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Regrouping unfamiliar animals in the weeks prior to slaughter
has few effects on physiology and meat quality in Bos taurus
feedlot steers
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Abstract. The response of cattle to alterations in social groupings can lead to physiological changes that affect meat
quality. Feedlot practices frequently lead to a proportion of cattle in a pen being drafted for slaughter with the balance
retained for a further period until they meet market specifications. An ability to regroup such retained cattle for short
periods without consequences for meat quality would facilitate efficient use of feedlot pen space. The current experiment
examined the impact on physiological variables and meat quality of regrouped British breed steers 4, 2 or 1 week before
dispatch for slaughter. There was little effect of regrouping cattle on physiological variables associated with stress responses.
Physical assessment of meat quality indicated that regrouping steers 1 week before slaughter led to higher compression and a
tendency for higher peak force values in animals from one genotype than in their respective controls (1.89 v. 1.71 ± 0.05 kg,
P = 0.017); however, these assessments were not matched by changes in sensory perception of meat quality. Average daily
gain during feedlot finishing was negatively related to the temperament measure and flight time. It was also associated
with breed, white cell count, plasma cortisol and haemoglobin at the midpoint of the 70-day finishing period. The results
confirm the impact of flight time on growth rate during feedlot finishing and that regrouping cattle less than 2 weeks before
slaughter may reduce meat quality.

Additional keywords: animal welfare, temperament.

Introduction

Cattle are social animals that can recognise their conspecifics
(Hagen and Broom 2003). Disruption of the social grouping
by separation from conspecifics or mixing with unfamiliar
animals can lead to changes in behaviour and physiological
processes (Veisseir et al. 2001) that are indicative of the adaptive
response to a stressor (reviewed by Boe and Faerevik 2003).
During stress responses, elevated activity of the hypothalamic–
pituitary–adrenal axis and the sympathetic nervous system
alters carbohydrate and lipid utilisation patterns that lead to
increased glycogen catabolism in muscle and a change in energy
metabolites in blood. Hormones associated with the stress
response and the consequent changes in nutrient utilisation can
also depress immune function and increase disease susceptibility
(reviewed by Colditz 2002). Of primary importance in cattle
experiencing stress prior to slaughter is the effect of reduced
glycogen stores on post mortem muscle pH changes and
meat quality (Ferguson et al. 2001). In addition, non-glycogen
dependent effects of preslaughter stress on meat quality have

also been identified (Simmons et al. 1997; Warner et al. 2007).
In addition to the production costs associated with stress
responses, it is generally accepted that the demand of responding
to stressors can compromise the welfare of livestock. Thus
an improved understanding of the stress associated with cattle
husbandry practices is important both for animal welfare and
production outcomes.

Many cattle production systems require the regrouping of
animals to construct groups appropriate to husbandry and
management practices. During feedlot finishing for instance,
animals are often drafted out of a pen for dispatch to slaughter
when they meet market specifications for weight and fat cover,
with the remaining animals regrouped to economise on use
of pen space. The potential impact of regrouping unfamiliar
cattle on meat quality has led to specifications for handling
cattle within the Meat Standards Australia (MSA) beef quality
assurance scheme that include a prohibition on regrouping
cattle from different groups or pens on a property within
2 weeks of dispatch (Anon. 2002). In addition, under MSA,
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cattle purchased from another property or a sale yard cannot
be dispatched for slaughter within 1 month of purchase.
It is pertinent to highlight here that these specifications
were made without corroborating data. Rather, they were
deemed appropriate as interim specifications in the interests of
ensuring that meat quality was not compromised. Therefore,
the current study was undertaken to examine the effect of
regrouping unfamiliar feedlot cattle prior to slaughter on
several physiological indicators of stress responses and meat
quality. Also, associations between physiological variables,
temperament, growth rates and meat quality were examined to
investigate the potential costs to production and meat quality of
adaptation to stressors encountered in the feedlot environment.

