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Abstract. This research aimed to determine the hygienic quality, physicochemical properties and technological suitability of milk obtained in an extensive, small family farm in western Poland in the spring-summer (grazing) and autumn-winter (indoor) seasons. The farm was operated in the traditional manner where animals spend 7/24 on the pasture in the spring-summer season. The study was performed on forty-eight samples of bulk tank milk collected once a week over one year from 17 cows of the old local Polish black and white lowland breed. Milk was tested for somatic cell count, total bacterial count, basic composition, density, vitamin C content, rennet coagulation time, pH and colour in the CIE L*a*b* system. In the autumn-winter season, a higher somatic cell count, higher protein, fat and lactose levels, longer coagulation time and lower colour parameter a* values were found compared with the spring-summer period. However, no differences as regards the colour parameters L* and b* and vitamin C content were observed between the seasons. Highly significant negative correlations between the colour of the milk and the total bacterial count and somatic cell count were found (P ≤ 0.01). High somatic cells count in studied milk highlights that mastitis and milking hygiene are still a challenging task in small family farms.
Keywords: extensive dairy farming, seasonality, hygienic quality, milk colour, vitamin C
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INTRODUCTION


To feed the world and do it sustainably, an urgent and radical shift in our food systems is necessary. Family farmers are at the heart of this issue as they provide the majority of the world’s food [FAO and IFAD 2019FAO and IFAD (2019). United Nations Decade of Family Farming 2019–2028. Global Action Plan, Rome. Google Scholar]. In 2019 The United Nations’ Food and Agriculture Organisation (FAO) launched the Decade of Family Farming. According to FAO family farming offers a unique opportunity to ensure food security, improve livelihoods, better manage natural resources, protect the environment and achieve sustainable development, particularly in rural areas.


Family farms dominate the structure of EU agriculture in terms of their numbers. In 2016 within the EU, there were 9.9 million farms classified as family farms from which 1.4 million were located in Poland. To increase their viability, the farmers often consider alternative activities and income streams. Converting to organic is one of the options; however, it requires financial investments and a lot of time and work. Thus, another diversification options are often considered.


Selling value-added milk and milk products on-farm is a popular choice for extensive small family farms (SFF)  in Poland. The number of consumers who search for fresh, natural, unprocessed food of high nutritional and biological value is increasing  [Cais-Sokolińska et al. 2015Cais-Sokolińska, D., Pikul, J., Wójtowski, J., Danków, R., Teichert, J., Czyżak-Runowska, G., Bagnicka, E. (2015). Evaluation of quality of kefir from milk obtained from goats supplemented with a diet rich in bioactive compounds. J. Sci. Food Agric., 95(6), 1343–1349. https://doi.org/10.1002/jsfa.6828, Schwendel et al. 2015Schwendel, B.H., Wester, T.J., Morel, P.C.H., Tavendale, M.H., Deadman, C., Shadbolt, N.M., Otter, D.E. (2015). Invited review: Organic and conventionally produced milk – An evaluation of factors influencing milk composition. J. Dairy Sci., 98(2), 721–746. https://doi.org/10.3168/jds.2014-8389]. The commodities form local SFFs are often perceived by consumers similarly to the organic products in terms of taste, food safety, animal welfare and reduced environmental impacts and are widely recognised by consumers.


Currently, particular attention is paid to the positive impact of SFFs and organic farming on biodiversity, especially on farmland birds, predatory insects, spiders, soil organisms and the arable weed flora [Schader et al. 2014Schader, C., Drapela, T., Markut, T., Meier, M.S., Lindenthal, T., Hörtenhuber S., Pfiffner, L. (2014). Farm- and product-level biodiversity assessment of conventional and organic dairy production in Austria. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag., 10(1), 20–39. https://doi.org/10.1080/21513732.2013.878752, Alothman et al. 2019Alothman, M., Hogan, S.A., Hennessy, D., Dillon, P., Kilcawley, K.N., O'Donovan, M., Tobin, J., Fenelon, M.A., O'Callaghan, T.F. (2019). The ``grass-fed'' milk story: understanding the impact of pasture feeding on the composition and quality of bovine milk. Foods, 8, 350. https://doi.org/10.3390/foods8080350]. It is stressed, based on numerous studies comparing milk from organic farms with that from conventional farms, that organic milk is unique in that it is safe and has both a high content of bioactive compounds and the sensory qualities which are valued and sought after by consumers  [Gutiérrez et al. 2013Gutiérrez, R., Rosell, P., Vega, S., Pérez, J., Ramírez, A., Coronado, M. (2013). Self and Foreign Substances in Organic and Conventional Milk Produced in the Eastern Region of Mexico. Food Nutr. Sc., 4, 586–593. https://doi.org/10.4236/fns.2013.45076, Kouřimská et al. 2014Kouřimská, L, Legarová, V., Panovská, Z., Pánek, J. (2014). Quality of Cows' Milk from Organic and Conventional Farming. Czech J. Food Sci., 32(4), 398–405. https://doi.org/10.17221/510/2012-CJFS]. However, very little research has been conducted on the quality of milk produced on SFFs that are not certified as organic.


The quality of milk is determined by a combination of genetic and environmental factors and the interaction between them. One of the environmental factors is seasonality, which is closely related to the diet and welfare of animals. The available literature contains a very limited number of publications on the impact of that factor on the quality parameters of milk in both organic farms and SFFs and the results of these studies are often inconsistent [Butler et al. 2011Butler, G., Stergiadis, S., Seal, C,. Eyre, M, Leifert, C. (2011). Fat composition of organic and conventional retail milk in northeast England. J. Dairy Sci., 94(1), 24–36. https://doi.org/10.3168/jds.2010-3331, Cziszter et al. 2012Cziszter, L.T., Acatincăi, S., Neciu, F.C., Neamţ, R.I., Ilie, D.E., Costin, L.I., Gavojdian, D., Tripon, I. (2012). The Influence of Season on the Cow Milk Quantity, Quality and Hygiene. Scientific Papers. J. Anim. Sci. Biotechnol., 45(2), 305–312. Google Scholar, Gulbe and Valdovska 2014Gulbe, G., Valdovska, A. (2014). Microbiological content of cow milk depending on season and herd sizein latvian organic farms. Vet. Med. Res. Rural Dev., 1, 161–168. Google Scholar].


This research aimed to determine the hygienic quality, physicochemical properties and technological suitability of milk obtained in an extensive, small family farm in Poland in the spring-summer (grazing) and autumn-winter (indoor) seasons. The farm was operated in the traditional manner where animals spend 7/24 on the pasture in the spring-summer season and were not certified as organic in the time of samples collection.



