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The events taking place in the muscular tissue fT

ment of slaughtering of the animal until its transformatiod 4% L
P
nished product, have been studied from several points of views

¢ of
ticulary from a macroscopic, microbiologic, and chemical pois

views

arly
Most of the previous chemical analyses have particul

considered the low molecular wight components. 9
5 of
What is known about the muscle biochemistry, howeré™!
i
to suggest that the chemical modifications relative to the 1aw

14
ctiv
lecular weight components are largely due to the enzymatiC ¢

065599'

ties present in the meat during the salting and curing pPro o7
)
of

Therefore, we decided to study the time dependence
prodﬂct

ral enzymatic activities during and curing of a typical
tne ¢

/coppa/ and to compare these data with these obtained with
rresponding group of fresh muscles.

p SRR {ncl¥
We studies the activities of a group of enzymes in¢

two Hydrolases, two Dehydrogenases and two Transferasess

nic phosphoesters hydrolized by these enzymes. e
Lactic and Malic Dehydrogenases were studies with the X

pose of testing the survival of metabolic routes connected

the processes of oxireduction, leading to the formation ©

and chetoacids, products which are presumed to be impoftanc

ne
organoleptic . characteristics of the mature product, Among ,



Weferases we chose Aspartic and Alanine Transaminases which are
0. .
Ttant because of their role in the interconversion of proteic and

8ly,
*ldic metabolites.

EXI”"'IWENTAL CONDITIOND

" 48 a first approach we determined the specific enzymatic
! Qti
Vties on ten samples of coppas bought in the stores of the

Qit
v
N e Parma, of different maturation ages and weighing approxima-

8]

% T 150 grams. The exact times of maturations of these samples
2 ot k‘nown.

Later on, a single coppa /coppa A / has been divided in

by
Q
tranSVersal sections and each one has been used for enzymologi-

'
: S%udies, This experiment was perfomed to control possible
L\,
1&t1°n8 due to lack of uniformity of the tissue, since several
8¢

188 contribute to the finished product.

For the sake of comparison we also studied the enzymatic

Qs
L .
: vities in each one of ten transversal sections of fresh muscles

&q :
o hours after the slaughtering of the animal.
4% last, to account for possible variations in enzyme acti-

\rit
{ 2
e d\lI‘ing the maturation process, linked to surface dehydration

Y s

(o hlgh salts and drugs concentration,we selected another coppa
Op

. ™ BY for qifferential studies of peripheral and central por-

Lion
] :
of several transversal sections (sections ne1, 3, 5, 7, 9 ).

> The coppa samples were freed from the external envelope
w&d - e
8 op , i
" bovine colon and finely minced in & meat grindels
The material (15 % ) was iben homogenized in ATO MIX (MsE

with by
S 8tilled water, in several sieps, and for « total timwe of fi-

Ve
Ry

Les. Care was tazken to evoid heating of the material.




oT
The homogenate was then centrifuged (20 cm radius yE

thitry minutes at 2°C gt 5000 repeme and the gypernatant Waé
filtered on paper to remove the small fat particles in Buspensian.

Part of the filtrate was then used to evaluate the variauﬂ
enzymatic activities,while the remaining part was used for Protaiﬁ

nitrogen determination according to the method of K;joldhal'

Phosphatases

Ppo&”
We used the method of Bergmejer (1963) for the Acid

phatase activity assay. = p 8)s
]
To 1 ml of buffer solution (0,05 M sodium citrate, pé

already containing the substrate (Disodium P- nitrophenylPhosphaze
55 x 10 ','3 were added 0,02 ml of fresh muscle or coppd °‘“ac :
The mixture was incubated at 37°C.

The reaction was stopped by addition of 4 ml NaOH 0.1 ’
after 0, 30, 60, 90, 120, 150 minutes. The optical density of wﬁ
solution was measured in a Beckman DB - G spectrophotometer L y
nm, after dilution 1 : 10 in NaOH 0.1 K. £

The method employed in the determination of Alkaline b8
phatase activity differed from the previous one for the usé of &
buffer solution Tris HC1 10~ M, pH 9.

