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Beef production systems with dairy × beef heifers based on forage and
semi-natural grassland
A. Hessle, F. Dahlström, J. Lans, A. H. Karlsson and A. Carlsson

Department of Applied Animal Science and Welfare, The Swedish University of Agricultural Sciences, Skara, Sweden

ABSTRACT
Beef production on semi-natural grassland provides meat and nature conservation of biodiverse
habitats. In this study, heifers born to a dairy cow and an Angus (ANG) or Charolais (CHA) sire
were allocated to a HIGH or LOW production system, varying in indoor feed intensity, number
of summers on grass and slaughter age. CHA crosses had higher liveweight gain, conformation
score, and proportion of high-value retail cuts than ANG crosses, which had higher scores for
fatness and marbling. The LOW system gave lower liveweight gain and carcasses with lower
fatness scores than the HIGH system. CHA-LOW had leaner carcasses than the other groups. Per
kilogram salable meat produced, ANG-HIGH, CHA-HIGH, ANG-LOW, and CHA-LOW resulted in
18, 15, 58, and 46 m2 grazed semi-natural grassland. These results indicate that dairy × beef
heifers can be used for nature conservation grazing of semi-natural grassland while still
achieving acceptable performance and market-oriented carcass characteristics.
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Introduction

Biodiversity is in critical condition globally (Brondizio et al.,
2019), including in the European Union (EU) (European
Environment Agency, 2020). Natural grassland is among
the EU habitat types showing a strong deteriorating
trend, with 75% of all habitats in poor or very poor con-
dition (European Environment Agency, 2020). In Sweden,
grassland is the most threatened natural habitat (Toräng
& Jacobson, 2019). Grasslands in anthropogenic land-
scapes are often traditional extensively managed semi-
natural areas used for mowing or grazing in low-intensity
livestock systems. The greatest threat to grassland biodi-
versity is cessation of farming and subsequent overgrowth
(European Environment Agency, 2020). Increasing the area
of extensively managed semi-natural grassland has there-
fore been defined as an important measure to prevent
species and habitat losses (European Environment
Agency, 2020). To counteract loss of biodiversity, the Euro-
pean Commission recently proposed a nature restoration
law, passed through the EU Parliament, whereby at least
20% of all grasslands and other habitats must be sub-
jected to restoration measures in coming years (European
Commission, 2022; European Climate, Infrastructure, and
Environment Executive Agency, 2023).

Extensive pasture-based animal husbandry is one of
few agricultural production systems that can increase

biodiversity in a landscape (Eriksson, 2022). The
concept of High Nature Value Farming has developed
from a growing recognition that conservation of biodi-
versity in Europe depends partly on the continuation
of traditional low-intensity farming systems. High
Nature Value Farming is carried out in all European
countries and delivers unique local products (European
Forum on Nature Conservation and Pastoralism, 2023).
Local concepts of beef produced on semi-natural grass-
land have been a niche product for decades, including in
Sweden (e.g. Plateryd, 2004). Business opportunities for
Swedish farmers to produce pasture beef have increased
dramatically in recent years, and there is now a national
third-party certification system for beef and lamb meat
(Svenskt Sigill, 2023). There also is a competitive custo-
mer, as one of the three largest food retailers in
Sweden runs a national concept for pasture beef, for
which consumer demand is steadily increasing (Coop,
2023). In addition to added value of the product,
farmers in Sweden, and in many other European
countries, can receive economic support to keep
grazing livestock on semi-natural grassland (Swedish
Board of Agriculture, 2023).

In the past, most Swedish dairy cows were crossed with
bulls of the same dairy breed, but use of beef breed semen
in dairy cows has almost quadrupled in the past decade,
from 4.2% to 18.3% of dairy cow inseminations (Växa
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Sverige, 2023). Superior weight gain and carcass traits of
dairy × beef crossbred compared to pure-bred dairy
beef, often under intensive rearing and/or with maize-
based feed, has been demonstrated in previous studies
(Jukna et al., 2009; Huuskonen et al., 2013; Mordenti
et al., 2019; Eriksson et al., 2020; McCabe, 2021; Basiel &
Felix, 2022). More extensive rearing of dairy × beef
crossbred steers on forage and semi-natural grasslands
has also been evaluated (Hessle et al., 2019; Holmström
et al., 2021). However, heifers comprise half the offspring
from dairy cow × beef breed crosses, so studies are
needed on dairy × beef heifers in production systems
using semi-natural grassland. The aim of this study was
therefore to investigate the effects of dam breed, sire
breed, and intensity of production system on animal per-
formance and carcass characteristics in dairy × beef heifer
production based on forage and well-managed semi-
natural grassland.

Materials and methods

Experimental design

The experiment was conducted at the SLU Götala Beef
and Lamb Research Centre, Skara, south-western
Sweden (58°42′N, 13°21′E; elevation 150 m asl.) from 9
October 2019 to 20 April 2022, where the experimental
protocol and execution of the study were approved by
the Ethics Committee on Animal Experiments in Gothen-
burg (ID number 002530). During indoor periods, the
animals were kept in groups of six in pens with deep
straw bedding, while during grazing periods all
animals grazed semi-natural grassland.

The animals were followed fromweaning to slaughter
in an experiment with a 2 × 2 × 2 factorial design, com-
paring two sire breeds (Angus (ANG) and Charolais
(CHA)), two dam breeds (Swedish Red (SR) and
Swedish Holstein (SH)) and two production systems
(moderately high (HIGH) and Low (LOW) indoor feed
intensity). Apart from indoor feed intensity, the two pro-
duction systems also differed in terms of slaughter age
and number of summers on grass. The two systems
were chosen to reflect possible rearing strategies com-
bining grazing for nature conservation and production
of market-oriented carcasses. Animals were continu-
ously introduced into the experiment according to
birth date and slaughtered individually when they
reached their target age.

