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Introduction

Dairy production is an important
segment in Croatia’s agriculture industry,
accounting for more than 8.96% of the
overall agricultural production (Oplanic¢
et al, 2008). According to the official
data of the Croatian Bureau of Statistics
(Anonymous, 2006), there were 488,646
head of cattle in Croatia in 2003, mostly
on family farms (81.46%). In Bjelovar-
Bilogorje County, there were 72,413
head of cattle (14.82% of total cattle),
the majority on family farms (62,550
head of cattle or 86.38% on 8,253 farms),
predominantly with dairy cows (95.68%).
Only 24 of these family farms (0.31%) had
more than 20 cows. According to Njavro
et al. (2009), the average income per cow
is HRK 15,918 .46.

In cattle production, environment
playsavery importantrole and therefore
milk production and milk quality can be
influenced by the relationship between
the animal and external factors, such
as different housing systems and diet
(Caput, 1996; Baci¢, 2009). Adequate
housing and a balanced diet can prevent
the occurrence of nutritional and
metabolic disorders, and can increase

production with the consequent positive
and desirable economic impacts on a
farm (Berman et al., 1985; Whitaker et
al., 2000; McNamara et al., 2003; Juchem
et al., 2004; Bacic¢ et al., 2007). Metabolic
disorders can be detected on time with
the regular monitoring of milk quality,
which is determined by measurements
of biochemical values in milk. In
Croatia, the I.C.A.R. method, namely
A4, is used to monitor milk quality.
This method includes measurements
of daily production every four weeks
during lactation, with intervals between
measurements of no longer than 33 days
(Caput, 1996). Such monitoring enables
the timely detection of environment-
related risk factors and prevention
of diseases related to an unbalanced
diet, such as ketosis, flatulence, birth
paresis and hypomagnesaemia. On the
other hand, some types of feed, their
composition, form and consistency
can  significantly  influence  milk
composition, particularly the ratio of
fat and proteins. The fat content in milk
decreases with the increased use of
concentrate in feed.
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Fig. 1. Daily milk production by month on Farm
1 and Farm 2

Correlations have been confirmed
between the quantity of silage, especially
crude fibre, the C2:C3 ratio in the rumen,
and in the acid to fat ratio in milk. A
highly concentrated, low-forage diet may
lower the pH in the kidneys, decreasing
the content of cellulytic bacteria. Such a
diet causes lower lactation efficiency and
lower milk fat production, shifting energy
metabolism towards synthesis in the
body tissues rather than to milk synthesis
(Caput, 1996). The growing awareness
of the importance of sustainable milk
production with lower production costs
hasresultedinthedemand forapreventive
approach and the need for permanent
monitoring of milk production. The
monitoring of biochemical values in
milk is a requirement for mammary
gland health and herd health in general,
thereby ensuring long-term  milk
quality. Biochemical values (such as fat
content, proteins, lactose and dry fat
matter, index of fat and proteins, and
urea concentration) in milk can indicate
pathologic processes, and their timely
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Fig. 2. Indicators of milk fat and protein on Farm
1 and Farm 2

detection is essential for maintaining an
economically efficient farm.

The aim of this study was to compare
milk production and biochemical values
of milk in dairy cattle kept in pasture-
confinement and  confinement-only
management systems, and to analyse
the influence of climate on the quality
and quantity of milk production in
the pasture-confinement management
system in northwestern Croatia.

Materials and methods

This study compared milk production
on two dairy farms in northwest Croatia
with different management systems:
pasture-confinement (Farm 1) and
confinement-only (Farm 2). Data were
collected over a one-year period, from
January to December.

At Farm 1, during the warm months,
58 Simmental cows are kept in a fenced
pasture with a small shelter and feeders.
In winter, cows are housed in a barn and
bound by a vertical Grabner type system.
The barn is a concrete structure with a
wooden roof, short stalls and concrete
floor without rubber mat flooring. There
are automatic watering devices in the
barn. The building is ventilated naturally.
In the winter the indoor temperature is
several degrees higher than the outside
temperature. The animals are fed with
hay, silage and concentrates at the
feeding table.

