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I.  Abstract: Accelerated mu-calpain autolysis and lower calpastatin activity were 
hypothesized to result in increased proteolysis and subsequently affect drip loss and 
meat tenderness. Halothane negative Duroc pigs (n=16) were harvested. Temperature 
and pH measurements were made on the longissimus dorsi (LD), semimembranosus 
(SM), and psoas major (PS) at 45 min, 6 h, 12 h, and 24 h postmortem (PM). Samples 
were taken from the LD, SM, and PS at 45 min, 6 h, and 24 h PM and extracted in 3 

vols of 10 mM EDTA, 0.1% β-mercaptoethanol, 2 mM PMSF, 100 mg/L ovomucoid and 
100 mM Tris, pH 8.3. After centrifugation, a portion of each supernatant was used for 
immunoblotting with an antibody against the mu-calpain 80-kDa subunit. The remainder 
of the supernatant was used to determine CPST activity. Samples were collected from 
each muscle at 45 min, 6 h, 24 h, 48 h, and 120 h PM for examination of titin and 
nebulin by SDS-PAGE. Drip loss was measured on LD, SM, and PS chops taken at 24 

h PM and held for an additional 24 h and 96 h at 4°C. Warner-Bratzler shear (WBS) 
force measures were evaluated on chops (LD, SM, and PS) at 24 h, 48 h, and 120 h 
PM. At 45 min, the PS had a significantly lower pH (5.50) than the LD (5.97) and SM 
(6.05) and had partial autolysis of the mu-calpain 80-kDa (catalytic) subunit.  All PS 
samples showed extensive degradation of titin by 24 h PM. The PS had lower (P<.01) 
drip loss after 96 h of storage than the SM and LD. The SM had higher (P<.0001) WBS 
at 48 h PM than the LD and PS. The SM had higher (P<.05) CPST activity at 6 h and 24 
h compared to the LD (and PS. The LD also had higher (P<.05) CPST activity than the 
PS at 6 h and 24 h PM. These results indicate differences between muscles in mu-
calpain autolysis, pH, and calpastatin activity play a role in the tenderness and drip loss 
of fresh pork products. 
 
II.  Introduction: Variations in water-holding capacity and in tenderness of pork are two 
of the major quality problems that significantly affect the profitability of the pork industry.  
It has been estimated that as much as 50 % or more of the pork produced has 
unacceptably high water loss as purge or drip (Kauffman et al., 1992).  This lost water 
translates into pounds of product lost as well as reduced processing yields and lower 
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consumer satisfaction.  Decreased tenderness of pork also negatively affects consumer 
satisfaction.  Product tenderness is one of the most important criteria in determining 
whether or not a consumer is satisfied with a meat product.  Therefore, it is imperative 
that the pork industry finds new ways to consistently produce high quality, tender pork 
that has high water-holding capacity.  These factors (water-holding capacity and 
tenderness) develop as a result of early postmortem biochemical and biophysical 
processes that occur in muscle.  Consequently, it is crucial for the industry to have a 
clear understanding of the fundamental mechanisms underlying the development of 
fresh pork quality attributes.  Currently, there is a lack of knowledge regarding 
specifically how and why many variations in tenderness and water-holding capacity 
develop.  Rectifying this gap in the knowledge will allow the industry to develop 
intervention strategies and/or methods to predict quality and will provide the information 
needed to alleviate unforeseen problems that may develop in the future. 
 
Earlier Related Research by the Investigator and Others: Variations in water-holding 
capacity in fresh pork are observed as measurable differences in drip loss or purge.  
Recent studies in our laboratory show that there are differences in water-holding 
capacity of pork longissimus dorsi due to genetic differences other than the Halothane 
gene or the RN- gene (Huff-Lonergan et al, 1998).  Other research in our lab has shown 
that differences in water-holding capacity also exist between muscles within the same 
animal (Lonergan, et al., 2001). 
 