Animals

A total of 72 heifer calves, acquired from commercial
farms, were included in the study. After the colostrum

period, they were housed in groups and fed at least
5 L whole milk and/or milk replacer per day plus ad
libitum tender forage and concentrate. The calves were
dehorned at 6–8 weeks of age and entered the exper-
imental station as weanlings at 11–14 weeks of age.
They were of four different breed combinations, with
18 animals in each group: Angus × Swedish Red,
Angus × Swedish Holstein, Charolais × Swedish Red,
and Charolais × Swedish Holstein. Swedish Red and
Swedish Holstein were choosen as these breeds are
the two most common ones in Sweden, whereas
Angus was choosen to represent an early maturing
beef breed, and Charolais to represent a late maturing
breed. Each calf had a unique dam descending from
32 SR and 38 SH sires (maternal grandsires of the
calves) and they were offspring of a total of eight
different Angus sires and eight different Charolais sires
with genetic merits close to the Swedish average breed-
ing values at this time. Birth date ranged from 19 April to
27 August 2020 for the HIGH group and from 27 June to
8 October 2019 for the LOW group, where the birth date
ranges differed in order to suit the planned slaughter
time slots in the two production systems. All calves
were in good health during both the pre-experimental
and experimental period, and data from all animals
were included in statistical analyses.

Production systems

Half of the calves in each of the four breed groups were
reared in the HIGH production system and the other half
in the LOW system. The HIGH system involved moder-
ately high feed intensity during two indoor periods
with one intermediate grazing period, and slaughter at
20 months of age. The LOW system involved low feed
intensity during three indoor periods with two inter-
mediate grazing periods, and slaughter at 27 months
of age.

Diets during indoor periods

At the start of the study, all animals were fed ad libitum
(defined as 105% of voluntary intake) with total mixed
rations consisting of grass-clover silage, rolled barley,
rolled peas, and rapeseed meal (Tables 1–4). Feed com-
position for each pen was adjusted when the average
liveweight of the two lightest heifers in the pen
reached the minimum weight for the next decrease in
protein/energy ratio according to Swedish recommen-
dations (Spörndly, 2003). For heifers in the LOW
system, forage was fed ad libitum as the sole feed from
225 kg liveweight until slaughter. The forage consisted
of grass-clover silage during the remaining part of
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indoor period 1 and the fully indoor periods 2 and 3
(Table 3), with pasture herbage during the intermediate
grazing periods. The grass-clover silage was taken from
the first and second cuts and consisted of 90–95%
grass (Lolium perenne, Festuca pratensis, Phleum pratense,
Festulolium arundinacea L.) and 5–10% clover (Trifolium
repens, Trifolium pratense) and herbage that was pre-
wilted and chopped before fermentation. A preservative
containing benzoate, nitrite, methenamine, and propio-
nate was used at a rate of 3 L ton−1 herbage (Konsil Ultra,
Konsil Scandinavia, Tvååker, Sweden). The herbage was
harvested at least four months before feeding. Silage
from bunker silos was fed when consumption rate was
fast enough to ensure high hygienic quality, whereas
silage from round bales was fed when there were few
and/or small animals eating the batch.

During the indoor periods, the heifers were fed once a
day. Refusals were weighed and then disposed of three
times a week. Daily feed intake was recorded individually
and continuously using automatic feed mangers placed
on weighing cells (Biocontrol, CRFI, Rakkestad, Norway),
and net average feed consumption per animal was cal-
culated weekly. During the entire experiment, the feed
rations were supplemented with vitaminized minerals
to meet the requirements of the animals (Spörndly,
2003), and all animals had free access to water and salt.

Silage samples for analysis of dry matter (DM) content
were collected daily and pooled to one sample per week,
silage samples for analysis of chemical composition were
taken daily and pooled to one sample per month, and
silage samples for analysis of fermentation quality
were taken weekly and pooled to one sample per silo
or batch of round bales. Samples of barley, peas, and
rapeseed meal were collected weekly and pooled to
one sample per feed and indoor period for analysis of
chemical composition.

Grazing periods

The first grazing period for the heifers in the LOW system
ran fromMay 6 to October 23, 2020. All these heifers were
turned out again for their second grazing period on May
5, 2021, and brought in and housed on an individual basis
eight weeks before their individual slaughter occasion
(from August 3 to November 17, 2021). The single
grazing period for the heifers in the HIGH system ran
from May 5 to September 1, 2021. All heifers in both
systems were kept in one group that was rotated
between four enclosures every 7–14 days. The heifers
were offered water, salt, and a vitaminized mineral sup-
plement ad libitum throughout the grazing periods.

The pasture consisted of permanent, unfertilized semi-
natural grassland with approximately 20% dry, 60%

mesic, and 20% wet areas, where the grassland area was
19.5 ha in 2020 and 37.3 ha in 2021. The pasture was
mainly open, but included small areas of mixed deciduous
trees. The dominant plant species was Deschampsia cespi-
tosa (tufted hairgrass), but Festuca rubra (red fescue) was
also prominently present. In dry areas, F. ovina (sheep’s
fescue), D. flexuosa (wavy hairgrass), Nardus stricta (mat-
grass), and several herb species were abundant. Besides
D. cespitosa and F. rubra, herbs were prevalent in mesic
areas, while D. cespitosa and Cyperaceae (sedges and
rushes) were dominant in wet areas.