MATERIAL AND METHODS


The study was conducted according to the provisions on animal protection. The study was carried out on a small, 30-ha family farm located in western Poland keeping a  herd of 17 dairy cows of the old local Polish black and white lowland breed. Milk was processed on-farm into ripening cheese, cottage cheese, yoghurt, butter and sour cream.


The study was performed on 48 samples of bulk tank milk collected once a week over one year from 17 cows in the spring-summer season (April to September) and in the autumn-winter season (October to March). The cows spent the entire spring-summer season on the pasture (7/24) and had permanent access to liquid whey received as a by-product from cheese production. Moreover, during milking, the cows were given concentrated feed containing barley and oat bran. In turn, in the autumn-winter season, the cows were tethered and kept on deep litter. Straw bedding was applied daily, while the manure was removed once a week.


In autumn-winter season animals were fed hay and haylage, with the addition of concentrated feed. Once a day they were also given whey. The cows were milked in the morning and in the evening using a bucket milking machine, following good manufacturing and hygiene practices. Milking procedure consisted of fore-stripping, disinfection, and post-milking dip. For analysis milk was collected from the morning and evening milking, after thorough mixing.  Samples were getting into 100 ml sterile containers and cooling to 4\celsius. The milk was tested for somatic cell count, total bacterial count, basic composition, density, colour, vitamin C content and rennet coagulation time. The analyses were carried out in duplicate.


The basic chemical composition and density of the milk were determined using a Lactostar analyser (Funke Gerber, Germany). Total bacterial count (TBC) and somatic cell count in milk (SCC) were determined using a BactoCount IBCm apparatus (laser-based flow cytometry; Bentley, Minnesota, USA). Acidity was analysed using a portable Handylab 2 (Schott Geräte, Meinz, Germany) apparatus with a glass-calomel electrode (Schott L68880). Vitamin C analysis was conducted by the method proposed by Omaye et al. [1979]Omaye, S., Turnbull, J., Sauberlich, H. (1979). Selected method for the determination of ascorbic acid in animal cells, tissues and fluids. Method Enzymol., 62, 3–11. https://doi.org/10.1016/0076-6879(79)62181-X. The colour of milk samples was measured in triplicates in the CIE L*a*b* system, where L* represents lightness, a* represents the colour’s position between green (–a*) and red (+a*), and b* represents the colour’s position between blue (–b*) and yellow (+b). The Minolta CM 5 Colorimeter (Minolta Corp., Osaka, Japan) with an illuminant C and a 2°observer was used. Rennet coagulation time (RCT) was measured using the method by Alais [1984]Alais, C. (1984). Science du lait – principes des techniques laitières. 4c éd. Paris, Editions Sepaic., 814. Google Scholar.


Analysis of the results was conducted using the STATISTICA package v. 13.3 (Statistica 2017Statistica (2017). Data analysis software system, version 13.3. Statsoft Inc. Google Scholar). Student’s t-test was used when comparing the averages milk quality parameters for two seasons. The levels of significance for Student’s t-test were P ≤ 0.05 (*) and P ≤ 0.01 (**). The data relating to the TBC and SCC in the milk was subjected to logarithmic transformation before statistical verification. Moreover, Pearson correlation coefficients were calculated for selected parameters for individual seasons and the overall period covered by the study. The levels of significance of correlations were as follows: P ≤ 0.05 (*) and P ≤ 0.01 (**).



RESULTS AND DISCUSSION


Average daily yield of the herd in the spring-summer season was 161 kg of milk, while in the autumn-winter season 265 kg. Tables 1–4 show mean values and standard deviations of particular quality parameters of milk both for individual seasons and for the overall period covered by the study. TBC and SCC are important parameters of milk hygiene. The factors influencing the hygienic quality of milk include milk yield as well as organisational and technological factors [Skrzypek et al. 2004Skrzypek, R., Wójtowski, J., Fahr, R.D. (2004).  Factors affecting somatic cell count in cow bulk tank milk – a case study from Poland. J. Vet. Med. A: Physiol. Pathol. Clin. Med., 51(3), 127–131. https://doi.org/10.1111/j.1439-0442.2004.00611.x, Cziszter et al. 2012Cziszter, L.T., Acatincăi, S., Neciu, F.C., Neamţ, R.I., Ilie, D.E., Costin, L.I., Gavojdian, D., Tripon, I. (2012). The Influence of Season on the Cow Milk Quantity, Quality and Hygiene. Scientific Papers. J. Anim. Sci. Biotechnol., 45(2), 305–312. Google Scholar, Hamed et al. 2012Hamed, H., Trujillo, A.J., Juan, B., Guamis, B., Elfeki, A., Gargouri, A. (2012). Interrelationships between somatic cell counts, lactation stage and lactation number and their influence on plasmin activity and protein fraction distribution in dromedary (Camelus dromedaries) and cow milks. Small Rumin. Res., 105(1-3), 300- 307. https://doi.org/10.1016/j.smallrumres.2012.01.002, Keskin and Atasever 2013Keskin, A., Atasever, S. (2013). Somatic cell count of bovine bucket milk: a study from Turkey. IJCMAS, 2(9), 98–102. Google Scholar].




	
				Table
				1.	Hygienic quality of milk depending on the
				season (Mean value ± Standard deviation )
Tabela
				1.	Jakość higieniczna mleka w zależności od
				sezonu (średnia wartość ± odchylenie standardowe)


			
	
				Traits
Cecha


				
				Season
				– Sezon


				
				


				


			
	
				spring
				– summer
wiosna
				– lato


				
				autumn
				– winter
jesień
				– zima


				
				total
ogółem


			
	
				TBC
				(× 103 mL–1)


				
				156
				±104


				
				218
				±136


				
				187
				±120


			
	
				SCC
				(× 103 mL–1)


				
				251
				±146
				a


				
				426
				±300
				b


				
				339
				±223


			
	
				TBC
				– total bacteria count, SCC – somatic cell count, A,
				B – statistical significance at P ≤ 0.01, a,
				b – statistical significance at P ≤ 0.05.
TBC
				– ogólna liczba bakterii, SCC – liczba komórek
				somatycznych, A, B – różnica
				statystycznie istotna, P ≤ 0,01, a, b –
				różnica istotna, P ≤ 0,05.


