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The homogenate was then centrifuged (20 cm radius )

thi try minutes at 2°c at 5000 r.p.m. and the supernatant waS
n s i0®'filtered on paper to remove the small fat particles in susp0

Part of the filtrate was then used to evaluate the 
enzymatic activities,while the remaining part was used for Pr° 
nitrogen determination according to the method of Kjeldhal»

•ari°u6
ite i»

Phosphatases
We used the method of Bergmejer (1.963) for the A c id

P&oS-

8)*
phatase activity assay.

m  nHTo 1 ml of buffer solution (0,05 11 sodium citrate» F* 
already containing the substrate (Disodium P- nitrophenylphosP*1* 
5»5 x 10 ?  were added 0,02 ml of fresh muscle or coppe eI 
The mixture was incubated at 37°C.

The reaction was stopped by addition of 4 ml HaC® 0 .1  S

after 0, 30, 60, 90, 120, 150 minutes. The optical density 
solution was measured in a Beckman DB - G spectrophotometer 
nm, after dilution 1 s 10 in HaOH 0.1 H.

The method employed in the determination of Alkali0® 
phatase activity differed from the previous one for the use 
buffer solution Tris HC1 10- 1 m , pH 9.

4« tb0The samples did not reguire dilution before use ru 
spectrophotometer.The specific enzyme activity was measured 
Holes of transformed substrate per mg of protein per minute»

tb*

off)
at

o f *

Dehydrogenase s
t o l l 0**For the study of Lactic Dehydrogenase activity i

the method of Wroblewski et La Due (1955)»
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w ^  a 1 cm cuvette the following reagents were mixed: Tris 
1 10'"

H

V
* PH 7 .5  buffer solution, sodium pyruvate 10“^ M, NADH

variable amounts of extract (0.02 ml for determinations 
e activity in the fresh muscle and 0.01 ml for extracts from

8a®Ples that had been previously diluted 1:20 times). The 
disappearance at nm was then recorded with the 

I». Spectrophotometer. Enzyme activities were then expressed 
8affle units as before.

v ^alic Dehydrogenase activity was assayed by the same me-
^ er replacing pyruvate with oxalacetate, and properly chan- 

~ the
V ' dilution of the extract to obtain an optimal course of 

» l.e. a linear dependence of optical density change from
to r

St>o

least 2 minutes.
angular coefficient of the straight line representing

h Q8ress of the reaction was always directly proportional to 
,me concentration.

Aspartic Amino Transferase activity was studied by the
a. method. To Tris HC1 10“1 M (pH 7 .5 ) buffer were added
dj *te 3 x 10“ 2 M, MDH 2 g/ml , NADH 10“4 M, variable amounts
V , act (0.02 ml for determinations of enzyme activity in the

%
^  8cle and 0.05 ml for extracts from coppa samples ) and - 

2 x  1 0 - *  M .

rate of desapearance of NADH was measured by the opti- 
change at J40 nm.

the Alanine Amino Transferase assay, MDH was replaced by 
4 concentration of 10 g/ml and 1-Aspartate by 1-Alanine

- 6 1 7 -



The s p e c i f i c  a c t i v i t y  i s  m easured  i n  th e  same uhl'*'®

b e fo r e .

M a te r ia ls

The re a g e n ts  u se d  i n  th e  e n z y m a tic  a c t i t i t y assay®

th e  f o l lo w in g  c o m m e rc ia l p ro d u c ts :  D is o d ic  p  -  N itro p b e tt f lP ' 

t e ,  o x a la c e ta te  , k e t o g lu ta r a te  fro m  F lu k a  AG , Buchs*

NADH , MDH , LDH , f ro m  B o e h r in g e r  a . Soehne
aibP »

M annheim .

T r is .  , S od ium  p y r iv a t e  fro m  M erck  AG , Darmstadt 

1 -  A s p a r ta te  fro m  C a r lo  E rb a  , M ila n  

1 -  A la n in e  fro m  B a y e r , L e v e rk u s e n .

