dry
components. Seasonal changes in milk quality are primarily associated with the feeding
diet of cows and other researchers (Magan et al., 2021; Hayes et al., 2023). Insufficient
dry matter intake reduces milk synthesis, which is associated with biological changes in
the mammary gland (Gao et al., 2019).

Correa-Calderon with co-authors (Correa-Calderon at al., 2022) add that at least
a 40% decrease in milk productivity is associated with a decrease in feed dry matter
intake, however, the greatest direct impact on overall metabolism and cell thermal
resistance. The results of their experiments show that heat stress reduces the transcription
of genes associated with metabolism, and, accordingly, increases the concentration of
genes associated with inflammation in breast tissues, which leads to a decrease in milk
protein synthesis.

Other researchers have shown that in cows exposed to heat or cold stress, body
responses included changes in energy balance and nutrient distribution (Razzaghi et al.,
2022). The ability of an animal to synthesize milk fat largely depends on the availability
of substrates for lipid synthesis from the diet, rumen fermentation, or adipose tissue
reserves that can be altered in the face of climate change.

Stojnov et al. (Stojnov et al., 2024) link dairy productivity and milk quality of
cows to their calving season in the context of future climate changes in Bulgaria. 199
Holstein cows were examined for 286 lactations. Cows calving in spring had the highest
average milk yield (8522.2 kg) and maximum daily milk yield (38 kg), while cows
calving in summer had the lowest milk yield (8082.7 kg) and minimum daily milk yield
(35.7 kg). In terms of milk composition, fat and protein content, no significant influence
of the calving season was found, but there was a tendency to lower the percentage of fat
in milk in cows calving in the summer (3.68 %) and higher in cows calving in the spring
(3.71 %). As for the percentage of protein in milk, the lowest values were observed in
cows calving in autumn (3.19 %) and the highest in cows calving in summer (3.27 %).

Therefore, in conditions of loose keeping, a decrease in fat content was observed
during the summer period with the lowest indicator in July and the highest in December.
The highest protein content in raw milk was observed from November to January. The
average level of somatic cells increased in winter.

Taking into account the relevance of the issue covered in information sources, the
aim of the research was to establish the influence of seasonal changes on the quality
indicators of cow's milk.

Research materials and methods. The research was conducted in LLC
"Pechenezhskoe™ Kharkiv region on cows of the Ukrainian red-pock dairy breed. During
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2022, control milking of 70 cows was carried out (January-August). The conditions of
keeping, feeding, watering and milking regimens during the studies of experimental
animals were the same. The experimental cows were clinically healthy, were on 2-4
lactation periods, and their average age was 64.4+3.9 months. The average live weight of
the experimental animals was 581+22 kg. Cows were fed with balanced diets. The diet of
experimental cows consisted of the following components: corn silage (8.0 kg), triticale
haylage+oats (12.0 kg), pea straw (1.0 kg), beer pellets (5 kg), 1.7 kg mixed feed (5.8 kg),
sunflower meal (1.6 kg). Control accounting of feed mixture consumption was carried
out every 10 days. At the beginning of the experiment, feed samples were selected to
determine their chemical composition and nutritional value in the laboratory for assessing
the quality of feed and animal products of the Institute of animal husbandry of the
National Academy of Sciences. The results of the analysis of the feed mixture of cows in
the first half of the transit period are shown in Table 1.

Table 1.
Chemical composition of the feed mixture of experimental cows

Feed mix components, kg First Transit period | second transit period
Corn silage 8,0 10,0
Haylage triticale+ oats 6,0 9,0

Pea straw 2,0 0,5
Meadow hay 1,0 -

Fresh beer pellets - 10,0
Sorghum cornage 1,4 2,5

Mixed feed 1,3 2,3
Sunflower meal 1,7 50

According to the results of the analysis, the nutritional value of the diet in
comparison with the need was established (Table. 2). Consequently, the diet of
experimental animals in the first half of the transit period contained 13.04 kg of dry
matter, 129.7 MJ of metabolic energy, and 1628 g of crude protein. The level of content
per 100 kg of live weight in the first half of the transit period was: Exchange energy —
25.13 MJ, dry matter — 2.24 kg, crude protein — 280.2 g.