Sward height and chemical composition of the
pasture herbage were measured every time the
animals changed enclosures, both in the enclosure
they left and the enclosure they entered. In each enclo-
sure, sward height measurement followed a W-shaped
route according to Frame (1993), with 60–70 recordings
performed with a rising plate meter (0.3 × 0.3 m, weight
430 g). To estimate chemical composition, 12–15
herbage samples were cut with a handheld machine in
3-m diameter circles along the route and pooled to
one sample per month (Figure 1).

Sward height at the end of the grazing periods was
visually determined to be short enough not to accumu-
late litter, and hence qualified for agri-environmental
payments for preserving grassland biodiversity
(Swedish Board of Agriculture, 2023).

Managed grassland area per heifer was estimated
based on pasture area, number of heifers, and individual
animal liveweight, weight gain, and breed (Spörndly,
2003; Table 4).

Chemical analysis

Silage, barley, peas, rapeseed cake, and pasture herbage
samples were analyzed for concentrations of DM, crude
protein (CP), neutral detergent fiber (NDF), and in vitro
organic matter digestibility. The DM concentration in
silage and pasture herbage was determined by drying
at 60°C and 130°C, respectively, for 24 h, while ash
content was determined by incineration at 550°C for
5 h. Crude protein was determined according to
Dumas (1831) and NDF according to Chai and Udén
(1998). Metabolizable energy (ME) concentration in
silage and pasture herbage was calculated based on in
vitro disappearance of rumen organic matter according
to Lindgren (1979), and ME concentration in barley,
peas, and rapeseed cake was calculated according to
Axelsson (1941). Concentrations of starch and crude fat
were determined in barley, peas, and rapeseed cake
(Åman & Hesselman, 1984; EU Council Directive 1998/
64/EC, 1998). In addition, silage samples were analyzed
for pH and concentration of ammonium-nitrogen
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(NH4-N) (Tecator Kjeltec Auto sample system 1035 Ana-
lyzer, Tecator Inc., Höganäs, Sweden; Andersson &
Hedlund, 1983).

The chemical composition of the grass-clover silages
and concentrates fed during indoor periods is shown in
Tables 2 and 3, while the chemical composition of the
pasture herbage is shown in Figure 1.

Carcass measurements

The heifers were transported to a local commercial abat-
toir for slaughter. After slaughter, the carcasses were
divided along the vertebral column and weighed. The
cold carcass weight was estimated as 0.98 × hot

carcass weight. Carcass conformation and fat cover
were graded according to the European Union Carcass
Classification Scheme (EUROP; Council of the European
Union, No 1234/2007; Commission of the European
Union, No 1249/2008). In assessing conformation, i.e.
development of the carcass profile, the round, back,
and shoulder in particular were taken into consideration
according to the EUROP classification system (E: excel-
lent, U: very good, R: good, O: fair, P: poor). In assessing
fat cover, the amount of subcutaneous fat and fat depos-
its in the thoracic cavity were taken into account, using a
classification range from 1 to 5 (1: low, 2: slight, 3:
average, 4: high, 5: very high). Based on the Swedish
system (SJVFS 127, 1998), each level of the conformation
and fatness scales was subdivided into three sub-classes

Table 1. Proportion (% of dry matter) of grass-clover silage, rolled barley, rolled peas, and cold-pressed rapeseed cake in the total
mixed ration fed to dairy × beef heifers at different liveweights in production systems with moderately high (HIGH) or low (LOW)
indoor feed intensity (IP = indoor period, IP3 for LOW only).

Liveweight, HIGH LOW

kg Silage Barley Peas Rapeseed cake Silage Barley Peas Rapeseed cake

<125 50 0 25 25 58 14 14 14
125–175 70 0 15 15 73 9 9 9
175–225 80 0 10 10 94 6 0 0
225+ in IP1 100 0 0 0 100 0 0 0
225+ in IP2+3 80 20 0 0 100 0 0 0

Table 2. Chemical composition of rolled barley, rolled peas, and
cold-pressed rapeseed cake (n = 1) fed to dairy × beef heifers in
production systems with moderately high (HIGH) or low (LOW)
indoor feed intensity (DM = dry matter, ME = metabolizable
energy, CP = crude protein, NDF = neutral detergent fiber).

Item, kg−1

DM

HIGH LOW

Barley Peas
Rapeseed
cake Barley Peas

Rapeseed
cake

DM, g
kg−1

854 870 889 869 852 889

ME, MJ 13.4 13.6 15.2 13.4 14.0 15.2
CP, g 109 194 335 145 221 335
NDF, g 197 223 277 193 197 277
Starch, g 492 506 29 574 522 29
Crude fat,
g

24 22 155 30 20 155

Ash, g 21 29 64 32 28 64

Table 3. Chemical composition of grass-clover silage fed during indoor period (IP) 1, 2, and 3 to dairy × beef heifers in production
systems with moderately high (HIGH) or low (LOW) indoor feed intensity (s.d. = standard deviation, DM = dry matter, ME =
metabolizable energy, CP = crude protein, NDF = neutral detergent fiber, NH4-N = ammonium-nitrogen).

Item, kg−1 DM

HIGH LOW

IP1 IP2 IP1 IP2 IP3

Mean s.d. n Mean s.d. n Mean s.d. n Mean s.d. n Mean s.d. n

DM, g kg−1 354 77 40 425 63 38 506 131 32 296 10 40 502 39 24
ME, MJ 11.8 0.1 9 10.5 0.2 7 10.6 0.2 7 10.3 0.7 7 10.3 0.3 5
CP, g 144 7 9 141 7 7 166 23 7 138 8 7 123 15 5
NDF, g 467 14 9 512 11 7 454 19 7 576 52 7 476 20 5
Ash, g 64 4 9 76 7 7 81 8 7 68 3 7 79 4 5
pH 4.7 0.7 2 4.9 0.2 2 5.2 0.4 2 4.6 0.5 3 5.0 0.4 3
NH4-N, g

a 158 40 2 258 17 2 163 72 2 186 43 3 204 32 3
aIncluding N from the silage additive.

