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PAPER

Analysis of lactating cows in commercial Austrian dairy farms: diet
composition, and influence of genotype, parity and stage of lactation on
nutrient intake, body weight and body condition score

Maria Ledineka, Leonhard Gruberb, Franz Steiningerc, Karl Zottld, Martin Royerb, Kurt Krimbergerb,
Martin Mayerhoferc, Christa Egger-Dannerc and Birgit Fuerst-Waltla

aDepartment f€ur Nachhaltige Agrarsysteme, Institut f€ur Nutztierwissenschaften, BOKU–University of Natural Resources and Life
Sciences, Wien, Austria; bAgricultural Research and Education Centre Raumberg-Gumpenstein, Irdning-Donnersbachtal, Austria;
cZuchtData EDV-Dienstleistungen GmbH, Vienna, Austria; dLKV Nieder€osterreich, Zwettl, Austria

ABSTRACT
This study characterises diets used on-farm and examines nutrient and feed intake (DMI)
together with other animal specific traits (body weight, milk yield, body condition score). Data
came from the project ‘Efficient Cow’ to develop efficiency traits for Austrian cattle breeding
(161 farms, 6105 cows, one-year data collection). Most diets were grass silage- or maize silage-
based. Nearly half (42.8%) of the records were diets with separately fed concentrate or were par-
tial mixed rations (PMR, 42.9%), and 12.0% were total mixed rations (TMR). Feedstuffs from per-
manent grassland ranged between 62% (TMR) and 84% (pure forage diets) of forage. Partial
mixed rations and TMR showed the highest average proportion of maize silage (30%). The little
importance of pure forage diets and pasture reflected the above-average production level of
the farms. Most production traits increased from Fleckvieh (FV) over FV groups with increasing
Red Holstein (RH) genes to Holstein Friesian (HF). The FV group with highest RH proportion and
HF had the highest energy corrected milk yield (ECM) and DMI (29.3 vs. 29.2 kg ECM/d; 20.8 vs.
20.9 kg DMI/d). Brown Swiss (BS) and FV had lower levels (26.5 vs. 26.7 kg ECM/d; 19.8 vs.
19.7 kg DMI/d). Body condition declined in relation to proportion of RH genes from FV to HF (FV
3.42 Pt., BS 2.88 Pt., HF 2.61 Pt.). The study allowed a broad view on the continuous spectrum
between dual-purpose and dairy breeds due to the different characteristics of metabolism and
on the common diets on Austrian dairy farms.

HIGHLIGHTS
� Study to develop efficiency traits for cattle breeding
� Broad view on feed intake and common diets on Austrian dairy farms
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Introduction

In Austria 47.5% of the agricultural area was perman-
ent grassland in 2013, of which 56.5% was extensively
used e.g. alpine pastures (BMLFUW 2016). In 2015,
dairy production contributed to the total Austrian agri-
cultural production value with 16.5%. Therefore, it
plays a major role in producing products for human
consumption from fibrous matter (BMLFUW 2016). In
Austria, the following dairy breed distribution exists:
Fleckvieh (FV, dual-purpose Simmental) is the domin-
ant breed at 73.3% of all 422,777 recorded dairy cows,
followed by the specialised dairy breeds Brown Swiss
(BS) at 12.0% and Holstein Friesian (HF) at 11.7%.

Compared to 1950, in 2015 milk yield per lactation has
more than doubled (2998 kg vs. 7281 kg, ZAR 2016).
The sharp increase since 1995 has been caused by pro-
nounced genetic gain and by dropping prices of con-
centrate with Austria’s accession to the European Union
(Knaus 2009; ZuchtData 2016). This change of circum-
stances resulted in an increase of larger, more special-
ised farms feeding more intensive diets (Knaus 2016).
However, feed costs make up �50% of the total costs
in dairy production (de Haas et al. 2014). Besides envir-
onmental impacts, feed costs are one reason why inter-
national research in dairy cattle focuses on efficiency or
efficiency related traits like body weight, feed and
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energy intake, body condition score (BCS) or reproduc-
tion (e.g. Veerkamp 1998; Pryce et al. 2000). Several
comparisons among breeds or cows with different
potential for milk performance were conducted (e.g.
Dillon et al. 2003; Yan et al. 2006).

The Federal Association of Austrian Cattle Breeders
(ZAR) initiated the project ‘Efficient Cow’ in 2012 to
compare different dairy cow genotypes relating to effi-
ciency traits, and the impact of higher efficiency on
greenhouse gas emissions. As recording efficiency
related traits in research herds is limited in Austria, the
project focussed on a large-scale on-farm data collec-
tion. This offered the possibility to additionally study
feeding and diet plans, production and management
of the commercial Austrian dairy farms. Furthermore
veterinarian diagnoses, lameness scores, ketosis milk
tests and hoof trimming data were recorded for test-
ing novel health traits. The aim of this paper is two-
fold: firstly, the paper describes diet composition
according to feeding system and primary forage com-
ponents (forage type). Secondly, it discusses the influ-
ence of genotype, parity and lactation stage on feed
and nutrient intake, milk yield, body weight and BCS.
Furthermore, the effect of genotype considers the
impact of the ‘Holsteinisation’ (Harris and Kolver 2001,
p. E56) of Austrian FV by creating FV groups with
increasing Red Holstein (RH) genes.

