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There is a requirement in some beef markets to slaughter bulls at under 16 months of age. This requires high levels of
concentrate feeding. Increasing the slaughter age of bulls to 19 months facilitates the inclusion of a grazing period, thereby
decreasing the cost of production. Recent data indicate few quality differences in longissimus thoracis (LT) muscle from
conventionally reared 16-month bulls and 19-month-old bulls that had a grazing period prior to finishing on concentrates. The
aim of the present study was to expand this observation to additional commercially important muscles/cuts. The production
systems selected were concentrates offered ad libitum and slaughter at under 16 months of age (16-C) or at 19 months of age
(19-CC) to examine the effect of age per se, and the cheaper alternative for 19-month bulls described above (19-GC). The results
indicate that muscles from 19-CC were more red, had more intramuscular fat and higher cook loss than those from 16-C. No
differences in muscle objective texture or sensory texture and acceptability were found between treatments. The expected
differences in composition and quality between the muscles were generally consistent across the production systems examined.
Therefore, for the type of animal and range of ages investigated, the effect of the production system on LT quality was generally
representative of the effect on the other muscles analysed. In addition, the data do not support the under 16- month age
restriction, based on meat acceptability, in commercial suckler bull production.
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Implications

Recent data indicate few quality differences in striploin
muscle from conventionally reared 16-month bulls and 19-
month old bulls that had a grazing period prior to finishing
on concentrates. Data from the present study indicate that
the effect of the production system on striploin quality
was generally representative of the effect on the sirloin
and ‘eye of the round’ cuts. Overall, the data do not support
the under 16-month age restriction, based on meat accept-
ability, in some markets for commercially produced suckler
bull beef.

Introduction

The majority of Irish male cattle are reared as steers in
grass-based production systems and slaughtered at around
24 months of age. However, compared to steers, non-castrated
male cattle grow faster, have higher feed conversion efficiency
and lower carbon footprint, and bull beef has a lower intramus-
cular fat (IF) concentration, as preferred by consumers (Murphy,
et al., 2017; Carabante et al., 2018). Nevertheless, entire male
production is discouraged in the context of a market specifica-
tion that requires the slaughter of bulls at under 16 months
with a carcass fatness score of 6 (1 to 15 scale) or 2þ (Teagasc,
2015). This commercial age/carcass limit was imposed due to a
perception that meat quality, particularly tenderness, from
entire males deteriorates as they age (Dikeman et al., 1986).
The achievement of these specifications requires the use of
expensive concentrate feedstuffs, but increasing the slaughter
age of bulls offers the opportunity to include a cheaper pasture
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grazing period (O’Riordan et al., 2011). This may also add value
to bull beef, since grass-fed beef is perceived by the consumer
to be a ‘greener–healthier’ option (Carabante et al., 2018).
Recent studies that compared animals differing in carcass
weight/age and production systems showed few palatability
differences in the longissimus thoracis (LT) muscle when aged
for 14 days (Mezgebo et al., 2017a and 2017b and 2019). It
seems unreasonable therefore to maintain the under 16-month
age limit for bulls. However, available studies are usually
limited to LT, with little information available on the effect
of age, across different production systems, on other commer-
cially relevant muscles.

The meat quality characteristics of the LT muscle from the
traditional under 16-month bull production system were
recently reported (Moran et al., 2019). The objective of the
present study was to compare the meat quality characteris-
tics of LT, gluteus medius (GM) and semitendinosus (ST)
muscles from these bulls with a 19-month production system
in which similar bulls were offered a high-concentrate diet
indoors or a cheaper option in which a grazing period was
included before finishing on a high-concentrate diet indoors.
The hypotheses tested were that animal age per sewould not
impair the quality of the muscles selected and that there
would be no difference in the quality of the three muscles
when bulls were slaughtered at the same age from two sys-
tems differing in the cost of production.

Material and methods

Animals and treatments
Spring-born late-maturing breed entire male cattle (n= 60
ca. 8 months’ age) were blocked on breed and weight and
within block were randomly assigned to one of three produc-
tion systems. During the winter, the animals were indoors
and offered grass silage ad libitum plus 2 kg of concentrate.
At the end of the winter, they were offered a barley-based
concentrate plus grass silage ad libitum indoors for 100 or
200 days until slaughter at under 16 (16-C) or 19 (19-CC)
months of age, respectively. The third group grazed a peren-
nial ryegrass pasture for 100 days and were then finished
indoors on the same diet as 16-C and 19-CC for 100 days
until slaughter at 19 months of age (19-GC).

