
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/314097894

Effect of growth path on the performance and carcass traits of Hereford steers

finished either on pasture or in feedlot

Article  in  Animal Production Science · January 2017

DOI: 10.1071/AN16061

CITATION

1
READS

128

8 authors, including:

Some of the authors of this publication are also working on these related projects:

Consorcio Regional de Innovación en Lanas Ultrafinas View project

Mortalidad perinatal de corderos View project

Elisa Peripolli

São Paulo State University

49 PUBLICATIONS   70 CITATIONS   

SEE PROFILE

Georgget Banchero

National Institute of Agricultural Research of Uruguay

27 PUBLICATIONS   17 CITATIONS   

SEE PROFILE

Pereira Angélica Simone Cravo

University of São Paulo

85 PUBLICATIONS   284 CITATIONS   

SEE PROFILE

Gustavo Brito

National Institute of Agricultural Research of Uruguay

60 PUBLICATIONS   663 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Elisa Peripolli on 04 October 2017.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/314097894_Effect_of_growth_path_on_the_performance_and_carcass_traits_of_Hereford_steers_finished_either_on_pasture_or_in_feedlot?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/314097894_Effect_of_growth_path_on_the_performance_and_carcass_traits_of_Hereford_steers_finished_either_on_pasture_or_in_feedlot?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Consorcio-Regional-de-Innovacion-en-Lanas-Ultrafinas?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Mortalidad-perinatal-de-corderos?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elisa_Peripolli?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elisa_Peripolli?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Sao_Paulo_State_University?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elisa_Peripolli?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgget_Banchero3?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgget_Banchero3?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Institute_of_Agricultural_Research_of_Uruguay?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgget_Banchero3?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pereira_Cravo?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pereira_Cravo?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Sao_Paulo?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pereira_Cravo?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gustavo_Brito4?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gustavo_Brito4?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Institute_of_Agricultural_Research_of_Uruguay?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gustavo_Brito4?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elisa_Peripolli?enrichId=rgreq-c9f4d23d8d7a0ac5c6b2630bf4e90ad7-XXX&enrichSource=Y292ZXJQYWdlOzMxNDA5Nzg5NDtBUzo1NDU3ODk1OTMwNDcwNDBAMTUwNzEzNzc4NzU5Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Effect of growth path on the performance and carcass traits
of Hereford steers finished either on pasture or in feedlot
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Abstract. The objective of the present study was to evaluate the effect of nutritional management treatments during the
rearing period on the performance and carcass traits of Hereford steers finished either on pasture or in feedlot. Two hundred
and fortymaleHereford calves, weaned at 8months of agewith an averageweight of 170� 17 kg,were used.Afterweaning,
four nutritional treatmentswere imposed on the calves so as to obtain different daily liveweight gains (LWGs, kg/day) during
the first winter (winter-growth phase). The nutritional management groups were high LWG in feedlot (HF), low LWG in
feedlot (LF), high LWG on pasture (HP) and low LWG on pasture (LP). Finishing phase began when each group reached a
mean liveweight (LW)of 350� 28kg.During this phase, one half of theHF,LF,HP andLP animalswerefinishedon pasture
and the other half in feedlot. The animalswere slaughteredwhen each group attained ameanLWof 500 kg. The carcass traits
ribeye area (cm2) and backfat thickness (mm) were measured by ultrasonography. Liveweight, LWG and ultrasonography
records were analysed by repeated-measures analysis. DM intake as a percentage of LW and feed conversion ratio (FCR; kg
DM/kg LW) during feedlot were analysed by ANOVA. Least-square means for LWGs of pasture-finished animals were
0.807, 0.799, 0.819c and 0.782 kg/day forHF, LF,HP andLP respectively. Least-squaremeans for LWGof feedlot-finished
animals were 1.569, 1.554, 1.484 and 1.431 kg/day for HF, LF, HP and LP respectively. Least-square means for FCR in
feedlot were 7.12, 7.20, 7.97 and 8.92 for HF, LF, HP and LP respectively. Hot carcass weight had a similar trend as did
LWG. Feedlot-finished animals attained heavier hot carcass weights once they received a better nutritional management
during thefirstwinter. Thegrowth-groupmanagement didnot affect (P>0.05) dressing percentage. The carcasses of feedlot-
finished animals showed higher (P < 0.05) dressing percentages than did carcasses of pasture-finished animals. Nutritional
feedingmanagement during thefirstwinter hadpermanent effects ongrowth, carcass andFCRtraits; however, theprevalence
of these effects depended on the feeding system during thefinishing phase. On the basis of the results obtained in the study, it
is recommended that animals receive an adequate nutritional management during the first winter so as to maximise their
future performance, especially for intensive beef-cattle growing–finishing systems. However, if the animals have been
subjected to restriction during early growth, they should be finished under pasture conditions.

