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Milk yield (MY) is the amount of milk and its quality during lactation. MY is an important economic and health factor closely con-
nected with the health status of dairy cows, their reproduction, performance, longevity and milk composition and properties. The
differences within milk indicators between high yielding herds with an average MY (H1 a H2) were tested in four herds. The files
with 224 and 234 individual milk samples were collected in the summer and winter for three years. The files were balanced in factors
of lactation. Group 1 had higher genetical value and had even better nutrition according to the MY. The MY was higher by 43% (P
<0.001). The studied high MY factor had statistically significant influence (P <0.05 and P <0.001; Table 1; Fig. 1) on the follow-
ing milk parameters: fat (FAT), lactose (LAC), solids non fat (SNF), alcohol stability (AL), rennet curds firmnes (RCF), crude
protein (CP), casein (CAS), true protein (TP), fat/true protein ratio (F/CP). Selected differences were: FAT (H1 3.68 + 0.77; H2 3.99
+0.93%); CAS (H1 2.50 £ 0.27; H2 2.59 £ 0.29%); TP (H1 2.99 + 0.30; H2 3.09 + 0.33%). Other 16 milk parameters (e.g. SCC (H1
289>210 103.ml ' H2), urine, ratio of urea nitrogen in the non protein nitrogen, acetone, pH and rennet curds firmness) were influ-
enced insignificantly (P > 0.05). The differences in milk indicators between group H1 and H2 did not indicate problems of the health
status. The high MY reached by the genetic improvement of animals does not result in impaired quality of raw milk. Surprisingly,

MY and urine content in milk did not correlate positively in Holstein dairy cows.

milk yield; milk indicators; Holstein cattle; milk composition; milk properties; physiology of lactation

INTRODUCTION

Genetic improvement and well balanced nutrition are
the main factors in improving the milk yield (MY) in dairy
cattle. Decisions on many aspects of cattle keeping (breed-
ing, feeding and milking technologies) are necessary
for a good farmer strategy. Additional information about
processing capacities or situation on the milk market are
essential for competent decisions. These facts have para-
mount importance for the MY and consequently its eco-
nomic efficiency. It is valid for extensive and intensive
production systems. Nutrition and feeding technology may
help to fully exploit the genetic potential, especially in the
Holstein (H) population.

High MY is preferred because of higher milk income.
MY is also under criticism for suspicion of the possible
negative impact on animal health, poor reproduction per-
formance and the propensity of cows to production disor-
ders and reduced longevity. In general, better control of
these factors in dairy herds may enhance the lactation
physiology and also the composition and milk properties
of high yielding cows. The resistance against secretion
disorders (mastitis) or stress and other production disor-
ders of dairy cows depends also on the above — mentioned
influences of course. Decision for the effective level of
MY is a part of the breeder’s strategy. At the same time, it
is very important to make a good estimation of a commer-
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cial advantages which is reached due to higher cows MY
does not bring simultaneously negative compensations in
terms of lower price of milk because of the main compo-
nent decreasing. There could be also higher costs on mon-
itoring, prevention and treatment necessary for production
disorder control (Piatkowski etal., 1981; Butler
et al, 1996; Ropstad, Refsdal, 1987; Riha,
Hanus, 1999a, b; Hlasny, 2001; Hanus$ et al,,
2001b, c).

Development in the Czech Holstein population has
been described by more authors in the last time
(Kvapilik,2002; Kvapilik, Stielecek,2003;
Kvapilik etal.,2002,2003,2004; Kvapilik, Ha-
nus, 2004; Motycka, 2004; Bucek et al., 2004).
Beside population increase, MY has also been elevated
markedly. However, pregnancy and longevity of dairy
cows have also been worsened lucidly at the same time.
That is why a study on the influences of MY increasing on
dairy cows, their lactation physiology, health state and
milk quality is becoming more and more important.
A strategy on genetical improvement of cow longevity has
been included with higher efficiency into H breeding pro-
gramme (Motycka, 2004).

