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Abstract
The aim of this study was to determine the effects of rearing system and feeding intensity on the 
fattening performance and slaughter value of 38 young crossbred bull calves. The calves were 
raised naturally with nurse cows (NC) or were fed milk replacer (MF) until 150 days of age. Dur-
ing the rearing period the NC calves were healthier and had higher average daily gain (by 0.15 kg) 
compared to the MF calves. After a 30-day transition period, the animals were fattened in intensive 
(I) and semi-intensive (SI) systems from 181 to 560 days of age. During the fattening period, the 
bulls were fed ad libitum a total mixed ration (TMR) composed of grass silage and concentrate. The 
concentrate to silage ratio, on a DM basis, was 25:75 (SI) and 40:60 (I). The MF calves had lower 
BW at the end of the fattening period compared to the NC calves but the rearing system had no ef-
fects on daily gain during the fattening period. Compensatory growth was not observed during fat-
tening. During the fattening period, a higher proportion of concentrate in the ration contributed 
to higher feed intake, higher feed efficiency and more desirable carcass characteristics. Three-rib 
cuts from the carcasses of the I bulls had significantly (P<0.05) higher fat content and lower bone 
content compared to the carcasses of the SI bulls. The longissimus thoracis muscle of the I bulls had 
higher (P<0.01) intramuscular fat content compared to the SI bulls.
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In the countries where beef cattle populations are small, beef is produced in dairy 
cattle herds. Beef production is based mainly on young bulls, culled cows and, to  
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Production in Poland in accordance with the “From Farm to Fork” Strategy co-financed by the European 
Regional Development Fund under the Innovative Economy Operational Program 2007–2013.
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a lesser extent, heifers (Nogalski et al., 2014 a). In order to receive higher prices for 
calves, selected dairy cows and heifers are inseminated with the semen of beef bulls 
(Purwin et al., 2016). Several-day-old calves are purchased by farmers who special-
ize in cattle fattening. Dairy × beef crosses are preferred due to their higher fattening 
performance and more desirable carcass characteristics compared with pure dairy 
breeds (Nogalski et al., 2013; Huuskonen et al., 2014). 

The calves are usually reared with the use of automatic computer-controlled calf 
feeding machines. Automatic feeders have the advantage of mixing and delivering 
warm milk to the calf several times a day according to a set program, and very low 
labor requirements – 80% saving compared with twice day feeding. Calves kept in 
group pens are characterized by higher body weight (BW) gains than those kept in 
individual pens (Bernal-Rigoli et al., 2012). The disadvantage of automatic feeders 
is their high cost. Increased litter moisture and a higher incidence of pneumonia 
are more frequently encountered in calves housed in groups (Wielgosz-Groth et al., 
2017). Large numbers of calves in one group and feeding all calves from the same 
teat increase the risk of cross infection (Klein-Joebstl et al., 2015). Although the 
suckling of own mother is regarded as the most natural suckling system, farmers 
often adapt their suckling systems to calves suckling nurse cows. This solution is 
particularly popular in the rearing of calves produced by mating dairy cows with beef 
bulls on small farms. In such a rearing system, a nurse cow feeds her own calf and 
an extra calf (Vaarst et al., 2001). According to Wolcott et al. (2010), the duration of 
natural suckling (age at weaning) has no influence on the post-weaning growth rate, 
feed efficiency or carcass quality. However, it is generally recognized that severe 
pre-weaning nutritional restriction limits the capacity of cattle to exhibit compensa-
tory growth and achieve equivalent weight for age in later life (Hearnshaw, 1997). 