Materials and methods
Cattle
A cohort of 105 Hereford weaner steer calves ∼9 months
old were purchased from a single calving on a property near
Goondoowindi, Queensland (−28◦55′S, 150◦31′E) and a
second similar cohort of 105 Angus calves were purchased
from a property near Armidale, New South Wales (−30◦53′S,
151◦62′E) in winter 2000. Prior to purchase and commencement
of the experiment, the Hereford steers had been weaned by
abrupt separation from their mothers and returned to pasture,
whereas the Angus steers had been weaned by separation from
their mothers then held in yards with free access to good quality
dry feed and water for at least 5 days. The latter practice is
known as yard weaning. The difference in weaning practice was
not a deliberate design component of the study but is noteworthy
in view of the influence weaning practices can have on feedlot
performance of cattle (Fell et al. 1999). In practical terms, in
this experiment weaning practice is confounded with breed and
with other environmental and management differences related
to the property of origin of the animals. After purchase, the
Angus steers were run as a single group on pasture at ‘Tullimba’
Beef Cattle Research Facility, 50 km southwest of Armidale
and the Hereford steers were run as a single group on pasture
at CSIRO F. D. McMaster Laboratory in Armidale. One week
before feedlot entry, the Hereford steers were trucked 50 km to
‘Tullimba’ and held in a paddock with no common boundaries
to the paddock in which the Angus steers were grazing. Cattle,
then ∼12 months of age, were inducted to the feedlot on
22 September 2000 (day 1) and each cohort was allocated to
a pen (40 by 50 m) separated by a vacant pen. At induction,
cattle were treated at the manufacturers’ recommended dose
rates for liver fluke (Fasinex, Novartis Animal Health) and
internal parasites (Dectomex injectable, Pfizer), vaccinated
against clostridial diseases, (CSL 5 in 1) and the brushes of their
tails were trimmed. Dates of stock handling and treatments are
summarised in Table 1. The cattle were weighed (Angus day 34,
Herefords day 36) and temperament was assessed (Angus
day 37, Herefords day 38) by scoring agitation on a five point
scale while confined in the crush (Voisinet et al. 1997) and by
measuring the time taken to traverse a 1.8 m distance after release
from the crush, a trait termed ‘flight time’ (Burrow et al. 1988).

Experimental design
The experiment was designed to take animals from each property
of origin, which also corresponded to their breed, and at 4, 2

Table 1. Stock handling events and liveweights (mean ± s.e.) of cattle

No. of days Event Liveweight (kg)
on feed Hereford Angus

– Purchase 301A 286.9 ± 1.85
1 Feedlot induction 289.5 ± 1.91 323.2 ± 2.08
34 Angus temperament test – 372.5 ± 2.30
36 Hereford temperament

test
356.1 ± 2.46 –

43 Groups allocated to pens
of 14, blood sampled,
groups regrouped 4
weeks before exit

362.0 ± 2.67 381.7 ± 2.48

57 Groups regrouped 2
weeks before exit,
blood sampled

384.1 ± 2.66 404.1 ± 2.56

64 Groups regrouped 1 week
before exit, blood
sampled

389.1 ± 2.84 412.5 ± 2.52

71 Blood sampled, feedlot
exit, trucked to
abattoir

397.8 ± 3.05 421.4 ± 2.52

AIndividual liveweights were not available.