Table 2.
Content of metabolic energy and nutrients in the diet of experimental cows
during the first transit period

Indicator content in the diet need
Exchange energy, MJ 222 250
Dry matter, kg 20,5 20,0
Crude protein, g 3587 3500
Digestible protein, g 2569 2550
Raw fiber, g 19,4 18,0
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The daily feed intake of Experimental Animals, based on the control feeding data,
was almost complete — residues ranged from 1 to 3% of the set value.

After calving, the cows began the second phase of the transit period, characterized
by the formation of colostrum in the udder, and later — intensive milk production. During
this period, the feeding ration was adjusted with an advance payment of feed to increase
milk production with the introduction of dairy feed — fresh beer pellets and sorghum
corsage. The nutritional value of the diet of experimental cows of the second transit period
is shown in Table 3.

Consequently, in the second phase of the transit period, cows of the control group
received a diet containing 20.5 kg of crude matter, 222 MJ of exchange energy and 3587
g of crude protein, including 2569 g of the rumen-soluble fraction of crude protein and
1018 g of the insoluble protein fraction in the rumen, or 71.62 and 28.4% of the total
amount of crude protein, respectively.

The proposed composition and nutritional value of the feed mixture is universal
for the total number of cows in a certain transit period, and the satisfaction of the needs
of animals with different milk productivity in the required amount of energy and nutrients
was carried out by feeding to their heart's content. That is, the feed mixture was in the
feeder around the clock and the determining factor was and is the indicator of dry matter
consumption in absolute and relative terms.

Control milking was performed twice a day-in the morning and in the evening
using portable buckets. Sanitary and hygienic treatment of udders and teats in cows of all
groups was carried out in the same way. Samples of milk from each cow were taken using
a probe, in proportion to the morning and evening milk yields, when sampling were
guided by the European requirements of Codex Alimentarius, Vol. 13 "methods of
analysis and sampling™ and DSTU ISO 707:2002 "milk and dairy products, instructions
for sampling"”. Samples were delivered to the laboratory with a preservative (broad-
spectrum MicroTabs tablets, manufactured in the USA).

The experiment was divided into three stages according to the actual ambient
temperature: | — from -3°C to +9°C, II — from +10°C to +24°C, III — from +24.5°C to
+36.4°C. the actual average air temperature was — +7°C, +21°C and 28°C, respectively.

Biochemical parameters of milk were determined in a certified laboratory for
assessing the quality of livestock products. The mass fraction of protein and protein
(casein+whey proteins) was determined by rapid infrared spectrometry (DSTU
8396:2015, 2017). All experimental studies were conducted in accordance with modern
methodological approaches, requirements and standards (DSTU ISO/IEC 17025:2019,
2021), directive 2010/63/EC (2010) and the procedure for conducting animal testing in
research institutions” (law of Ukraine No. 249, 2012). The experiments were performed
in accordance with the provisions of the European Convention for the protection of
vertebrates used for experimental and other scientific purposes (European convention,
1986).

Research results. The climatic conditions of the research region are analyzed.
LLC "Pechenezhskoe™ is located in the North-Eastern District closer to the center of the
Kharkiv region within the village of Pechenegi on the southern dam of the Pecheneg
reservoir of the Seversky Donets River Basin (Erofeeva & Sashkova, 2011). The village
is adjacent to large woodlands and a complex of artificial ponds has been created. The
type of climate at the location of the farm is temperate continental, The Zone is forest —
steppe. Summers are warm and, due to the proximity of the reservoir, quite humid.
Winters are moderately mild with a predominance of cloudy and moderately frosty
weather. During the year, the air temperature usually ranges from-8 °C to +27 °C,
occasionally it is below-19 °C and above 33 °C. The warm season in the region lasts 3.7
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months., usually from May 18 to September 8 with a maximum average daily temperature
above 21 °C (July) with a minimum of +17 °C. The cold season lasts 3.9 months. from
November 18 to March 13 with a minimum average daily temperature below 4 °C. The
coldest month is January with an average temperature maximum of — 7 °C (January) and
a minimum of- — 2 °C. The region is characterized by precipitation of 400-650 mm per
year, mainly from April to October, in winter the snow cover is maintained for up to 110
days.

Differences in the indicators of daily milk yield of cows at different air
temperatures during the year were established (Table. 3).

