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T
'he main characteristic of the modern meat industry is
®dency to fasten every processing stage. However, we

lmp
et:y that the achieved economical effect will be followed by
eT or

duets + Th

» &t least the same as before, quality of meat pro-
eteChni realization of these demands is easier because of
bttey 9 cal progress and on the other hand because of the
“&la, Owledge of the biochemistry of processed raw mate-

A gooq example that illustrates the general development
Deles 0f the meat industry is the production of fermen-
ammz:::ages-for instance cervelates. The production of these
) s from meat subjected to preliminary dripping with si-
}uﬁory Us pickling or without this treatment goes down in
lmung'tThe Present development of refrigeration and condi-
Nowy 9 ;Chnics facilitated the removal of many generally
Wit thic nological and economical shortcomings connected

o Drods type of production and facilitated also passing to
T%re 1Suct10n of these sausages even from frozen materials.
m“&tisf D0 exaggeration in the statement that nowadays only
Yo 8ctorily modernized processing plants produce the abo-

men
* tloneq Sausages from pickled or only preliminary drip-
eat.

teﬂde

¥ npzizious achievements in biochemistry connected with tho-
the €2ing of raw material, especially of meat, allow to
ti, of assumption that the use ot frozen meat to the produc-
rllltﬁesausages may fasten the processing and thereby to ful-
meatbothprogressive demands. It is evident that in defrosted
Arg 2% the autolitic and the bacteriological proteolysis
10Wed JeTally more intensive. The so called cryolysis is fol=-
th esy 8reater intensity of biochemical and biophysical
b 1n defrosted meat. Cryolysis breaks the osmotic balan-

' cay
S¢S changes in colloidal structure of meat tissue and
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microstructure of its cells, increases th’)tal surfa
colloidal particles, intensifies the precipitation of Pro=
teins from solution etc, Cryolysis causes the increasing of
the surface area for enzymatic action hence also the poten~
tial conditions for greater enzymatic activity and increase?
the rate of enzymatic processes and thereby the process
pickling as a whole.

The intensity of Processes caused by cryolysi
rent. Undoubtedly it depends both on the biochemical and bi%
physical structure of raw materials at the time of 31aughta{
of the animals, the advancement of their post-slaughter cha?
ges and technological conditions of the very freezing PTY0~
cess i.e. practically the level of attained temperature of
frozen raw materials and the period of its action.

On the basis of the outlined situation the purpose of
1y the

ezing 0

of

s is aiffe

our work was to give the answer on two questions name
question of the technological usefulness of pre-ire
raw material intended tor production of fermented sausageés

and on the other hand what temperature conditions applied {

pre-freezing are most suitable.
ates

According to this the experimental sausages—cervel .
gO

were produced by the normal method i.e. without picklin
meat. The raw material tor these sausages contalned 40% of
beef meat, 40% of pork and the remainder was lard. The onld
experimental modification of the production was the aivisi®®
of the raw material into three parts before further PT°°GS‘M
sing. All parts were disintegrated into fist-size pleces- ¢
of them was stored in a cooling room /temp.0 to 4° c/Anse
om. layer. The other was frozen at temp. -2,5 to -3.0° ¢
the third one was frozen in a freezer /temp. —-24 to -25°%/ ¢
After a 24 hours storage period the sausages were prOd“°°d
from each batch separately. Then the sausages were stored
an unconditioned magazine /temperature -I0 to 14°C, numidd”
ty=75 to 85%/ for 40 days.

Analysis of the effects of different refrigeration
treatments included the determination of changes in the ze¥
material and the determination of deviations in the cours®
of biophysico-chemical processes in the obtained fermOnt°d
sausages.