			





	
				Table
				2.	Basic composition of milk (%) depending on
				the season (Mean value ± Standard deviation)
Tabela
				2.	Skład podstawowy mleka (%) w zależności od
				sezonu (średnia wartość ± odchylenie standardowe)


			
	
				Traits
Cecha


				
				Season
				– Sezon


			
	
				spring
				– summer
wiosna
				– lato


				
				autumn
				– winter
jesień
				– zima


				
				total
ogółem


			
	
				Non-fat
				dry matter
Sucha
				masa beztłuszczowa


				
				8.62
				±0.18 A


				
				9.09±0.19
				B


				
				8.86
				±0.19


			
	
				Fat
				– Tłuszcz


				
				3.19
				±0.34 A


				
				3.79
				±0.50 B


				
				3.49
				±0.42


			
	
				Protein
				– Białko


				
				3.21
				±0.07 A


				
				3.40
				±0.08 B


				
				3.30
				±0.08


			
	
				Lactose
				– Laktoza


				
				4.63
				±0.11 A


				
				4.89
				±0.12 B


				
				4.76
				±0.11


			
	
				Minerals
				– Składniki mineralne


				
				0.87
				±0.03


				
				0.86
				±0.05


				
				0.86
				±0.04


			
	
				A,
				B – statistical significance at P ≤ 0.01 by
				Student’s t-test.
A,
				B – różnica statystycznie istotna, P ≤ 0,01,
				oznaczona testem t-Studenta.


			





	
				Table
				3.	Milk colour in the CIE (L*a*b*) system
				depending on the season (Mean value ± Standard deviation)
Tabela
				3.	Barwa mleka w systemie CIE (L*a*b*) w
				zależności od sezonu (średnia wartość ± odchylenie
				standardowe)


			
	
				Traits
Cecha


				
				Season
				– Sezon


			
	
				spring
				– summer
wiosna
				– lato


				
				autumn
				– winter
jesień
				– zima


				
				total
ogółem


			
	
				 L*


				
				88.81
				±0.29


				
				89.02
				±0.43


				
				88.92
				±0.36


			
	
				 a*


				
				–3.25
				±0.36
				A


				
				–2.90
				±0.46
				B


				
				–3.08
				±0.41


			
	
				 b*


				
				15.03
				±0.80


				
				14.48
				±1.50


				
				14.76
				±1.15


			
	
				L*
				– lightness, a*– redness, b*– yellowness, A,
				B – statistical significance at P ≤ 0.01 by
				Student’s t-test.
L*
				– jasność, a* – nasycenie barwą czerwoną, b* –
				nasycenie barwą żółtą, A, B – różnica
				istotna, P ≤ 0,01, oznaczone testem t-Studenta.


			





	
				Table
				4.	Milk density, pH, vitamin C content and
				rennet coagulation time depending on the season (Mean value ±
				Standard deviation)
Tabela
				4.	Gęstość mleka, pH, zawartość witaminy C oraz
				czas koagulacji pod wpływem podpuszczki w zależności od sezonu
				(średnia wartość ± odchylenie standardowe)


			
	
				Traits
Cecha


				
				Season
				– Sezon


			
	
				spring
				– summer
wiosna
				– lato


				
				autumn
				– winter
jesień
				– zima


				
				total
ogółem


			
	
				Density,
				g ∙ cm–3
				– Gęstość,
				g ∙ cm–3


				
				1.033
				±0.001
				A


				
				1.034
				±0.001
				B


				
				1.033
				±0.001


			
	
				pH


				
				6.79
				±0.03


				
				6.75
				±0.12


				
				6.77
				±0.08


			
	
				Vitamin
				C, mg ∙ 100 mL–1
				– Witamina
				C, mg ∙ 100 mL–1


				
				3.66
				±1.09


				
				3.97
				±1.40


				
				3.81
				±1.25


			
	
				RCT,
				sec.


				
				316
				±44
				A


				
				389
				±64
				B


				
				353
				±54


			
	
				RCT
				– rennet coagulation time; A,
				B – statistical significance at P ≤ 0.01 by
				Student’s t-test.
RCT
				– czas koagulacji pod wpływem podpuszczki; A, B
				– różnica statystycznie istotna, P ≤ 0,01, oznaczone
				testem t-Studenta.


			



A high seasonal variation in all milk constituents, except for mineral salts, was observed (Table 2). In the autumn-winter season, the milk produced by the cows had a higher protein, fat and lactose content (P ≤ 0.01), which is consistent with the results of most studies [Cziszter et al. 2012Cziszter, L.T., Acatincăi, S., Neciu, F.C., Neamţ, R.I., Ilie, D.E., Costin, L.I., Gavojdian, D., Tripon, I. (2012). The Influence of Season on the Cow Milk Quantity, Quality and Hygiene. Scientific Papers. J. Anim. Sci. Biotechnol., 45(2), 305–312. Google Scholar, Bernabucci et al. 2015Bernabucci, U., Basiricò, L., Morera, P., Dipasquale, D., Vitali, A., Piccioli Cappelli, F., Calamari, L. (2015). Effect of Summer Season on Milk Protein Fractions in Holstein Cows. J. Dairy Sci., 98(3), 1815–27. https://doi.org/10.3168/jds.2014-8788]. The lower protein content of milk in the spring-summer season is explained by a lower share of concentrated feed in the feed ration of the cows compared with the autumn-winter season. Green fodder contains more fibre and less starch, which results in reduced production of propionic acid in the rumen, and, consequently, reduced milk protein content. In turn, other studies showed that milk from grass-fed cows had a higher protein content, calling this phenomenon a 'specific grass effect' [Alothman et al. 2019Alothman, M., Hogan, S.A., Hennessy, D., Dillon, P., Kilcawley, K.N., O'Donovan, M., Tobin, J., Fenelon, M.A., O'Callaghan, T.F. (2019). The ''grass-fed'' milk story: understanding the impact of pasture feeding on the composition and quality of bovine milk. Foods, 8, 350. https://doi.org/10.3390/foods8080350].