Table 3.
Dynamics of dairy productivity of cows with seasonal changes
. Air temperature, °C
Indicators
-3-49 +10 — +24 +24,1 — +36,4
Duration of the period, days 83 60 100
Average daily milk yield at the 19.64£0.56 19.840.51 20 540.61
beginning of the period, kg T 7 T
Average daily milk yield at the 19.840.51 20540 61 18.740.40
end of the period, kg T T T

At the beginning of the experiment, the average daily milk yield of experimental
cows was 19.6 kg, during the first — the coldest period of research (from January 2 to
March 25) — their productivity increased by 0.2 kg.

At the second stage of research, during the spring warming (from March 26 to
May 26), the average daily milk yield increased by 0.7 kg.

At the end of the hottest third period of the study (from May 27 to August 31), the
daily milk yield decreased by 1.1 kg compared to the first period and by 1.8 kg compared

to the second period.

Differences between the indicators of fat and protein content in the milk of
experimental cows were also established (table. 4).

Dynamics of fat and protein content in cow's milk during seasonal c-rl;gglgeej
Indicators Air temperature, °C
_ - -3-+9 +10 —+24 | +24,1 - +36,4
the boginning of he perioc, %6 | 393009 | 407:006 | 4042004
the endof (e poriog, 56 | 4072006 | 412:003 | 418:001
ik a the beginning of the peiod, o6 | 295005 | 3224003 | 3235001
il at the enl of the period 06| 322003 | 3245003 | 317001
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Consequently, at the beginning of the studies, the average fat content in the milk
of experimental cows was 3.93%, protein — 2.98 %. During the coldest period of the year
studied, the fat content in milk increased by 0.14 % (p<0.01), protein — by 0.24 %
(p<0.01).

At the end of the second stage of the study, the fat and protein content in milk
increased slightly, by 0.05% and 0.02%, respectively.

During the hottest period of research, the fat content in the milk of experimental
cows increased by 0.14 %, which may be associated with a decrease in daily milk yield,
because it is known that these signs are negatively related (Alphonsus, 2015; Yoon J. T.
et al., 2004). The protein content in milk decreased slightly (by 0.06%) at the end of the
third study period.

Discussion. The variability of productivity indicators and the content of fat and
protein in cow's milk can be associated with the influence of various factors: climatic
parameters, the duration of the World Day, exercise (rehabilitation), and so on. Most
researchers believe that milk production varies significantly due to seasonal changes. It
is known that milk productivity and milk composition vary depending on environmental
conditions, including air temperature. Many studies indicate a negative effect of heat
stress on milk production and changes in its composition (Barash et al., 2001; Bouraoui
et al., 2002; Bohmanova et al., 2007; West et al., 2003; Schneider Y. et al., 2014). The
results of our research are consistent with studies conducted by other domestic scientists
(Polupan et al., 2022), that seasonal changes, in particular — air temperature affects milk
productivity, fat and protein content in cow's milk in the forest-steppe region of Ukraine.
It was found that at the population level, among the mentioned environmental factors, the
herd (15-22%), the year of first calving (4.7-12%) and birth (4.2-12%) have the most
significant influence on the phenotypic variability of milk productivity of first-born
heifers (0.05 - 0.2%) and calving (1.5-2.1%). A number of other researchers report a
greater impact of the herd and year and a smaller impact of the calving season and
especially birth on the milk productivity of first — born heifers.

So, analyzing the experience of researchers and their own research results, it is
planned to further adapt dairy farming in Ukraine to climate change, which requires
additional research in determining the degree of vulnerability of livestock industries
under the influence of climate change, as well as in finding ways to prevent them.
According to climate forecasts of different temperature zones, local and regional
strategies for reducing heat stress for dairy cattle should be adjusted to mitigate potential
losses of dairy production due to heat stress. Reducing the body temperature of animals
during the heat contributes to their consumption of more feed, and the introduction of
special feed elements into the diet reduces the release of electrolytes from the body
through the skin. In this aspect, the development and use of drugs and probiotics in animal
husbandry — anti-stress products of synergistic action, vitagens, immunomodulators,
organic acids, mineral compounds-is becoming increasingly relevant. An important
direction of leveling heat stress is the development and application of stress-free and
adaptive technologies for keeping animals, taking into account actual and possible
changes in the environment, the spread of technologies for ecological and organic
production of livestock products.