2

tey,
g )
M&h
metr

1“ r

1Mme



2"
& ‘ 7
The changes ocouring in meat after 24 hour storage at dif-

t temperatures were observed by means of examining the

binding capacity of meat by Grau's modified method /7/

® Telatyve concentration of myoglobin derivatives by the

Tth°d of Braumand et al./I/ and buffer capacity referred to
¥ basss /103,

feren
"&ter

q The changes occuring in experimental fermented sausages
ul‘in

Somy
metho
!aro
metho

€ Production and storage were evaluated by means of de-
Mng the level of reducing sugars according to Somoga's

¢ modified vy Kurowska /3/, free nitrites according to
“owas metod modified by Pezacki /9/ chlorides by adjusted
d of Molner /6/. The results were referred to dry basis.
%omparison of the changes in these criteria was possible
3R period of production and storage of sausages. For the
Purpose potentiometrio concentration of hydrogen ions

te "elght losses during production and storage were eszzzi:
%1' The Sausages were also subjected to organoleptic e

Wby g Panel consisting of three to five members /I5/. The
8tion in biochemical processes based on the criteria
mme Mentioned enabled the examination of st?ffing sausgg;;
QMEdiately after aging, after smoking, and then after IO,

0f 0 days of storage. In every case outer and center layers

nhsﬁusages were analysed, there was no examination made of in-
lﬂyer
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Sults show that most evident are the differences

f Sausages, produced from raw material prepared in

hnerent Ways. Pre-freezing does not change the general pick—

Vo ®hdency towards myoglobin oxygenation to nitroso-oxy-

1%ilobin’ but it changes the dynamics of this process and its
lizat1°n- According to the data from fig. I we may state

Co)
Up,. VT O

that
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ér part of nitroso-oxy-myoglobin develops during
€ ang Smoking of sausages, produced from meat frozen at
*Wperatyre of =39 the smallest in those produced from
%8t frogen at a temperature -24°C; because of the low tem-
“Tature the colour of the last sausages is of the smallest
2‘ nt@nait‘y 4
tr°s°°x¥m¥0310b1n in sausages of meat frozen at a tempe-
3




rature of -24°C is of the worst stability and in the timé
0—
of storage is most easily subjected to undesirable destru

tion processes. The best stability shows the above ment10-

ned heme pigment in sausages producéd from meat he
peratures not lower than OOC; the differences in this cas
are most pronounced when the time of storage of sausages is
prolonged.
3. Oxygenation of myoglobin to nitrosooxymyglobin during
ers of sau~
sages produced from meat cooled and frozen at a temPerature
of -3°C than that in outer layers; in sausages of meat L
zen at -24°C the situation 1is just the opposite-the dest
red colour of the outer layers is more intensive and stab
The observation of colour and pigment changes in fresh
sausages indicates that especially in the case of & short sto”
rage of the final product the pre-freezing at a temperatur® %

pro-

duction and storage is greater in the inner lay

-

le0

ti-
-3°C is advisable. If the sausages are stored for a longe”r s
me, such technological treatment is less advisable. In the f0t

plied method of production the freezing of meat prepafed
production of fresh sausages is not advisable. One gets the
impression that the rate of raw material freezing before L
duction is unimportant. The intensity of undesirable Pigment
transmutations refers to colour intensity and its saturation
in sausages. One states that not only sausages produced £ron
quickly frozen meat/at temperatures of =24 to -25°C/ but al”
so produced from meat more slowly frogzen /at a temperaturé
of —8°C/ show the decreased concentration and stability
technologically desired pigments/ I0/.

r
In search of the reasons explaining the observed °°1°uh
fred

o0
con~

0

differences, pigment concentration and stability of

sausages of differently prepared raw material, one has
observe the fact that the pre-freezing of raw material
siderably ochanges the relative concentrations of different

myoglobin derivatives /tab.I/. Practically there is no oxY;
dation and oxygenation processes of myoglobin in meat kGPd
for 24 hours at a temperature of «24%. However, in coole

meat the relative content of oxy-and metmyoglobin 1ncrease’;
It 18 generally known that both pigments are undesired to
4
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::151:12: :I‘ansmut,_,ons during pickling of meat. In order to ;:)34
pigment hem into the desired nitrosooxymyoglobin the first
i lmust be oxygenfree /I3/ and the other reduced /4/.
I¢ Suoi Ob?n reduction demands a strictly defined medium /I6/.
S ireduction. which i1s usually of small intensity, takes
» 1t increases the storing stability of colour. Experi-