The goal of this study was to assess possible effects of
a high MY on milk composition, properties and health in-
dicators in Holstein cows and also estimate possible
changes in milk processability. The mentioned problems
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have been proposed to the solution in more papers
(Kvapilik et al.,, 2002, 2003, 2004; Kvapilik,
Hanus, 2004; Motycka, 2004). We compared the
effects of lactation physiology between higher and average
MY on H milk quality.

MATERIAL AND METHODS
Animals, herd and keeping conditions

During three years of experimental investigation the
individual milk samples (MSs) were taken in four herds
of Holstein dairy cows. Animals were selected from herds
for sampling as follows: with higher MY in herd; accord-
ing to typical herd profile in terms of stage and number of
lactation; only clinical and strong subclinical mastitis free.
In this way the animal groups represented the real herds
with respect to the mentioned breeder’s factors. MSs were
collected regularly in summer (August, September) and
winter (February, March) feeding seasons. Animals were
fed with addition of the concentrates according to MY and
standard demands. The feeding rations consisted of rough-
age according to herds: grass silage + corn silage + GPS
(silage) from cereals (herd 1); lucerne silage + corn silage
(herd 2); clover silage + corn silage (herd 3 and 4). Nutri-
tion was not equal among herds. One herd was milked
three times a day, the others twice a day (Remond etal.
2004; Ayadi etal. 2003). Herds were kept in altitude
from 215 to 570 m above sea level.

Milk sample analyses

The analyses were performed in the accredited labora-
tory of the Research Institute for Cattle Breeding in Ra-
potin. MSs were analysed as preservation free and/or pre-
served (with bronopol 0.04%) after cooling transport
(<10 °C). The following milk indicators were noted and
analysed: DMY = daily milk yield (kg of milk/day); FAT
= fat (g/100 ml; %); LAC = lactose (monohydrate; g/100
g; %); SNF = solids non fat (g/100 g; %); SCC = somatic
cell count (103.ml™"); U = urea (mg.100g '); AC = acetone
(mg.lfl); pH = H ions; EC = electrical conductivity (mS.
cmfl); AL = alcohol stability (in ml); SH = titration acid-
ity (in ml of 0.25 mol.I"" NaOH solution for 100 ml of
milk); TEC = time for enzymatic coagulation (in seconds);
RCQ = subjective estimation of the rennet curds quality
(in classes); RCF = rennet curds firmness (in mm); WV =
whey volume (in ml); CP = crude protein (Kjeldahl total
N x 6.38; g/100 g; %); CAS = casein (Kjeldahl casein N
% 6.38; g/100 g; %); TP = true protein (Kjeldahl protein N
x 6.38; g/100 g; %); WP = whey protein (difference TP
— CAS; g/100 g; %); NPN = non protein nitrogen matter
(CP — TP nitrogen x 6.38; g/100 g; %); URN = ratio of
urea nitrogen in the non protein nitrogen (%); F/CP = fat/
crude protein ratio. The casein numbers on the basis of
crude and true protein in % (CN-CP, CN-TP). DMY was
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measured using Tru-Test flow milkmeters or by the elec-
tronic milk flow meters. The main milk indicators as FAT,
LAC and SNF were investigated using MilkoScan 133B
(Foss Electric, Denmark). Instruments were regularly
calibrated according to reference methods (CSN 57 0536,
CSN 57 0530). The SCC was determined using the Fos-
somatic 90 instrument (Foss Electric, Denmark) according
to the standard CSN EN ISO 13366-3. The nitrogen pro-
tein fractions as CP, TP and CAS were determined by ref-
erence Kjeldahl’s method using 2200 Kjeltec Auto Distil-
lation apparatus (Foss-Tecator AB, Sweden; CSN 57 0530).
The urea concentration was determined using an Ure-
akvant instrument (specific enzymatic and conductometric
method). The milk acetone was investigated by spectro-
photometry at 485 nm wavelength by microdiffusion in
alkaline solution with salicylaldehyde (Spekol 11, Carl
Zeiss Jena, Germany). EC was measured using OK 102/1
(Radelkis, Hungary). Active acidity was measured using
pH-meter CyberScan 510 (Eutech Instruments) at 20 °C.
The titration acidity was determined by milk titration
(CSN 57 0530). The alcohol stability was determined by
milk titration (10 ml) by the 96% ethanol to creation of the
first visible flakes of precipited milk protein. At cheese-
making evaluation, TEC, RCF, RCQ and WV were meas-
ured according to internal standards: time for enzymatic
coagulation from Renilase addition (microbial enzyme) to
the first visible milk protein coagulation; rennet curds
firmness (in mm in contrary sense to real firmness value,
the more mm the poorer curds firmness); subjective esti-
mation of rennet curds quality (from 1st = excellent to 4th
= poor); volume of the whey obtained at rennet precipita-
tion (after 1 hour coagulation).