or 1 week before dispatch for slaughter, mix or regroup these
animals into pen units comprising animals from both breeds.
For each breed, animals were assigned to treatments on day 43
by stratification on crush score then flight time and randomised
to three replicates of five units of seven animals. Within each
replicate, two units of seven animals were combined to provide
14 control animals, thereby creating one control group for each
breed. The remaining units of seven animals were allocated
to regrouping treatments so that seven steers from each breed
were regrouped 4, 2 or 1 week before dispatch for slaughter
on day 71. Thus, on day 43 (4 weeks before exit), the steers
were divided from two large pens each containing 105 steers
(providing 19 m2/animal and 0.38 m feed bunk per animal) into
15 pens (12.5 by 20 m) of 14 animals (providing 18 m2/animal
and 0.83 m feed bunk per animal). The pens were in one row,
thus there was the opportunity for some contact between animals
in adjacent pens. Each pen had a single watering point and no
shade. Steers allocated for regrouping 4 weeks prior to feedlot
exit were moved into their treatment pens at this time, whereas
those steers allocated for regrouping at 2 or 1 week prior to
feedlot exit were run in pens of 14 with animals from their
property-of-origin cohort until regrouping at 2 weeks. From
2 weeks until 1 week before exit, for each breed there was a pen
of seven animals and a pen of 14 animals awaiting regrouping
at 1 week before exit. When regrouped with unfamiliar steers
at 2 or 1 week before slaughter, newly composed groups
were moved to new pens to ensure that no animals returned
to a ‘home’ pen. The three replicates of the five regrouping
treatment pens were deployed in a block design across the
feedlot. Allocation of cattle to groups is outlined in Table 2
and the deployment of groups in feedlot pens is documented
in Table 3.

Cattle were offered standard feedlot ration (16.1% protein,
11.6% metabolisable energy) twice per day with refusals
recorded for each pen and used to adjust the subsequent
feed allocation. Steers were observed by trained stockpersons
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Table 2. Treatment allocations

Group Replicate Treatment CompositionA

1 1 Control 14A
2 1 Control 14H
3 1 4 week 7A7H
4 1 2 week 7A7H
5 1 1 week 7A7H
6 2 Control 14A
7 2 Control 14H
8 2 4 week 7A7H
9 2 2 week 7A7H
10 2 1 week 7A7H
11 3 Control 14A
12 3 Control 14H
13 3 4 week 7A7H
14 3 2 week 7A7H
15 3 1 week 7A7H

AA, Angus; H, Hereford.

Table 3. Pen allocations during last 4 weeks in the feedlot
Coding for pen allocations is: Gp, Group; Gp15A Gp9A, Angus destined to
treatment Groups 15 and 9; Gp9H Gp14H, Herefords destined to treatment
Groups 9 and 14; etc. Dashes represent pens without animals or with animals

being held in pens prior to allocation to a treatment group and replicate

Pen Replicate Time before exit
4 weeks 2 weeks 1 week

1 1 Gp3 Gp3 Gp3
2 1 Gp15A Gp9A Gp15A Gp5
3 1 Gp2 Gp2 Gp2
4 1 Gp9H Gp14H Gp4 Gp4
5 1 Gp1 Gp1 Gp1
6 2 Gp7 Gp7 Gp7
7 2 Gp8 Gp8 Gp8
8 2 Gp15H Gp4H Gp15H Gp10
9 2 Gp6 Gp6 Gp6
10 2 Gp4A Gp14A Gp9 Gp9
11 3 Gp11 Gp11 Gp11
12 3 Gp5H Gp10H Gp5H Gp10H Gp15
13 3 Gp12 Gp12 Gp12
14 3 – Gp14 Gp14
15 3 Gp13 Gp13 Gp13
16 – Gp5A Gp10A Gp5A Gp10A –

for signs of ill health after the morning feed. From day 43
onwards, on each occasion that cattle were handled, every
experimental animal had a blood sample taken from the caudal
vein while confined in a race and was then weighed (Table 1).
Blood was collected into 2 by 10 mL EDTA vacutainers for
haematology, plasma cortisol and plasma lactate assessments
and into 1 by 10 mL heparin vacutainer for analyses of plasma
glucose, urea nitrogen and creatine kinase. Blood samples
were kept on ice and transported to the laboratory within 5 h
of collection.

