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S o ci n d u c t i o n
9ttrk6rness is considered one of the main
r̂in *6S meat quality and is enhanced 

of ,a9 conditioning. However the mechanism
¡0 ls Process remains unclear. The increase 
the nderness is associated with the action of 
nSutend°genous proteolytic enzymes, the 
lySQral Proteinases or calpains and the acidic 
k J * " * !  enzymes. Two types of calpains are 
rti|c^ n> calpain I which is activa ted by 
%  ■ 0,ar calcium  concentrations a n d  
c0no'n which is activated by m illimolar 
8°th n r̂ations of calcium.

enzyme systems have been claimed to 
obŝ c e  the changes in protein profiles 
l98n\Ved durin9 storage of meat (Penny, 
CoyJlY* 11 has been suggested that cathepsins 
¡0 d function more effectively than calpains 
c0nHe.a^enin9 m yofibrils at post r i g o r  
^Ca '° ns (E thering ton , 1984), m ainly 
PH f Se their degradation is higher at the low 
How0und in post rigor meat (Dutson, 1983). 
S p6Ver> calpains also hydrolyse muscle 
f0yn !ns (Goll et al., 1983) and it has been 
3ctiVj that calpain I retains 24-28% of its  

y 9t pH 5.5-5.8 at post m o r t e m  
°h (j|fl0ns (Koohmaraie, et al., 1986). A study 
p a r e n t  bovine muscles, suggested that 
>snd dsjns have little participation in the 
Ps0g r's'n9 process because Troponin in M. 
\  S6S rpajor disappeared more slowly than in 
ĉ th¿^'tendinosus, but psoas major had higher 

levels (Olson, et al., 1977). Recent 
C° h t r i h K o o h m a r a i e  et al. (1988) h a s  

Dated to this controversial matter. They 
actjv ad|e to accelerate conditioning of beef by 

'n9 calpains with calcium and found that 
Ĉ°rid ef slices were incubated with calcium 

6’. most ° f  fhe post mortem changes took 
Within 24 hours of incubation; however,

S us claim was that this effect was non- 
ic (Hattori and Takahashi, 1979). The 
' ^ e  present work was to evaluate the 
6̂ pQ°f calcium levels and calcium salts on 

Si hgor tenderisation of beef.

¡ S / f LS AND METHODS 
\ \ ^ nctinosus  muscles from 18 month old 

were excised at 24 h postmortem and 
c 80 mm thick slices across the fibre 

a°h slice was cut into 30x20x4mm

strips along the fibre axis, and 100 g of strips 
were soaked in 250 ml of tris/maleic buffer 
with a final salt concentration of 100 mM and 
pH 5.5. To inhibit spoilage, 2ml of 0.1 M 
sodium azide were added per litre of soaking 
solution. The solutions also contained one of the 
fo llow ing agents: 5 to 60 mM calcium 
chloride, 30 mM calcium acetate, 30 mM 
calcium nitrate, 30 mM calcium lactate, or 
0.1 mM calpain inhib itor (N-acetyl-leu-leu- 
norleucinal) which inhibits calpain I at .044 
mM and Calpain II at .018 mM (Boehringer). 
In addition, strips were soaked in buffer for 
24 hours and then calcium chloride was added 
(30 mM), or in 0.1 mM inhibitor with 30 mM 
calcium chloride. In the combined solution 
calcium was added 2 hours after soaking with 
inhibitor, to allow diffusion of the inhibitor 
into the meat.
The strips were stored at 10°C for 1, 2, 3, 4, 
6 and 8 days. At each conditioning time, 
samples were taken for cooking and mechanical 
measurements, the corresponding volume of 
soaking solution was also removed to keep the 
meat:solution ratio 1:2.5.
Meat samples, in sealed plastic bags, were 
cooked in water at 80°C for 20 min, then 
cooled in running tap water and stored at 4°C 
overnight.
Toughness was assessed with an Instron TM- 
SM fitted with the Volodkevich jaws using a 
crosshead speed of 25 mm/min and a chart 
speed of 100 mm/min. Cooked meat strips 
were stacked to give 10 mm square cross 
section blocks and sheared at right angles to 
the muscle fibre direction. The force/time 
curve was recorded and the first yield force, 
expressed as Kg force calculated by measuring 
the height of the first peak on the deformation 
curve.
To remove variation in shear force between 
animals, the values were expressed as 
percentage of the control at 1 day after 
commencing of soaking.