T::t:aShOW the greatest stability of heme pigments in fermen-

0°c w:SagGS pProduced from meat held at temperatures above

myO;IObich ¢an be explained by the increased content of met-

in in the raw material.

sﬂgesT:e other factor which affects the colour of fresh sau-

e : undoubtedly the denitrification of nitrates, added

&blegdizé Production. Its intensity does not show conside-
Terences but neverthefess one can observe the ten-

én
r ® %o increase the contents of free nitrates in the cent-
&l layer of £

by

ermented sausages produced of frozen raw mate-

Tig
: 1 /tig.2/, However the quantity of free nitrites is the
*ast in the

st central layer /fig.3/. The same dependence is
o ted 1n e

in St case of other experimental sausages. The drop
nitrat nitrite content corresponds to the decrease of free
€S8 level,

The Comparison of the dynamics ot myoglobin oxygenation
trosooxymyolobin with that of denitrification shows

in the case of using meat frozen at -24°C less nitroso-
°8lobin develops. This is probably caused by the lower
Titication rate of nitrates added. The performed expe-

to ni
tnat

Oxymy
enit

Timg
It 414 not allow, however, to give an answer in what a

Qegy

6

teg. . D€ Stated deviation in the denitrification the pro-
8

org is Connected with the cenoanabiotioc exchange of micro-
S0isms, The recognition of deviations in the microbiolo-

8lcg
prepl Plcture of fermented sausages produced from differently
ared ra

Seg W material would enable to join the chain of ocau-
and efs

ects.,
i i: Or otherwise meat frozen even for a short.period at-
Wperature about -24°C is not suitable for production
e:I:ented sausages because such a treatment influences
vy ably hydrokynases first of all intensifying the acti-
3 exldases. It is interesting that freezing influences
5




also the activity of such enzymes as phosphatases or carbo-
xylases. This is testified by the different intensity of in-
version and consumption of added sacharose /fig.4/. The great=

est difterences in activity of these enzymes appears in the
period of production especially during smoking. These diffe~
final

rences are diminished in the course of storage of the
product. In freshly smoked sausages and at the start of thelrl

storage the amount of monosaccharides in the central lajyerT of
is the

nitro-
of

Lo . 4 0
sausages produced of meat frozen at a temperature =3°C

east. In these sausages also the greatest content of

)

sooxymyogblobin was found. The influence of pre-freezing
meat on enzymes, taking part in the chemical changes of o
bohydrates are not, however, so plain and pronounced as in
the case of hydrokinases. Neveftheless we may state that the
increased activity of dehydrogenases, phosphorylsses, amy 1a8€
and other enzymes taking part in transmutations of carbohyd-
rate compunds are generally accompanied by considerable in=
crease in concentration of hydrogen ions /fig.5/.

The technological preparation of raw material for sau-~
sage production exerts at least an influence on the grouP
1f enazymes catalyzing transmutations in proteins of sau-
sages., The effect of the change in activity of proteases
that is both proteinases and peptidases is the increased buf=
fer capacity of water extracts and greater moisture 1088 gf
sausages produced from meat frozen at a temperature of =24 Le
It is interesting that as a result of different meat refrigeé”
ration above all the dissociation of carboxyl groups inoreé~
ses; the more the lower is the temperature of treatment
/fig.6/. In similar way forms the dissociation level of thé~”
se groups in the period of production and storage of fresh
sausages. In central layers of experimental sausages the
changes in buffer capaclty were always greater, than super-
ficial ones. However, we must pay attention to the faot
that the applied procedure of buffer capacity measurement
enabled the determination of the quantity of carboxyl groups
of water soluble proteins, amino-acids and organic acids)
whioh follow the fermentation ot sugars. Now, the question
arises what is the share of the last mentioned acids in the
6
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mﬂrer capacity of fermented sausages during the production
Sag Storage,
We may find and indireot answer to the question in an ana-
zzis of ion change in proteins, and at least in the observa-
of changes in the amount of chlorides, According to some
0piniODS /I4/ the following reaction occurs during the pick-
8 process;