Statistical evaluation

All animals were grouped approximately to halves in
their herds according to their own lactation MY: H1 (over
real group average lactation MY within herd, higher MY);
H2 (below real group average lactation MY, average MY
in terms of country breed MY results). H1 and H2 groups
from herds were put together: H1 (animals with higher
MY, from all herds; n =234 MSs /animals/); H2 (animals
with average MY, from all herds; n = 224). The effects of
sampling season, herd conditions, lactation stage and lac-
tation number were balanced in this way. Higher MY was
reached by a higher level of individual genetic basis and
more effective nutrition, it means higher consumption of
roughage and concentrates by animals.

Milk indicator values with no normal data frequency
distribution were log transformed (A li, Shook, 1980;
Hanus et al, 1995a, b, 1999, 2001a, b, c¢). The basic
statistical characteristics were calculated (Microsoft Excel
2003): arithmetic mean (x); geometric mean (xg); standard
deviation (sd); median. Average group differences in milk
indicators were investigated by #-test. Group frequency
distributions of milk indicators with significant differ-
ences were demonstrated by box graphs.
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RESULTS AND DISCUSSION

The average DMY in H1 was higher by 43% than in
H2 and this high difference was significant (P < 0.001;
Table 1 and Fig. 1, DMY). The studied high MY factor
had statistically significant influence (P < 0.05 and P <
0.001; Table 1; Fig. 1) on the following milk indicators:
fat, lactose, solids non fat, alcohol stability, rennet curds
firmnes, crude protein, casein, true protein and fat/true
protein ratio. Other 14 milk indicators as SCC (H1 289
>210 103 ml ' H2), log SCC, U, AC, log AC, pH, EC, SH,
TEC, RCQ, WV, WP, UNP, URN, CN-CP and CN-TP
were influenced insignificantly (P > 0.05; Table 1). Dif-
ferences for P < 0.001 significance level were (Table 1;
Fig. 1): fat content 0.31% (H1 3.68 + 0.771; H2 3.99 +

0.93%; 7.77% relatively, H2 is equal to 100%); CAS
0.09% (H1 2.50 = 0.27; H2 2.59 + 0.29%; relatively
3.47%); TP 0.10% (H1 2.99 + 0.30; H2 3.09 + 0.33%;
3.24%). Differences for P < 0.01 significance level were:
AL 0.25ml (H1 1.36+0.84; H2 1.61 = 1.08 ml; 15.53%);
RCF 0.8 mm (H1 17.18 = 2.90; H2 16.38 + 3.42 mm;
4.88%); CP 0.10% (H1 3.16 £ 0.32; H2 3.26 + 0.35%;
3.07%). Differences for P < 0.05 significance level were:
LAC 0.04% (H1 5.00 £ 0.21; H2 4.96 = 0.22%; 0.81%);
SNF 0.08% (H1 8.69 + 0.37; H2 8.77 + 0.39%; 0.91%)
and for F/CP 0.06 (HI 1.17 + 0.25; H2 1.23 + 0.30;
4.88%). In general, the results show lower contents of
main milk components (which are important for milk
processing into milk products, especially cheeses) at
higher MY. It is mostly different as compared to previous

