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Early postmortem calpain changes
in porcine muscles as affected by
storage temperature
Ya-Shiou Chang (1), Nai-Jia Yen (2) and Rong-Ghi R. Chou (2) (3)

ABSTRACT
The effect of pre-rigor incubation at 5 or 25ºC in early 24-h postmortem proteolysis and the
tenderization of porcine Longissimus dorsi muscle (LM) were examined. LM was removed from
the carcasses (n = 10) in ~30 min postmortem, vacuum-packaged, and incubated at 5 or 25ºC from
left and right sides of carcasses, respectively. Samples were taken at 0 (30 min postmortem), 3, 6,
12, and 24 h of incubation, respectively. The results showed that the decreases in pH, calpain-1 and
-2 activities, contents of 80 kDa calpain-1 subunit and desmin, as well as 24-h shear force were
faster (P < 0.05) in the samples incubated at 25ºC than at 5ºC. Therefore, our results indicated that
the early 24-h postmortem proteolysis and tenderization were accelerated by incubating pre-rigor
porcine muscles at 25ºC.
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Introduction
It is generally believed that meat tenderness can be improved during postmortem storage
at 0 ~ 5ºC. Considerable evidence acquired within three decades has suggested that the calpains
are responsible for proteolytically-induced postmortem tenderization that occurs during the first
7 ~ 14 d of postmortem storage at 0 ~ 5 ºC (Koohmaraie and Geesink, 2006; Bhat et al., 2018).
Calpain proteases are a family of intracellular cysteine proteases. Calpain-1 and calpain-2 are the
two most studied ubiquitous muscle calpain isoforms (Goll et al., 2003). It has been shown that
calpain-1 activity decreases rapidly within 24 h postmortem in bovine (Koohmaraie et al., 1987;
Boehm et al., Kendall et al., 1998) and ovine (Veiseth et al., 2001) muscles stored at 0 ~ 5ºC, while
calpain-2 activity remains stable. Colle and Doumit (2017) further showed that autolyzed calpain-2
activity did not appear until 14 days of postmortem storage in bovine muscle. Interestingly,
although the postmortem changes in calpain-1 activity was similar in porcine and bovine muscles,
autolyzed calpain-2 activity was observable at 72 h postmortem in porcine muscle (Pomponio et
al., 2008). The activation of first calpain-1 and later calpain-2 could be accelerated by increasing
the incubation temperature of pre-rigor porcine muscle from 2ºC to 35ºC (Pomponio and Ertbjerg,
2012). Geesink et al. (2000) showed that when pre-rigor ovine muscle was incubated above 25ºC,
postmortem proteolysis was negatively affected. It has been suggested that postmortem proteolysis
and tenderization would be accelerated by increasing the incubation temperature of pre-rigor
porcine muscle up to 25ºC. However, changes in proteolysis and tenderization with increasing
incubation temperature of pre-rigor porcine muscle in relation to the postmortem calpain activation
are still incomplete. Therefore, the aim of this study was to focus on examining the first 24-h
postmortem changes in calpain activity, contents of calpain-1 80 kDa subunit and desmin, as well
as shear force in porcine muscle incubated at 5ºC or 25ºC.

Materials and methods
Sample preparation
The use of animals in this study was reviewed and approved by the Institutional Animal
Care and Use Committee in National Chiayi University. Ten crossbred gilts (50% Meishan and
50% Duroc, 7 ~ 8 months old, ~100 Kg live weight) were harvested in a government-regulated
abattoir according to a standard commercial practice. Longissimus dorsi (LM) muscles (5th ~ 10th
rib) from both sides of each carcass were hot-sectioned with ribs and vertebrate attached by 30
min postmortem. Muscle at the 5th rib was taken immediately and used as 0-h incubated samples.
After removing the 0-h samples, the remaining LM portions were vacuum-packaged individually
and incubated at 5ºC or at 25ºC in a water bath. The portions from the left side of the carcass were
incubated at 5ºC, while the portions from the right side were incubated at 25ºC. Samples were
sequentially taken from the 6th rib to the 9th rib at 3, 6, 12, and 24 h of incubation in a water bath
(Firstek, Model B206, Taipei, Taiwan). The sample from each incubation time was finely minced,
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quickly snap-frozen in liquid nitrogen and stored in a bottle at -80ºC (Model ULT 1386-3-D36,
Revco Scientific, Inc., Asheville, NC, USA) until used for subsequent analysis. The LM portion
from the 10th rib was used for 24-h shear force measurements.

