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TRE INFLUENCE' PRE-FREEZING OF MEAT ON THE QUALITY OF 
FERMENTED SAUSAGES

#.pe
I Chai D.Szostak, J.Chmlelewski, A,Waslk.

° f  Meat Technoligy-Agrioultural College, Poznan,Poland

t raal-n oharaoteristio o f the modern meat industry Is 
t®Ply enoy *o fasten every processing stage. However, we

the aohieved economical e ffe c t  w i l l  he followed by 
or> at least the same as before, quality o f meat pro-

er
I iu°ta.
th8 lne reaI i z ation of these demands is  easier because of 

| BOhnloaI Progress and on the other hand because of the 
ï8â r ^owledge o f the biochemistry o f processed raw mate-

ten<l  ̂ 800<̂  «sample that illu s tra te s  the general development 
j t8(j ° es ° I  the meat industry is  the production of fermen- 
I 8*Us aUSa®es-I ° r instance oervelates. The production o f these 

^It ^SS ^rom meat subjected to preliminary dripping with s i-  
1 lll8tan60us Pickling or without this treatment goes down in

I ^°hin " *>resen* development o f re frigera tion  and condi- 
fo b n i° .  fa c ilita ted  the removal o f many generally 

'*'e°hnologlcal and economical shortcomings connected 
th8 Rts type of production and fa c ilita ted  also passing to
Thej.. u°tion  o f these sausages even from frozen materials.
^ a t i  n° exag8era îon ln the statement that nowadays only
v8 ac to r ily  modernized processing plants produce the abo-
Pert „ onetl sausages from pickled or only preliminary drlp- 

®eat.

^  *6vl°U8 achievements in bioohemistry connected with tho-
fre

the
aaing o f raw material, especia lly o f meat, allow to

Uojj 0j C aasumPtion that the use o f frozen meat to the produc
t s  ^  aausages may fasten the processing and thereby to fu l-  
" S  v 6 ^r°8ressive demands. I t  is  evident that in defrosted 
8ie gen  ̂ aut° I i t i0  and the haoterio logica l proteolysis

ral ly  more intensive. The so called oryolysis is  fo l -
^ ^reater intensity o f biochemical and biophysical 1*» , _

«6 _ n defrosted meat. Cryolysis breaks the osmotic balan-
Cause

&

8 changes in co llo id a l structure o f meat tissue and



microstructure o f it s  c e lls , increases th^R>tal surface ol 
oo llo ida l pa rtic les , In tens ifies  the precip itation  of pro
teins from solution etc , Cryolysis causes the increasing 
the surface area fo r enzymatic action nence also the poten 
t ia l  conditions fo r greater enzymatic a c tiv ity  and increase3 
the rate of enzymatic processes and thereby the process 
pickling as a whole.

The intensity o f processes caused by oryolysis is d iff« '

rent. Undoubtedly i t  depends both on the biochemical and bi 
physical structure of raw materials at the time of slaugbt®1̂ 
o f the animals, the advancement o f their post-slaughter oh*0 
ges and technological conditions o f the very freezing pro- 
oess i . e .  p ractica lly  the le v e l o f attained temperature °f 
frozen raw materials and the period o f i t s  action.

On the basis o f the outlined situation the purpose of

foi

our work was to give the answer on two questions namely t*1« 
question of the technological usefulness o f p re-ireez in£ 
raw material intended io r  production of fermented sausage® 
and on the other hand what temperature conditions appli®d 
pre-freezing are most su itable.

