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The effect of calcium chloride treatment on shear force and
weight loss in gluteus medius and longissimus muscles from
pasture fed bulls
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Abstract Calcium chloride treatment may
improve the quality and consistency of meat quality
in hot-boned bull beef. The first study involved
injecting 10% (w/w) of 0.3 M calcium chloride,
water or 0.6 M sodium chloride into longissimus
muscle 2 hours post slaughter. The effects of these
treatments on the shear force after 24 and 48 hours
storage at 15°C were determined. In the second
study, the effect of injecting 0.4 M sodium chloride
(10% w/w) 2 hours post slaughter or 0.2 A/calcium
chloride (10% w/w) 2,24, or 48 hours post slaughter
into rump cuts (M. gluteus medius) was investi-
gated. Samples were cooled to 4°C over the first
24 hours and then placed in a — 1°C chiller. Shear
force was determined afterO, 1,2,3, 7, 8, 14, or21
days at -1°C. Calcium chloride treatment pre-rigor
increased weight loss during storage. Sodium
chloride decreased shear force 24 hours post
slaughter. Calcium chloride treatment pre-rigor
increased, and post-rigor tended to decrease shear
force in the meat samples.
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INTRODUCTION

In New Zealand a large number of table cuts are
produced from the carcasses of young bulls. These
animals are obtained as surplus from the dairy
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industry. Beef produced from pasture-fed bulls and
killed under standard conditions with no electrical
stimulation in New Zealand, has an unacceptably
high variability in pH and therefore tenderness
(Devine 1994). In addition, in many commercial
facilities bull carcasses are hot-boned, which can
also increase the incidence of toughness (Seideman
& Cross 1982). However, a large proportion of the
bull beef produced in New Zealand is used for
manufacturing purposes rather than for table cuts.
Previously, it has been demonstrated that the
injection or infusion of 0.2 M calcium chloride
pre- or post-rigor increases the rate of tenderisation
in lambs (Koohmaraie et al. 1988, 1989;
Koohmaraie & Shackelford 1991), cull cows
(Morgan et al. 1991; Diles et al. 1994), bulls
(Wheeler et al. 1991), and Brahman steers
(Koohmaraie et al. 1990). This decreases the length
of time the meat must be aged to achieve a certain
level of tenderness and reduces the variability in
tenderness, thus producing a product that has a
higher overall acceptance by the consumer
(Koohmaraie et al. 1990; Wheeler et al. 1991).
Therefore, calcium chloride treatment of beef from
hot-boned bull carcasses may reduce the degree of
toughness and increase the rate of aging in bull
beef table cuts producing a more acceptable product
for the consumer.

The objective of these studies was to determine
whether calcium chloride injection pre-or post-
rigor would improve the level, consistency, and/or
rate of tenderisation in longissimus and gluteus
medius muscles obtained from Friesian bulls raised
under commercial conditions on pasture in New
Zealand.

MATERIALS AND METHODS

Experiment 1
Six bull strip loins (M longissimus thoracis et
lumborum ranging in weight from 2.5 to 3 kg)
were collected from a local export abattoir within
one hour of slaughter. The highest pH 24 hours
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post slaughter was 5.7. The animals were
commercially raised on pasture and killed under
commercial conditions with no electrical stimu-
lation. Samples were subdivided and allocated to
one of five treatments: control (0 treatment), 10%
(w/w) water, 10%0.4MNaCl, 10% 0.2 M calcium
chloride, and 20% 0.2 M calcium chloride.
Injections were carried out at 10 mm intervals and
a blue food colouring used to determine fluid
penetration and distribution. All injection solutions
were at 15°C. Samples were discoloured with blue
dye throughout the sample. Samples were aged at
15°C for 24 and 48 hours post slaughter prior to
the determination of shear force and cooking loss.

Experiment 2
Fourteen rump samples (gluteus medius, weight
range 4.0 to 5.5 kg) from pasture fed bulls were
collected from a local export abattoir within one
hour of slaughter. Samples were divided into four
quarters and allocated to treatments following 2
latin squares. Three pieces of each sample were
each allocated to one of three treatments: control
(no treatment) or injected with 0.2 M calcium
chloride (10% w/w) 2 hours (Ca2) or 24 hours
(Ca24) post slaughter. The remaining quarter was
injected with 0.4 Msodium chloride (10% w/w) 2
hours post slaughter (NaCl, n = 8) or calcium
chloride 48 hours post slaughter (Ca48, n = 6).
Samples were weighed pre-injection and 20 minutes
post injection to determine the volume injected.
Samples were cooled to 4°C over the first 24 hours
and then placed in a -1°C chiller. Subsamples
were removed after 0,1,2,3,7,8, 14,and21 days.
The maximum pH value 24 hours post slaughter
was 5.7.

The weight loss during storage (purge) was
calculated as the difference between the weight of
the sample 20 minutes post treatment and the weight
prior to cooking. Cooking loss was calculated as
the difference between the pre- and post-cooked
weights. The total weight loss was the difference
between the weight 20 minutes post treatment and
post-cooking weight. Shear force was determined
by cooking approximately 150 g of muscle in a
90°C waterbath in a plastic bag until the internal
temperature of the sample reached 75°C. The
cooked samples were cooled on ice until their
internal temperature reached 4°C (Graafhuis et al.
1991). The force required to shear across the grain
of a strip having a 10 mm by 10 mm cross-sectional
area was determined using a MIRINZ pneumatic
tenderometer (Frazerhurst & MacFarlane 1983).

Ten shear measurements were taken per sample
and the analysis carried out on the mean.

Statistical analysis

The experimental design for Experiment 2 was 2
latin squares with 4 animals x 4 quarters x 4
treatments with the 4th treatments being either
calcium chloride 48 hours post slaughter or sodium
chloride post slaughter. The data were analysed
using the generalised linear model procedure in
SAS (SAS for Windows, Version 10.6, SAS
Institute, Cary, NC). The model used was as
follows:

Yijki = H + IDj + quartery + trtijk + errorijki
where Y is the sample from the i-th animal from
the j-th quarter given the k-th treatment.

RESULTS

Experiment 1
Calcium chloride treatment had no effect on
cooking loss 24 or 48 hours post slaughter. The
calcium chloride treated samples lost more weight
(purge) over the first 24 hours than the control
samples although the weight lost was less than the
amount injected.

The injection of water into the longissimus
muscle did not have any significant effect on shear
force 24 or 48 hours post slaughter. The injection
of sodium chloride decreased the shear force 24
hours post slaughter while calcium chloride tended
to increase the shear force 24 hours post slaughter.
Forty-eight hours post slaughter the calcium
chloride treated samples were significantly tougher
than the other samples except the water injected
samples (Table 1).

Experiment 2
Injecting calcium chloride pre-rigor increased the
purge loss compared with the control M. gluteus
medius samples. The amount lost was greater than
the amount injected and the difference in the amount
lost over the first 24 hours was greater than the
control plus the volume injected. The samples
injected 24 hours post slaughter lost more weight
initially than the controls but the amount lost was
similar to the amount injected (Table 2). The
samples injected with calcium chloride 2 hours
post slaughter lost less weight during cooking than
the samples injected with sodium chloride but lost
a similar amount to the control samples 2 days post