Slaughter
On day 71, cattle were trucked 80 km (∼1 h) from ‘Tullimba’
to the abattoir and held overnight in lairage for 18–24 h before
slaughter the following morning. The cattle were maintained
in their treatment groups during trucking and lairage. The

15 groups were slaughtered in a random order to minimise any
confounding effects due to slaughter sequence.

The cattle were stunned using a captive bolt pistol and
bled immediately after stunning. The carcasses were electrically
stimulated within 5 min of slaughter using low voltage
stimulation (45 V, 14.3 pulses/s, unidirectional square wave) for
20 s. The carcasses were then placed in a chiller overnight.

Meat sample collection and analysis
After chilling for 18–20 h, the sides were boned and the
M. longissimus thoracis et lumborum (LTL, striploin) was
removed from one side for meat quality evaluation. The muscle
was transversely cut into three equal sized portions and these
were allocated to different aging treatments. The centre portion
was aged for 14 days at 0–1◦C and used for sensory evaluation by
MSA consumer panels. The remaining portions were randomly
allocated to either 1 or 14 days aging and used for physical
measurement of meat quality.

A detailed description of the sensory evaluation protocol
is provided by Polkinghorne et al. (1999). Briefly, at the
completion of the aging period, the striploin samples were cut
into five 25 mm cubes, allocated a unique code number and
frozen and stored at −20◦C. The cubes of meat were thawed
(2–5◦C) for 24 h prior to cooking on a Silex griller, then cooked
to an internal temperature of 70◦C, halved and allocated to
untrained panellists. The panellists were allocated seven half
cubes and were asked to score tenderness, juiciness, flavour and
overall liking on a 100 mm line scale. These scores (1–100) were
weighted to derive the overall acceptability of each steak, which
was defined as the CMQ4 score. Each cube was evaluated by
two panellists. Meat samples from 148 of the 210 animals in the
experiment, balanced across breed and treatment, were assessed
by panellists.

The physical meat quality measurements of ultimate pH
(pHu), Minolta colour values (L∗, a∗ and b∗), compression, shear
force and cooking loss were conducted on the 1- and 14-day
aged samples according to the procedures outlined by Perry
et al. (2001).

Blood sample analysis
Red and white cell parameters were estimated with a Cell-Dyn
3500R automated haematology analyser (Abbott Diagnostics,
North Ryde, NSW, Australia) calibrated for cattle blood. Plasma
cortisol concentrations were determined by radio-immunoassay
using standards, antiserum and [125I] cortisol supplied by
Orion Diagnostica (Espoo, Finland). Duplicate plasma (25 µL)
samples and standards (100 µL) in the range 0–100 nmol/L,
were assayed. The within assay CV was 5.3% and the
between assay CV was 13.0%. The metabolites, glucose, urea
nitrogen, creatine kinase and lactate were measured in plasma
samples by autoanalyser using a Dade Behring Dimension
clinical chemistry system (Dade Behring, Coorparoo, Qld,
Australia).

Statistical analyses
Data were transformed where necessary to stabilise variances
(Tables 6 and 7). Breed within pen group was used as the
experimental unit for analysis of the effect of regrouping
treatments on average daily gain (ADG), physiological indicators
of stress and meat quality. Thus within pen, data for each
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Table 4. Average daily gain (mean ± s.e., kg/animal.day) of control steers and steers
regrouped with unfamiliar animals 4, 2 or 1 week before dispatch for slaughter

Regrouping interval Hereford Angus
before feedlot exit Treated Control Treated Control

(regrouped) (regrouped)