Materials and methods

Data recording and calculation

No work carried out for this research was subject to
the approval of an ethics committee. Data was col-
lected in 2014 from 161 dairy herds and 3634 FV,
1034 HF and 1437 BS cows. Austria is partitioned into
eight main production areas due to topography and
climate (Statistik Austria 2018). All farms were located
in the traditional dairying regions. They were situated
between 300 and 1460 m above sea level in flat, hilly
and mountainous areas. Genotypes were spread over
all production areas picturing Austrian distribution of
breeds (ZAR 2016). The number of single-breed farms
owning BS was 24, HF 8 and FV 78. Within all single-
FV farms pure-bred FV was also mixed with FV� RH.
In the remaining farms, two (39 farms) or three breeds
(12 farms) were kept. The number of animals per
breed within these multi-breed farms is quite hetero-
geneous. Single cows of other breeds or crosses with
other breeds (except FV� RH crosses) were not con-
sidered in this study. Most of the cows were housed
in free-stall barns and milked twice a day in a milking
parlour. At each routine performance recording day,

the Austrian milk recording organisations collected
additional trait information like body weight (with a
mobile scale), BCS, belly girth, heart girth, diet and
diet quality. Forage was sampled at the start of pro-
ject, or before forage was fed during year. Forage
samples were taken separately based on botanic ori-
gin, number of growth (first cutting separately) and
conservation. Data was recorded into the Austrian cen-
tral cattle database following extensive plausibility
checks. The milk recording methods AT4 and AT5 with
annual 9 to 11 alternated one-test recordings were
usually applied (ICAR 2017). On average, farms had 9.8
performance recordings. The number of reports per
cow ranged between 1 and 12 with a mean of 6.2
reports and a mode of 8. Herd sizes ranged between
3.2 and 97.9 cows reflecting the wide range of herd
size in Austria. The average herd size of 32.7 cows was
almost twice as high as the Austrian average of 16.5
cows (ZAR 2016). Compared to other Austrian farms,
the project farms had an above-average production
level. A more specialised dairy production with larger
herds replaced small-scale operations during the last
50 years (Knaus 2009, 2016). This trend is continuing
(BMLFUW 2016).

Forage samples were analysed in the laboratory for
feed analyses of the Chamber of Agriculture in Lower
Austria. Forage samples were analysed for crude pro-
tein, ether extracts, crude fibre, ash, and dry matter
according to Weende analysis. Neutral detergent fibre,
acid detergent fibre and acid detergent lignin were
quantified according to Van Soest et al. (1991).
Methods were applied according to the guidelines by
VDLUFA (1976–2012). On average 7.5 forage analyses
were available per farm. Chemical composition of con-
centrates was obtained from DLG (1997) supple-
mented by LfL Grub (2015). Ingredients of commercial
compound feed were provided by Tiefenthaller (2014).
Energy content and utilisable crude protein at the
duodenum (uCP) were calculated according to GfE
(2001), the interpolation of digestibility coefficients
and proportion of uCP (DLG 1997) were performed
according to Gruber et al. (1997). The average chem-
ical composition of feedstuffs is presented in Table 1.
Because only individual concentrate intake could be
measured on-farm, novel strategies for recording infor-
mation on diet composition and estimating individual
feed intake were developed considering the wide var-
iety of diet composition and feeding systems in
Austria (Ledinek et al. 2016). The feeding systems are
pure forage diets (FOR), diets with separately fed con-
centrate (e.g. feeding station, SEP), both partially
mixed and separately fed concentrate (e.g. mixing
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wagon plus feeding station, PMR) and total mixed
rations (TMR). Information on diet composition was
collected by means of forms at each test day (Ledinek
et al. 2016). Before data entry, completed forms were
checked across dates and different form types within
each farm to ensure a complete data recording.
Implausibilities were clarified with the person respon-
sible for on-farm data recording or with the farmer.
The most important feeding data is:

� Start date of fed concentrate mixture and ration
� Feeding system: TMR, PMR and SEP (FOR¼ SEP

without concentrate)
� Category of forage considering conservation (fresh,

silage, hay), number of growth and botanical origin
(grassland, forage maize, legumes, straw)

� Concentrate mixture and commercial com-
pound feed

� Individual amount of concentrates fed separately
from forage

Daily dry matter intake (DMI) was predicted using
the feed intake model developed by Gruber et al.
(2004). Jensen et al. (2015) validated the up-to-date
feed intake models of NRC (2001), Volden et al. (2011),
Wageningen-DCM (Zom et al. 2012), TDMI-Index
(Huhtanen et al. 2011) and Gruber et al. (2004). The
model of Gruber et al. (2004) was found to be the
most accurate in this evaluation. The validation was
based on a set of 12 Scandinavian experiments involv-
ing 917 lactating dairy cows and 94 treatments. The
breeds were Jersey and Danish/Swedish Red, varying
in parity and lactation stages. Prediction models con-
sidered similar feed- and animal-specific parameters.
The empirical regression model of Gruber et al. (2004)
includes the fixed effects of breed, parity, manage-
ment level, lactation stage depending on days in milk
(DIM), and the regression coefficient for the energy
content of forage. The regression coefficients for milk
performance, body weight and amount of concentrate
have to be calculated depending on DIM. Collection of

information on diet composition and feed intake pre-
diction were described in detail by Ledinek
et al. (2016).

Energy corrected milk yield (ECM) was calculated
according to the guidelines of GfE (2001). Daily net
energy intake and nutrient intake were determined by
multiplying net energy and nutrient density with the
estimated daily dry matter intake. BCS recording fol-
lowed the five-point system of Edmonson et al. (1989).