Feeding management
For 16-C and 19-CC, an increasing amount of concentrates
was offered in two equal feeds daily and then ad libitum once
refusal occurred. Grass silage, a first harvest from a predomi-
nantly perennial ryegrass sward, mowed with a disc mower,
wilted for 24 h, harvested using a precision-chop harvester
and stored in bunker silos, was offered ad libitum for the
duration of the finishing period. The silage, analysed as
described by Moloney and O’Kiely (1995), had DM digestibil-
ity 688 g/kg, pH 4.1 and CP concentration 130 g/kg DM.
Concentrates consisted of 862 g rolled barley, 60 g soya
bean, 50 g cane molasses and 28 g vitamin and mineral

premix per kg and contained 185 g neutral detergent fibre
and an estimated 12.4 MJ metabolisable energy/kg DM.

For 19-GC, the total grazing area was a single block of
13.2 ha and the area allowance was adjusted to ensure a
constant herbage mass (2300 kg DM/ha). The grass, sampled
periodically, had DM digestibility 757 g/kg and CP concentra-
tion 163 g/kg DM. Upon housing, these bulls were managed
as described for 16-C and 19-CC. Indoor animals were
accommodated in concrete-slatted floor pens (lying area
c. 3.4 m2 per bull).

Slaughter, sampling procedures, pH and colour
On the day of slaughter, the animals were transported to a
commercial abattoir (30 km) and slaughtered immediately by
bolt stunning followed by exsanguination from the jugular
vein. Electrical stimulation was not applied and carcasses
were hung by the Achilles tendon. Post-slaughter, carcasses
were weighed and graded for conformation (15-point scale,
classes Eþ (highest) to P− (lowest), Eþ is 15) and fatness
(15-point scale, scores 5þ (highest) to 1− (lowest), 5þ is
15), according to the European Union Beef Carcass
Classification Scheme (Anon, 2004). Within 1 h of slaughter,
carcasses were placed in a chill set at 9°C and ambient tem-
perature was monitored. The pH and temperature decline in
the LT at the 10th rib were recorded in the left side carcass
(Moran et al., 2017). After approximately 10 h, the chill tem-
perature was decreased to 0°C. At 48 h post-mortem, the
subcutaneous fat colour was recorded (Moran et al., 2017).
The entire GM and ST muscles and the ‘cube roll’ commercial
cut (LT between 6th and 10th rib) were removed, vacuum
packaged, transported to Teagasc, Food Research Centre,
(Ashtown, Dublin) and stored at 2°C. After a further 24 h,
the ultimate pH was measured and the muscles were cut into
individual steaks (thickness 25 mm). The first steak of each
muscle was used for meat colour determination. Thus, steaks
were wrapped in oxygen-permeable polyvinylchloride film
(oxygen permeability of 580 ml/m2 h at standard temperature
and pressure) and allowed to bloom at 4°C for 1 and 24 h.
Commission Internationale de l’Elcairage L* (lightness), a*
(redness) and b* (yellowness) were measured through the
film at three locations on each muscle, using a dual-beam
spectrometer (UltraScan XE; Hunter Laboratories, Reston,
VA, USA) and averaged. Hue angle (H*) and Chroma (C*) val-
ues were also recorded. The remaining steaks were vacuum
packed after cutting. Samples for chemical composition and
collagen determinations were then stored at−20°C. Samples
for Warner–Bratzler shear force (WBSF) variables, cook loss
and sensory analysis were wet aged for 11 additional days
(2°C) (total of 14 days ageing) and then frozen at –20°C.

Meat chemical analysis and sarcomere length
measurement
The proximate composition and the total and soluble colla-
gen concentrations of muscle were measured as described by
Moran et al. (2017). Sarcomere length was measured by laser
diffraction in unaged steaks (Koolmees et al., 1986). Details
are provided in Supplementary Material S1.
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Instrumental texture and sensory evaluation
The WBSF was measured according to Shackelford et al.
(1995). Details are provided in Supplementary Material S1.
Three parameters were measured: N, the peak force required
to shear through a meat sample; slope (Mpa), the slope in the
20% to 80% segment of the total peak and area (J), the total
peak area (Mathoniere et al., 2000).