Intensive feeding and individual housing during the first three weeks of calves’ 
life have positive long-term effects on subsequent performance (Maccari et al., 
2015). Reddy et al. (2017) found that metabolic imprinting in response to nutri-
tional stimulation during early life through the application of readily digestible high 
energy diets for calves, altered meat quality parameters in later life, in particular 
fatness scores. Intensive feeding requires larger amounts of more expensive feeds, 
which increases the overall fattening cost. A diet based on silage supplemented with 
concentrate prolongs fattening and increases the age at slaughter, which may nega-
tively influence the sensory characteristics of beef, in particular tenderness (Bures 
and Barton, 2012). Therefore, the objective of this study was to determine the effects 
of rearing system and feeding intensity on the fattening performance and slaughter 
value of young crossbred (Polish Holstein-Friesian × Hereford) bulls. 

Material and methods

The experiment was approved by the Local Ethics Committee for Animal Ex-
perimentation at the University of Warmia and Mazury in Olsztyn (Decision No. 
121/2010).
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Animals and feeding
The experimental materials comprised 40 young crossbred bulls produced by 

mating Polish Holstein Friesian (PHF) cows to Hereford (HH) bulls (the semen of 
12 bulls was used). Calves were purchased at 4 to 7 days of age, after the colostrum 
feeding period when they were fed from nipple buckets. The bull calves were pur-
chased from 18 different farms. The animals were placed in a calf rearing facility 
at the Agricultural Experiment Station in Bałcyny. After one week of observation, 
healthy calves were semi-randomly divided into two groups, based on BW. The first 
group (MF, 20 bulls) was raised in a group pen (Table 1). The calves were milk-
fed with milk replacer administered via teats from automated milk-feeding stations 
(Westfalia Surge). Milk replacer allowance is shown in Table 1. The second group 
(NC, 20 bulls) was raised in a group pen with nurse cows. Nurse cows were 10 mid-
lactation Holstein-Friesian cows culled from a dairy cattle herd. The cows were fed 
ad libitum grass silage supplemented with 2 kg of concentrate. During the first one 
or two days, two calves stayed in individual pens with nurse cows (Vaarst et al., 
2001). As soon as they learned to suckle, the calves and nurse cows were transferred 
to a group pen. At 3 to 4 weeks of age, the calves were disbudded by cauterization. 
At 6 weeks of age, the calves were vaccinated against anaerobic infections with the 
Clostrivax vaccine. During the rearing period, calves of both groups were kept in 
pens on deep litter (straw), with free access to outdoor runs with roofs. In the NC 
group, floor area per nurse cow + 2 calves was 12 m2 and in the MF group, floor area 
per calf was 2.5 m2. The animals were weighed once a month. The calves of both 
groups had free access to concentrates, meadow hay and water. In the MF group, 
calves were fed milk replacer until 150 days of age and in the NC group, calves 
were allowed to suckle nurse cows until 150 days of age. All calves remained under 
constant veterinary care. During the rearing period, 8 disease cases were recorded 
in the MF group (5 cases of respiratory tract disease and 3 cases of diarrhea), and 
two calves died (one death due to respiratory disease and one death due to diarrhea). 
In the NC group, 3 disease cases were noted (1 case of respiratory tract disease and  
2 cases of diarrhea). After weaning, young bulls were transferred to the Animal Re-
search Laboratory equipped with the Roughage Intake Control (RIC) system and the 
automatic animal weighing system (Insentec, Marknesse, Netherlands). Feed intake 
and the growth rate of animals were determined on an individual basis. Experimen-
tal fattening, which lasted from 181 to 560 days of age, was preceded by a 30-day 
transition period during which the animals were adapted to finishing diets. Within 
the two rearing systems, the bulls were semi-randomly divided into two subgroups 
based on weight. As a result, 38 bulls were kept in four identical pens on deep lit-
ter. The animals were fattened in intensive (I) and semi-intensive (SI) systems, and 
they were fed ad libitum a total mixed ration (TMR) composed of grass silage and 
concentrate (Tables 2 and 3). The concentrate to silage ratio, on a DM basis, was 
25:75 (SI) and 40:60 (I) (Table 3). Fattening intensity was defined as the proportion 
of concentrate energy in relation to the net energy requirements according to the Na-
tional Institute of Agronomical Research (INRA) at the beginning of the experiment. 
It was assumed that at the beginning of fattening, the concentrate would satisfy 50% 
and 30% of the energy requirements of bulls (according to INRA recommendations) 
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in the intensive and semi-intensive fattening systems, respectively. When the bulls 
reached BW of 300 kg, concentrate composition was modified due to a declining ra-
tio of protein to energy related to age. Bulls with BW below 300 kg were fed a TMR 
containing concentrate I (triticale – 71%, rapeseed meal – 25% and premix – 4%), 
and bulls with BW above 300 kg were fed a TMR containing concentrate II (triticale 
– 77%, rapeseed meal – 19% and premix – 4%).

