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0. I '0Sus were sampled at different times post mortem. Tenderness, calpain and calpastatin activities, osmolality and sarcomere
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Ssed. A strong correlation (r=0.93) was found between tenderization and the ratio of calpain I and calpastatin of different
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It is well known that meat tenderness increases gradually during post mortem storage of meat. As reviewed by OUALI
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Ay, ®rization is a variable process depending on a number of biological factors like age, sex, muscle type and animal species. In
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Promotors may affect tenderization, as can the application of technologies like electrical stimulation and rapid cooling.
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“b‘hl] in the speed of tenderization between different muscles, three major points of interest can be distinguished (OUALI,
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f proteases and inhibitors, (2) sensitivity of muscle proteins to proteolysis and (c) osmotic pressure.
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last decade the evidence has accumulated that the calcium dependent protease calpain I (U—calpain) and its endogenous
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> Play a central role in tenderization. Differences in tenderization between species could not be explained by differences in

ETHFR INGTON et al., 1987). This result was confirmed by OUALI and TALMANT ( (1990), but these investigators also
| ) dsl‘““l activities and found large differences in muscle calpastatin content between species and muscles. It was concluded that the
oh, d Calpastatin can explain differences in the speed of tenderization. This conclusion was confirmed by results on differences in
i “IPastatin content between species (KOOHMARATLE et al., 1991a) and bovine breeds (WHEELER et al., 1990; WHIPPLE ef
CKELFORD et al., 1991). Furthermore, toughening of meat from different species as a result of B—agonist administration to
R eposi[iof) could be explained by a decrease in calpain I activities and/or an increase in calpastatin activities (BEERMANN et al.,
[‘p ARAIE and SHACKELFORD, 1991; KOOHMARAIE etal., 1991b).

ip Cline jp pre-rigor muscles coincides with an increase in osmotic pressure, i.e. ionic strength. The osmotic pressure in
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iy, 1S muscle type dependent and increases with the contraction speed of the muscles. This means that the highest osmolality is
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[ (lgg., ®h muscles, which-also show the fastest alterations of the myofibrillar structure post mortem. As reviewed by MONIN and
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5 ‘\\“‘Uff Post Mortem changes in osmotic pressure might affect meat tenderness in different ways. The ionic strength in post mortem
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0 | ?"‘inguv et % dissociate contractile proteins and consequently alter the integrity of myofibrils. As a consequence the hydrolytic action
V ’Jf'rnugpkrotea-‘@s might be facilitated. Furthermore, differences in ionic strength might affect tenderness influencing the waterholding
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? J&ticg * Presenteq here are part of an investigation to determine the relationship between different biochemical and biophysical

1a possible effect on the degree of shrinking or swelling of the myofibrillar lattice.
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'\"a"gt. U5cles and the rate and extent of tenderization. A full report on this study will be presented after collection of all data and

| Uanalygig.
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)h St D METHODS: Four Friesian/pie noire cows (about 6 years of age) were obtained from commercial markets. After
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‘ ’g;m g €Xsanguination and dressing, Mm. diaphragma pedialis (D), supraspinatus (SS), rectus abdominis (RA), triceps
"‘fk &ed (LO) and semimembranosus (SM) were excised within half an hour post mortem. Muscles were divided into five parts,
Uy Z ’ b . s
1,"’”orle,, “a kept at 15°C during the first 19 hours post mortem. Subsequently the muscles were stored in a cold room (0-2°C) up to 8
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Sy Measyy ements: The rheological properties of the myofibrillar structure were measured according to LEPETIT and SALE
Sin prop
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S0ida] Compressive test with a 20% compression ratio. Measurements were performed at 1, 2 and 8 days post mortem.
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- Sarcomere length: Sarcomere length was determined according to Cross etal.. (1980-81). < 0f
n8 yolum*

3 - Separation of calpains and calpastatin and activity measurements: Five g of muscle was hon 1ogenized ! b sy
(50 mM Tris/HC, 3 mM EDTA, 10 mM MCE, 150 nM pepstatin A, pH 8.3, 4°C) using a Polytron homogenizer. ho “rltl g ‘

ice for 15 min and centrifuged (20000 g, 15 min, 2°C). The supemnatant was filtrated over glasswool, adjusted to pH 7.5 with ] ]41"‘4 by
NaCl was added to a concentration of 0.5 M. Fifteen ml of the extract was loaded on a phenylsepharose CL-4B column (1%4 0" v _‘J“r
Pharmacia), previously equilibrated with buffer A (20 mM Tris/HCI, 0.4 mM EDTA, 0.5 M NaCl, 10 mM MCE pH el quf.'igﬂ(‘”?m
washed with 10 ml of buffer A. The unbound fraction contained calpastatin. Calpains were eluted with 10 ml buffer B (20 e m""‘;’cc
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determined using casein as substrate. 0.5 ml of the calpain containing fractions were incubated with 0.5 ml incubat1or

casein, 100 mM Tris/HCI, 10 mM MCE, 10 mM CaCl,, pH 7.5). After 20 min incubation at 30°C the reaction was stopP