Sensory testing was conducted using naive assessors
(n= 15) (Stone et al., 2012a) who ranged in age from 20 to
50 and who consumed beef regularly. Steaks were grilled to
an internal temperature of 72°C, assigned three-digit random
codes and served under standard lighting (LUX, 1000) to asses-
sors as 1 cm2 pieces, in randomised order (Stone et al., 2012b).
Each assessor was asked to rate the sensory qualities of steak
from each animal according to the methodology of the
American Meat Science Association (2005). The assessors rated
five sensory qualities on a scale (8-point hedonic) from 1 to 8
for tenderness (3 to 5 chews) where 1= extremely tough and
8= extremely tender, overall flavour where 1= very poor and
8= extremely good, overall firmness where 1= extremely
mushy and 8= extremely firm, overall texture where 1= very
poor and 8= extremely good and overall acceptability where
1= not acceptable and 8= extremely acceptable. Distilled
water and unsalted soda crackers were provided to purge
the palate of residual flavour notes between samples.
Additional details are provided in Supplementary Material S1.

Statistical analysis
The slope of the pH decline as the carcasses cooled was cal-
culated according to a first-order decay equation. All data
were subjected to ANOVA using the generalised linear mixed
model (GLIMMIX) procedure of Statistical Analysis Software
(SAS Institute Inc., Cary, NC, USA) with animal as experimen-
tal unit. The fixed factors were block, production system,
muscle type and the production system by muscle type inter-
action. To establish a split plot analysis (i.e. the muscles
within animals), animal ID × production systemwas included
in the random statement to identify the correct variance for
the main plot effect.

Assessor was also included in the random statement for
analysis of the sensory data. For meat colour variables, the
fixed factors were block, production system, muscle type,
blooming time (1 and 24 h) and their interactions. To estab-
lish a split-split plot analysis (i.e. the muscles within animals
and blooming time within muscle), animal ID × production
system and animal ID × production system ×muscle type
were included in the random statement. When significant
effects were detected, the post hoc Tukey test was used to
determine the differences between means. All stated
differences are statistically significant (P< 0.05, at least).

Results

Animal performance and carcass characteristics
During the finishing period, 16-C, 19-GC and 19-CC bulls had
similar daily intake (DM) of concentrate (9.3, 9.4 and 9.1 kg/
animal, respectively) and silage (1.21, 1.35 and 1.21 kg/
animal, respectively). Grass intake of 19-GC was estimated,
based on the growth of the animals and their associated
energy requirement (Agricultural and Food Research Council,
1993) as 9.1 kg DM/animal per day (Table 1).

Growth during the finishing phase was higher for 16-C
than 19-GC and 19-CC, which did not differ. During the graz-
ing period for 19-GC, growth was lower than 19-CC indoors.
Carcasses from 16-C were the lightest and 19-CC the heavi-
est; there was no difference between the treatments for fat or
conformation scores. For subcutaneous fat colour, the light-
ness (L value) was higher for 19-CC than 16-C and 19-GC,
which did not differ, the redness (a value) was higher for
19-GC than 19-CC, which was higher than 16-C, the yellow-
ness (b value) was lower for 16-C than 19-CC and 19-GC,
which did not differ.

The pH and colour of muscle
There were no interactions between production system and
muscle type (Table 2). Ultimate muscle pH did not differ
between production systems but was higher for GM than
LT but similar to ST. The ultimate pH of ST and LT did not

Table 1 Performance and carcass fat colour of bulls offered concentrates ad libitum until slaughter at 16 (16-C) or 19
(19-CC) months of age or at 19 months of age after finishing on concentrates subsequent to a period at pasture (19-GC)

Performance 16-C 19-CC 19-GC SED P value

Growth rate (kg/day)
Pasture phase – 1.97a 1.49b 0.109 0.001
Finishing phase 1.85a 1.26b 1.45b 0.154 0.003

Carcass weight (kg) 358c 437a 399b 14.8 0.000
Fat score (1 to 15) 7.27 7.40 7.53 0.49 0.860
Conformation (1 to 15) 9.93 10.99 10.40 0.46 0.094
Fat colour L 67.9b 71.8a 67.1b 1.04 0.000
Fat colour a 5.18c 7.12b 8.54a 0.516 0.000
Fat colour b 11.7b 14.0a 14.3a 0.37 0.000

SED= standard error of the difference between means. L, a, b= lightness, redness and yellowness, respectively.
a,b,cLeast square means within a row with different superscripts differ significantly at P< 0.05.

