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Summary 
The aim of this study was to investigate the effects of birth and calving season (spring, summer, au-
tumn, and winter (astronomical)) and birth year on milk production and composition (content of lactose, 
fat, protein, and total fat and protein (kg, %)) of Holstein first lactating cows. The analysed data based 
on milk production records of the first lactation Holstein cows (n=158 and n=246 on farm 1 and farm  
2, resp.) recorded within the years of 2013 to 2017 on two farms in west part of Slovakia. The birth  
season of heifers had no significant effect on the milk composition and production. The significant ef-
fect of birth year was observed on all parameters evaluated, except on total fat and protein content (%).  
Milk yield, depending on the birth year, increased from 7793.31±1629.31  kg (in cows born in year 
2013) to 9628.76±1386.45 kg (in cows born in year 2017). Similarly, the content (kg) of all components  
evaluated was higher in cows born in year 2017 than in cows born in year 2013. The influence of the 
farm was evident in all parameters evaluated, except for total fat and protein and lactose content (%). 
Milk production and milk composition of first-lactation cows appear to be influenced by factors other 
than calving and birth season. The management practices implemented on the evaluated farms could be 
one of the influencing factors. 
Key words: first lactating cows, milk production and composition, birth season, calving season, birth 
year

Introduction
The milk production of dairy cows is affected not only by their genetic disposition and di-

rect environmental effects they are exposed to, but also by the genetic constitution of the dam 
and non-genetic factors (maternal effect) (Susanto et al., 2019). Environmental factors affect-
ing animals during prenatal and early postnatal period play an important role for the animals 
to express their performance during adult age (Hanson et al., 2011). Environmental stressors 
include heat and cold stress. These stressors can dramatically affect the dairy industry. These 
negative effects have an influence on the milk yield, milk composition, and milk quality of dairy 
animals (Collier et al., 2006; Mbuthia et al., 2021). Moreover, milk from heat-stressed animals 
may have altered coagulation properties, which could have an important impact on the cheese 
process (Salama et al., 2014). 
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Cold stress at birth caused a decrease in preweaning weight gain and has a negative effect on 
the milk production of first-lactation cows (Soberon et al., 2012). The increased requirements of 
the cow during cold stress can be attributed primarily to increased maintenance functions. Preg-
nancy, calf development, and calf weight at birth were not negatively affected by cold stress, 
provided that the animal had a sufficient supply of nutrition (Young, 1981). However, if the 
animal has to use its body’s energy reserves too much (insufficient nutrition or lack of protein), 
complications such as weak calf syndrome, reduced lactation potential, and even delayed rein-
troduction into breeding can occur (Young, 1981, 1983). Angrecka and Herbut (2015) in their 
study stated that the lower milk production appeared when the temperature was much lower 
than 0°C. They found out that animals suffering mild cold stress (calculated average operative 
temperature was -12.3°C) had lower milk yield by approximately 9.3%. 

While the impact of heat stress on lactating cows is better understood and documented (i.e. 
its impact on milk yield, feed intake, composition of milk and colostrum, disease incidence 
(mammary gland health), and reproduction), recent literature has demonstrated that heat stress 
during late gestation can lead to a range of negative effects in both the dam and offspring (Nar-
done et al., 1997; Tao et al., 2019; Dado-Senn et al., 2020; Salama et al., 2020), with long-last-
ing multigenerational consequences on herd performance and longevity (Laporta et al., 2020). 

Several researchers have revealed that heat stress during late gestation affects the birth 
weight, calf grain intake, weaning weight, standing behaviour (standing time, standing bound), 
and immune function (Tao et al., 2012; Monteiro et al., 2016a; Laporta et al., 2017). Heifers 
born to heat-stressed dry cows also had a greater number of services per conception confirmed 
30 days after insemination and lower milk production in the first lactation compared to those 
born to cooled cows (Monteiro et al., 2013; 2016a). 

Therefore, it is important to evaluate environmental factors that affect animals’ performance 
under practical conditions. The aim of this study was to analyse the effect of year birth, as well 
as the birth and calving season, on the milk yield and composition of first lactating Holstein 
dairy cows on two dairy farms.

