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IN TR O D U C TIO N

It is well known that meat tenderness improves during aging. Among the m echanism s involved, proteolytic degradation 
o f myofibrillar proteins plays the m ost im portant role. Calpains and cathepsins have been shown to be able to degrade 
myofibrillar proteins; the activity of both enzymatic systems is influenced by several factors, one o f  the m ost determ inant 
being pH  (Ouali, 1992).

U ltim ate pH  in post-m ortem  bovine m uscle may vary between 5.4 and 7.2. H igh pH  is associated with an increased 
tenderness (Penny el al. , 1963; Bouton et al., 1973; Yu and Lee, 1986). One explanation o f  this could be that high pH  
favours the action o f calpains.

A nte-m ortem  stress determ ines som e important modifications in post-m ortem  biochem istry o f muscle. The high pH  
o f m uscles from  stressed anim als is one o f  them (M ohan Raj et al., 1992).

The aim o f this study was to asses the effect o f  high pH  obtained by stress on protease activity (calpains and cathepsins 
B and L) and selected sensory characteristics (tenderness and juiciness) in b ee f m eat, w ith a view  to relate post-m ortem  
enzyme activity to  sensory properties.

M a t e r i a l s  a n d  m e t h o d s  

Material
Longissimus thoracis (6* rib ) o f  44 stressed and unstressed Swiss B row n steer carcasses w ere analyzed for post­
mortem pH , protease activities and selected sensory characteristics.

PH o f tissue

About 3g of muscle were homogenised in 20m l distilled w ater for 15s. The m easurem ent w as earned  out immediately 
Using a Crison pH -m eter w ith a com bined glass electrode.

Preparation o f m uscle extracts

A portion o f  Longissimus thoracis was removed from each animal as soon as possib le after slaughter (30 to  60 minutes) 
and processed immediately. The other portion o f  m uscle w as excised from the carcasses on the 7* day post-mortem.
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M uscle w as trim m ed and minced.

Preparation o f  calpains

Partial purification o f  calpains and calpastatin from m uscle tissue w as perform ed according to the m ethod described 
by Ducastaing et al. (1985) and adapted to HPLC. Briefly, m uscle tissue (20 g) w as hom ogenised w ith  Ultraturrax uj 
three volum es o f  lOmM  Tris-HCl buffer pH 7.5 containing 0.05M  N aCl, 4m M  EDTA, 2m M  2 -m ercaptoethanol 
Im M  N aN j. A fter one hour extraction under m agnetic stirring, the homogenate w as centrifuged at 30,000g for 
minutes, the supernatant filtered through cheese cloth and then adjusted to pH7.5. Precipitated m aterial w as elimina* 
by  centrifugation  at 50,000g for 50 minutes. All operations w ere perform ed at 0-4 °C w ith pre-cooled  solution^- 
Aliquots of50.000g supernatant were filtered through 0 .22 /nn  m illipore m em brane and loaded on a m ono Q HR 1 
colum n (Pharm acia) equilibrated in 5mM  Tris-HCl buffer pH 7.5, O .lm M  EDTA, 0.05M  N aC l and 2mM 
mercaptoethanol. Protein elution by a non-linear NaCl gradient (0.05-0.5M ) was perform ed at a flow rate o f  lml/nnn 
and fractions o f  1ml w ere collected.

Assay for calpain activity

Calcium-dependent proteolytic activity was assayed, according to the procedure described by K oohm araie et al. in 1 
using casein (Hammerstein) as substrate at 2 5 °C  in lOmM  KC1, 50m M  tris-acetate, pH7.5, lOmM  M C E, 2.5m M  J® 
and 5m g/m l casein. Total reaction volume w as 2ml. Control for enzyme as substrate accom panied each assay- 
reaction w as initiated by addition o f calpain and stopped by addition o f  2ml o f 5% trichloroacetic acid (TCA)-

The assay tubes w ere then centrifuged at lOOOxg for 15 m inutes and the absorbency o f  the supernatant w as measured 
at 278nm.

Assay for inhibitor activity

s \C °Q
The activity o f  the inhibitor w as determined by pre-incubating appropriate amounts o f  inhibitor and enzyme at 2 
for 60  m inutes in 1.5ml reaction mixture (Koohm araie et al., 1986).

Preparation o f  B+L cathepsins

A  portion o f muscle tissue was used for the preparation o f  m uscle lysosomes by a modification o f  the m ethod o f Obj6^ 
et al. (1984). Briefly, muscle tissue was homogenized into seven volum es o f  ice-cold 0 .25M  sucrose, pH 7.2, conta
0.15M  KC1 and m M EDTA. Tissue debris w as recovered by centrifugation at 1 OOOg for 10 m inutes, re-suspend ^ 
a further seven volum es o f  sucrose solution and again homogenized. The homogenate w as centrifuged as before 
com bined  supernatants centrifuged at 3000g for 10 minutes. The lysosomal pellet w as obtained by centrifuging 
25000g for 20 m inutes and then extracted overnight at 4 °C  in 50m M  sodium acetate buffer, pH 5.0  containing 
EDTA and 0.2%  (v/v) Triton X  -100. The lysosomal extract w as clarified by centrifugating at 25000g for 20 minute

Assay for B+L cathepsins activity

Cathepsins B and L together were assayed fluorimetrically with the common substrate, N-CBZ-L-phenylalanyl  ̂
arginine 7-amido- 4 -methylcoumarin substrate (Z-Phe-Arg-NHMec) according to Barret (1980).
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Sensory evaluation

The 7* day post-mortem, after aging at 4 °C  under vacuum, ribs w ere cut into 2.5cm  steaks and frozen for subsequent 
taste panel evaluation. The steaks w ere thawed at 4 °C  for 24 hours prior to cooking and serving. Steaks w ere placed 
in a preheated grill at 160°C  and rem oved when internal tem perature had reached 70°C . M uscle strips w ere served 
on pre-heated plates to  be evaluated by a trained panel consisting o f  eleven members.

