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Abstract
There is potential to increase the value of meat from Holstein-Friesian bulls by increasing the proportion of carcasses that are of
suitable quality to be eligible for primal cuts sold in high-value markets. The objective of this study was to explore relationships
between carcass and meat-quality traits from Holstein-Friesian bulls between 21-38 months of age, slaughtered on different
occasions. Meat samples of M. longissimus lumborum were collected at slaughter and chill-aged at -1.5ºC for seven days. The
means (±s.d.) were: carcass weight 313±29 kg (n=256), dressing-out 54.7±2.6% (n=256), ultimate pH 5.9±0.38 (n=221), shear
force 11.34±4.93 kgF (n=221), cook loss 28.4±5.4% (n=220) and colour indexes (n=159) L* (lightness) 36.06±2.96, a* (redness)
12.38±4.04 and b* (yellowness) 8.74±2.24. A total of 80 samples (36%) were found to be both of acceptable tenderness (below
10.9 kgF) and pH less than 5.8. Alleviating meat pH issues is required to ensure high-quality meat from bulls that is suitable for
high-value primal cuts.
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Introduction

Meat sourced from New Zealand bulls is mainly
low-value ‘processing’ or grinding beef (Peden 2008).
Bulls grow faster and are heavier than steers at the same
age, produce larger steaks because they are better muscled
and have about a third of the intramuscular fat content
(Purchas 1990). However, beef from bulls is often less
tender than that of steers. This has been attributed to higher
ultimate pH, shorter sarcomere length, lower proteolytic
activity, lower levels of intramuscular fat, variable cooking
losses and water-holding capacity, and possibly a greater
contribution of connective tissue components (Purchas
1990; Purchas & Aungsupakorn 1993; Purchas et al. 2002).
Bulls also produce darker meat with lower reflectance
values as a consequence of high pH (Purchas 1990). This
high incidence of unacceptable meat quality means that the
majority of the carcass meat is destined for grinding beef,
such is used to produce hamburger patties.
There is potential to increase the value of meat from
Holstein-Friesian bulls by increasing the proportion of
carcasses that are of suitable quality to be eligible for primal
cuts sold in high-value markets, such as eye fillet, sirloin
and ribeye. Some high-value markets prefer leaner beef
rather than highly marbled beef (Julie McDade, personal
communication), but it still needs to have acceptable eating
quality, particularly in terms of tenderness and appearance
(Miller et al. 2001; Verbeke et al. 2010).
Meat-quality measurements from bulls have shown
variable results, and explanations for the basis of the
variability would be of value when seeking ways to
produce beef of consistently high quality from bulls
(Purchas et al. 2002). The objective of this study was to
explore relationships between carcass and meat-quality
traits from Holstein-Friesian bulls between 21-38 months
of age, slaughtered on different occasions.