Conclusion. It is proved that seasonal changes affect the milk productivity of
cows, in particular, the daily milk yield, fat and protein content in milk. Further research
should be aimed at finding innovative ways to offset the negative factors of seasonal
changes on the productivity of dairy cattle.

204



E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuymea HAAH, 2025, Nol134 F=F

References

Alphonsus C. (2015): Prediction of Total Milk Yield in early lactation of dairy cows using
Milk Composition Measures. Livestock Research for Rural Development. Vol. 27,
Art. Mo 154, Retrieved August 11, 2025, from
http://www.lrrd.org/lrrd27/8/alph27154.html

Ayemele A. G., Tilahun M., Lingling S., Elsaadawy S. A., Guo Z., Zhao G., Xu J., Bu D.
(2021). Oxidative Stress in Dairy Cows: Insights into the Mechanistic Mode of
Actions and Mitigating Strategies. Antioxidants (Basel), Ne 29, 10(12): 1918.
https://doi.org/10.3390/antiox10121918

Barash H, Silanikove N, Shamay A, Ezra E. (2001). Interrelationships among ambient
temperature, day length and milk yield in dairy cows under a Mediterranean
climate. J Dairy Sci. 2001;84:2314-2320. https://doi.org/10.3168/jds.S0022-
0302(01)74679-6

Bouraoui R, Lahmar M, Majdoub A, Djemali M, Belyea R. (2002). The relationship of
temperature-humidity index with milk production of dairy cows in a
Mediterranean climate. Anim Res. 2002; 51:479-491.
https://doi.org/10.1051/animres:2002036

Bertocchi L., Vitali A., Lacetera N., Nardone A., Varisco G. U. (2014). Bernabucci,
Seasonal variations in the composition of Holstein cow’s milk and temperature—
humidity index relationship. Animal, Vol. 8, Iss. 4, 2014, 667-674,
https://doi.org/10.1017/S1751731114000032.

Bohmanova J., Misztal I., Cole J. B. (2007). Temperature-humidity indices as indicators
of milk production losses due to heat stress. J Dairy Sci. 2007; 90:1947-1956.
https://doi.org/10.3168/jds.2006-513

Borshch O.0. (2021). The inuence of genotypic and phenotypic factors on indicators of
cow comfort. Animal Husbandry Products Production and Processing, 2(166), 7-
20. https://doi.org/10.33245/2310-9289-2021-166-2-7-20

Correa-Calderén A., Avendafio-Reyes L., M. Lopez-Baca A., Macias-Cruz U. (2022).
Heat stress in dairy cattle with emphasis on milk production and feed and water
intake habits. Review. Revista Mexicana de ciencias pecuarias. Vol. 13, Ne 2.
https://doi.org/10.22319/rmcp.v13i2.5832

European convention for the protection of vertebrate animals used for experimental and
other scientific purposes. (1986). Retrieved from https://rm.coe.int/168007a67b

Erofeeva G. M. Sashkova L. O. (2011). Pechenegs: to the 365th anniversary of the
founding of the village [Text]: bibliographic index; Kh.: KHOUNB, 2011. 210 p.

Feliciano, Rodney J., Bou'e, G., Mohssin, F., Hussaini, M. M., Membr’e, J.-M. (2023).
Raw milk quality in large-scale farms under hot weather conditions: Learnings
from one-year quality control data. J. of Food Composition and Analysis. 2023.
Ne 117. P.105-127. https://doi.org/10.1016/j.jfca.2023.105127

Gao S. T., Ma L., Zhou Z., Zhou Z. K., Baumgard H., Jiang D. (2019). Heat stress
negatively affects the transcriptome related to overall metabolism and milk
protein synthesis in mammary tissue of midlactating dairy cows. Physiol
Genomics; 2019;51:400-4009.
https://doi.org/10.1152/physiolgenomics.00039.2019

Gauly, M., & Ammer, S. (2020). Review: Challenges for dairy cow production systems
arising from climate changes. Animal, 4(1), 196-203.
https://doi.org/10.1017/S1751731119003239

Hayes, E., Wallace, D., O'Donnell, C., Greene, D., Hennessy, D. , O'Shea, N. , Tobin, J.
T., Fenelon, M. A. (2023). Trend analysis and prediction of seasonal changes in

