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Streszczenie. Celem pracy byto zbadanie wptywu zmiennych warunkéw utrzymania na parametry
produkcyjne kréw polskich rasy holszytynsko-fryzyjskiej. Zwierzeta, pochodzgce z Zaktadu
Doswiadczalnego Instytutu Zootechniki PIB w Chorzelowie, podzielono na 3 grupy réznigce sie
warunkami utrzymania. Czynnikami réznicujgcymi byty dostep do wybiegdéw oraz powierzchnia
przypadajgca na jedno zwierze. Na krowy oddziatywano takze poprzez zmiane obsady oraz
przegrupowywanie zwierzat. Wyniki wykazaty, ze krowy bez dostepu do wybiegu (3,8 m? na
zwierze) produkowaty o 2 kg mleka mniej niz zwierzeta majgce do dyspozycji 7,74 m?2.
Zwiekszenie zageszczenia z 3,8 m? do 2,71 m? na zwierze skutkowato zmniejszeniem produkgc;ji
mleka o 8,9 kg. U kréw korzystajgcych z wybiegdw, przy zmniejszeniu powierzchni przypadajacej na
jedno zwierze z 7,74 m? do 5,35 m?, spadek produkcji mlecznej wyniést 7,46 kg. Dwukrotne
zmiany powierzchni bytowej, w tym zwiekszenie powierzchni (w kolejnej grupie) z 6,24 m? do
17,6 m? takze skutkowato spadkiem wydajnosci mlecznej o 6 kg. Spadki wydajnosci mlecznej
wigzaty sie ze zwiekszeniem zawartosci suchej masy w litrze mleka. Na podstawie badanh
stwierdzono, ze system utrzymania i gesto$¢ obsady determinujg poziom produkcji mlecznej.
Zbyt czeste zmiany gestosci obsady, jak rowniez zmiany skfadu grup zwierzat wptywaty negatywnie
na wydajno$¢ mleczna.
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Stowa kluczowe: aktywnos¢ fizyczna, behawior zwierzat, nadmierne zageszczenie, system
utrzymania, wydajnos¢ mleczna.

INTRODUCTION

Recent studies have clearly demonstrated that housing conditions have a significant effect
on the milk yield of cows. Gnyp et al. (2006) found that cows housed in free-stall barns
produce significantly more milk with a higher protein and fat content. This was confirmed by
a later study by Czerniawska-Pigtkowska et al. (2008). In a study with three groups of TMR-fed
cows (with outdoor access, without outdoor access, pastured fed), Radkowska (2012) showed
that at the beginning of the grazing period (May, June), daily milk yield was similar in all the
groups. During the next months (July to September) milk production decreased, with a highest,
statistically significant decrease observed for pastured cows. Among the groups housed in
the free-stall system, higher milk yield was achieved by animals without outdoor access, but
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their milk had a lower percentage of solids, protein and fat. Research has shown that cows
as social animals feel safe in groups, and regrouping disrupts the social hierarchy
(Abramowicz et al. 2014). On the other hand, introduction of new animals to a group causes
stress and adversely affects the milk yield (Kraszewski et al. 2007). Also overstocking can
influence milk yields by disrupting feeding behaviour, which may also induce diseases
(Reinholz-Trojan 2007). This includes mastitis, which causes a decrease in milk yield (Hunc
et al. 2006). The aim of the study was to determine the effect of varying housing conditions
on production parameters of Polish Holstein-Friesian cows.

MATERIAL AND METHODS

The study was conducted in 2015-2016 at the Experimental Station of the National
Research Institute of Animal Production in Chorzeléw and involved a group of Polish
Holstein-Friesian (PHF) cows. Animals from experimental groups were kept in free-stall
sections of the same dimensions. Daily milking was carried out in a herringbone milking
parlour and the uniform feeding system was based on TMR. During the study period,
experimental cows were assigned to three groups with at least 25 animals per group.

— group | — cows housed in a section without outdoor access and subjected to periodic
overstocking — 25 animals, 3.80 m?/head;

— group Il — cows housed in a section with outdoor access and subjected to periodic
overstocking — 25 animals, 7.74 m?/head;

— group lll — cows housed in a section with outdoor access and intended for increasing the
stocking density in groups | and Il — 31 animals, 3.80 m?/head.

All animals were milk recorded by the Polish Federation of Cattle Breeders and Dairy
Farmers for milk yield on test day, fat content, protein content, lactose content, and somatic
cell count. These parameters were determined by the Federation’s laboratory. In addition, all
the experimental animals from groups |, Il and Il were monitored daily by Afilab milk analysis
system fitted in the milking parlour. The system recorded milk yields, estimated fat, protein
and lactose content, fat to protein ratio, FCM and ECM yields, milking time and milk conductivity
per day and in different milking sessions. To this end, three milking sessions were set:

— session | — 16.30 — 4.00,
— session Il —4.30 — 11.00,
— session Il - 11.30 — 16.00.