Material and Methods
Data were obtained from the Breeding services of the Slovak Republic from two dairy 

farms (farm 1 and farm 2) in west part of Slovakia located 5 km apart. The data were collected 
in years 2013 to 2017 from 404 animals (246 animals on farm 1 and 158 animals on farm 2). 
The animals included in the study were cows of Holstein breed with completed first lactation. 
Lactation duration of cows varied, therefore the animal’s milk yield was standardized to 305 
days milk yields. There were evaluated productive traits (milk yield (kg) and milk composition 
(fat, protein, total fat and protein, lactose in kg and %, resp.)) according to birth and calving 
season (each in four categories, Winter – December 21 to March 20, Spring –March 21 to June 
20, Summer –June 21 to September 22, Autumn –September 23 to December 20) and birth year 
(from 2013 to 2017) of heifers. 

Statistical data evaluation was performed with ANOVA and Tukey post hoc test by multiple 
comparison using proc mixed procedure of SAS®9.4. The effect of birth season, calving sea-
son, birth year, and farm on tested parameters was evaluated. The level of significance was set 
up at p<0.05. 
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Results and Discussion
The effects of the birth season on milk production and composition are shown in Table 1. 

According to Toledo et al. (2020), cows that were born in summer (from July to September) 
produced more milk and more protein than cows born in winter (from January to March). In 
our study, no significant effect of the birth season was observed on the evaluated parameters, 
similarly to the results of the studies by Mikláš et al. (2020a,b). Barash et al. (1996) evaluated 
the effects of birth month and observed a significant effect of birth month on the production of 
milk, fat, and protein in first-lactation cows. Milk production was the lowest in firstlactation 
cows born in early spring and the highest in those born in autumn (Barash et al., 1996). On the 
other hand, the results of Skiebiel et al. (2018) and Monteiro et al. (2016b) indicate that heifers 
exposed to heat stress conditions in the intrauterine environment can have lower milk yield 
during the first lactation. 

Table 1 The effect of birth season on milk yield and milk composition

Parameters
Birth season

PSpring
(n=68)

Summer
(n=120)

Autumn
(n=116)

Winter
(n=100)

Milk yield, kg 8642.28±1443.00 8768.19±1323.46 9011.59±1255.91 8962.37±1381.60 0.9361
Fat, kg 306.15±54.11 324.23±50.78 331.22±52.24 323.57±58.95 0.5243
Fat, % 3.58±0.54 3.73±0.49 3.69±0.45 3.62±0.43 0.1428
Protein, kg 286.84±41.59 295.45±40.48 300.00±38.49 297.63±41.01 0.9541
Protein, % 3.34±0.27 3.38±0.23 3.34±0.21 3.34±0.21 0.4962
Fat+Protein, kg 592.97±89.22 619.68±83.64 631.26±83.11 621.20±94.43 0.7858
Fat+Protein, % 6.92±0.73 7.11±0.63 7.03±0.55 6.96±0.54 0.1656
Lactose, kg 422.81±73.13 432.76±66.34 446.03±62.30 442.35±68.22 0.9591
Lactose, % 4.89±0.19 4.94±0.14 4.95±0.11 4.94±0.14 0.2492