4 weeks (days 43–71) 1.33 ± 0.10 1.36 ± 0.03 1.32 ± 0.10 1.39 ± 0.08
2 weeks (days 57–71) 1.22 ± 0.23 0.99 ± 0.17 1.42 ± 0.33 0.81 ± 0.12
1 week (days 64–71) 1.37 ± 0.77 1.28 ± 0.30 1.99 ± 0.15 1.03 ± 0.19

breed were averaged to provide the value for that experimental
unit and a separate analysis of variance performed for each
breed. Feed data were available only on a whole pen basis.
Meat quality data assessed on samples aged for 1 and 14 days
after slaughter were analysed as a split plot in time fitting
the effects of regrouping, aging period, and their interaction,
again using breed within pen as the experimental unit. Contrasts
between regrouping treatments and controls were performed
by ANOVA. Associations between growth rate during 70 days
of feedlot finishing and physiological variables (see Table 4)
measured at the time of allocation of steers to treatment
groups (day 43) were examined by multiple regression following
a forward stepwise procedure (significance level for entry
and removal = 0.150). Analyses were performed in Systat
version 9 (SPSS Inc., Chicago, IL). Repeatabilities were
calculated as the ratio of between animal variance to total
variance when fitting animal as a random effect and treatment,
breed and their interactions with time as fixed effects in
ASREML (Gilmour et al. 2002). A probability less than 0.05
was considered significant.
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Fig. 1. Liveweight and feed intake of control Angus and Hereford cattle during the last 4 weeks of feedlot
finishing. The graph shows the impact in the weeks after a substantial rain event on feed intake of Hereford
controls. Liveweight is represented by the upper pair of lines, feed intake by the lower pair of lines, and rainfall
by the bars. The effects of the regrouping treatments on feed intake and average daily gain (ADG) are presented
in Tables 4 and 5. Error bars represent the s.e.

Results

Cattle temperament

There was a significant correlation between flight time and crush
score (R2 = 0.19, n = 210, P < 0.000). Weight at day 43, the
day of allocation to treatments, was a significant covariate for
each temperament measure (crush score, P = 0.011; flight time,
P = 0.000). Fitting weight at day 43 as a covariate, there was no
difference between breeds in crush score (adjusted least square
means: Angus 2.00, Hereford 2.08, s.e.m. = 0.06, P = 0.363),
and a tendency for flight time to be faster in Angus (adjusted
least square means: Angus 0.85 s, Hereford 0.88 s, s.e.m. = 0.01,
P = 0.09).

Cattle performance

Liveweight gain and feed intake of control cattle from day 43
until feedlot exit is presented in Fig. 1. During this interval,
the Angus steers gained on average 39.7 ± 1.00 kg and Hereford
steers 36.3 ± 1.26 kg. Allocation of Herefords to control group
pens on day 43 resulted in a reduced feed intake that was not
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observed in control Angus cattle (Fig. 1). A substantial rain
event occurred during the last 4 weeks of finishing with 123 mm
falling in a 9-day period (Fig. 1), which resulted in decreased feed
intake in the Hereford control groups in the week following the
rainfall event.

Effect of regrouping on growth rate, feed intake
and physiological variables

Neither ADG (Table 4) nor feed intake (Table 5) was affected by
the experimental treatments. There was little impact of treatment
on physiological variables assayed on the day of exit. Plasma
glucose was significantly higher in Herefords regrouped 4 weeks
earlier than in controls (P = 0.016) and cortisol was significantly
higher in Angus regrouped 4 weeks earlier than in controls
(P = 0.011, Table 4).

Effect of regrouping on meat quality

Samples from all treatments had a normal ultimate pH (i.e. pHu

<5.7) in the LTL. After 14 days aging, LTL from Herefords
regrouped 1 week before feedlot exit had significantly higher
compression values than controls (P = 0.017). Taste panel
appraisal of eating quality showed a significant increase in
juiciness of meat from Herefords regrouped 1 week before
slaughter (P = 0.003). Other eating quality traits were not
affected by treatment (Table 5).