The samples did not reguire dilution before use in B9
spectrophotometer.The specific enzyme activity was measured i

Moles of transformed substrate per mg of protein per minutee

Dehydrogenases d"d
11
For the study of Lactic Dehydrogenase activity We e
the method of Wroblewski et La Due (1955).
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Y In & 1 cm cuvette the following reagents were mixed: Tris
1041 =

~ PH 7.5 buffer solution, sodium pyruvate 10 > M, NADH

# ¥ ang variable amounts of extract (0.02 ml for determinations

&y,
1 “¥me 8ctivity in the fresh muscle and 0.01 ml for extracts from

0

:&D:&O:mples that had been previously diluted 1:20 times). The
by Napg disappearance at 340 nm was then recorded with the
i'q::an SpeCtrophotometer. Enzyme activities were then expressed
| ® 8ame units as before.

‘}th*’d Yalic Dehydrogenase activity was assayed by the same me-

| 4, |
0 fter replacing pyruvate with oxalacetate, and properly chan-
the

%
lctlon

o fop

dilution of the extract to obtain an optimal course of
» 1.e. a linear dependence of optical density change from

8t least 2 minutes.

ity The angular coefficient of the straight line representing
by

the OgreSS of the reaction was always directly proportional to
Sy

V8¢ concentration.

A
b
g
lenaseg

wr°ll°. The Aspartic Amino Transferase activity was studied by the

'l‘&gbaing method. To Tris HC1 10'4 M (pH 7.5 ) buffer were added

ki g Yate 3 x 102 M, MDH 2 g/ml , NADH 10" M, variable amounts

‘rbs Tact (0.02 ml1 for determinations of enzyme activity in the

‘&% Mgcle and 0,05 ml for extracts from coppa samples ) and =
Warate 2 3 10~ i,

“-al & The rate of desapearance of NADH was measured by the opti-
naity chonge at 340 nm.

Lba & the Alanine Amino Transferase assay, MDH was replaced by

at
% Concentration of 10 g/ml snd l-Aspartate by l-Alanine 10~3v

- 617~




8 88

The specific activity is measured in the samé wnt

before.

Materials
- S
The reagents used in the enzymatic acti¥ity assdy b

: 1pbo®
the following commercial products: Disodic p - Nitropheny P

te, oxalacetate , ketoglutarate from Fluka AG , Buchse

mbE 1
NADH , MDH , LDH , from Boehringer a. Soehn€ G

Mannheime.

te
Tris , Sodium pyrivate from Merck AG , Darmstad
1 - Aspartate from Carlo Erba , Milan

1 = Alanine from Bayer , Leverkusen.

RESULTS

The enzymatic activities, that we are reportiné b

¢
ble 1, are referred only to the amount of proteins Presen i

it
ntal (‘,On'd'1

material that was water extractabl.e under our experimé
onse Geﬂt

el
. ¢he
For illustration purpore,we are also showlidd % 3

s A and

the
the case of coppas bought in the various city stores and 56

composition determined in samples number 5 of coppa

ers?
sponding group of fresh muscles each samples was a transV %
t

. of
ction including both the peripheral and central portlons

mature product (Table 2 ). _,GyiIJ
tivd

In Table 3 we show that the Acid Phosphatase o dcslﬁp s
- ca
the coppas from city stores (average value 45.8x10 )is A0)

oD
ficantly different from the value in the fresh muscle (52 tnﬁ

i -10 a show
or in coppa A (56.8x10 ),Data relative to coppa B al8 o)
v

There are no significant variations between the OXfefnal

- Bl
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{al
Ports
tions of each section (44.8 x 10

(
1
%2

-10 10 |

and 45.9 x 1077 ) ,

B The wvalues of Alkaline Phosphatase activity in coppas

¢y
Wy S8lightly different from those in the fresh muscle: the

ng
<10
quage'values are 5.2 x 10 in coppa. A and in the ten commer-
8 o
AMples against 4.1 x 10 » in the fresh muscle.

g The data for coppa B show that the central portion of

8 { R
) Cction presents a lower specific activity than the periphe-

Do =10 =10
Ttion (4.5 x 10 b against 5.9x 10 10 ), (Table 4 ).
Lactic Dehydrogenase (Table 5 ) shows the same general

%h
Ay
lor of Alkaline Phosphatase, but the activity increase is

g
hmol‘e e s P23 § wwd 4oy 1.5 -6 .
Ny marked. The specific activity is 1.5 x 10 in the fresh
8] E
f * 5¢4 x 10™° in coppa A and 1.6 X 10™° in the samples from

8
¢

%r‘ity Stores. Conversely the figures relative to central and
p

b .
by Sral portions of the various sections are essentially the
)

% The Malic Dehydrogenase activity is also higher in coppa

q -6

. in the ten samples (average value: 6.9 x 10 ) than in the
-5 A

Wscle (4,0 x 10 ) ( Table 6 ) o

t}le The average values for coppa B are slightly higher in

WWQQternal than in the internal portions of each section (7.9 x
ainst 6,5 x 107°).