Table 1. Experimental design

Experimental period Production system

Calf rearing Milk-feeder (MF) Nurse cow (NC)

7–150 days of age
20 bulls

The daily dose of liquid feed1 was:
8L between weeks two and four, 
6L between weeks five and seven, 
4L between weeks eight and eleven, 
3L from week eleven to reaching 130 kg BW 

20 bulls
Calves reared on 10 nurse cows 

Unlimited access to concentrate2, hay and water

151–180 days of age Grass silage – ad libitum, concentrate – 2 kg, unlimited access to water

Fattening Intensive (I) Semi-intensive (SI) Intensive (I) Semi-intensive (SI)

181–560 days of age 9 bulls 9 bulls 10 bulls 10 bulls

1135 g/1l water; liquid feed: 15.8 MJ metabolizable energy, 21% protein, 10% fat, 30% lactose, 1.20% 
crude fiber, 1.45% lysine, 0.40% methionine, 0.90% Ca, 0.55% P, 0.10% Mg, 108 mg/kg Zn, 140 mg/kg Fe,  
12 mg/kg Cu, 1.20 mg/kg I, 1.20 mg/kg Co, 0.33 mg/kg Se, 46000 IU vitamin A, D 4500 IU vitamin D, 100 IU 
vitamin E, C 150 IU vitamin C.

2starter diet: 6.25 MJ net energy, 24% total protein, 7.5% crude fiber, 1.30% Ca, 0.70% P, 0.40% Na, 0.30% 
Mg, 335000 IU vitamin A, 6700 IU vitamin D, 260 mg/kg vitamin E.

Silage was made in concrete horizontal silos, from a mixture of first-cut grasses 
harvested at the end of the heading stage. Farm-grown triticale grain was used, and 
rapeseed meal (RSM) was purchased from an oil processing plant. All feed samples 
were assayed for the content of basic nutrients – with standard methods (AOAC 
2005), NDF, ADF and ADL – with the method of Van Soest et al. (1991). Silage 
samples were assayed for: pH – with the HI 8314 pH-meter, concentrations of lactic 
acid, acetic acid and butyric acid in water extract – by high-performance liquid chro-
matography (HPLC) with the Shimadzu system and a Varian MetaCarb 67H column, 
and the content of water-soluble carbohydrates – by the anthrone method (Thomas, 
1977), protein nitrogen (N-protein) – with the use of trichloroacetic acid (TCA), and 
ammonia nitrogen (N-NH3) – by the Conway method (Licitra et al., 1996). Amino 
acid nitrogen was calculated based on the number of free amino acids which were 
determined with the AAA 400 INGOS automatic amino acid analyzer (Czech Re-
public) with the use of a lithium column after deproteinization of TCA samples. 

