


	
		
			
			 
			
			
			
					
			
		

		
			
				

	
		
		
			
	
	
	


	

	Font size
	+Font size
	++Font size	

			

		

	





	
		
			
				
			

			
				
			

		
	
	
	




	
		
			
				
			

		
	
	
	




 
	
		
			
				
				
																
			
			 
		

		
				 About 
						Aims & Scope
	Scientific & Editorial Boards
	
	List of Reviewers


				
	 Issues 
						Current issue
	 Volume  22(2), 2023
	
	Recent issues
	 Volume  22(1), 2023
	 Volume  21(4), 2022
	 Volume  21(3), 2022
	 Volume  21(2), 2022					
	
	 Archive


				
	
				 For Authors 
						Instructions for Authors
	Submit a Paper
	Downloads


				


				
					
						
							
							
								
									
								
							

						

					
	
				
	 Polski




		

	








	
		 
			
				

  
    
	 
    

    





	 Previous Article
	Next Article 

Research Article
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Abstract. The aim of the study was to analyse the concentration of immunoglobulins in colostrum produced by Polish Holstein-Friesian (PHF) cows in relation to selected factors. An important element of the study is the analysis of colostrum yield and density. The research was conducted between April 2017 through April 2018. The yield and selected traits of colostrum obtained from the first 9 milkings from 20 PHF cows calving during this period were analysed. A total of 180 measurements were made. The average immunoglobulin content in the 180 observations was 37.7 g · L–1, ranging between 7 and 140 g · L–1. The study showed a significant effect of time after calving on the content of immunoglobulins. The highest content of the antibodies was found in colostrum obtained immediately after calving. Its average level at that time was 90.2 g · L–1 and in 20 assessed cows it ranged within the wide limits of 32–140 g · L–1. The quality of colostrum radically deteriorated soon after calving. The lowest level of immunoglobulins was found in the 96th hour after parturition and it was on average 10 g · L–1. The average yield of colostrum was 10.3 kg. The yield of colostrum increased with time elapsing after calving. The lowest colostrum yield was observed within 2 hours, the highest within 96 hours after calving, respectively, 6.9 and 12.4 kg. The average specific density of colostrum was 1.041 g · cm–3. The study showed that the highest density was characterized by colostrum obtained in the first milking post-partum. Its specific weight was 1.059 g · cm–3. In subsequent milkings, the calcareous density of colostrum systematically decreased to 1.030 g · cm–3 in the 90th hour after calving.
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INTRODUCTION

Due to the structure of the bovine placenta, which prevents the passage of antibodies from the dam to the fetus, newborn calves are very sensitive to pathogens present in the environment. The only protection is the passive immunity which calves acquire by assimilating antibodies taken with colostrum. Colostrum is the secretion produced by the mammary gland immediately after parturition. The quality of colostrum is influenced by both environmental factors, such as cow’s age, yield of colostrum, cow’s health status history in previous lactations, season of the year, past diseases, and genetic factors of the animals, i.e. breed, type and individual characteristics. The length of the dry period, the feeding of pregnant cows, the length of the calving period, the length and methods of drying, and the time elapsed from parturition are also important in terms of the quality of colostrum [Szulc and Zachwieja 1998Szulc, T., Zachwieja, A. (1998). Siara – eliksir życia osesków [Colostrum – the miracle of its nourishing value]. Wydaw. Akad. Rol. Wrocław, Monografie 13, 1–98. [in Polish]., Gapper et al. 2007Gapper, L., Copestake, D., Otter, D., Indyk, H. (2007). Analysis of bovine immunoglobulin G in milk, colostrum and dietary supplements: a review. Anal. Bioanal. Chem., 389, 93–109.  https://doi.org/10.1007/s00216-007-1391-z., Robinson et al. 2009Robinson, P.H., Moorby, J.M., Gisia, D.D. (2009). Colostrum production by primiparous and multiparous Holstein dairy cows and its usefulness as an estimator of full lactation milk yield. Livest. Sci., 125 (2-3), 323–325.  https://doi.org/10.1016/j.livsci.2009.05.012., Wojtas and Zachwieja 2016Wojtas, E., Zachwieja, A. (2016). The composition and physicochemical properties of colostrum in Black-and-White polish Holstein-Friesian cows, Montbéliarde cows and their crossbreeds. Acta Sci. Pol. Zootechnica, 15(2) 2016, 87–98.  https://doi.org/10.21005/asp.2016.15.2.08.].