In different study periods, the animals were regrouped according to the following scheme

(Table 1).

Table 1. Changes in stocking density and floor space allowance in different study groups according to
experimental period

Tabela 1. Zmiany obsady zwierzgt i powierzchnia bytowa w poszczegolnych grupach badawczych,
w zaleznosci od okresu doswiadczalnego

Study group — Grupy badawcze

Study period | Il 1]
Okres badawczy head m?/head head m?/ head head m?/ head
szt. m?2/szt. szt. m?2/szt. szt. m?2/szt.

Comparison period 25 3.80 25 7.74 31 6.24
Okres porownawczy
Experimental period 1 30 3.16 30 6.45 21 9.21
Okres doswiadczalny 1
Experimental period 2 35 2.71 35 5.35 11 17.60

Okres doswiadczalny 2
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The study determined the relationship between free and restricted access to the outdoors,
as well as the relationship between normal and above-normal (overstocking) number of
animals in a section and productive traits of the animals. The results were statistically
analysed using SAS package and accounting for the studied parameters and the factors
influencing the results obtained. Because the animal groups differed in size, LSM procedure
of SAS v.93 was used in the statistical analyses. The following model was used in the
statistical analysis of the measurements:

Yikm = 4 + ai + bj + ¢ + di + €jum
where:

Yikm — analysed trait,

U — overall mean,

a; — effect of calving number (I-V1),
b; — effect of group (I-ll1),

cx — effect of study period (I-1),

d, — effect of cow’s sire

€ijkm — random error.

RESULTS AND DISCUSSION

Examination of the milk yield results (Table 2) showed the highest daily milk production
analysed by the Afifarm system in group Il (33.94 kg) and the lowest in group Il (31.05 kg).
The differences between the groups were statistically significant (P < 0.01). The lowest 305-day
lactation milk yield shown by the Symlek system was found in cows from group Il (9696.91 kg)
and the highest in those from group | (11 013.82 kg), with a significant difference. The lowest
milk urea content was characteristic of animals from the least active group Il (192.76 mg/l)
and the highest of those from group | (203.19 mg/l). Statistically significant differences
between the groups are shown in the table. Milk somatic cell count was also related to the
group and activity, ranging from 226.39 thous./ml for group | to 640.16 thous./ml for group IlI
(P = 0.01). This state of affairs can be influenced by the age of the animals, because increasing
lifespan is accompanied by a decrease in immune resistance (Gulinski et al. 2007). This may
also result from contraction of disease and disease-induced change in behaviour. Medrano-
-Galarza et al. (2012) observed during the first day of mastitis that cow activity differed by
0.32 steps/min, which corresponds to a reduction of activity by 19.2 steps/hour.

Table 2. General characteristics — mean values of traits for different experimental groups before the experiment
Tabela 2. Charakterystyka ogdlna — $rednie warto$ci cech dla poszczegdinych grup doswiadczalnych
przed przeprowadzeniem doswiadczenia

Afifarm system Symlek system
No. of daily milk yield 305-day test-day milk yield urea content SCC
group dobowa production wydajnoscé zawartosc komorki
Numer wydajnosé produkcja mleczna — probny  mocznika [mg/l] somatyczne
grupy mleczna [kg] z 305 dni [kg] uddj [kg] x/sd [thous. — tys./ml]
x/sd x/sd x/sd x/sd
| 31.14A 11013.824 40.424 203.198 226.394
n=2748 9.89 1996.30 8.15 58.44 506.59
Il 33.944 10440.048 30.424 192.76% 579.26"8
n=3128 10.55 1557.39 14.03 37.72 730.77
1l 31.054 9696.9148 32.31A 200.378 640.1648
n=2725 11.01 1691.49 53.87 53.87 849.54

Within column — w obrebie kolumny dla: AA— P <0.01, aa— P <0.05.
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Group | included animals housed at standard number in the section without outdoor
access and subjected to periodic overstocking (Table 3). The presented results indicate that
the mean daily milk yield of the cows was high and ranged from 26 to 36 kg (significant
differences at P < 0.01). One exception was the fourth lactation, in which cows produced
19.29 kg of milk on average. The observed higher content of protein compared to fat, as
indicated by the fat to protein ratio, as well as the considerable predominance of ECM
compared to FCM, were observed for the first, second and third lactations (P < 0.01). This
may be due to the high milk yield of the cows in a given lactation, and the fact that milk fat
content is subjected to higher variation than protein content. Pilarska (2014), who studied the
productivity of cows during 2007-2009, showed that protein content varied from 3.14% to
3.74% and fat content from 3.85% to 4.51%. The same author also reported a negative
correlation between milk yield and the content of milk components, i.e. fat and protein. In the
next lactations (fourth, fifth and sixth), the milk fat to protein ratio fell within 1.1-1.3. Fat
content increased in relation to protein. A special case is the fifth lactation, in which the
highest daily milk (36.08 kg) was obtained and the fat to protein ratio is optimal, with FCM
content being higher than ECM content. In the analysed lactations, lactose content was
within the physiologically normal range determined by the sixth lactation (4.35%) and the fifth
lactation (4.69%). Electrical conductivity did not exceed 11 mmho. Milking time fluctuated
around 7 min except for the fifth lactation cows, but this may be due to the noticeable
relationship between milk yield and milking duration. Statistically significant differences
between the analysed lactations in group | are presented in Table 3.