Currently, we do not know the specific biochemical and/or biophysical reasons for 
differences in meat water-holding capacity between animals and/or between muscles. 
One possible explanation resides in the structure of the muscle cell itself.  As the pH of 
the muscle declines due to build-up of lactic acid, the intricate latticework of the myofibril 
within the muscle cell shrinks.  If the proteinacous linkages between the myofibril and 
the muscle cell membrane (sarcolemma) are intact, this shrinkage can be translated 
into constriction of the entire muscle cell, thus creating channels between cells and 
between bundles of cells that can funnel drip (moisture) out of the product. (Offer and 
Knight, 1988).  It has been suggested that reduced degradation of proteins that tie the 
myofibril to the sarcolemma (such as desmin) results in increased shrinking of the 
muscle cell, which is ultimately translated into drip loss (Morrison et al., 1998).  
 
Increased postmortem degradation of specific muscle cell proteins has also been 
associated with an improvement in meat tenderness (Huff-Lonergan et al., 1996).  The 
endogenous sarcoplasmic calpain enzyme system (the enzymes �-calpain, m-calpain 
and their inhibitor calpastatin) has been implicated as playing a major role in regulating 
postmortem protein degradation.  �u-Calpain has been shown to degrade the protein 
desmin, (Huff-Lonergan et al., 1996) which may be involved in drip loss (Morrison et al., 
1998) and other muscle structural proteins involved in tenderness (Huff-Lonergan et al., 
1996).  Therefore, this system may play a significant role in the development of both 
water-holding capacity and tenderness.  While the calpain enzymes are active under 
postmortem conditions, their activity is compromised by the low pH, high ionic strength 
conditions that develop within meat during storage (Huff-Lonergan et al., 1996).  Also, 
during postmortem storage, the enzyme �u-calpain autolyzes and more �u-calpain 
“comes out of solution” and becomes associated with the myofibril rather than remaining 
soluble in the sarcoplasm.  This shift in location may have an effect on the activity of the 
enzyme.  Additionally, the specific inhibitor calpastatin is progressively degraded and its 
activity is reduced as postmortem time increases (Boehm et al., 1998).  While much is 
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becoming known about the time course of these changes in the calpain system 
(autolysis, translocation to the myofibril, decline in activity) in beef, relatively little is 
known about the time course of these changes in pork.  Since the postmortem changes 
in pork occur over a shorter time frame than they do in beef, it would be advantageous 
to know how the more rapid development of low pH and high ionic strength in pork 
affects specific muscle proteins, including the calpain system.  This information will lead 
to the development of improved strategies to enhance fresh pork quality. 
 
III.  Project Objectives:  The overall objective of this project was to establish the role 
of the calpain/calpastatin system and protein degradation in regulating the development 
of pork tenderness and water-holding capacity.  The central hypothesis for the 
research was: The rate at which postmortem alterations in calpain, calpastatin and other 
proteins occur during the conversion of muscle to meat is directly related to the 
development of tenderness and water-holding capacity.  
 
We tested our central hypothesis and accomplished the overall objective of this project 
by pursuing the following research objectives. Objective 1: Ascertain the rate at 
which �u-calpain and calpastatin change in activity, structure and localization 
during the first 48 hours postmortem in muscles that differ in their rate of 
tenderization.  It was hypothesized that the rate at which these enzymes (calpains) and 
their inhibitor (calpastatin) are inactivated is directly related to the rate at which pork 
becomes tender.. Objective 2: Determine the relationship between the activity, 
structure and localization of �u-calpain and calpastatin, myofibrillar protein 
degradation and water-holding capacity in muscles that differ in 24-hour drip 
loss. It is hypothesized that alterations in proteolytic capacity of muscle will affect its 
ability to bind water by capillary action.  
 