Table 1. Differences in milk chemical components, health indicators and physical and technological properties between H cows with higher (H1)

and average (H2) MY
H1 H2

x+sd xg x+sd xg t sign.
n 234 224
NL - 2.38+1.33 2.30+1.28 0.65 ns
SL - 149.3 £81.3 149.9 £ 90.4 0.08 ns
DMY (kg/day) 322+6.8 225455 16.73 ook
FAT (%) 3.68+0.77 3.99+0.93 3.88 ok
LAC (%) 5.00+0.21 4.96 +0.22 1.96 *
SNF (%) 8.69+0.37 8.77 +0.39 225 *
scc (10°.ml™) 289 + 663 210 + 341 1.58 ns
log SCC - 1.9517 £0.5931 89 1.9845 + 0.5094 96 0.63 ns
U (mg.100g™) 21.98 +10.33 21.94410.36 0.04 ns
AC (mg1™) 2.95+5.50 330+ 4,34 0.75 ns
log AC - 0.2344 + 0.4664 1.72 0.3034 +0.4721 2.01 1.57 ns
pH - 6.74 £0.11 6.74£0.14 0 ns
EC (mS.cmﬁl) 4.39+0.49 4.39+0.57 0 ns
AL (ml) 136 +0.84 1.61 +1.08 2.77 o
SH (ml 0.25 mol .1 ! NaOH) 7.27 £0.90 7.28£1.03 0.11 ns
TEC (second) 116.8 £ 56.5 117.6 +62.7 0.13 ns
RCQ (class) 2.83+0.91 2.74+£0.97 1.02 ns
RCF (mm) 17.18 £2.90 16.38 £3.42 2.70 HE
VA% (ml) 35.79 +£2.90 35.16 +4.07 1.91 ns
CP (%) 3.16+£0.32 3.26+0.35 3.22 Hok
CAS (%) 2.50+0.27 2.59+0.29 341 oAk
TP (%) 2.99+0.30 3.09+0.33 3.44 oAk
WP (%) 0.49 £ 0.092 0.50 £ 0.090 1.17 ns
NPN (%) 0.17+0.070 0.17 £ 0.066 0 ns
URN (%) 40.10 £ 16.53 40.53 +16.12 0.28 ns
F/CP - 1.17£0.245 1.23 £0.300 2.34 *
CN-CP (%) 79.15+3.24 79.45 £2.82 1.05 ns
CN-TP (%) 83.65+2.80 83.68 £2.62 0.12 ns

Statistical significance of differences: ns = P> 0.05, * = P <0.05, ** = P <0.01, *** = P <0.001; n = number of samples, x + sd = arithmetic mean
+ standard deviation, xg = geometric mean, ¢ = test criterion of z-test, sign. = significance of the difference; NL — number of lactation, SL — stage of
lactation, DMY — daily milk yield, FAT — fat, LAC — lactose, SNF — solids non fat, SCC — somatic cell count, U — urea, AC — acetone, pH — acidity,
EC — electrical conductivity, AL — alcohol stability, SH — titration acidity, TEC — time for enzymatic coagulation, RCQ — rennet curds quality, RCF
—rennet curds firmness, WV — whey volume, CP — crude protein, CAS — casein, TP — true protein, WP — whey protein, NPN — non protein nitrogen,
URN - urea nitrogen/non protein nitrogen ratio, F/CP — fat/crude protein ratio, CN-CP and CN-TP — casein numbers
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Fig. 1. Presentation of the main
central statistical moments and
characteristic of data frequency
distribution for cases of sig-
nificant differences in milk
indicators betweens H cows
with higher (1) and average (2)
MY
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results (Jand etal., 2007; Hanus et al., 2007). Tech-
nological properties (AL and RCF) were slightly better at
lower MY.

Regarding the general principles of the energy me-
tabolism (Andersson, Lundstrdm, 1984a, b;
Andersson, 1984, 1985; Andersson, Ema-
nuelson,1985; Gravert etal.,1986; Diekmann,
1987, Gustafsson, Emanuelson, 1993,
Geishauser et al, 1997, 1998; Pechova et al.,
2000; Kirchnerova etal., 2001) the milk fat content
was statisticly significantly influenced (P < 0.001). F de-
creased with higher MY. It is in accordance with our pre-
vious results in Czech Fleckvieh (Hanus et al., 2007)
but not in Holstein (Jan et al., 2007). The same situa-
tion is valid for the fact that the milk crude and true protein
contents and casein content were significantly affected by
the level of dairy cow MY in this case.