Table 4. Feed amounts and areas used to dairy × beef heifers
with two sire breeds (Angus (ANG) or Charolais (CHA)) in
production systems with moderately high indoor feed
intensity and 20 months slaughter age (HIGH) or low indoor
feed intensity and 27 months slaughter age (LOW), (DM = dry
matter, ha = hectare).

Item

HIGH LOW

ANG CHA ANG CHA

Grass-clover silage, kg DM 2881 3019 3737 3910
Barley, kg 753 796 92 82
Peas, kg 194 142 62 52
Rapeseed cake, kg 199 145 64 54
Arable land for silage making, ha 0.41 0.43 0.53 0.56
Semi-natural grasslands for
grazing, ha

0.36 0.33 1.32 1.14
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(e.g. O−, O, O+; 3−, 3, 3+) to produce a transformed scale
ranging from 1 to 15, with 15 being the best confor-
mation and highest fatness.

After cooling for two days at +2–4°C, the carcasses
were split into fore- and hindquarters between the 10th
and 11th ribs. Marbling was determined visually on
right hindquarters in musculus (M.) longissimus dorsi on
a 10-point scale with steps of 0.5 from 1 (no marbling)
to 5 (slightly abundant), based on the USDA standard
(United States Department of Agriculture, 2018). The
right hindquarter from each animal was weighed, as
were seven high-value retail cuts: strip loin
(M. longissimus dorsi), fillet (M. psoas major), topside
(M. semimembranosus), outside round (M. biceps
femoris), eye of round (M. semitendinosus), top rump
(M. quadriceps femoris), and rump steak (M. gluteus
medius). Trim fat, bones, and two commercially defined
cuts from the hindquarter (grade 2 and grade 3 bone-
free mincing and stewing meat, assumed to contain
10% and 23% fat, respectively) were also weighed. Trim
fat was defined as subcutaneous and intermuscular fat

deposits separable with a knife in a standardized
cutting procedure. Bones were weighed together with
closely bound connective tissue capsules and without
extra cleaning of the bones. Dressing proportion (cold
carcass weight:liveweight ratio) and proportion of retail
cuts, trim fat, bones, and the two commercial cuts from
the hindquarter were calculated.

Statistical analysis

The data were analyzed with the Mixed procedure in SAS
(2018), where the individual animal was regarded as
nested within its pen. To assess the variation in birth
date between the animals, relative age was included as
a covariate in the model:

yijkl = m+ ai + bj + gk + abij + agik + bg jk + abgijk

+ cl + covijkl + eijklm

where µ is the population mean, αi is the fixed effect of
sire breed, βj is the fixed effect of dam breed, γk is the
fixed effect of production system, αβij is the interaction

Figure 1. Herbage concentrations of crude protein (CP), metabolizable energy (ME), and neutral detergent fiber (NDF), and sward
height in Deschampsia cespitosa-dominated semi-natural grassland grazed from May until October by dairy × beef heifers in pro-
duction systems with moderately high (HIGH) or low (LOW) feed intensity. 2020 was the first grazing period for heifers in the
LOW system, while 2021 was the second grazing period for heifers in the LOW system and the first for heifers in the HIGH system.
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between sire breed and dam breed, αγik is the interaction
between sire breed and production system, βγjk is the
interaction between dam breed and production system,
αβγijk is the interaction between sire breed, dam breed,
and production system, cl is the random effect of pen,
covijkl is the covariate relative age (i.e. number of days
each individual heifer is born later than the oldest heifer
in the production system), and eijklm is the error term.

Dietary intake data were analyzed separately for each
indoor period. Liveweight gain data were analyzed for
each indoor and grazing period, and also averaged
over the rearing period from weaning to slaughter.
Means were compared pairwise using LSD0.05-tests,
adjusted by the method of Kenward and Roger (2009),
and differences were considered significant at p < 0.05
or showing a tendency for significance at 0.05 < p < 0.10.

Results

In general, sire breed and production system had the
greatest effects on performance of the beef heifers

(Tables 4 and 5). Dam breed effected only a few traits
and is therefore presented in text and footnotes only.
No two-way interaction with dam breed was observed,
but three-way interactions between dam breed, sire
breed, and production system were found for energy
intake in relation to liveweight gain during indoor
period 1 (p = 0.0424) and total liveweight gain from
weaning to slaughter (p = 0.0159).

Dietary intake, liveweight gain, and feed
efficiency

The CHA crosses had higher weight at the start of indoor
period 1 (128 vs. 113 kg) and 2 (420 vs. 387 kg) than ANG
crosses (Table 5). In relation to liveweight, average daily
DM intake in CHA crosses was lower than in ANG crosses
during indoor period 1 (2.80 vs. 2.96%) and 2 (2.19 vs.
2.32%) and it also tended to be lower during indoor
period 3, although daily intake expressed in kg DM
was higher in CHA crosses than in ANG crosses during
the latter period (Table 5). Aside from a tendency for
higher liveweight gain in CHA crosses compared with

Table 5. Daily feed intake (I = intake; DM = dry matter; NDF = neutral detergent fiber), daily liveweight (LW) gain, and feed efficiency
(FE; MJ = megajoule metabolizable energy) of dairy × beef heifers (n = 18) with two sire breeds (Angus (ANG) or Charolais (CHA)) in
production systems (System) with moderately high indoor feed intensity and 20 months slaughter age (HIGH) or low indoor feed
intensity and 27 months slaughter age (LOW). Least square means, pooled standard error of the mean (s.e.), and significance of
the main effects of sire breed, production system, and their interaction.

Item

HIGH LOW

s.e.