At Farm 2, 64 Simmental cows are
kept year-round in a free stall slatted-
floor barn. There are concrete stalls at the
back of the barn and automatic watering
devices. The building is ventilated
naturally. Cows are fed with silage and
concentrates at the feeding table.

Daily milk yield (kg), milk fat content
(%), protein (%), lactose (%), fat-free dry
matter (%), fat and protein index, amount
of urea (mg/100 mL) and somatic cells
(cells/mL of milk) were determined and
analysed.
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Table 1. Seasonal indicators of milk quantity and quality for Farm 1

Proteins

%

Lactoiss
%

M SD M SD M SD
LI 15.69 9.58 4.02° 091 3.69 0.48
Sl 19.97° 7.40 4.05¢ 0.67 3.43° 0.49
PN 17,165 5.16 4.30° 0.8 3.92 0.78
(VIO 18.28 5.82 4.33° 0.83 3.93° 0.48
2&;:?; 18.67 7.77 411 0.77 3.67 0.1

M SD M
110 0.27 4.45
1.19* 019 4.46
1.12 0.13 4.43
1.10 0.18 4.46

S M
0.23 8.88 0.55
0.17 8.76° 0.54
0.24 9.33¢ 0.50
0.21 912 051

Ssb M SD
16.80° 5.41
16.87¢ 5.51
6.76° 3.80
10.00° 5.82

1.14 021 4.45 021 8.97 0.58 13.85 6.79

*daily milk yield; *milk fat; fat and protein index; ‘fat-free dry matter; °statistically significant difference

at the level P<0.05

Statistica 8.0 and Excel 2002 programs
were used for data analysis. Differences
were analysed using the T-test for
dependent and independent samples.
Statistically significant differences were
determined at P<0.05.

Results

The average milk production for
both farms is presented in Tables 1 and
2. The average daily milk production
per cow was 18.67+7.77 kg on Farm 1,
and 15.29+4.49 kg (P<0.05) on Farm 2.
Figure 1 shows that the average daily
milk production per month was higher
on Farm 1. The data for Farm 1 show

seasonal changes of milk production,
ranging from the lowest in autumn
(17.16+5.16 kg) to the highest in summer
(19.97+7.40 kg) (P<0.05). The annual
mean fat content was 4.11+0.77%, and
was highest in autumn and winter.
Seasonal variations of milk fat content
were statistically significant (P<0.05). The
average protein content was 3.67+0.61%,
and was highest in autumn and winter.
Significant differences were recorded
between summer protein content and
the rest of the year, and in spring vs.
winter protein content. The average
index of fat and protein (1.14+0.2)
was significantly higher in summer
(1.1940.19) than in other seasons. No

Table 2. Seasonal indicators of milk quantity and quality for Farm 2

Proteins
%

FDM¢

Lactoiss

M SO M SD M SD

1549 439 411 063 346 034
Tl 470 178 412 075 3.32¢ 0.46
PXPICTO 5740 453 418 094 336 0.48
IVTOTOSN | oic 449 4.79° 0.97 3.60° 0.35
QI::; 1529 449 426 088 341 045

M SD M
1.19 0.18 4.53
1.25 0.22 4.49
1.26 0.31 4.55
1.33 0.22 4.50

8.72
8.75
8.95
8.79

1.26 0.26 4.52 8.84

*daily milk yield; *milk fat; fat and protein index; “fat-free dry matter; °statistically significant difference

at the level P<0.05
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Fig. 3. Monthly values for non-fat dry matter on
Farm 1 and Farm 2