Colostrum compared to normal milk contains less lactose and more fat, protein, peptides, non-protein nitrogen, ash, vitamins and minerals, hormones, growth factors, cytokines and nucleotides. With the exception of lactose, the levels of these compounds drop sharply over the first 3–7 days of lactation. A particular feature of bovine colostrum is the very high concentration of immunoglobulin G (IgG), which is particularly important for a newborn calf, whose gut, directly after giving birth, allows the passage of large molecules of immunoglobulins of this class, thus making them passively immune in the first stages of their postnatal life [Quigley et al. 1994Quigley, J.D., Martin, K.R., Dowlen, H.H., Wallis, L.B., Lamar, K. (1994). Immunoglobulin concentration, specific gravity, and nitrogen fractions of colostrum from Jersey cattle. J. Dairy Sci., 77, 264–296.  https://doi.org/10.3168/jds.s0022-0302(94)76950-2., Smolenski et al. 2007Smolenski, G., Haines, S., Kwan, F.Y.S., Bond, J., Farr, V., Davis, S.R., Stelwagen, K., Wheeler, T.T. (2007). Characterisation of host defense proteins in milk using a proteomic approach. J. Proteome Res., 6, 207–215.  https://doi.org/10.1021/pr0603405., Strekozov et al. 2008Strekozov, N.I., Motova, E.N., Fedorov, Y.N. (2008). Evaluation of the chemical composition and immunological properties of colostrum of cow’s first milk yield. Russ. Agric. Sci., 34, 259–260.  https://doi.org/10.3103/s1068367408040149., McGrath et al. 2016McGrath, B.A., Fox, P.F., McSweeney, P.L.H., Kelly, A.L. (2016). Composition and properties of bovine colostrum: a review. Dairy Sci. Technol., 96, 133–158.  https://doi.org/10.1007/s13594-015-0258-x.].

In order to obtain high-quality colostrum, the breeder must have sufficient knowledge, make conscious decisions and retain discipline. Any negligence, poor hygiene or late delivery of the first milk to the calf may have a negative effect on the life of the new organism.

The main aim of the study was to analyze the concentration of immunoglobulins in the colostrum produced by Polish Holstein-Friesian (PHF) cows in relation to selected factors. An important element of the analysis involved assessment of yield and density of colostrum. The research was carried out on 20 PHF cows within 2, 12, 24, 36, 48, 60, 72, 84, and 96 hours following parturition. The working hypothesis assumed an effect of time elapsed post-partum and cow age on colostrum yield and density, and the concentration of immune proteins.


MATERIAL AND METHODS

The research was carried out in a herd of cows located in the gmina of Korytnica, in Węgrów County, Masovian Voivodeship, Poland. During the research, the herd consisted of 77 PHF Black-and-White cows. The average annual milk yield per cow was 7340 kg. The average milk fat and protein levels were 4.14% and 3.58%, respectively. The analysis involved 20 cows, kept in calving pens on deep litter, placed in a separate building 4 weeks before expected parturition. During the lactation, rearing (in the case of heifers), and drying, the cows were fed TMR (Total Mixed Ration), which consisted of grass silage, maize silage and feed additives. The animals also received concentrate and vitamins.

The research was conducted between April 2017 and April 2018. We analyzed the yield and selected characteristics of colostrum obtained from the first 9 milkings from 20 cows calving during this period. A total of 180 measurements were carried out. Four elements and 5, 4, 4, 2 and 1 cow were randomly selected for the study, which started at lactation 2, 3, 4, 5 and 6, respectively.


Measuring immunoglobulins content
in bovine colostrum

The colostrum was measured using a commercially available hydrometer (Kruuse colostrometer). The testing was performed following the manufacturer’s guidelines, and the same colostrometer was used throughout the measurements. During the test, milk was poured into a special cylinder containing exactly 250 ml liquid. Temperature was measured with a digital thermometer. Colostrum was cooled to 20°C. The densimeter was floated and the density of colostrum was read off the scale. The obtained result was checked in the table, the content of immunoglobulins was noted. The first milking was carried out up to two hours after calving, other ones every 12 hours. For the purpose of the study, we did not use the colostrum from cows suffering from mastitis. All samples were cream-colored and did not contain any lumps of blood or discoloration.