Level of Significance

ANG CHA ANG CHA System Sire S × S

Indoor period 1
Initial LW, kg 112a 130b 114a 126b 2.3 ns 0.0005 ns
Dietary I, kg DM 7.19a 7.29a 5.97b 6.28b 0.14 <0.0001 ns ns
Dietary I, % of LW 3.01a 2.73b 2.90ab 2.86ab 0.04 ns 0.0114 0.0585
I of NDF, % of LW 1.21 1.15 1.14 1.15 0.02 ns ns ns
LW gain, kg day−1 1.20 1.21 1.15 1.17 0.02 0.0772 ns ns
FEa, MJ kg gain−1 77.2a 74.5a 62.8b 64.3b 1.0 <0.0001 ns ns
Grazing period 1
Initial LW, kg 395a 430b 303c 320c 4.8 <0.0001 0.0032 ns
LW gain, kg day−1 −0.16a −0.09a 0.58b 0.65b 0.03 <0.0001 0.0773 ns
Indoor period 2
Initial LW, kg 376c 412ab 398b 427a 4.7 0.0186 0.0002 ns
Dietary I, kg DM 12.63a 13.37a 10.27b 10.06b 0.24 <0.0001 ns ns
Dietary I, % of LW 2.53a 2.42a 2.12b 1.97b 0.04 <0.0001 0.0359 ns
I of NDF, % of LW 1.06a 1.02a 1.21b 1.12ab 0.02 0.0019 0.0955 ns
LW, kg day−1 1.50a 1.56a 0.89b 0.82b 0.03 <0.0001 ns ns
FE, MJ kg gain−1 101.8a 101.7a 124.8b 130.5b 2.9 <0.0001 ns ns
Grazing period 2
Initial LW, kg – – 586 605 10.7 – ns –
LW gain, kg day−1 – – 0.31 0.37 0.27 – ns –
Indoor period 3
Initial LW, kg – – 634 662 11.2 – ns –
Dietary I, kg DM – – 12.2a 13.2b 0.27 – 0.0239 –
Dietary I, % of LW – – 1.81 1.88 0.03 – 0.0910 –
I of NDF, % of LW – – 0.87 0.89 0.02 – ns –
LW gain, kg day−1 – – 1.25 1.35 0.08 – ns –
FE, MJ kg gain−1 – – 116.1 117.7 5.1 – ns –
From weaning to slaughter
LW gaina, kg day−1 0.99a 1.04b 0.80c 0.83c 0.01 <0.0001 0.0153 ns

Note: aWithin the four sire breed × production system combinations, nine of the heifers had a Swedish Red dam and nine a Swedish Holstein dam. The Holstein
crosses gained more weight (0.90 vs. 0.93 kg day−1; p = 0.0156) and tended to consume less energy relative to weight gained (p = 0.0596) than the Swedish
Red crosses. Three-way interactions for sire breed, dam breed, and production system were found for feed efficiency (p = 0.0424) and liveweight gain (p =
0.0159).

110 A. HESSLE ET AL.



ANG crosses during grazing period 1, no effect of sire
breed on liveweight gain during any specific period
could be found. However, for the entire rearing period
from weaning until slaughter, CHA crosses had higher
daily liveweight gain than ANG crosses (0.93 vs. 0.89 kg).

The SH crosses had higher overall daily liveweight
gain from weaning until slaughter than SR crosses
(0.93 vs. 0.90 g; p = 0.0156) and also tended to have
higher feed efficiency during indoor period 1 (p =
0.0596).

Heifers in the HIGH system had higher DM intake than
heifers in the LOW system during indoor period 1 (7.24
vs. 6.13 kg) and 2 (11.71 vs. 11.45 kg). During indoor
period 2, intake of DM (2.47 vs. 2.04%) and NDF (1.16
vs. 1.04%) expressed in relation to liveweight were also
higher for heifers in the HIGH system than for heifers
in the LOW system. Energy intake in relation to weight
gain was higher in the HIGH system than in the LOW
system during indoor period 1 (75.9 vs. 63.5 MJ ME kg
gain day−1), whereas it was lower in the HIGH system
during indoor period 2 (101.7 vs. 127.7 MJ ME kg gain
day−1). Heifers in the HIGH system tended to show
higher liveweight gain during indoor period 1 than
heifers in the LOW system. This higher liveweight gain
was followed by lower weight gain during the sub-
sequent first grazing period 1 (−0.128 vs. 0.611 kg
day−1). For the heifers in the LOW system, this period
was in year 2020, when the average sward height was
6.2 cm and the stocking rate was 690 kg liveweight
ha−1. For the heifers in the HIGH system, their first
grazing period in year 2021 corresponded to an
average sward height of 4.3 cm and the stocking rate
740 kg liveweight ha−1 (Figure 1). During the sub-
sequent indoor period 2, heifers in the HIGH system
gained more weight than heifers in the LOW system
(1.53 vs. 0.85 kg day−1). During indoor period 2, there
was a tendency for an interaction between production
system and sire breed (p = 0.0903), with ANG crosses
gaining more weight than CHA crosses in the LOW
system, but less weight than CHA crosses in the HIGH
system (Table 5). For the entire rearing period from
weaning until slaughter, heifers in the HIGH system
gained 1.01 kg day−1, whereas heifers in the LOW
system gained 0.82 kg day−1 (p < 0.0001).

Carcass characteristics

Sire breed influenced almost all carcass characteristics
(Table 6). Thus CHA crosses were heavier (liveweight
at slaughter 708 vs. 670 kg, carcass weight 360 vs.
337 kg) and had higher conformation score (7.2 vs.
6.6), but lower scores of fatness (9.3 vs. 10.1) and mar-
bling (1.7 vs. 3.0), than ANG crosses. At cutting up,

CHA crosses had higher proportions of retail cuts
(38.9 vs. 35.8%) and bones (19.7 vs. 19.0%), but a
lower proportion of trim fat (11.6 vs. 16.1%), than
ANG crosses.