Milk colour is an important assessment parameter. It has an impact on how milk products, especially butter and cheese, are perceived by consumers. Consumers in different countries search for lighter or darker products, depending on their habits [Walker et al. 2013Walker, G.P., Wijesundera, C., Dunshea, F.R., Doyle, P.T. (2013). Seasonal and stage of lactation effects on milk fat composition in northern Victoria. Anim. Prod. Sci., 53(6), 560–572. https://doi.org/10.1071/AN11363]. Milk colour is associated with the presence of the colloidal calcium phospho-caseinate complex, insoluble calcium phosphate and the scattering of light by fat globules. Milk pigments such as fat-soluble carotene and riboflavin in milk serum may also influence the colour of milk. Other factors which may affect the colour of milk include the nutrition of cows, diseases and physiological factors associated with milk production [Coppa et al. 2019Coppa, M., Chassaing, C., Sibra, C., Cornu, A., Verbič, J., Golecký, J., Engel, E., Ratel, J., Boudon, A., Ferlay, A., Martin, B. (2019). Forage system is the key driver of mountain milk specificity. J. Dairy Sci., 102(11), 10483–10499. https://doi.org/10.3168/jds.2019-16726]. An instrumental milk colour analysis showed seasonal variation only in parameter a* values; (P ≤ 0.01; Table 3). Milk obtained in the autumn-winter season had a significantly higher degree of greenness compared with that obtained in the spring-summer season. It was probably associated with the diet of the animals and with the total bacterial count and somatic cell count in the milk. There were numerous significant correlations between the colour of the milk and its hygienic quality and basic composition (Table 5), including highly significant negative correlations between parameter a* and the TBC (r = –0.747**) and the SCC (r = –706**) in the grazing season, and a positive correlation between parameter a* and milk fat content (r = 0.649**).




	
				Table
				5.	Pearson correlations between colour
				parameters (a*b*) and the TBC and SCC and the basic composition
				of milk
Tabela
				5.	Korelacje Pearsona pomiędzy barwą a TBC, SCC
				i składem podstawowym mleka


			
	
				Item
				– Wyszczególnienie


				
				Season
				– Sezon


			
	
				spring
				– summer
wiosna
				– lato


				
				autumn
				– winter
jesień
				– zima


				
				total
ogółem


			
	
				a*


				
				b*


				
				a*


				
				b*


				
				a*


			
	
				TBC


				
				–0.747**


				
				–0.618**


				
				0.432*


				
				NS


				
				NS


			
	
				TBC
				(log10)


				
				–0.660**


				
				–0.520*


				
				0.550**


				
				NS


				
				NS


			
	
				SCC


				
				–0.706xx


				
				–0.589**


				
				NS


				
				NS


				
				NS


			
	
				SCC
				(log10)


				
				–0.658**


				
				–0.562**


				
				0.495*


				
				NS


				
				NS


			
	
				Non–fat
				dry matter – Sucha masa beztłuszczowa


				
				NS


				
				0.466*


				
				NS


				
				NS


				
				0.421**


			
	
				Fat
				– Tłuszcz


				
				0.649**


				
				NS


				
				0.703**


				
				0.464*


				
				0.741**


			
	
				Protein
				– Białko


				
				NS


				
				0.495*


				
				NS


				
				NS


				
				0.386**


			
	
				Lactose
				– Laktoza


				
				NS


				
				0.485*


				
				NS


				
				NS


				
				–0.373*


			
	
				Minerals
				– Mineralne


				
				NS


				
				NS


				
				0.504*


				
				NS


				
				NS


			
	
				a*–
				redness, b*– yellowness, TBC – total bacteria count ,
				SCC – somatic cell count, ** – correlation
				significant at P ≤ 0.01, * – correlation significant at
				P ≤ 0.05, NS – not significant.
a*
				– nasycenie barwą czerwoną, b* – nasycenie barwą
				żółtą, TBC – ogólna liczba bakterii, SCC – liczba
				komórek somatycznych, ** – korelacje istotne (P ≤ 0,01),
				* – korelacje istotne (P ≤ 0,05), NS – korelacje
				nieistotne.


			



The production season did not affect milk pH (Table 4). The results obtained (6.79–6.75) indicate that the milk was of the correct quality and are consistent with the findings of other studies on milk from cows kept in traditional farms [Barłowska et al. 2013Barłowska, J., Wolanciuk, A., Kędzierska-Matysek, M., Litwińczuk, Z. (2013). Wpływ sezonu produkcji na podstawowy skład chemiczny oraz zawartość makro- i mikroelementów w mleku krowim i kozim [Effect of production season on basic chemical composition and content of macro- and microelements in cow's and goat's milk. Żywn. Nauka Technol. Jakość, 6(91), 69–78 [in Polish]. https://doi.org/10.15193/zntj/2013/91/069-078].


The value of milk density depends on the density of individual milk constituents. In our study, the density of the milk analysed was 1.0335 g · cm–3. The density of the milk collected in the autumn-winter season was significantly higher compared with the milk collected in the spring-summer season (P ≤ 0.01; Table 4), which was associated with the chemical composition of the milk. The results are consistent with the results of a study by Cziszter et al. [2012]Cziszter, L.T., Acatincăi, S., Neciu, F.C., Neamţ, R.I., Ilie, D.E., Costin, L.I., Gavojdian, D., Tripon, I. (2012). The Influence of Season on the Cow Milk Quantity, Quality and Hygiene. Scientific Papers. J. Anim. Sci. Biotechnol., 45(2), 305–312. Google Scholar.


The vitamin C content of the milk analysed was not found to be dependent on the season (Table 4). To the best of our knowledge, this is the first report on seasonal changes of vitamin C in cow milk obtained in SFF. However, studies on mares’ milk found that the vitamin C content did not depend on the season in which the milk was collected, but on how it was stored [Markiewicz-Kęszycka et al. 2014Markiewicz-Kęszycka, M., Czyżak-Runowska, G., Wójtowski, J., Jóźwik, A., Pankiewicz, R., Łęska, B., Krzyżewski, J., Strzałkowska, N., Marchewka, J., Bagnicka, E. (2014). Influence of stage of lactation and year season on composition of mares' colostrum and milk and method and time of storage on vitamin C content in mares'milk. J. Sci. Food Agric., 95(11), 2279–86. https://doi.org/10.1002/jsfa.6947]. The literature on the subject shows that vitamin C content is not subject to seasonal variation as cows can synthesise ascorbic acid [Weiss and Hogan 2007Weiss, W.P., Hogan, J.S. (2007). Effects of dietary vitamin C on neutrophil function and responses to intrammary infusion of lipolysaccharide in periparturient dairy cows. J. Dairy Sci., 90(2), 731–739. https://doi.org/10.3168/jds.S0022-0302(07)71557-6]. In the case of cattle requirements for vitamin C are met by tissue and bacterial synthesis in the digestive tract and mammary gland cells. Vitamin C is regarded as a valuable bioactive substance. However, cows’ milk is considered to be a poor source of this vitamin. It should be stressed that the analysed milk contained four times more vitamin C (3.81 mg · 100 mL–1) than milk from conventional farms (0.94 mg · 100 mL–1) [Park et al. 2007Park, Y.W., Juárez, M., Ramos, M., Haenlein, G.F.W. (2007). Physico-chemical characteristics of goat and sheep milk. Small Rumin. Res., 68, 88–113. https://doi.org/10.1016/j.smallrumres.2006.09.013]. Vitamin C cannot be synthesised by humans and is one of the most important vitamins with antioxidative properties. Along with vitamins D, A and beta-carotene, it helps prevent the oxidative stress and protects polyunsaturated fatty acids from uncontrolled peroxidation [Jóźwik et al. 2012Jóźwik, A., Krzyżewski, J., Strzałkowska, N., Bagnicka, E., Poławska, E., Horbańczuk, J.O. (2012). Stres oksydacyjny u wysokowydajnych krów mlecznych w okresie okołoporodowym [Oxidative stress in high yielding dairy cows during the transition period]. Med. Wet., 68(8), 468–474 [in Polish]. Google Scholar].