Table 3. General characteristics of daily milk yield traits in experimental group | in different lactations
based on the Afifarm system

Tabela 3. Charakterystyka ogélna cech dobowej wydajnosci mlecznej grupy doswiadczalnej | w posz-
czegolnych laktacjach, wg systemu Afifarm

milk yield Fat Protein Lactose Conductivity  Milking

No. .Of Wydajnos¢ content  content Fat/pr_otem content of milk s duration FCM ECM
lactation ; ratio Przewodnos¢ Czas
mleczna  Tiuszcz  Biatko . Laktoza : [ka] [ka]
Numer o o Ttuszcz/biatko o mleka doju - =
- [kg] [%] [%] _ [%] ; x /sd x /sd
laktaciji ~ /sd +/sd < /sd x /sd < /sd [mmho] [min]
X X X X x/sd x/Isd
I 35.10%8 3.19%8  3.50%8 0.9242 4.46"B2 9.74ABC 7.18/8C2  30.70°  40.30"®
n =651 7.30 0.41 0.29 0.13 0.30 1.01 1.47 6.42 8.74
Il 33.2372 3.26°¢  3.51¢Pa 0.9382 4.43¢P 10.57A 6.86°C  29.48"  38.50%C
n=1416 8.14 0.46 0.29 0.15 0.32 1.04 1.51 7.05 9.13
1l 27.34¢B 3.25CEF  3.55ACE 0.918 4.42FFab 10.944P 6.65°°  23.76" 30.51A
n = 865 10.29 0.67 0.32 0.20 0.35 1.21 1.51 8.38 10.28
v 19.20AP 4108 3.43EcH 1.1948 4 59ACEe 10.548Pa 6.458 18.54A  30.83°P
n=117 9.66 0.96 0.35 0.27 0.44 0.82 1.21 8.39 9.83
\Y, 36.08BCda 3 GOAECG  3.28ACC 1.1178 4,69BDFGbe 10.35¢ 7.91¢Pa 3378~  28.06*
n=101 15.42 0.55 0.31 0.19 0.37 1.55 1.53 14.27 16.08
\ 26.72AP 4.2780  3.31BDFH 1.2948 4.35AC6 10.15AF2 6.67¢ 27.59*  32.018P
n =143 6.83 0.52 0.27 0.20 0.34 0.47 1.05 5.59 7.81

Explanations see Table 1 — Objasnienia zob. tab. 1.

Group Il consisted of cows housed at standard number in the section with outdoor access
and subjected to periodic overstocking. This group included the first to fifth lactation animals
(Table 4). Group Il cows were characterized by high daily milk yield in different lactations,
ranging from 22.10 to 39.38 kg and like in group |, the fifth lactation cows produced the most
milk. Differences between the groups were statistically significant. For all the groups, the
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fat/protein ratio did not exceed unity, and the highest value (0.93) occurred in the third
lactation. This resulted from the low fat content (lowest for oldest cows, 3.03%) and the
protein content of 3.5%—3.7%. In turn, Gnyp et al. (2006) reported that for the cows in fourth
and later lactations, fat content was 4.27% and protein content 3.40%. The normal values for
lactose and milk conductivity gave no indication of possible disturbances due to mastitis.
Shuster et al. (1991), who observed signs of mastitis, showed that lactose content after
induced injection of endotoxins into the udder, decreased by as much as 21%. The difference
in milking duration between sixth lactation cows (8.48 min) and primiparous cows (6.43 min)
was around two minutes, although these values differed by 4.86 litres in terms of milk yield
(P =<0.01). FCM and ECM values reflect the basic data from which they determined.

Table 4. General characteristics of daily milk yield traits in experimental group Il in different lactations
based on the Afifarm system

Tabela 4. Charakterystyka ogdlna cech dobowej wydajnosci mlecznej grupy doswiadczalnej Il w posz-
czegolnych laktacjach, wg systemu Afifarm