The F/CP ratio as a possible indicator of cow energy
metabolism (Heuer et al., 1999, 2001) was also influ-
enced significantly (Table 1) but in the opposite direction
as expected. There were no serious problems with the ke-
tosis in the set, as it is also confirmed by lower acetone
values in both sets H1 and H2 and no significant effect by
MY on these.

The SCC trend showed higher values connected with
higher milk yield (Table 1; P > 0.05). However, the geo-
metric mean difference is very small. So this SCC increase
probably has no practical importance. In addition, with
increasing of the MY level the approach towards breeding
is changing. For instance Motycka (2004) referred
about the increasing of importance of secondary produc-
tion function signs including cow health state markers and
longevity markers in breeding models of the most effec-
tive dairy cow populations.

Milk urea is an energy and nitrogen metabolism indi-
cator (Piatkowski et al., 1981; Oltner, Wik-
torsson,1983; Kirchgessner etal, 1985; Zhai
et al., 20006). That is why urea was studied also from ge-
netic Johnson, Young, 2003; Miglior et al.,
2006; Stoop etal,2007)and farmer (Godden etal.,
2001b; Mottram et al, 2002; Jilek et al., 2006)
points of view. Its unsatisfactory (high, sometimes also
low) values are often linked with aggravated reproductive
performance (Piatkowski etal., 1981; Ropstad,
Refsdal,1987; Butler etal., 1996; Larson etal.,
1997; Riha, Hanug, 1999a; Hlasny, 2001;
Legath etal.,2001; Rajala-Schultz etal., 2001;
Guo etal.,2004; Hojman etal,2004; KubeSova
etal.,2008; Bezdicéek etal.,2009) and longevity (Fig.
2; Miglior et al, 2006). However, Godden et al.
(2001a), Rehak et al. (2009) and Kube$ova et al.
(2009) suggested slightly opposite results in terms of cow
reproduction. Urea was influenced insignificantly (P >
0.05; Table 1) by high MY in this work. It is not in accord-
ance with previous results, where higher MY was con-
nected with higher U in Holstein and also Czech Fleckvieh
cattle Jand et al., 2007; Hanu§ et al., 2007). This
disproportion could be explained by the fact that in previ-
ous papers the result distribution into groups with high and
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low MY was done according to herds (where herd is also
significant effect on U level as reported Jilek et al.,
2006) in contrast to this procedure which was done ac-
cording to individual lactation MY within herds. This
could mean that U depends on nutrition level in terms of
protein/energy maintenance among herds. However, the
cows with higher genetic potential for MY have a better
ability to utilize nitrogen matter from feeding ration under
the same environmental conditions (identical herd). Never-
theless, Legath etal. (2001) found significantly lower
MU levels in dairy cows with higher MY. However, this
higher MY was comparable just to our average MY (H2).
There could be an explanation of this discrepancy from
these and our previous (Hanus et al.,, 2007; Janu et
al., 2007) results. URN as a relative indicator was influ-
enced non-significantly (Table 1; Fig. 1; URN, P > 0.05).
The cows with high MY had higher URN than the cows
with average MY. It is in accordance with higher U in milk
of high yielding cows. Johnson and Young (2003)
reported that U nitrogen in milk decreased with increasing
CP and increased with higher MY in H and Jersey cows.
This fact about MY is in accordance with our previous
result Janad et al,, 2007; Hanus§ et al.,, 2007). Our
actual results are not in accordance with theirs. However,
this is probably without significant practical impact.
Also milk acetone is an energy metabolism indicator
(Andersson, 1984, 1985; Andersson, Lund-
strom, 1984a, b, Andersson, Emanuelson,
1985; Gravert et al., 1986; Diekmann, 1987,
Gustafsson, Emanuelson,1993; Geishau-
ser etal., 1997, 1998; Hanus§ etal, 200lc; Enjal-
bert et al., 2001; Baticz et al., 2002). That is why
acetone was studied also from genetic (Gravert etal.,
1986; Wood et al., 2004) and farmer (Hanus$ et al.,
1999; Mottram etal., 2002) points of view. Its higher
values are also linked with aggravated reproductive per-
formance (Hanu$§ et al., 1999; Riha, Hanus,
1999b; Bezdicek etal., 2009). Acetone was influenced
insignificantly (P> 0.05; Table 1) by high MY in this work
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Fig. 2. The impacts of nitrogen loading of metabolism in consideration
of long-period milk urea (U) level on longevity of dairy cows (Hanu§
etal., 2001b)
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too. It is not in accordance with previous results, where
higher MY was linked with higher AC in Czech Fleckvieh
cows (Hanus etal., 2007). Nevertheless, this result is in
accordance with results in Holstein (Jant et al., 2007).