Additional keywords: beef cattle, carcass composition, compensatory gain, feed conversion ratio, finishing system,
grow-out.
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Introduction

Beef-cattle rearing and fattening systems in South America are
performed mainly on grazing, native or improved pastures. In
Uruguay, particularly in the south-western part of the country,
~60–70% of the grazing area used for cattle rearing and finishing
is based on improved pastures,mix of grasses and legumes of cool
season. Despite the good quality of these pastures, their growth
rate might be limited by environmental conditions due to low
temperatures and a short photoperiod (Cozzolino et al. 1994).
There are several alternatives and strategies to overcome scarce
forage production (Risso et al. 1991; Vaz Martins et al. 2005;
Beretta et al. 2006). However, most of the research has been

focussed on finishing systems, without considering the effects
of winter nutrition during rearing on subsequent finishing
performance. The impact of improvement in nutritional status
immediately after weaning on animal performance, tissue-
deposition pattern and feed conversion ratio (FCR) during the
finishing phase has been widely reported (Parks 1982; Owens
et al.1995;Dicker et al.2001;Robinson et al.2001; Purchas et al.
2002). Therefore, better nutrition throughout the inclusion of
the feedlot at an early stage can influence the rate and pattern
of animal tissue deposition, and modify the type of final product
obtained. Moreover, beef industry is demanding heavier
carcasses with a greater degree of fattening, situation that has
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forced farmers to use energy and protein supplements for animals
under more intensive feeding, either through supplementation on
pastures or under feedlot conditions. There is no information
available about how differences in growth rate before the
finishing phase affect animal performance and carcass
attributes of cattle finished under temperate conditions.
Therefore, the objective of the present study was to assess the
effect of nutritional management during the rearing period on the
performance and carcass traits of pasture-finished or feedlot-
finished Hereford cattle.

Materials and methods

The experiment was conducted at the National Institute for
Agricultural Research (INIA) experimental station ‘La
Estanzuela’ (34�280S, 57�510W), Colonia, Uruguay, in
accordance with the Experimental Unit directive concerning
the use of Animals for Experimentation of INIA. In total, 240
maleHereford calves that had been castrated, weaned at 8months
of age (at the end of March 2008), and had an initial mean
liveweight (LW) of 170 � 17 kg, were used. After weaning,
calves were kept together and grazed native pastures (70 g of
protein and 7.9 MJ of metabolisable energy (ME) per kg DM),
and were offered alfalfa hay (Medicago sativa) for 25 days
before the start of the experiment in May of 2008. The
experiment had three phases (Fig. 1). The winter-growth phase
ran throughout 2008 (93 days), followed by the compensatory
phase that ran throughout 2008 and 2009 (196 days), and the
finishing phase, which began in March 2009 and ended in
September of the same year (193 days) when the animals were
slaughtered at a mean LW of 500 kg.

Winter-growth and compensatory phases
At the beginning of the winter-growth phase, four nutritional
treatments were imposed to the calves, including two treatments
based on feedlot diet and two based on pasture diets. These
treatment groupswere established to assess the effect of divergent
growth (LWG, kg/day) during grow-out (from 31 May to 1
September; 93 days) on the growth and fattening during
finishing. The nutritional management groups were high LWG
in feedlot (HF), low LWG in feedlot (LF), high LWG in pasture
(HP) and low LWG in pasture (LP). For this and at weaning,
calves were stratified by LW and randomly sorted into four
experimental groups of 60 animals each. The target LWGs
during the first winter were 1.00, 0.70, 0.60 and 0.30 kg/day
for HF, LF, HP and LP groups respectively. These LWGs were
predicted according to the nutritional requirements recommended
by Agricultural and Food Research Council (1993).

Calves fromHFandLFgroupswere allocated into 20 pens, 10
pens per management group (6 calves/pen, 14.25 m2/animal).
Both groups received a diet on a DM basis, composed of 80% of
concentrate and 20% of foxtail millet hay (Setaria Italica). For
both groups, the crude protein of the diet was 16%, and the energy
concentrations of the diet for HF and LF were 11.4 and 10.5 MJ
ME/kg DM respectively. Calves were subjected to a diet and
management-adaptation period for 15 days. The chemical and
nutritional composition of hay and concentrate for HF and LF
groups are presented in Table 1.