RESULTS

s o r t it# i f i
fa '

The e n z y m a tic  a c t i v i t i e s ,  t h a t  we a re  r e p —  ^

b le  1 ,  a re  r e f e r r e d  o n ly  t o  th e  am ount o f  p r o te in s  p re s e n t

m a t e r ia l  t h a t  was w a te r  e x t r a c t a b le  u n d e r  o u r  experimental
<¡(0

o n s . et ce- e pel
F o r  i l l u s t r a t i o n  p u rp o re ,w e  a re  a ls o  sh ow ing  ^ jp 

c o m p o s it io n  d e te rm in e d  i n  sam p les num ber 5 o f  coppas A and ^

th e  ca se  o f  coppas b o u g h t i n  th e  v a r io u s  c i t y  s to re s and tbe

s p o n d in g  g ro u p  o f  f r e s h  m u sc le s  each  sam p les was a t r a n s v 0 r
»1

c t i o n  in c lu d in g  b o th  th e  p e r ip h e r a l  and c e n t r a l  portions of

m a tu re  p ro d u c t  (T a b le  2 ) .

I n  T a b le  3 we show that the A c id  Phosphatase a c t !  ,gp>
. - I 0 ) i s  Dot ^

th e  co pp as  fro m  c i t y  s to r e s  (a v e ra g e  v a lu e  4 5 . 8x 1 0

f i c a n t l y  d i f f e r e n t  f ro m  th e  v a lu e  i n  th e  f r e s h  m usc le  C52

-1 0  _ sboiï
o r  i n  coppa  A (5 6 .8 x 1 0  ) .D a ta  r e l a t i v e  t o  coppa  B a is

f

,  ,

^ h e re  a re  no  s i g n i f i c a n t  v a r ia t io n s  b e tw e e n  th e  e x te rn 3-1-
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étions of each, section (44.8 x 10->10 and 45*9 x 10“10 ) .

«Ï6
The values of Alkaline Phosphatase activity in coppas

. 8l i g h t l y  d i f f e r e n t  f ro m  th o s e  i n  th e  f r e s h  m useIs»  th e
age .- 1 0

v a lu e s  a re  5 .2  x  10  i n  coppa  A and i n  th e  t e n  com m er-

Sa® pie8  a g a in s t  4 .1  x  10“ ^® i n  th e  f r e s h  m u s c le .

The d a ta  f o r  coppa  B show t h a t  th e  c e n t r a l ,  p o r t io n  o f  

8® c tio n  p re s e n ts  a  lo w e r  s p e c i f i c  a c t i v i t y  th a n  th e  p e r ip h e — 

p0rt i o n  ( 4 . 5  x  10“ 10 a g a in s t  5 .9 x  10“ 10 ) ,  (T a b le  4  ) .

L a c t ic  D ehydrogenase  (T a b le  5 )  shows th e  same g e n e ra l 

V io r  0f  A lk a l in e  P h o s p h a ta s e , b u t  th e  a c t i v i t y  in c re a s e  i s

®*0:re m a rked . The s p e c i f i c  a c t i v i t y  i s  1 .5  *  10“ 6 i n  th e  f r e s h
B p  i
6* 5 .4  x  10~6 i n  coppa  A and 1 1 .3  x  10“ °  i n  th e  sam p les  fro m  

s to r e s .  C o n v e rs e ly  th e  f i g u r e s  r e l a t i v e  t o  c e n t r a l  and

6l>a l  p o r t io n s  o f  th e  v a r io u s  s e c t io n s  a re  e s s e n t i a l l y  th e

i The M a l ic  D ehydrogenase  a c t i v i t y  i s  a ls o  h ig h e r  i n  coppa
«4d - 6^ ^ the ten samples (average value* 6»9 x 10 ) than in the

^ h s c le  ( 4 . 0  x  10- 6  ) (  f a b le  6 )  •

V 6

The a ve ra g e  v a lu e s  f o r  coppa  B a re  s l i g h t l y  h ig h e r  i n  

^ b h a l  th a n  i n  th e  i n t e r n a l  p o r t io n s  o f  each  s e c t io n  ( 7 * 9  x

6 .5  x  1 0 "6 ) ,

The tw o  T ra n sam in a se  a c t i v i t i e s  w h ic h  have  b ee n  s tu d ie s  

4 P a t te rn  o p p o s ite  t o  th e  one p re s e n te d  b y  D ehyd rogenases  . 

sPeCi f i c  a c t i v i t y  o f  A s p a r t ic  Am ino T ra n s fe ra s e  D ecays fro m  

ei>4ge v a lu e  o f  471 x  10“ ^  i n  th e  f r e s h  m usc le  t o  v e r y  lo w

(v 8 (3 2 .1  x  10~9 )  i n  coppa  A and i n  th e  c o m m e rc ia l sam p les

) .  Coppa B i s  a ls o  sh o w in g  some s i g n i f i c a n t  d i f f e r e n c e

- 6 1 9  "



The s p e c i f i c  a c t i v i t y  i s  m easured  i n  th e  same u n it9 as

b e fo r e .