IV.  Procedures Used to Achieve these Objectives:  A preliminary study was done to 
determine the ideal time points to measure the autolysis of mu-calpain and the relative 
differences in activity of both mu- and m-calpain as well as the degradation of troponin-
T and desmin. In this preliminary study, 10 market weight Berkshire X Yorkshire pigs were 

harvested using humane procedures at the Iowa State University Meat Laboratory. The pH 

measures of the longissimus dorsi (LD) were taken at the last rib at 2 h and 24 h postmortem 

(PM) using a pHStar pH probe (SFK Technologies, Denmark). Samples of the longissimus dorsi 

(LD) were taken at 2 h, 24 h, 72 h, 5 d, and 7 d PM. The LD samples (0.5 g) were extracted in 5 

vol of 50 mM HEPES, pH 7.6, 150 mM NaCl, 10% glycerol, 0.1% Triton X-100, 5 mM EDTA, 

2 mM PMSF, 0.1% (-mercaptoethanol.  Samples were centrifuged at 12,000 x g for 10 minutes 

at 4°C. After centrifugation, 100 micrograms of supernatant protein from each supernatant was 

used for casein zymography to obtain a relative comparison of mu-calpain activity (Raser et al., 

1995; Veiseth et al., 2001). Immunoblotting was used to visualize changes in the 80 kDa subunit 

of mu-calpain.  60 micrograms of supernatants were loaded onto 10% SDS-PAGE gels. 

Immunoblotting was done as described in Huff-Lonergan et al. (1996) using a monoclonal 

antibody against the mu-calpain 80-kDa subunit (MA3-940, Affinity BioReagents, Golden CO).  

For desmin and troponin-T, pellets were solubolized in a buffer containing 2% SDS, 10mM 

sodium phosphate pH 7.0, and subsequently diluted to 4 mg/ml in gel sample buffer.   60 

micrograms of pellet proteins were electrophoresed on 10% (desmin) or 15% (troponin-T) SDS-

PAGE gels.  Immunoblotting was done (Huff-Lonergan et al., 1996) using either a polyclonal 

antibody against porcine skeletal muscle desmin (gift from Dr. Richard Robson, Iowa State 

University) or a monoclonal antibody against troponin-T (JLT-12, Sigma Chemical Co., St. 

Louis, Mo.).  Enhanced chemiluminescence (ECL, Amersham Pharmacia Biotech, Piscataway, 
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NJ) was used to visualize immunoreactive bands. 

 

After completion of the preliminary study, sixteen 240-260 lb. barrows of similar genetic and 

nutritional background were slaughtered at the Iowa State University Meat Laboratory.  The 

same pigs were used for all objectives.  Each animal served as a replication in these experiments.  

The following measurements were used to characterize the muscles in the objectives listed 

below.  The pH and temperature of the longissimus dorsi, the psoas major and the 

semimembranosus were taken at 0.5, 0.75, 1, 6, 12, and 24 hours postmortem.  In addition, 

immediately after slaughter, samples were taken from each muscle (longissimus dorsi and 

semimembranosus) to determine glycolytic potential according to the procedure of Monin and 

Sellier (1985).  Carcasses were fabricated at 24 hours postmortem.  Four chops (2-cm thick) 

from each muscle were removed and stored at 4°C for an additional 24 (2 chops) and 96 hours (2 

chops) postmortem and then cooked to an internal temperature of 75°C.  Warner-Bratzler shear 

force values were determined on these chops as outlined by the American Meat Science 

Association.  Drip loss was determined from samples of each muscle after they have been stored 

for 24 and 96 hours in a sealed bag under atmospheric pressure at 4°C.  Additional samples (2 

grams) were taken at 24 hours postmortem to determine muscle fiber type by gel electrophoresis 

using the procedure of Talmadge and Roy (1993).  It was important to document any differences 

in fiber type as the rate of postmortem metabolism and differences in calpain and calpastatin 

activity may be influenced by fiber type (Ouali and Talmant, 1990). 