Ny

=R NH_CH_ . ATNH. —R. —CHoC=N-(
2 1 —ﬁH-CO NH Th R2+2N1Cl uIth AI CH ] N I
NH,, COOH cind, 0O, CoONa

Th

¢ data from fig.7 show that the production and storage chan-
& 3
is in the amount of chlorides depend also on raw material
o
Ofeparation prior to production and besides on the dislocation

Points in the sausage, where from samples were taken for
analeis.

The amount of chlorides:

; 18 in the central layers in every case greater than in the
perficial ones
* 18 higher in the period of production especially during
Smoking

I
8

3
in the internal layer increases or is the same during the

Storage period of final product as compared with that at
the end of smoking but decreases permanently in the super—
ficial 1ayers
in both layers of sausages produced from chilled meat is
always greater than 1n comparable sausage layers from meat
frozen at a temperature of -3°C and especlally in sausages
from meat frozen at a temperature of ~28°%C,
UffeThe changes in the amount of chlorides are similar to
1ffer Ccapacity ochanges but they simultaneously show distinct
sausarenoes. Since the buffer capacity of water extracts onm
i thges produced from meat frozen at a temperature of -24°C
asise 8reatest and the chlorides level is the lowest. On the
UrrerOf these facts we may oconclude that the increase in
MOted Ccapacity of the above mentioned water extracts is con-
o not only with the dissociation of protein particles
also with carbohydrate fermentation. This conclusion




may be confirmed by the fact that the decrease‘ buffer ca-
pacity in water extracts trom cooled meat is mostly accompa-
nied by the decrease in summary content of lactic and pyruViC

acid /12,11/.

Nevertheless the increase in bufter capacity of water ex=
tracts from sausages of meat frozen at a temperature of -2400
gives evidence of decrease in bufter capacity of the very meat
and thereby of compounds which did not diftuse to the extraot.
This fact we may explain by an increased tendency to alkalizé~
tion of these sausages during storage /fig.5/. In spite of on=
1y insignificantly lower concentration of hydrogen ions in
meat frozen at a temperature of -24°C /tab.2/.

The above outlined changes of proteins are refleoted in
changes of the water holding capacity of meat. The most impo¥
tan t technological effect in the described case are devia~
tions in drying ability observed in fermented sausages during
production and storage stages. The carried out experiments
lead to the statement that a short lasting freezing of mea

the temperature of -24°C does not change its water binding ca~

£ 40

pacity. On the contrary, the cooled meat, previously stored
during 6 days in a cooling room shows a further tendency o
increase the water binding capacity. Consequently we may sup~
pose that in this period follows the liberation of ‘n.YdrOPWlio
protein groups, in consequence even as a result of actomyosin
dissociation /8/. These insignificant difterences in Waterbin&
ing capacity of meat are distinctly manifested in range of
moisture losses in weight of the sausages. The losses are g
greatest in sausages from frozen meat. In comparison with sau~
sages produced from cooled meat the losses are greater, even
to about 5% /fig.8/. In this scope the above-mentioned results
agree with previously publicated data by one ot us /I0/. Even
if omit other discussed in this publication technological 00N
sequences of reduced water binding capacity, nevertheless we
must state that pre-productive freezing of meat in every case
decreases the effectiveness of the production of fermented
sausages,

No wonder that the above outlined different effects
refrigeration of raw material on the activity of their enzy~

8

of



"atyo 8ystem and the direct efrect of these catalysts ref- 4L7
teotg also in subjectively evaluated quality of fresh sausa-
8es. Sausages produced from meat cooled and frozen to a tem—
Deratul‘e of -JOC did not differ considerably. They were cha-
ra°t9rized by a typical sourish taste, aromatic odour, satis-
fa°t°ry red colour and cleancut several raw material compo-
nents- On the contrary sausages from meat frozen at a tempera-
ture of ~24°C were characterized by a more queasy taste, less
1Dtense odour, colour rather orange and their components were
"0re crushed. After 20 days storage the first two sorts of
eXperimental fermented sausages lost in some degree their own
t‘YMC&J- taste and odour. The taste of sausages from frozen
"eat v¥as at that time sour and their odour was similar to
that O acetic acid.
It 1s clear that the above described experiments on

