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SUMMARY: The objective of the present study was to follow 
the influence of the microbial starter culture Micrococcus 
varians on the process of drying and ageing of raw-dried sau­
sages prepared from chopped meat. To find the optimum drying 
and ageing conditions, we worked out a mathematical model, and 
its reproduction on a computer made possible the description 
of the*current technological processes with a certain degree 
of acuracy.

The study was carried out with a raw-dried sausage variety 
(loukanka) of which two types of samples were prepared: expe­
rimental with microbial starter, and control. The samples were 
tested during the drying process to determine the changes in 
their water contents, pH and weights.

The statistical data for the studied samples were used to 
draw the mathematical dependence of the changes in the typical 
technological parameters (water content and pH) on the drying 
and ageing period: 2

y = b + b,x + b„.x
where y is a technological parameter, and x is the time factor

The results from the study indicated that the bacterial 
starter culture had led to definite intensification of the 
drying and ageing process without deterioration in the pro­
duct's quality. The introduction of the starter culture resul­
ted in faster pH drops in the test samples, and these values 
remained lower in the finished product.

The organoleptic study proved that the starter culture_con­
tributed ïo the improvement of the organoléptica! properties 
of the sausage and received higher grades of evaluation.

INTRODUCTION: It is well known that the processes of dryin 
and ageing of raw-dried meat products (sausages) are dependen 
on the microflora that exists in them as' well as on the tech­
nological ageing conditions (Kiinivaara et al., 1971). The mi­
croorganisms * structure and growth in these products are of 
random character, and because of that it is but impossible to 
manufacture raw-dried meat products with uniform quality only 
by controlling the drying and a cing conditions, so it is 
necessary to add suitable microorganism strains that are usu­
ally introduced in the meat under the shape of starters. The 
use of starter cultures in the manufacture of raw-dried meat 
products (sausages) has now become a steady practice. Thus the 
process of drying and ageing can be adjusted and directed in 
order to obtain a finished product of relatively stable quali­
ty.

MATERIALS AND METHODS: The study was carried out with a 
raw-dried sausage variety (loukanka) with the following compo­
sition: I grade veal - 5 0 % ;  non-fat pork -  2 5 % ;  lard - 2 5 % ;  

salt - 2 . 2 % ;  saltpetre - 0 . 0 3 % ;  sugar - 0 . 3 % ;  seasonings -
0 . 6 % .  This sausage was used to prepare control samples and
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^est samples with, added microbial starter culture of Microco­
ccus varians strain M . The meat was processed according to 
fhe established technology for this type of sausages. The 
strain was isolated from a raw-dried sausage (loukanka) and 
was introduced under the shape of a broth culture in the 
amount of 500 cnr per 100 kg of meat.- The bacterial culture 
provided 10° - 10' viable cells in 1 g of meat. The gtrain 
'’as cultivated in a nutrient broth with 5.5 pH at 50 C for 
24 hours.

The samples were subjected to drying and ageing in a clima­
tic chSmber at 12-15°C and relative air humidity of 70 to 85%. 
fie air velocity was altered with the advance of the drying 
Period.

The water content and pH values were checked once in three 
^avs, and sample weight chan_.es were determined by daily we- 
1gning a certain number of pieces from each studied £atch. The 
v>o.ter content was determined by sample drying at 105°C to a 
stable weight; pH values were measured using a pH-meter. The 
finished product was organoleptically evaluated using a 9-gra- 
d-o ecale.

Tne results obtai.ed from t..e study were analysed according
the methods of mathematical statistics (Voznesenski V.A.,

19Gg; Smirnov U.V. et al., 1965). In the respective tables, 
fpe end results a: e presented as M-t.m. confidence interval.
*1 is tne mean arithmetic value from n=7, m is the mean-square 
ePror of the mean result, and t is Student's criterion for the 
Accepted 95^ confidence interval.

RESULTS AKD DISCUSSIOH: The results for the changes in the 
candle weights during the drying process period are given in 
gable 1. These results were used to plot the drying curves of 
fne control and test batches given on Fig.1.

Table 1. Changes in sample weights.

Jay
Lng T e s t O d̂ m p i e s
Sample Sample 

1 2
Sample

3

Sample Sample Sample 
4 5 6

Sample
7 M̂ t ,m

1 2’ 3 4 5 6 7 8

1 9 2 5 9 0 0 9 1 0 9 2 0 9 3 0 8 1 0 7 8 5 7 3 5 x 4 5 . 2
2 8 8 5 8 6 0 3 7 0 870 3 8 5 7 7 0 7 4 5 8 4 1 x 4 7 . 3
4 7 3 5 7 6 0 7 7 0 7 7 0 7 3 5 6 9 0 6 6 5 7 4 6 7 3 6 . 1
7 7 0 0 6 9 5 7 0 5 6 9 0 7 0 5 6 2 5 6 0 0 676J44.8

11 6 3 0 6 2 5 6 4 5 6 3 5 6 4 5 5 8 0 5 4 5 6 1 5 - 5 3 . 7
1 3 5 8 0 5 7 5 5 9 5 5 8 0 5 9 5 5 4 5 5 1 0 5 6 9 * 4 4 . 3
u 5 6 5 5 6 0 5 8 0 5 6 5 5 8 0 5 3 0 5 0 0 5 5 4 x 4 5 . 6
1 5 5 5 0 5 5 0 5 7 0 5 5 5 5 7 0 5 2 5 4 9 0 5 4 4 x 3 3 . 2
1? 5 3 0 5 2 5 5 5 0 5  3 0 5 5 0 5 0 5 4 7 0 5 2 3 x 3 3 . 1<1 5 0 0 4 9 5 5 2 0 5 0 5 5 2 0 4 8 5 4 5 0 496x43.7<2