Conductivity  Milking

No. of Milk yield Fat Protein Fat/protein Lactose of milk duration
» Wydajnos¢ content content . content ‘s FCM ECM
lactation . ratio Przewodnos¢ Czas
mleczna Ttuszcz Biatko . Laktoza - [kal [kg]
Numer o o Ttuszcz/biatko o mleka doju - =
. [kgl [%] [%] _ [%] : x/sd x/sd
laktaciji % /sd < /sd < /sd x /sd % /sd [mmho] [min]
X X X X x/sd x/sd
| 34.52A8 3.16"8 3.50"8 0.9178a 450" 9.6742 6.43"8 29.78"8  39.60*
n = 849 6.98 0.59 0.33 0.19 0.37 0.67 1.17 5.37 8.06
Il 38.91A 3.07A 3.60" 0.85A¢ 4.427 10.29"8 6.92Aa 33.078  45.24"8
n =974 9.61 0.56 0.33 0.17 0.35 0.75 1.55 8.79 11.09
1] 32.467 3.32/BC 3,508 0.93Pa 4.48~ 10.13%8 7.26% 28.58"8  38.928C
n = 1051 11.89 0.62 0.30 0.18 0.36 0.77 1.52 9.34 12.86
v 22.107 3.17¢ 3.76"8 0.848B0E 4.29/8 11.14A8 7.208Ca 18458 25 32AC
n = 304 10.54 0.72 0.33 0.22 0.33 0.84 1.64 7.52 10.78
\ 39.388 3.038¢ 3.3248 0.90C¢E 4.468 9.8182 8.48°C  33.00° 42.55°C
n=141 8.82 0.53 0.38 0.17 0.52 0.45 1.06 7.41 10.54

Explanations see Table 1 — Objasnienia zob. tab. 1.

Table 5 presents the production results of group Il (cows housed at standard number in
the section with outdoor access and intended for increasing the stocking density in groups |
and Il) with regard to lactation number. The lowest mean daily milk yield was characteristic of
fifth lactation cows (25.87 kg), which also showed the shortest milking duration compared to
the other lactation groups (P < 0.01). These observations are supported by Edwards et al.
(2014), who found that with an increase in milk production level from 7.23 to 9.83 kg/milking,
milking duration increased by 311.6 and 356.7 seconds, respectively. The highest fat content
was obtained by oldest (sixth lactation) cows (3.52%) and the lowest by youngest (first
lactation) cows (3.07%), which was statistically confirmed at P < 0.01. Different results were
obtained by Pilarska (2014), who showed the lowest fat content during third lactation (4.07%)
and the highest in fourth lactation cows (4.28%). Primiparous cows had a milk yield of 4.12%.
In the results presented in the table, the milk of sixth lactation cows had the lowest protein
percentage of 3.29% (P < 0.01). Kuczynska et al. (2015) found the lowest protein content in
primiparous cows (3.39%) and the highest in the group of third and later lactation animals
(3.47%). Third and fourth lactation cows were characterized by the highest content of protein
(3.56-3.58%) and lactose (4.41-4.47%). Electrical conductivity of milk, although at a similar level
for the entire group lll, showed statistically significant differences. The other parameters and
statistical analysis are shown in Table 5.
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Table 5. General characteristics of daily milk yield traits in experimental group Il in different lactations
based on the Afifarm system

Tabela 5. Charakterystyka ogdlna cech dobowej wydajnosci mlecznej grupy doswiadczalnej Il
w poszczegolnych laktacjach, wg systemu Afifarm

Conductivity

No. of Milk yield Fat Protein  Fat/protein Lactose of milk Milking
Iactétion Wydajnos¢ content  content ratio content Przewodnosé duration FCM ECM
mleczna Thuszcz Biatko Thuszcz/ Laktoza Czas doju [kal [kal
Numer k % % Ibiatk % mieka i %/sd %/sd
laktacii [ka] %] %] laro L] [mmho] [min] XIS xIs
x/sd x/sd x /sd x/sd x/sd % /sd x/sd
| 31.387BC 3.07ABC 3,550 0.86"BC  4.41A 10.0142 6.88" 27.35"8C 3509
n = 1661 9.19 0.50 0.32 0.16 0.37 1.06 1.81 8.43 10.51
1] 34.994 3.22A 3.42ABC 0.94A 4.418 9.978¢ 6.478 30.197P 39.21A
n=777 12.38 0.59 0.32 0.18 0.35 0.67 1.81 9.82 13.66
1] 34.658P 3.407P 3.5685P 0.958P 4.47ABCD 10.3878C 7.54A2 30.48BEF  40.53/8
n =814 11.26 0.73 0.31 0.22 0.34 0.79 1.45 7.83 11.78
vV 28.80APE 3.298P 3.58CFa 0.91APE  4.41¢ 10.20¢Pa 8.96”¢ 25.31A8 33.528
n =424 7.42 0.59 032 0.18 0.36 0.81 1.02 6.51 8.20
\% 25.87ADE 3.33¢ 3.48APE 0.96CEF  4.39P 10.954PE 5.367C 24.25CPFG 29 26
n=129 11.78 0.41 0.29 0.13 0.39 0.46 1.32 10.69 12.37
Vi 35.28CE 3.52ABC 3 20ABE 1.08APF  4.33ABC 10.06CE 7.718Ca 32 79ABG 4242
n=126 10.21 0.55 0.26 0.21 0.35 0.47 1.60 6.98 10.07

Explanations see Table 1 — Objasnienia zob. tab. 1.