Measurement of pH
The pH was determined as described by Yu and Lee (1986). Each minced 10-g sample was
collected and homogenized (Model Mitsui Denki-Seiki, SMT company, Chiba, Japan) with a 100g cold distilled water with two 30-s bursts of 10,000 rpm and a 10-s break between bursts. The pH
of the homogenate was measured with a Suntex 470 pH meter (Suntex Instruments Co., Taiwan)
equipped with a glass electrode that was calibrated with pH 7.00 and with pH 4.01 buffer solutions
at 25ºC.

Preparation of calpain extract
Calpain extraction was done by the method of Veiseth et al. (2001). In brief, a 5-g sample was
homogenized in 15 ml of extraction buffer [10 mM EDTA, 0.05% β-mercaptoethanol (MCE) (v/v),
and 100 mM Tris base, pH 8.3] at 5ºC. After centrifuging at 22,000 x gmax for 25 min, the protein
concentration of the supernatant was measured by the method of Robson et al. (1968).

Casein zymography
Casein zymography was done by the method of Raser et al. (1995). A sample buffer that
contained 0.05% β-mercaptoethanol (MCE) (v/v), 0.02% bromophenol blue (w/v), 20% glycerol
(w/v), and 150 mM Tris-HCl, pH 6.8, was added to the protein extract at a ratio of 2 parts sample
buffer to 3 parts of protein extract (v/v). Casein gels were routinely run in 10% gels (acrylamide:
methylenebisacrylamide = 37.5:1, w/w) that contained 0.21% casein (w/v). Casein gels (0.75 mm,
SE 400 slab gel electrophoresis units, Hoefer Scientific Instruments, San Francisco, CA, USA)
were pre-run with a running buffer [0.05% MCE (v/v), 1 mM EDTA, 192 mM glycine, and 25
mM Tris-HCl, pH 8.3] at 100 V for 15 min. An aliquot of 250 µg proteins from each LM sample
and a standard reference, which was prepared from a pooled 0-h LM postmortem sample that was
taken from the left-side of each carcass (n = 10), was loaded onto the casein gels. After running at
100 V for 6 h at 5ºC, the casein gels were incubated at 25ºC in three changes of a 50 mM Tris-HCl
(pH 7.5) buffer that contained 0.05% MCE (v/v) and 4 mM CaCl2 with slow shaking for 1 h and
then followed by a 16-h incubation in the same buffer at 37ºC. The gels were stained with R-250
Coomassie blue and destained with 20% methanol (v/v) and 7% acetic acid (v/v) solutions.

Myoﬁbril Preparation
LM myofibrils were prepared in a cold room (0 ~ 2ºC) by the method of Huff-Lonergan et al.
(1995). A 10-g sample was homogenized by a homogenizer in 100 mL standard salt solution buffer
(100 mM KCl, 2 mM MgCl2, 2 mM EGTA, 1 mM NaN3 and 20 mM potassium phosphate, pH
6.8) and centrifuged at 3,000 x gmax for 10 min. After removing the supernatant, the pellets were resuspended by vigorous stirring with a plastic spatula in the same buffer solution that also contained
1% Triton X-100 (v/v), and were centrifuged at 3,000 x gmax for 10 min. The step of washing and
re-suspension of myofibril pellets was repeated five times. After the final washing with the standard
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salt solution, the myofibrils were washed twice by re-suspension in 10 volumes (w/v; weight in
grams of the original ground muscle sample) of 5 mM Tris-HC1, pH 8.0, and were centrifuged at
3,000 x gmax for 10 min. After the second washing in 5 mM Tris-HC1, pH 8.0, the myofibrils were
re-suspended in four volumes (w/v; weight in grams of the original ground muscle sample) of 5
mM Tris-HC1, pH 8.0, and the protein concentration was determined (Robson et al., 1968).