Statistical analysis

The data set included 38,070 milk recording results from
6105 cows on 161 farms. Data had been statistically and
visually checked using Statgraphics Centurion XVII (2015
Statpoint Technologies, Inc., Warrenton, Virginia, USA),
MS Excel 2010 and MS Access 2010 before and during
processing (e.g. feed intake prediction). Depending on
traits and their distribution, records were discarded if
they deviated with standard deviation �3 (e.g. body
weight, belly and heart girth) or �3.5 (e.g. BCS and
muscle score) from the previous or the next record of
a cow without plausible reason. Cows with conspicu-
ous records were additionally checked across all traits.
Before final statistical modelling in SAS, the used data
and their distributions were checked to identify effects
for modelling. In this process, records with DIM >336
(lactation stage >12) were discarded due to a low
number of records.

Another point was to identify the primary forage
components within diets for establishing forage types.
This classification was used for analysing diet compos-
ition and for keeping the effect of forage constant
within the statistical model. The starting point was the
individual forage composition at each performance
recording (38,070 records). Diets, which consisted of
an above-average proportion of a forage component
(e.g. GS: grass silage; MS: maize silage) were encoded
as ‘based on the respective forage’. Then respective
codes from each record were combined (e.g. GSMS)
and resulted in the presented forage types (Figure

Table 1. Chemical composition (±standard deviation) of selected forages in g/kg dry matter (DM), unless stated otherwise.
Parameter Fresh grass Grass silage Hay Maize silage Clovera Alfalfaa Whole crop cereals

DM, g of fresh matter 188 ± 22.60 356 ± 68.90 926 ± 20.60 337 ± 40.80 381 ± 134.40 734 ± 256.90 195 ± 35.20
Crude protein 176 ± 24.10 153 ± 20.30 105 ± 20.30 73 ± 9.60 159 ± 24.40 159 ± 19.60 118 ± 16.20
uCP 142 ± 5.70 132 ± 5.70 120 ± 7.70 130 ± 3.00 139 ± 6.90 127 ± 6.10 128 ± 6.90
NDF 422 ± 28.30 438 ± 41.70 536 ± 55.50 384 ± 34.30 440 ± 50.70 455 ± 42.80 476 ± 76.50
ADF 271 ± 21.00 313 ± 30.20 352 ± 36.30 226 ± 26.00 331 ± 42.80 355 ± 38.10 316 ± 56.40
ADL 42 ± 7.30 51 ± 11.60 63 ± 12.20 32 ± 5.80 60 ± 13.00 75 ± 15.60 38 ± 8.60
NFC 283 ± 34.60 268 ± 34.80 251 ± 39.80 476 ± 42.10 269 ± 35.50 261 ± 34.00 272 ± 73.30
ME, MJ/kg DM 10.66 ± 0.41 9.94 ± 0.38 9.30 ± 0.50 10.87 ± 0.25 10.37 ± 0.49 8.76 ± 0.56 10.07 ± 0.45
NEL, MJ/kg DM 6.43 ± 0.30 5.93 ± 0.26 5.45 ± 0.35 6.56 ± 0.19 6.24 ± 0.36 5.07 ± 0.39 6.01 ± 0.33

uCP: utilisable crude protein at the duodenum [GfE 2001]; NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL: acid detergent lignin; NFC: non-
fibre carbohydrates; ME: metabolisable energy; NEL: net energy for lactation.
ahay and silage.
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Figure 1. (a) (upper). Forage composition according to forage type (FG: fresh grass; GS: grass silage; HA: hay from permanent
grassland; MS: maize silage; CL: clover; AL: alfalfa; ST: straw). Forage type: Diets, which consisted of an above-average proportion
of one of the above-named forage components, were encoded as ‘based on the respective forage’. The respective codes from
each record were combined and resulted in the presented forage types. The grouping of forage type is based on the individual
diet composition at each performance recording (N¼ 38,070). (b). Forage composition according to feeding system. The feeding
system describes how diets and especially concentrates were fed (FOR: pure forage diet; SEP: forage diet with separately supple-
mented concentrate; PMR: partial mixed ration; TMR: total mixed ration). The grouping of feeding system is based on the individ-
ual diet composition at each performance recording (N¼ 38,070).

Table 2. Distribution of records, cows and farms in forage types.
Forage type Records (N¼ 38,070) Subcategories (N¼ 18) Records (N¼ 38,070) Cowsa (N¼ 11,810) Farmsb (N¼ 403)

FG 1198 534 30
Fresh grass (FG) 2136 FGHA 697 321 20

FGGSHA 241 149 9
GS 15,054 3622 102

Grass silage (GS) 17,662 GSHA 1267 696 34
GSMS 313 224 7
GSMSHA 1028 769 27
MS 10,325 2487 59

Maize silage (MS) 10,826 MSHA 202 131 6
MSGSSTc 163 89 3
MSGSFG 136 68 3

Clover (CL) 3250 CLGSMSHA 2821 912 23
CLMS 429 235 8

Alfalfa (AL) 985 ALGSHAMS 650 224 10
ALMS 162 51 2
ALGS 173 124 3

Hay (HA) 3089 HA 3089 1068 52
OTHER 122 OTHER 122 106 5
atotal number of cows 6105, but double counting due to changing diet.
btotal number of farms 161, but double counting due to changing diet.
cST: straw.
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1(a)). Finally, the proportion of each forage compo-
nent was analysed within forage type (as done within
feeding system Figure 1(b)). Tables 2 and 3 show the
distribution of records, farms and cows within forage
type and feeding system. The higher number of cows
and farms is due to double counting. Farmers could
change the way and amount of concentrate feeding
and therefore the feeding system as well as the fed
forage. This could happen either for the entire herd or
an individual cow depending on milk performance or
available feedstuff. Therefore, all statistical (descriptive)
analyses refer to the individual feeding situation rather
than farm or herd level.

