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Impact of pre- and post-mortem factors on calpains and meat quality in lambs 

Y. X. SUN, R. BICKERSTAFFE, A. R. BRAY’, G. KEELEY2, S. YOUNG’, 
D. O’CONNELL’ AND S. MASON 

Animal and Veterinary Science Group, Lincoln University, Canterbury, New Zealand. 

ABSTRACT 

Effects of preslaughter stress and postslaughter ageing regimes on calpain activities and indicators of meat quality were investigated 
in lambs selected for Fast and Slow glucose clearance (GC). Loins were aged at 1 I- 17°C for 4,22 or 70 hrs and then stored frozen (-2OT) 
or chilled (OT!). Loins aged up to 70 hrs from Fast GC lambs that were exposed to a high level of preslaughter stress had the highest pH and 
lowest residualglycogen (P<O.OS). Calpain I activity and cooked meat shear force declined rapidly over the periods of ageing, with significant 
differences being found between 4and 22,22 and 70 hrs aged loins (P<O.O5). At the same time pH increased, with a significant difference 
observed between 4and 70 hrs aged loins (P&.05). This data suggests that there is a potential conflict between the beneficial effects of ageing 
on tenderness and the adverse effects of ageing on the elevation of pH. Calpain I and II activities declined at different times after slaughter 
in loins aged 22 hrs and then stored chilled for 8 weeks. The loss in calpain I activity was closely associated with a large reduction in shear 
force over the first 22 hrs after slaughter. The results suggest that an understanding of the factors that control calpain activities may identify 
methods of improving meat tenderness. 
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INTRODUCTION 

Calcium dependent proteinases (calpain I and Il) play a 
major role in the tenderization of meat after slaughter 
(Koohmaraie et al., 1991; Shackelford et al., 1991). Their 
activities are influenced by pH and temperature (Koohmaraie, 
1992). Meat pH is affected by genotype and preslaughter 
handling and it influences a number of meat characteristics in 
addition to tenderness (Bray et cd., 1992; Purchas, 1989). 

ln this experiment, the relationships between calpain 
activities and tenderness, and the influences of pre- and post- 
mortem factors on meat quality characteristics were investi- 
gated. 

MATERIALS AND MBTHODS 

Animalsand experimental design: Forty eight 7 month 
old ram lambs were chosen from lines of Coopworths selected 
for Fast and Slow glucose clearance (GC) (Francis et al., 
1990). They were randomly allocated within liveweight class, 
sire group and selection line to two preslaughter stress treat- 
ments (Low, High), three carcass ageing regimes (4,22 and 70 
hrs at 1 l-17°C before storage) and two carcass storage tmat- 
ments (chilled WC, frozen -20°C) in an incomplete factorial 
design with 6 lambs per cell. Results are presented for treat- 
ments in which loins were aged for 4,22 and 70 hrs and then 
frozen, and for loins aged for 22 hrs and then stored chilled for 
8 weeks. 

Preslaughter procedures: The animals were removed 
from pasture 28 hrs before slaughter and divided into two 
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mobs for preslaughter stress treatments. Half of the Fast GC 
and half of the Slow GC lambs were subjected to normal 
preslaughter management with additional precautions to mini- 
mise exercise and stress in the 24 hrs before slaughter (Low 
stress treatment). The other half of each line of animals were 
driven rapidly over 1 km by dogs at 26 and 1 hr before 
slaughter and were washed by swimming through a 15m cold 
water bath 18 and 3 hrs before slaughter (High stress treat- 
ment). All lambs were transported 30 km to the meat process- 
ing plant 23 hrs prior to slaughter. 

Slaughter and post-slaughter procedures: The lambs 
were electrically stunned, slaughtered aud carcasses dressed 
using procedures similar to those described by Chrystall et&, 
(1989). After slaughter the carcasses were held at 1 l-17% for 
4,22 or 70hrs (duration of ageing treatments) before consign- 
ment to chilled (WC) or frozen (-2o”C)t storage treatmenfs. 
Carcass weights, GR measurements (soft tissue depth over 
12th rib, 11 cm from dorsal midline) and kidney fat weights 
were recorded within 3 hrs of slaughter. 