Western blot analysis
The calpain extract and myofibrils for SDS-PAGE were each prepared by the method of Fritz
and Greaser (1991). The SDS-PAGE procedures for calpain (acrylamide: methylenebisacrylamide
= 100 : 1, W/W) and desmin (acrylamide: methylenebisacrylamide = 37.5 : 1, W/W) were done
with 10% and 12% trisglycine slab gels (0.75 mm, SE 400 slab gel electrophoresis units, Hoefer
Scientific Instruments, San Francisco, CA, USA), respectively. The same amount of protein (250
µg) from the extract or myofibrils from each sample and a standard reference, which was prepared
from a pooled 0-h LM postmortem sample that was taken from the left-side of each carcass (n
= 10), was loaded onto the gels. A molecular weight (4-250 kDa) marker (SeeBlue® Pre-stained
Standard, LC5625, Invitrogen Co., Carlsbad, CA, USA) was used as protein standards.
After SDS-PAGE, the proteins were transferred to a nitrocellulose membrane. The procedure
for the Western blots to detect the 80 kDa calpain-1 subunit and desmin was done by the method
of Liao and Chou (2014). The membrane was incubated in a 5% (w/v) bovine serum albuminphosphate buffer solution (BSA-PBS) for 30 min at 37ºC and then washed three times (5 min
each) in a 0.1% (w/v) BSA-PBS solution at 25ºC. Monoclonal antibodies to the 80 kDa calpain-1
subunit (Clone 9A4H8D3, Affinity Bioreagents, Inc.) and to desmin (Clone DE-U-10, SigmaAldrich Company) were each diluted (1 : 500) in 0.1% BSA-PBS (pH 7.4) and were incubated
with membranes for 2 h at 25ºC. Membranes were then washed three times (5 min each) in a 0.1%
BSA-PBS solution at 25ºC, incubated with a secondary antibody, goat anti-mouse-HRP (SigmaAldrich Company, St. Louis, MO, USA) for 2 hours at 25ºC, washed twice (5 min each) in 0.1%
BSA-PBS solution and twice (1 min each) in deionized water. The color was developed by using
SIGMAFASTTM 3,3’-diaminobenzidine tablets (Sigma-Aldrich Company, St. Louis, MO, USA).

Image analysis
Image analysis was performed by the method of Liao and Chou (2014). The bands in each blot
or casein gel were digitized with a scanner (Model J131B, Epson). The signals were quantified by
Image J (version 1.44i, made by Wayne Rasband, National Institutes of Health, MD, USA). Each
blot or casein gel included a pooled 0-h LM sample as a reference standard to normalize the band
intensities. The activities of calpain-1 and -2, and the contents of the 80 kDa calpain-1 subunit
and of desmin in 3-, 6-, 12-, and 24-h samples incubated at 5ºC or at 25ºC were expressed as
percentages of the 0-h samples incubated at 5ºC, which was taken as 100%.

Warner-Brazler Shear force Measurement
The shear force of 24-h samples incubated at 5 or 25ºC was determined by the method of
Vieira and Fernández (2014) and Chang et al. (2016). In brief, all muscle samples were placed in
polypropylene bag individually, and heated in an 85ºC water bath until the internal temperature of
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71ºC was reached, measured with a temperature probe (Hanna Instruments, Woonsocket, RI, USA).
After cooling in running tap water for 30 min, the samples were refrigerated at 4ºC overnight. Ten
subsamples (1 cm3 cubes) were cut from each chop at the 10th rib from each animal for Warner
Bratzler shear force determination. The cubes were sheared perpendicular to the fiber at a crosshead
speed of 5 mm s-1 by a Texture Analyzer (Model TA-XT-plus, Stable Micro Systems Ltd.,
Godalming, UK) equipped with a Warner-Bratzler blade (code HDP/BS). The value reported for
each sample was an average of the ten cubes evaluated.