The coagulation properties of milk depend on several parameters, including acidity, the concentration of proteins, especially casein, the ratio of casein to whey protein and the content of minerals, including calcium, phosphorus, magnesium and citrates [Ketto et al. 2017Ketto, I.A., Knutsen, T.M., Øyaas, J., Heringstad, B., Ådnøy, T., Devold, T. G., Skeie, S.B. (2017). Effects of milk protein polymorphism and composition, casein micelle size and salt distribution on the milk coagulation properties in Norwegian Red cattle. Int. Dairy J., 70, 55–64. https://doi.org/10.1016/j.idairyj.2016.10.010, Ho et al. 2018Ho, Q.T., Murphy, K.M., Drapala, K.P., O'Callaghan, T.F., Fenelon, M.A., O'Mahony, J.A., McCarthy, N.A. (2018). Effect of pH and heat treatment on viscosity and heat coagulation properties of milk protein concentrate. Int. Dairy J., 85, 219–224. https://doi.org/10.1016/j.idairyj.2018.05.012]. The analysis of the coagulation properties of the milk studied showed higher technological suitability of the milk collected in the spring-summer season compared with that collected in the autumn-winter season (P ≤ 0.01; Table 4). Those findings were consistent with the results obtained by Barłowska et al. [2012]Barłowska, J., Chabuz, W., Król, J., Szwajkowska, M., Litwińczuk, Z. (2012). Wartość odżywcza i przydatność technologiczna mleka produkowanego w systemie intensywnym i tradycyjnym w trzech rejonach wschodniej Polski [Nutritional value and technological suitability of milk produced in intensive and traditional systems in 3 regions of Eastern Poland]. Żywn. Nauka. Technol. Jakość, 4(83), 122–135 [in Polish]. Google Scholar. The coagulant properties of milk are also associated with the composition of pasture sward. The presence of clover grass in the pasture has been shown to worsen milk coagulation [Hermansen et al. 1994Hermansen, J.E., Ostersen, S., Aaes, O. (1994). Effect of the levels of N fertilizer, grass and supplementary feeds on nitrogen composition and renneting properties of milk from cows at pasture. J. Dairy Res., 61(2), 179–189. https://doi.org/10.1017/S0022029900028193]. Similarly, Bernabucci et al. [2015]Bernabucci, U., Basiricò, L., Morera, P., Dipasquale, D., Vitali, A., Piccioli Cappelli, F., Calamari, L. (2015). Effect of Summer Season on Milk Protein Fractions in Holstein Cows. J. Dairy Sci., 98(3), 1815–27. https://doi.org/10.3168/jds.2014-8788 showed in the summer, especially during hot weather, a deterioration in milk coagulation properties, which the authors explain by changes in the casein protein fraction, especially αS-CN and β-CN.


Moreover, the enzymatic coagulation time of milk may increase together with increasing SCC  [Sert et al. 2016Sert, D., Mercan, E., Aydemir, S., Civelek, M. (2016). Effects of milk somatic cell counts on some physicochemical and functional characteristics of skim and whole milk powders. J. Dairy Sci., 99(7), 5254–5264. https://doi.org/10.3168/jds.2016-10860]. This may probably explain the longer coagulation time observed in our study in the autumn-winter season; however, it was not confirmed statistically. Our analyses showed a correlation between rennet coagulation time and the content of minerals and vitamin C; the correlations were statistically significant, negative and were, respectively, r = –0.466* and –0.429*.


The total bacterial count in the milk, in the overall period covered by the study, was 187 thousand per ml and was higher than the permitted limit according to Regulation (EC) No. 853/2004 of the European Parliament and the Council. In contrast to a study by Gulbe and Valdowska [2014], no significant differences were found between the seasons analysed (Table 1). It should be emphasised that raw milk is often used to produce regional cheese in home-based processing plants. Moreover, milk bought straight from the farm is usually considered to be very fresh, safe and healthier than milk purchased in the food store; thus often it is consumed raw. The results of TBC suggest that the hygienic quality of milk in SFFs can be an issue and that milk used in the production of milk products should be subjected to pasteurisation. It should be stressed that cheese made from raw milk may contain pathogenic bacteria, e.g. Listeria monocytogenes, Salmonella, Escherichia coli, Campylobacter, Yersinia.


A higher somatic cell count was found in the milk collected in the autumn-winter season compared with the milk collected in the spring-summer season (P ≤ 0.05; Table 1), which is consistent with the results of a study by Rajèeviè et al. [2003]Rajèeviè, M., Potoènik, K., Levstek, J. (2003). Correlations Between Somatic Cells Count and Milk Composition with Regard to the Season. Agric. Conspec. Sci., 68(3), 221–226. Google Scholar on milk from black and white cows in Slovenia. The somatic cell count in healthy cows’ milk should not be higher than 100,000 per ml of milk [Sharma et al. 2011Sharma, N., Singh, N.K., Bhadwal, M.S. (2011). Relationship of somatic cell countand mastitis: An Overview. Asian-Australas. J. Anim. Sci., 24(3), 429–438. https://doi.org/10.5713/ajas.2011.10233]. In turn, in accordance with Regulation (EC), No. 853/2004 of the European Parliament and the Council, the somatic cell count of raw milk must not exceed 400,000 per ml. The higher SCC observed in our study in the indoor season may result from a change in the diet of the animals, their welfare conditions, confirmed cases of mastitis, drying-off as well as calving season. Moreover, the difficult conditions of keeping cows in the barn, related to the tether system and deep litter, could have had a significant impact on the increase in SCC content in milk in winter. It should also be noted that the welfare conditions in barns where small herds are kept are often worse and the managers of such herds have lower qualifications. In contrast to the results presented, Alhussien and Dang [2018]Alhussien, M.N., Dang, A.K. (2018). Milk somatic cells, factors influencing their release, future prospects, and fractical utility in dairy animals: An overview. Vet. World, 11(5), 562–77. https://doi.org/10.14202/vetworld.2018.562-577 found a higher SCC content in milk obtained in summer than in winter. This was associated not only with stress in animals in hot weather but also with reduced quality of pasture feed, which could have a negative impact on the animal's resistance and contribute to increased bacterial infections. Similarly, a study by Butler et al. [2010] found that the SCC in the milk collected in summer was 38% higher compared with the milk collected in winter. Own research has shown highly significant positive correlations between the SCC and the TBC, both in the autumn-winter season (r = 0.903**) and in the spring-summer season (r = 0.896**).