As expected, and in accordance with other studies (Susanto et al., 2019; Soberon et al., 
2012), the birth year of heifers had a significant effect (P<0.0001) on their milk yield during 
the first lactation and on the content of all components tested, except on total fat and protein 
content (%) (Table 2). The highest milk yield was observed in cows born in the year 2017 
(9628.76 kg), and the lowest in cows born in the year 2013 (7793.31 kg). Similarly, the content 
(in kg) of all evaluated components was higher in cows born in the year 2017 than in cows born 
in the year 2013. However, while the milk yield varied from year to year on farm 1 (ranging 
from 8858,67±935,41 kg in cows born in the year 2016 to 9720,27±1316,23 kg in cows born 
in the year 2017), an increase in milk yield was observed on farm 2 (from 6859,10±1028,29 kg 
in cows born in 2013 to 9238,63±1635,31 kg in cows born in 2017) (data not shown). Since 
the influence of the birth season was not evident, the differences in milk production and milk 
composition (fat, protein, lactose) observed among the evaluated birth years could be attributed 
to the management practices (including genetic progress) implemented on the evaluated farms. 
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High air temperature can reduce the milk yield and the content of some milk component. 
According to Brasil et al. (2000) and Hamzaoui et al. (2013), dairy animals during heat stress 
produced less milk with lower protein and lactose contents. Moreover, according to Tao et al. 
(2012), cows exposed to heat stress before calving produced less milk. However, Barash et al. 
(1996) found out that the effect of calving month and birth month were not similar in heifers, 
but birth month had similar effects for the production traits as milk, fat, and protein. In cows in 
the second or higher lactation, the factor of birth month was less important than calving month. 
Heifers calved in spring had lower milk production than heifers calved in winter (Ray et al., 
1992). In this study, there were not significant differences observed in milk yield and compo-
sition among the calving seasons of heifers (Table 3). The highest milk production was numer-
ically observed in heifers calved in autumn, while the lowest was observed in spring-calved 
heifers (8956.54 kg and 8680.41 kg, resp.). Though several combinations of temperature, rela-
tive humidity, and radiant energy impact heat load in the cow, it is apparent that given sufficient 
night cooling, cows can tolerate relatively high daytime air temperatures (West, 2003). Igono et 
al. (1992) reported that despite high ambient temperatures during the day, a cool period of less 
than 21°C for 3 to 6 h will minimize the decline in milk yield. 

The farm has a significant effect on all evaluated parameters, except for total fat and protein 
content (%) and lactose content (%) (Table 4). Higher milk production, fat content (%, kg), 
protein content (%, kg) and lactose (kg) content were observed on farm 2. According to Bateki 
et al. (2020), the use of improved cattle breeds and improved feeding is responsible for at least 
50% of the average daily milk yield. Both evaluated farms reared the same breed under the 
similar environmental conditions (the distance between both farms was 5 km). However, the 
difference in genetical material or climate condition could have existed. Nevertheless, when 
the data were evaluated separately for each farm, no significant effects of birth and calving 
season were observed on all evaluated parameters, except for effect of calving season on fat 
content (%) on farm 2 (data not shown). However, also management strategies or the quality of  

Parameters
Birth year

P2013
(n=32)

2014
(n=53)

2015
(n=100)

2016
(n=119)

2017
(n=100)

Milk yield, kg 7793.31±1629.31a 8390.32±1324.72ab 8720.90±1141.46b 8843.70±1026.14b 9628.76±1386.45c <0.0001

Fat, kg 280.28±49.64a 290.30±43.19a 323.78±47.84b 327.34±52.68b 348.18±53.19b <0.0001

Fat, % 3.65±0.49ab 3.49±0.47a 3.74±0.48b 3.71±0.50b 3.64±0.42ab 0.0059

Protein, kg 258.69±38.59a 277.11±35.35ab 292.84±30.29b 292.45±30.74b 324.71±44.13c <0.0001

Protein, % 3.37±0.33ab 3.33±0.24ab 3.38±0.23ab 3.32±0.21a 3.38±0.18b 0.0193
Fat+Protein, 
kg 539.03±82.25ab 567.51±72.32b 616.62±72.30c 619.78±75.47c 672.86±89.88d <0.0001
Fat+Protein, 
% 7.02±0.74 6.82±0.63 7.11±0.64 7.03±0.61 7.02±0.50 0.0556

Lactose, kg 381.78±84.56a 417.81±69.78a 432.84±57.50a 435.09±53.24a 472.35±66.40b <0.0001

Lactose, % 4.89±0.13ab 4.97±0.11a 4.97±0.14a 4.92±0.18ab 4.91±0.10b 0.0020

Table 2 The effect of birth year on milk yield and milk composition

a,b,c,d The means in the same line without same letter were significantly different at p ≤ 0.05.
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management practices could also influence milk production and composition. Unfortunately, 
the management strategies or quality of applied management could not be evaluated in this 
study. However, it seems that management practices applied on the evaluated farms could be 
one of influencing factors affecting milk production and composition. Nevertheless, dairy man-
agement should not be considered as stand-alone solutions but rather should be considered as 
a set of options that should be combined depending on the resources available to the farmer in 
order to achieve balance between the use of dairy cattle genetics, proper husbandry, and appro-
priate feeding practices to ensure higher milk yield.