No disease cases were recorded during fattening. After the completion of fatten-
ing, the animals were transported to a meat processing plant where they were kept  
in individual boxes with access to water for 15 to 20 h, and subsequently slaugh- 
tered.
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Table 2. Chemical composition and nutritional value of experimental diets (mean ± standard error of 
the mean)

Item Silage Triticale Rapeseed meal Concentrate I Concentrate II

Dry matter (g) 397±0.91 881±0.96 887±0.68 883.9±1.12 885.5±1.27

On dry matter basis (g∙kg–1)

organic matter 920±2.46 981±0.95 927±1.05 928±1.14 921±1.39

crude protein 141±1.48 133±1.32 388±1.39 191±1.15 175±1.13

NDF 569±5.31 193±1.63 310±0.68 214±1.21 205±1.92

ADF 387±0.92 44±0.65 228±0.67 88±1.85 76±1.22

UFV 0.80±0.03 1.21±0.33 1.01±0.05 1.11±0.03 1.12±0.02

PDIN 82.2±1.64 89±0.38 259±0.57 127.2±0.41 116.4±1.23

PDIE 69.5±0.58 109±1,03 163±1.56 118.6±1.26 113.1±1.71

N = 9 for silage; N = 5 for triticale and rapeseed meal; N = 7 for concentrates.
Fermentation characteristics of silage: pH 4.8±0.3; lactic acid, 5.4±2.0% dry matter; volatile fatty acids, 

2.7±0.5% dry matter; water-soluble carbohydrates, 8.2±4.8% dry matter; NNH3%N, 10.3±6.7; true protein 
51.8±4.6% crude protein.

NDF – neutral detergent fiber; ADF – acid detergent fiber; UFV – Meat Production Units; PDIN – protein 
digested in the small intestine depending on rumen degraded protein; PDIE – protein digested in the small intes-
tine depending on rumen fermented organic matter.

Table 3. Chemical composition and nutritional value of experimental TMR (mean ± standard error of 
the mean)

Item I< 300 kg BW SI<300 kg BW I>300 kg BW SI>300 BW

Grass silage (% DM in diets) 60 75 60 75

Concentrate I (% DM in diets) 40 25

Concentrate II (% DM in diets) 40 25

DM (g) 577.1±0.69 509.6±0.78 573.1±0.91 514.6±0.95

On DM basis (g∙kg–1)

crude protein 161±1.34 153±1.23 154±1.21 149±1.18

NDF 416±4.98 472±1.56 402±2.21 463±3.01

ADF 185±0.98 311±0.89 169±1.23 295±2.09

UFV 0.93±0.03 0.88±0.09 0.93±0.04 0.88±0.03

PDIN 100.4±1.24 93.6±0.45 96.1±0.51 90.8±1.03

PDIE 88.9±1.36 81.6±1.08 87.2±1.81 80.6±1.63

I – intensive fattening; SI – semi-intensive fattening; BW – body weight; DM – dry matter; NDF – neutral 
detergent fiber; ADF – acid detergent fiber; UFV – meat fodder units; PDIN – protein digested in the small 
intestine when rumen fermentable N is limiting; PDIE – protein digested in the small intestine when rumen 
fermentable energy is limiting.

Carcass characteristics
The animals were weighed before slaughter, stunned, bled, dressed, and split into 

two sides that were then chilled for 96 h at 4°C. Electrical stimulation was not applied 
to the carcasses. Half-carcasses were weighed within an accuracy of 0.5 kg, using 
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an automatic in-line scale. Carcass conformation and fatness were evaluated based 
on the EUROP system criteria by a trained grader (Kien, 2004). Dressing percentage 
(percentage ratio of carcass weight to slaughter weight) was calculated. Ninety-six 
hours after slaughter, three-rib sections (10th–12th ribs) were taken from the right 
side carcasses by making two cuts perpendicular to the spine along the entire carcass 
between the 9th–10th and 12th–13th thoracic vertebrae, and then the carcasses were 
cut into primal cuts in accordance with Polish Standard PN-88/A-82003. The per-
centages of shoulder, fore ribs, best ribs, sirloin, and round of beef (5 most valuable 
primal cuts) and tenderloin from the right carcass were calculated. The percentages 
of soft tissues (meat, fat and tendons) and bones were determined in three-rib sec-
tions. The area of the longissimus thoracis et lumborum (LT) muscle was determined 
between the 12th and 13th thoracic vertebrae. A muscle sample was pressed onto 
filter paper and the area was measured with a planimeter. After 96 h of carcass chill-
ing, samples weighing approximately 200 g were taken from the LT muscle between 
the 11th and 13th thoracic vertebrae. Vacuum-packaged samples were transported 
(+4°C) to the laboratory. Fat was extracted from ground meat samples by the Soxhlet 
method using the Büchi B-811 extraction system (Büchi Labortechnik AG, Flawil, 
Switzerland), with hexane as a solvent.