 

Objective 1: Ascertain the rate at which �u-calpain, m-calpain and calpastatin change in activity, 

structure and localization during the first 48 hours postmortem in muscles that differ in their rate 

of tenderization.  Experimental methods: Muscle samples were taken at 0.75, 6, 24 and 48 hours 

from the longissimus dorsi, the semimembranosus, and the psoas major.  Calpain (� and m) and 

Calpastatin activities were determined at these time points using the methods of Shackleford et 

al., 1994.  Casein zymography was used to determine relative differences in calpain activity of 

soluble calpain at each time point (Raser et al., 1995; Veiseth, et al., 2001).  Immunoblotting 

methods were used to determine autolysis of �-calpain (Boehm et al., 1998).  In addition, the 

amount of mu-calpain found in the sarcoplasmic and myofibrillar fractions of the tissue at each 

of the above time points was determined by immunoblotting (Boehm et al., 1998).  The 

degradation of titin and nebulin was monitored using SDS-PAGE (Huff-Lonergan et al., 1995). 

Troponin-T and desmin degradation were monitored by using immunoblotting techniques (Huff-

Lonergan et al., 1996).  A monoclonal antibody against troponin-T (JLT-12, Sigma Chemical 

Company, St. Louis, MO) and a polyclonal antibody against desmin (Biomedia Corp. Foster City 

CA.  Catalog number V2022) were used to determine the extent of the degradation of these two 

proteins. 

 

Objective 2: Determine the relationship between the activity, structure and localization of �-

calpain, m-calpain and calpastatin, myofibrillar protein degradation and water-holding capacity 

in muscles that differ in 24-hour drip loss.  Experimental methods: Activity of calpastatin and 

the, structure, localization and relative activity of �u-calpain, were determined as in Objective 1.  

In addition, degradation of specific myofibrillar/cytoskeletal proteins (titin, nebulin, troponin-T 

and desmin) were determined from samples taken at .75, 6, 24 and 48, and 120 hours 

postmortem.  Protein degradation was determined using SDS-PAGE and immunoblotting 

techniques (Huff-Lonergan et al., 1996). 
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Figure 1.  Representative immunoblot of mu-
calpain autolysis in porcine longissimus dorsi 
muscle from two individual pigs sampled at 2 
hours, 24 hours, 72 hours, 5 days and 7 days 
postmortem.  80 kDa refers the location on the 
immunoblot of the intact 80 kDa catalytic subunit 
of µ-calpain.   

V. Results 
 
Preliminary Study: Immunoblotting with a 
monoclonal antibody against the 80 kDa 
subunit of mu-calpain revealed that the 80 kDa 
subunit was intact in samples from all pigs 
taken at 2 hours postmortem (Figure 1).  By 72 
hours postmortem, all of the detectable mu-
calpain in the supernatant of the extracted 
samples was completely autolyzed as 
evidenced by the presence of only the 76 kDa 
immunoreactive band (Figure 1).  The greatest 
amount of variation in autolysis of mu-calpain was 
found at 24 hours postmortem (Figures 1 and 2). By 
this time, mu-calpain from the LD of all animals had 
undergone some degree of autolysis as evidenced by 
the appearance of immunoreactive bands migrating at 80,78, and/or 76 kDa (Figure 1).  
The autolysis appeared to be related to the rate of pH decline as those samples from 
muscles that had the lowest pH values at 2 hours postmortem had the least detectable 
intact 80 kDa at 24 hours postmortem.  Conversely, samples that had higher pH values 
at 2 hours post mortem appeared to have less extensive autolysis than did samples that 
had lower pH values at 2 hours postmortem (Figure 2).  Casein zymography showed 
that at 24 hours postmortem, samples with the lowest pH values at 2 hours postmortem 
also had the least detectable activity as shown by clearing bands in the casein gels 
(Figure 3a). By 72 hours postmortem most of the samples had lost detectable mu-
calpain activity (Figure 3b).  Samples that had higher pH values (5.8 and above) at 24 
hours postmortem still had some slight residual activity at 72 hours postmortem as 
detected by casein gels.  When degradation of proteins that are putative calpain 
substrates was examined, those samples that had the lowest pH at 2 hours postmortem 
had earliest degradation of troponin-T at 24 hours postmortem (Figure 4a), and had 
faster degradation of desmin from 3 to 5 days postmortem as evidenced by a loss of the 
band corresponding to intact desmin (Figure 4b).  
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pH at 2 hours PM       6.7       6.5     6.4     5.8
pH at 24 hours PM     5.8       5.7      5.6    5.6