According to this the experimental sausages-cerveiate®
were produoed by the normal method i . e .  without pickling 
meat. The raw material fo r  these sausages contained 40# °f

of

beef meat, 40# of pork and the remainder was lard. The ontf

experimental modification of the production was the d iv isf° 
o f the raw material into three parts before further prooeson®
sing. A l l  parts were disintegrated into f is t - s iz e  pieces, 
o f them was stored in a cooling room /temp.O to 4° C/in a 
om. layer. The other was frozen at temp. -2,5 to -3.0° C 80 
the third one was frozen in a freezer /temp. -24 to -25 C/‘ 
A fter a 24 hours storage period the sausages were produoed 
from each batch separately. Then the sausages were stored 
an unconditioned magazine /temperature -10 to I4°C, humid* 
ty«75 to 85#/ fo r 40 days.

Analysis o f the e ffe c ts  o f d iffe ren t refrigera tion  
treatments lnoluded the determination of changes in tM 
material and the determination o f deviations in the oour®® 
o f biophysloo-ohemioal processes in the obtained ferment®** 
sausages.
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*,r«nt * 0hanges 000uring in meat a fter 24 hour storage at d lf-  
*ater temperatures were observed by means o f examining the 

the rellndlng 0apaoity o f meat bjr Frau's modified method /7/ 
®ethod a^^Ve oonoentration of myoglobin derivatives by the
ijy , Braumand et a l ./I/ and buffer capacity referred to 

basis /103.

9 °^an^ea °°°nring in experimental fermented sausages 

teïr|ilniPr0dUOti0n s t°rage were evaluated by means of de- 
»ethod ns the le v e l o f reducing sugars according to Somoga's 

l*atto2oniOCl̂ f l e  ̂ ^  Kurowska / V » free n itr ite s  acoording to 
#l9thoclOWaa meto  ̂ m°d ified  by Pezaoki /9/ chlorides by adjusted 
6̂ 0 1 * 3'Io-iller /6/ . The results were referred to dry basis, 

tt eao^ ariSOn bbe oranges in these o r ite r ia  was possible 
s4me Period of production and storage o f sausages. For the 
anjj  ̂ rpose potentiometrio concentration o f hydrogen ions

losses during production and storage were estima- 
^*0hb 6 Sausages were also subjected to organoleptic evalu- 
otientL a panei  consisting o f three to fiv e  members /I5/* The6htat1 --------- »'C » » ' t  luouiuoxa /x^/. .

ye °n biochemical processes based on the c r ite r ia  
eatloned enabled the examination of stu ffing sausages 

*»4
11,16 at ---------  --------- ---- o -----—o--
40 ^  a fter aging» a fter smoking, and then a fter 10,20

days o f storage. In every oase outer and center layersOf
^  laye^93 W6re analysed, there was no examination made o f in -

*4 Oô o results show that most evident axe the differences 
®lff6r Uf sausages, produced from raw material prepared in 
Uftg .  ̂ WaJra» Fre—freezing does not ohange the general pick-
^"Slob ^nc,y towards myoglobin oxygenation to nltroso-oxy- 
^Oaij n> changes the dynamics o f this process and its
>̂&t, bion. According to the data from f i g .  I  we may state

l ' Th® grreater part o f nitroso-oxy-myoglobin develops during
a te® smokdng of sausages, produced from meat frozen at
H9{̂   ̂ rature o f -3^C the smallest in those produced from

i®i'atfr0Zen at a temperature -24°C; because o f the low tem-
int. Ut8 the oolour o f the last sausages is  o f the smallest

5. J  ®nslty .
"It:

° s°oxymyoglobin in sausages of meat frozen at a tempe-
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rature o f -24°C is  o f the worst s ta b ility  and in the tin®
of storage is  most easily  subjected to undesirable destruo
tion prooesses. The best s ta b ility  shows the above mentio■ ‘£00]*'
ned heme pigment in sausages produodd from meat held a 
peratures not lower than 0°C; the differences in this oaŝ  
are most pronounoed when the time o f storage o f sausages 
prolonged.