The working hypothesis assumed three sources of variability. The age of cows was determined on the basis of the subsequent lactation. Taking into account this factor, individual cows were classified into 6 age groups, which marked the beginning of lactation: 1, 2, 3, 4, 5 and 6. In relation to time elapsed from calving, 9 groups of cows were distinguished. Based on this criterion, cows were classified into the following groups for which the length of the post-calving period was: 2, 12, 24, 36, 48, 60, 72, 84 and 90 hours. For the yield of colostrum, the following 3 groups of animals were grouped, from which the colostrum yield was: ≤9 kg, >9 to ≤12 kg, >12 kg.

Statistical analysis included one-way ANOVA performed with the least squares method. The following numerical model has been used for this purpose:

$$y_{ij} = \mu + a_i + e_{ij}$$

where:



\( y_{ij} \) – trait level,

\( \mu \) – population mean,

\( a_i \) – effect of time after calving (\( i \) = 1, 2, 3, 4, 5, 6, 7, 8, 9) or age of cows (\(i\) = 1, 2, 3, 4),

\( e_{ij} \) – error.



Significance of differences between means were estimated using the Duncan test at the significance level P ≤ 0.01. The GLM procedure of the SAS statistical package [SAS Institute Inc. 2003SAS Institute Inc. (2003). Statistical Analysis System User’s Guide. Version 9.1. SAS Institute, Cary.] was used in the computations.


RESULTS AND DISCUSSION


Colostrum yield

Table 1 presents data on the colostrum yield in the analyzed cows. The average yield for 180 observations was 10.3 kg, increasing with time post-partum. The lowest yield, 6.9 kg, was noted within 2 hours, whereas the highest yield, 12.4 kg, within 96 hours after calving. Analysis of the dams' age against the yield of colostrum, significant differences in the pattern of this feature were found in the analyzed population. The highest yield of colostrum was found in those beginning the third lactation (11.5 kg), the lowest beginning the sixth lactation (8.2 kg). This difference was statistically significant at P ≤ 0.01. Robinson et al. [2009Robinson, P.H., Moorby, J.M., Gisia, D.D. (2009). Colostrum production by primiparous and multiparous Holstein dairy cows and its usefulness as an estimator of full lactation milk yield. Livest. Sci., 125 (2-3), 323–325.  https://doi.org/10.1016/j.livsci.2009.05.012.] showed that the average yield of colostrum in the first milking after calving in the Holstein breed in the United States was 10.6 kg, for primiparous cows, and 13.6 kg, for multiparous cows. In turn, Gavin et al. [2018Gavin, K., Neibergs, H., Hoffman, A., Kiser, J.N., Cornmesser, M.A., Haredasht, S.A., Martínez-López, B., Wenz, J.R., Moore, D.A. (2018). Low colostrum yield in Jersey cattle and potential risk factors. J. Dairy Sci., 101(7), 6388–6398.  https://doi.org/10.3168/jds.2017-14308.], who studied Jersey cows in the US in 2016, noted the average colostrum yield ranging between 6.6 kg per cow (in June) and 2.5 kg per cow (in December). According to the authors, extremely low performance of colostrum occurred in several lines of sires and therefore they linked the yield level of colostrum to genetic factors. In the report by Duplessis et al. [2015Duplessis, M., Mann, S., Nydam, D.V. Girard, C.L., Pellerin, D., Overton, T.R. (2015). Folates and vitamin B12 in colostrum and milk from dairy cows fed different energy levels during the dry period. J. Dairy Sci., 98, 5454–5459.  https://doi.org/10.3168/jds.2015-9507.], who studied 84 Holstein cows in the US, the average colostrum yield in the first milking after calving was 6.8 kg. Quigley et al. [2012Quigley, J.D., Lago, A., Chapman, C., Erickson, P., Polo, J. (2012). Evaluation of the Brix refractometer to estimate immunoglobulin G concentration in bovine colostrum. J. Dairy Sci., 96, 1148–1155.  https://doi.org/10.3168/jds.2012-5823.] reported that the average colostrum yield in the first milking after parturition in 99 Holstein cows was 9.5 kg. The authors estimated the average first milking time as 6.1 hours after calving.