Meat analyses and glucose tolerance tests: Calpain I 
and II activities were measured in the Iongissimus dorsi 
muscle (LD) of loins after 1,4,22 and 70 hrs of ageing at ll- 
17°C. They were also determined in loins aged for 22 hrs and 
then stored at 0°C for 4 or 8 weeks. The methods were those 
described by Wheeler and Koohmamie (1991) and Thomson 
et al., (1992). Shear force (kgf) was measured on the chilled 
loins at the times the calpain activities were determined. Shear 
force, pH and glycogen content were measured on all loins 
after 8 weeks frozen storage. The pH was measured using a 
Hanna HI8424 pH meter with an Orion 8163 probe inserted 
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into the LD samples at the 12th rib (Bray ef al., 1992). 
Measurements of tenderness (shear force, kgf) were carried 
out on LD samples from the cooked loin chop using a 
MIRINZtenderometer (Chrystall and Devine, 199 1). Briefly, 
samples were placed in a water bath at 80°C and cooked to a 
deep temperature of 75OC monitored by thermocouples placed 
at the thermal centre. Immediately after the end point was 
reached the chops were rapidly cooled by placing in iced 
water for 10 min. After cooling, LD samples with a cross 
section of 1Omm x 1Omm were cut parallel to the muscle 
fibres. The force required to shear this section at right angles 
to the fibre axis was determined using the tenderometer. 
Glycogen content (mg/g fresh meat) was analyzed using the 
iodine-complex procedures outlined by Drilling etal., (1987). 
Glucose tolerance tests were undertaken on the lambs at 3 
months of age as described by Bray et al., (1992). 

STATISTICAL ANALYSIS 

All the data for shear force, pH, glycogen and calpain 
activities were subjected to analysis of variance to determine 
the effects of selection line (GC rate), pre-slaughter stress, 
ageing conditions and their interactions. Statistical analyses 
were performed using the SAS package (SAS 1987). 

RESULTS 

Fig. 1 illustrates the changes in plasma glucose after a 
single intravenous injection of glucose into 3 month old 
lambs from the two selection lines. Preinjection plasma 
glucose concentrations and peak plasma glucose values after 
injection were similar in all the animals. However, the Slow 
GC lambs showed a lower glucose clearance rate than the 
Fast GC animals. Glucose half life differed (PcO.01) between 
the two lines, with the mean values being 68.5 and 80.7 
minutes for the Fast and Slow GC animals, respectively. 

FIGURE 1: Changes in plasma glucose concentrations after a single 
intravenous injection of glucose (0.3gkg live weight) into 3 months old 
rams from Fast and Slow GC selection lines. 
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Relative to the Slow GC lambs, the Fast GC lambs had 
similar carcass weights (19.4 and 19.3 kg) and GR measure- 
ments (15.0 and 13.9) but significantly lower kidney fat 

weights (121 and 13 1 g PcO.01). There was no effect of any 
other treatment on the carcass measurements. 

Calpain activities, shear force, pH and residual glyco- 
gen levels in LD muscle from carcasses aged for up to 70 hrs 
are given in Table 1. There were no significant differences 
between the two lines of animals selected on glucose toler- 
ance in any of the parameters measured, except that at the 
high level of preslaughter stress, pH values tended to be 
higher for the Fast GC than Slow GC lambs as shown using 
data from all the sampling times (GC x stress interaction, 
PcO.08). In all the animals the high preslaughter stress treat- 
ment increased pH (PcO.01) and reduced residual glycogen 
(PcO.10) for all the ageing periods. The high level of 
preslaughter stress also increased shear force (PcO.05). Stress, 
however, had no significant effect on calpain activities. 
Ageing the carcasses for up to 70 hrs reduced residual 
glycogen and increased pH (PcO.05) with most of the changes 
occurring between 4 and 22 hrs post-mortem. There was a 
substantial reduction in calpain I activity over the 70 hrs 
ageing period (PeO.001) which was associated with a de- 
crease in shear force (PcO.001). There was no apparent effect 
of ageing up to 70 hrs on calpain II activity. 

TABLE 1: Effects of ageing LD muscle for 4,22 or 70 hm on calpain 
I and II activities (U/g) pH, shear force (kgf) andglycogen content (mg/g). 

Animals Stress Measurements Ageing time Pooled 
before freezing SE 

4hr 2% 7ohr 

Fast Low Calpain- 
Calpain- 

PH 
Shear force 
Glycogen 

High Calpain- 
Calpain- 

PH 
Shear force 

Glycogen 

Low Calpain- 
Calpain- 

PH 
Shear force 

Glycogen 

High Calpain- 
Calpain- 

PH 
Shear force 

Glycogen 

0.69V’ 

ND 

5.448 
7.43a 
4.3Z8 

0.720a 
ND 
5.61’ 

10.00’ 

3.46a 

0.692a 

ND 
5.43a 

7.178 

5.248 

ND 

ND 

5.44a 

8.46a 

3.s4a 

0.393b 

1.24 

5.45ab 

6.5ob 
1.93b 

0.37@ 

1.190 
5.62ab 

6.57b 

1.67b 

0.372b 

1.321 
5.61b 

5.76b 

2.32b 

0.204 

1.321 

5.49ab 

6.53b 

1.83b 

0.262c 

1.34 

5.57b 
4.97c 
1.53b 

0.267c 
I.349 
5.75b 

4.97c 

1.4Ob 
0.26Sc 

1.330 
5.45”b 

4.53c 

1.81b 

ND 

ND 

~5.65~ 

5.03e 

1.34b 

0.05 

0.19 

0.05 

0.58 
0.65 

0.04 

0.17 
0.08 

0.87 

0.34 
0.05 

0.14 
0.04 

0.39 

0.56 

0.02 

0.14 

0.06 

0.41 

0.57 

a, b, c: Means within rows without a common superscript are 
signiticantIy different (PcO.05). 