41100 mL

e Farm1
—=—rFarm2

5
0
S S T SR S S N
IS N &
& T o &
o e

Fig. 4. Urea concentration per month
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Fig. 5. Comparison of somatic cell counts
(geometric mean) on both farms during the year
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Fig. 6. Average daily milk production by lactation
on Farm 1 and Farm 2

significant seasonal variations in lactose
values were observed (average annual
value of 4.45+0.21). The annual mean
content of non-fat dry matter was
8.97+0.58%, and was highest during the
autumn and winter (P<0.01) (Table 1). A
very low urea concentration in milk was

observed in autumn (6.76+3.80 g/100 mL)
and winter (10.00+5.82 g/100 mL), while
values were 2.5 times higher (P<0.01)
(Table 1) in spring and summer.

Table 2 shows the milk production
data on Farm 2, with production lowest
in summer (14.70+1.78 kg) and highest
in autumn (15.74+4.53 kg). Differences
in milk production during autumn and
winter were statistically significant
(P<0.05). The annual average milk fat
content was 4.26+0.88%, and was lowest
in winter (P<0.05). The average protein
content was 3.41+0.45% ranging from
3.32+0.46 in summer to 3.60+0.35 in
winter (P<0.05). The highest protein
content (3.60+0.35%) was observed in
winter (P<0.05). The fat and protein
index was on average 1.26+0.26. Values
were lowest in spring (1.19+0.18) and
highest in winter (1.33£0.22) (P<0.05).
The winter value was significantly
higher than in other seasons (P<0.05).
The annual average lactose percentage
was 4.52+0.19. Seasonal variations
ranged from 4.49+0.18 (summer)
to 4.55+0.21 (autumn) (P<0.05). The
highest values of non-fat dry matter
were recorded in autumn (8.95+0.58%).
The annual average urea concentration
was 12.95+6.32 g/100 mL. Lower urea
contents were observed in autumn and
summer, while values were 1.36 times
higher (P<0.01) (Table 2) in spring and
winter.

As shown in Figure 2, there were
no significant deviations of fat and
protein contents during the year. The
non-fat dry matter (Fig. 3) showed
certain seasonal deviations, however
these differences were within the
normal range. Deviations were more
pronounced on Farm 1, particularly
between summer and winter months. On
Farm 1, the lowest amount of non-fat dry
matter was in summer, which gradually
increased to peak values in November.
The milk produced on Farm 2 did not
show such seasonal fluctuations in the
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quantity of non-fat dry matter, though
some differences existed. Figure 4
shows the significant differences in urea
concentrations in milk. On Farm 1, urea
values were higher in spring and summer
and achieved normal values, while the
values on Farm 2 were below normal.
During autumn, the urea concentration
in cows on Farm 1 dropped significantly
while it increased slightly on Farm 2.

The average (geometric mean)
somatic cell count on both farms was
400,000/mL which is within the normal
limits according to the Regulation on
fresh raw milk (OG 102/2006) (Fig. 5).
Both herds had the same average somatic
cell count. The average somatic cell
count was 129,338/mL on Farm 1, and
ranged from 84,262/mL in October to
186,825/mL in September. On Farm 2, the
average somatic cell count was 119,731/
mL, ranging from 68,603/mL in October
to 413,137/mL in January. The average
somatic cell count was generally lower
on Farm 2, with the exception of January
(Fig. 5). The average daily milk yield per
cow was higher on Farm 1 (P<0.05) (Fig.
6) during all lactation periods, except
the third one. On Farm 2, daily milk
yield per cow gradually increased up to
the third lactation, and then gradually
decreased in subsequent lactations. Daily
milk production in the third lactation
(18.67+£5.12 kg) in relation to the first
(13.99+2.72 kg), fourth (13.44+4.18 kg)
and fifth (12.95+2.26 kg) lactation was
statistically significant (P<0.05). The fat
and protein contents were within the
normal values in all lactation periods,
with similar values for both farms.
Deviations in fat and protein values were
more pronounced on Farm 2, but still
within normal limits (Fig. 7). Lactose
content in the milk in late lactation (Fig.
8) was considerably lower than in the first
or second lactations. A decreasing trend
in lactose content in subsequent lactations
was recorded on both farms, though this
was more significant on Farm 1.