The course of the experiment, especially in the second experimental period had an effect
on the production results of the investigated group of cows (Table 6). Milk yield considerably
decreased, while fat and protein percentage increased (P < 0.01). The decrease in milk yield
is supported by Krawczel et al. (2012). Loker et al. (2012) showed that milk yield was
negatively correlated to milk fat (r = —0.51) and protein content (r = —0.55). Also the
phenotypic correlations were negative at r = —0.31 for the relationship between milk yield and
fat content, and r = —0.38 between milk yield and protein content. The content of lactose,
which is a stable component of milk, decreased below 4.4%. Conductivity remained at a very
similar level. Milking duration decreased with the decreasing milk yield (P < 0.01). The fat
content examined during the first experimental period considerably decreased in relation to
the observed low milk yield, but when these values are converted to fat-corrected milk
(FCM), the differences are not so great, but highly significant. Clear changes occurred in the
second experimental period, when FCM decreased from 28.5 to 24.5 kg. In the first
experimental group, in which animals had no outdoor access, the short change in housing
conditions had little effect on the production parameters (Table 6). A considerable decrease
(8.92 kg) in daily milk production was observed in the second experimental period when
twice as many cows were introduced compared to the first period (P < 0.01). Wang et al.
(2016) observed that when stocking density increased from 100 to 129%, milk yield
increased from 31.91 to 33.11 kg. De Vries et al. (2016) reported that for a density of 150%,
daily milk yield per cow decreased from 28.48 to 26.38 kg. ECM milk production increased by
1.12 kg, and 3.5% FCM milk yield by 0.99 kg. Protein content increased by 0.04% and fat
content by 0.02%. In the presented study, there were also fluctuations in the composition of
the analysed milk, with statistically significant differences.
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Table 6. Characteristics of daily milk yield traits in experimental group | in different study periods
Tabela 6. Charakterystyka cech dobowej wydajnosci mlecznej grupy doswiadczalnej | w poszcze-
golnych okresach badawczych

Conductivity

Study period Milk yield Fat Protein  Fat/protein Lactose of milk Milking
Okres Wydajnos¢ content content ratio content Przewodnosé duration FCM ECM
badawczy mleczna Tiuszcz Biatko Ttuszcz/ Laktoza mieka Czas doju [kal [kal
[kal [%] [%] /biatko [%] [mmho] [min] x /sd x /sd
x /sd x/sd x /sd x /sd x /sd 5 /sd x /sd
Comparison
period 32,10 3.35° 3.50%a 0.96* 4.477 10.41 6.91A 28.58* 36.80*
Poréwnawczy 9.10 0.63 0.31 0.20 0.35 1.20 1.49 8.43 10.27
n = 2221
Experimental
period 32.288 3.17A 3.478a 0.91A 4.448 10.44 6.838 28.278  37.248
Doswiadczalny 1 7.87 0.42 0.28 0.14 0.29 1.03 1.43 0.00 9.05
n =790
Experimental
period 23.18~ 3.634 3.5978 1.01A 4.2978 10.43 6.55"  24.58°B 28.13AB
Doswiadczalny 2 9.19 0.68 0.33 0.21 0.36 1.40 1.62 8.07 10.61
n =282

Explanations see Table 1 — Objasnienia zob. tab. 1.

In the second group with outdoor access, the production parameters also showed
changes during the experiment (Table 7). Milk yield decreased but to a smaller extent than in
the first group. The differences were statistically significant (P < 0.01). During the first
experimental period, cows produced most milk (35.96 kg) but the least fat percentage
(P = 0.01). The result was most favourable when converted to FCM and also to ECM, despite
the fact that the highest protein content was observed during the second experimental period
(3.72%). The observed decrease in daily milk production in the second experimental period
by 7.46 kg in relation to the comparison period (P < 0.01) and by 8.91 kg in relation to the
first period (P < 0.01) is due to overstocking, despite the fact that the group had outdoor
access. Falk et al. (2012), who studied the behaviour of cattle in a free-stall barn with pasture
access, found that under unfavourable humidity and thermal conditions, cows prefer staying
outdoors at night, and staying in the barn during the day even it is overstocked. This
behaviour may explain why despite outdoor access, the cows experience overstocking
stress, which results in reduced milk yield. In the study presented in the table, the fat to
protein ratio did not exceed unity throughout the experiment. Also in milking session II,
lactose content decreased as did electrical conductivity of milk and milking duration.