3. Oxygenation of myoglobin to nitrosooxymyglobin during Pr° 
duotion and storage is  greater in the inner layers of 
sages produoed from meat cooled and frozen at a tempera 
o f -3°C than that in outer layers; in sausages o f meat f r 
zen at -24°C the situation is  Just the opposite-the desl 
red colour o f the outer layers is  more intensive ana 

The observation o f oolour and pigment changes in fresh 
sausages indicates that especia lly  in the case o f a short s ^  
rage o f the f in a l product the pre-freezing at a temperatur® 
-3°C is  advisable. I f  the sausages are stored fo r  a longer

such technological treatment is  less advisable. I n the aP" 
for

of

plied method o f production the freezing o f meat prepared 
production o f fresh sausages is  not advisable. One gets the 
impression that the rate o f raw material freezing before Pr® 
duotion is  unimportant. The intensity o f undesirable pigoe 
transmutations refers to colour intensity and it s  saturatl°D 
in sausages. One states that not only sausages produoed fro® 
quickly frozen meat/at temperatures of -24 to -25°C/ hut al 
so produced from meat more slowly frozen /at a temperature 
o f -8°C/ show the decreased concentration and s ta b ility  
technologically desired pigments/ 10/.

In search o f the reasons explaining the observed ooloU* 
d ifferences, pigment oonoentration and s ta b ility  of 
sausages o f d iffe ren tly  prepared raw material, one has 
observe the fact that the pre-freezing of raw material °otl 
slderably ohanges the re la tiv e  concentrations o f d iff® rent 
myoglobin derivatives /tab.I/ . Praotica lly  there is  no 0 .
dation and oxygenation prooesses o f myoglobin in meat

oool®dfo r  24 hours at a temperature o f -24 C. However, in 
meat the re la tive  oontent o f oxy-and metmyoglobin incre 
I t  is  generally known that both pigments are undeslred 
4
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oh °Ur tranarou^^on8 during pickling o f meat. In order to 
ge them Into the desired nitrosooxymyoglobin the f i r s t  

M^ent must be oxygenfree /I3/ and the other reduced /4/.
"^oglobin reduction demands a s tr io t ly  defined medium /I6/. 

PlaSUCl1 reduotion* whioh is  usually o f small in tensity , takes 
Increases the storing s ta b ility  o f colour. Experi- 

ted 3 8ll0W tbe greatest s ta b ility  o f heme pigments in fermen- 
qOj, 8ausaS«s produced from meat held at temperatures above 

i whloh can be explained by the increased oontent of met- 
8lobin in the raw material.

8a 7516 ° bber inotor which a ffeots the colour o f fresh sau- 
undoubtedly the den itrifica tion  of n itra tes , added 

<:lle Production. I ts  Intensity does not show conside- 
® differences but neverthe&ss one can observe the ten- 

bo increase the oontents o f free n itrates in the cent- 
i i {^ 'La'>rer ° f  fermented sausages produced of frozen raw mate- 

• However the quantity o f free n itr ite s  is  the 
^he central layer / f ig .3/. The same dependence is  

 ̂ fPe case o f other experimental sausages. Tne drop
e n itr ite  content corresponds to the decrease of free 

P irates lev e l.

comparison of the dynamics o f myoglobin oxygenationto Pltro sooxymyolobin with that o f d en itrifica tion  shows
in the case o f using meat frozen at -24°C less n itroso-

that

den̂ ° 8J'obin develops. This is  probably caused by the lower 
trific a tion  rate o f n itrates added. The performed expe- 

j 6 *iid not allow, however, to give an answer in what a 
0eas6e tbe stated deviation in the den itrifica tion  the pro- 
ot 18 °°nneoted with the cenoanabiotio exohange o f mlcro- 
®fcai SmS" Tbe reooSni't io n of deviations in the microbiolo- 
Preo- P1° tUre o f fomented sausages produced from d iffe ren tly

e5afed faw material would enable to Join the chain o f oau-
*** e f fects.