Colostrum density

Table 2 provides information on the density of colostrum. The average was 1.041 g · cm–3 with individual results ranging between 1.029 g · cm–3 to 1.073 g · cm–3. The study shows that the highest colostrum density was the case in the first milking post-partum. Its specific weight was 1.059 g · cm–3. In the subsequent milkings, the density of colostrum systematically decreased to 1.030 g · cm–3 in the 90th hour after calving. The results obtained in our study correspond with the results of Jankowska and Baliński [2009Jankowska, M., Baliński, J. (2009). Zmiany kwasowości czynnej i ciężaru właściwego siary krów w zależności od wybranych czynników [Changes in active acidity and specific weight of colostrum depending on selected factors]. Rocz. Nauk. PTZ, 5(2), 75–81 [in Polish].]. The authors report the highest colostrum density in the first milking (1.052 g · cm–3) and note a gradual decrease in subsequent milkings after parturition. Madsen et al. [2004Madsen, B.D., Rasmussen, M.D., O’Nielsen, M., Wiking, L., Larsen, L.B. (2004). Physical properties of mammary secretions in relation to chemical changes during transition from colostrum to milk. J. Dairy Res., 71, 263–272.  https://doi.org/10.1017/s0022029904000263.] reported that the density of colostrum dropped from 1.048 to 1.034 g · cm–3 within the first 2 days after calving, with its lowest level on day 6 post-partum (1.030 g · cm–3). Strekozov et al. [2008Strekozov, N.I., Motova, E.N., Fedorov, Y.N. (2008). Evaluation of the chemical composition and immunological properties of colostrum of cow’s first milk yield. Russ. Agric. Sci., 34, 259–260.  https://doi.org/10.3103/s1068367408040149.] observed changes in the density of colostrum depending on the age of cows and the time of calving. The average density of colostrum obtained from the first milking was 1.059 g · cm–3, compared to 1.068 g · cm–3 obtained for cows starting the third and fourth lactation. Comparing the importance of the calving season for the density of colostrum, these authors found the highest density of colostrum for cows calving in winter and the lowest for those calving in spring. The results reported by Robinson et al. [2009Robinson, P.H., Moorby, J.M., Gisia, D.D. (2009). Colostrum production by primiparous and multiparous Holstein dairy cows and its usefulness as an estimator of full lactation milk yield. Livest. Sci., 125 (2-3), 323–325.  https://doi.org/10.1016/j.livsci.2009.05.012.] and Guliński and Giersz [2006Guliński, P., Giersz, B. (2006). Zawartość immunoglobulin w siarze w zależności od sezonu wycielenia i wieku krów [The content of immunoglobulins in colostrum depending on calving season and age of cows]. Rocz. Nauk. PTZ, 2(2), 59–64 [in Polish].] also indicate the similar effect of cow's age on the density of colostrum.







According to Jenness and Patton [1959], the specific gravity of whole milk at 15.5°C is close to 1.030–1.035 g · cm–3. Quigley et al. [1994Quigley, J.D., Martin, K.R., Dowlen, H.H., Wallis, L.B., Lamar, K. (1994). Immunoglobulin concentration, specific gravity, and nitrogen fractions of colostrum from Jersey cattle. J. Dairy Sci., 77, 264–296.  https://doi.org/10.3168/jds.s0022-0302(94)76950-2.] reported that the specific gravity of colostrum was in the range 1.028 to 1.074 g · cm–3, with an average 1.052 g · cm–3. The same authors described a positive correlation between the specific weight and the total nitrogen and protein content in the colostrum. Jeong et al. [2009Jeong, S.G., Ham, J.S., Kim, D.H., Ahn, C.N., Chae, H.S., You, Y.M., Jang, A., Kwon, I.K., Lee, S.G. (2009). Physiochemical properties of colostrum by milking time of Gyeonggi Province. Korean J. Food Sci. Ann., 29, 445–456.  https://doi.org/10.5851/kosfa.2009.29.4.445.], observed a decreasing trend in the specific weight of colostrum between the first and fourth milkings, from 1.055 g · cm–3 to 1.034 g · cm–3. Likewise, Kertz [2008Kertz, A. (2008). Composition of bovine colostrum variable. Feedstuffs, 80, 1–3.] confirmed that colostrum specific gravity in Holstein cattle in the US decreased from 1.056 g · cm–3 to 1.033 g · cm–3 over the first five milkings after parturition.