Materials and methods
Animals
Holstein-Friesian bulls born in 2013 (n=84, autumn
n=36, spring=45, unknown=3), 2014 (n=84, autumn n=58,
spring=20, unknown=6) and 2015 (n=88, autumn n=69,
spring=17, unknown=2) were purchased by Taniwha
Farm (Waerenga, New Zealand) at around 12-16 weeks of
age (~100 kg). Dates of birth were unknown, but for this
analysis were assumed to be 1st April for autumn-born and
1st September for spring-born bulls. Bulls were managed
under commercial pastoral farming conditions until
finishing at a mean (±s.d.) 28±3 months of age and 573±42
kg live weight. Bulls were sent to slaughter in groups of 8 to
36 animals, at the farmer’s discretion. The bulls were taken
off pasture 1-2 hours prior to transporting, were transported
for 0.5-1 hour by truck, and were slaughtered within 3
hours of arriving at the plant. No mixing of grazing groups
bulls occurred on farm and no mixing with bulls from other
farms occurred at the plant.
Slaughter and meat sample collection
A total of 256 bulls were slaughtered at Greenlea
Premier Meats Ltd (Hamilton and Morrisville plants)
between November 2015 and November 2017 in 16
different groups. Slaughter and dressing were undertaken
according to standard New Zealand industry practice. Bulls
were electrically stunned prior to exsanguination on an
immobilisation table before dressing and fabrication (hot
boning). On the day of slaughter, live and carcass weights
were measured at the plant, and dressing-out percentage
(DO%) calculated as 100 x (carcass weight/live weight). At
approximately 35 minutes post mortem, a ~500 g sample
of Longissimus lumborum muscle excised from the region
spanning the 13th -14th vertebrae was recovered from each
carcass, vacuum packaged and transported in a chilly-bin
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with ice packs to AgResearch Ruakura (Hamilton, New
Zealand) for chill-aging and meat-quality analyses.
Laboratory methods
Muscle samples were chill-aged at -1.5°C from
approximately 2 hours post mortem, for seven days before
freezing at −18°C. A total of 221 samples (in batches of 12
samples) were thawed overnight at 4ºC, to undertake the
meat-quality measures. The pH was recorded using a Hanna
99163 pH meter with a FC232D combined pH/temperature
probe (Hanna Instruments, Rhode Island, USA). The probe
was directly inserted into the sides of each loin sample after
opening.
For colour measurements (n=159), a ~20 mm slice
from the anterior end of the sample was taken and placed
in an over-wrapped tray under simulated retail lighting
conditions at 4°C. Colour measurements of lightness (L*),
redness (a*) and yellowness (b*) were taken on the surface
of the over-wrapped meat at seven days post mortem, using
a calibrated Minolta Colour Meter (Illuminant D65, 1 cm
diameter aperture, 10° standard observer; CR-300; Konica
Minolta Photo Imaging Inc., Tokyo, Japan).
For tenderness assessment, a 25 mm thick steak was
prepared from each Longissimus lumborum sample. The
pre-cook weight of each steak was recorded and each steak
was cooked individually in a plastic bag immersed in a
water bath set at 99°C until an internal temperature of 75°C
was reached. The cooking temperature was monitored
using a thermocouple positioned at the centre of the
sample and attached to a Digi-Sense scanning temperature
logger (Eutech Instruments Pte Ltd., Singapore). Once the
samples reached 75°C, they were immediately cooled to
10°C in ice-water slurry. After cooking and cooling, each
cut surface was blotted with paper towels and the steak was
reweighed to determine the loss in weight. Cooking loss
was calculated as the difference between pre-cooked and
cooked weight, expressed as a percentage of the uncooked
weight.
Shear force was measured as described by Chrystall
and Devine (1991). Between eight and 10 subsamples ~25
mm long with a 10 mm × 10 mm cross sectional area were
prepared from each cooked steak, using a double-bladed
scalpel with blades set 10 mm apart in such a way that
the long axis was parallel to the muscle fibre orientation.
Shear force was measured in kPa using a MIRINZ
Tenderometer (MIRINZ Inc., Hamilton, New Zealand) and
converted to kgF using the formula kgF = kPa x A + B
(where the coefficients A and B depend on calibration of
the equipment). The final shear force (kgF) to cut across
the fibres was calculated as the mean of the sub-samples
prepared from each steak.
Statistical analysis
Data were analysed using SAS v9.4 (SAS Institute
Inc., Cary, NC, USA). Raw means were calculated for preslaughter live weight, carcass weight and DO%. Linear
models were used to analyse pH, shear force, cook loss
and colour parameters (L*, a* and b* at seven days post
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mortem). Season of birth and slaughter group were fitted
as fixed effects, and carcass weight and pH were fitted as
covariates for shear force, cook loss and colour parameters.
The model for shear force included pH as a quadratic
effect. Slaughter age was not fitted in the models as it
was confounded with slaughter group. Further, a second
analysis was conducted in which pH was divided into two
classes (<6 and ≥6) to analyse colour parameters, and into
three classes (<5.8, 5.8-6.2 and >6.2) to analyse shear force,
and pH class was fitted as a fixed effect for these analyses.