Calves reared on pasture, namely HP and LP groups, were
offered 5 and 2.5 kg DM/100 kg LW of forage allowance (FA)
daily respectively. The pasture used was oat (Avena sativa) with
an average availability of 2200 kg DM/ha (19.6% of DM and
mean forageheight of 28.8 cm). Pasturewas grazed in daily strips,

End of first winter: September 2008 

170 kg LW – 8 months of age

WINTER GROWTH PHASE 
(93 days):HF LF HP LP

Weaning: March 2008

31 May–1 September 2008

207 to 273 kg LW – 13 months of age

COMPENSATORY PHASE (196 days):
2 September 2008 – 15 March 2009

FINISHING PHASE (193 days):
16 March – 26 September 2009
350 kg LW – 20 months of age

Slaughter: September 2009
500 kg LW – 23–26 months of age

Feedlot growth Pasture growth

(n = 60)

(n = 30) (n = 30)(n = 30) (n = 30) (n = 30) (n = 30) (n = 30)(n = 30)

(n = 60) (n = 60) (n = 60)

Common management on improved pastures (Medicago Sativa)
from September 2008 to March 2009

Feedlot finishing (F) Pasture finishing (P)

HF-F LF-F HP-F LP-F HF-P LF-P HP-P LP-P

Fig. 1. Flowchart of nutritional management groups during the winter-growth, compensatory and finishing phases.
HF, high liveweight gain in feedlot; HP, high liveweight gain on pasture; LF, low liveweight gain in feedlot; LP,
low liveweight gain on pasture.
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and animals were not allowed to return to the previously
grazed areas. The FA was adjusted weekly and treatment-
strip areas were delimited by an electric fence. The area to be
grazed in the following week was determined on the basis
of weekly DM biomass estimation and the latest animal LW
record.

To determine forage availability, a double-weight sampling
method was used (Gardner 1967), using a three-value scale (1 for
lowest foragebiomass; 3 for greatest foragebiomass).Using these
reference-scale levels, pasture biomass was assessed at random
points in the area (800 points/ha) by throwing a 50 by 20 cm iron
rectangle. Scale-level samples were cut at ground level, dried at
60�Cuntil a constantweightwasachieved, andmeanbiomasswas
calculated from the relative frequency of occurrence of each
biomass-scale level. The same technique was used every
7 days, during three consecutive days, to estimate pre- and
post-grazing forage DM biomass in the daily strip used. The
oat forage nutritional and chemical compositions are presented
in Table 1.

Afterwinter and until the start of autumn, all groups of animals
(HC, LC, HP and LP) were managed together on alfalfa pasture
(Medicago Sativa); this period was called a compensatory phase.
In spring, steers were offered 5.0 kg DM/100 kg LW of alfalfa
and, in summer, the allowance was reduced to 4 kg DM/100 kg
LW due to a severe drought.

Finishing phase
Finishing phase began when each growth-management group
(HC, LC, HP and LP) reached a minimum mean LW of 350 �
28 kg. This target LW is normally used by Uruguayan farmers as
a criterion to enter the animals into the feedlot. During this phase,
each growth-management group was divided into two groups,
with one half of the animals being finished on pasture and the
other half in feedlot.Within eachmanagement group, the animals
were stratified by LW, and were drawn randomly to feedlot- or
pasture-finishing system. As a result of the combination of the
first-winter management groups (HF, LF, HP and LP) and the
finishing systems, feedlot or pasture, a total of eight treatments
arrangements was established (Fig. 1).

Feedlot-finished steers were allocated into 40 pens (3 steers/
pen), resulting in 10 pens per each growth-management group.
Feedlot-finished steers were subjected to a diet andmanagement-
adaptation period of 15 days. After the adaptation period, the
amount of feed offered was adjusted by the slick bunk method.
This method involves quantifying the amount of remaining feed
(concentrate and hay) early in the morning, before feeding of
the animals. The amount of feed offered was increased by 5%
(DM basis) when left-overs were not observed in the trough for a
period of 3 days. The total feed was offered in two meals, in the
morning and in the afternoon, and feed refusalwas collected in the
morning to determine pen consumption. The difference between

Table 1. Chemical and nutritional composition of the ration components and forage utilised during the winter-
growth and finishing phases (explained in Fig. 1)

The %values are expressed as % of DM. Methods used were as per Van Soest (1982), and Kjeldahl method. CP, crude
protein;ADF, aciddetergentfibre;NDF,neutral detergentfibre;ME,metabolic energy;HF, high liveweight gain in feedlot;

LF, low liveweight gain in feedlot

Parameter Chemical and nutritional composition
CP (%) ADF (%) NDF (%) Ashes (%) ME (MJ/kg DM)

Winter growth phase feedlot growing
Ration composition

Moha hay (Setaria Italica) 6.59 48.7 71.0 13.2 7.4
Concentrate for HF groupA 21.4 8.30 19.5 4.30 12.4
Concentrate for LF groupB 20.7 19.5 37.4 5.80 11.2