%% The two Transaminase activities which have been studies
%e 8 Pattern opposite to the one presented by Dehydrogenases .

%ey:iQCific activity of Aspartic Amino Transferase Decays from

V“ue 88e value of 471 x 10~ in the fresh muscle to very low

8 (32,1 x 10~9 ) in coppa A and in the commercial samples

B an~ S E .
g . Coppa B is also showing some significant difference

el ) ¢ iy
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The specific activity is measured in the sanm
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Materials o0
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te, oxalacetate , ketoglutarate from Fluka AG , BuchSe

b 1
NADH , MDH , LDH , from Boehringer a. Soehne G ¥

Mannheime.

te
Tris , Sodium pyrivate from Merck AG , DaI'mstad

1 = Aspartate from Carlo Erba , Milan

1 = Alanine from Bayer , Leverkusen.

RESULTS

The enzymatic activities, that we are reportinré
ble 1, are referred only to the amount of proteins Present = ﬂ’j
material that was water extractabl.e under our experimental o

onse
For illustration purpore,we are also showing the
composition determined in samples number 5 of coppas A and coﬂy
the case of coppas bought in the various city stores and L g6”

ers
sponding group of fresh muscles each samples was a transV .
tb

: £ 1
ction including both the peripheral and central portions g

mature product (Table 2 ). i

iitlat 1
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In Table 3 we show that the Acid Phosphatasé act 5i5’11 §
1045 o pot 0
)is AY)

10 !

the coppas from city stores (average value 45.8x10-

ficantly different from the value in the fresh muscle (52'5

: -10 2 gho¥
or in coppa A (56.8%x10 ),Data relative to coppa B als Ly
at? |7
and ¥

there are no significant variations between the external
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| 4 The average values for coppa B

-10 10 |

l
Port; -
Tions of each section (44.8 x 10 and 45.9 x 10 ) o

R The wvalues of Alkaline Phosphatase activity in coppas
*o
" Wy S8lightly different from those in the fresh muscle: the
o

=10
Y %ge Values are 5.2 x 10 in coppa . A and in the ten commer-
8]

Samples against 4.1 x 10~1° in the fresh muscle.

The data for coppa B show that the central portion of
Bection presents a lower specific activity than the periphe-
Portion (4.5 x 10~ 10 against 5.9x 10~10 ), (Table 4 ).
by Lactic Dehydrogenase (Table 5 ) shows the same general

Vior of Alkaline Phosphatase, but the activity increase is

4 =
Rore marked. The specific activity is 1.5 x 10 in the fresh

Y

3¢ -

f 16' 5¢4 x 10™° 1in coppa A and 11.5 X 10'6 in the samples from
8
ity Stores. Conversely the figures relative to central and

oy
Dheral portions of the various sections are essentially the

A
g

The Malic Dehydrogenase activity is also higher in coppa
fhﬂ 18 the ten samples (average value: 6.9 x 10 i ) then in the
Mscle (4.0 x i ) ( Table 6 ) o
B are slightly higher in
16 *berna) than in the internal portions of each section (7.9 x
%aingt 6.5 X ﬁu—h),

The two Transaminase activities which have been studies
& Pattern opposite to the one presented by Dehydrogenases
SPecifjc activity of Aspartic Amino Transferase Decays from
aver&ge value of 471 x 10'9 in the fresh muscle to very low
\W o (32.1 x 10~ ) in coppa A and in the commercial samples

¥ 1079 ). Coppa B is also showing some significant difference
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-9 s (95’10
between the extermal (76.9 x 10 ) and internal portion

(Table 7 ).

tha?
Alanine Amino Transferase decays less markedly

4 piitl
Aspartic Amino - Transferase (from 21.9 x 10™7 in the fresb

cial 89%
nces

scle to 4.3 x 10~2 in coppa A and 2.4 x 10~2 in commer
ples). Data for coppa B show again small significant differe'
between central and periphergl and portions, with higherl speCl

o -9 re ~ |
activity in the central portion (8.6 x 1077 and 65 X 10
spectively ) (table 8 ).