Quality of muscles from suckler bulls

2205

https://doi.org/10.1017/S1751731120001007
https://doi.org/10.1017/S1751731120001007


differ. The pattern of pH decline (for LT muscle only) is
shown in Figure 1. The rate of pH decline between 1 and
7 h was higher for 16-CC (slope= 0.09) than for 19-CC and
19-GC which were similar (slope= 0.07 and slope= 0.06,
respectively).

The muscle colour variables presented are averaged over
1 h and 24 h blooming (Table 2). a* and chroma* were
higher for 19-CC than for 19-GC and 16-C which did not dif-
fer. b* was higher for 16-C than for 19-GC and 19-CC which
did not differ. L* was lower for LT compared to GM and ST
which did not differ; a* was higher for GM than LT which in
turn was higher than ST; b* was higher for GM than ST which
in turn was higher than LT; chroma* was higher for GM than
LT and ST which did not differ, hue* was higher for ST than
GM which in turn was higher than LT.

All colour variables increased between 1 and 24 h
of blooming. There was an interaction between production
system and blooming time for a*, b* and chroma*
(Supplementary Table S1). Thus, after 1 h, a* was higher
for 19-CC than 19-GC and 16-C, which did not differ; but
after 24 h, there was no difference between production

systems. After 1 h, there was no difference between produc-
tion systems for b* but after 24 h, b* for 16-C was similar to
19-CC and higher than 19-GC which did not differ from
19-CC. After 1 h, chroma* was similar for 19-CC and 19-
GC but 19-CCwas higher than 16-C, which did not differ from
19-GC. After 24 h, there was no difference between the
production systems.

There was an interaction betweenmuscle type and bloom-
ing time for all colour variables (Supplementary Table S2).
Thus, after 1 h, L* was lower for LT than GM and ST, which
did not differ. After 24 h, L* for LT was similar to GM but
lower than ST; GMwas similar to ST. After 1 h, a* was similar
for LT and ST and both were higher than GM. After 24 h,
a* was similar for LT and GM but both were higher than
ST. After 1 h, b* was higher for GM than ST which in turn
was higher than LT. After 24 h, b* was similar for GM and
ST and both were higher than LT. After 1 h, chroma* was
higher for GM than ST which in turn was higher than LT
but there were no differences between muscles after 24 h.
After 1 h, hue* was higher for ST than LT and GM which
did not differ. After 24 h, hue* was higher for ST than GM
which in turn was higher than LT.

Chemical composition
Other than IF concentration, there were no interactions
between production system and muscle type (Table 3).
Muscle moisture concentration was higher for 16-C than
19-CC but similar to 19-GC. Muscle moisture concentration
was similar for 19-CC and 19-GC. Longissimus thoracis had
similar protein concentration to ST and both were higher than
GM; ST had higher moisture concentration than GM which in
turn was higher than LT. Longissimus thoracis had lower total
collagen concentration than ST and similar to GM, which did
not differ from ST. Gluteus medius had higher soluble colla-
gen concentration than LT which did not differ from ST, GM
did not differ from ST. Longissimus thoracis had similar
collagen solubility to GM and both were higher than ST
(Table 3).

There was an interaction between production system and
muscle type for IF concentration (Figure 2). Thus, the LT IF
concentration for 19-CC was similar to 19-GC but higher than
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Figure 1 (colour online) pH/temperature decline post-mortem in longissi-
mus thoracis from bulls offered concentrates ad libitum until slaughter at 16
(16-C) or 19 (19-CC) months of age or at 19 months of age after finishing on
concentrates subsequent to a period at pasture (19-GC). Data are presented
as mean value per group.

Table 2 Colour and pH of longissimus thoracis (LT), gluteus medius (GM) and semitendinosus (ST) muscles of bulls offered concentrates
ad libitum until slaughter at 16 (16-C) or 19 (19-CC) months of age or at 19 months of age after finishing on concentrates subsequent to a period
at pasture (19-GC)

Production system (P)

SED

Muscle (M)