Statistical analysis
The data were analyzed statistically using Statistica version 12.0 software (Stat-

Soft, 2015). The rearing period was evaluated by one-way ANOVA with rearing 
systems as experimental factors (MF and NC). The effects of rearing system (MF 
and NC) and fattening intensity (I and SI) on fattening performance and carcass char-
acteristics were determined by the least squares method using the formula:

Yijk = μ + Ai + Bj + (AB)ij + eijk

where: Yijk is the value of the analyzed parameter, μ is population mean, Ai is the 
effect of rearing system (1, 2), Bj is the effect of fattening intensity (1, 2), (AB)ij is the 
rearing system × fattening intensity interaction, and eijk is random error.

Results

Calf rearing and fattening performance
The average daily gain of calves during the rearing period was 0.8 to 1 kg, and it 

was 17.7% higher (P≤0.01) in the NC group than in the MF groups (Table 4). As a re-
sult, the average BW of the NC calves was 21.6 kg higher compared to the MF calves. 

No significant interactions were found between rearing system and fattening in-
tensity for BW, daily gain, feed intake or feed conversion ratio during the fattening 
period (Table 5).

Intensively fattened bulls had 25% higher average daily gain compared to the SI 
bulls during the fattening period (P<0.001). In MF group bulls fattened intensively, 
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average daily gain was 0.156 kg higher during fattening than during rearing. Inten-
sively fattened bulls had higher average daily dry matter (DM), net energy and crude 
protein intake compared to the SI bulls (Table 5).

Table 4. Characteristics of calves during the rearing period

Item
Rearing system

SEM P-value
MF NC

BW at birth (kg) 38.1 38.3 0.284 0.917

Age at weaning (days) 149.4 148.5 0.363 0.605

BW at weaning (kg) 164.5 186.1 2.088 0.000

Average daily gain during the rearing period (kg) 0.846 0.996 0.014 0.000

MF – milk feeder; NC – nurse cow; SEM – standard error of the mean; BW – body weight.

Table 5. Effects of rearing system and fattening intensity on the fattening performance of young bulls

Item
MF NC

SEM
P-value

I SI I SI RS FI RS×FI

Age at the beginning of fattening 
(days)

181.3 182 182.3 179.8 0.331 0.300 0.151 0.121

BW at the beginning of fattening 
(kg)

185.8 185.4 204.8 205.4 2.056 0.000 0.956 0.827

Age at the end of fattening (days) 558.2 560.9 556.5 556.4 1.688 0.397 0.696 0.670

BW at the end of fattening (kg) 563.6 466.1 586.8 537.3 12.18 0.020 0.001 0.218

Daily gain during fattening (kg) 1.002 0.741 1.022 0.882 0.030 0.102 0.000 0.213

Average daily gain from birth to 
slaughter (kg)

0.941 0.763 0.987 0.897 0.022 0.013 0.000 0.204

Daily intake (kg DM) 8.52 7.64 8.71 8.33 0.236 0.326 0.043 0.658

Daily silage intake (kg DM) 5.11 5.73 5.23 6.24 0.223 0.365 0.032 0.952

Daily net energy intake (UFV) 7.92 6.72 8.1 7.33 0.213 0.365 0.031 0.635

Daily crude protein intake (g) 1371 1169 1341 1241 14.35 0.341 0.043 0.753

FCR 9.03 9.96 8.81 9.28 0.321 0.389 0.078 0.678

MF – milk feeder; NC – nurse cow; I  – intensive fattening; SI – semi-intensive fattening; 
SEM – standard error of the mean; RS – rearing system; FI – fattening intensity; BW – body weight; FCR – 

feed conversion ratio, kg [DM/kg daily gain].