205


https://pubmed.ncbi.nlm.nih.gov/?term=Ayemele%20AG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tilahun%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lingling%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Elsaadawy%20SA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Guo%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Xu%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bu%20D%5BAuthor%5D
https://doi.org/10.3390%2Fantiox10121918
http://www.scielo.org.mx/scielo.php?script=sci_serial&pid=2007-1124&lng=es&nrm=iso
https://doi.org/10.22319/rmcp.v13i2.5832
https://doi.org/10.22319/rmcp.v13i2.5832
https://pubmed.ncbi.nlm.nih.gov/?term=Hayes+E&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=Wallace+D&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Donnell+C&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=Greene+D&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=Hennessy+D&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Shea+N&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=Tobin+JT&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=Tobin+JT&cauthor_id=36759275
https://pubmed.ncbi.nlm.nih.gov/?term=Fenelon+MA&cauthor_id=36759275

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 134

milk composition from a pasture based dairy research herd. J. Dairy Sci.
106(4):2326-2337. https://doi.org/10.3168/jds.2021-21483

Lee, D.; Yoo, D.; Kim, H.; Seo, J. (2023). Negative association between high
temperature-humidity index and milk performance and quality in Korean dairy
system: Big data analysis.J. Anim.  Sci.  Technol, 65,  588.
https://doi.org/10.5187/jast.2022.e119

Magan, J. B., O’Callaghan, T. F., Kelly, A. L., McCarthy, N. A. (2021). Compositional
and functional properties of milk and dairy products derived from cows fed
pasture or concentrate-based diets. Compr Rev Food Sci Food Saf. 20(3):2769-
2800. https://doi.org/10.1111/1541-4337.12751

Mykhailiutenko, S. M., Kuzmenko, L. M., Gutyj, B. V., & Mykhailiutenko, Y. E. (2025).
Seasonal fluctuations in individual milk parameters in free-range cows. Ukrainian
Journal  of  Veterinary and  Agricultural  Sciences, 8(1), 85-89.
https://doi.org/10.32718/ujvas8-1.12

Nateghi L., Yousefi M., Zamani E., Gholamian M., Mohammadzadeh M. (2014). The
effect of different seasons on the milk quality. Euro. J. Exp. Bio., 2014, 4(1):550-
552.

Pacheco-Pappenheim, S., Yener, S., Heck, Jeroen M. L., Dijkstra, J., van Valenberg, Hein
J. F. (2021). Seasonal variation in fatty acid and triacylglycerol composition of
bovine milk fat. J. Dairy Sci. 104:8479-8492. https://doi.org/10.3168/jds.2020-
19856

Parmar, P., Lopez-Villalobos, N., Tobin, J. T., Murphy, E., McDonagh, A., Crowley, S.
V., Kelly, A. L., & Shalloo, L. (2020). The Effect of Compositional Changes Due
to Seasonal Variation on Milk Density and the Determination of Season-Based
Density Conversion Factors for Use in the Dairy Industry. Foods, 9(8), 1004.
https://doi.org/10.3390/foods9081004

Picinin, L. C. A.; Bordignon-Luizl, M. T.; Cerqueira, M. M. O. P.; Toaldo, I. M.; Souza,
F. N.; Leite, M. O.; Fonseca, L. M.; Lana, A. M. Q. (2019). Effect of seasonal
conditions and milk management practices on bulk milk quality in Minas Gerais
State — Brazil. Animal Science and Technology and Inspection of Animal
Products. Arg. Bras. Med. Vet. Zootec. 2019. Ne 71(04). P.1355-1363.
https://doi.org/10.1590/1678-4162-10063

Polupan, Y. P., Bazyshyna, I. V., Pochukalin, A. Y., Pryima, S. V., & Polupan, N. L.
(2022). Influence Of Year And Season On Milk Productivity Of Cows. Animal
Breeding and Genetics, 63, 71-90. https://doi.org/10.31073/abg.63.08

Razzaghi, A.; Ghaffari, M. H.; Rico, D. E. (2022). The impact of environmental and
nutritional stresses on milk fat synthesis in dairy cows. Domest. Anim.
Endocrinol. 2022. Ne 83. P.106784.
https://doi.org/10.1016/j.domaniend.2022.106784

Rodney J. Feliciano, Géraldine Boué, Jeanne-Marie Membré. (2020). Overview of the
Potential Impacts of Climate Change on the Microbial Safety of the Dairy
Industry. Foods, 9, 1794; https://doi.org/10.3390/f00ds9121794