SED

P value

16-C 19-CC 19-GC LT GM ST P M P ×M

L* 49.10 47.71 47.55 0.755 46.74b 48.39a 49.22a 0.351 0.093 0.000 0.381
a* 16.84b 18.32a 17.29b 0.314 17.17b 18.76a 16.52c 0.237 0.000 0.000 0.477
b* 15.15 15.01 14.42 0.386 13.66c 15.84a 15.09b 0.224 0.141 0.000 0.196
C* 22.68b 23.72a 22.55b 0.394 21.97b 24.58a 22.40b 0.292 0.012 0.000 0.362
h* 42.11a 39.34b 39.96b 0.771 38.71c 40.13b 42.57a 0.338 0.003 0.000 0.105
pH 5.52 5.54 5.54 0.011 5.52b 5.55a 5.53ab 0.008 0.164 0.003 0.395

SED= standard error of the difference between means; L, a, b= lightness, redness and yellowness, respectively; C*= chroma; h*= hue.
a,b,cLeast square means within P or M with different superscripts differ significantly at P< 0.05.
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16-C. The LT IF concentration for 19-GC was similar to 16-C.
The GM IF concentration was similar for 19-CC and 19-GC
and both were higher than 16-C. The ST IF concentration
was similar for all production systems.

Texture-related measurements
Other than sarcomere length, there were no interactions
between production system and muscle type (Table 4).
Muscle cook loss and WBSF area were lower for 16-C than
for 19-CC and 19-GC, which did not differ. Cook loss was
lower for LT than GM and ST, which did not differ. The
WBSF was higher for ST than LT and GM, which did not differ;
while the WBSF area was similar for GM and ST and both
were higher than LT. There was an interaction between pro-
duction system and muscle type for sarcomere length
(Figure 3). Thus, both LT and GM sarcomere lengths were
similar across production systems, whereas the ST sarcomere
length was higher for 16-C compared to GM and ST which did
not differ (Table 4).

Sensory characteristics
There were no interactions between production system and
muscle type, and production system did not affect any of the
variables evaluated (Table 5). Semitendinosus was rated less
tender and as having poorer texture and less acceptable than
LT and GM, which did not differ. Longissimus thoracis had
better flavour than GM and ST, which did not differ (Table 5).

Discussion

Context
We have recently shown that an age limit of under 16 months
for suckler bulls in premium beef markets is not justified on
the basis of sensory characteristics and that a cheaper system
whereby bulls spend a period at pasture prior to finishing
indoors at 19 months of age approximately should be an
option for producers. These findings were restricted to the
LT and can be criticised by industry on that basis. While there
are some studies that indicate that results obtained with the

Table 3 Composition and collagen characteristics of longissimus thoracis (LT), gluteus medius (GM) and semitendinosus (ST) muscles of bulls offered
concentrates ad libitum until slaughter at 16 (16-C) or 19 (19-CC) months of age or at 19 months of age after finishing on concentrates subsequent to a
period at pasture (19-GC)

Composition

Production system (P) Muscle (M)

SED

P value

16-C 19-CC 19-GC SED LT GM ST P M P ×M

Protein (%) 22.8 22.9 22.9 0.263 23.2a 22.5b 23.0a 0.186 0.943 0.004 0.743
IF (%) 0.77b 2.12a 1.57a 0.259 1.95a 1.63a 0.84b 0.172 0.000 0.000 0.006
Moisture (%) 75.2a 74.1b 74.9ab 0.360 74.2c 74.7b 75.4a 0.20 0.014 0.000 0.149
T collagen 55.6 50.1 56.8 5.19 45.0b 56.7a 60.7a 5.54 0.425 0.007 0.622
HS collagen 16.8 14.2 15.8 1.28 14.3b 18.0a 14.6ab 1.60 0.143 0.040 0.210
Solubility (%) 32.0 31.9 31.5 3.39 35.0a 34.6a 25.8b 3.29 0.989 0.001 0.507

SED= standard error of the difference between means; IF= intramuscular fat; T= total and HS= heat-soluble collagen (mg/g dry defatted meat), respectively.
a,bLeast square means within P or M with different superscripts differ significantly at P< 0.05.

d d

a

d d

b
cd d

cb

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

LT GM ST

Sa
rc

om
er

e 
le

ng
ht

 (μ
m

)

16-C 19-GC 19-CC

Figure 2 Sarcomere length (± SD) of longissimus thoracis (LT), gluteus
medius (GM) and semitendinosus (ST) muscles from bulls offered concen-
trates ad libitum until slaughter at 16 (16-C) or 19 (19-CC) months of age or
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bcd

d d

abc abc

d

a
ab

dc

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

LT GM ST

In
tra

m
us

cu
la

r f
at

 (%
)