24 Hours Postmortem

80 kDa

78 kDa
76 kDa

Figure 2.  Immunoblot of µ-calpain autolysis in 
porcine longissimuss dorsi muscle from four pigs 
sampled at 24 hours postmortem.  80 kDa refers the 
location on the immunoblot of the intact 80 kDa 
catalytic subunit of µ-calpain.  78 kDa, and 76 kDa 
refer to the location on the immunoblot of the 
immunoreactive autolytic products of µ-calpain. 
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2  h r  p H       6 . 7    6 . 5    6 . 4   6 . 7    5 . 8    6 . 3    6 . 4   6 . 1   5 . 9
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b

2  h r  p H       6 . 7    6 . 5    6 . 4   6 . 7    5 . 8    6 . 3    6 . 4    6 . 1   5 . 9

2 4  h r  p H      5 . 6    5 . 7    5 . 6   5 . 8     5 . 6    5 . 7    5 . 7    5 . 9   5 . 6  

Figure 3.  Casein zymograms of samples from porcine longissimus dorsi muscles from pigs sampled at 24 hours postmortem 
(a) and 72 hours postmortem (b).  “µ-calpain” refers to the clearing zone that was generated by active mu-calpain.  “m-
calpain” refers to the clearing zone that was generated by active m-calpain.  Because these are non-denaturing gels, µ-
calpain and m-calpain migrate at different locations. 
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Figure 6. pH decline in all muscles from 
all pigs in the study  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Objective 1: Ascertain the rate at 
which �u-calpain and calpastatin 
change in activity, structure and 
localization during the first 48 
hours postmortem in muscles that 
differ in their rate of tenderization. 
Fiber type data (Figure 5) showed 
that the psoas major had the highest 
percentage of Type I fibers of the 
three muscles, indicating that is was 
the most oxidative of the muscles 
used in the study.  

 
The pH of the psoas major muscle was significantly 
lower than the longissimus dorsi and the 
semimembanosus at 30 minutes, 45 minutes and at 
1 hour postexsanguination.  There was no 
significant difference between the pH values of the 
longissimus dorsi and the semimembranosus at 
any of the time points measured (Figure 6). 
Warner-Bratzler shear force analysis of the 3 
muscles showed that at 48 and 120 hours 
postmortem, the semimembranosus had the 
highest shear force values (Figure 7a). When 
calpastatin activity was measured in these muscles 
at 6 hours postmortem, the semimembranosus had 
the highest activity while the psoas major had the 

lowest activity (Figure 7b). Interestingly, both the longissimus dorsi and the 
semimembranosus continued to show improvement in tenderness from 48 hours to 120 
hours, but the psoas major did not (Figure 7a). This observation may be partially 

Figure 4.  a.  (left panel) Immunoblot of µ-calpain autolysis in porcine longissimus dorsi from 2 pigs sampled at 24 hours 
postmortem. 80 kDa refers the location on the immunoblot of the intact 80 kDa catalytic subunit of µ-calpain.  78 kDa, and 
76 kDa refer to the location on the immunoblot of the immunoreactive autolytic products of µ-calpain. (right panel)  
Immunoblot of troponin-T in porcine longissimus dorsi from 2 pigs sampled at 24 hours postmortem.  Troponin-T refers to 
the intact immunoreactive band of troponin-T and 30 kDa refers to the major degradation product of troponin-T that 
migrates at approximately 30 kDa in SDS-PAGE gels.  b.  Immunoblot of desmin in porcine longissimus dorsi sampled at 2 
hours (0 days), 24 hours (1 day), 72 hours (3 days), 5 days and 7 days postmortem.  In both (a) and (b) sections of the figure, 
A and B refer to samples from the same two pigs. 