Tenderness, juiciness, flavour intensity and overall acceptability were scored by placing a mark on an unstructured 
100mm line scale anchored at the ends with the terms "extremely tender", "extremely juicy", "intense b eef flavour", 
"high quality" and "extremely tough", "extremely dry", 'tasteless", "low quality".

RESULTS A N D  D ISC U SSIO N

As a consequence o f stress, ultimate pH  o f muscles varied between 5.4 and 6.9. Three m uscle groups w ere established. 
>6.3; 6.3-5.8; <5.8 according to their ultimate pH.

Table 1 shows the activity o f  ¿¿-calpain, m -calpain and calpastatin at pre-rigor and 7* day post-m ortem  for the three 
groups o f  pH. The only highly significant difference related to  pH  w as found in the m -calpain activity at 7 th day, this 
was higher for the group o f  pH>6.3. It was noticeable that calpastatin activity w as not m odified by pH. Results shown 
in Table 1 indicate that cathepsins (B+L) activity w as not affected by pH. There w as no difference am ong the three 
groups above mentioned.

Post-mortem pH also exerted a highly significant effect upon sensory param eters (Table 2) such as overall tenderness, 
juiciness or acceptability. Quality param eters w ere in all cases directly related to pH , i.e., the higher the pH  the more 
tender and juicy the meat. These results agreed with Dransfield (1980) for the increase in ju iciness and Penny et al. 
(1963), Bouton et al., (1973), Yu and Lee, (1986) for the increase in tenderness.

Our results (Table 3) indicated a high, statistically significant correlation (r=0.776) between tenderness and the levels 
o f m-calpain activity at 7th day post-m ortem , while they w ere not correlated to  ¿i-calpain (there w as not activity at 7ttl 
day post-mortem), calpastatin and cathepsins (B+L). Calpains are claim ed as the m ain proteolytic system responsible 
for post-mortem proteolysis (Koohmaraie, 1992). M ost researchers (Koohm araie et al., 1987, Geesink et al., 1992, 
Dransfield, 1993) attributed to  ̂ -calpain a major contribution to  proteolysis and thus to m eat tenderization. It has been 
also dem onstrated that ^-calpain  activity decreases very rapidly in post-m ortem  muscle, as w ell as that h igh ultimate 
pH  may accelerate this process (Geesink et al., 1992). On the contrary, m -calpain has been show n to m aintain high 
activity levels throughout m eat aging (M elloni et al., 1992). The fact that m -calpain is able to  autolyse and decrease 
its calcium  requirem ents (Suzuki, 1987) allows its involvement in m eat proteolysis.

H igh ultim ate pH  m ay lead to an im provem ent in tenderness due to  increased proteolytic activity, as the calcium- 
dependent proteases are know n to have a pH optim um  close to 7 (Asghar and Bhatti, 1987; C eña et al., 1992).

According to the results o f our investigation we conclude that high post-m ortem  ultimate pH , as a consequence o f  stress, 
significantly increases m -calpain activity m easured at 7* day post-m ortem , which results in a greatly enhanced 

tenderization o f  b ee f m e a t
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Table 1. Mean values (±SD) calpains (U/g)1, calpastatin (inhibtion percentage) and B+L cathepsin2 at two hours post­
m ortem  and 7th day o f  aging in bovine longissimus thoracis m uscle classified into three groups according to their 
ultimate pH  values.

<5.8 5.8-6.3
------------------------ --------

>6.3

p-calpain 
2h pm 34.8+15.2* 41.6+22.0* 39.2+19.2*

m -calpain 
2h pm 50.8+18.8* 63.2+21.6* 59.2+26.8*

calpastatin
2 h p m 60.2+24.7* 69.0+34.9* 69.9+22.4*

B+L
2 h p m 0.100+0.05* 0.104+0.022* 0.108+0.053*

m-calpain
7 d p m 16.8+8.8* 35.4+17.6* 70.8+23.2b

calpastatin 
7d pm 64.7+29.6* 73.4+43.5* 58.0+25.6*

B+L 
7d pm 0.082+0.046* 0.125+0.076* 0.121+0.062* J

*,b Different superscripts w ithin a row indicate significant differences (P<0.01) between the three pH  groups.
1 1 unit o f  activity is defined as an increase o f  OD (278nm ) o f  0.001/m in/g muscle.
2 Activity values are given in pm ol substrate hydrolysed/min/g muscle.
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Table 2. M ean values (±SD ) o f  W am er-B ratzler shear force and sensory param eters at 7th day o f  aging in bovine 
longissimus thoracis  m uscle classified into three groups according to their ultim ate pH  values.

<5.8 5.8-6.3 >6.3

WB 34.06*±19.90 41.09*± 6.73 23.37b±  5.8

Tenderness 47.67*± 9.19 51.48*± 4.60 66.00b±  7.66

Juiciness 49.24*± 5.35 51.60*± 7.91 62.74b±  4.79

Flavour 63.28*± 4.19 62.56*± 4.12 65.34*± 2.90

Overall
acceptability 49.21*± 8.41 49.42*± 7.47 60.66b±  4.36

*,b D ifferent superscripts w ithin a colum n indicate significant differences (P O .O l)  betw een the three pH  groups.
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