SH crosses had a lower proportion of bones in the
hindquarter (19.0 vs. 19.6%, p = 0.0202) than SR
crosses. In addition, SH crosses tended to have higher
liveweight at slaughter (p = 0.0872), carcass weight (p
= 0.0966), conformation score (p = 0.0513), and pro-
portions of retail cuts (p = 0.0993) and grade 2 meat
assortment (p = 0.0632), but lower proportion of grade
3 meat assortment (p = 0.0518), than SR crosses.

Heifers in the LOW system, which had a long rearing
period and low indoor feed intensity, had heavier car-
casses (362 vs. 335 kg) with lower dressing proportion
(50.2 vs. 51.0%), and less fatness (9.2 vs. 10.2) and mar-
bling (2.1 vs. 2.6) scores, than the heifers in the HIGH
system, which had a shorter rearing and higher indoor
feed intensity (Table 6). Consequently, the hindquarters
of heifers in the LOW system contained less trim fat (12.4
vs. 15.3%) and a tendency for less grade 3 meat assort-
ment, but more retail cuts (38.3 vs. 36.4%), grade 2
meat assortment (20.4 vs. 18.9%), and bones (19.7 vs.
18.9%), than the hindquarters of heifers in the HIGH
system.

Three two-way interactions between sire breed and
production system were identified: (i) CHA crosses had
lower fatness score than ANG crosses in the LOW
system, whereas no sire breed effect was seen in the
HIGH system (Table 6); (ii) the hindquarters of CHA
crosses contained higher proportions of retail cuts and
grade 2 meat assortment in the LOW system compared
with the HIGH system, whereas there was no effect of
production system on the proportion of retail cuts or
grade 2 meat assortment in ANG crosses (Table 6).

Discussion

This study examined the potential for combining pro-
duction of high-quality carcasses from dairy x beef
heifers with conservation grazing of biodiverse semi-
natural grasslands. There are differences in the pro-
portions of muscle and fat deposited in cattle of
different breeds, with higher conformation score for
Charolais animals (Chapple et al., 2000; Huuskonen
et al., 2013; Basiel & Felix, 2022), as also found for CHA
crosses in the present study. This was reflected in a
greater proportion of valuable retail cuts and a smaller
proportion of bones compared with ANG crosses. Thus
the greater muscle proportions in CHA crosses com-
pared with ANG crosses gave a more valuable carcass,
expressed as kg saleable meat. On the other hand, cross-
breds with early-maturing breeds, such as Angus, in
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general deposit a higher proportion of fat than cross-
breds with late-maturing beef breeds (Chapple et al.,
2000; Huuskonen et al., 2013; Eriksson et al., 2020;
Basiel & Felix, 2022). In the present study, this was
reflected in higher scores for fatness, trim fat, and visu-
ally estimated marbling (intramuscular fat) in
M. longissimus dorsi in ANG crosses than in CHA
crosses, in accordance with Gault et al. (2015). More
marbling could result in higher and less variable
eating quality in beef from ANG crosses, but also
more tender and juicy meat (Corbin et al., 2015).
Breed had a more pronounced main effect on the
amount of trim fat than on the fatness score (Table
6), although fatness scoring is based on estimated
amount of trim fat (SJVFS 127, 1998). This is because
the relationship between fatness score and amount
of trim fat is not linear, with each unit increase in
fatness score up to a value of 7 representing one per-
centage unit more trim fat in the carcass, whereas
each unit increase in fatness score from 8 upwards
represents two percentage units more trim fat (SJVFS
127, 1998).

The LOW system generally resulted in leaner car-
casses with lower fatness and marbling (tendency
only) scores and lower proportions of trim fat and fat
meat assortment (tendency only) than the HIGH
system (Table 6). The CHA crosses had lower fatness
score than ANG crosses in the LOW system, whereas
no breed effect was found in the HIGH system. Carcasses
from CHA crosses also contained higher proportions of
lean meat in the LOW compared with the HIGH

system, whereas no such effect of production system
was found in ANG crosses (Table 6). Hence, CHA
crosses in the LOW system differed from the other
three animal groups (CHA-HIGH, ANG-LOW, ANG-HIGH)
in having low fatness and marbling (tendency only)
scores, low proportions of trim fat and fat meat assort-
ment (tendency only), but high proportions of retail
cuts, lean meat assortment, and bone. These results indi-
cate that CHA crosses in the LOW system were slaugh-
tered at an earlier stage of maturity than heifers in the
other three groups.

The results obtained reflected the difficulty in obtain-
ing a market-oriented carcass regarding weight and
fatness score in dairy × beef heifer production, especially
at high indoor feed intensity. Carcasses from all heifers
reached at least conformation score O−, qualifying
them for the premium price in the current Swedish
market (Skövde slakteri, 2023) and all except one
heifer from the HIGH system reached the desired
carcass weight range (275–424.9 kg). However, 25% (18
heads) of the heifer carcasses were too fat to qualify
for the premium price according to the present
payment criteria (fatness score 2 to 4−; Skövde slakteri,
2023). Fourteen of the 18 excessively fat carcasses
were from the HIGH system and represented the four
breed combinations equally. Carcasses graded as exces-
sively fat had an average marbling score of 2.8, which
can be compared with the average marbling score in
heifers qualifying for the premium price of 2.2. This
demonstrates the challenge in producing well-marbled
retail cuts without much of the energy in animal feed

Table 6. Carcass characteristics of dairy × beef heifers (n = 18) with two sire breeds (Angus (ANG) or Charolais (CHA)) in production
systems with moderately high indoor feed intensity and 20 months slaughter age (HIGH) or low indoor feed intensity and 27 months
slaughter age (LOW). Least square mean, pooled standard error of the mean (s.e.), and significance of the main effects of sire breed,
production system, and their interaction.