M a te r ia ls

q lobH *

The re a g e n ts  u se d  i n  th e  e n z y m a tic  a c t i v i t y  assay9 

th e  f o l lo w in g  c o m m e rc ia l p ro d u c ts :  D is o d ic  p -  N itro p b e h y W  

t e ,  o x a la c e ta te  , k e t o g lu ta r a te  fro m  F lu k a  AG , Buchs.
NADH , MDH , LDH , from Boehringer a. Soehne

M annheim .

T r is .  , S od ium  p y r iv a t e  fro m  M erck  AG t D arm stad t*

1 -  A s p a r ta te  fro m  C a r lo  E rb a  , M ila n  

1 -  A la n in e  fro m  B a y e r , L e v e rk u s e n .

e ie

RESULTS

The e n z y m a tic  a c t i v i t i e s ,  t h a t  we a re  reporting in

n tb le  1 ,  a re  r e f e r r e d  o n ly  t o  th e  am ount o f  p r o t e in s  presen
i  c ô

m a t e r ia l  t h a t  was water e x t r a c t a b le  u n d e r  o u r  experimenta
o n s .

th e  Ÿ,eice
F o r  i l l u s t r a t i o n  p u rp o re ,w e  a re  a ls o  sh ow ing  - ^

d P*
c o m p o s it io n  d e te rm in e d  i n  sam p les num ber 5 o f  coppas A an ^

th e  ca se  o f  coppas b o u g h t i n  th e  v a r io u s  c i t y  s to r e s  and  ̂ ,

s p o n d in g  g ro u p  o f  f r e s h  m u sc le s  each  sam p les was a tra n s v e 1“
fid

c t i o n  in c lu d in g  b o th  th e  p e r ip h e r a l  and c e n t r a l  p o r t io n s of th e

m a tu re  p ro d u c t  (T a b le  2 ) .

In Table 3 we show that the Acid Phosphatase ac ^
-1 0 \ •« jjo f ./]«

th e  coppas  fro m  c i t y  s to r e s  (a v e ra g e  v a lu e  4 5 . 8x 1 0

f i c a n t l y  d i f f e r e n t  f ro m  th e  v a lu e  in th e  f r e s h  muscle (52*
-1 C  Sb0tf

o r  i n  coppa  A (5 6 .8 x 1 0  ) .D a ta  r e l a t i v e  t o  coppa  B a ls o

h h e re  a re  no  s i g n i f i c a n t  v a r i a t io n s  b e tw e e n  th e  external ajic i f
(1,

618





(95*1°

tua»

b e tw e e n  th e  e x te r n a l  ( 7 6 .9  x  10“ 9 )  and i n t e r n a l  portions 
(T a b le  7 )•

A la n in e  A m ino T ra n s fe ra s e  deca ys  le s s  markedly 
A s p a r t ic  Am ino -  T ra n s fe ra s e  ( f ro m  2 1 .9  x  10“ 9 i n  th e  f re s b  

s o le  t o  4 .3  x  10 - 9  i n  coppa  A and 2 .4  x  10“ 9 i n  com m erc ia l

p ie s ) .  D a ta  f o r  coppa  B show a g a in  s m a ll  s i g n i f i c a n t
d if fe re d,ces

between central and peripheral and portions, with higher sp 
activity in the central portion (8.6 x 10-9 and 6.5 x 10'

,ifi°

r9 re "

s p e c t i v e ly  )  ( t a b le  8 ) .
N v ^ 

The r e s u l t s  a ls o  show t h a t  th e r e  a re  s i g n i f i e

t io n s  i n  th e  v a r io u s  t r a n s v e r s a l  s e c t io n s  o f  b o th  th e
fre s h

aV

and  coppas A and B . T h is  f i n d i n g  may be r e t i o n a l iz e d  notidS

©US'

t&a*

mayth e  m u s c u la r  t i s s u e  i s  n o t  u n i fo r m ,  as a s in g le  samples 
t a i n  " p a r s  m u s c u la r is  "  and " p a r s  t e n d in e a " .