ND: Not determined. 

Fig. 2 shows calpain I and II activities and shear forces 
in loins held at II-17 “C for 22 hrs and then stored in a chiller 
at 0°C for 8 weeks. There was a sharp decrease in calpain-l 
activity and shear force over the first 22 hrs. Calpain II 
activity was relative stable until 70 hrs after which the activity 
declined. The shear force of loins during the 8 week period 

was closely related to the activities of the calpains (PcO.OS), 
correlation coefficients with calpain I and II being 0.97 and 
0.91, respectively. 



Proceedings of the New Zealand Society of Animal Production 1993, VvlS3 445 1 

IFIGURE 2: Changes in caipain activities (left axis) and shear force 
(kgf, right axis) for loins held at 1 I-17°C for 22 hrs then stored at 0°C 
during the 8 week period. 
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DISCUSSION 

Although not significant, the results from this trial 
confirmed the previous findings of Bray et al., (1992) that, 
when exposed to preslaughter stress, lambs selected for Fast 
GC produced loins with higherpH thanloins from lambs with 
a Slow GC. The residual glycogen levels also tended to be 
lower for the Fast than Slow GC lambs which is consistent 
with the suggestion of Bray et al., (1992) that in Fast GC 
lambs the glycogen stores are either more likely to be mobi- 
lized by stressors or that they are recharged at a slower rate 
after depletion. The response of pH to preslaughter stress was 
less than when similar treatments were employed by Bray et 
al., (1989,1992). 

Ultimate pH levels are strongly influenced by the amount 
of glycogen in muscle at slaughter with higher amounts of 
glycogen producing more lactic acid with a consequent 
greater reduction in pH. Higher ultimate pH values due to 
preslaughter stress, as found in the present study, have been 
attributed to depletion of glycogen stores by exercise and 
adrenergic mechanisms (Tarrant, 1988). In the present ex- 
periment, comparing loins aged for 4 and 70 hrs (Table 1 ), the 
70 hrs aged loins had significantly higher pH and lower 
glycogen levels, which is consistent with inactivation of 
glycolytic enzymes at lower pH levels (Sahlin et al., 1978). 
Mechanisms to account for the increase in pH that occurs in 
aged meat have been cited by Lawrie (1985). However, the 
mechanism must take into account the reduction in glycogen 
that occurs with ageing. The interesting question raised by the 
increase in pH with ageing is at what time pH should be 
measured to determine ultimate pH values. 

Assuming that the influence of pH conditions after rigor 
on meat characteristics is the same as before rigor, the results 
imply that meat from lambs predisposed to produce high pH 
should be aged for a short period. This will minimise the 
adverse influence of high pH levels on meat quality charac- 
teristics (Bray, 1988; Purchas, 1989). However the amount of 
time available for protein degradation will be limited and, 
consequently, could result in tougher meat as found for loins 
from Fast GC lambs subjected to high levels of preslaughter 

stress and aged for 4 hrs. 
Calpain I and II activities were not affected by GC rate 

nor stress level but declined during ageing and chilled storage 

indicating that the enzymes were operative and subject to 
autolysis (Shackelford et al., 1991; Go11 et al., 1992). The 
rapid reduction in calpain I activity over the first 22 hours 
showed that it was involved in protein degradation in the 
initial period after slaughter. Calpain II levels remained 
elevated for at least 70 hrs, indicating that the main periods of 
action for the two enzymes are quite separate. This may be 
related to pH and temperature conditions as suggested by 
Koohmaraie (1992) who found that the autolysis rate of 
calpains in meat was affected by such factors. Most tenderi- 
zation of the loins occurred during the loss of calpain I 
activity demonstrating that calpain I, or other mechanisms 
operating concurrently, are involved in the tenderization 
process. The additional tenderization that occurred after 70 
hrs in stored chilled loins (Fig.2) was associated with losses 
in calpain I and, in particular, calpain II activity. 

The marked influence of duration of ageing and the lack 
of effects of GC rate and stress level on calpain activity 
suggests that the calpain activities were most affected by the 
temperature regimes used in ageing and chilling the meat 
rather than pH changes induced by any treatment in this 
experiment. The association of calpain I and, to a lesser 
extent, calpain II activities with meat tenderization agrees 
with the evidence of Koohmaraie et al., (1991), Shackleford 
etal., (1991) andDmnsfield et al,, (1992). In conclusion, the 
results identify that there is considerable potential in manip& 
lating meat tenderness by using different ageing procedures 
and that understanding the factors that control calpain activi- 
ties needs further investigation. 
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