Statistical design and analysis
A split-plot design was used in this study. Whole units were the incubation temperatures (n
= 10 for each treatment), and subunits were the muscle samples taken at each sampling time. All
data were analyzed by using the mixed model procedure of SAS (PROC Mixed). The fixed effects
included incubation temperature, incubation time and their interaction (temperature x time), and
the random effects were pigs. Tukey’s test was used to separate multiple means at a 5% significant
level.

Results and Discussion
3.1 pH changes
Fig. 1 shows that the mean pH decreased rapidly (P < 0.05) from 6.62 ± 0.04 in 0-h samples
to 6.35 ± 0.06, to 6.07 ± 0.07 and to 5.67 ± 0.03 in 3-h, in 6-h and in 12-h samples incubated at
25ºC, respectively. The pH was not different (P > 0.05) between 12-h (5.67 ± 0.03) and 24-h (5.63

Fig. 1. Postmortem changes in pH of LM samples incubated at 5ºC or 25ºC. Each point is the
average of ten observations. Meansa-d without a common superscript differ (P < 0.05). □ :
5ºC; ■ : 25ºC. Bar = SE.

6

中國畜牧學會會誌

第四十九卷

第一期

± 0.03) samples. A similar trend in pH changes was observed in the samples incubated at 5ºC. The
mean pH decreased (P < 0.05) from 6.59 ± 0.07 in 0-h samples to 6.41 ± 0.03, to 6.22 ± 0.05 and
to 5.92 ± 0.05 in 3-h, in 6-h and in 12-h samples incubated at 5ºC, respectively. A very minor pH
difference was seen when 12-h samples (5.92 ± 0.05) incubated at 5ºC were compared with those
incubated for 24-h (5.84 ± 0.07). No difference (P > 0.05) in pH was found in 0-h, in 3-h or in 6-h
samples incubated at 25ºC or 5ºC, but the pH was significantly lower (P < 0.05) in 12-h, and 24-h
samples incubated at 25ºC than at 5ºC (Fig. 1). The results suggest that a lower pH was reached
in the samples incubated at 25ºC because of faster glycolysis and more lactic acid accumulation,
which confirms the previous studies on bovine (White et al., 2006) and ovine (Geesink et al., 2000)
muscles. Accordingly, this lower pH might affect the changes in calpain activation and autolysis in
muscle samples incubated at 25ºC.