to
So or otherwise meat frozen even fo r  a short.period at- 

of ^ bemPerature about -24°C is  not suitable fo r  production 
m,j ri,lented sausages because such a treatment influences

ral)lor hydrokynases f i r s t  o f a l l  Intensifying the a o tl-  
oxidases. I t  is  in teresting that freezing influences



of

also the a o tiv ity  o f such enzymes as phosphatases or carbo
xylases. This Is te s t if ie d  by the d iffe ren t intensity o f in
version and consumption of added saoharose / f ig .4/. The great 
est differences in a c tiv ity  o f these enzymes appears in the 
period of production especia lly during smoking. These d if fe 
rences are diminished in the course of storage o f the final 
product. In fresh ly smoked sausages and at the start o f their 
storage the amount o f monosaccharides in the central layer 
sausages produced o f meat frozen at a temperature -3°C I s t îe 
least. In these sausages also the greatest content o f nitro- 
sooxymyogblobin was found. The influence of pre-freezing of 
meat on enzymes, taking part in the chemical changes o f car
bohydrates are not, however, so plain and pronounced as in 
the case o f hydrokinases. Nevertheless we may state that the 
increased a c t iv ity  o f dehydrogenases, phosphorylsses, amylase 
and other enzymes taking part in transmutations of carbohyd
rate compunds are generally accompanied by considerable in
crease in concentration of hydrogen ions / f ig .5/.

The technological preparation of raw material fo r sau
sage production exerts at least an influence on the group 
I f  enzymes catalyzing transmutations in proteins of sau
sages. The e ffe c t  o f the change in a c tiv ity  o f proteases 
that is  both proteinases and peptidases is  the increased buf 
fe r  capacity o f water extracts and greater moisture loss 
sausages produced from meat frozen at a temperature o f - 2* c* 
I t  is  in teresting that as a result o f d iffe ren t meat re fr ig8 
ration above a l l  the dissociation o f carboxyl groups increa
ses; the more the lower is  the temperature of treatment 
/ f ig .6/. In sim ilar way forms the dissociation le v e l o f the
se groups in the period of production and storage of fresh 
sausages. In central layers o f experimental sausages the 
ohanges in buffer capacity were always greater, than super
f i c i a l  ones. However, we must pay attention to the fact 
that the applied procedure o f buffer capacity measurement 
enabled the determination of the quantity o f carboxyl group® 
o f water soluble proteins, araino-aoids and organic acids» 
whioh fo llow  the fermentation o f sugars. Now, the question 
arises what is  the share o f the last mentioned acids in &e 
6



b«fr,
and

^ai
tion

®r capacity o f fermented sausages during the production
storage.
We may find and ind irect answer to the question in an ana- 

s of ion change in proteins, and at least in the observa-

°Pini
Un.

of changes in the amount o f chlorides. According to some 
°hs /I4/ the follow ing reaction occurs during the pick-

‘8 Process;

NH2 -R*

The

-CH-C 0-NH-CH-Rg+2NaC1 cinh3 -Rj.-CH-C=N-CH-R2

NH„ COOH 0. COONa 
Na

data from f i g . 7 show that the production and storage chan- 
ses in the amount o f chlorides depend also on raw material 
Reparation prior to production and besides on the dislocation 

Points in the sausage, where from samples were taken fo r 
**«/B ls.
j The amount o f chlorides:

ls in the oentral layers in every case greater than in the 
^ « l o i a l  ones

ia higher in the period of production especially during
smoking ^
Th the internal layer increases or is  the same during the 
storage period of fin a l product as compared with that at 
the end o f smoking but decreases permanently in the super
f ic ia l  layers
U  both layers o f sausages produced from ch illed  meat is  
always greater than in oomparable sausage layers from meat 
Uoaen at a temperature o f -3°C and especia lly in sausages 
from meat frozen at a temperature o f -24°C.

The changes in the amount o f chlorides are sim ilar

3.