Farm1 MF Farm2 MF FarmA proteins ~ Farm 2 proteins

Dfirst lactation msecond lactation Othird lactation

oOfourth lactstion  m fifth lactation

Fig. 7. Fat and protein content by lactation on
Farm 1 and Farm 2
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Fig. 10. Urea values by lactation

On Farm 1, lactose content in the first
lactation was 4.54+0.13%, then gradually
decreasing to 4.22+0.31% in the fifth
lactation. On Farm 2, lactose content
in the first lactation was 4.60+0.15%,
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thereafter gradually decreasing to the
lowest values in the fourth (4.31+0.15%)
and  fifth  (4.43£0.20%) lactations.
Differences in lactose values between
early and late lactation periods were
statistically significant (P<0.05). On Farm
1, the values of dry matter without fat and
protein (Fig. 9) were never lower than
8.5%, which is considered the minimal
normal value. On Farm 2, the values of
total dry matter without fat and protein
in the fourth and fifth lactation were
below the normal value. The difference
in the values of dry matter without
fat and protein in the fourth and fifth
lactation at the two farms was significant
(P<0.05). As shown in Figure 10, the urea
concentration per lactation was below the
limits that indicate normal protein values
in food (15-30 mg/100 mL) in both herds,
except on Farm 2 during the fourth (15.00
+5.2 mg/mL) and fifth (14.86+4.94 mg/100
mL) lactations.

Discussion
Keeping cattle in good condition,
high-production rate and adequate

welfare are priorities in dairy cattle
breeding. In that task, monitoring of milk
biochemical composition, namely protein
and fat content and urea concentration,
is significant for the detection and
prevention of disease.

The average daily milk production
per cow shows that the grazing herd
produced 3.38 kg more milk than the
herd raised in a confinement-only system.
The comparison of seasonal values of
milk production clearly indicates that
milk yield was higher in the grazing
system throughout the year. The average
milk production per cow in spring was
higher by 3.2 kg in the grazing system,
while in summer, autumn and winter it
was higher by 5.27 kg, 1.42 kg and 3.34
kg, respectively (P<0.05). Highest milk
production during summer months
(grazing period) indicates inadequate or

improper nutrition during the time when
the herd is housed in the barn. If the food
were of the same quality throughout
the year, the best result would be
expected in winter (19.97+7.40). On the
other hand, housing of cows in the barn
throughout the year showed the lowest
milk production in summer, which can
be explained by high temperatures and
humidity as major factors that can have
an inhibiting effect on milk production
(Asaj, 1974; Itoh et al., 1998). According to
Caput (1996), keeping animals in hot and
humid stables where the temperature
can exceed 23 °C can have an adverse
effect on milk production. The effect of
temperature on milk production has also
been confirmed by Boaraoui et al. (2002)
and Ravagnolo et al. (2000), showing
that low temperatures cause decreased
milk production. Slight temperature
differences that can occur during spring
and summer do not significantly affect
milk production, as shown by Marenjak
et al. (2006).

Although the protein and fat content
in milk produced on both farms was
within the normal values, protein content
in the grazing system was slightly higher
while the fat content was slightly lower.
At both farms, the highest content of milk
fat and protein was recorded during the
winter months, when milk production
was lower. During the summer months,
which had the highest average daily
milk production, the average protein
and fat contents were lower than the
annual average by 0.24% and 0.06%,
respectively (grazing system). Caput
(1996) also found lower protein and
fat with increasing production. If milk
production is increased by 175 kg, fat and
protein decrease by 0.03% and 0.02%,
respectively. The drop in fat content
during summer is explained by the
temporary loss of saliva in the thermal
regulation of the body. Less saliva in the
rumen causes a lower pH, which leads to
decreased production of acetic acid. The
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index of fats and proteins at both farms
was within the normal values, indicating
a balanced fat-to-protein ratio, as one of
the main factors that indicate a uniform
diet and sufficient energy intake.