Rearing systems had no effect on average daily gain or feed intake during the 
fattening period.

Carcass characteristics
No significant interactions were found between rearing system and fattening 

intensity for carcass characteristics or the tissue composition of three-rib sections 
(Tables 6 and 7). The average BW of NC group bulls before slaughter was signifi-
cantly higher compared with MF group bulls (P<0.05), but rearing system had no 
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significant effect on any other carcass parameters or the tissue composition of three-
rib cuts. Average BW before slaughter, similarly to BW at the end of fattening, was 
significantly higher in intensively fattened bulls than in semi-intensively fattened 
animals. Half-carcass weight of the I bulls was higher compared to the carcasses of 
the SI bulls. Carcass dressing percentage was higher (P≤0.05) in intensively fattened 
bulls. The positive effect of intensive feeding on carcass fat content was statistically 
significant. LT area was greater (P≤0.01) in the carcasses of intensively fattened 
bulls, in comparison with semi-intensively fattened animals. The intramuscular fat 
(IMF) content of LT was higher (P≤0.01) in the I group than in the SI group (Table 
6). The tissue composition of three-rib cuts varied significantly between groups I 
and SI. The three-rib cuts from the carcasses of intensively fattened bulls had sig-
nificantly higher fat content and lower bone content, compared with the carcasses of 
semi-intensively fattened animals.

Table 6. Carcass characteristics

Item
MF NC

SEM
P-value

I SI I SI RS FI RS×FI

Numbers
BW before slaughter (kg)

9
545.3

9
447.5

10
560.3

10
510.8 11.32 0.021 0.001 0.226

Hot carcass weight (kg) 316.3 255.8 325.9 291.7 7.160 0.121 0.001 0.223

Dressing percentage 58.00 57.18 58.20 57.10 0.351 0.351 0.044 0.880
aConformation score (pts) 7.4 7.0 8.1 7.2 0.245 0.446 0.133 0.446
bFatness score (pts) 7.1 5.9 7.4 6.0 0.430 0.831 0.043 0.943
cShare of 5 most valuable primal 
cuts in the half-carcass (%) 62.42 62.12 62.90 62.44 0.232 0.612 0.890 0.958

Longissimus thoracis et lumborum 
area (cm2)
Intramuscular fat (%)

91.8
2.92

78.9
1.74

97.4
3.03

83.9
1.94

2.327
0.280

0.205
0.777

0.003
0.002

0.940
0.733

MF – milk feeder; NC – nurse cow; I – intensive fattening; SI – semi-intensive fattening; 
SEM – standard error of the mean; RS – rearing system; FI – fattening intensity; BW – body weight; 
aEUROP conformation: 1 to 15, with 1 = very lean, and 15 = muscled outstanding.
bEUROP degree of fat cover: 1 to 15, with 1 = very low, and 15 = very fat; 
c5 most valuable primal cuts: shoulder, fore ribs, best ribs, sirloin, round.