I t  f o l lo w s  t h a t ,  i n  th e  v a r io u s  s e c t io n s  o f  a 8
V)

t i s s u e s  w i t h  q u i t e  d i f f é r e n t  s t r u c t u r e  and b io c h e m ic a l ou 

r i s t i c s  may be  p re s e n t  to g e th e r  i n  v a r io u s  p r o p o r t io n s .

The i n t e r p r e t a t i o n  o f  th e  v a r ia t io n s  observed id  

c o m m e rc ia l sam p les  i s  m ore d i f f i c u l t ,  s in c e  th e s e  v a r ie d 1 

a r is e  a ls o  f ro m  d i f f e r e n t  c o n d i t io n s  o f  m a tu r a t io n .

cod'

,Ct e'

th e

CONCLUSIONS >iC

I n  th e  p re s e n t  s tu d y  we have  o n ly  considered e «5
i n  Prodia c t i v i t i e s  w h ic h  a re  w a te r  e x t r a c t a b le .  S tu d ie s  a re  now ,

+ io  td e t
t o  e v a lu a te  th e  a m ount o f  e n z y m a tic  a c t i v i t i e s  p re s e n t  .p

, t a  Sdg6
t e r  in s o lu b le  f r a c t i o n s .  Even w i t h  t h i s  l i m i t a t i o n  th e  d 

s e v e r a l  c o n s id e r a t io n s .

I n s p e c t io n  o f  T a b le s  1 and 2 shows t h a t  th e
prese ::üce

& Z 0 -^



'cae r concentration of proteins in the water extract from coppa 
the water extract from fresh muscle only depends from 

fences in the initial content of water in coppas and fresh
V..

It seems therefore that the salting process has not signi- 
altered the total amount of soluble proteins#

The overall behavior of the specific activities of the 
classes of enzymes which have been studied seems to be as

f°Uow85 the Hydrolases are not significantly altered in the 
"J-th respect to the fresh muscle: the Dehydrogenases increa­
s e  Transaminases decay significantly.

Our experimental results may be of intereset from at least 
Points of view. First of all they suggest the necessity of

8«

'«8t l
C0|'*P0l

gating the modifications occurring in low molecular weight
Sels, Chemical transformations of these compounds may be
*yzed by enzymes retaining high specific activity in the 
+°g product. As examples, we may mention the lactic, malic,

"V ic sad oxalacetic acids.
j In second place the data pose the guestion of the trans—
% t lJ,Qas occurring in the coppas during the salting and curing

it,
, which are responsible for the loss of Transaminase
and in c re a s e  o f  D ehydrogenase  a c t i v i t y .  The f i r s t  e v e n t 

e due t o  p r o t e in  d é n a tu r a t io n  o r  coenzyme lo s s ;  th e  second  

519y  be r e la t e d  t o  th e  s o lu b i l i z a t i o n  o f  e n z y m a tic  m a te r ia l

^6
I s  n o t  e a s i l y  w a te r  e x t r a c ta b le  i n  th e  f r e s h  m u s c le . S tu d ie s  

l a  p ro g re s s  t o  a a s c e r ta in  w h e th e r  coenzyme lo s s  may be  f uhow

Oh 3a part responsible for the decay of Transaminase activity.
loss could be due to the Phosphatases which remain active



,te*

of

rem ove th e  p h o s p h a te  g ro u p  f ro m  th e  coenzyme p y r id o x a l  -  pbosP^4

The in c re a s e  i n  s p e c i f i c  a c t i v i t y  o f  w a te r  extract0bl