The classes HF and BS included pure-bred cows only
(100% HF and BS ancestry). Fleckvieh cows were classi-
fied into FV (100% FV, 1576 cows), FV� RH6.25 (FV
with �10% RH genes, average of 6.25%, 963 cows),
FV� RH12.5 (FV with >10 to �15.6% RH genes, aver-
age of 12.5%, 342 cows), FV� RH25 (FV with >15.6 to
�44.5% RH genes, average of 25%, 404 cows), and
FV� RH5075 (FV with >44.5% RH genes, average 68%,
349 cows, the groups FV� RH50 and FV� RH75 were
combined). The proportion of RH genes in the dual-pur-
pose breed Fleckvieh was chosen to characterise spe-
cialisation on dairy performance (potential for milk
production). This system allowed an objective compari-
son between dual-purpose type FV and the specialised
dairy type HF/RH. Contrary to this, a comparison using

estimated breeding values is only valid within popula-
tion. Genotypes were distributed over all feeding sys-
tems (Table 4) and forage types. The proportion of FV
data in feeding systems decreased from FOR, SEP, PMR
to TMR with 41.2 to 18.7%. The group HF had the high-
est proportion in PMR and TMR (20.7 and 20.6%). With
both about 28% of all data records BS had an emphasis
on SEP and TMR.

Days in milk were divided into 28-day classes (4� 7
days, lactation months) of lactation stage. The final
model included twelve classes with DIM 1 to 336.

Data was analysed using PROC MIXED (SAS 9.4, SAS
2015), REML for the estimation of variance compo-
nents, the Kenward-Roger method for the approxima-
tion of the denominator degrees of freedom and the
default covariance structure VC. This covariance struc-
ture models a different variance component for each
random effect and had the smallest Akaike informa-
tion criterion. The fixed effects of genotype, parity (1,
2, 3þ 4, �5), lactation stage (1–12) and their interac-
tions as well as forage type (1–18, Figure 1(a,b)) and
farm (1–161) were included in the final model. Thus,
influence of diet and management was considered.
The model also included a random cow effect
(1–6105) nested within genotype and farm. The effect
of forage type on DMI, nutrient intake and the other
traits is not discussed in this publication, because it
was only included as correction factor and is not the
topic of discussion in this article. Multiple comparisons
were carried out using the specification
ADJUST¼ TUKEY and the differences between the
least squares means within genotype and parity with
p< .05 were considered significant.

Results and discussion

Descriptive statistics of diet composition and
feeding system

Figure 1(a) illustrates forage composition according to
forage type. The groups of bars show diets containing
above-average fresh grass (pasture), grass silage, maize
silage, clover, alfalfa and hay from permanent grassland.
Preservation and botanical composition varied consider-
ably due to climatic variation in Austria. However, for-
age composition is split into two primary categories:
nearly pure grass silage ration [type GS (grass silage)
82% grass silage, 39.5% of data records] and type MS
(maize silage) with 49% maize silage and 42% grass sil-
age (27.1% of data records). Type MS equated approxi-
mately to the diets of commercial Danish herds
(Kristensen et al. 2015). Although milk production based
on alfalfa and clover represented only 8.5 and 2.6% of

Table 4. Data distribution of genotypes in feeding systems.
Feeding system

Genotype FOR SEP PMR TMR N Genotype

FV 376 4597 4118 851 9942
FV� RH6.25 133 2702 2616 518 5969
FV� RH12.5 22 937 981 216 2156
FV� RH25 44 969 939 413 2365
FV� RH5075 18 826 1014 322 2180
HF 152 1704 3381 935 6172
BS 168 4548 3285 1285 9286
N Feeding system 913 16,283 16,334 4540 38,070

FV: Fleckvieh; RH: Red Holstein; 6.25–5075: average proportion of Red
Holstein; FV� RH5075: Fleckvieh with an average. FOR: pure forage diet;
SEP: forage diet with separately fed concentrate; PMR: partial mixed
ration; TMR: total mixed ration proportion of 68% Red Holstein; HF:
Holstein Friesian; BS: Brown Swiss.

Table 3. Distribution of records, cows and farms in feed-
ing systems.
Feeding system Records (N¼ 38,070) Cowsa (N¼ 8169) Farmsb (N¼ 313)

FOR 913 529 72
SEP 16,283 2982 106
PMR 16,334 3255 72
TMR 4540 1403 63

FOR: pure forage diet; SEP: forage diet with separately fed concentrate;
PMR: partial mixed ration; TMR: total mixed ration.
atotal number of cows 6105, but double counting due to changing diet;
btotal number of farms 161, but double counting due to changing diet.
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data records, growing legumes was regionally able to
replace forage from permanent grassland. In contrast
grass silage from Danish farms is rye grass- and clover-
based (Kristensen et al. 2015). Only 8.1% of records
belonged to hay-based diets (56.5% hay). The rare use
of pasture-based diets (5.6% of data records) has two
reasons: on one hand, pasture is more limited by cli-
mate and topography than e.g. in Ireland and New
Zealand, where seasonal grazing systems are common
(Dillon et al. 1995; Harris and Kolver 2001). On the other
hand, the project farms represented an above-average
production level in Austria.