3.2. Calpain-1 autolysis
Studies in postmortem bovine muscle (Goll et al., 2003; Camou et al., 2007) showed that the
80 kDa subunit of calpain-1 was autolyzed first to a 78 kDa intermediate product, from which the
NH2-terminal 14 amino acids of the 80 kDa subunit were removed, and then further autolyzed to
produce a 76 kDa fragment, from which an additional NH2-terminal 12 amino acids were removed.
The 76 kDa fragment is believed to be unstable or inactive in postmortem muscle (Goll et al.,
2003). Fig. 2 shows that the 80 kDa calpain-1 subunit, autolyzed to a 78 kDa and then to a 76 kDa
degradation product, and occurred more rapidly in the LM samples incubated at 25ºC (by 12 h)
(Fig. 2B) than at 5ºC (by 24 h) (Fig. 2A). Image analysis (Fig. 2C) showed that the content of the
80 kDa calpain-1 subunit (Fig. 2C) in 0-h samples incubated at 25ºC slightly decreased from 97%
of the 0-h samples incubated at 5ºC, which was taken as 100%, to 86% in 3-h samples. However, a
rapid reduction (P < 0.05) of the content of the 80 kDa subunit occurred from 86% in 3-h samples
to 51% in 6-h samples and to 9% in 12-h samples. There was no difference (P > 0.05) in the content
between 12-h and 24-h (3%) samples incubated at 25ºC (Fig. 2C). On the other hand, although the
content of the 80 kDa calpain-1 subunit was not different (P > 0.05) among 0-h (100%), 3-h (91%)
and 6-h (84%) samples incubated at 5ºC, the content in 6-h samples decreased (P < 0.05) to 67% in
12-h samples and to 10% in 24-h samples incubated at 5ºC (Fig. 2C). Our results also showed that,
although the content of the 80 kDa calpain-1 subunit was not significantly different (P > 0.05) in
0-h and in 3-h samples regardless of incubation temperature, the content was lower (P < 0.05) in 6-h
and 12-h samples incubated at 25ºC than at 5ºC (Fig. 2C), indicating an earlier autolysis of the 80
kDa calpain-1 subunit occurred in LM samples at 25ºC.
Previous studies (Geesink et al. 2000) also showed that autolysis of the 80 kDa calpain-1
subunit was faster in ovine pre-rigor LM muscle incubated 16 h at 25ºC than at 5ºC. However,
content of the 80 kDa calpain-1 subunit was not significantly different (P > 0.05) in 24-h samples
between both incubation temperatures, implying that the autolysis reaction of calpain-1 protein
might approach the end point.
Our studies and those from Pomponio et al. (2010) suggested that early activation and
autolysis of calpain-1 might be associated with an accelerated rate of postmortem glycolysis (or a
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fast pH decline) in LM porcine samples incubated at 25ºC. Moreover, it has also been shown that
rate of pH drop may reflect changes in calcium-dependent ATPase activity (Jeacocke, 1977) that
can be moderated by external calcium and higher temperature (Hasselbach et al., 1975). Recently,
it was reported that lower muscle pH during rigor development led to an elevated intracellular level

(B) 25ºC

Calpain-1 80 kDa content, %

(A) 5ºC

(C)

Postmortem time, hour

Fig. 2. Western blot showing changes in the 80 kDa calpain-1 subunit in LM samples incubated at
5ºC (2A) or 25ºC (2B). 80 K = 80 kDa subunit, 78 K = 78 kDa degradation product, 76 K =
76 kDa degradation product. (2C). Postmortem changes in the relative amount of the 80 kDa
calpain-1 subunit in LM muscle incubated at 5ºC or at 25ºC. Content of 80 kDa calpain-1
subunit is expressed relative to the content of 80 kDa calpain-1 subunit in the 0-h samples
held at 5ºC, as described in the Materials and Methods section. Each point is the average of
ten observations. Means a-e without a common superscript differ (P < 0.05). □ : 5ºC; ■ :
25ºC. Bar = SE.

8

中國畜牧學會會誌

第四十九卷

第一期

of Ca2+, due to damage of the sarcoplasmic reticulum Ca2+-ATP pump and altered mitochondrial
membrane potential (England et al., 2013). With some theoretical assumptions, Hopkins and
Thompson (2001) derived a multiple regression equation [pH = 5.04 + 2.00 exp(-0.013 x calcium concentration
in micromoles)
] to predict the level of free calcium in ovine muscle. Despite the deviations in theoretical
assumptions that might exist, the predicted free Ca2+ level, which was calculated from the equation
with our pH results (Fig. 1), reached more than 50 µM Ca2+ in LM samples by 6 h (pH 6.07) at
25ºC and by 12-h (pH 5.92) at 5ºC, consistent with our results (Fig. 3) and previous results (Lee et
al., 2007) that the calpain-1 was active on casein gels at levels as low as 50 µM Ca2+. The predicted
calcium levels further increased to ~90 µM and to ~70 µM Ca2+ in LM samples incubated at 25ºC
for 12-h (pH 5.67) and at 5ºC for 24-h (pH 5.84), respectively, which coincided with a more rapid
decrease in 80 kDa calpain-1 subunit content (Fig. 2C) in LM samples after 6-h incubated at 25ºC
or after 12-h incubation at 5ºC.