Results and discussion

Carcass and meat-quality trait means are presented in
Table 1. Carcass weight and DO% were just above New
Zealand national averages for bull production from 2012
(306 kg with 54% DO at 27-34 months of age; Morris
2013). Dressing-out percentage increased with increasing
carcass weight (0.06±0.01, P<0.0001) and varied among
slaughter groups (P<0.0001). Slaughter group had a
significant effect on pH (P<0.0001, Figure 1), and this has
been reported previously as handling, transportation, and
pre- and post-slaughter conditions contribute to muscle
ultimate pH post-mortem (Dixon et al. 1996; McDade
2010; Njisane & Muchenje 2017). It is clear from Figure
1 that some slaughter groups had all bulls with acceptable
pH (<5.8) whereas other groups had a high proportion of
high pH carcasses. The specific causes contributing to
variation in pH among slaughter groups were not able to be
determined in this study, but should be a consideration for
future investigations.
Ultimate pH affected all meat-quality traits (tenderness,
cook loss and colour parameters, P<0.0001, Table 2). There
was also a significant effect of slaughter group on all meat
quality traits (P<0.05), even when adjusting for pH. Neither
pre-slaughter live weight nor carcass weight affected pH,
tenderness or colour parameters (P>0.05).
As expected, pH had impacts on several meat-quality
traits of the bull’s Longissimus lumborum muscle. Meat
samples with pH above 6 (n=64, 29% of bulls) were darker
and had lower cooking losses than did meat samples with
pH below 6 (P<0.05). This meat is commercially known
as DFD (dark, firm and dry) or dark-cutting meat (Tarrant
& Sherington 1980). Typically, this type of meat is not
suitable for traditional high-value primal cuts, such as eye
fillet, sirloin and ribeye. Nevertheless, due to the functional
attributes of high pH beef, such as high water-holding
capacity (Huff-Lonergan & Lonergan 2005) and increased
digestibility with pH above 6.2, this lean bull beef could
be used by the meat industry to produce nutritious meat
products for different market segments (e.g., aged care,
where maintaining protein intake is a challenge; Farouk et
at. 2014), other than grinding beef.
Tough meat samples with shear force greater than 10.9
kgF (Bickerstaffe et al. 2001) were found across a wide
pH range. However, greatest shear force values (indicating
toughest meat) were found in samples with pH between
5.8 and 6.2 (n=52, 24% of bulls) compared with meat with
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Table 1 Means (±s.d.) of age and weight at slaughter, carcass weight, dressing-out percent, together with ultimate pH, shear
force, cooking loss and colour indexes (lightness (L*), redness (a*) and yellowness (b*) at day 7 post-mortem), from meat
samples from the Longissimus lumborum muscle of Holstein-Friesian bulls slaughtered in 16 different groups.
Variable

n

n
Mean±s.d
Slaughter group
24/11/2015
10
04/12/2015
26
05/01/2016
36
28/01/2016
16
08/06/2016
14
07/07/2016
17
02/08/2016
14
19/10/2016
24
23/03/2017
11
05/05/2017
21
20/06/2017
10
06/07/2017
11
18/07/2017
8
03/11/2017
10
23/11/2017
9
13/12/2017
19

Age
Slaughter
(months)
weight
(kg)
245
256
28±3
573±42
31±2
30±2
28±4
30±2
28±4
28±3
28±0
29±3
31±2
25±0
27±0
27±1
28±0
30±2
31±2
29±2

572±15
565±28
556±22
483±28
607±31
608±22
566±30
612±30
554±39
605±17
583±29
570±26
542±20
545±16
573±44
588±37

Carcass
weight
(kg)
256
313±29

Dressingout (%)

311±12
315±19
291±13
254±17
320±20
348±20
321±17
334±20
302±27
333±13
322±26
314±17
290±14
324±15
312±32
321±28

54.4±1.3
55.8±1.7
52.4±1.4
52.8±4.2
52.7±1.3
57.3±2.0
56.7±1.5
54.6±1.5
54.4±1.6
54.9±1.3
55.2±2.5
55.1±1.5
53.6±1.2
59.4±2.3
54.4±3.0
54.6±2.3

256
54.7±2.6

Cook loss
Colour parameters at day 7
Shear
(%)
force
L*
a*
b*
(kgF)
221
221
220
159
159
159
5.90±0.38 11.3±4.9 28.4±5.4 36.1±3.0 12.4±4.0 8.7±2.2
Ultimate
meat pH

5.97±0.31
6.08±0.36
5.67±0.33
6.62±0.26
5.68±0.05
5.96±0.44
6.06±0.45
6.02±0.15
5.63±0.05
5.91±0.32
5.70±0.06
5.79±0.22
5.67±0.04
5.67±0.10

