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INTRODUCTION
The interest in the identif ication 
and characterization of proteinases 
in different conditions of muscle 
and meat has clear ly increased during 
last years.
Demand for quality cured ham has s t i ­
mulated research on the commercial 
and technical aspects of this  product 
as well as the biochemical processes 
that take place in the muscle from 
the animal's deat h to the final e la ­
borated product.

Quality of the final product i s  influ 
enced by some factors as the rate 
of penetration of the sa lt,  the d i s ­
tribution of the curing agents on 
the muscles, and the water holding 
capacity (WHC). These factors are 
d irectly related to meat quality. 
Hams elaborated with PSE meat present 
important drip and protein losses 
since the WHC of PSE meat is  lower 
than the WHC of normal meat. Penetra­
tion of salt  is  accelerated. In DFD 
hams, on the contrary, penetration 
of salt  is restrained and putrefying 
bacteria growth enhanced due to the 
high pH values of DFD meat. In both 
cases, low quality products are ob­
tained (Arnau, 1988).

Proteolytic enzymes have been found 
to be responsible for meat tenderiza- 
tion, (Etherington, 1984; Goll et 
a l ., 1983; Kay, 1982), and studies 
on their role in the curing process 
of Spanish ham are on the way. Prote­
o lyt ic  ac t iv i t ie s  of calpains and 
cathepsin D are influenced by curing 
agents (Sarraga et a l ., in press).

The aim of th is  work is  to determine 
the effect of meat quality on the 
proteolytic act iv i ty  of hams during 
the Spanish dry-curing process.

MATERIALS AND METHODS 
MANUFACTURING TECHNOLOGY '4
The manufacturing process of 
cured ham is  very different TgVeii 
those of ether countries aid ^  
depends on the area of Spa"in 
it  is carried out. The techno!0^  
used in this  study is summari2 
the following table:

Step
Tiiflf/

Temper at ure___^r)

(eC)
(d ar

20
Salt ing 3-5 30
Salt-equali zati on 3-5
F ir st  step 15
of ripening 6 - 8 15

8 - 1 0 15
12-14 25
16-18

20
End of ripening 2 0 - 2 2 30

22-24 32
28-30

„ il
Selection of fresh ham was u“ 1̂ 
measuring pH, electr ic  condu  ̂ ri
(Quality Meater) and l ight scat 
(fiber optic probe).

fo]'
Samples were obtained after th® }Y 
lowing steps: salt ing, sa l t '  4 /  
zation, f i r s t  step of ripen 1 amPie) 
end of ripening. Fresh muscle 
were taken as controls. Semin^ 
sus SM, (external) and Biceps
BF, ( in terna l) muscles of thr  ̂
of each quality were used 1 
step.

PREPARATION OF MUSCLE EXTRACTS^ f3;_ 
Muscle samples were trimmed ^ 
and connective tissue. They ^  goOrL
genized in an U l t r a - T u r r a x H ^ -  flT
20 s.) at 0- 4°C in the apP£ £ c« { 
cold buffer. The homogenats W , 
trifuged at 20.000 x g, 20 1.^ 
4^C and supernatants were 
and used as enzymatic sources-

ENZYMATIC ACTIVITY ASSAYS ALp/̂ |
CALCIUM-DEPENDENT PROTEASE */»{y 
Samples were homogenized 
in 50 mM Tris-HCl,pH 7.4. The a i 
was measured according to Wa , 
Krebs' method ( 1 9 7 8 ) .The 200 /j 0f 
tion mixture contained: 100 p
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ttiQZp^e sample, 5 mg/ml c<-casein(Sig- 
3 mM5 ical  Co-) 50 mM Tris-HCl (7.4) 
The 2~rnercaPto-ethanol and 5mM CaCl^* 
te ^ alcium was added las t  to i n i t i a -  
Pr0c A c t io n ,  which was allowed to 
of eed overnight at 372C. 160 / j l
(Tq/\?e Co^d 10% t r ich lo ro a c e t ic  acid 
on i Was added and the mixture l e f t  
tg-jnCe fo r  1 h. The p rec ip i ta te  pro- 
at  ̂ ^as removed by centr i fugat ion 
anCe' u^^ r pm, 10 min, and the absorb- 
?80 n the supernatant was read at 
l'nen Controls were run that  conta- 

m,v! EDTA instead of calcium.