3.3. Calpain activity
Fig. 3 shows that, in the presence of 50 µM Ca2+, only the calpain-1 band (Fig. 3A) appeared
in LM samples. When the Ca2+ concentration was increased to 100 µM, the calpain-2 band began to
be seen (Fig. 3B). These results agree with the report by Lee et al. (2007). In the presence of 4 mM
Ca2+, no extra bands were present in LM samples (Fig. 3C).

(A)

(B)

(C)

Fig. 3. Zymograms showing calpain changes in the presence of 50 µM (A), 100 µM (B), and 4 mM
Ca2+ (C) in 0-day LM samples.
Fig. 4 shows that the bands of calpain-1 (upper row) and calpain-2 (bottom row) activities
decreased more rapidly in the porcine LM samples incubated at 25ºC (Fig. 4B) than at 5ºC (Fig.
4A) in the presence of 4 mM calcium. Image analysis (Fig. 5) showed that calpain-1 activity
decreased rapidly (P < 0.05) from 100% in 0-h samples to 70% by 3 h, to 51% by 6 h and to
19% by 12 h in samples incubated at 25ºC. After 24-h incubation at 25ºC, the calpain-1 activity
(8%) was not different (P > 0.05) from the 12-h activity. On the other hand, the calpain-1 activity
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in 0-h (100%) samples incubated at 5ºC decreased (P < 0.05) to 84% in 3-h and to 69% in 6-h
samples. Further reduction (P < 0.05) of the calpain-1 activity was observed in 12-h (46%) and
in 24-h (30%) samples incubated at 5ºC (Fig. 5). The results also showed that, although the
calpain-1 activity was not significantly different (P > 0.05) in 0-h and in 3-h samples between both
incubation temperatures, the activity in 6-h and12-h samples was lower (P < 0.05) at 25ºC than at
5ºC incubation (Fig. 5). These results showed that the decline in calpain-1 activity was more rapid
in porcine LM muscle incubated for 24 h at 25ºC (a loss of 88% activity) than at 5ºC (a loss of

Fig. 4. Zymograms showing, in the presence of 4 mM calcium, postmortem changes in calpain-1
and -2 activity of LM samples incubated at 5ºC (4A) or 25ºC (4B) and sampled at different
time postmortem.

Fig. 5. Postmortem changes in calpain-1 activities of LM samples incubated at 5ºC or 25ºC.
Calpain-1 activity is expressed relative to the activity of calpain-1 in the 0-h samples held
at 5ºC, as described in the Materials and Methods section. Each point is the average of ten
observations. Meansa-e without a common superscript differ (P < 0.05). □ : 5ºC; ■ : 25ºC.
Bar = SE.
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70% activity), a result consistent with the previous study by Pomponio and Ertbjerg (2012), who
observed that calpain-1 activity decreased as incubation temperature of pre-rigor porcine muscle
increased from 2 to 30ºC. Although Molinari et al. (1994) suggested that the 80 kDa subunit of
calpain-1 might not autolyze when activated, Koohmaraie (1992) reported that the autolysis rate of
80 kDa calpain-1 subunit was accelerated by decreasing the pH from 7.0 to 5.8 and was reduced by
decreasing the temperature from 25ºC to 5ºC. Therefore, the faster reduction in calpain-1 activity
might be mainly due to the earlier activation and autolysis of 80 kDa calpain-1 subunit in the
LM samples incubated at 25ºC (Fig. 2C). Camou et al. (2007) also observed that the reduction of
calpain-1 activity paralleled the autolysis of the 80 kDa calpain-1 subunit and the decrease in pH in
postmortem bovine muscle.
Casein gels have been used to show that calpain-2 activity decreased in postmortem bovine
muscle (Camou et al., 2007; Colle and Doumit, 2017) and porcine muscle (Liu et al., 2014), but not
in ovine muscle (Geesink and Koohmaraie, 1999; Veiseth et al., 2001). Our results (Fig. 6) showed
that while calpain-2 activity in 0-h (100%) samples incubated at 25ºC reduced slightly to 88% in
3-h samples, the activity decreased to 73% in 6-h samples (P < 0.05) when compared with that in
0-h samples. The activity was lower in 12-h (60%) samples when compared with the 0-h and 3-h
activity. Further reduction (P < 0.05) in calpain-2 activity was observed in 24-h (52%) samples. The
result also indicated that although calpain-2 activity was not significantly different (P > 0.05) in 0-h,
in 3-h and in 6-h samples between both incubation temperatures, the activity in 12-h and in 24-h
samples was lower (P < 0.05) at 25ºC than at 5ºC (Fig. 6). These results are consistent with previous

