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Differences in the post-mortem kinetics of the calpain system in
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Abstract Strip loins {longissimus thoracis et
lumborum) from bulls with normal ultimate pH
(NOR, pHu < 5.7), bulls with unacceptably high
pH (HI, pHu > 5.7), and steers were compared after
storage at 15°C. HI samples had higher shear forces
120 hours post-slaughter than NOR and steer
samples (P < 0.05). Calpastatin and ^-calpain
activities were higher in the NOR bulls than in
steers, but the rates of decline in these activities
were more rapid in NOR samples. The activity of
(j-calpain was low at all times and appeared to be
involved in the increased toughness of the HI
samples. The activity of m-calpain and the
calpastatin : (i-calpain activity ratio provided a good
prediction of shear force 120 hours post-slaughter
in the strip loin (R2 = 0.70; P< 0.001). This suggests
that calpastatin, (l-calpain, and m-calpain all play a
role in tenderisation and that on-farm and pre-
slaughter management rather than post-slaughter
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treatment need to be used to decrease the incidence
of high pH meat.
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INTRODUCTION

Although there is a large variation in reported
values, generally, bulls appear to produce a poorer
quality meat product for table purposes than prime
steers (Bailey et al. 1966; Joseph & Connolly 1974;
Seideman et al. 1982). In New Zealand, this has
meant that a large proportion of the bull beef is hot-
boned and used for manufacturing purposes,
reducing the economic return to the producer.
However, the reasons for differences in quality are
not completely understood. Under New Zealand
conditions, a larger proportion of bull carcasses than
steer carcasses have moderately high ultimate pH
values and, therefore, more dark cutting, tough
carcasses (Graafhuis 1994).

One of the possible mechanisms for these
differences is the activity of the calcium-dependent
protease (calpain, E.C. 3.4.22.17) system. This
system is thought to be implicated in the regulation
of protein degradation during growth (Goll et al.
1992) and during meat tenderisation (Koohmaraie
1992). Morgan et al. (1993) found that calpastatin
activities were higher in longissimus muscle from
bulls than those from steers. This was related to a
lower excretion of 3-methyl histidine, suggesting a
lower rate of myofibrillar protein degradation in the
bull muscle than in the steer muscle. The increased
calpastatin activity may partially explain the
suggested differences in meat tenderisation between
bulls and steers. Because pH affects the activities
of the components of the calpain system
(Koohmaraie 1992; Dransfield 1993, 1994), further
complications arise with the large number of bull
carcasses that do not attain a normal pH.

The objective of this study was to compare meat
from steers, bull carcasses with a normal pHu (pHu
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< 5.7), and bull carcasses with high pHu (pHu >
5.7), in terms of the components of the calpain
system and their association with shear force.

MATERIALS AND METHODS

Beef strip loins (longissimus thoracis et lumborum
muscle) were collected and processed within 40
minutes of slaughter on four different occasions
with a different herd being sampled each time, with
10 bull and 5 steer strip loins being collected in
total. Eight strip loins were collected from bulls
slaughtered at the beginning of the kill and two were
selected from the end of the kill to increase the
likelihood of obtaining a range of values forpHu in
the bull strip loins. The eight bull strip loins
collected from the beginning of the kill all had
normal pHu values (NOR, pHu < 5.7,24 hours post-
slaughter) and the two collected at the end of the
kill had high pHu values (HI, pHu > 5.7 24 hours
post-slaughter). The animals were all Friesians aged
2-2.5 years, commercially finished on pasture, and
killed under commercial conditions with no
electrical stimulation. Samples of each strip loin
were aged at 15°C in a waterbath for one of 0, 1, 2,
4, 6, 8, 10, 12, 20, 24, 48, 72, and 120 hours.
Samples were randomly allocated to a time point.
After aging, the activities of the components of the
calpain system, pH, cooking loss, and shear force
were determined on fresh samples. A further 2-g
sample was snap frozen in liquid nitrogen and stored
at -20°C until required for the determination of the
myofibrillar fragmentation index.

Shear force determination and cooking loss
Shear force was determined by cooking approx-
imately 100 g of muscle in a 100°C waterbath until
the internal temperature of the sample reached 75°C
as determined by a temperature probe. The cooked
samples were cooled on ice until their internal
temperature reached 4°C (Graafhuis et al. 1991).
The force required to shear a 1 cm x 1 cm strip was
determined using a MIRINZ pneumatic tender-
ometer (Frazerhurst & MacFarlane 1983). Values
of less than 10 kg are generally recognised as being
of acceptable tenderness by most consumers.
Cooking loss was calculated as the difference
between the weight of the uncooked and cooked
samples. The uncooked weights were collected
immediately prior to cooking and the cooked
weights were recorded after the sample had reached
an internal temperature of 4°C. Samples were then
blotted dry and reweighed.

Calpain and calpastatin determination
Fresh samples of longissimus muscle were
homogenised in ice-cold Tris buffer (pH 7.5;
Tris[hydroxymethyl]-aminomethane (Tris), 50 mM;
ethylenediaminetetraacetic acid (EDTA), 10 mM;
Triton X-100, 0.2 %; B-mercaptoethanol (BME),
10 mM) containing protease inhibitors (2.5 ^ M E -
64, Boehringer, Germany; 100 mg 1 ' Ovomucoid,
Sigma type III-O Trypsin Inhibitor, U.S.A. and 2.0
mM Phenylmethanesulfonyl fluoride, Boehringer)
and then centrifuged at 30 000 g for 20 minutes.
The conductivity of the homogenate was adjusted
to less than 2 mS cm"2 with distilled water. Then
the homogenate was loaded onto a DEAE-Sephacel
column (10 x 100 mm; diethylaminoethyl cellulose
anion exchanger, swollen bead size 40-150 |im;
Sigma Chemical Co., St Louis, Missouri, USA) that
had been equilibrated with elution buffer (pH 7.5;
Tris, 40 mM; EDTA, 0.5 mM; BME 10 mM).
Unbound protein was removed by washing the
column with 100 ml of elution buffer.

Calpastatin was then eluted from the column
with 24 ml of elution buffer containing 100 mM
NaCl. The p.-calpain fraction was eluted from the
column with 21ml of elution buffer containing 200
mMNaCl. The m-calpain fraction was eluted from
the column with 21 ml of elution buffer containing
300 mM NaCl. All work was carried out at 4°C
(Sainz et al. 1992; Thomson et al. 1992; Dobbie et
al. 1995). All fractions were assayed for proteolytic
and inhibitory activity. Enzyme activity was defined
as the increase in absorbance at 278 nm after 60
minutes at 25°C in the presence of casein and
calcium chloride (Wheeler & Koohmaraie 1991).
The calpastatin inhibitory activity was determined
using the same assay but in the presence of a known
amount of m-calpain extracted from bovine lung.

Statistical analysis
Data were analysed using the GLM and regression
procedures in SAS (SAS for Windows, Version
10.6; SAS Institute, Cary, NC). Where data were
collected over a period of time on the same samples,
individual time points were compared as well as
the slope of the regression lines where appropriate.

RESULTS

There were no differences in pH values between
the NOR and HI bull samples one hour post-
slaughter, but within 24 hours the pH values
(P < 0.001) of the HI bull samples were higher than