Type IIa

Type IIb/IIx

Type I

LD   SM   PM LD   SM   PM  LD  SM   PM

Figure 5.  Silver stained SDS-polyacrylamide gel of samples from the 
longissimus dorsi (LD), the semimembranosus (SM) and the psoas major 
(PM) muscles from 3 different pigs in this study. The relative mobilities of 
the myosin heavy chain isoforms are indicated on the left side of the 
figure. The IIb and IIx isoforms were not clearly resolved in this system, 
therefore, they are labeled as IIb/IIx.   
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Figure 8.  Average drip loss (% product lost) for all muscles 
in the study after 24 and 96 hours of storage. 

explained by the fact that in there was little mu-calpain activity detected at 6 hours in the 
psoas major, while both the longissimus dorsi and the semimembranosus both had 
activity that was detected in casein zymograms (Figure 7c).  
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Objective 2: Determine the relationship 
between the activity, structure and localization 
of �u-calpain and calpastatin, myofibrillar 
protein degradation and water-holding 
capacity in muscles that differ in 24-hour drip 
loss. 
 
 
 
 
 
 
 
 
 
 
 
Drip loss was measured in all three muscles after both 24 and 96 hours of storage (48 
and 120 hours postmortem).  The psoas major had significantly less product weight lost 
as drip than did either of the other two muscles (Figure 8). The longissimus dorsi and 
semimembranosus were not significantly different in this respect.  

Figure 7.  a (left panel)  Average Warner-Bratzler shear force values at 48 hours and 120 hours 
for all of the muscles used in the study.  b.  (right panel)  Average calpastatin activity (units/gram 
tissue) for all muscles used in the study.  c.  (lower panel) Representative casein zymogram 
showing mu-calpain activity in samples taken at 6 hours postmortem from the longissimus dorsi 
(L), semimembranosus (S) and the psoas major (P) muscle from one pig.  A white band (clearing 
zone) indicates mu-calpain activity.   
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Figure 9.  a.  Representative Western blot of samples taken at 6 hours postmortem from the 
longissimus dorsi (L), semimembranosus (S), and the psoas major (P) from one pig in the 
study.  Std refers to a 120 hour sample that was included on every Western blot and served 
as an internal reference standard. Blots were probed with a polyclonal antibody to desmin.  
The arrow indicates the degradation product that was evaluated.  b.  Means of the 
densitometry values of the desmin degradation product for all muscles from all pigs in the 
study.  Values are expressed as a ratio of the degradation band in the sample to the 
degradation band in the standard that was included on each blot. A higher value is indicative 
of a greater amount of the degradation product. 

 
Desmin degradation was 
evaluated using a polyclonal 
antibody.  This antibody 
detected a degradation 
product that was more evident 
in the psoas major samples at 
45 minutes, 6 hours and 24 
hours postmortem (Figure 9).  
This early degradation in 
muscles that had significantly 
less drip loss may be 
significant. Other research 
in our lab (Rowe et al., 
2001) and in others 
(Kristensen and Purslow, 
2001) has suggested that 
degradation of proteins like 
desmin may weaken 
linkages between adjacent 
myofibrils and between outer myofibrils and the sarcolemma and may be related to 
water-holding capacity.  Weakening of these linkages in very early postmortem tissue 
may have a more profound effect on the water-holding capacity of the tissue. As the pH 
of the muscle declines due to build-up of lactic acid, the intricate latticework of the 
myofibril within the muscle cell shrinks. If the proteinacous linkages between the 
myofibril and the muscle cell membrane (sarcolemma) are intact, this shrinkage can be 
translated into constriction of the entire muscle cell, thus creating channels between 
cells and between bundles of cells that can funnel drip (moisture) out of the product. 
(Offer and Knight, 1988).  Current published data has been limited to examination of 
tissue samples that were taken 24 hours postmortem or later. To our knowledge, the 
data from the current study is the first to show that degradation of desmin may occur as 
soon as 45 minutes to 6 hours after slaughter in muscles that subsequently have a high 
water-holding capacity.  Evidence that desmin is degraded very early postmortem is 
important because it could indicate weakening of intermyofibrillar and myofibrillar-
sarcolemma linkages occurs before significant water is lost from the tissue.  
 