16-C 19-GC 19-CC

Figure 3 Intramuscular fat concentration (±SD) of longissimus thoracis
(LT), gluteus medius (GM) and semitendinosus (ST) muscles from bulls
offered concentrates ad libitum until slaughter at 16 (16-C) or 19
(19-CC) months of age or at 19 months of age after finishing on concen-
trates subsequent to a period at pasture (19-GC). Different letters indicate
differences between production systems within muscle.
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LT may be applicable to other muscles, little information is
available with respect to suckler bulls. The primary objective
of this study therefore was to expand our previous findings
to additional muscles chosen to represent different chemical
and structural characteristics, anatomical regions and
economic value. The production systems were chosen to
represent the industry standard (16-C) and a cheaper alter-
native (19-GC) but also to allow a comparison of the effect
of age per se within one production system not confounded
by changes in animal management or ration composition.
The general lack of significant interactions for the variables
examined indicates that production system effects are con-
sistent across the muscles chosen. Accordingly, the empha-
sis in the discussion is on the main effects of production
system and interactions with muscle type are referenced
where appropriate.

Effect of production system
It is recognised that the growth path to slaughter differed
among the production systems which may influence aspects
of muscle quality. The carcass weights were as expected
and all carcasses achieved the desired fatness score of >6
(1 to 15 scale). The colour of the subcutaneous fat, especially
the yellowness, is important in some markets. Based on

the factors influencing the fat colour (Dunne et al., 2006),
we hypothesised that fat yellowness would be higher in
19-GC due to the deposition of carotenoids from the grass
during the grazing period. The data do not support this
hypothesis. If the fat was more yellow due to grazing, it
seems the length of the finishing period on concentrates
was sufficient to remove this effect. The differences in sub-
cutaneous fat ‘redness’ seem related to the lower subcuta-
neous fat cover, causing transparency and increasing the
influence of the underlying meat colour (Knight et al.,
1999).

Animals were transported to the abattoir in their farm
groupings to avoid aggressive behaviour that could occur
due to mixing unfamiliar animals, and they were slaughtered
immediately upon arrival. For ease of access, the early post-
mortem phase of carcass management wasmonitored only in
LT. All carcasses were within the desired pH/temperature
zone to avoid either heat or cold shortening (Meat and
Livestock Australia, 2017). The slower rate of pH decline rel-
ative to temperature in the older bulls may reflect the heavier
carcasses. The lack of difference in the rate of pH decline
between the two groups of older bulls likely reflects
similar glycolytic reserves even though the carcass weight
differed. Despite the difference in post-mortem pH decline,

Table 4 Texture-related variables of longissimus thoracis (LT), gluteus medius (GM) and semitendinosus (ST) muscles of bulls offered concentrates
ad libitum until slaughter at 16 (16-C) or 19 (19-CC) months of age or at 19 months of age after finishing on concentrates subsequent to a period at
pasture (19-GC)

Production system (P)

SED

Muscle (M)

SED

P value

16-C 19-CC 19-GC LT GM ST P M P ×M

SL 1.59 1.56 1.57 0.032 1.50b 1.47b 1.75a 0.031 0.638 0.000 0.001
CL (%) 27.2b 29.4a 29.9a 0.430 27.3b 29.2a 30.0a 0.51 0.000 0.000 0.983
WBSF 37.0 36.6 37.3 1.67 34.5b 36.5b 39.8a 1.31 0.914 0.000 0.233
Slope 0.794 0.810 0.798 0.041 0.778 0.770 0.854 0.035 0.938 0.060 0.757
Area 0.274b 0.325a 0.329a 0.016 0.264b 0.317a 0.348a 0.015 0.003 0.000 0.799

SED= standard error of the difference between means; SL= sarcomere length (μm): CL= cook loss; WBSF=Warner–Bratzler shear force, measured in N, slope in MPa,
area in J.
a,bLeast square means within P or M with different superscripts differ significantly at P< 0.05.