Item HIGH LOW

s.e.

Level of Significance

ANG CHA ANG CHA System Sire S × S

Slaughter
Liveweight, kg 634c 678b 705ab 738a 8.5 <0.0001 0.0059 ns
Carcass weight, kg 322c 348b 352ab 372a 4.6 0.0011 0.0084 ns
Dressing, % 50.8ab 51.3a 50.0b 50.4a 0.23 0.0295 ns ns
Conformationa 6.7a 7.3b 6.6a 7.1ab 0.12 ns 0.0055 ns
Fatnessb 10.4a 10.1a 9.8a 8.6b 0.15 0.0005 0.0020 0.0401
Marblingc 3.3a 2.0bc 2.7ab 1.5c 0.18 0.0561 0.0001 ns
Cutting up
HQd, kg 80.6a 89.8b 89.8b 93.7b 1.07 0.0010 0.0007 ns
Retail cutse, % of HQ 35.3c 37.5b 36.3bc 40.3a 0.29 0.0006 <0.0001 0.0458
Grade 2 meat ass.f, % of HQ 19.3a 18.5a 19.5a 21.2b 0.35 0.0136 ns 0.0272
Grade 3 meat ass.g, % of HQ 9.8ab 11.0a 9.6ab 8.7b 0.41 0.0601 ns 0.0838
Trim fat, % of HQ 17.0a 13.7b 15.2ab 9.6c 0.50 0.0013 <0.0001 ns
Boneh, % of HQ 18.6c 19.2bc 19.3b 20.2a 0.16 0.0033 0.0076 ns

Note: aEUROP system: 6 = O+, 7 = R-, 8 = R. bEUROP system: 8 = 3, 9 = 3+, 10 = 4-. cVisually determined in Musculus longissimus dorsi between the 10th and
11th ribs on a scale 1 = lean and 5 = well-marbled. dRight hindquarter (HQ). eHigh-value retail cuts; strip loin, fillet, topside, outside round, eye of round, top
rump, and rump steak. fCommercial meat cuts estimated to contain 10% fat. gCommercial meat cuts estimated to contain 23% fat. hWithin the four sire breed
and production system combinations, nine of the heifers had a Swedish Holstein dam and nine a Swedish Red dam, which had 19.0% and 19.6% bone,
respectively (p = 0.0202). Swedish Holstein crosses also tended to have higher liveweight at slaughter (p = 0.0872), carcass weight (p = 0.0966), conformation
score (p = 0.0513), and proportions of retail cuts (p = 0.0993) and grade 2 meat assortment (p = 0.0632), but a lower proportion of meat assortment grade 3
(p = 0.0518), in HQ.
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ending up in excessive fat deposits that are penalized by
lower carcass price. However, it should be noted that
fatness score up to 4+ qualifies for the premium price
in periods of shortage of bovine carcasses, resulting in
all heifers in the present study qualifying for the
higher price. The extra payment for certified pasture
beef, corresponding to 10% of the official price, might
also outweigh possible deductions due to fatness
(HKScan, 2023).

Increased indoor feed intensity (HIGH system)
resulted in higher dietary intake expressed as kg DM
day−1 during indoor period 1 (18%) and indoor period
2 (28%) than in the LOW system. This difference was
partly due to heifers in the HIGH system being born on
average 1.6 months earlier in the year, so although the
initial age was the same, their first indoor period was
longer and the animals were therefore on average
older and larger than heifers in the LOW system during
this period. Hence, when expressed as a proportion of
liveweight, no difference in feed intake was found
between the systems. The different initial age and live-
weight, and the supposed accomplished increased pro-
portion of liveweight gain as energy-demanding fat
deposits and not muscles, also explain why heifers in
the HIGH system showed lower feed efficiency than
heifers in the LOW system during this period (Table 5).
In contrast, dietary intake, liveweight gain, and feed
efficiency were higher for heifers in the HIGH system
than the LOW system during indoor period 2 (Table 5).
This was due to the different feed rations in the two
systems, as the average liveweights at this time were
quite similar (525 vs. 505 kg). Breed effects on dietary
intake were related to the higher liveweight of CHA
crosses compared with ANG crosses. At the start (2.7–
3.9 months old), average liveweight of CHA crosses
was 18 kg higher than for ANG crosses, and at slaughter
this breed difference had increased to 39 kg across the
two feed intensities, which is similar to findings in pre-
vious studies (Huuskonen et al., 2013; Eriksson et al.,
2020). The heavier CHA crosses had higher dietary
intake, expressed as kg day−1 than ANG crosses during
indoor period 3, whereas the lighter ANG crosses had,
or tended to have, higher intake in relation to liveweight
during all three indoor periods. An interaction between
sire breed and production system on feed efficiency was
anticipated, with ANG crosses being more efficient in the
LOW system and CHA crosses being more efficient in the
HIGH system (Webster, 1989). No such interaction was
found, possibly due to effects of the grazing periods
between the indoor periods or to too few individuals
per group to show an effect. There was however a ten-
dency for a similar interaction during indoor period 2,
when ANG crosses tended to gain more than CHA

crosses in the LOW system, whereas the CHA crosses
tended to gain more than ANG crosses in the HIGH
system.