RESULTS
Figure 1 shows the shear force (mean and 
standard deviation of two animals) of the 
control and the effect of the specific calpain 
inhibitor on tenderisation of meat during 
storage at 10°C. A marked decrease in shear 
force during the first two days of storage was 
observed in the control with small further 
change during the remainder of the storage 
time. The meat treated with the inhibitor was 
always tougher than the control. After 24 
hours soaking, the inhibitor-treated m ea t  
showed shear force values 20% higher than 
the control and did not change during storage
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for up to 6 days.

Post rigor storage at 10°C  

Fig. 1. Effect of inhibitor on tenderisation

when 30 mM calcium chloride was added 
2 of storage, only 6% tenderisation w 
observed (Fig. 2). j
Figure 3 shows the effect of calcium salts ^  
calcium plus inhibitor on tenderisatiof1  ̂
meat. The concentration of calcium salt5> 
the soaking solutions was 30 mM and all flj 
salts were able to accelerate the process 
tenderisation. j
The calcium-treated meats had lower s% 
force values than the control during the ^  
conditioning time. Calcium chloride, cdcL  
nitrate and calcium acetate were 
effective in tenderising meat; all of ^  
showed shear force values 40% less than  ̂
control at 24 hours of storage with a 
further change up to 8 days at 10°C.

The changes in shear force(mean values and 
standard deviation of two animals) with 
calcium concentration are presented in Figure
2. The shear force values are the average of 
the shear force at day 1, 2, and 6 relative to 
the control at day 1 of storage. When soaked 1 
day postmortem, a progressive decline in 
shear force was found when the calcium 
chloride concentration of the soaking solution 
increased proportionally from 5 to 30 mM 
with very little further change at higher 
concentrations up to 60 mM. The most marked 
change was found in the 40 mM calcium 
chloride-treated meat which had a shear force 
50% lower than the control, whereas a 
slightly higher value was observed in the meat 
soaked in 50 mM calcium chloride solution.

Calcium chloride (mM)

Fig. 2. Effect of Ca concentration on tenderisation

In general, it was found that the maximum 
tenderising effect of calcium took place at 
about 30 mM concentration. On the other hand,

Post rigor storage at 10°C

Co/
la^
ace'

ch/

Fig. 3. Effect of calcium salts and 
inhibitor on tenderisation

sr
Calcium lactate caused little effect on =' \t 
force, although there was a 25% decrees 
toughness at day 1 of storage, the valde |̂|i 
days was similar to that of the control- ((ii 
inhibitor and calcium chloride solution' ^  
tenderisation was markedly reduced an 
treated meat showed shear force values 
higher than the control during the 
conditioning time.

DISCUSSION ^
Soaking small strips of post rigor meat % l( 
reliable method to diffuse exogenous sa'%o(/t 
the meat structure and it caused less tha%<;{ 
swelling. This technique was able to rePr g(F 
the normal ageing of beef in which cf  
reduction of the shear force would be e* y ' '  
in 4 days of storage at 10°C (Dransfie|d
1981 ) .  csfU'f
Enzyme inhibitors have been succes ^  
studies of proteolysis in vivo (Strachef
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u, and in the involvement of enzymes in 
T'ak k r il,a r d is ru p tio n  (Hat to r i  and 
j *ahashi, 1979). The peptide inhibitor used 
n0 l e present work was N-Acetyl-leu-leu- 

,eucinal, which is a substra te -like  
ys a'tor of calpains, and the concentration 
0ri a was 0.1 mM for optimal inhibitory effect 
did Ca,Pain activity. In addition, this inhibitor 
rn6 not inhibit cathepsins B and L activity of

failure of meat to tenderise when the 
6ridD|tor was added, clearly indicates that the 
thg, enous degradative system which alters 
Spe,e*ture has been blocked. Considering the 

C|ficity of the inhibitor to calpains, the 
C 0rtance of such enzymes to the ageing