Other proteins were also degraded earlier in the psoas major than in the longissimus 
dorsi or the semimembranosus.  The most significant of these was titin.  Within 24 hours 
postmortem, the intact form of titin (T1) was degraded to T2 (Figure 10).  Because titin 
may play a role in tenderness (Huff-Lonergan et al., 1995), this early degradation may 
be related not only to the water-holding capacity, but also to the more rapid attainment 
of ultimate tenderness observed in the psoas major muscle (Figure 6).  
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T1

4 5  m i n 24 hr 48 hr 120 hr

L    S    P

T2

Nebulin

L    S    P L    S    P L    S    P

Figure 10.  Representative 5% SDS-PAGE of samples from the longissimus dorsi 
(L), semimembranosus (S) and the psoas major (P).  All of the samples in this 
figure were from the same pig.  Samples were taken at 45 minutes, and 24, 48 
and 120 hours postmortem.  T1 refers to the intact form of titin.  T2 refers a major 
degradation product of titin.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The enzyme mu-calpain has been implicated as playing a major role in the postmortem 
degradation of muscle proteins like desmin and titin (Huff-Lonergan et al., 1996).  In the 
psoas major muscles, it was consistently observed that mu-calpain autolyzed (self-
degraded) as early as 45 minutes postmortem whereas in the other muscles 
(longissimus dorsi and semimembranosus), autolysis was not seen until at least six 
hours, and more consistently at 24 hours postmortem (Figure 11a).  Autolysis has often 
been correlated with activation of mu-calpain.  By 24 hours postmortem, it was often 
difficult to detect calpain in the supernatant (Figure 11a).  However, in highly purified 
myofibrils, mu-calpain was detected as early as 45 minutes (Figure 11b).  This is 
significant as these myofibrils are very highly purified, including washes with the 
detergent Triton X-100.  This detergent is used to remove any membrane contaminants, 
therefore, because calpain is a sarcoplasmic protein, any calpain that is found with the 
myofibril must be very tightly associated with it.  It is interesting to note that both 
autolysis of mu-calpain and its association with the myofibril were consistently observed 
much earlier in the psoas major muscle, the muscle that had a much more rapid pH 
decline.  These results indicate that pH may be a very important factor in determining 
both the structure and localization of mu-calpain.  Regarding the significance of these 
observations, Delgado et al. (2001) has shown that mu-calpain associated with the 
myofibril does retain activity and can degrade proteins like titin.  This information, 
coupled with the fact that in the current study, titin was degraded more quickly in the 
samples that had earlier association of mu-calpain with the myofibril is significant, and 
may shed new light on the mechanism of postmortem protein degradation and the 
subsequent development of meat quality traits.  
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Figure 11.  a.  Representative Western blot of sarcoplasmic protein (Supernatant) from the 
longissimus dorsi (L), semimembranosus (S) and the psoas major (P) from samples taken at 
45 minutes, 6 hours and 24 hours postmortem.  b. Representative Western blot of highly 
washed myofibrillar protein from the longissimus dorsi (L), semimembranosus (S) and the 
psoas major (P) from samples taken at 45 minutes, 6 hours and 24 hours postmortem.  All of 
the blots were probed with the same monoclonal antibody to mu-calpain (clone 9A4H8D3).  
This antibody recognizes an epitope between  amino acids 465-520 in domain III.  Samples in 
both panels a and b were run on 10% SDS-PAGE gels prior to transferring to PVDF and 
subsequent immunodetection.  All samples in this figure were taken from the same pig. 
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Summary:  These data indicate that the rate and the extent of pH decline may be 
related to the autolysis, activity and localization of mu-calpain and to the activity of 
calpastatin  Slightly lower pH values at early times postmortem may accelerate the 
activation of calpain and translocation of mu-calpain to the myofibril.  This, in turn, may 
ultimately impact the degradation of key myofibrillar and cytoskeletal proteins like titin, 
nebulin, desmin and troponin-T. Further investigation into the mechanism behind these 
events could lead to greater understanding of the postmortem development of fresh 
pork quality traits like tenderness and water-holding capacity. 
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