Associations between physiological variables
and growth rate or meat quality

There was a significant relationship between ADG during the
70 days of feedlot finishing and flight time and physiological
variables assessed on day 43 of feedlot finishing yielding the
following equation (R2 = 0.26, n = 210):

ADG = 0.505 FT (P = 0.001; R2 = 0.11) + 0.158 breed
(P = 0.000; R2 = 0.06) + 0.451 wcc (P = 0.029;
R2 = 0.04) − 0.002 cort (P = 0.025; R2 = 0.03)
−0.055 hgb (P = 0.016; R2 = 0.02) + 1.197 (1)

where FT is square root flight time (s), breed is Angus (1)
or Hereford (2), wcc is log10 white cell count, cort is cortisol
(nmol/L), hgb is haemoglobin concentration (g/dL) in blood

Table 6. Physiological variables (treatment least squares means and pooled standard errors) for Hereford and Angus steers
Within breed, bold italicised values are significantly different from the control (P < 0.05)

Hereford steers Angus steers
Control 4 weeks 2 weeks 1 week s.e. Control 4 weeks 2 weeks 1 week s.e.

Liveweight (kg) 396.6 392.4 401.9 402.2 8.15 420.5 420.8 423.5 422 4.70
Total white cell count (log10/mL) 6.89 6.83 6.89 6.86 0.02 6.87 6.85 6.91 6.87 0.02
Lymphocytes (L) (log10/mL) 6.65 6.57 6.65 6.61 0.03 6.64 6.59 6.72 6.63 0.02
Neutrophils (N) (log10/mL) 6.37 6.34 6.35 6.35 0.02 6.34 6.36 6.34 6.37 0.03
N : L ratio −0.28 −0.23 −0.3 −0.27 0.03 −0.30 −0.24 −0.38 −0.25 0.03
Red cell count (log10/mL) 8.69 8.82 8.82 8.46 0.16 8.26 8.2 8.06 8.22 0.13
Haemoglobin (g/dL) 13.54 13.45 14.07 13.11 0.36 13.55 13.51 13.24 13.44 0.22
Haematocrit (%) 35.77 36.11 37.24 34.95 0.73 36.35 36.34 35.33 35.84 0.58
Cortisol (nmol/L) 61.5 66.1 56.9 50.9 8.30 53.7 66.1 50.9 59.2 2.68
Lactate (mmol/L) 1.99 2.28 1.82 1.87 0.23 1.70 2.12 1.50 1.84 0.17
Creatine kinase (U/L) 298.9 301 311 563.9 134.5 415.5 260.7 253.6 325.3 56.2
Plasma urea nitrogen (mg/dL) 18.29 18.28 16.95 18.38 0.66 18.12 17.95 17.86 18.71 0.50
Glucose (mmol/L) 4.83 5.33 4.71 4.66 0.12 4.77 5.19 4.72 5.04 0.17

Table 5. Feed intake (mean ± s.e., kg/ animal.day) of control steers and
steers regrouped with unfamiliar animals 4, 2 or 1 week before dispatch

for slaughter

Regrouping period Treated (regrouped) Control
prior to slaughter

4 weeks (days 43–71) 10.37 ± 0.13 10.52 ± 0.09
2 weeks (days 57–71) 11.33 ± 0.33 11.02 ± 0.24
1 week (days 64–71) 11.44 ± 0.36 11.39 ± 0.25

or plasma and values in brackets are the probabilities and
correlations of each variable with ADG, given the inclusion of
the preceding terms in the model.

Repeatabilities for the physiological variables that were
measured on four occasions (Table 1) were white cell count
(0.44), cortisol (0.54) and haemoglobin (0.67).

For meat quality traits, a significant relationship occurred
between compression measures (aged 1 day) and breed,
treatment and cortisol measured on day 42 as follows (R2 = 0.23,
n = 210):

Compression = 0.217 breed (P = 0.000; R2 = 0.18)
+ 0.002 cortisol (P = 0.005; R2 = 0.03)
+ 0.031 treatment (P = 0.028; R2 = 0.02)
+ 1.264 (2)

where the values in brackets are the probabilities and correlations
of each variable with compression given the inclusion of the
preceding variables in the model.