CONCLUSIONS

In terms of obtained results, we determined that difer-
ences in milk indicators between group H1 and H2 have
no fundamental effect on milk quality. There are no serious
health problems with higher MY. Realized significant dif-
ferences among parameters FAT, LAC, SNF, AL, RCF, CP,
CAS, TP and F/CP in cows H1 and H2 have not caused
the impaired technological milk quality. However, tech-
nological quality was slightly better at lower MY. The high
MY reached by the genetic improvement of animals and
their more efficient nutrition does not result in markedly
impaired quality of raw milk. Nevertheless, there is re-
duced efficiency of milk processing into concentrated milk
products (yoghourts and cheeses) a little.
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SOJKOVA, K. — HANUS, O. — RIHA, J. - GENCUROVA, V. - HULOVA, 1. - JEDELSKA, R. —- KOPECKY, J.
(Agrovyzkum Rapotin, Vikytovice, Ceské republika):

Vlivy fyziologie laktace pii vyssi a prumérné uzitkovosti na sloZeni, vlastnosti a zdravotni ukazatele mléka doj-
nic holStynského plemene skotu.

Scientia Agric. Bohem., 47, 2010: 21-28.

Mlécna uzitkovost (MY) znamend mnozstvi mléka a jeho kvalitu béhem laktace. MY je dalezity ekonomicky faktor
spojeny se zdravotnim stavem dojnic, reprodukci a délkou zivota. Byly testovany rozdily v mléénych ukazatelich mezi
vysoce a prumérné uzitkovymi dojnicemi (H1 a H2) ve ctyfech stddech. 234 a 224 individualnich vzork® mléka bylo
odebrano v letnim a zimnim krmném obdobi béhem tii rokli. Soubory byly vyvazeny ve faktorech laktace. Skupina 1
byla podle fenotypu (MY) na vyssi genetické urovni a méla tak podle MY i lepsi vyzivu. MY u H1 byla vyssi 0 43 %
(P<0,001). MY méla vyznamny vliv (P < 0,05 a P <0,001) na: tuk (FAT), laktozu (LAC), tukuprostou susinu (SNF),
alkoholovou stabilitu (AL), pevnost syrovatky (RCF), hrubé bilkoviny (CP), kasein (CAS), ¢isté bilkoviny (TP), podil
tuk/hrubé bilkoviny (F/CP). Vybrané rozdily byly: FAT (H1 3,68 £ 0,77; H2 3,99 £ 0,93 %); CAS (H1 2,50 + 0,27; H2
2,59 £ 0,29 %); TP (H1 2,99 + 0,30; H2 3,09 = 0,33 %). Dalsich 16 ukazateltl, jako pocet somatickych bun¢k (H1 289
> 210 103.ml" H2), mocovina, pomér mocovinového dusiku v nebilkovinném dusiku, aceton, pH, syfitelnost, bylo
ovlivnéno nevyznamné (P > 0,05). Rozdily v mlécnych ukazatelich mezi H1 a H2 nepiedstavuji zdravotni problémy.
Vysokda MY dosazena Slechténim a efektivnéjsi vyzivou nevedla ke zhorSené kvalité mléka, ale k jeho mirn¢ nizsi
technologické vytéznosti. U plemene hol§tyn nebyla vy$si MY piekvapiveé spojena s vySSim obsahem mocoviny
v mléce.
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