Table 5 Sensory characteristics of longissimus thoracis (LT), gluteus medius (GM) and semitendinosus (ST) muscles of bulls offered concentrates
ad libitum until slaughter at 16 (16-C) or 19 (19-CC) months of age or at 19 months of age after finishing on concentrates subsequent to a
period at pasture (19-GC)

Attributes1
Production system (P)

SED

Muscle (M)

SED

P value

16-C 19-CC 19-GC LT GM ST P M P ×M

Tenderness 4.34 4.71 4.57 0.198 4.81a 4.64a 4.19b 0.175 0.186 0.002 0.941
Flavour 4.89 5.10 4.93 0.162 5.35a 4.91b 4.67b 0.132 0.439 0.000 0.408
Firmness 5.40 5.08 5.25 0.138 5.14 5.22 5.37 0.139 0.093 0.258 0.513
Acceptability 4.70 4.98 4.81 0.173 5.10a 4.94a 4.47b 0.137 0.276 0.000 0.127
Texture 4.62 4.96 4.71 0.187 5.01a 4.93a 4.34b 0.138 0.176 0.000 0.188

SED= standard error of the difference between means.
a,bLeast square means within P or M with different superscripts differ significantly at P< 0.05.
1Scale: tenderness (1= extremely tough, 8= extremely tender), overall flavour (1= very poor, 8= very good), firmness (1= very mushy, 8= very firm), overall accept-
ability (1= not acceptable, 8= extremely acceptable) and overall texture (1= very poor, 8= very good).
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however, the ultimate LT pH values were within the normally
acceptable range of pH (5.4 to 5.8) to avoid ‘darker meat’
(Viljoen et al., 2002).

Surface colour is the first attribute perceived by the con-
sumer and a major influence on the decision to purchase
meat (Issanchou, 1996). In general, muscle becomes darker
as animals mature. The data in the present study (lower L*)
tend to support this. In general, muscle also becomes more
red (higher a*) as animals mature. The data in the present
study are also consistent with this (albeit the difference
between 16-C and 19-GC was not statistically significant)
and with Mezgebo et al. (2019). The higher redness in muscle
from 19-CC compared to 19-GC may be related to higher
myoglobin concentration, but myoglobin concentration
was not measured. Differences in the individual colour
parameters led to differences in C* and H* values between
the groups as described in the results section.

Few publications have related objective measurements of
colour with consumer preference. The data of Holman et al.
(2016) indicate that a* provides the most simple and robust
prediction of beef colour acceptability. When a* was equal to
or above 14.5, samples were acceptable to the consumer.
L* and b* were also related with consumer preference,
and acceptability increased linearly with L* and b*, ranging
from 34 to 50 and 13 to 22, respectively. From these data, we
can conclude that all samples in the present study would be
acceptable to the consumer (100% of the samples with a*
value >14.5); however, meat from 16-C bulls may be the
most visually appealing, since it was higher in both L* and
b* (49.10 and 15.16, respectively). Consumer studies are
needed to confirm this suggestion.

Short- and long-term aerobic exposure was employed to
adequately examine colour, particularly as different muscles
were being studied. The increase in a* and b* with increased
blooming time is in line with previous experiments (Nian
et al., 2017). That differences in a* between production sys-
tems disappeared and differences in b* only appeared after
24 h of blooming indicate that comparison of colour between
production systems at one time point should be made with
caution. Nian et al. (2017) also found that differences in col-
our variables between dairy origin animals differing in age
were blooming time dependent.

The higher IF concentration as carcass weight increased
was as expected (Mezgebo et al., 2017b). The trend for
higher IF concentration in 19-CC compared to 19-GC is sim-
ilar to that observed by Moran et al. (2017), reflecting the
differences in carcass weight. The interaction between pro-
duction system and muscle type for IF concentration suggests
that the difference between 16-C and 19-month bulls is more
pronounced for GM than LT or ST. Collagen solubility is con-
sidered more important than concentration per se and
decreases with animal maturity (Blanco et al., 2013). The lack
of difference in collagen solubility between 16-C and 19-
month bulls is consistent with Mezgebo et al. (2019) and
likely reflects the absolute difference in age since an increase
in the age difference in the latter study decreased collagen
solubility. The similar collagen solubility in muscle from bulls

slaughtered at the same age from the different production
systems was expected (Moran et al., 2017).

The lack of an effect of production system on sarcomere
length in LT and GM is consistent with previous findings for
LT in a similar study (Moran et al., 2017). The longer sarco-
mere length in ST from 16-C compared to 19-month bulls was
unexpected since any variations in carcass management
between the two slaughter events would be expected to
impact all three muscles. To our knowledge, there is no evi-
dence that age per se decreases sarcomere length. This differ-
ence in sarcomere length did not affect tenderness (below).