The milk yield characteristics of the cows from group Ill in the analysed periods are
presented in Table 8. The highest fat-corrected milk (FCM) and fat- and protein-corrected
milk (ECM) yields were obtained by cows during the first experimental period, 29.58 and
39.19 kg, respectively (P < 0.01). This was related to the highest milk yield (34.59 kg),
despite the lowest milk fat (3.11%) and protein content (3.50%). The fat to protein ratio
remained low between 0.91 and 0.96. As in the other experimental groups (I-ll), lactose
content decreased slightly during the second experimental period, whereas electrical
conductivity increased. This could be associated with the presence of subclinical or clinical
mastitis, which increases the electrical conductivity of milk. Wang et al. (2016) observed that
the milk somatic count of the cows increased by 12.26% when stocking density was
increased to 124%. Milking duration during that period was higher than during the
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comparison period despite the lower milk yield. Berry et al. (2003) showed that although this

relationship is strong (Pearson’s correlation coefficient of 0.48), it is not the only one to affect

milking speed. Other factors are the content of different milk components: fat, protein,

lactose, somatic cells, for which the respective coefficients of correlation were r = —0.02,
=-0.12,r=0.05, r =-0.05.

Table 7. Characteristics of daily milk yield traits in experimental group Il in different study periods
Tabela 7. Charakterystyka cech dobowej wydajnosci mlecznej grupy doswiadczalnej Il w poszcze-
golnych okresach badawczych

Conductivity

Milk yield Fat Protein Fat/protein Lactose of milk Milking
Study period Wydajnos$¢ content content ratio content Przewodnosé duration FCM ECM
Okres badawczy  mleczna Tiuszcz Biatko Tiuszcz/ Laktoza mleka Czas doju [ka] [kq]
[ka] [%] [%] /biatko [%] [mmho [min] x /sd x/sd
x /sd x /sd x /sd x /sd x /sd % /sd x /sd
Comparison
period 34.514 3.18% 3.574 0.89* 4.45° 10.082 6.98* 29.66%  40.124
Poréwnawczy 11.16 0.62 0.33 0.20 0.37 0.84 1.50 9.19 12.51
n=2214
Experimental
period 35.96* 3.074 3.544 0.86* 4.478 10.11° 6.98°8 30.53*  41.39°4
Doswiadczalny 1 9.77 0.54 0.32 0.17 0.36 0.70 1.44 8.41 11.18
n =815
Experimental
period 27.05% 3.474 3.724 0.947 4.3748 9.64% 6.62/8 24.58*  33.56"
Doswiadczalny 2 9.53 0.62 0.35 0.18 0.34 0.70 1.56 7.71 10.90
n =288

Explanations see Table 1 — Objasnienia zob. tab. 1.

Table 8. Characteristics of daily milk yield traits in experimental group Il in different study periods
Tabela 8.Charakterystyka cech dobowej wydajnosci mlecznej grupy doswiadczalnej Ill w poszcze-
golnych okresach badawczych

Milk yield Fat content Protein Fat/protein Lactose Cog?umciltll(\nty Milking
. Wydajnosé content ratio content . duration FCM ECM
Study period mleczna Thuszez Biatko  Tiuszcz/ Laktoza Przewodnos Czas doju [ka] [ka]
Okres badawczy [%] o ; o ¢ mleka . - =
[ka] /sd [%] /biatko [%] [mmho] [min] x /sd x /sd
x /sd x /sd x/sd x/sd /sd x /sd
Comparison
period 32.487 3.224 3.524 0.914 4.437 10.092 6.914 28.52*  36.70"
Poréwnawczy 10.54 0.61 0.33 0.19 0.38 0.94 1.81 8.80 11.79
n = 2609
Experimental
period 34.594 3.11A 3.508 0.894 4.448 10.09° 7.1872 29.58*  39.19*
Doswiadczalny 1 9.68 0.51 0.30 0.16 0.31 0.77 1.62 7.70 10.43
n = 956
Experimental
period 26.46" 3.447 3.61%8  0.96" 4338 10.31% 6.962 24,39  31.58*
Doswiadczalny 2 10.64 0.70 0.32 0.21 0.34 1.20 2.08 9.33 12.12
n = 367

Explanations see Table 1 — Objasnienia zob. tab. 1.

The results of milk production traits for different study groups in the comparison period are
shown in Table 9. Although the study groups had production results at a similar level, the
differences between them were mostly highly significant. This concerned the milk yield,
electrical conductivity, lactose content, FCM, protein percentage. There were also differences
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in fat content, milk yield, ECM and fat to protein ratio. The second study group had the
highest production with daily milk yield of 34.60 kg and ECM value of 40.21 kg, but at the
same time the milk of cows from this group had the lowest fat content (3.18%). The longer
milking duration resulted from the higher productivity of cows from this group. Differences in
relation to the other groups were statistically significant. On the other hand, Wdjcik and
Rudzinski (2014) report that compared to the other animals under study, such cows are
characterized by the highest daily activity, which also has a direct effect on the milk
production level. The lowest milk production was characteristic of group | which was kept
without outdoor access, i.e. in adverse housing conditions. This is not confirmed by
Radkowska (2012), who achieved 0.7 kg higher (statistically significant) milk yield from the
cows without outdoor access. However, the chemical composition of milk was less favourable.
Cows with outdoor access had a higher content of solids (13.34%), protein (3.48%), fat
(4.19%) and lactose (4.80), whereas milk from the animals without outdoor access had the
following composition: solids (12.31%), protein (3.35%), fat (3.49%), lactose (4.73%).