Heifers in the HIGH system did not gain any weight
during their single grazing period, whereas 24–27% of
the lifetime weight gain was obtained from pasture for
heifers in the LOW system. Heifers in the LOW system
had 100 kg lower liveweight at turn-out to pasture in
grazing period 1 compared with heifers in the HIGH
system, but showed compensatory growth and had
similar weight as heifers in the HIGH system at housing
(Table 5). In previous studies, young cattle with low
indoor feed intensity have been found to regain about
half of their lost liveweight gain during their recovery
period on pasture (Wright et al., 1989; Hessle et al.,
2007; Hessle et al., 2011). Heifers in the LOW system in
the present study regained all their lost weight on
pasture compared with heifers in the HIGH system, but
as the heifers in the two systems did not have their
first period of grazing during the same year, direct com-
parison is difficult.

Swedish Holstein is a larger-sized breed than Swedish
Red, resulting in SH crosses in the present study having
higher liveweight gain and a tendency for higher carcass
weight than SR crosses (Table 5), which is in accordance
with findings in a study on all Swedish cattle of dairy ×
beef breed slaughtered 2000–2015 (Eriksson et al.,
2020). Swedish Red is regarded as a dual-purpose
breed, traditionally bred for both milk and beef pro-
duction. Accordingly, Eriksson et al. (2020) found that
Swedish Red heifers in their dataset had on average
higher conformation score than Holstein heifers (score
4.5 vs. 3.8), which also was the case for dairy × beef
crosses of the two breeds. Although there is an
ongoing negative trend for conformation score in both
Swedish Holstein and Swedish Red, one year ago the
average score for female dairy × beef crosses with
Swedish Red (6.6) was still higher than that for female
dairy × beef crosses with Holsteins (6.2) (Nordic Cattle
Genetic Evaluation, 2023). The opposing results found
in the present study, where SH crosses tended to have
higher conformation score and more lean meat (retail
cuts and meat assortment 2) than SR crosses (Table 6),
cannot be explained. No difference in marbling score
was found between SR and SH crosses, which is in agree-
ment with results in a previous study on maternal grand-
sire effects (Casas & Cundiff, 2006).

Although the heifer groups did not all gain weight on
pasture, all contributed to management of semi-natural
grasslands. Managed grassland area per heifer was 0.36,
0.33, 1.32, and 1.14 ha for ANG-HIGH, CHA-HIGH, ANG-
LOW, and CHA-LOW, respectively (Table 4). Saleable
meat was measured directly in the hind quarters (sum
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of retail cuts and meat assortments; Table 6) and esti-
mated for the fore quarters based on Hansson (1989).
Combining the data on grassland area and amount of
saleable meat, production of one kg meat resulted in
management of 16 m2 semi-natural grassland in the
HIGH system and 52 m2 in the LOW system, and ANG
crosses gave a slightly larger grazed area than CHA
crosses (18 vs. 15 m2 per kg in the HIGH system, 58 vs.
46 m2 per kg in the LOW system).

Liveweight gain was lower during the grazing periods
than during both indoor periods, especially in year 2021,
which was the first grazing period for heifers in the HIGH
system and the second grazing period for heifers in the
LOW system (Table 5). The energy concentration in
herbage on semi-natural grasslands is often low, particu-
larly for Deschampsia cespitosa (Andersson, 1999), the
grass species dominating pasture in this study.
However, the concentration of metabolizable energy
was roughly the same in the pasture herbage and in
the grass-clover silage, at least during early summer,
and the concentration of NDF was also similar (Table 3,
Figure 1). Quantity, and not quality, was probably the
limiting factor for the low weight gain in 2021, as
average sward height on the pasture was 4.3 cm, com-
pared with 6.2 cm in 2020, when the weight gain was
higher. Low sward height (<6 cm) on semi-natural grass-
lands has previously been shown to restrict weight gain
in growing cattle (Spörndly et al., 2000). Similar results
have been reported in earlier studies of growing cattle
grazing the same pastures as in the present study
(Hessle et al., 2007; Hessle et al., 2011; Hessle et al.,
2019). Although weight gain on pasture was most
likely restricted by insufficient herbage mass, decreasing
the stocking rate would not improve the production
system as a whole since short sward height at the end
of the grazing period is required to obtain the agri-
environmental payment for semi-natural grassland
(Swedish Board of Agriculture, 2023). Although sward
height was unnecessarily low at the end of the grazing
periods (4 cm), the optimal sward height on semi-
natural grasslands is generally a trade-off between
beef production and nature conservation aspects,
which has to be considered in multifunctional grazing
aiming at both human food and nature conservation.

This study showed that high carcass quality and pres-
ervation of semi-natural grasslands can be achieved suc-
cessfully in a beef production system. The results also
indicated that low indoor feed intensity is most appro-
priate in production systems using cattle for nature con-
servation grazing on semi-natural grasslands, because it
(i) results in higher weight gain on pasture, (ii) reduces
the risk of excessively fat carcasses, and (iii) results in sig-
nificantly larger grazed grassland area per animal.

Special care must be taken when using crossbreds of
late-maturing breeds in low-intensity systems, as they
might need a longer rearing period than early-maturing
breeds to express their genetic growing potential and
produce sufficient fat deposits to give high eating
quality.

Conclusions

In beef production from dairy × beef heifers on semi-
natural grassland, lower indoor feed intensity combined
with higher slaughter age results in a larger grazed area
and leaner carcasses than higher indoor feed intensity
combined with lower slaughter age, where the carcasses
may be too fat. However, at low feed intensity crossbred
heifers of late-maturing beef breeds, such as Charolais,
may need to be kept to higher slaughter age than in
this study (27 months) in order to fully utilize their
growing potential and deposit fat. Overall, beef pro-
duction with dairy × beef heifers based on forage and
semi-natural grasslands is a multifunctional system
where nature conservation effects of grazing and
market-oriented carcasses simultaneously can be
achieved.
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