Immunoglobulins content
in colostrum

Table 3 presents the results on the main goal of this study, i.e. colostrum immunoglobulins content in subsequent hours after calving. The average for 180 observations was 37.7 g · L–1 and ranged from 7 to 140 g · L–1. The study showed a significant influence of the age of cows and time post-partum in relation to colostrum immunoglobulins content. Their highest content was found in the colostrum obtained immediately after calving, with its average level 90.2 g · L–1. Colostrum immunoglobulins content in 20 subsequent milkings ranged from 32 to 140 g · L–1.







Generally, the quality of colostrum in the studied herd should be rated as very good, except for one cow, whose level of immunoglobulins in the first milking after calving was very low, 32 g · L–1. Later, colostrum IgG concentration was lower. The lowest level of immunoglobulins was found in 96 hours post-partum, on average 10 g · L–1. It should be noted that at the 48th hour after calving, the level of immunoglobulins in most of the produced colostrum was below 30 g · L–1. This fact means that in the population of Polish HF cows maintained in the conditions of eastern Poland, the production period of colostrum with normal properties is up to 2 days after parturition, from the third day the cows produce a secretion with approximate composition to the so-called transitional milk. In the subject literature, there is no unambiguous opinion regarding the length of the period in which cows produce colostrum. Opinions of various authors vary, from 2 days [Playford 2001Playford, R.J. (2001). Peptide therapy and the gastroenterologist: colostrum and milk-derived growth factors. Clin. Nutr., 20, 101–106.  https://doi.org/10.1054/clnu.2001.0434.], to 3–4 days [Zhang et al. 2011Zhang, L.Y., Wang, J.Q., Yang, Y.X., Bu, D.P., Li, S.S., Zhou, L.Y. (2011). Comparative proteomic analysis of changes in the bovine whey proteome during the transition from colostrum to milk. Asian-Aus. J. Anim. Sci., 24, 272–278.  https://doi.org/10.5713/ajas.2011.10122.], to 5–7 days post-partum [Abd El-Fattah et al. 2012Abd El-Fattah, A.M., Abd Rabo, F.H.R., El-Dieb, S.M., El-Kashef, H.A. (2012). Changes in composition of colostrum of Egyptian buffaloes and Holstein cows. BMC Vet. Res., 8, 19.  https://doi.org/10.1186/1746-6148-8-19.].

Farreli et al. [2004] claim that the three major classes of milk immunoglobulins, i.e. IgG, IgM and IgA, constitute about 1% of total milk protein or about 6% of the total whey protein. Colostrum contains higher levels of IgG, IgA and IgM [Smolenski et al. 2007Smolenski, G., Haines, S., Kwan, F.Y.S., Bond, J., Farr, V., Davis, S.R., Stelwagen, K., Wheeler, T.T. (2007). Characterisation of host defense proteins in milk using a proteomic approach. J. Proteome Res., 6, 207–215.  https://doi.org/10.1021/pr0603405.], and immunoglobulins account for 70–80% of the total protein in colostrum [Larsen et al. 2006Larsen, L.B., McSweeney, P.L.H., Hayes, M.G., Andersen, J.B., Ingvartsen, K.L., Kelly, A.L. (2006). Variation in activity and heterogeneity of bovine milk proteases with stage of lactation and somatic cell count. Int. Dairy J., 16, 1–8.], which is of particular importance for the newborn calves, as the passive transmission of immunity occurs through colostrum, and not via the placenta [Zhang et al. 2011Zhang, L.Y., Wang, J.Q., Yang, Y.X., Bu, D.P., Li, S.S., Zhou, L.Y. (2011). Comparative proteomic analysis of changes in the bovine whey proteome during the transition from colostrum to milk. Asian-Aus. J. Anim. Sci., 24, 272–278.  https://doi.org/10.5713/ajas.2011.10122.].