M a lic  D ehydrogenase  may be  a t t r i b u t e d  t o  an a l t e r a t i o n  o i

m ito c h o n d r ia l  s t r u c t u r e s  and th e  s o lu b i l i z a t i o n  o f  th e  l s 02^®
r t iC 1®6M ed ic  D ehydrogenase  w h ic h  i s  b ound  t o  th e s e  s u b c e l lu la r  P91 

i n  th e  f r e s h  m u s c le .
be due

The in c re a s e  i n  L a c t ic  D ehydrogenase  a c t i v i t y  may
_  o r . d  K v r

t o  v a r io u s  phenom ena, among w h ic h  a r e d i s t r i b u t i o n  o f  B 80 

b r id e s ,  th e  p re s e n c e  o f  f r e e  s u b u n its  i n  s o lu t io n  and o r  to  

f u s io n  o f  in a c t i v e  p o ly m e rs  (C la u s e n  1970 ) ,  a c t i v a t i o n  b y  

m o le c u le s  and , f i n a l l y ,  th e  p re s e n c e  o f  b a c t e r i a l  L a c t ic  ve ^

g e n ä s e . E le c t r o p h o r e t ic  a n a ly s e s  a re  i n  p ro g re s s  t o  t e s t  th®s 

s s i b i l i t i e s .

in the salted and cured product.These hydrolitic enzyme0 c0U^

Hb»

sinal1

F i n a l l y  th e  r e s u l t s  o b ta in e d  may s u g g e s t an enzy®°
.  o n a l0^'

m ethod  t o  e v a lu a te  th e  s ta tu s  o f  m a tu r a t io n  o f  coppas  ana 

f i n i s h e d  p ro d u c ts  l i k e " p r o s c iu t t o "  ( i t a l i a n  ham )  .
.. gboff “

S tu d ie s  a re  now i n  p ro g re s s  i n  o u r  L a b o r a to r y  to  ^  

v a r ia t io n s  i n  t y p i c a l  e n z y m a tic  a c t i v i t i e s  d u r in g  th e  c u r ib e  

th e  m a tu r a t io n  p ro c e s s e s  o f  v a r io n s  d r y  -  c u re d  m eat p roduct®  
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TABLE 2 - COMPOSITION OP EDIBLE PORTION OP PRESH MUSCLE AND UA' 
TUBED PRODUCT.

Water Fat Protein Ash
Samples

% %
by dif. 

%
*

Fresh muscle 55.9 25.3 17.9 0.9

Coppa A 39.5 32.3 23.4 4.8

Coppa B (external ) 33.8 42.2 20.0 4.8

Coppa B (internal ) 50.9 25.0 18.8 5.3

Commercial coppa n.1 39.8 25.6 27.4 7.2

Commercial coppa n.2 27.0 43.5 23.3 6*2

Commercial coppa n.3 37.4 33.1 22.9 6.6

Commercial coppa n.4 35.4 33.1 25.0 6*5

Commercial coppa n.5 36.9 35.1 21.5 6.3

Commercial coppa n .6 30.5 35.3 27.8 6.4

Commercial coppa n.7 30.4 41.7 21.7 6.2

Commercial coppa n .8 36.0 3 1 .2 26.0 6.8

Commercial coppa n.9 34.9 34.8 24.2 6*̂

Commercial coppa n.10 27.3 47.2 20.1 5.4

- 6 2 4 -



3

¿CID PHOSPHATASE - Specific Activity in Molea of substrate
ng protein. min •“

Fresh Coppa A. Coppa B Commercial
auscle External Internal Coppa samples

1 -10 -1C -10 -1029.9x1o 67.4x10 40.3x10 45.3x10 43.8 X 10
2 49.8x10^ -1058.1x10 tTl -10