Table 7. Tissue composition of 3-rib sections

Item
MF NC

SEM
P-value

I SI I SI RS FI RS×FI

3-rib sections (kg) 8.11 6.50 8.51 7.35 0.245 0.155 0.003 0.603

3-rib sections (%):

fat 26.02 21.72 28.11 21.47 1.326 0.723 0.043 0.653

muscles 50.64 52.01 49.81 52.94 0.860 0.977 0.121 0.618

bones 18.88 21.14 18.52 21.20 0.571 0.891 0.034 0.853

tendons 4.46 4.63 3.21 4.39 0.218 0.078 0.107 0.226

MF – milk feeder; NC – nurse cow; I – intensive fattening; SI – semi-intensive fattening; 
SEM – standard error of the mean; RS – rearing system; FI – fattening intensity.
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Discussion

Calf rearing and fattening performance
The differences in daily gain during the rearing period were influenced by the 

feeding regimen: NC group calves had unlimited and direct access to fresh milk, 
whereas MF group calves were fed restricted amounts of milk replacer. Wagenaar 
and Langhout (2006) demonstrated that the average BW of dairy calves reared in  
a suckling system reached 136.7 kg at weaning (90 days of age) compared with  
90.4 kg in calves that were bucket-fed milk replacer. The growth performance of 
calves is also affected by supplementary feed provided in addition to liquid feed. In 
a study by Reddy et al. (2017), calves fed maternal milk supplemented with timothy 
(Phleum pratense) hay up to 10 weeks of age were characterized by 0.050 kg higher 
BW gain, in comparison with calves fed milk replacer and high-energy concentrate. 
In the current experiment, calves of both groups (NC and MF) were fed identical 
concentrate. The growth rate of calves is also influenced by their health status. In the 
present study, a higher incidence of disease was noted in calves kept in group pens 
and fed milk replacer, compared with nursed calves. Wagenaar and Langhout (2006) 
also reported more cases of diarrhea in calves fed milk replacer. A decrease in the 
BW gain of sick animals, compared with their healthy counterparts, was also ob-
served by Gardner et al. (1999). However, Roeber et al. (2001) and Thompson et al. 
(2006) demonstrated that the average daily gains of animals with bovine respiratory 
disease (BRD) were comparable, higher or lower than those of healthy animals. The 
health status and BW gain of calves are influenced not only by the type of liquid feed 
but also by the feeding method. Boonbrahm et al. (2004) found that calves that were 
allowed to suckle their mothers twice daily were characterized by 35% higher BW 
gain and a lower mortality rate than bucket-reared calves. According to Huuskonen 
et al. (2011), the BW gain of calves fed milk replacer can be increased by feeding 
acidified milk at the end of the rearing period. 

In intensively fattened NC bulls, average daily gain increased by only 0.026 kg, 
which points to compensatory growth in the I (MF) group. According to Greenwood 
et al. (2006), cattle grown slowly from birth to weaning exhibit incomplete compen-
sation and remain smaller during rearing to 30 months of age. Compensatory growth 
was also observed by Hennessy et al. (2001). Beef calves with lower growth rates 
during the nursing period, which were lighter at weaning, had higher BW gains after 
weaning than calves with higher pre-weaning growth rates, which were heavier at 
weaning. 

Higher BW and average daily gain of cattle as a result of increased energy value 
of fodder was also reported by Therkildsen et al. (2008). Average energy intake dur-
ing fattening was higher than the energy requirements of bulls produced by cross-
ing dairy cows with Charolais and Simmental bulls (INRA). The above differences 
resulted from higher intake of roughage-based diets by Hereford crosses. Our pre-
vious study, which compared the fattening performance of PHF × Limousin, PHF 
× Charolais and PHF × Hereford crosses, revealed higher intake of diets based on 
grass silage by PHF × Hereford bulls, relative to the remaining crossbred bulls (Pur-
win et al., 2016). It appears that higher BW gain in intensively fattened bulls was 



Z. Nogalski et al.844

due to higher total DM intake and higher energy concentration per kg of diet DM. 
In the current study, a higher proportion of concentrate in the ration contributed to 
an increase in DM intake by 12% in the MF group and by 5% in the NC group. As 
a result, net energy intake increased by 18% and 11%, respectively, whereas total 
protein intake increased by 17% and 9%, respectively. The above findings confirm 
that the increased amount of concentrate in the diet is accompanied by an increase 
in total DM intake and a decrease in silage intake (Kirkland and Patterson, 2006). In 
a study by Huuskonen et al. (2007), bulls were fed grass silage with 30%, 50% and 
70% of concentrate. The cited authors reported a linear growth response of bulls to 
the increased proportion of concentrate in the ration.