Somatic cell count of milk above the norm highlights that mastitis and milking hygiene are still a challenging task at SFFs. Mastitis is one of the most prevalent and costly diseases in the dairy cattle industry worldwide [Damm et al. 2017Damm, M., Holm, C., Blaabjerg, M., Novak Bro, M., Schwarz, D. (2017). Differential somatic cell count – A novel method for routine mastitis screening in the frame of Dairy Herd Improvement testing programs. J. Dairy Sci., 100(6), 4926–4940. https://doi.org/10.3168/jds.2016-12409]. According to Irish studies management practices associated with low SCC include the use of dry cow therapy, participation in a milk recording scheme, the use of teat disinfection post-milking, a higher frequency of cleaning and increased farm hygiene. Management practices associated with low TBC included the use of heated water in the milking parlour, participation in a milk recording scheme, tail clipping of cows at a frequency greater than once per year and increased farm hygiene [O'Brien et al. 2009O'Brien, B., Berry, D.P., Kelly, P., Meaney, W.J., O'Callaghan, E.J., (2009). A study of the somatic cell count (SCC) of Irish milk from herd management and environmental perspectives. Project Number 5399, Teagasc. Google Scholar]. Thus, to gain more profit from milk production, SFFs should participate in milk recording scheme and apply to the above recommendations.


Moreover, for safety reasons, all products produced on the farm should be manufactured from pasteurised milk. It is commonly believed that the pasteurisation process not only inactivates the pathogenic microorganisms but also results in loss of nutrients. According to our unpublished studies and studies of Moltó-Puigmartí et al. [2011]Moltó-Puigmartí, C., Permanyer, M., Castellote, A.I., López-Sabater, M.C. (2011). Effects of pasteurisation and high-pressure processing on vitamin C, tocopherols and fatty acids in mature human milk. Food Chem., 124(3), 697–702. https://doi.org/10.1016/j.foodchem.2010.05.079 fatty acid proportions in milk, as well as levels of delta-, gamma-, and alpha-tocopherols did not vary after pasteurisation process, while total vitamin C level decreased only by 8–20%. The highest losses of bioactive components in milk occur during storage and boiling [Markiewicz-Kęszycka et al. 2014Markiewicz-Kęszycka, M., Czyżak-Runowska, G., Wójtowski, J., Jóźwik, A., Pankiewicz, R., Łęska, B., Krzyżewski, J., Strzałkowska, N., Marchewka, J., Bagnicka, E. (2014). Influence of stage of lactation and year season on composition of mares' colostrum and milk and method and time of storage on vitamin C content in mares'milk. J. Sci. Food Agric., 95(11), 2279–86. https://doi.org/10.1002/jsfa.6947, Khan et al. 2017Khan, I.T., Nadeem, M., Imran, M., Ayaz, M., Ajmal, M., Ellahi, M.Y., Khalique, A. (2017). Antioxidant capacity and fatty acids characterization of heat treated cow and buffalo milk. Lipids Health Dis., 16(1), 1–10. https://doi.org/10.1186/s12944-017-0553-z]. This suggests that fresh milk purchased on the farm will provide higher biological value than its counterpart bought in the food store, however, its hygienic quality might be lower. More studies are needed on the safety and bioactive compounds of milk produced by small, extensive family farms which sell milk directly to the consumers.



CONCLUSION


The quality of milk from the studied extensive small family farm where cows are grazing in the summer season is significantly dependent on the feeding season. In the autumn-winter season, a higher somatic cell count, higher protein, fat and lactose levels, longer rennet coagulation time and lower colour parameter a* values were found compared with the spring-summer period. Milk collected in the autumn-winter season did not differ from that obtained in the spring-summer season in terms of the total bacterial count, colour parameters L* and b* and vitamin C content. It should be stressed that, in the overall period covered by the study, the milk had high vitamin C content (3.81 mg · 100 mL–1) when compared to the milk purchased in the food store.


The results of this case study provide small family farmers producing milk with a better view of how important the quality parameters of milk are and contribute to optimum use of milk in home-based processing plants.



ACKNOWLEDGEMENT


The study was financed by the funds of the Ministry of Science and Higher Education of Poland (statutory research fund of the Poznań University of Life Sciences, No 506.569.04.00).



REFERENCES



	Alais, C. (1984). 
Science du lait – principes des techniques laitières.
4c éd. Paris, Editions Sepaic., 814. 
Google Scholar
	Alothman, M., Hogan, S.A., Hennessy, D., Dillon, P., Kilcawley, K.N., O'Donovan, M., Tobin, J., Fenelon, M.A., O'Callaghan, T.F. (2019). 
The ``grass-fed'' milk story: understanding the impact of pasture feeding on the composition and quality of bovine milk.
Foods, 8, 350. 
https://doi.org/10.3390/foods8080350


	Alhussien, M.N., Dang, A.K. (2018). 
Milk somatic cells, factors influencing their release, future prospects, and fractical utility in dairy animals: An overview.
Vet. World, 11(5), 562–77. 
https://doi.org/10.14202/vetworld.2018.562-577


	Barłowska, J., Chabuz, W., Król, J., Szwajkowska, M., Litwińczuk, Z. (2012). 
Wartość odżywcza i przydatność technologiczna mleka produkowanego w systemie intensywnym i tradycyjnym w trzech rejonach wschodniej Polski [Nutritional value and technological suitability of milk produced in intensive and traditional systems in 3 regions of Eastern Poland].
Żywn. Nauka. Technol. Jakość, 4(83), 122–135 [in Polish]. 
Google Scholar
	Barłowska, J., Wolanciuk, A., Kędzierska-Matysek, M., Litwińczuk, Z. (2013). 
Wpływ sezonu produkcji na podstawowy skład chemiczny oraz zawartość makro- i mikroelementów w mleku krowim i kozim [Effect of production season on basic chemical composition and content of macro- and microelements in cow's and goat's milk.
Żywn. Nauka Technol. Jakość, 6(91), 69–78 [in Polish]. 
https://doi.org/10.15193/zntj/2013/91/069-078