Winter growth phase: pasture growing
Pasture composition

Oat forage for HP group 21.00 31.00 49.00 12.00 9.6
Oat forage for LP group 19.00 32.00 53.00 12.00 9.5

Finishing Phase: feedlot finishing
Ration composition

ConcentrateC 11.8 18.6 30.8 8.4 11.3
Moha hay (Setaria Italica) 6.7 50.4 72.0 12.5 7.1

Finishing Phase: pasture finishing
Pasture composition

Alfalfa (63 days) 19.1 43.2 50.4 0.96 1.95
Oat (60 days) 11.4 36.1 52.1 0.52 2.35
Alfalfa (30 days) 23.2 37.8 45.2 0.74 2.23

AComposed of maize grain, soybean pellets, calcium carbonate, salt, dicalcium phosphate, sodium bicarbonate,
magnesium oxide and urea.

BComposed of sorghum grain, wheat bran, sunflower pellets, calcium carbonate, salt, dicalcium phosphate, sodium
bicarbonate, magnesium oxide and urea.

CComposed of maize grain, sorghum grain, wheat bran, soybean pellets, calcium carbonate, salt, dicalcium phosphate,
sodium bicarbonate, magnesium oxide and urea.
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feed offered and feed refused was used to estimate DM intake
(DMI) as a percentage of LW and FCR (kg DM/kg LW) per pen.

The diet was composed of a commercial concentrate and
foxtail millet hay (Setaria italica), at proportions of 80% and
20% (on a DM basis) respectively. Samples from the concentrate
and hay were analysed to determine chemical and nutritional
composition (Table 1).

Pasture-finished steers were offered 5% FA daily. The
pasture used during the finishing phase was alfalfa (Medicago
sativa) and oat grass (Avena sativa). The pasture management
and forage availability were the same as described before for
growth phase. Forage samples were analysed to determine
chemical and nutritional composition at the beginning, middle
and end of the experiment (Table 1).

The main objective during the finishing phase was to obtain
highLWGs, either in pasture or in feedlot, so as to reach the target
slaughter weight as soon as possible. As a result of differences in
the LWG achieved during the first winter, HF and LF groups
reached the target LWbefore theHPandLPgroups did; therefore,
HF and LF groups started the finishing phase 1 month earlier.
Steers were slaughtered once each growth-management group
(HF, LF, HP and LP), feedlot- or pasture-finished, attained a
minimum mean LW of 500 kg. Animals were slaughtered in the
following order: HF andLFgroupsfinished in feedlot, HP andLP
finished in feedlot, HF and LF groups finished on pasture, andHP
and LP finished on pasture. The four slaughters were performed
in the same commercial slaughterhouse, in accordance with the
Uruguayan inspection service procedures (Ministry of Livestock,
Agriculture andFishery,MGAP). The animalswere transported a
distance of 160 km to the slaughterhouse by trucks, and remained
in the slaughterhouse less than 12 h before being slaughtered.
In the slaughterhouse, the animals were offered fresh water
ad libitum.

Measurements
Cattle were weighed at the beginning of the experiment and
every 14 days (�3 days) till the end of the experiment, always
during the same hour in themorning, without fasting. Ribeye area
(REA,cm2) andbackfat thickness (BFT,mm)were assessed at the
beginning, middle and at end of the finishing phase. REA and
BFTweremeasured by ultrasonography at the 12th rib. AnAloka
500 ultrasound equipment (Aloka Co., Tokyo, Japan), equipped
with a 3.5-MHz, 17.2-cm linear transducer, was used to access
REAandBFT, and an acoustic coupler (standoff pad)was used to
obtain the real-time ultrasound images, collected according to
the methodology approved by Ultrasound Guidelines Council
(http://www.ultrasoundbeef.com/, accessed 11November 2015),
described in the Beef Improvement Federation guidelines (BIF
1996). At the slaughterhouse, hot carcass weight (HCW), cold
carcass weight (HCW) and dressing percentage (DP) were
determined.

Statistical analyses
The objective of the present study was to assess the effect of
nutritional management in the rearing period on the performance
and carcass traits in the finishing phase. Thus, the records at the
growth and finishing phases were analysed separately. The LW,
LWG and ultrasonography records at the growing and finishing

phases were analysed by repeated-measures analysis over time,
using SAS (SAS Institutue Inc., Cary, NC, USA), with the PROC
MIXED procedure, and by applying the restricted maximum-
likelihood method. For the traits assessed during the growth
phase, the model included the day of measurement, the
nutritional management group at the growing phase (HF, LF,
HP and LP), the interaction between growth-management groups
and the day of measurement as fixed effects, and the linear
covariable LW at the beginning of the growing phase.