Figure 1(b) describes forage composition according
to feeding system. Concentrate was either mixed
(totally) into forage in PMR and TMR or supplemented
separately via feeding station (SEP). Pure forage diets
contained a high proportion of pasture and hay.
Pasture and hay were hardly common in the more
intense PMR and TMR. The proportion of grass silage,
especially of maize silage, increased simultaneously to
nearly 60 and 30% of forage dry matter in the mixed
rations. Despite this, feedstuffs from permanent grass-
land dominated with at least 62% of forage in TMR and
most at 84% in FOR. Concentrate proportions of SEP,
PMR and TMR were 27, 35 and 30%. Pure forage diets
were used only at 2.4% of milk performance tests.
Partially separate and individual concentrate supple-
mentation dominated with 85.7% (42.8% SEP, 42.9%
PMR). Overall, concentrate levels, the degree of mechan-
isation (data not shown) and the lack of pasture as well
as pure forage diets confirmed that project farms rank
at the current upper end of the structural change of
Alpine dairy farming. Larger, non-seasonal, indoor-feed-
ing and more specialised dairy production more and
more replaced the traditional, forage-based and small-
scaled one in the last 50 years (Knaus 2009, 2016).

Effect of genotype

Estimated feed and nutrient intake as well as total diet
composition differed among genotypes (p< .001).
Especially FV groups up to an average of 12.5% RH
genes were biologically similar (Table 5). Differences
increased with a higher RH gene proportion. The groups
HF and FV� RH5075 were similar in most traits except
parameters calculated relative to body weight. The dairy
type BS was mainly located in the range of FV to
FV� RH25 for nutrient and dry matter intake, but was
similar to HF and FV� RH5075 relative to body weight.
This was expected after examination of previous results
from Ledinek and Gruber (2014) and data from Austrian
dairy cow performance recording programme (ZAR 2016).

Relative to body weight, differences in DMI and neu-
tral detergent fibre (NDF) intake between the lighter
specialised dairy groups and the heavier FV groups
were emphasised. Dillon et al. (2003) found a higher
decline of relative DMI from Danish HF and Irish HF to
the lower yielding breeds French Montbeliarde and
Normande. This effect occurred between cows of
medium and high genetic merit for dairy traits within
the same breed as well (Kennedy et al. 2003).
Furthermore, increased concentrate supplementation
enhanced the DMI of HF cows kept on pasture. The
higher feed intake and concentrate proportion in cows
and breeds of higher milk yield potential were also
found in the studies of e.g. Gruber et al. (1995) and
Dillon et al. (2003). Overall, the level of g NDF per kg
body weight indicates DMI was not physically limited
by fibre content in the diet. However, with 12.2 g NDF/
kg body weight HF approaches the limit of 12.5 g NDF/
kg body weight described by Mertens (1994). Therefore,
fibre content was high relative to energy requirements,
although concentrate proportion and diet quality were
the highest of all genotypes. Total diets used in the
commercial Danish dairy farms (Kristensen et al. 2015)
are characterised by a slightly higher crude protein but
slightly lower NDF content. This is most likely due to
higher maize silage proportions (nearly 50%) and the
rye grass-clover mixture of grass silage. The lower intake
of uCP rather than crude protein in the current study
indicated a small surplus of rumen degradable nitrogen.
This surplus was below the tolerable 50g/d (GfE 2001).

Intake parameters and ECM increased in relation to
potential of milk performance. In contrast, average
body weight, even more clearly BCS, declined in
accordance to the findings by Dillon et al. (2003).
Apart from body weight, similar results were found for
medium and high genetic merit HF cows (Buckley
et al. 2000). We recorded the highest body weight dif-
ference between the two poles, with HF and BS hav-
ing the lowest (662 and 649 kg). The FV groups up to
an average of 25% RH genes had the highest body
weight (722 to 729 kg). In contrast, the BCS of BS hav-
ing the same ECM as FV was approximately midway of
HF and FV. Previous and comparable studies in Austria
indicate a body weight range of 646 to 761 kg for FV,
589 to 688 kg for HF and 636 to 698 kg for BS (Gruber
et al. 1995; Haiger and Knaus 2010; Ledinek and
Gruber 2015; Gruber and Stegfellner 2015). In a Swiss
study by Piccand et al. (2013) BS, HF and FV were
lighter and differences between FV and HF were
smaller. However, cows were managed in a seasonal-
calving, pasture-based dairy system and FV had a high
proportion of RH equal to FV� RH5075.

6 M. LEDINEK ET AL.



Ta
bl
e
5.

Ef
fe
ct

of
ge
no

ty
pe

an
d
pa
rit
y
on

es
tim

at
ed

da
ily

fe
ed

an
d
nu

tr
ie
nt

in
ta
ke
,
ch
em

ic
al

co
m
po

si
tio

n
of

di
et

an
d
bo

dy
w
ei
gh

t,
bo

dy
co
nd

iti
on

sc
or
e
an
d
m
ilk

yi
el
d
(le
as
t

sq
ua
re
s
m
ea
ns
).