measured at 278 nm. One unit of calpain activity was defined as an increase in absorption of 0.001/min/g muscle-.
determined by measuring the decrease in calpain II activity when incubated with calpastatin containing eluent. The calp? astatin Col
was heated during 3 min at 100°C, centrifuged and the supernatant was diluted with different amounts of buffer A. C Ofa calpa!?
0.5 ml was incubated with 0.5 ml of different dilutions of the calpastatin—containing fraction and 0.5 ml of incubation mediu™
incubation at 30°C the reaction was stopped by addition of 0.5 ml TCA (10% w/v). TCA was added immediately 0 the DI®
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activity was calculated from the slope of the linear part of the inhibition curve. One unit of calpastatin activity was defin® X
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inhibited one unit of calpain II activity. J
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4 - Osmolality: Osmolality measurements were performed according to Bonnet ez al. (1992). W

RESULTS AND DISCUSSION:

The results of the rheological measurements are given in Figure 1. It is essential to realize that only the myofit

was measured with the used method. Thus, differences in tenderness cannot be explained by differences in the amount
st
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tissue. A considerable difference was observed in the speed of tenderization between muscles. SM and LO show the e
e
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RA the slowest. Differences in tendemness could not be explained by differences in sarcomere length. The respec Ctive

34005 ©
different muscles were: 1.85+0.12 (DI), 1.94+0.09 (SS), 1.95+0.12 (RA), 2.03+0.15 (TB), 1.92+0.09 (LO) and 1.8 3£0-
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The results of the calpain I and calpastatin measurements are given in Figures 2 and 3. Calpain II activity i
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throughout the ageing period. The respective calpain II activities (1 h p.m.) were: 135+13 (DI), 120+24 (SS); 130 ¢
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can be observed. It is tempting to explain this parallel with the theory that calpains, once activated, grmiuu?ij _
autolytic process. This would mean that a loss in calpain activity would indicate that the enzyme has been it st 1@;“”“ ¢
tenderization. However, the time scales of tenderization and calpain I activity decline are different. At 2 days p./m- the g
[ activity has already taken place while the largest part of the tenderization response takes place between 2 and 8 02 s p-1-

Regarding the calpain/calpastatin system it is clear that the largest differences between muscles are four nd1
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(Fig 3). When the calpastatin content of the different muscles is compared with the tenderization response a strikife ef

muscles with the lowest calpastatin activity (LO and SM) show the fastest tenderization, whereas RA shows both t!
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the highest calpastatin content. Furthermore, the speed of calpain I activity decline parallels the calp pastatin dist
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muscles. This indicates that the amount of calpastatin determines the speed of tenderization through regulation of “calf
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the ratio of calpain I and calpastatin could be considered as an indicator for the activity of calpain I, and p¢ ssil
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Indeed, a strong correlation (r=0.93) was found between the relative tenderization between 2 and 8 days p.m. and tl
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(2 days p.m.) of different muscles (Fig 4). When the same concept was applied to each indivual muscle a much w

(r=0.44), though still significant (p<0.05).
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r’ " € explanation for the difference in the time scale between calpain I activity decline and tenderization could be that proteolysis of

pmtﬁm? 1s only the first step in the tenderization process. A possible second step could be further disintegration of the myofibrillar
b, ndmi on the osmotic pressure attained in post-rigor muscle. A significant correlation (r=-0.73; p<0.05) was found between
hy the Muscle juice and tenderness at 8 days p.m. (Fig 5). When the same comparison was made for each individual muscle a
il Significant correlation was found (r=-0.58, p<0.05).

s Support the hypothesis of OUALI (1990) that tenderization is dependent on both enzymatic and physical disintegration of the

i O ture. In agreement with earlier observations, differences in the speed of tenderization could not be explained by differences in
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i dlone. The ratio of calpain I and calpastatin seems to be more important in this respect. However, it is not clear how calpastatin
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M‘ 1S at the pH of post-rigor muscles. Calpastatin gradually loses its inhibiting capacity in vitro when the pH is lowered from 7.5
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.Hw“ b PH 6.0 no inhibition takes place (GEESINK et al., unpublished results). Possibly, the relation between pH and inhibition of
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; ga‘]dh“ Confirm that muscle type is an important factor in meat tenderization. Possible muscle type dependent determinants of meat
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s ’”J the ratiq between calpain I and calpastatin, and the osmotic pressure attained in post-rigor muscles.
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Figure 2. Calpain I activity ( AAo7g/min/g*1000) of Mm. diaphragma
pedialis (DI), supraspinatus (SS), rectus abdominis (RA), triceps
brachii (TB), longissimus (LO) and semimembranosus (SM) at 1, 19,
43, 67 and 187 hours post mortem.
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Figure 4. The relation between the ratio of calpain I and calpastatin
activities at 2 days post mortem and the relative tenderization of Mm.
diaphragma pedialis (D1), supraspinatus (SS), rectus abdominis (RA),
triceps brachii (TB), longissimus (LO) and semimembranosus (SM)
between 2 and 8 days post mortem.
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Figure 3. Calpastatin activity
diaphragma pedialis (D), supraspi
triceps brachii (TB), longis.
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