Carcass characteristics
In our study, carcass dressing percentage was higher in intensively fattened bulls. 

In previous studies including young bulls (Nogalski et al., 2014 b) and steers (Nogal-
ski et al., 2014 a), intensive fattening also increased carcass dressing percentage. 
Beef carcasses receive higher conformation and fat cover scores when cattle are 
raised under intensive feeding systems, which was also observed in the present study. 
Carcass conformation scores increase with increasing body weight before slaughter 
(Nogalski et al., 2014 a) and feeding intensity (Nogalski et al., 2014 b). The LT 
muscle and five primal cuts are high-value sections of the beef carcass, associated 
with lean meat content (Nogalski et al., 2013). In our study, LT area was greater 
in the carcasses of intensively fattened bulls whose carcasses had better conforma-
tion. In our study, the effect of the rearing system (rate of growth) on the proportion 
of five primal cuts and LT area was not significant. In contrast, Greenwood et al. 
(2006) found that cattle grown slowly from birth to weaning had smaller carcasses 
and yielded less beef at 30 months of age. However, when compared at equivalent 
carcass weights, the cattle restricted in growth from birth to weaning yielded slightly 
more beef and were leaner than their rapidly grown counterparts. In our study, the 
IMF content of LT was higher in intensively fattened bulls. Mezgebo et al. (2017) 
reported that high dietary inclusion levels of ground grain had a beneficial influence 
on IMF content. The level of IMF at the beginning of the growth period is likely 
to be a key determinant of the final level of IMF after finishing. This is associated 
with the fact that adipose tissue begins to accumulate in the early weaning period 
(Hocquette et al., 2010). A tendency to accumulate an increased amount of IMF in 
the Longissimus dorsi muscle as a result of increased energy value of cattle feed was 
also reported by Therkildsen et al. (2008). Similarly to the present experiment in-
volving young bulls, Franco and Lorenzo (2014) demonstrated that feeding intensity 
affected the content of IMF, but not DM or protein in foal muscles. Schoonmaker 
et al. (2003) reported that high-concentrate feed offered ad libitum improved IMF 
deposition in early-weaned steers during the growing stage; however, fat deposition 
rates were lower when the animals were fed the same diet in the finishing period. In 
our study, the difference in IMF content between the rearing systems was small and 
non-significant. Greenwood et al. (2006) also found that the rearing system had no 
effect on the IMF content of Longissimus dorsi.
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Tissue composition is an important determinant of beef carcass quality. Carcasses 
with the highest muscle content and optimal fat content are regarded as most desir-
able (Kołczak, 2008). In our study, the rearing system had no effect on the tissue 
composition of three-rib cuts at the end of fattening. Hennessy et al. (2001) con-
cluded that cattle from low pre-weaning nutrition groups generally have less fat than 
those from high pre-weaning nutrition groups, although if compared at a constant 
carcass weight, differences in fatness may not be evident. Calves with lower weaning 
weights take longer to reach carcass specifications than heavier calves. In contrast to 
the above findings relating to body and carcass composition, severe nutritional re-
striction to weaning followed by concentrate (high energy) feeding from weaning to 
slaughter results in increased fatness at the same live and carcass weights compared 
with cattle well-nourished before weaning (Tudor et al., 1980). 

In conclusion, beef calves can be raised in a suckling system with nurse cows. 
In comparison with calves fed milk replacer from automated stations, nursed calves 
are healthier and have higher BW gain, which is a good starting point for fattening.  
A higher proportion of concentrate in the ration had a beneficial influence on the 
fattening performance and carcass characteristics of bulls. The LT of intensively fat-
tened bulls had higher IMF content. 
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