Table 3 The effect of calving season on milk yield and milk composition

Parameters
Calving season

PSpring
(n=68)

Summer
(n=104)

Autumn
(n=113)

Winter
(n=119)

Milk yield, kg 8680.41±1398.61 8870.01±1340.11 8956.54±1319.41 8885.55±1338.80 0.7320
Fat, kg 316.87±54.28 323.61±50.88 327.47±53.32 322.12±59.24 0.4850
Fat, % 3.67±0.43 3.68±0.48 3.68±0.48 3.64±0.48 0.7684
Protein, kg 288.88±41.81 299.68±40.57 297.63±39.15 294.63±40.21 0.9157
Protein, % 3.35±0.25 3.39±0.21 3.34±0.24 3.33±0.21 0.2233
Fat+Protein, kg 605.79±91.19 623.24±84.01 625.13±84.02 616.77±92.69 0.7899
Fat+Protein, % 7.02±0.60 7.07±0.61 7.02±0.64 6.97±0.58 0.8741
Lactose, kg 424.41±71.62 437.06±66.33 443.21±65.87 439.61±66.28 0.5554
Lactose, % 4.87±0.19 4.92±0.16 4.95±0.13 4.95±0.12 0.1446

Table 4 The effect of farm on milk yield and milk composition

Parameters
Farm

PFarm 1
(n=158)

Farm 2
(n=246)

Milk yield, kg 8270.52±1433.35 9246.74±1128.49 <0.0001
Fat, kg 292.10±48,47 342.89±48.29 <0.0001
Fat, % 3.57±0.50 3.73±0.45 0.0008
Protein, kg 284.03±43.04 303.44±36.62 0.0132
Protein, % 3.46±0.25 3.29±0.18 <0.0001
Fat+Protein, kg 576.16±85.60 646.33±77.80 <0.0001
Fat+Protein, % 7.03±0.68 7.01±0.56 0.6808
Lactose, kg 407.38±73.20 456.47±55.11 <0.0001
Lactose, % 4.92±0.18 4.94±0.11 0.2677
a,b The means in the same line without same letter were significantly different at p ≤ 0.05.
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Conclusions
In contrast to results of several previous studies, the milk production and composition were 

not affected by birth and calving season in first-lactation cows on the evaluated farms. In addi-
tion to possible variations in genetical material (even though the same breeds were bred on both 
farms), the applied management could influence milk production and composition on the eval-
uated farms. However, understanding the negative environmental effects (such as heat stress) 
on dairy animals, not only after birth but also already during intrauterine development, seems to 
be crucial for the development and selection of management practices aimed at enhancing the 
productivity, health, and well-being of dairy animals.

Acknowledgements: This publication was supported by the APVV-18-0121 and by the 
Operational Programme Integrated Infrastructure within the project: NUKLEUS 313011V387, 
co-financed by the European Regional Development Fund.

CReferences

1.	 Angrecka, S., Herbut, P. (2015.): Conditions for cold stress development in dairy cattle kept in free stall 
barn during severe frosts. Czech Journal of Animal Science, 60(2): 81-87. doi: 10.17221/7978-CJAS

2.	 Barash, H., Silanikove, N., Weller, J. I. (1996.): Effect of season of birth on milk, fat, and protein produc-
tion of Israeli Holsteins. Journal of Dairy Science, 79(6): 1016-1020. 

3.	 Bateki, C. A., Van Dijk, S., Wilkes, A., Dickhöfer, U., White, R. (2020.): Meta-analysis of the effects of 
on-farm management strategies on milk yields of dairy cattle on smallholder farms in the Tropics. Ani-
mal, 14(12): 2619-2627. doi.org/10.1017/S1751731120001548

4.	 Brasil, L. H. D. A., Wechesler, F. S., Baccari Júnior, F., Gonçalves, H. C., Bonassi, I. A. (2000.): Thermal 
stress effects on milk yield and chemical composition and thermoregulatory responses of lactating al-
pines goats. Revista Brasileira de Zootecnia, 29(6): 1632-1641. 