57.9 X  10
3 -1C -10 -10 -10 -10

50.5x10 57.1x10 46.5x10 46.1x10 55.6 X 1C
4 -1C -10 -10

48.5x10 54.» 9x10 — — 44.9 X 10
5 -1C -10 -10 -10 -10

52.2x10 51.9x10 40.6x10 44.2x10 50 .2 X 10
6 -1C -10 -10

48.0x10 52.5x10 -  j - 44.5 X 10
? -1C -10 -10 -10 -10

61.9x10 54.5x10 48.9x10 45.6X10 52.8 X 10
8 -1C -10 - -10

51.2x10 58.6x10 - - 43.0 X 10
9 -1C -10 -10 -10 -10
10

56.8x10 49.6x10 47.7x10 1-7.9x10 43.3 X 10
64.0xl51C -1053.0x10 - - 23.3 X 10"10

N
* -10 -10 -10 -10 -10

52.3x10 56.8x10 44.8x10 15.9x10 45.8 X 10



TABLE 4

ALKALINE PH06PATASE - Specific Activity in
abfltr,te

og p ro te in *

Sectioi
n

CcDca A Coppa J3 Commerci®1
Bg # p ie 6atuscle External Internal

1 --------- =TO'2.6x10 -104.9x10 -106.7XI0 -10
v.oxio 9*2 x 1 %

2 -104.5x10 -103.3x10 _ _ 7*9 x  10- 10
3

-10
4.6x10

-102.5x10 -106.1x10 -105.6X10 3 **  1

4 -103*9x10 -106.7x10 4*3 x ̂ 0

5 -103*7x10 -107*2x10 -106.3X10 -10t.2x10 3*9 x

6 -104.8x10 -107.5X10 6*3 x  1 °-10

7 -105.2x10 -105*7x10 -105.4x10 -10U5X10 5.5 *  %

8
-102.9x10 -105.1X10 - -

9
-10

5'4 jx10
-10.̂5X10 -104.8x10 ^

-10.2X10 4.0X1°
10 -103.6x10 -104.5x10 5.8 X 1°

z

-104.1X10 -105.2X10 -105*9X10 -104.5x10
-10

5.2 x 1°



**** 5.

DEHYDBOGENASE - Specific Activity in Moles of substrate
mg protein, «in.

“'‘J ® Fresh Coppa A Coppa B
muscle External Internal Coppa samples

1 O.Txlo“* -165*3x10 -610.0x10 ~*68.8X10 —618.3 x 10
a -6

o.Txio
-64.3x10 -68.1 x 10

3 —6 -6 —6 -6 -62.0x10 4.3x10 10.8x10 9-7x10 12.6 x 10
* —61*9x10 -64.5x10 _ 16.5 x 10
5 —63.0x10 -64.2x10 11.4X10 —612 «5x10 -6

9*9 X 10
6 -6 -6 -6

2.0x10 4.8x10 . . 10.8 x 10? 1.8x10 —6
5*3x10 -613.5x10 12.6X10 —612.2 X 10

8 —6 -61.8x10 6.7x10 - - 9.2 x 10-6
9 -6 —6 —6 —6 -60.6x10 7.2x10 1 3*7x10 14.7X10 10.6 x 10_ —6 -6O*?x10 7.2x10 - - 8.0 x 10“6
* -6 -6 .—6 -6 -6'•5x10 >•4x10 11.9x10 11.7x10 11.6 x 10



TABLE 6

MALIC DEHYDROGENASE - Specific Activity In



â ble 7

ASPARTIC AMINOTRANSFERASE-Specific Activity in Moles ofsubs
mg Prafcein.il

* > Pre ah 
muscle

Coppa A Coppa B Commercial 
Coppa samplesEternal Internal

1 ^ . S x i o ”9 -928.3x10 -9
30.5x10 2 3.0x1 o" 9 -926*5 X 10

2 599.43d o“9 -9
2 0 .3x10 - - 2 2 .6  X .10”9

3 '■34.7x10 9 -9
24.7x10 -975.9x10 "976.9x10 29.6 X 10 9

A 502.7x10"- 33.5x10 ~9 - _
3 8 .1  X 1o”9

5 -9 - 9 -9 “9 - 9<W . 2 x 1 0 34.0x10 92.3x10 167.6x10 14.3 X 10
6 -9>19.0x10 “ 941.0x10 — t  mm

-9
8 .5 X 10

? ■*9 -9 -9 -9 -9*■65.2x10 44.2x10 .*28.3x10 146.0x10 18.0 X 10
8 530.2x1o”9 -934.6x10 _ -911.4 X 10
9 - 9 -9 -9 -9 -9

10
*■84.1x10 3 2.5x10 57*3x10 5 1 .3x10 17.9 X 10•VJ
>48.2x 10“9 28.4x10 "9 - - “9

5 .0 X 10

* *71.0x10"9 3 2 .1x10 76.9x10 “9 93.0x10 ”9 19.2 X 10 “9