11.3±3.1
11.8±4.8
11.6±4.4
7.1±3.7
10.1±3.0
8.4±3.5
9.7±4.5
18.6±5.0
10.0±2.2
12.2±3.9
13.5±4.7
10.5±3.6
7.7±1.7
8.9±2.9

28.6±4.7
26.3±4.0
31.1±3.6
19.4±4.6
26.8±3.0
27.3±4.7
25.8±5.2
25.8±4.3
27.9±3.4
30.8±4.4
36.0±2.6
31.4±3.9
32.1±3.6
33.4±2.9

37.0±2.8
34.0±1.6

14.8±2.9
3.7±0.8

7.9±2.0
9.7±1.2

34.9±3.3
34.3±2.8
37.4±2.4
37.2±1.5
34.6±3.3
36.5±2.2
38.2±2.6

14.5±4.1 6.8±2.7
13.8±3.2 6.6±2.3
10.8±1.4 9.4±0.9
13.5±1.6 10.4±1.1
11.9±3.0 9.2±2.2
13.3±1.3 10.3±1.0
13.6±2.6 10.5±2.0

Figure 1 Box and whisker plot of the distribution of ultimate pH of meat samples from the Longissimus lumborum muscle
of Holstein-Friesian bulls (n=221) slaughtered in 14 different groups at 28±3 (s.d.) months old.

higher (n=47, 21% of bulls) or lower pH (n=122, 55% of
bulls, P<0.05). This is due to the quadratic relationship
between pH and shear force, shown in Figure 2. Several
authors have previously reported an increase in shear force
from pH 5.4-5.5 to 6-6.2, with maximal toughness around

pH 6-6.2, and a decrease in shear force thereafter (Purchas
1990; Purchas & Aungsupakorn 1993; Ertbjerg & Puolanne
2017). Although shear force decreases with pH above 6.2,
this high pH is associated with other changes in meat
quality (such as texture, taste, colour and shelf life) that
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Table 2 Regression coefficients of shear force, cooking loss and colour
indexes (lightness (L*), redness (a*) and yellowness (b*) seven days
post-mortem) on pH and pH2, for meat samples from the Longissimus
lumborum muscle of Holstein-Friesian bulls slaughtered in 14 different
groups at 28±3 (s.d.) months old.

beef might be improved by genetic selection,
as genetics account for 5-30% of the total
phenotypic variance in beef quality traits
(Warner et al. 2010). Even though meat
ultimate pH is low to moderately (0.060.27) heritable (King et al. 2010; Warner et
Variable
n
pH
P-value
pH2
P-value
al. 2010), genetic selection of other traits
Shear Force (kgF)
221 155.02±22.51 <0.0001 -12.88±1.84 <0.0001
(e.g., stress resilience) could be used to
Cooking Loss (%)
220 -6.58±0.87 <0.0001
improve beef quality. Further research will
Colour
Day 7
L*
159 -5.21±0.59 <0.0001
evaluate mechanisms for early identification
a*
159 -6.82±0.45 <0.0001
of bulls suitable for producing high-value
b*
159 -4.89±0.32 <0.0001
beef from Holstein-Friesian bulls, including
genetic factors, on-farm management and
temperament.
makes it less desirable.
Acknowledgements
A total of 80 samples (36%) were found to be both
This project was funded by the Red Meat Profit
of acceptable tenderness (below 10.9 kgF, according to the
Partnership
Project. Authors are grateful to Taniwha farm
classification by Bickerstaffe et al., 2001) and pH less than
owners Graham and Diana Smith for providing animals
5.8. Meat below pH 5.8 had a bright red colour (higher
and their data, Greenlea Premier Meats Ltd for organising
L*, a* and b* values, compared with meat with pH 5.8 or
slaughter and meat sampling, and AgResearch staff for
higher, P<0.05, data not shown). The percentage of samples
meat quality analysis. The primary author is funded by
with acceptable tenderness decreased for samples with pH
Callaghan Innovation.
higher than 5.8, and therefore, alleviating meat pH issues
is required to increase the yield of high-quality meat from
References
bulls that is suitable to be eligible for high-value primal
Bickerstaffe R, Bekhit AED, Robertson LJ, Roberts
cuts.
N, Geesink GH 2001. Impact of introducing
A greater understanding of the relationships among
specifications on the tenderness of retail meat. Meat
production traits and meat-quality traits for bulls would
Science 59(3): 303-315.
enable bull-beef value chains to make more informed
breeding decisions. Meat quality and consistency in bull
Figure 2 Scatter plot of shear force (kgF) and ultimate pH of meat samples from the Longissimus lumborum muscle of
Holstein-Friesian bulls (n=221) slaughtered in 14 different groups at 28±3 (s.d.) months old. Quadratic line was fitted as
Shear force = -584 + 197.85*pH - 16.35*pH2 (R2 = 0.28).