Table 9. Characteristics of daily milk yield in cows from different study groups during the comparison period
Tabela 9.Charakterystyka dobowej wydajnosci mlecznej krow w poszczegolnych grupach badawczych
w oKresie porownawczym

Study  Milk yield Protein  Fat/protein  Lactose COMAUCVIY  piping
. Y~ .. Fat content . of milk -
period  Wydajnos¢ content ratio content .. duration FCM ECM
Ttuszcz . Przewodnosc¢ .
Grupa mleczna N Biatko Ttuszcz/ Laktoza Czas doju  [kd] [ka]
[%] o ; o mleka . - -
badawcza [kal < /sd [%] /biatko [%] [mmho] [min] x /sd x /sd
x/sd X x/sd x/sd x/sd 2 /sd % /sd
I 32.224 3.35%8 3.504e 0.96* 4.474 10.41A 6.92 28.68"  36.944
n=2181 9.88 0.63 0.31 0.20 0.34 1.20 1.48 8.40 10.22
Il 34.60%8 3.18%a 3.57/8 0.894 4452 10.08* 6.99 29.7148  40.2178
n=2176 11.19 0.62 0.33 0.20 0.37 0.84 1.51 9.22 12.55
11 32.588 3.228a 3.528a 0.91A 4.432 10.09* 6.91 28.618  36.798
n = 2559 10.52 0.61 0.33 0.19 0.38 0.94 1.81 8.77 11.77

Explanations see Table 1 — Objasnienia zob. tab. 1.

The first experimental period, during which the first group of 5 cows each was introduced
into groups | and I, thus increasing stocking density, caused considerable differences in the
results among the study groups (Table 10). In all the groups, fat percentage decreased
(P = 0.01). The highest decrease, by 0.22%, was noted in group |, which was also
characterized by the lowest milk yield and milk protein content (3.46%). Different results were
obtained in a study by Krawczel et al. (2012), in which fat content decreased by 0.04%, and
protein content increased by 0.01%. In the presented study, the low fat/protein ratio persisted,
whereas lactose content remained within normal range Thus, the increase in density of the
group without outdoor access caused the largest changes in production (P < 0.01). Group Il
retained the high level of milk production (34.38 kg) despite the introduction of additional
5 cows into the group. The highest level of lactose and two production indicators (FCM and
ECM) was observed. Group lll, which was subjected to periodic destocking, because 10 animals
were removed from it, did not achieve higher production than group Il, despite the statistically
significant differences. However, this group achieved the highest level of fat and protein in
milk. There were also changes in electrical conductivity of milk and milking duration to the
advantage of this group.
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Table 10. Characteristics of daily milk yield in cows from different study groups during the experimental
period |

Tabela 10. Charakterystyka dobowej wydajnosci mlecznej kréw w poszczegdlnych grupach badawczych
w okresie doswiadczalnym |

Study Milk yield Fat Protein  Fat/protein Lactose Cog?umc;ltll(wty Milking
period Wydajnos¢ content  content ratio content Przewodnosé duration FCM ECM
Grupa mleczna Tiuszcz  Biatko Tiuszcz/  Laktoza mieka Czas doju [kal [kal
badawcza [ka] [%] [%] /biatko [%] [mmho] [min] x /sd x /sd
x /sd x/sd x/sd x/sd x/sd 5 /sd x /sd
I 32.94A 3.132 3.46%8 0.90%a 4.424 10.40% 6.834 28.42%a  37.70*
n=1028 8.48 0.45 0.29 0.15 0.31 0.98 1.50 7.37 9.63
Il 34.38%8 3134 3.54A 0.88* 4.474 10.147 6.928 29.404  39.74"8
n =951 10.16 0.54 0.31 0.17 0.36 0.73 1.44 8.60 11.61
1 33.028 3.20%  3.558 0.90° 4.45 9.75% 7.37°8 29.413  37.748
n =357 7.37 0.52 0.32 0.15 0.31 0.74 1.63 6.47 8.21

Explanations see Table 1 — Objasnienia zob. tab. 1.

The second study period, the results of which are shown in Table 11, proved the most
difficult period for the cows. Ten additional animals each were introduced into groups | and II,
thus considerably increasing the density of the studied groups. There was a decrease in milk
yield, which ranged from 24.63 kg for group | to 27.65 kg for group Il. In group Ill, where the
unit area due to removal of cows from groups | and Il increased, the production level was
found to be much higher (29.45 kg). Highly significant differences between the groups are
shown in the table. In turn, the findings of Wang et al. (2016) show that when stocking
density was decreased by 18%, milk yield increased, but higher milk production was also
observed when stocking density increased by 29%.