For the traits assessed in the finishing phase, the model included
asfixed effects the day ofmeasurement, the nutritionalmanagement
group at the growthphase (HF,LF,HPandLP), the type offinishing
(feedlot or pasture), the interaction between management group at
the growing and finishing phases, and the linear covariable LW at
the end of the growth phase. Only significant (P < 0.05) interactions
were considered in the model. Tukey test was applied to compare
the means (P < 0.05).

For repeated-measure traits, different structures were tested
to model the residual covariance matrices. To select the most
adequate covariance structure to model the residuals, the
Schwarz Bayesian (BIC; Wolfinger 1993) was used. To
perform the statistical analyses for HCW, HCW and DP, the
model included as fixed effects the nutritional management
groups at the growth phase (HF, LF, HP and LP), nutritional
management groups at the finishing phase (feedlot or pasture),
the interaction between management groups at the growing and
finishing phases, and the linear covariable LW at the end of
the growing phase. For feedlot-finished animals, to analyse
the DMI as a percentage of LW and FCR during the feedlot
finishing, the model included the fixed effects of nutritional
management at the growth phase (HF, LF, HP and LP), and
the linear covariable LW at the end of the growth phase. For
these traits, the pen composed by three steers was considered
as the experimental unit. Only significant (P < 0.05) interactions
were considered in the model. Tukey test was applied to compare
the means (P < 0.05).

Results and discussion

Winter-growth and compensatory phase

Liveweight gain was significantly different among management
groups and greater than expected when the treatments were
established (Table 2). Differences between the expected and
observed LWGs at the end of first winter were probably due to
favourable weather conditions during winter, with higher
temperatures and lower rainfall than in an average year.
Previous studies have reported similar differences in LW at the
end of the growth phase for steers reared on different post-
weaning growth pathways (Ridenour et al. 1982; Sainz et al.
1995; Dicker et al. 2001; Robinson et al. 2001; Loken et al.
2009).

During the compensatory phase, there were significant
differences in LWG among groups, with LF, HP and LP
groups showing different degrees of compensatory growth
(Table 2). Sainz et al. (1995) and Drouillard and Kuhl (1999)
have suggested that differences in growth feed management
might be associated with different degrees of compensatory
growth after a nutritional restriction period. In some studies, it
was observed that cattle are able to make a great compensatory

D Animal Production Science E. Peripolli et al.

www.ultrasoundbeef.com/


growth on pasture following a nutritional restriction in the
previous winter (Bohman 1955; Meyer et al. 1965; Horton and
Holmes 1978). These statements are supported by the concept
that compensatory growth is inversely related to the severity of
the restriction (Ryan 1990), as observed for HP and LP groups,
which compensated growth after winter restriction. Effects of
previous nutrition management on subsequent growth and
development have been well documented in earlier studies
(Wilson and Osbourn 1960; Allden 1970; O’Donovan 1984).
Summer LWGs were lower than spring LWGs, probably as a
consequence of FA reduction, from 5% to 4%, and there were
no significant (P > 0.05) differences among the management
groups (Table 2).

During growth phase, differences in REA and BFT evolution
among groups were observed (results not shown). At the end of
the growth phase, HF and LF groups had a greater REA and
similar BFT than did HP and LP management groups (Table 3).
According to Carstens (1995), compensatory growth has been
associated with lean/fat content in beef cattle. Even though Sainz
et al. (1995) andRobinson et al. (2001) observed a greater degree
of fatness in the better fed cattle, this difference was not observed
in the present experiment. One reason for the divergence between
these results might be related to the growth period established in
each study. According to Ball et al. (1997) and Berg and
Butterfield (1976), cattle slaughtered within the compensatory
growth phase have fat and lean contents different from those
expected for their weight, since immediately after the catch-up
growth period, there is a reduction in fat deposition.

Finishing phase
There were significant (P < 0.05) differences among management
groups for LW at the beginning of the finishing phase (Table 2).
Thus, to analyse the traits measured during this phase, LW at the
beginning of the finishing phase was included as a covariable in
the model. Moreover, the time to reach the target weight at the
beginning of thefinishing phasewas different amongmanagement
groups. Similar to our results, Ridenour et al. (1982) observed that
steers fedhigh-concentrate diets during thegrowingphase required
fewer days to achieve 273-kg LW than did those fed a lower-
concentrate diet and a pasture-based diet. Thus, supplementary
feeding in winter–early spring is necessary to overcome the
limitations of winter feed gaps and to reduce the period of
feedlot entry (Dicker et al. 2001). For all management groups,
the LWG during the finishing phase was inversely related to
pre-finishing LWG. As expected, LWGs for feedlot-finished
animals were greater than those for pasture-finished ones
(Table 4). The interaction between growth-management groups
during the first winter and finishing phases (feedlot or pasture)
significantly (P < 0.05) affected the LWG during the finishing
phase. For pasture-finished animals, no significant (P > 0.05)
differences in LWG were observed among growth-management
groups. Nevertheless, for feedlot-finished animals, HF and LF
groups showed greater LWGs than did HP and LP groups. These
results demonstrated that, particularly for feedlot-finished animals
with high-energy diets, the nutritional management during the
growing phase significantly affected the weight evolution during
the finishing phase. Similar results were observed by Robinson

