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Introduction
Apoptosis has been proposed as one of the crucial biochemical processes 
that possibly involve in the postmortem meat tenderization. During muscle 
to meat conversion, rapid oxygen and nutrient deprivation could lead to the 
activation of intrinsic pathway dependent apoptosis, which is closely associ-
ated with metabolic status and mitochondria dysfunction of the muscle cells 
[1]. Further, early onset of mitochondrial apoptosis and its positive impacts 
on tenderization has been reported [2]. Given that aging response occurs 
in a muscle-specific manner, it would be reasonable to postulate that mito-
chondrial apoptotic changes and their subsequent impacts on proteolysis 
may be differently affected by different muscle types. Therefore, the objec-
tive of this study was to investigate the changes in mitochondrial apoptotic 
factors, proteolysis and tenderness of two porcine muscles (Psoas major; 
PM and longissimus dorsi; LD) during postmortem aging.
Methods
Ten pigs (average body weight 115 kg) were harvested, and both PM and 
LD muscles were collected from the carcasses at various postmortem times 
(2 h, 6 h, 24 h, 48 h, and 168 h). The samples were analyzed for several bio-
chemical traits, such as mitochondrial membrane permeability, mitochondri-
al lipid peroxidation, cytochrome c redox stability, Ca2+ uptake and released, 
the abundance of cytochrome c, desmin/troponin T degradation, and cal-
pain autolysis. The instrumental tenderness (WBSF) was also determined. 
Data were analyzed by Two-way ANOVA and PROC MIXED of SAS to com-
pare the traits across muscle types and aging times. Least square means 
were separated by least significant differences (P<0.05).
Results
Overall, the mitochondrial membrane permeability was increased at 2-168 h 
postmortem but it became significant at 6-24 postmortem in both two mus-
cle types (P<0.05; Table 1). PM had a higher membrane permeability than LD 
at 24 h postmortem (P<0.01). While a significant increase in mitochondrial 
lipid peroxidation was found in both muscle samples, PM had a greater mito-
chondrial lipid peroxidation compared with LD at 24 h postmortem (P<0.05; 
Table 1). The cytochrome c redox stability was decreased in both two muscle 
(P<0.05; Table 1). However, LD had a greater cytochrome c redox stability 
than PM at 6 h (P<0.05) and 24 h postmortem (P<0.01), respectively. More-
over, while a significant increase in Ca2+ concentration was found in both 
muscles, PM had higher Ca2+ concentration than in LD at 24 h postmor-

tem (P<0.05). PM maintained a significantly higher cytochrome c than LD 
(P<0.01; Fig 1), indicating that the rapid onset of mitochondrial apoptotic pro-
cess would occur in PM through the release of cytochrome c from mitochon-
dria. While PM had lower WBSF values than LD (P<0.01), PM maintained 
higher intact desmin and tend to have less degradation of troponin T, less 
extent of autolyzed products of calpain 1 compared to LD (P<0.01; Table 2). 
These observations indicate that the rapid onset of mitochondrial apoptosis 
of PM did not result in an increase in myofibrillar protein degradation of the 
muscle during postmortem aging.
Conclusion
The results from the current study found psoas major (well-known oxida-
tive muscle) showed the rapid onset of mitochondria apoptotic process 
compared to longissimus dorsi (well-known glycolytic muscle), evidenced 
by increases in mitochondrial membrane permeability, mitochondrial lipid 
peroxidation, Ca2+ concentration and cytochrome c level. However, those 
increases in apoptotic changes did not result in subsequent increases in my-
ofibrillar protein degradation, indicating perhaps the mitochondrial apoptosis 
mediated tenderization process could be muscle-specific. Further studies 
would be warranted to investigate the relationship between muscle-specific 
mitochondrial apoptosis and energy metabolism and their impacts on meat 
quality.
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Figure 1. Representative western blots and densitometric analysis of 
cytochrome c 
LD: Longissimus dorsi; PM: Psoas major. Reference was from 2 h post-
mortem pork PM.

 
Table 2. Changes in instrumental tenderness, proteolysis, and calpain 
autolysis of muscles 
Changes in instrumental tenderness (WBSF), desmin and troponin T 
degradation, and calpain autolysis of porcine muscles during post-
mortem aging.
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Table 1. Changes in MMP, MLP, CRS, and Ca2+ UR of porcine muscles 
during postmortem aging.  
LD: Longissimus dorsi; PM: Psoas major; MMP: Mitochondrial membrane 
permeability; MLP: Mitochondrial lipid peroxidation; CRS: Cytochrome 
c redox state; Ca2+ UR: Ca2+ uptake and release.
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