G
en
ot
yp
e
(G
)

Pa
rit
y
(P
)

p
va
lu
e

Tr
ai
t

FV
FV

�
RH

6.
25

FV
�
RH

12
.5
0

FV
�
RH

25
FV

�
RH

50
75

H
F

BS
1

2
3
þ
4

�5
RM

SE
G

P

D
at
a
se
t,
N
¼
38
,0
70

99
42

59
69

21
56

23
65

21
80

61
72

92
86

10
,8
56

83
85

10
,8
65

79
64

Fe
ed

in
ta
ke

Fo
ra
ge
,k
g
D
M
/d

14
.1
0d

14
.2
2c

14
.2
6b

,c
14
.4
0b

14
.6
3a

14
.4
1b

13
.9
6d

13
.0
1c

14
.5
4b

14
.8
1a

14
.7
7a

1.
15

<
.0
01

<
.0
01

Co
nc
en
tr
at
e,
kg

D
M
/d

5.
63

d
5.
61

d
5.
64

d
5.
86

c
6.
20

b
6.
44

a
5.
86

c
5.
24

c
5.
94

b
6.
23

a
6.
16

a
1.
70

<
.0
01

<
.0
01

D
M
I,
kg

D
M
/d

19
.7
2c

19
.8
3c

19
.8
7c

20
.2
4b

20
.8
2a

20
.8
6a

19
.8
4c

18
.2
4d

20
.4
8c

21
.0
2a

20
.9
3b

1.
58

<
.0
01

<
.0
01

D
M
I,
g/
kg

BW
0.
75

14
1.
50

d
14
1.
60

d
14
2.
00

d
14
4.
70

c
15
2.
60

b
16
0.
70

a
15
4.
70

b
14
3.
40

d
15
1.
50

a
15
0.
80

b
14
7.
40

c
11
.6
0

<
.0
01

<
.0
01

N
ut
rie
nt

in
ta
ke

Cr
ud

e
pr
ot
ei
n,

g/
d

30
65

c
30
74

c
30
76

c
31
44

b
32
41

a
32
73

a
31
01

b
,c

28
30

c
31
88

b
32
78

a
32
59

a
38
8

<
.0
01

<
.0
01

uC
P,

g/
d

28
78

c
28
90

c
28
98

c
29
57

b
30
49

a
30
70

a
29
07

b
,c

26
62

d
29
93

c
30
80

a
30
63

b
29
3

<
.0
01

<
.0
01

En
er
gy

in
ta
ke
,M

J
N
EL
/d

12
9.
10

c
12
9.
70

c
13
0.
00

c
13
2.
60

b
13
6.
70

a
13
7.
40

a
13
0.
30

b
,c

11
9.
40

d
13
4.
20

c
13
8.
10

a
13
7.
40

b
12
.7
0

<
.0
01

<
.0
01

N
D
F
in
ta
ke
,g

/k
g
BW

10
.6
0e

10
.6
0e

10
.6
0e

10
.8
0d

11
.5
0c

12
.2
0a

11
.9
0b

11
.1
0c

11
.4
0a

11
.2
0b

10
.9
0d

0.
90

<
.0
01

<
.0
01

Ch
em

ic
al

co
m
po

si
tio

n
of

di
et

Fo
ra
ge

Cr
ud

e
pr
ot
ei
n,

g/
kg

D
M

13
2

13
2

13
2

13
2

13
1

13
1

13
2

13
1b

13
2a

13
1a

,b
13
2a

,b
12

.9
17

.0
42

Cr
ud

e
fib

re
,g

/k
g
D
M

24
8

24
8

24
8

24
8

24
8

24
8

24
8

24
8

24
8

24
8

24
8

15
.8
09

.7
95

N
D
F,
g/
kg

D
M

44
6

44
5

44
6

44
5

44
6

44
7

44
6

44
6

44
6

44
6

44
6

24
.6
82

.9
60

N
EL
,M

J/
kg

D
M

6.
00

6.
00

5.
99

6.
00

6.
00

5.
99

6.
00

5.
99

6.
00

6.
00

6.
00

0.
16

.7
25

.4
72

Co
m
pl
et
e
di
et

Co
nc
en
tr
at
e,
%

of
D
M

27
.2
0c

26
.9
0c

26
.9
0c

27
.5
0b

,c
28
.3
0b

29
.5
0a

27
.9
0b

,c
27
.6
0b

,c
27
.5
0c

28
.0
0a

27
.9
0a

,b
7.
00

<
.0
01

<
.0
01

Cr
ud

e
pr
ot
ei
n,

g/
kg

D
M

15
4b

,c
15
4c

15
4b

,c
15
5b

,c
15
5a

,b
15
6a

15
5a

,b
,c

15
5

15
5

15
5

15
5

12
<
.0
01

.3
74

Cr
ud

e
fib

re
,g

/k
g
D
M

20
2a

20
2a

20
2a

20
1a

,b
19
9b

,c
19
8c

20
0a

,b
20
1a

20
1a

20
0a

20
0a

16
<
.0
01

.0
26

N
D
F,
g/
kg

D
M

39
1a

39
1a

39
1a

38
9a

,b
38
8b

,c
38
6c

39
0a

,b
39
0

39
0

38
9

38
9

23
<
.0
01

.1
41

N
EL
,M

J/
kg

D
M

6.
51

c
6.
51

c
6.
51

c
6.
52

b
,c

6.
54

a,
b

6.
56

a
6.
53

b
,c

6.
52

c
6.
52

b
,c

6.
54

a
6.
53

a,
b

0.
19

<
.0
01

<
.0
01

Bo
dy

w
ei
gh

t
(B
W
),
bo

dy
co
nd

iti
on

(B
CS
)
an
d
m
ilk

yi
el
d

BW
,k
g

72
2b

72
9a

72
8a

,b
72
5a

,b
70
6c

66
2d

64
9e

64
4d

69
8c

72
7b

74
4a

57
<
.0
01

<
.0
01

BC
S,
Po
in
ts

1–
5

3.
42

a
3.
39

a
3.
38

a
3.
24

b
3.
04

c
2.
61

e
2.
88

d
3.
16

a
3.
14

b
3.
13

b
3.
12

b
0.
46

<
.0
01

<
.0
01

EC
M
,k
g/
d

26
.7
0c

27
.0
0c

26
.9
0c

27
.7
0b

29
.3
0a

29
.2
0a

26
.5
0c

24
.5
0d

28
.0
0c

29
.3
0a

28
.6
0b

5.
50

<
.0
01

<
.0
01

FV
:
Fl
ec
kv
ie
h;