4.

bUff,
t,

to

the

er capaoity ohanges but they simultaneously show d istin ct 
erences. Since the buffer capaoity o f water extracts from 

8 produced from meat frozen at a temperature o f -24°C 
greatest and the chlorides le v e l is  the lowest. On the 

bUf1S ° f  bhese f aots we may conclude that the increase in 
er capaoity o f the above mentioned water extraots is  oon- 

bUt ° n0t 0n^  with the dissociation of protein partic les 
also with carbohydrate fermentation. This conclusion

7



may be confirmed by the faot that the decreas^Jp buffer ca
pacity In water extracts from cooled meat Is mostly accompa
nied by the decrease in summary content o f la c tic  and pyruvic 
acid /I2,1I/.

Nevertheless the increase In buffer capacity o f water ex
tracts from sausages o f meat frozen at a temperature of -24 C 
gives evidence of deorease in buffer capacity o f the very meat 
and thereby of compounds which did not d iffuse to the extraot. 
This fact we may explain by an increased tendenoy to alkalin®" 
tion o f these sausages during storage / f ig .5/. In spite of on
ly In sign ifican tly  lower concentration of hydrogen ions in 
meat frozen at a temperature o f -24°C /tab.2/.

The above outlined changes of proteins are reflected  in 
changes o f the water holding capacity o f meat. The most impor
tan t technological e f fe c t  in the described oase are devia
tions in drying a b ility  observed in fermented sausages during 
production and storage stages. The carried out experiments 
lead to the statement that a short lasting freezing of meat to 
the temperature o f -24°C does not change it s  water binding o®" 
pacity. On the oontrary, the cooled meat, previously stored 
during 6 days in a cooling room shows a further tendency to 
increase the water binding capacity. Consequently we may sUP" 
pose that in this period follows the liberation  of hydropic110 
protein groups, in consequence even as a result of actomyosin 
dissociation /8/. These Insign ificant differences in water bin 
ing capacity o f meat are d is tin ctly  manifested in range 
moisture losses in weight o f the sausages. The losses are tn® 
greatest in sausages from frozen meat. In comparison with ssU" 
sages produced from cooled meat the losses are greater, even 
to about 5& / f ig .8/. In this scope the above-mentioned result3 
agree with previously publicated data by one o f us /IO/. Even 
i f  omit other discussed in this publication technological 0011 
sequences o f reduoed water binding capacity, nevertheless *e 
must state that pre-productive freezing o f meat in every case 
decreases the effectiveness o f the production o f fermented 
sausages.

No wonder that the above outlined d iffe ren t e ffeo ts  of 
re frigera tion  of raw material on the a c tiv ity  o f their en&f"
8



®aU0 system and the d irect e ffe c t  o f these catalysts r e f-
ie°ts also in subjectively evaluated quality o f fresh sausa- 
®ea> Sausages produced from meat cooled and frozen to a tem- 
Persture o f -3°C did not d if fe r  considerably. They were cha
racterized by a typ ica l sourish taste, aromatic odour, sa tis- 

°fy red colour and cleanout several raw material oorapo- 
 ̂ n̂ 8* 0n the contrary sausages from meat frozen at a tempera- 
 ̂ ® of -24°C were characterized by a more queasy taste, less 

ehse odour, colour rather orange and their components were
Horn „

crushed. A fter 20 days storage the f i r s t  two sorts of 
*Perimental fermented sausages lost in some degree their own

typical taste and odour. The taste o f sausages from frozen

° f  acetic acid.
I t  is  clear that the above described experiments on

age production do not solve the problem. The do not fu l-
anawer many other questions. There remains e .g . the ques—

of such further modification of the sausage processing. 
lr>h___'

aaus
ly 
U 
*hioh

would enable to retain the undoubted p ro fits  o f pre-
^  geration of raw material and simultaneously to avoid the 
0 6slrable e ffe c ts  of this treatment. S t i l l ,  our in terest is  

acted with the le v e l o f temperature and duration of free- 
ai*g, quality o f raw m aterial, the technics o f it s  homogeni-
j °n» raw material components and also the suitable oxygen- 