Fig. 6. Postmortem changes in calpain-2 activity in LM samples incubated at 5ºC or 25ºC.
Calpain-2 activity is expressed relative to the activity of calpain-2 in the 0-h samples held
at 5ºC, as described in the Materials and Methods section. Each point is the average of ten
observations. Meansa-e without a common superscript differ (P < 0.05). □ : 5ºC; ■ : 25ºC.
Bar = SE.
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studies (Pomponio and Ertbjerg, 2012), which suggested that the decrease in calpain-2 activity
might be due to its autolysis in porcine muscle incubated for 24 h at 25ºC. However, we did not
observe the autolyzed calpain-2 activity band in casein gels (Fig. 4). The free Ca2+ level calculated
from the Hopkins and Thompson (2001) multiple regression equation (see above) predicted that less
than 100 µM Ca2+ in LM samples was present in the entire 24-h incubation period either at 25ºC or
5ºC, implying that calpain-2 activation (required at least 100 µM Ca2+ as shown in Fig. 3) might not
be present in LM samples. However, due to the possible deviations from the equation that might
exist, it was still uncertain whether the calpain-2 in LM samples was activated or not. Other studies
reported that no calpain-2 autolysis was found in bovine muscle after 7 days postmortem by using
Western blot analysis although calpain-2 activity decreased (Boehm et al., 1998; Camou et al.,
2007). Apart from autolysis, therefore, there might be additional factors that impacted the stability
of calpain-2 and resulted in reducing its activity early postmortem. Previous studies reported that
the time required to reach half initial activity of purified porcine calpain-2 was three times shorter
at 25ºC than at 5ºC, suggesting that the thermal stability of calpain-2 dramatically decreased at
25ºC (Rosell and Toldrá, 1996). It was also reported that purified bovine calpain-2 activity (optimal
pH approximately 7.5) decreased markedly as pH decreased from 7.0 to 5.8 (Kendall et al., 1993).
Maddock et al. (2005) and Maddock Carlin et al. (2006) also showed that purified porcine calpain-2
activity, instead of calpain-1 activity, was not measurable at pH 6.0. Camou et al. (2007) concluded
that pH 5.8 had the potential to affect the stability of calpain-2, causing the loss of calpain-2
activity. Our results (Fig. 1) show that samples incubated at 25ºC reached pH ≤ 6.0 sooner than
those incubated at 5ºC, suggesting that calpain-2 would become less stable sooner in the sample
incubated at 25ºC. In addition to the autolysis, the more rapid decrease in calpain-2 activity in the
LM samples incubated at 25ºC could also be related to the thermal and pH instability of calpain-2
molecules.