Table 2. Least-square means � standard errors for seasonal daily liveweight gain (LWG, kg/day), and LW at the end of the winter-
growth phase (LWEWG) and at the end of the compensatory phase (LWEC) of the growth-management groups

HF, highLWG in feedlot; LF, lowLWGin feedlot;HP, highLWGonpasture; LP, lowLWGonpasture.Winter, June–August; spring, September,
October andNovember; summer,December–February.Meanswithin a column followed by the same letter not significantly different (atP= 0.05)

Winter-growth
phase

Winter LWG 10–13
months of age

LWEWG Spring LWG 14–16
months of age

Summer LWG 17–19
months of age

LWEC

HF 1.092 ± 0.0325a 273 ± 2.110a 0.829 ± 0.0255b 0.302 ± 0.0299a 362 ± 2.500a
LF 0.782 ± 0.0325b 243 ± 2.150b 0.921 ± 0.0255a 0.333 ± 0.0301a 350 ± 2.503b
HP 0.537 ± 0.0325c 224 ± 2.091c 0.873 ± 0.0255a 0.356 ± 0.0288a 364 ± 2.475a
LP 0.352 ± 0.0325d 207 ± 2.088d 0.910 ± 0.0255a 0.405 ± 0.0279a 351 ± 2.436b

Table 3. Least-squaremeans and standard errors for ribeye area (REA) and backfat thickness (BFT)measured at the 12th rib by ultrasound, during
the feedlot- and pasture-finishing phases of growth-management groups

The least-square means were weight-adjusted to a common liveweight at the beginning of the finishing phase. The REA and BFT were measured at the
beginning, middle (45 days for feedlot finishing and 90 days for pasture finishing) and end (slaughter) of the finishing phase. HF, high liveweight gain in
feedlot; LF, low liveweight gain in feedlot; HP, high liveweight gain on pasture; LP, low liveweight gain on pasture. Means within a column followed by the

same letter are not significantly different (at P = 0.05)

Winter-growth Finishing n REA (cm2) BFT (mm)
phase phase Initial Middle Final Initial Middle Final

HF Feedlot 30 51.61 ± 0.701a 62.52 ± 0.799a 66.94 ± 0.890a 2.37 ± 0.125a 5.99 ± 0.231a 8.59 ± 0.330a
LF 30 49.08 ± 0.690ab 59.46 ± 0.788ab 63.97 ± 0.861ab 2.49 ± 0.116a 5.67 ± 0.221ab 9.22 ± 0.329a
HP 30 44.30 ± 0.732b 57.22 ± 0.841b 62.41 ± 0.940ab 2.70 ± 0.129a 5.78 ± 0.230a 8.41 ± 0.341a
LP 30 47.00 ± 0.704b 58.23 ± 0.808b 63.84 ± 0.900ab 2.69 ± 0.120a 5.33 ± 0.239ab 8.24 ± 0.347a
HF Pasture 30 50.8 ± 0.735ab 54.39 ± 0.830bc 61.22 ± 0.943b 2.80 ± 0.120a 3.82 ± 0.248b 6.25 ± 0.358b
LF 30 49.70 ± 0.746ab 51.82 ± 0.831c 61.56 ± 0.934b 2.48 ± 0.124a 3.88 ± 0. 247b 5.92 ± 0.345b
HP 30 46.60 ± 0.711b 54.87 ± 0.801bc 61.88 ± 0.979b 2.82 ± 0.129a 4.57 ± 0. 241b 6.40 ± 0.354b
LP 30 47.48 ± 0.694b 54.65 ± 0.799bc 61.49 ± 0.947b 2.76 ± 0.118a 4.58 ± 0.221b 6.39 ± 0.341b
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et al. (2001), who also found that growth pathway and finishing
system can affect cattle finishing gain. These authors showed that
feedlot-finished cattle had greater LWGs than did pasture-finished
cattle; however, in disagreement with our results, animals that
were restricted during the growth period showed greater LWGs
during finishing than did non-restricted ones. Likewise, Loerch
(1990) observed that steers whose intake was restricted during
the growing phase showed higher gains on subsequent finishing
phase than did those fed with corn silage ad libitum. In accordance
with our results, Lewis et al. (1990) reported higher LWGs in
finishing phase for cattle that received better feeding during the
first winter.