Tenderness is one of the most important eating quality
characteristics of beef (O’Quinn et al., 2018).The perception
that bull beef becomes less tender and less acceptable as an
animal becomes older is an important contributor to the
inclusion of age limits in market specifications for bull beef.
To investigate texture-related differences between treatments,
three characteristics were extracted from the WBSF measure-
ment. The WBSF (N) is indicative of the firmness of the muscle
fibres, while the WBSF area and slope are related to the total
energy needed to chew the meat and meat elasticity, respec-
tively (Mathoniere et al., 2000). The effect of production sys-
tem onWBSF characteristics after 14 days post-mortem ageing
was small and only the WBSF area was affected, indicating
that meat from the 16-month bulls may be considered less
chewy compared with meat from the 19-month bulls. Non-
significant changes in WBSF values in the age range in the
present study are in agreement with previous studies of 12-
to 24-month-(Dikeman et al., 1986) and 8- to 24-month-
(Boccard et al., 1979) old bulls, respectively. The lack of
WBSF differences between meat from the 19-month bulls
pre-finished on grass or concentrates and aged for 14 days
agrees with that of Moran et al. (2017).

Dikeman et al. (1986) observed no difference in sensory
tenderness in LT from early maturing bulls as age at slaughter
increased from 12 to 24 months. Similarly, a literature review
of mainly French production systems indicated that as age at
slaughter increased from 12 to 24 months, there was little
evidence of an increase in shear force or decrease in sensory
tenderness in meat from bulls (Oury et al., 2007). The findings
in the present study support these studies and those of
Mezgebo et al. (2017a) who found no difference in LT tender-
ness (aged for 14 days) between 16-C and 19-CC bulls. In the
present study and in that of Moran et al. (2017), the lack of
difference in sensory characteristics of muscle when GC and
CC bulls were slaughtered at the same age may be related to
the absence of differences in components considered to con-
tribute to cooked meat toughness (IF concentration, collagen
solubility and sarcomere length). However, when averaged
across three different carcass weights, sensory quality
was poorer for LT from bulls on a GC production system
(Mezgebo et al., 2017a). In that study, the GC bulls were
on average 3 months older than those in the present but
clearly factors other than just age contributed to this
observation.

No differences in cooking loss from LT from young bulls
due to age were observed in previous studies (Nian et al.,
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2017). In the present study, the lower cook loss from 16-C
despite the higher moisture concentration may be related
to the longer time taken by the bigger steaks from the
19-month bulls to reach the target internal temperature.

Effect of muscle and muscle by age interactions
The highest ultimate pH for GM contrasts with Torrescano
et al. (2003) who reported higher ultimate pH for LT com-
pared with ST and GM. Generally, differences between the
muscles in chemical composition were as expected (e.g.
Keith et al.,1985) and reflect their inherent biochemical char-
acteristics. The lower a* for ‘white’ muscles like ST and
higher a* for ‘red’muscles like GM, with intermediate values
for LT described by Vestergaard et al. (2000) were also
observed in the present study. The interaction of muscle type
and blooming time indicates that despite 1 h being the refer-
ence blooming time (Wulf and Wise, 1999), this is not appro-
priate for all muscles. Characterisation of the time required
for the colour of GM and ST to stabilise during display merits
investigation.

While the total collagen concentration tended to be higher
for GM compared to LT, the soluble concentration was also
higher such that the collagen solubility was similar for both
muscles and this finding is similar to that of Torrescano et al.
(2003). The higher insoluble collagen concentration (38.7 v.
30.7 for GM and LT, respectively) did not negatively affect
tenderness. While slightly shorter sarcomeres were detected
in the present study, the differences between muscles were
largely as reported by Keith et al. (1985). The higher shear
force for ST than LT and GM, reflecting the collagen data,
is similar to that reported previously (Torrescano et al.,
2003). Consistent with the instrumental texture, the sensory
panel rated ST lowest for tenderness-related parameters in
line with the previous experiments (Keith et al., 1985). The
higher overall flavour rating for LT than GM and ST, possibly
due to the higher IF concentration, also supports the findings
of Keith et al. (1985).

In conclusion, meat from bulls produced at 16 and
19 months of age on a similar diet and at 19 months of
age from the economically more attractive option, when
aged for 14 days, had similar quality characteristics. For
the type of animal and range of ages investigated in the
present study, the effect of production system on LT quality
was generally representative of the effect on the other
muscles examined. The findings of the study do not support
the under 16-month age restriction, based on meat quality
and acceptability, in commercial suckler bull production.
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