	Bernabucci, U., Basiricò, L., Morera, P., Dipasquale, D., Vitali, A., Piccioli Cappelli, F., Calamari, L. (2015). 
Effect of Summer Season on Milk Protein Fractions in Holstein Cows.
J. Dairy Sci., 98(3), 1815–27. 
https://doi.org/10.3168/jds.2014-8788


	Butler, G., Stergiadis, S., Seal, C,. Eyre, M, Leifert, C. (2011). 
Fat composition of organic and conventional retail milk in northeast England.
J. Dairy Sci., 94(1), 24–36. 
https://doi.org/10.3168/jds.2010-3331


	Cais-Sokolińska, D., Pikul, J., Wójtowski, J., Danków, R., Teichert, J., Czyżak-Runowska, G., Bagnicka, E. (2015). 
Evaluation of quality of kefir from milk obtained from goats supplemented with a diet rich in bioactive compounds.
J. Sci. Food Agric., 95(6), 1343–1349. 
https://doi.org/10.1002/jsfa.6828


	Coppa, M., Chassaing, C., Sibra, C., Cornu, A., Verbič, J., Golecký, J., Engel, E., Ratel, J., Boudon, A., Ferlay, A., Martin, B. (2019). 
Forage system is the key driver of mountain milk specificity.
J. Dairy Sci., 102(11), 10483–10499. 
https://doi.org/10.3168/jds.2019-16726


	Cziszter, L.T., Acatincăi, S., Neciu, F.C., Neamţ, R.I., Ilie, D.E., Costin, L.I., Gavojdian, D., Tripon, I. (2012). 
The Influence of Season on the Cow Milk Quantity, Quality and Hygiene.
Scientific Papers. J. Anim. Sci. Biotechnol., 45(2), 305–312. 
Google Scholar
	Damm, M., Holm, C., Blaabjerg, M., Novak Bro, M., Schwarz, D. (2017). 
Differential somatic cell count – A novel method for routine mastitis screening in the frame of Dairy Herd Improvement testing programs.
J. Dairy Sci., 100(6), 4926–4940. 
https://doi.org/10.3168/jds.2016-12409


	FAO and IFAD (2019). 
United Nations Decade of Family Farming 2019–2028.
Global Action Plan, Rome. 
Google Scholar
	Gulbe, G., Valdovska, A. (2014). 
Microbiological content of cow milk depending on season and herd sizein latvian organic farms.
Vet. Med. Res. Rural Dev., 1, 161–168. 
Google Scholar
	Gutiérrez, R., Rosell, P., Vega, S., Pérez, J., Ramírez, A., Coronado, M. (2013). 
Self and Foreign Substances in Organic and Conventional Milk Produced in the Eastern Region of Mexico.
Food Nutr. Sc., 4, 586–593. 
https://doi.org/10.4236/fns.2013.45076


	Hamed, H., Trujillo, A.J., Juan, B., Guamis, B., Elfeki, A., Gargouri, A. (2012). 
Interrelationships between somatic cell counts, lactation stage and lactation number and their influence on plasmin activity and protein fraction distribution in dromedary (Camelus dromedaries) and cow milks.
Small Rumin. Res., 105(1-3), 300- 307. 
https://doi.org/10.1016/j.smallrumres.2012.01.002


	Hermansen, J.E., Ostersen, S., Aaes, O. (1994). 
Effect of the levels of N fertilizer, grass and supplementary feeds on nitrogen composition and renneting properties of milk from cows at pasture.
J. Dairy Res., 61(2), 179–189. 
https://doi.org/10.1017/S0022029900028193


	Ho, Q.T., Murphy, K.M., Drapala, K.P., O'Callaghan, T.F., Fenelon, M.A., O'Mahony, J.A., McCarthy, N.A. (2018). 
Effect of pH and heat treatment on viscosity and heat coagulation properties of milk protein concentrate.
Int. Dairy J., 85, 219–224. 
https://doi.org/10.1016/j.idairyj.2018.05.012


	Jóźwik, A., Krzyżewski, J., Strzałkowska, N., Bagnicka, E., Poławska, E., Horbańczuk, J.O. (2012). 
Stres oksydacyjny u wysokowydajnych krów mlecznych w okresie okołoporodowym [Oxidative stress in high yielding dairy cows during the transition period].
Med. Wet., 68(8), 468–474 [in Polish]. 
Google Scholar
	Keskin, A., Atasever, S. (2013). 
Somatic cell count of bovine bucket milk: a study from Turkey.
IJCMAS, 2(9), 98–102. 
Google Scholar
	Ketto, I.A., Knutsen, T.M., Øyaas, J., Heringstad, B., Ådnøy, T., Devold, T. G., Skeie, S.B. (2017). 
Effects of milk protein polymorphism and composition, casein micelle size and salt distribution on the milk coagulation properties in Norwegian Red cattle.
Int. Dairy J., 70, 55–64. 
https://doi.org/10.1016/j.idairyj.2016.10.010


	Khan, I.T., Nadeem, M., Imran, M., Ayaz, M., Ajmal, M., Ellahi, M.Y., Khalique, A. (2017). 
Antioxidant capacity and fatty acids characterization of heat treated cow and buffalo milk.
Lipids Health Dis., 16(1), 1–10. 
https://doi.org/10.1186/s12944-017-0553-z


	Kouřimská, L, Legarová, V., Panovská, Z., Pánek, J. (2014). 
Quality of Cows' Milk from Organic and Conventional Farming.
Czech J. Food Sci., 32(4), 398–405. 
https://doi.org/10.17221/510/2012-CJFS


	Markiewicz-Kęszycka, M., Czyżak-Runowska, G., Wójtowski, J., Jóźwik, A., Pankiewicz, R., Łęska, B., Krzyżewski, J., Strzałkowska, N., Marchewka, J., Bagnicka, E. (2014). 
Influence of stage of lactation and year season on composition of mares' colostrum and milk and method and time of storage on vitamin C content in mares'milk.
J. Sci. Food Agric., 95(11), 2279–86. 
https://doi.org/10.1002/jsfa.6947