S i l ^ S INôti)Ql'r^ ^  D
^/v)^enization of the samples (1/3.5, 
'f°r'nia+,as carr ied out in 250 mM sodium 
v'a$ d Jr bu f fe r ,  pH 3. The a c t i v i t y  
( l938\ t ermined by the method of Anson 
The 2 7 Using hemoglobin as substrate 

a >5 ml reaction mixture containedJOO nl
nem0Qi , ? f  enzyme sample, 25 mg of 
K fer°°^n ’ 250 mM sodium formate

PH 3. A f te r  incubation at 
for 6

3?o A 
With •
Til fe^c® cold 10% TCA and the mixture

h the reaction was stopped

^$0r, eh through Whatman n9 50 paper. 
3°ntr0?nce 280 nm was monitored. 
Tore ths were run by adding TCA be- 

e enzyme sample.

^OUnt 2 î!n.e un^  was defined as that 
% ce which caused a change in absor­
be ac° . 0.001 units per min. Speci- 
Ur>its 1vTty was defined as enzyme 

Per mg prote in .
^OTf
p̂ EIn determinationco

met
bovine serum albumin as stan-

b ^ n
mngeK?ethod of Lowry et a l . (1951),
 ̂ the' - Concent ra t io n  was determined

d̂ d

F-^LTS
$ shows the evolut ion of calp- 

r ebo>--.P®caf i c  a c t i v i t y  during the
S a i n s 10" process-
th°Cess ,aCb i v i t y  at the end of the 
.j °Se o showed s im i la r  values to 
thC|"ease f re sh muscle. A s ig n i f ica n t  

sau act i v i t y  was found a f te r
in ~eciual i zat ion step. A c t i v i t y
0I sc ie uscle was higher than in SM 
Th ^ a t  Wpereas dif ferences depending 

6 enzvSU d l i ty were observed.
e a c t i v i t y  was lower in DFD

hams than in normal hams. On the con­
t ra ry ,  PSE hams showed higher calpain 
a c t i v i t y  than normal hams. In both 
cases, dif ferences of a c t i v i t y  on 
th is  step were s t a t i s t i c a l l y  s i g n i f i ­
cat ive according to the tes t  of  Mann- 
Whitney (comparisons s ig n i f ic a n t  at 
the 0.01 l e v e l ).

Figure 2 shows the evolut ion of ca- 
thepsin D a c t i v i t y  during the manufac­
tu r ing  process. No relevant changes 
in the p ro teo ly t ic  a c t i v i t y  were 
found by comparison between fresh 
muscle and hams at the end of r i p e ­
ning. BF muscle presented more a c t i ­
v i t y  than SM muscle during the whole 
process. There was an increase on 
the a c t i v i t y  a f te r  the sa l t ing  step 
in normal hams. This increase was 
lower in PSE hams and was not detect­
ed in DFD hams.

CONCLUSIONS
1. During the i n i t i a l  steps of the 
ham curing process, external muscles 
(SM) get higher NaCl concentration 
than in te rna l  ones(BF). High concen­
t ra t io n  cf NaCl was found to cause 
the in h ib i t io n  0f  calpain and cathep- 
sin D a c t i v i t i e s  (Sarraga et a l . ,  
in press), so that i t  could explain 
the lower p ro teo ly t ic  a c t i v i t y  found 
in SM muscle with respect to BF mus­
c le.
2. Proteo ly t ic  a c t i v i t y  increases 
during the f i r s t  steps of the curing 
process in PSE and normal hams, and 
tend to get s im i la r  values i r respect­
ive of meat q u a l i ty  as the process 
goes on and a c t i v i t y  decreases.

DFD hams show lower a c t i v i t i e s  than 
PSE and N hams during the whole pro­
cess .

3. A f ter  the sa l t -equa l iza t ion  step, 
PSE hams show higher calpain a c t i v i t y  
than normal hams. This increase of 
a c t i v i t y  could be j u s t i f i e d  ty the 
elevated levels of sarcoplasmic Cd- 
cium described by Cheah et a l .(1984) 
in PSE meat.
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A) Hams elaborated with Normal meat.

B) lams elaborated with PSE meat.

C) Hams elaborated with DFD meat.

( ) SM muscle : (-------) BF rnus
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Figure 2. Evolution of cathepsin D act iv ity  during the elaboration 
process of Spanish ham.

A) Hams elaborated with Normal meat.

B1 Hams elaborated with PSE meat.

0 Hams elaborated with DFD meat.

I ' SM muscle; (----- ) BF muscle.
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Figure 2. Evolution of cathepsin D a c t i v i t y  during the e laborat i°n 
process of Spanish ham.
A) Hams elaborated with Normal meat.

B) Hams elaborated with PSE meat.
C) Hams elaborated with DFD meat.

(_____) SM muscle; ( --------- ) BF muscle.