Skliarov, P., Kornienko, V., Midyk, S., & Mylostyvyi, R. (2022). Impaired reproductive
performance of dairy cows under heat stress. Agriculturae Conspectus
Scientificus, 87(2), 85-92 https://hrcak.srce.hr/file/404522

Stojnov, M., Penev, T., Dimov, D., & Marinov, I. (2024). Effect of Calving Season on
Productive  Performance of Dairy Cows. Dairy, 5(1), 217-228.
https://doi.org/10.3390/dairy5010018

206


https://doi.org/10.5187%2Fjast.2022.e119
https://pubmed.ncbi.nlm.nih.gov/33949109/
https://pubmed.ncbi.nlm.nih.gov/33949109/
https://pubmed.ncbi.nlm.nih.gov/33949109/
https://doi.org/10.1590/1678-4162-10063
https://doi.org/10.1590/1678-4162-10063
https://doi.org/10.1016/j.domaniend.2022.106784
https://doi.org/10.1016/j.domaniend.2022.106784

E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuymea HAAH, 2025, Nol134 F=F

Tancin V., Miklas S., Uhrin¢at M., Macuhova L. (2020). Factors affecting raw milk
quality of dairy cows under practical conditions. Potravinarstvo Slovak Journal
of food sciences . 2020. Vol.14. https://doi.org/10.5219/1336

Toghdory, A., Ghoorchi, T., Asadi, M., Bokharaeian, M., Najaf, M., Nejad, J. G. (2022).
Effects of Environmental Temperature and Humidity on Milk Composition,
Microbial Load, and Somatic Cells in Milk of Holstein Dairy Cows in the
Northeast Regions of Iran. Animals, 12(18), 2484.
https://doi.org/10.3390/ani12182484

West J. W, Mullinix B. G., Bernard J. K. (2003). Effects of hot, humid weather on milk
temperature, dry matter intake, and milk yield of lactating dairy cows. J Dairy Sci.
2003; 86:232—242. https://doi.org/10.3168/jds.S0022-0302(03)73602-9

Yano M, Shimadzu H, Endo T. Modelling temperature effects on milk production: a study
on Holstein cows at a Japanese farm. Springerplus. 2014 Mar 7; 3:129.
https://doi.org/10.1186/2193-1801-3-129

Yoon J. T.,Lee J. H. , KimC. K., Chung Y. C., Kim C.-H. (2004). Effects of Milk
Production, Season, Parity and Lactation Period on Variations of Milk Urea
Nitrogen Concentration and Milk Components of Holstein Dairy Cows. Asian-
Australas J. Anim Sci. . 17(4): 479-484. https://doi.org/10.5713/ajas.2004.479

Zazharska, N. V., Bibenl. A., & Zazharska, N. M. (2024). Influence of the season on the
main components of cow milk in Ukraine .Regulatory Mechanisms in
Biosystems, 15(3), 423-428. https://doi.org/10.15421/022459

Zeinhom M. M., Abdel Aziz R. L., Mohammed A. N., Bernabucci U. (2016). Impact of
Seasonal Conditions on Quality and Pathogens Content of Milk in Friesian Cows.
Asian-Australas J. Anim. Sci. 2016 Aug;29(8):1207-13.
https://doi.org/10.5713/ajas.16.0143

207


https://potravinarstvo.com/journal1/index.php/potravinarstvo/issue/view/27
https://potravinarstvo.com/journal1/index.php/potravinarstvo/issue/view/27
https://doi.org/10.5219/1336
https://sciprofiles.com/profile/2456182
https://sciprofiles.com/profile/author/WUhIa3c3aWM0U0l0bHRXZHN3NE1EY2t1VFlTVDRHUjQvSDJaQkJwajRVcz0=
https://sciprofiles.com/profile/author/WTQvZlpCS1gxNm43NVNaT2YyeUFxSGlyTDkzNE5BMDFPQ1Z5RkYyK1dNdz0=
https://sciprofiles.com/profile/2455497
https://sciprofiles.com/profile/2544840
https://sciprofiles.com/profile/898481
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=J.%20T.&l_name=Yoon
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=J.%20H.&l_name=Lee
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=C.%20K.&l_name=Kim
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Y.%20C.&l_name=Chung
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=C.-H.&l_name=Kim
https://doi.org/10.5713/ajas.2004.479