198
Chrystall BB, Devine CE 1991. Quality Assurance for
Tenderness, Meat Industry Research Institute of
New Zealand.
Dixon H, Thomson B, Graafhuis A 1996. Producing quality
beef: Practical experience, current practice and
future direction. Proceeding of the New Zealand
Grassland Association 57: 183-188.
Ertbjerg P, Puolanne E 2017. Muscle structure, sarcomere
length and influences on meat quality: A review.
Meat Science 132(Supplement C): 139-152.
Farouk MM, Wu G, Frost DA, Clerens S, Knowles SO
2014. The in vitro digestibility of beef varies with
its inherent ultimate pH. Food & Function 5(11):
2759-2767.
Huff-Lonergan E, Lonergan SM 2005. Mechanisms
of water-holding capacity of meat: The role of
postmortem biochemical and structural changes.
Meat Science 71(1): 194-204.
King DA, Shackelford SD, Kuehn LA, Kemp CM,
Rodriguez AB, Thallman RM, Wheeler TL 2010.
Contribution of genetic influences to animal-toanimal variation in myoglobin content and beef lean
color stability. Journal of Animal Science 88(3):
1160-7.
McDade JL 2010. The effects of on-farm mixing of bulls
on beef quality characteristics. A thesis presented
in partial fulfilment of the requierements for the
degree of Master of Philosophy. Unpublished
thesis, Massey University, Palmerston North, New
Zealand.
Miller MF, Carr MA, Ramsey CB, Crockett KL, Hoover
LC 2001. Consumer thresholds for establishing the
value of beef tenderness. Journal of Animal Science
79(12): 3062-3068.

Martin et al. – Meat quality from Holstein-Friesian bulls
Morris ST 2013. Presidential Address 2012: The New
Zealand beef cattle industry. Proceedings of the
New Zealand Society of Animal Production 73: 1-4.
Njisane YZ, Muchenje V 2017. Farm to abattoir conditions,
animal factors and their subsequent effects on cattle
behavioural responses and beef quality - A review.
Asian-Australasian Journal of Animal Sciences
30(6): 755-764.
Peden R 2008. Beef farming - Beef finishing and dairy
beef. Te Ara - the Encyclopedia of New Zealand.
Purchas RW 1990. An assessment of the role of pH
differences in determining the relative tenderness
of meat from bulls and steers. Meat Science 27(2):
129-140.
Purchas RW, Aungsupakorn R 1993. Further investigations
into the relationship between ultimate pH and
tenderness for beef samples from bulls and steers.
Meat Science 34(2): 163-178.
Purchas RW, Burnham DL, Morris ST 2002. Effects of
growth potential and growth path on tenderness
of beef longissimus muscle from bulls and steers.
Journal of Animal Science 80(12): 3211-3221.
Tarrant PV, Sherington J 1980. An Investigation of Ultimate
Ph in the Muscles of Commercial Beef Carcasses.
Meat Science 4(4): 287-297.
Verbeke W, Van Wezemael L, de Barcellos MD, Kügler
JO, Hocquette J-F, Ueland Ø, Grunert KG 2010.
European beef consumers’ interest in a beef eatingquality guarantee: Insights from a qualitative study
in four EU countries. Appetite 54(2): 289-296.
Warner RD, Greenwood PL, Pethick DW, Ferguson DM
2010. Genetic and environmental effects on meat
quality. Meat Science 86(1): 171-183.