8&usage Production do not solve the problem. The do not ful-

answer many other questions., There remains e.g. the ques-
Lon of such further modification of the sausage processing)
which Would enable to retain the undoubted profits of pre-
x‘efrigeration of raw material and simultaneously to avoid the
ll"‘lfasiz‘abie efrects ot this treatment. Still, our interest is
Qonneoted with the level ot temperature and duration of free-
“ng, Quality of raw material, the tecnnics of its homogeni-
zat1°n, Taw material components and also the suitable oxygen-—
free Conditions in the ageing period of fermented sausages
*¥en if by immersion into brine. However, the performed expe-
”ments give an answer, which confirms the lack of technolo-
$loay Justification of pre-freezing of raw material in the
‘ase of its processing to fermented sausages according to
th Dethod applied more and more often, especially in Middle

q West Europe. The most technologically suitable to such
ro°3351ng is meat shortly treated by a temperature of -3°C.

Cou°lusions:

* The method of pre-freezing of meat for production of fer-
Menteq Ssausages influences to a great extent the course of
bi°°hemica1 processes occuring during production and stora-
sl Stages of sausages and thereby their quality,
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There is no technological justification wi! regard to

quick short lasting freezing at the temperature of —2400
for raw material designed for fresh sausages. The taste
and odour of these sausages is unsatisfactory as well &8
their internal structure, the colour is unstable and unde~
sired, productivity smaller. Increasing of oxydation pro~
cesses causes the detaining or desired colour changes of
sausages. One can also observe less intensive denitrificad~
tion and a greater tendency of myoglobin to oxidation. Be-
cause of a stronger tendency to alkalization spoilage of
sausage 1is quicker.

No serious quality differences are observed between Sau-
sages produced from meat cooled only and from meat frozen
at a temperature of -3°C. Sausages -produced from raw ma=
terial, which was not storgd at a temperature below 0°
are more sultable for longer storage in an uncoditioned

magazine,

The above mentioned results are in good agreement with

results obtained in our previous experiments, that is 0o~
ne of them confirm the technological usefulness of pre-
processing freezing of meat even at -8°C for fresh produ®

tion of fermented sausages.
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Summary "I.

The influence of pre-freezing of meat on the quality

of fermented sausages

e
There were two purposes of the performed experiments. Th

first was the evaluation of the technologioal usefulness of
three different pre-processing operations of preparation of
rerrigerated meat fro the production of fermented sausages
/cervelat type/. The second was the technological explanation
of their biophysical and biochemical changes. The experiments
proved that the pre-processing freezing to —JOC of the raw
material is fully advised. The production of fermented sausé~
ges to be stored for a longer time of meat kept at temperatu=
res not lower than 0°C shows also the satistactory effects.

In contradiction, meat frozen to -24°C is not suitable
for production of fermented sausages. Oxidation processes we=
re intensified in sausages produced from such a meat. AS the
result, smaller amount of nitrosooxymyoglobin is formedy"hich
in addition is more easily subjected to oxidation, during sleg
rage of the sausage in such products carbohydrate fermentation
is of smaller intensity the acidity is lower, the potential
susceptibility to decomposition is higher and the productiV1ty
is by some per cents lower than in sausages of meat cooled
only. The organoleptic quality of sausages from frozen meat 18
also lower than that of the controls.

The above effects are identical with our previously pub-
lished results. They showed that the pre-processing freezing
of meat even to -8°C is not necessary.

However this problem is not solved yet. There exists &
theoretical probability of modification of the production of
fermented sausages, which permits to take advantage for the
deep freezing of meat and simultaneously to avoid its undesi~
red effects on the quality of the final product.

3ak.227 BHAMMI