5.	 Collier, R. J., Dahl, G. E., VanBaale, M. J., (2006.): Major advances associated with environmental effects on dairy 
cattle. Journal of Dairy Science, 89(4): 1244-1253. doi.org/10.3168/jds.S0022-0302(06)72193-2

6.	 Dado-Senn, B., Acosta, L. V., Rivera, M. T., Field, S. L., Marrero, M. G., Davidson, B. D., Tao, S., Fabris, T. F., Or-
tiz-Colón, G., Dahl, G. E., Laporta, J. (2020.): Pre-and postnatal heat stress abatement affects dairy calf thermoreg-
ulation and performance. Journal of Dairy Science, 103(5): 4822-4837. doi.org/10.3168/jds.2019-17926

7.	 Hamzaoui, S. A. A. K., Salama, A. A. K., Albanell, E., Such, X., Caja, G. (2013.): Physiological responses 
and lactational performances of late-lactation dairy goats under heat stress conditions. Journal of Dairy 
Science, 96(10): 6355-6365. dx.doi.org/ 10.3168/jds.2013-6665

8.	 Hanson, M., Godfrey, K. M., Lillycrop, K. A., Burdge, G. C., Gluckman P. D. (2011.): Developmental plastici-
ty and developmental origins of non-communicable disease: Theoretical considerations and epigenetic 
mechanisms, Progress in Biophysics and Molecular Biology, 106(1): 272-280.

9.	 Igono, M. O., Bjotvedt, G., Sanford-Crane, H. T., (1992.): Environmental profile and critical temperature 
effects on milk production of Holstein cows in desert climate. International Journal of Biometeorolo-
gy, 36(2): 77-87.

10.	 Laporta, J., Fabris, T., Skibiel, A., Powell, J., Hayen, M., Horvath, K., Horvath, E. K. Miller-Cushon, Dahl, 
G. E. (2017.): In utero exposure to heat stress during late gestation has prolonged effects on the activ-
ity patterns and growth of dairy calves. Journal of Dairy Science, 100(4): 2976–84. doi.org/10.3168/
jds.2016-11993



62 STOČARSTVO 77:2023 (1-2) 56-63

Lucia Mačuhová et al: The effects of birth and calving seson and birth year  
on milk production and composition in first lactating cows

11.	 Mbuthia, J. M., Mayer, M., Reinsch, N. (2021.): Modeling heat stress effects on dairy cattle milk pro-
duction in a tropical environment using test-day records and random regression models. Animal, 15(8): 
100222

12.	 Mikláš, Š., Tančin, V., Sláma, P., Čobirka, M., Mačuhová, L, Uhrinčať, M. (2020a.): Effect of birth season, 
birthweight and preweaning weight gain of calves on their first lactation milk yield, Scientific Confer-
ence of PhD. Students of FAFR, FBFS and FHLE SUA in Nitra - Proceedings of abstracts, 11th November 
2020 Nitra, Slovak Republic, Slovak University of Agriculture in Nitra. p.21.

13.	 Mikláš, Š., Tančin, V., Sláma, P., Čobirka, M., Uhrinčať, M., Vršková, M., Mačuhová, L. (2020b.): Effect of 
season and temperature before and after calving on the future milk production of born heifers. Acta 
Fytotechnica et Zootechnica, 23(4): 224-229. doi.org/10.15414/afz.2020.23.04.224-229

14.	 Monteiro, A. P. A., Tao, S., Thompson, I. M., Dahl, G., E. (2013.): Effect of heat stress in utero on calf 
performance and health through the first lactation. Journal of Animal Science, 91(Suppl. 2): 184. (Abstr.)