Table 11. Characteristics of daily milk yield in cows from different study groups during the experimental
period I

Tabela 11. Charakterystyka dobowej wydajnosci mlecznej kréw w poszczegdinych grupach badawczych
w okresie doswiadczalnym Il

Study Milk yield Fat Protein  Fat/protein Lactose Cog?umciltll(wty Milking
period Wydajnos¢ content content ratio content Przewodnosé duration FCM ECM
Grupa mleczna Tiluszcz  Biatko Ttuszcz/ Laktoza mieka Czas doju [kal [ka]
badawcza [ka] [%] [%] /biatko [%] [mmho] [min] x /sd x /sd
x/sd x /sd x /sd x /sd x /sd 5 /sd x /sd
| 24638 3,53  3.50° 0.98* 4.294 10.5348 6.65% 22.39A 29.59°8
n=2312 9.92 0.71 0.33 0.22 0.35 1.08 1.65 8.16 11.45
Il 27.65% 3.4282 3,698 0.934 4.3878 9.754 6.738 25.04* 34.077
n =362 9.39 0.60 0.34 0.18 0.32 0.81 1.62 746 10.48
11 29.458 3.7178  3.598 1.04A 4.418 9.848 7.82A8 28.78" 34.99°
n =143 9.37 0.73 0.36 0.23 0.34 1.26 1.82 8.54 11.38

Explanations see Table 1 — Objasnienia zob. tab. 1.

The presented results do not fully confirm this study. In group I, the decrease in milk yield
was paralleled by a decrease in fat content in relation to group Ill, and also by shorter milking
duration. Such a relationship between milk fat content and milk yield was reported by D’Hour
et al. (1994). Milk lactose content slightly decreased. In group Il with outdoor access,
overstocking did not cause a large reduction in the milk yield of the studied cows, as was the
case in group |. However, there were decreases in milk fat content, lactose content and
electrical conductivity. Analysis showed that protein percentage reached a previously
unrecorded level, from 3.59% for group | to 3.69% for group Il. As a result, ECM for group Il
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(34.07 kg) was not much different from that for group Il (34.99 kg), despite the much higher
content of fat (3.71 kg). The lack of differences is also due to the fact that both groups had
outdoor access. Detailed statistical analysis is shown in the table.

It is concluded from the study that the housing conditions of dairy cattle have a direct
influence not only on the production level, but also on the quality of the milk obtained.
Because both short-term and frequent changes of production groups by the cows contribute
directly to the decreases in daily milk yield, it is necessary to monitor the welfare of individual
production groups.

CONCLUSIONS

1. Housing system and animal stocking density in the section significantly affect not only the
milk production level, but also the milk somatic cell count. Cows without outdoor access
had lower production with better quality parameters of the milk.

2. Age of cows is a factor that causes large differences in milk production and milk production
parameters. The highest production potential was observed in the second lactation, and
the highest SCC in the sixth lactation.

3. Cows kept without outdoor access with a space allowance of 3.8 m?/head in relation to
cows with outdoor access and a floor space of 7.74 m?/head were characterized by much
lower milk production (by 2 kg). Milk fat content decreased with a slight increase in protein.

4. The short-term change in housing conditions by increasing the density from 3.8 to 3.16
m?/cow without outdoor access caused small losses in the production of milk, fat, protein
and lactose. A further increase in stocking density up to 2.71 m?/head caused a reduction
in milk production by 8.9 kg.

5. Cows with permanent access to the outdoors, subjected to a short-term increase in
stocking density from 7.74 to 6.45 m?/head did not decrease their daily milk production,
but there was a slight decrease in the content of ingredients such as fat and protein.
Increasing the density to 5.35 m#/head caused milk production to decrease by 7.46 kg, but
the content of basic milk components increased.

6. Despite the twice change in space allowance (increase from 6.24 to 17.6 m?head), the
group of cows was characterized by markedly lower milk production (by 6 kg) compared to
the period when the group had stable space allowance and no changes were made.
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Abstract. The aim of the study was to determine the effect of varying housing conditions on
production parameters of Polish Holstein-Friesian cows. The animals from the Experimental
Station of the National Research Institute of Animal Production in Chorzeléw were divided into
three groups differing in housing conditions. The differentiating variables were access to
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outdoor areas and area per animal. Cows were also subjected to changes in stocking density
and regrouping. The results showed that among cows without outdoor access, those with
a space allowance of 3.8 m2/cow produced 2 kg less milk than those with a floor space of
7.74 m?/cow. Increasing stocking density from 3.8 to 2.71 m?/head reduced milk production
by 8.9 kg. In cows with outdoor access, decreasing floor space allowance from 7.74 to
5.35 m?/head reduced milk production by 7.46 kg. Two changes in the living area, including
increased floor space (in another group) from 6.24 to 17.6 m?2 also caused milk yield to
decrease by 6 kg. The decreases in milk yield increased the solids content per litre of milk.
The study found that housing system and stocking density determine the level of milk
production. Too frequent changes in stocking density, as well as regroupings have a negative
effect on milk yield.