The results also show that there are signific®®
tions in the various transversal sections of both the frese
and coppas A and B. This finding may be retionalized noting tn’
the muscular tissue is not uniform, as a single sampleS nay

tain "pars muscularis " and "pars tendinea". :
1€
te”

It follows that, in the various sections
tissues with quite différent structure and biochemical charé®
ristics may be present together in various proportionse ne
The interpretation of the variations observed n ’

it 3 . WESisT ‘ o)
commercial samples is more difficult, since these variatl

arise also from different conditions of maturation.

CONCLUSIONS
In the present study we have only consider

activities which are water extractable. Btudies are

. tne "
to evaluate the a mount of enzymatic activities ;pugent in “ﬂﬁ
gue? |
ter insoluble fractions. Even with this limitation the daté
|
several considerations. o |
')reﬁe‘noe

Inspection of Tables 1 and 2 shows that th€

-y n
Bocl—"
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" el Concentration of proteins in the water extract from coppa
an
in the water extract from fresh muscle only depends from
£
erences in the initial content of water in coppas and fresh

muacle

4 It seems therefore that the salting process has not signi-
Cq
atly altered the total amount of soluble proteins.

The overall behavior of the specific activities of the

ty
e

¢ : Clagges of enzymes which have been studied seems to be as
011

& | W82 the Hydrolases are not significantly altered in the

top
¢ iy With respect to the fresh muscle: the Dehydrogenases increa-

&nd the Transaminases decay significantly.

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

vestigating the modifications occurring in low molecular weight

mpoundso Chemical transformations of these compounds may be

lyzed by enzymes retaining high specific activity in the

Wty
Dhm ing Product. As examples, we may mention the lactic, malic,

Vi ;
¢ and oxalacetic acids.
% In second place the data pose the guestion of the trans-—
a
: long occurring in the coppas during the salting and curing
OQe

qses, which are responsible for the loss of Transaminase

Q(;t
lvy
‘'Y and increase of Dehydrogenase activity. The first event

| %
Vv b
§ 0y ® due to protein denaturation or coenzyme loss; the second
8
n
W A be related to the solubilization of enzymatic material
l‘ic

18 not easily water extractable in the fresh muscle. Studies
ow .
W in progress to a ascertain whether coenzyme loss may be fu

Op




d
in the salted and cured product.These hydrolitic enzymes coul

remove the phosphate group from the coenzyme pyridoxal

le
The increase in specific activity of water extractab

e
Malic Dehydrogenase may be attributed to an alteration of tB ¢
0
15027“9
10168

mitochondrial structures and the solubilization of the
Malic Dehydrogenase which is bound to these subcellular part
in the fresh muscle.

A : pe du°
The increase in Lactic Dehydrogenase activity nay
a M

ghe
gmall
nydr?”

to various phenomena, among which a redistribution of H aB
brides, the presence of free subunits in solution and OT vo
fusion of inactive polymers (Clausen 1970 ), activation bY

molecules and, finally, the presence of bacterial Lactic Dé

O’
: ol : . . ese P
genase. Electrophoretic analyses are in progress to test tB

c8l
1 T -3 S y N 3 v*fmologi
Finally the results obtained may suggest an eniJ

alo
method to evaluate the status of maturation of coppas and &2

finished products like"prosciutto" (italian ham )

snov #°
)

Studies are now in progress in our Laboratory 0

s
the curiié

ons in typical enzymatic activities during

} ‘- > : ge
the maturation processes of varions dry - cured meat produot
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Academic Press, New York 1963.

Clausen J., FEBS Syimposium vol. 18, 133 (1970 3 .
Wroblewski F., La Due J.S.,Pros. Soc. exp. Bio], Med

90 , 210 (1955 ).

5 phOSPhBtm

)
gov




< o2
b
=]

-

Y @ ~No o v £ wop

—3
o

s

= PROTEINS (md/ml of extract )

Fresh | ,opaa| CopPa B Commercial
muscle == Coppa samples
external internal
P —
59 8.8 9.3 9.6 743
6.2 9.3 - - i 77
6e1 9.6 1145 104 .t 9.9
|
5.8 947 3 - E 847
5.6 10.6 10.9 ’ 1046 1042
5.6 10.7 2 - 10.2
5¢3 1149 1243 | 949 10.9
5¢3 11.6 - ! - 12.5
l
5.2 1.6 [11.9 | 105 9.5
4.2 1.0 - ! - 9.0
\