The data on colostrum concentration of immunoglobulins in the milk of the first milking after calving reported by various authors vary greatly, from 30 to 200 g · L–1 [Larsen et al. 2006Larsen, L.B., McSweeney, P.L.H., Hayes, M.G., Andersen, J.B., Ingvartsen, K.L., Kelly, A.L. (2006). Variation in activity and heterogeneity of bovine milk proteases with stage of lactation and somatic cell count. Int. Dairy J., 16, 1–8., Korohnen et al. 1995Korohnen, H., Syvaoja, E.L., Ahola-Lutilla, H., Sivela, S., Kopola, S., Husu, J., Kosunen, T.U. (1995). Bactericidal effect of bovine normal and immune serum, colostrum and milk against Helicobacter pylori. J. Appl. Bacteriol., 78, 655–662.  https://doi.org/10.1111/j.1365-2672.1995.tb03112.x., Gapper et al. 2007Gapper, L., Copestake, D., Otter, D., Indyk, H. (2007). Analysis of bovine immunoglobulin G in milk, colostrum and dietary supplements: a review. Anal. Bioanal. Chem., 389, 93–109.  https://doi.org/10.1007/s00216-007-1391-z.]. Morrill et al. [2012Morrill, M., Conrad, E., Lago, A., Campbell, J., Quigley, J., Tyler, H. (2012). Nationwide evaluation of quality and composition of colostrum on dairy farms in the United States. J. Dairy Sci., 95, 3997–4005.  https://doi.org/10.3168/jds.2011-5174.] noted concentration of IgG in first milking ranging from –1, with an average 68.8 g · L–1. These authors point out that almost 30% of colostrum contained less than 50 g of IgG · L–1.

In conclusion, the authors emphasized that current industry recommendations include colostrum rejection with less than 50 g IgG · L–1. In their study, 29.4% colostrum had IgG concentrations lower than the recommended IgG level, putting nearly 30% of calves in the US at the risk of passive immunity transfer failure.

In the final part of our study, an attempt was made to assess the effect of colostrum on the level of immunoglobulins contained in it. The data presented in Table 4 indicate a strong relationship between colostrum yields and the level of immunoglobulins it contains. The study showed that an increase in the yield of colostrum was accompanied by a decrease in the concentration of the proteins. In cows with a colostrum yield of ≤9 kg, >9 – ≤12 kg and >12 kg, the level of immunoglobulins was on average 60.4, 24.4 and 18.8 g · L–1. The differences were found to be statistically significant at P ≤ 0.01.








SUMMARY

The average immunoglobulin content in 180 observations was 37.7 g/L and was between 7 and 140 g · L–1. The study showed a significant effect of time after calving on the content of immunoglobulins. The content of immunoglobulins in 2, 12, 24, 36, 48, 60, 72, 84 and 90 hours after calving were respectively: 90.2, 70.1, 50.2, 37.1, 28.4, 22,0, 17.3, 14.1, 10.3 g · l–1. Statistical analysis confirms the significance of these differences at P ≤ 0.01. The highest content of immune bodies was found in colostrum collected immediately after calving. Its average level in 20 cows at that time was 90.2 g · L–1, ranging widely between 32 and 140 g · L–1. As time elapsed post-partum, the quality of colostrum deteriorated radically. The lowest level of immunoglobulins was found 90 hours after parturition, 10 g · L–1 on average. It should be noted that 48 hours after calving, the level of immunoglobulins in most of the sampled colostrum was below 30 g · L–1.

If we look at the yield of colostrum, the average for 180 observations was 10.3 kg. Colostrum yield increased over time. The lowest yield, 6.9 kg, was noted within 2 hours, whereas the highest, 12.4 kg, 96 hours post-partum. In terms of the effect of age on the yield of colostrum, significant differences in the pattern of this characteristic were found in the analyzed cow population. The highest yield of colostrum was found in the cows beginning the third lactation (11.5 kg), whereas the lowest beginning the sixth lactation (8.2 kg).

The average specific gravity of colostrum was 1.041 g · cm–3. Individual results ranged from 1.029 g · cm–3 to 1.073 g · cm–3. The highest density was characteristic for the colostrum collected in the first milking post-partum, 1.059 g · cm–3. In subsequent milkings, the density of colostrum systematically decreased to 1.030 g · cm–3 in the 90th hour post-partum.

Our study indicates a strong association between the colostrum yield and colostrum immunoglobulins content. An increase in colostrum yield was accompanied by a decrease in the concentration of immunoglobulins. In cows with colostrum yields ≤9 kg, >9 – ≤12 kg and >12 kg, the levels of immunoglobulins were respectively: 60.4, 24.4 and 18.8 g · l–1.
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