°°hdltions in the ageing period o f fermented sausages 
^  by immersion into brine. However, the performed expe-

®nts give an answer, which oonfirms the lack o f teohnolo- 
ai Justification  o f pre-freezing o f raw material in the

the
ana

1 it s  processing to fermented sausages according to 
mathod applied more and more o ften , especially in Middle 
West Europe. The most technologically suitable to suoh- - - v r w ■ ■*•**'■* m u o » ,  w o vjii.xi.vy O U.J. U ttU  X C  t O  9 U 0 H

0°essing is  meat shortly treated by a temperature o f -3°C.
(¡0;

ons:bciusi,
Th»

6 method o f pre-freezing o f meat fo r production of fe r -  
®®nted sausages influences to a great extent the oourse of 

°chemioal processes oocuring during production and stora- 
Sa stages o f sausages and thereby their quality.

9



2. There is  no teohnologioai Justification  wlflpregard to 
quick short lasting freezing at the temperature o f -24°C 
fo r raw material designed fo r fresh sausages. The taste 
and odour o f these sausages is  unsatisfactory as well aS 
their internal structure, the colour is  unstable and unde- 
sired, productivity smaller. Increasing o f oxydation pro
cesses causes the detaining ox desired colour changes of 
sausages. One can also observe less intensive d e n itr if l°a" 
tion and a greater tendency of myoglobin to oxidation. Be
cause of a stronger tendency to a lka lization  spoilage of 
sausage is  quicker.

3. No serious quality differences are observed between sau
sages produoed from meat cooled only and from meat frozen 
at a temperature o f —3°C. Sausages-produced from raw ma
te r ia l,  which was not stored at a temperature below 0°C 
are more suitable fo r longer storage in an uncoditloned 
magazine.

4. The above mentioned results are in good agreement with 
results obtained in our previous experiments, that is  no
ne o f them confirm the technological usefulness o f pre
processing freezing o f meat even at -8°C fo r fresh produc
tion of fermented sausages.
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S u ni) m a r y

The Influence o f pre-freezing o f meat on the quality 
o f fermented sausages

There were two purposes o f the performed experiments. Tb® 
f i r s t  was the evaluation o f the technological usefulness of 
three d iffe ren t pre-processing operations o f preparation of 
rerrigerated meat fro  the production o f fermented sausages 
/oervelat type/. The second was the technological explanation 
o f their biophysical and biochemical changes. The experiments 
proved that the pre-prooessing freezing to -3°C o f the raw 
material is  fu lly  advised. The production o f fermented sausa
ges to be stored fo r  a longer time of meat kept at temperatu
res not lower than 0°C shows also the satisfactory e ffe c ts .

In contradiction, meat frozen to -24°C is  not suitable 
fo r  production o f fermented sausages. Oxidation processes we
re In tensified  in sausages produced from such a meat. As the 
resu lt, smaller amount o f nitrosooxymyoglob-in is  formed,whioh 
in addition is  more easily  subjected to oxidation, during sto
rage of the sausage in such products oarbohydrate fermentation 
is  o f smaller in tensity the aoid ity  is  lower, the potential 
susoeptlb ility  to decomposition is  higher and the productivity 
is  by some per cents lower than in sausages o f meat oooled 
only. The organoleptic quality o f sausages from frozen meat I s 
also lower than that o f the controls.

The above e ffe c ts  are iden tica l with our previously pub
lished results. They showed that the pre-prooessing freezing 
o f meat even to -8°C is  not neoessary.

However this problem is  not solved ye t. There exists a 
theoretica l probability o f modification o f the production of 
fermented sausages, whioh permits to take advantage fo r  the 
deep freezing o f meat and simultaneously to avoid i t s  undesi- 
red e ffe c ts  on the quality o f the fin a l product.

3s k . 227 BHHUMfl
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