3.4. Desmin degradation and shear force
Degradation of desmin, a substrate of calpain, can be considered not only as an index of
postmortem proteolysis, but also a critical factor to explain the variation of meat tenderness in
postmortem ovine muscle (Starkey et al., 2017). Fig. 7 shows the degradation changes in desmin
during incubation at 25ºC (Fig. 7B) and at 5ºC (Fig. 7A). While the desmin content (Fig. 7C)
decreased slowly to 89% in 3-h samples incubated at 25ºC, the content decreased rapidly (P < 0.05)
to 71% in 6-h samples and to 58% in 12-h samples. Further reduction in desmin content was minor
(P > 0.05) from 12-h samples to 24-h (53%) samples. On the other hand, the desmin content (Fig.
7C) decreased slightly from 100% in 0-h samples to 96% in 3-h, to 91% in 6-h, and to 82% in 12-h
samples incubated at 5ºC, respectively. The content in 12-h samples further decreased (P < 0.05) to
73% in 24-h samples (Fig. 7C). The results (Fig. 7C) also showed that although the desmin content
was not different (P > 0.05) in 0-h and in 3-h samples between both incubation temperatures, the
content was lower (P < 0.05) in 6-h, in 12-h and in 24-h samples incubated at 25ºC than at 5ºC.
Collectively, these results were consistent with previous studies, which showed that an earlier
autolysis of calpain-1 was associated with a faster rate of desmin degradation in postmortem
porcine muscle (Melody et al., 2004). Table 1 shows that the 24-h postmortem shear force was

12

中國畜牧學會會誌

第四十九卷

第一期

lower (P < 0.05) in LM samples incubated at 25ºC (79 ± 9) than at 5ºC (132 ± 14). It has been
known that calpain-mediated proteolysis could affect postmortem meat tenderization (Koohmaraie
and Geesink, 2006). Our results show that the earlier activation and autolysis of calpain-1 in the
25ºC samples might cause more extensive degradation of desmin and, in turn, decrease the shear
force in the LM samples incubated at 25ºC.

(B) 25ºC

Desmin content, %

(A) 5ºC

(C)
Postmortem time, hour
Fig. 7. Western blots showing desmin changes in LM samples incubated at 5 °C (7A) or 25 °C (7B)
and sampled at different time postmortem. (7C). Postmortem changes in relative desmin
amount in LM muscle incubated at 5 °C or 25 °C. Abundance of desmin is expressed
relative to the abundance of desmin in the 0-h samples held at 5 °C, as described in the
Materials and Methods section. Each point is the average of ten observations. Meansa-d
without a common superscript differ (P < 0.05). □ : 5ºC; ■ : 25ºC. Bar = SE.
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Table 1. Shear force (N) of 24-h LM samples incubated at 5ºC or 25ºC.

*

Incubation Temperature

Shear force

5ºC

132 ± 14a*

25ºC

79 ± 9b

Within a columna, b, means without a common superscript differ (P < 0.05).

Conclusions
Our results showed that the decreases in pH, calpain-1 and -2 activities, contents of 80 kDa
calpain-1 subunit and desmin, as well as 24-h shear force were more rapid in samples incubated
at 25ºC than at 5ºC. Therefore, we conclude that the rate and extent of early 24-h postmortem
proteolysis and tenderization of porcine longissimus muscle are accelerated by pre-rigor incubation
at 25ºC, but more research on food safety for this application in fresh pork is necessary to be
established.
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貯藏溫度對屠後初期豬肉 Calpain
變化之影響
張雅琇 (1)

顏乃嘉 (2)

周榮吉 (2)(3)

摘要：本研究旨在探討貯藏溫度 （5 及 25℃）對豬背最長肌（LM）屠後 24 小時內蛋白質
降解及嫩化之影響。兩側豬（n = 10）屠體 LM（約屠後 30 分鐘）取下，在採集第 0 小時樣
品後，剩餘肌肉就真空包裝，左側 LM 置於 5℃而右側則置於 25℃水浴槽中貯藏，分別於屠
後 3、6、12 及 24 小時採樣分析。結果顯示，貯藏於 25℃樣品之 pH 值、calpain-1 及 -2 活
性、calpain-1 80 kDa 次單位與 desmin 含量以及屠後 24-h 截切值均較 5℃者為低（P < 0.05）。
因此，貯藏於 25℃可加速僵直前 LM 之屠後蛋白質降解及嫩化。
（關鍵語：豬肉、屠後蛋白質降解嫩度、嫩度、中性依鈣酵素）
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