15.	 Monteiro, A., Guo J. R., Weng X. S, Ahmed B., Hayen M., Dahl G., Bernard J. K., Tao, S. (2016a.): Effect 
of maternal heat stress during the dry period on growth and metabolism of calves. Journal of Dairy 
Science, 99(5): 3896-907. doi.org/10.3168/jds.2015-10699

16.	 Monteiro A., Tao S., Thompson I., Dahl, G. (2016b.): In utero heat stress decreases calf survival and 
performance through the first lactation. Journal of Dairy Science, 99(10): 8443-50. doi.org/10.3168/
jds.2016-11072

17.	 Nardone, A., Lacetera, N., Bernabucci, U., Ronchi, B. (1997.): Composition of colostrum from dairy heifers 
exposed to high air temperatures during late pregnancy and the early postpartum period. Journal of Dairy 
Science, 80(5): 838-844. doi.org/10.3168/jds.S0022-0302(97)76005-3

18.	 Ray, D. E., Halbach, T. J., Armstrong, D., V. (1992.): Season and lactation number effects on milk pro-
duction and reproduction of dairy cattle in Arizona.  Journal of Dairy Science, 75(11): 2976-2983. doi.
org/10.3168/jds.S0022-0302(92)78061-8

19.	 Salama, A. A. K., Caja, G., Hamzaoui, S., Badaoui, B., Castro-Costa, A., Façanha, D. A. E., Guilhermino, M.M., Bozzi, 
R. (2014.): Different levels of response to heat stress in dairy goats. Small Ruminant Research, 121(1): 73-
79. doi.org/10.1016/j.smallrumres.2013.11.021

20.	 Salama, A. A., Contreras-Jodar, A., Love, S., Mehaba, N., Such, X., Caja, G. (2020.): Milk yield, milk com-
position, and milk metabolomics of dairy goats intramammary-challenged with lipopolysaccharide un-
der heat stress conditions. Scientific reports, 10(1): 1-12.

21.	 Skibiel, A. L., Dado-Senn, B., Fabris, T. F., Dahl, G. E., Laporta, J. (2018.): In utero exposure to ther-
mal stress has long-term effects on mammary gland microstructure and function in dairy cattle. PLoS 
One, 13(10), e0206046. doi.org/10.1371/journal.pone.0206046

22.	 Soberon, F., Raffrenato, E., Everett, R. W., Van Amburgh, M. E. (2012.): Preweaning milk replacer intake and effects 
on long-term productivity of dairy calves. Journal of Dairy Science, 95(2): 783–793. doi.org/10.3168/jds.2011-4391

23.	 Susanto, A., Hakim, L., Suyadi, Nurgiartiningsih, V. M. A. (2019.): Environment (year and season of birth) effects 
on first-lactation milk yield of dairy cows.   IOP Conference Series: Earth and Environmental Science, 372: 1-6. 
doi:10.1088/1755-1315/372/1/012010

24.	 Tao, S., Monteiro, A., Thompson, I., Hayen, M., Dahl, G. (2012.): Effect of late-gestation maternal heat 
stress on growth and immune function of dairy calves. Journal of Animal Science, 95(12): 7128-36. doi.
org/10.3168/jds.2012-5697

25.	 Tao, S., Dahl, G. E., Laporta, J., Bernard, J. K., Orellana Rivas, R. M., Marins, T. N. (2019.): Physiology sym-
posium: effects of heat stress during late gestation on the dam and its calf. Journal of Animal Science, 
97, 2245-2257. doi: 10.1093/jas/skz061 



63STOČARSTVO 77:2023 (1-2) 56-63

Lucia Mačuhová et al: The effects of birth and calving seson and birth year  
on milk production and composition in first lactating cows

26.	 Toledo, I. M., Monteiro, A. P., Dahl, G. E. (2020.): Late-gestation seasonal effects on survival and milk pro-
duction of first-lactation Holstein dairy cows. Applied Animal Science, 36(6): 885-889. doi.org/10.15232/
aas.2020-02029

27.	 West, J. W., (2003.): Effects of heat-stress on production in dairy cattle. Journal of dairy science, 86(6): 
2131-2144. doi.org/10.3168/jds. S0022-0302(03)73803-X

28.	 Young, B. A. (1981.): Cold stress as it affects animal production. Journal of Animal Science, 52(1): 154-163. 
doi.org/10.2527/jas1981.521154x

29.	 Young, B. A. (1983.): Ruminant cold stress: Effect on production. Journal of Animal Science, 57(6): 1601-
1607. doi.org/10.2527/jas1983.5761601x

Received - primljeno: 20.03.2023.
Accepted - prihvaćeno: 27.06.2023.