Ss Was demonstrated.
shea stron9 relationship observed between 
to r9r f° rce and calcium concentration appears 
Ca| eveal an important fact on conditioning. 
C0nc m was a,3,e t0 tenderise meat at 
c0ri O ra tio n s  as low as 5 mM and as the 
Of 6ntration increased up to 30 mM, the rate 
\ eric*er'sation was nnarkedly accelerated. 
nQrr?u9h the magnitude of the tenderisation in 
by al aged meat was smaller than that caused 
|gv a'cium, and the intracellular free calcium 
(j(J ° f normal skeletal muscle is only 10'5 M 
W Sls and O'Connor, 1966), the present 
•W  suggests that in both cases, the. ftani
Cg|D ,well recognized that purified skeletal 
andPa'n I needs micromolar levels of calcium 
Cgi'uat Calpain II requires from 1 to 5 mM 

to be fully activated (Penny, et al., 
3ccq ’ however, it should be taken into 
to,hUnt that these requirements refer always 
S U° Se of the h'9h|y purified enzyme, and that 
Co|cjre enzyme preparations may need higher 
S o r t^  levels (M ellgren, 1980). An 
°n J an.t remark is that most of the studies 

Jins are carried out in vitro and under 
n*V -■ pro teo ly tic  conditions for such

> 1 'n f̂ e ear|y r6Ports on the removal

'sm of tenderisation could be similar.

Oht?alPaii

^0 fih ^S’ such as neutral pH, isolated 
ev,^ri'S’ ancl using purified proteinase; this; V *CIp '

■ ■■■ I I I V* I J V / l l  U  1^/  I V l l l V i l

'he ^ ls by calpains (Dayton et al., 1975). 
c9lC|Pata of our experiments suggest that the 

added could have activated mainly 
"  due the h'9h levels of calcium 

H abnj  in the meat. Additionally, the 
,rather | of CalPain 1 being also activated is 
%i|6 t ° w- since it has been found to be more 

, ^ s to ra g e  than Calpain II (Ducastaing et 
^rri6 a°5), and all our experiments were 
\  a °ut after 24 hours post mortem.
^¡U rn  lanat i ° n for the relatively high 

concentration needed to produce the

maximum tenderisation of meat, could be that 
only the free calcium ions are able to activate 
calpains, and it is possible that in the 
conditions of this study, some calcium could be 
bound to proteins or to inorganic groups 
present in the meat. The results of this 
experiment indicate that Calpain II was fully 
activated and that it was able to produce all the 
tenderisation observed. Moreover, the effect of 
calcium  was res tric ted  to the early 
conditioning period, i.e. calcium tenderised 
meat only when added within 24 hours 
postmortem, probably because calpain II was 
rapidly inactivated by the calcium after full 
activa tion . This is supported by the 
observations that both calpains are autolysed 
in the presence of calcium with a loss of 
enzyme activity (Suzuki et al., 1987). 
Although 15% reduction in shear force was 
observed when calcium was added to the 
inhibitor solution, the treated meat was 
always more tough than the control over the 
conditioning period. Therefore, the possibility 
of calcium having a direct action on the meat 
texture is very remote, and it is suggested that 
most of the tenderising effect of calcium is by 
stimulating calpain II. Contrarily, Hattori and 
Takahashi (1979) believed that the effect of 
high concentrations of calcium on myofibrils 
is non-enzym atic. The basis of the ir 
conclusion was that calcium showed higher 
myofibrillar fragmentation than the purified 
calpain, and iodoacetate, which would inhibit 
cysteine  pro te inases,  did not stop 
fragmentation. However, they also observed 
that homogenization alone was able to produce 
fragmentation of myofibrils. Therefore, the 
disagreement of their work with ours is based 
on the experimental methods used.
The observation that different calcium salts 
produced similar effects on texture, suggests 
that calcium is the ion involved in the 
tenderisation process, and that the anion is 
irrelevant to such changes. The exception was 
the lactate which showed slightly lower 
tenderising effect than the other salts, but the 
reason of this is not yet very clear.
In conclusion, this study presented evidence of 
the potentia l im plication of calcium in 
tenderising meat in the early post rigor 
period.
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