Discussion

During feedlot finishing, there is often a requirement to regroup
animals that need a further period on feed to reach market
specifications. In the current experiment, the animals that were
regrouped were mixed in equal numbers, and were all steers of
similar size and weight at the time of regrouping. There was
little impact of regrouping on physiological variables that are
frequently found to be influenced by stressors such as transport
and feedlot entry (Fell et al. 1999). The only significant changes
observed were an elevation of blood glucose in Hereford cattle
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Table 7. Meat quality variables (treatment least squares means and pooled standard errors) for Hereford and Angus steers
Within breed, bold italicised values are significantly different from the control (P < 0.05)

Hereford steers Angus steers
Control 4 weeks 2 weeks 1 week s.e. Control 4 weeks 2 weeks 1 week s.e.

Physical measurements (Day 1)
Cooking loss (%) 24.19 23.79 22.95 24.18 0.50 23.24 23.00 22.98 23.69 0.62
Optimum pH 5.49 5.53 5.49 5.50 0.01 5.50 5.50 5.48 5.48 0.01
Minolta colour values L* 38.56 37.94 38.62 37.46 0.64 39.42 39.71 40.09 39.22 0.61
Minolta colour values a* 23.15 21.93 22.14 22.67 0.77 23.27 22.63 22.68 23.84 0.47
Minolta colour values b* 11.77 11.09 11.27 11.55 0.47 12.06 11.61 11.74 12.49 0.30
Peak force (kg) 4.90 4.66 4.75 5.56 0.30 4.19 4.77 3.85 4.51 0.46
Compression (kg) 1.88 1.79 1.86 1.99 0.42 1.63 1.71 1.64 1.72 0.45

Physical measurements (Day 14)
Cooking loss (%) 24.88 25.93 26.09 25.19 1.34 25.68 24.93 24.50 24.79 0.51
pHu 5.53 5.55 5.55 5.53 0.02 5.52 5.53 5.55 5.53 0.01
Minolta L* 40.05 40.09 40.68 40.36 0.46 41.40 41.74 42.06 42.21 0.34
Minolta a* 11.73 12.05 11.77 11.21 0.31 12.58 11.87 12.73 12.17 0.25
Minolta b* 3.09 3.62 3.22 3.46 0.3 2.85 2.76 2.55 3.13 0.10
Peak force (kg) 3.94 4.49 4.01 4.26 0.34 3.59 3.54 3.22 4.02 0.11
Compression (kg) 1.71 1.69 1.79 1.89 0.05 1.63 1.61 1.58 1.56 0.04

Sensory evaluation (MSA scores)
Tenderness 42.69 53.33 52.80 51.84 3.89 64.24 57.94 67.40 64.49 3.79
Juiciness 47.54 48.83 50.70 55.77 1.02 59.40 54.69 61.88 62.90 3.21
Flavour 50.73 52.15 53.73 56.15 2.64 63.51 61.25 65.83 65.92 2.26
Overall likeability 47.60 51.66 53.05 55.02 2.83 64.55 60.19 65.35 65.50 3.19
MQ4 46.20 52.29 52.82 54.32 2.90 64.24 57.94 67.40 64.49 3.79

regrouped 4 weeks before exit and an elevation of cortisol in
Angus cattle regrouped 4 weeks before exit. The substantial
rain event that occurred during the experiment (Fig. 1) affected
feed intake of Herefords between days 57 and 65 and this
may have confounded or reduced the impact of experimental
treatments. Nonetheless, blood cortisol measurements taken
before and after the rain event had a moderate repeatability and
the effect of time on cortisol when analysed by repeated measures
analysis was not significant (data not shown). ADG fluctuated
substantially across treatment groups (Table 4). This variation
did not lead to marked differences in haematological variables
and its implications remain unresolved. Taken together, it is
likely that in the current experiment the regrouping of animals
during the weeks prior to feedlot exit did not provoke a strong
stress response.