The annual average value of non-
fat dry matter in milk from cows in the
grazing system was slightly higher than
in the confinement-only system. Urea
values within the normal range were
observed during the spring and summer
months in the milk of grazing cows,
indicating sufficient protein intake
by grazing on young spring pasture.
In the confinement-only system, the
concentration of wurea was within
acceptable values during spring, which
can also be attributed to the high protein
content of young grass silage. However,
in this system, urea values decreased
during the summer months.

The marked decrease of urea
concentrations in both farming systems
indicate food insufficiency two to three
months prior to the period when the low
ureaconcentrationsinmilk wererecorded.
Through dietary correction and intake
of protein-rich food, it can be expected
that the fat-to-protein ratio will improve
within two to three months. Differences
in urea values (P<0.05) between the two
farms were also recorded during the
winter months. The urea values in the
grazing system remained low, while
in the confinement-only system, they
increased and reached normal values.
The low urea concentration in autumn
indicates decreased food intake during
the hot summer period, which should
be followed by recovery. However, if the
values remain low for a longer period
time, this indicates slow adaptation to the
change in diet and feeding regimes, and
indicates inadequate feed that is deficient
in protein.

The somatic cell count indicates the
health of the mammary glands or the
occurrence of subclinical mastitis. It is
generally considered that cows with

a somatic cell count less than 200,000
have no mammary gland infection
(Baci¢, 2009). The average number of
somatic cells on both farms was less than
200,000. Seasonally, the highest average
number of somatic cells was recorded
in autumn in the grazing system and in
winter in the confinement-only system.
An increasing somatic cell count in milk
decreases milk production. This study
shows the negative correlation between
the average daily milk production and
the number of somatic cells (lower daily
milk production and higher somatic cell
counts in milk) at both farms. Pavlak et al.
(2008) stating that the somatic cell count
can be affected by season, but also by the
age of the cow, lactation or other factors
that might cause stress.

The average daily milk yield per cow
was reduced in subsequent lactations.
There were no significant differences
in milk production during the first and
second lactations, which is consistent
with the results of Marenjak et al
(2006). No variations in the amount of
fat and protein in individual lactations
were observed. However, Marenjak et
al. (2006) found higher proportions of
protein and fat in the second lactation.
Lactose content decreased in subsequent
lactations below the value of 4.5%, which
indicates possible pathological conditions
of the mammary gland that may occur in
highly productive animals.

The results of the analysis of two
different dairy farming systems show
significant differences in milk production
and milk quality at the average annual
and seasonal levels, as well as during each
lactation. In order to evaluate the herd
health status and the sustainability of the
health and welfare of animals, regular
monitoring of metabolic parameters,
control of the diet and health evaluation
of animals is necessary to enable
timely prevention of the occurrence of
subclinical conditions. Therefore, the
role of preventive veterinary medicine
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has become increasingly important in
livestock production, including cattle
breeding and milk production.

Abstract

During 2011, the impacts of two different
dairy cow management systems (pasture-
confinement and confinement-only), season
and lactation on milk production and animal
health was observed. Milk production and
quality was estimated on the basis of the
following parameters: daily production,
fat content, protein, lactose, solids non-fat,
somatic cells, indices of fat and protein, and
the amount of urea in milk. Cattle raised
in the pasture-confinement system (Farm
1) produced a significantly greater amount
of milk than cows housed in a barn all year
around (Farm 2). At Farm 1, milk yield was
highest in summer, while on the Farm 2, it
was highest in autumn. The content of milk
fat, protein and non-fat dry matter was higher
when milk production was lower (autumn)
and vice versa. The content of milk fat and
protein was lowest during summer. Significant
differences between the two systems were
also observed in the concentration of urea
in milk. In the pasture-confinement system,
the amount of urea was within the maximal
normal values in spring and summer, i.e.
during the pasture season, and decreased
in autumn by 2.5 times. In the confinement-
only system, no significant deviation in the
concentration of urea in milk was observed.
This study shows that in order to evaluate
herd health and the sustainability of health
and welfare of animals, regular monitoring of
metabolic parameters is necessary in order to
be able to estimate the health of animals on the
herd and individual level.