RH
:
Re
d
H
ol
st
ei
n;

6.
25
–5
07
5:

av
er
ag
e
pr
op

or
tio

n
of

Re
d
H
ol
st
ei
n;

FV
�
RH

50
75
:
Fl
ec
kv
ie
h
w
ith

an
av
er
ag
e
pr
op

or
tio

n
of

68
%

Re
d
H
ol
st
ei
n;

H
F:

H
ol
st
ei
n
Fr
ie
si
an
;
BS
:
Br
ow

n
Sw

is
s;
RM

SE
:
ro
ot

m
ea
n

sq
ua
re

er
ro
r;
D
M
I:
dr
y
m
at
te
r
in
ta
ke
;D

M
:d

ry
m
at
te
r;
BW

:b
od

y
w
ei
gh

t;
uC

P:
ut
ili
sa
bl
e
cr
ud

e
pr
ot
ei
n
at

th
e
du

od
en
um

(G
fE

20
01
);
N
D
F:
ne
ut
ra
ld

et
er
ge
nt

fib
re
;N

EL
:n

et
en
er
gy

fo
r
la
ct
at
io
n;

EC
M
:e
ne
rg
y
co
rr
ec
te
d

m
ilk

(G
fE

20
01
).

a–
e L
ea
st

sq
ua
re
s
m
ea
ns

w
ith

in
a
ro
w

an
d
a
fix
ed

ef
fe
ct

w
ith

di
ffe

re
nt

su
pe
rs
cr
ip
ts

di
ffe

r
(p
<
.0
5)
.

ITALIAN JOURNAL OF ANIMAL SCIENCE 7



In the current study, FV and BS produced 12%
more milk than the average Austrian performance-
tested cows of the relevant breeds in 2015. The group
HF produced only 5% more (ZAR 2016). Therefore, FV
and BS had more similarities to HF compared to their
breed averages. This pictured the above-average pro-
duction level of the project farms and the change in
Austrian dairy production towards a more specialised
and intensive one (Knaus 2009, 2016).

Effect of parity and genotype�parity

Parities differed in intake parameters, body weight
and BCS (p< .001), but not in chemical diet compos-
ition (Table 5). Although differences in concentrate
proportion and energy content of the total diet were
statistically significant, they were too small to be of
biological significance. Interaction between genotype
and parity is significant for most parameters except
diet quality (data not shown). However, the order of
genotypes within parity mostly remains the same. In
cases when it did not, differences were numerically
small and not significant.

The effect of parity pictured the growth and aging
of the cows within all genotypes. Estimated intake of
concentrates, forage, crude protein, uCP, energy and
DMI developed in a degressive and simultaneous
increase up to parity 3þ 4. A slight decline to parity
�5 followed. Contrary to ECM and the intake parame-
ters, body weight increased to parity �5, and
BCS decreased.

Cows of parity 3þ 4 had a 2.78 kg higher DMI than
cows of first parity, the concentrate being 0.99 kg.
Kennedy et al. (2003) reported an increase of 4.4 kg to
the third parity, whereas Buckley et al. (2000) observed
only an increase up to second parity. Relative to body
weight we found that cows of parity 3þ 4 only had a
higher DMI of 7.4 g DM compared to first parity cows.
Relative feed intake was slightly lower than in parity 2,
although cows of parity 3þ 4 had a higher milk
performance. Additional requirements for higher milk
yield were not completely met in parity 3þ 4 as
the development of BCS showed, although milk
performance is an important driver of DMI (Kennedy
et al. 2003; Gruber et al. 2004). Due to the similar pro-
portion of concentrate among all parities within geno-
type, the positive effect of higher levels of concentrate
on DMI (Kennedy et al. 2003) is negligible. The lower
DMI per kg body weight of cows in parity �5 can be
explained with higher body weight and lower require-
ments for milk performance. Furthermore, more

frequent diseases in older cows reduce DMI as shown
in several studies on feed intake (Gruber et al. 2004).

Daily ECM increased up to parity 3þ 4 with 29.3 kg,
with the biggest rise between parity 1 and 2. This
agrees with Kennedy et al. (2003) and Gruber and
Stegfellner (2015). In the current study HF had the
highest increase from parity 1 to 3þ 4 with 5.8 kg
ECM, followed by BS with 5.1 kg. The peak in milk per-
formance of FV� RH6.25 and FV� RH12.5 was less
pronounced in parity 3þ 4 than in the other groups.

Body weight grew degressively as reported in
diverse studies (Enevoldsen and Kristensen 1997;
Buckley et al. 2000; Yan et al. 2006). In parity �5 cows
were 100 kg heavier than in the first parity with
644 kg. The specialised dairy groups BS and HF had a
similar body weight in parity 1 with 600 and 606 kg,
but growth was less pronounced in BS (75 vs. 93 kg
difference). All FV groups gained more than 100 kg
and had up to 772 kg in parity �5. This big difference
between young and older cows was not found to be
unusual. Bl€ottner et al. (2011) reported differences of
88 and 100 kg for HF� BS and HF between parity 1
and 3. Buckley et al. (2000) observed 99 kg.
Comparable Austrian studies described a body weight
of 640 to 654 kg for first parity cows and 740 to
757 kg for cows in the last parity classes (Ledinek and
Gruber 2014; Gruber and Stegfellner 2015).