With respect to meat quality, increased compression and
peak force values are usually associated with consumer
perceptions of tougher meat (Perry et al. 2001). For Herefords,
steers regrouped 1 week before feedlot exit had significantly
higher compression values than control steers. In accord with
this finding was the observation that breed and treatment,
together with cortisol, were significant terms in the stepwise
regression of experimental factors on compression. Nonetheless,
sensory appraisal of meat did not detect a diminution of
eating quality associated with regrouping. Animals sourced
for this study were not necessarily representative of their
breeds and the two breed cohorts experienced different rearing
conditions and management before entry to the experiment.
It is, therefore, not necessarily valid to conclude that differences
between the response of Angus and Hereford cattle to
regrouping in the current experiment is indicative of breed

differences. The constraints of logistics and expense make
experiments on group responses of cattle difficult to design
with sufficient power to detect small but important consequences
for meat quality.

Cattle used in the current experiment came from two
large commercial herds, one of which (Angus) had been yard
weaned. These cattle also differed in their average growth at
pasture prior to feedlot entry (Hereford −144 g/animal.day v.
Angus + 454 g/animal.day) due, at least in part, to differences
in pasture availability and quality at the two grazing sites and
prevailing drought conditions. However, other cattle studies
(Purchase et al. 2002; Sazili et al. 2004) suggest it is unlikely
that the duration of pasture feeding between purchase and feedlot
entry, and the rates of growth during that period, would have
serious consequences for eating quality of beef following 70 days
in the feedlot.

Although no pronounced effects of experimental treatments
on growth rate and physiological variables were detected in
the experiment, the animals may nonetheless have varied in
their capacity to cope with the feedlot environment and thereby
have experienced differing levels of activation of stress response
pathways during their time in the feedlot. In view of the
potential for antagonism between stress responses and growth,
associations between growth during feedlot finishing and the
suite of physiological variables measured midway through
finishing (before commencement of experimental treatments)
were examined. Treatment was not found to influence growth
rate. Growth rate was associated with breed, positively associated
with flight time and white cell count and negatively associated
with cortisol and haemoglobin levels in blood. The term breed
in this analysis encapsulates not only genetics of the two lines
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but also the effects associated with property of origin, and
pre-feedlot entry management. Flight time is a measure of
temperament of cattle that has been found to be genetically
correlated with growth rate (Burrow et al. 2001; Petherick et al.
2002) and genetically (Reverter et al. 2003) and phenotypically
(Voisinet et al. 1997; Petherick et al. 2002) correlated with meat
quality in Bos indicus derived breeds. In addition, B. indicus
and B. indicus cross cattle with short flight times tended to lose
more weight during long distance road transport and recover
weight more slowly in the month following transport than
animals with slow flight times (H. M. Burrow and I. G. Colditz,
unpubl. data). The present results support those found in a
previous study on British breed steers, where ADG over 78 days
in a feedlot was positively correlated with flight time and
negatively correlated with cortisol levels (Fell et al. 1999). The
current results, therefore, confirm that slow flight time is a
desirable trait associated with faster weight gain during feedlot
finishing of cattle, and extended this finding to Bos taurus cattle.
Although statistically significant, the impact of white cell count,
cortisol and haemoglobin concentration on ADG were minor in
comparison with flight time and breed. Nonetheless, the negative
association between cortisol and ADG is in accordance with the
effect of cortisol on muscle catabolism.

In view of the potential for the detrimental impact of
concurrent stressors to combine in an additive or even synergistic
fashion, it seems prudent to adopt a conservative interpretation
of the results of this experiment. Thus while only a low level
of significance was found, it suggests that within 2 weeks of
slaughter, cattle enter a period when stressors may compromise
meat quality. Minimising the exposure of cattle to stressors
during this period seems appropriate in the interests of
maximising beef eating quality. In addition, the large differences
in meat quality observed between cattle from the two properties
of origin indicate that there are factors with substantial effects
on meat quality that are yet to be identified.
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