As expected, there were no effects of growing- and finishing-
phase management on the final LW, since the criteria adopted to
slaughter the animals was the same for all treatments (at least
500 kg LW; Table 4). However, the steers belonging to HF and
LF groups finished on pasture or in feedlot were slaughtered
30 and 40 days earlier than were their counterparts in HP and
LP. The interaction between the nutritional management in the
growing phase and that in the finishing phase was significant
(P < 0.01) for HCW. The results obtained for HCW followed a
tendency similar to those obtained for LWG in the finishing
phase. For pasture-finished animals, the management group
during rearing period did not influence the HCW. However,
differences were observed within feedlot-finished animals, in
which steers that received a better nutritional management
during their first winter attained a heavier HCW. Growth-
group management did not affect (P > 0.05) DP.

DM intake as a percentage of LW during the finishing period
and for animals finished under feedlot was higher for HF and
lower for HP and LP management groups (Table 5). Thus, the
nutritional management during the first winter affected DMI
during feedlot finishing. The FCR during the finishing phase
was higher (P < 0.05) for LP management group, requiring
more feed to gain one unit of LW than in the other groups. As
nutritional management in the first winter was enhanced, a trend
to improve FCR in the feedlot treatments was observed, probably
due to higher LWGs of animals in HF, LF and HP management
groups during feedlot finishing (Table 5). According to Dikeman
(1973), feeding cattle at the maximum gain rate decreases FCR
because of the dilution of animal’s maintenance requirements.

Ridenour et al. (1982) observed that FCR of steers fed on
high-concentrate diet in the growing phase was lower than those

of pasture-fed animals, which is in agreement with our results.
Regarding the DMI, Loken et al. (2009) studied the effect of
bodyweight gain during the backgrounding period on subsequent
feedlot-finishing performance and carcass traits on steers.
Their results showed that backgrounding treatment had no
effect on DMI for low and high LWG (10.73 vs 10.35 kg/day
respectively). Loken et al. (2009) also demonstrated that
backgrounding treatment had no effect on DMI and LWG
during the finishing phase. Loerch (1990) and Lewis et al.
(1990) reported results for DMI similar to those obtained in
the present study. Loerch (1990) concluded that DMI for
animals finished with the same final diet was 20% and 30%
lower in animals for which feed intake was restricted in the
growing phase, reinforcing the effect of the growth-pathway
management on subsequent DMI. Lewis et al. (1990) noticed
that during thefinishingphase, feed intakeandLWGwere slightly
higher for cattle with superior rates of winter gain; therefore,
animals that gained faster during winter tended to eat more and
gain faster during the finishing phase.

The interaction between growth management during the
first winter and finishing management (feedlot or pasture)
significantly (P < 0.05) affected REA during the finishing
phase (Table 3). For pasture-finished steers, no differences in
final REA were observed among growth-management groups.
However, for feedlot-finished steers, HF and LF groups showed
a greater REA than did HP and LP groups. These results
showed that the nutritional management during the first winter

Table 4. Least-square means and standard errors for daily liveweight gain (LWG), final LW (FLW), hot carcass weight (HCW), dressing
percentage (DP) and cold carcass weight (CCW) during the finishing phase according to management groups

The least-square means were weight-adjusted to a common LW at the beginning of the finishing phase. HF, high LWG in feedlot; LF, low LWG in feedlot; HP,
high LWG on pasture; LP, low LWG on pasture. Means within a column followed by the same letter are not significantly different (at P = 0.05)

Winter-growth phase Finishing phase n LWG (kg/day) FLW (kg) HCW (kg) DP (%) CCW (kg)

HF Feedlot 30 1.569 ± 0.0253a 503.8 ± 2.92a 256.3 ± 1.601a 50.0 ± 0.251a 247.1 ± 1.571a
LF 30 1.554 ± 0.0253a 499.3 ± 2.92a 253.7 ± 1.592ab 50.7 ± 0.251a 245.0 ± 1.569ab
HP 30 1.484 ± 0.0244b 501.7 ± 3.10a 249.8 ± 1.655ab 50.4 ± 0.267a 241.1 ± 1.623ab
LP 30 1.431 ± 0.0244b 492.1 ± 3.09a 247.6 ± 1.626b 51.8 ± 0.268a 238.9 ± 1.590b
HF Pasture 30 0.807 ± 0.0178c 505.6 ± 3.21a 246.4 ± 1.711b 48.7 ± 0.273b 241.6 ± 1.687ab
LF 30 0.799 ± 0.0178c 507.3 ± 3.21a 247.0 ± 1.723b 48.5 ± 0.274b 241.7 ± 1.690ab
HP 30 0.819 ± 0.0180c 506.4 ± 3.21a 247.8 ± 1.688b 49.0 ± 0.273b 243.7 ± 1.667ab
LP 30 0.782 ± 0.0180c 505.9 ± 3.09a 249.2 ± 1.629b 49.0 ± 0.276b 244.9 ± 1.590ab