TABLE 2 - COMPOSITION OF EDIBLE PORTION OF FRESH MUSCLE NMJHA
TURED PRODUCT.

| Water | Fat Protein |
Samples ‘ ' by dif. | % '
% g % ! ‘
‘L/
| { 5 :
Fresh muscle | 55.9 25¢3 179 : 0.9
b : i = ‘ PR el | 8
| Coppa A | 3945 ‘ 52¢3 | 2344 |
P B e sy : ; e on 0 5l TN
Coppa B (external ) | }5-&\ | 42.2 20,0 i
| Coppa B (intermal ) ISO-Q ; 25.0 184€ ! 5'5
s b 1 = ! 2
| Commercial coppa nel | 39.8 f 25.6 | 274 7
| d B j : ‘ Gel
| Commercial coppa n.2 | 270 ; 43 ‘ 253 e
| \ } :
| Commercial coppa ne3 157.4 33,7 : 2249 606
| | 5
| Commercial coppa ne4 | 35.4 3%¢1 | 25.0 6e
| Commercial coppa n.5 | 36.9 35¢1 |  21.5 602
1 , i ‘ 6ot
| Commercial coppa ne.6 iﬁo.b 35¢3 L 278
B CE j = 6ol
Commercial coppa n.? ;50.4 41.7 | 21.7 |
= : ‘ 8
Commercial coppa n.8 | 36.0 o P 26.0 6e | |
| |
‘ ‘ 1
| Commercial coppa n.9 |§4.9 34.8 % 24,2 6. | |
, . |, 4 1
Commercial coppa n.10| 27.3 49,2 } 201 2¢ |
|
5
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TABLE 6.

pets?s |

i U
MALIC DEHYDROGENASE - Specific Activity in _ BO1e2 °flz |
otveld’ |

ng PT

Coppa B
secgion| Fresh Coppa A i Commel‘Cialles
n muscle External |Internal Coppa 2
-6 -6 -6 -6 0'6
1 2.7x10 7.4x10 8.2x10 546310 9.8 x 1
, b6
2 |2.8x10"® | 5.9x107° - " 6.2 ¥ 18
- -5 - - i
3 3.7x10 6.1x10 7.0x10 6+2x10 § 6.6 X 10‘6
-6 -6
4 13.9x10 6.0x10 » = 7.4 x 10
6
5 o 25 " 6 10
i . 9x10 6.9x10 6.2x10 6.1x10 6.6 X
8 6
6 [3.6x10° | 5.9x10 5 E 8.0 x 10
-6 -5 -6 =6 0’6
2 l.2x10 64110 9.1x10 2.1x10  |6.9 =1 g
- -6
8 h.2x10 6. 7x10 = 3 6.0 X 40‘6
-6 -6 -6 il
9 4-6x10_6 8.8x10 9.1x10 7.7x10 7.0 X 40,6
b
10  h.6x10 9.0x10 - - 4.8 x 19
” b
699210 6.9 ¥ "




Mg 5 |

ASPARTIC AMINOTRANSFERASE-Specific Activity in Moles of:subs
mg Protein.mi

L\.rs_
ect?ﬂn Fresh Coppa A Coppa B Commercial
4 muscle ernal |Internal |Coppa samples
\
o, A - -9 -
: P29, 6x10- | 28.3x10 3045310 23.0x10 26.5 x 10 9
2 B99.4x10"7] 20,3210~ % & 22,6 x 10~
3 -9 -9 -9 -9 -9
547310 | 24,7x10 754910 76.9x10 29.6 x 10
Y 1502.7x1079 33. 5010 =9 ; 4 38.1 x 162
5 -9 - -9 - -9
#97.2x10. | 34.0x10 92.3x10. |167.6x10 1443 x 10
(3 i -9 -9 -9
P19.0x10  |41.0x10 - - 8.5 x 10
? "9 -9 —9 _9 —9
F65.2x10 |44.2x10 . 128.3x10 |146.0x10 18.0 x 10
8 ; -9 v -3
p30.2x10 “| 24,6310 - - 1Me4 x 10
9 -9 -9 -5 -9 -9
3 #84,1x10 |32.5x10 57¢3x10 51¢3x10 179 x-10 .
0 = i
\548.&10-9 28.4x10 2| - - 5.0 x 10
¥ B1.0x10732.1x10 =2 [76.9x10 ~2| 93.0x10 =2 19.2 x 10~