	Moltó-Puigmartí, C., Permanyer, M., Castellote, A.I., López-Sabater, M.C. (2011). 
Effects of pasteurisation and high-pressure processing on vitamin C, tocopherols and fatty acids in mature human milk.
Food Chem., 124(3), 697–702. 
https://doi.org/10.1016/j.foodchem.2010.05.079


	O'Brien, B., Berry, D.P., Kelly, P., Meaney, W.J., O'Callaghan, E.J., (2009). 
A study of the somatic cell count (SCC) of Irish milk from herd management and environmental perspectives.
Project Number 5399, Teagasc. 
Google Scholar
	Omaye, S., Turnbull, J., Sauberlich, H. (1979). 
Selected method for the determination of ascorbic acid in animal cells, tissues and fluids.
Method Enzymol., 62, 3–11. 
https://doi.org/10.1016/0076-6879(79)62181-X


	Park, Y.W., Juárez, M., Ramos, M., Haenlein, G.F.W. (2007). 
Physico-chemical characteristics of goat and sheep milk.
Small Rumin. Res., 68, 88–113. 
https://doi.org/10.1016/j.smallrumres.2006.09.013


	Rajèeviè, M., Potoènik, K., Levstek, J. (2003). 
Correlations Between Somatic Cells Count and Milk Composition with Regard to the Season.
Agric. Conspec. Sci., 68(3), 221–226. 
Google Scholar
	Schader, C., Drapela, T., Markut, T., Meier, M.S., Lindenthal, T., Hörtenhuber S., Pfiffner, L. (2014). 
Farm- and product-level biodiversity assessment of conventional and organic dairy production in Austria.
Int. J. Biodivers. Sci. Ecosyst. Serv. Manag., 10(1), 20–39. 
https://doi.org/10.1080/21513732.2013.878752


	Schwendel, B.H., Wester, T.J., Morel, P.C.H., Tavendale, M.H., Deadman, C., Shadbolt, N.M., Otter, D.E. (2015). 
Invited review: Organic and conventionally produced milk – An evaluation of factors influencing milk composition.
J. Dairy Sci., 98(2), 721–746. 
https://doi.org/10.3168/jds.2014-8389


	Sert, D., Mercan, E., Aydemir, S., Civelek, M. (2016). 
Effects of milk somatic cell counts on some physicochemical and functional characteristics of skim and whole milk powders.
J. Dairy Sci., 99(7), 5254–5264. 
https://doi.org/10.3168/jds.2016-10860


	Sharma, N., Singh, N.K., Bhadwal, M.S. (2011). 
Relationship of somatic cell countand mastitis: An Overview.
Asian-Australas. J. Anim. Sci., 24(3), 429–438. 
https://doi.org/10.5713/ajas.2011.10233


	Skrzypek, R., Wójtowski, J., Fahr, R.D. (2004). 
 Factors affecting somatic cell count in cow bulk tank milk – a case study from Poland.
J. Vet. Med. A: Physiol. Pathol. Clin. Med., 51(3), 127–131. 
https://doi.org/10.1111/j.1439-0442.2004.00611.x


	Statistica (2017). 
Data analysis software system, version 13.3.
Statsoft Inc. 
Google Scholar
	Walker, G.P., Wijesundera, C., Dunshea, F.R., Doyle, P.T. (2013). 
Seasonal and stage of lactation effects on milk fat composition in northern Victoria.
Anim. Prod. Sci., 53(6), 560–572. 
https://doi.org/10.1071/AN11363


	Weiss, W.P., Hogan, J.S. (2007). 
Effects of dietary vitamin C on neutrophil function and responses to intrammary infusion of lipolysaccharide in periparturient dairy cows.
J. Dairy Sci., 90(2), 731–739. 
https://doi.org/10.3168/jds.S0022-0302(07)71557-6

 



	 Previous Article
	Next Article 

 
	

		

 
		
			This Article
		  Download full text PDF	
	Received: 23 Jun 2020
Accepted: 25 Aug 2020
Published online: 12 Oct 2020
Accesses: 1029	

		Related articles (Google Scholar)	


How to cite
Czyżak-Runowska, G., Wójtowski, J., Bielińska-Nowak, S., Wojtczak, J., Markiewicz-Kęszycka, M.,  (2020). Seasonal variation in the quality parameters of milk from an extensive, small family farm. Acta Sci. Pol. Zootechnica, 19(3), 63–70. DOI: 10.21005/asp.2020.19.3.08.

  

 Export citation
  


  
  
    
    
      
      
        
          ×
          Export citation (BibTex)

        

        
          Copy the text below or download Czyzak-Runowska2020Seasonalvariation.bib file

            

@article{Czyzak-Runowska2020Seasonalvariation,
    author = {Czyżak-Runowska, Grażyna and Wójtowski, Jacek and Bielińska-Nowak, Sylwia and Wojtczak, Janusz and Markiewicz-Kęszycka, Maria},
    year = {2020},
    title = {Seasonal variation in the quality parameters of milk from an extensive, small family farm},
    journal = {Acta Sci. Pol. Zootechnica},
    volume = {19},
    number = {3},
    pages = {63--70},
    publisher = {West Pomeranian University of Technology Press},
    DOI = {10.21005/asp.2020.19.3.08},
    url = {https://asp.zut.edu.pl/newpdf/asp-2020-19-3-08.pdf}
}

        

        
           Download citation
          Close
        

      

      
    

  


  





	
		
			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
		

	




		

	






	
		
			About

			Acta Scientiarum Polonorum s. Zootechnica is an Open Access journal focused on animal science. 
			
Double-blind review process. Papers accepted are either original research reports, based on high quality field and laboratory studies, or reviews presenting most recent advances in the field.
			
Articles published on this website are licensed according to CC-BY-NC 3.0 PL.
		


		
			Host Institution
			
West Pomeranian University of Technology, Szczecin
			
 al. Piastów 17, 70-310 Szczecin, Poland

			Editorial Office
			
Wydział Biotechnologii i Hodowli Zwierząt
			
 Klemensa Janickiego 29, 71-270 Szczecin, Poland

				+48 91 449-68-02

			 piotr.sablik@zut.edu.pl

		

		
			Publisher
			
West Pomeranian University of Technology Press
			
 al. Piastów 48, 70-311 Szczecin, Poland
			
 wydawnictwo@zut.edu.pl
		


		
			Website
			
© 2024 Zachodniopomorski Uniwersytet Technologiczny w Szczecinie
			
Design, creation: Piotr Błaszczyk
			
 +48 91 449 5812

			 piotr.blaszczyk@zut.edu.pl

			 Deklaracja dostępności

	