Table5. Least-squaremeans fordailyDMintake (DMI)as apercentage
of liveweight (LW) and feed conversion ratio (FCR) during the feedlot-

finishing phase of growth-management groups
The least-square means were weight-adjusted to a common LW at the
beginning of the finishing phase. HF, high LW gain in feedlot; LF, low
LWgain in feedlot;HP, highLWgainonpasture;LP, lowLWgainonpasture.
Means within a column followed by the same letter are not significantly

different (at P = 0.05)

Winter-growth phase n DMI (%LW) FCR (kg DM/kg LW)

HF 30 2.86 ± 0.112a 7.12 ± 0.453b

LF 30 2.75 ± 0.112ab 7.20 ± 0.453b

HP 30 2.62 ± 0.112b 7.97 ± 0.453b

LP 30 2.61 ± 0.112b 8.92 ± 0.453a
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significantly affected muscle deposition and REA in the
subsequent finishing phase. Ridenour et al. (1982) observed
significant (P < 0.05) differences in REA among treatments
with different degrees of energy density in the diet. Animals
subjected to a high energy-density diet in the growing phase
showed a greater REA in the finishing phase than did those
subjected to a lower energy-density diet. The results presented by
Ridenour et al. (1982), like those of the present study, indicated
that growth management plays a role in the subsequent REA
development and the interaction among management groups
during first winter and finishing phase affected REA in
feedlot-finished animals. The least-square means for BFT
during the finishing phase are presented in Table 3. The
interaction between the growth-management groups during the
first winter and finishingmanagement (feedlot or pasture) did not
significantly (P > 0.05) affect BFT during the finishing phase.
Feedlot-finished animals with high-energy diets showed a higher
BFT than did pasture-finished animals, probably due to the effect
of the finishing system itself.

In a similar study, Brito et al. (2014) also reported differences
in the effect of finishing feeding treatments on carcass and meat-
quality traits. The finishing feeding system itself had a significant
influence on the animal’s BFT. BFT was higher (P < 0.05) for
animals fed concentrate than for grass-fed animals during the
fattening period, independently of the nutritional management
that animals received during the growing phase. Robinson et al.
(2001) also observed the same pattern in which the finishing
feeding management, but not the feeding management received
during the first winter, had a significant impact on the BFT and
intramuscular fat content. BFT over the 12th–13th ribs was
markedly reduced by feed restriction, and similar differences
were found in abdominal fat weights, carcass fat content, and
empty body fat weight (Sainz et al. 1995).

Cattle growth rate during the growing period (first winter)
caused several effects on subsequent growth, carcass traits and
FCR of feedlot-finished steers. Animals that received an
unfavourable nutritional management during the first winter
showed compensatory growth in the compensatory phase,
reaching, at the end of growth phase, weights similar to those
of animals that received a favourable nutritional management in
the same growth period. Even though their weights were similar
at the end of the growth phase, the unfavourable nutritional
management applied in the first winter negatively affected
their performance and FCR in the subsequent feedlot-finishing
system. For pasture-finished animals, the feeding management
during thefirst winter did not affect their performance and carcass
traits in subsequent finishing. This might be related to the fact
that under pasture-finishing conditions, steers received a lower-
energy diet. Comparing the results of different studies, Robinson
et al. (2001) stated that it is difficult to generalise the effects of
early nutritional restriction on subsequent animal growth and
carcass composition, because the nutrient supply during the
growth period might vary both within and among seasons, and
sowould the length and intensity of the restriction.Our study took
into account several conditions that commonly occur in temperate
zones, providing substantial information to assist and guide
farmers, technicians and researches in beef-cattle feeding and
management programs to make the most affordable decision for
livestock production.

Conclusions

Nutritional feeding management during the first winter has a
permanent effect on growth, FCRand carcass traits. However, the
prevalence of these effects depends on the feeding system during
thefinishing phase of animals. On the basis of the results obtained
in the present study, it is recommended that the animals could
receive adequate nutritional management during the first winter
so as to maximise their future performance, especially for
intensive beef-cattle growth–finishing systems. However, if the
animals have been subjected to restriction during early growth,
the recommendation is to finish them under pasture conditions,
since the feeding management during the growing phase did not
influence the subsequent performance of the pasture-finished
animals and because the cost of feed as pasture is lower.
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