Key words: management systems, milk
quality, climate influence
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Sustav gospodarske proizvodnje i ekoloski
¢imbenici, poglavito drzanje i prehrana
zivotinja imaju znatan utjecaj na njihovo
zdravlje. Stoga je glavni cilj rada procijeniti
utjecaj dvaju razlic¢itih sustava gospodarske
proizvodnje mlijecnih krava na proizvodnju
i kvalitetu mlijeka. Isto tako, unutar svakog
uzgojnog pristupa razmotreni su utjecaj sezone
i laktacije na proizvodnju i kvalitetu mlijeka te
time procjena zdravlja stada. U istrazivanje su
ukljucene dvije farme mlijecnih goveda koje
imaju razliciti uzgojni sustav: stajski i stajsko-
pasni. Podatci su obradeni u razdoblju od
sijecnja do prosinca 2011. godine. Proizvodnja
i kakvoca mlijeka je procijenjena na temelju
sljedec¢ih parametara: dnevna koli¢ina mlijeka,
udio mlijecne masti, bjelancevina, laktoze,
suhe tvari, broj somatskih stanica te indeksu
masti i bjelancevina i koli¢ini ureje u mlijeku.
Goveda koja se uzgajaju u stajsko-pasnom
sustavu (Farma 1) tijekom cijele godine
davali su znacajnije vecu koli¢inu mlijeka
od krava koje su drzane samo u staji tijekom
cijele godine (Farma 2). Prinos mlijeka bio
je najvedi u ljetnim mjesecima, a najmanji u
jesenskom razdoblju. Udio mlije¢ne masti,
bjelancevina i suhe tvari bio je vedi kad je
proizvodnja mlijeka bila manja, tj. u jesen, a
manji pri vecoj proizvodnji mlijeka u ljetnim

mjesecima. Kod stajskog nacina drzanja
dnevna proizvodnja mlijeka bila je obrnuta u
odnosu na stajsko-pasni nacin drzanja, tj. veca
u jesenskim mjesecima, a najmanja u ljetnom
razdoblju. Udio mlijecne masti i bjelancevina
isto je tako bio najmanji tijekom ljeta, kada
je bila i najmanja proizvodnja mlijeka u
odnosu na ostali dio godine. Znacajne
razlike u uzgojnim sustavima vidljive su u
koncentraciji ureje u mlijeku. Kod stajsko-
pasnog drzanja koli¢ina ureje u proljetnim i
ljetnim mjesecima, tj. u vrijeme pase bila je i
najvisa i kretala se u granicama normalnih
vrijednosti koje su, nakon pasne sezone ve¢
u jesenskim mjesecima pale za 2,5 puta. Kod
stajskog nacina drzanja nije ustanovljeno jako
odstupanje u koncentraciji ureje. Temeljem
rezultata istrazivanja moze se zakljuciti da je
za procjenu zdravlja stada kao i za odrzivost
zdravlja i dobrobit Zivotinja nuzno redovito
pratiti metabolicke pokazatelje u cilju kontrole
i procjene zdravlja Zivotinja za sve Zivotinje
na razini stada i farme kako bi se na vrijeme
mogle sprijeciti pojave subklinickih stanja, a
time sprijeciti i teze posljedice za Zivotinju i
vlasnika.

Kljuéne rijeci: wuzgoj mlijecnih krava,
proizvodnja mlijeka, kakvoca mlijeka
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