Effect of lactation stage and
genotype� lactation stage

Feed intake parameters, total diet nutrient content,
milk production, BCS, and body weight varied across
stages of lactation (p< .001; Table 6). The interaction
between genotype and stage of lactation was signifi-
cant and is shown in Figure 2. It does not include the
groups FV� RH6.25 and FV� RH12.5, which are similar
to FV, to increase readability of the figure.

Highest estimated DMI (21.49 kg DM/d; 161.8 g/kg
BW0.75) and nutrient intake were reached at lactation
day 71 together with highest quality of total diet and
highest concentrate proportion of 33.1%. Daily ECM
peaked earlier on day 43 with 33.5 kg/d. Forage intake
increased until the end of lactation up to 14.99 kg
DM/d. Despite higher NDF content in the total diet
NDF intake per kilogram of body weight was lower.
This was due to increasing body weight and decreas-
ing milk performance (Figure 2). Feed intake of low
yielding cows was limited by energy requirements
(Mertens 1994). Milk yield and concentrate levels had
been identified as important drivers of DMI before
(Gruber et al. 1995; Kennedy et al. 2003). Yet, the
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lactation stage effects are based on the maintenance
of the physiological state of milk production by home-
orhesis (Bauman and Currie 1980). Hormones like
growth hormone, insulin or insulin like growth factor
and the sensitiveness of body tissue regulate the parti-
tioning of nutrients between body tissue and milk
production (Hart 1983; Vernon and Sasaki 1991).
Furthermore, the change from reproduction to lacta-
tion leads to the observed low DMI close to calving
(Ingvartsen and Andersen 2000). Therefore, milk is

produced (nearly) independently from feed intake in
early lactation. This is only possible via genetically
driven body energy change (Friggens et al. 2007),
insulin resistance, and the uncoupling of the somato-
tropic axis especially in high yielding cows (Lucy et al.
2009). Body weight and BCS mirror the milk perform-
ance curve and show mobilisation and regaining of
body reserves for milk production.

Focusing on the interaction between genotype and
lactation stage (Figure 2), we found that HF with the
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Figure 2. Interaction between genotype and lactation stage for dry matter intake (DMI, BW0.75: metabolic body weight), neutral
detergent fibre (NDF) intake, concentrate proportion, energy corrected milk (ECM) and body condition score (BCS) of Brown Swiss
(BS), Fleckvieh (FV), the selected FV groups with increasing Red Holstein (RH) genes FV� RH25 and FV� RH5075 as well as
Holstein Friesian (HF).
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highest DMI reached its peak intake later at lactation
day 99, while having a nearly constant high concen-
trate level. In later lactation concentrate supplementa-
tions of FV� RH5075, especially of HF, remained at
higher levels in contrast to other genotypes. Daily
ECM decreased more than that of the FV groups up to
an average of 25% RH genes. In a study by Yan et al.
(2006), HF cows produced more milk at a constant
concentrate level than Norwegian cows. However, HF
cows fed high concentrate diet partitioned a higher
proportion of the additional energy intake to milk
energy, particularly in early lactation, compared to
those fed low concentrate diet. But this superiority
drastically declined in late lactation. This corresponded
with the decrease of growth hormone and non-esteri-
fied fatty acids as well as a significant increase of
blood glucoses of high producing cows between lacta-
tion and dry period (Hart et al. 1979). In the current
study, BCS loss of HF was highest of all groups. Body
condition stagnated at its lowest level until DIM 154,
but was regained faster. This led to the same BCS like
shortly after calving on DIM 17. Contrary to this, the
FV groups lost less body reserves and regenerated ear-
lier. Finally, they had a higher body condition in late
lactation than did DIM 17. Cows with high genetic
merit in milk production had a higher loss but a faster
regeneration of body reserves especially in dry period
(Buckley et al. 2000). Similarly, differences between
breeds are based on nutrient partitioning between
milk production and body reserves as reported in sev-
eral studies (Dillon et al. 2003; Yan et al. 2006). The
specialised dairy type HF used high quality diet in late
lactation for regaining depleted body store.

Conclusions

Diet composition showed Austria’s division into agri-
culturally favourable (maize silage-based) and moun-
tainous regions (permanent grassland-based).
Concentrates were fed mostly via feeding station and
adapted to individual requirements. Pure forage diets
and pasture were used rarely. This confirmed that the
project farms belong to the current above-average
production level in Austria following the trend of
Austrian dairy farms towards intensification.

Daily DMI and ECM increased in relation to RH
gene proportion in FV, but were based on higher diet
quality and concentrate intake as well as on a more
intensive BCS loss and later regeneration during lacta-
tion. Average BCS and body weight decreased with
higher RH proportion, but 68% RH genes were neces-
sary to affect body weight toward HF. Although BS is

mainly bred for dairy performance, potential for milk
production seemed to be low to medium. Daily ECM
and DMI were similar to the FV groups up to an aver-
age of 12.5% RH genes. In conclusion, the study con-
ducted created an expanded view of the continuous
spectrum between dual-purpose and dairy breeds
regarding varying metabolism characteristics.
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