4 9 5 4 9 0 5 1 5 5 0 0 5 1 5 4 8 0 4 4 5 4 9 1 H 4 . 3
< 3 490 4 S 5 5 1 0 4 9 5 5 1 0 4 7 5 4 4 0 4 8 6 - 4 5 . 1
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0 0  F  T  R . 0 1  3 a  m  p  :L  E  3

T 2 3 4 5 6 7 8

1 9 0 0 9 2 0 8 7 0 9 2 5 8 8 5 7 7 5 9 2 0 8 8 5 ^ 3 7 . 5
2 8 5 0 8 8 0 8 4 0 8 9 5 3 5 5 7 4 0 3 7 5 8 4 9 - 3 8 . 2
4 7 7 0 8 0 0 7 6 0 8 1 5 7 7 5 6 6 0 7 7 5 7 6 5 - 2 6 . 5
7 7 0 0 7 2 0 6 9 5 7 4 5 7 0 0 5 9 5 7 0 5 ¿ 9 5 - 3 5

1 1 6 3 5 6 5 5 6 3 0 6 9 0 6 3 5 5 5 0 6 4 0 6 3 4 ^ 4 5 . 1
1 3 600 6 1 5 5 9 5 6 5 0 600 5 1 0 Cc\ rr 5 9 6 - 4 4 . 3
1 4 5 3 5 600 5 3 0 6 4 0 5 3 5 5 0 0 5 3 5 5 8 2 - 4 3 . 9
1 5 5 7 5 5 9 0 5 7 0 6 3 0 5 7 5 4 9 0 5 3 0 5 7 3 -  3 5 . 4
1 7 5 6 0 5 6 5 5 5 0 6 1 0 5 5 5 4 7 5 5 5 5 5 5 3 x 3 5 . 5
2 1 5  3 0 5 3 5 5 3 0 5 9 0 5 3 0 4 4 5 5 3 0 5 2 7 - 3 6 . 3
2 2 5 2 5 5 3 0 5 2 5 5 8 5 5 2 5 4 4 5 5 2 5 5 2 3 - 4 4 . 8
2 3 5 2 0 5 3 0 5 2 0 5 8 0 5 2 0 4 4 0 5 2 0 5 1 9 I 4 4 . 7
2 5 5 1  5 5 2 5 5 2 0 5 7 5 5 1 5 4 4 0 5 2 0 5 1 6 - 4 5 . 1

Pig. 1

The graphs on Fig.1 show that the drying process is  the sa­
me both for the control and test samples. The introduction of 
the bacterial starter, however, contributes to the in tensifi"  
cation of the process in the test samples. It  is  obvious that 
already on day 2 the weight of the test samples becomes consi"
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drably less, and that difference becomes greater with further 
advance of the drying process. As a result, the drying period 
ior the test samples is completed for 22 days while for the 
c°ntrols it lasts up to 25' days.

The results for the changes in the water content and pH are 
Siven on Figures 2 and 3. The changes in these characteristics 
also support the fact stated above that the bacterial starter 
intensifies the drying process. It was established that in the 
°est samples pH values tended to drop faster and remained low- 

in the finished product compared to those of the controls, 
--s water content of the finished product was achieved for 22 
a3ys in the test samples, and for 25 days in the controls.

On the basis of the statistical data obtained for the water 
c°ntent and pH changes in the studied samples, there were de­
leted the following mathematical relations describing the 
changes in said technological parameters which depend on the 
Shying and ageing times. These relations are as follows:

y = b b ,x 1 b. .x2 11 (1)
wbere y = technological parameter (water content or pH), 

x = time factor (days).
The experimental results were analysed by the least-squares 

Method (markin U.P., 1932), and the following regression rela­
tions were synthesized:

y1 = 58.886 - 1.6099x + 0.023b7x2 (2)
y 2 •= 5 8 . 4 7 4  -  1 . 5 0 7 4 X  +  0 . 0 2 1 6 7 x 2  ( 3 )

z 1  =  6 . 3 5 3  -  0 . 1 6 1 7 X  +  0 . 0 0 6 1 3 x 2  ( 4 )

s 2  =  6 . 4 9 7  -  0 . 1 7 6 3 x  +  0 . 0 0 7 0 5 x 2  ( 5 )

wbere y. is
is
is
is

the water content of the test sample; 
the water content of the control; 
the pH of the test sample; 
the pH of the control.

t'ia
^d

The multiple co
for adéquatêness, and the
ex^eri üéntal 

equation 
equation
equation
equation

- was

relation coefficients R were used as crite- 
xximum absolute error y. - y . 
and z are the values receivedused as well, 

measurements.
m;
7

For 
for
for
for

ä ■̂Lieaence
,lï’e the curves 
\V/

: l )
( 4 )

( 5 )

graphs on Figures 
of the experimental

R
R
R
R

-  0 . 9 9 7 ,  

=  0 . 9 9 9 ,

=  0 . 8 3 7 ,

= 0.880,

max.
max.
max.
max.

Ill
(
(

n -

So -
PT? )

=  1 . 7 4 1  
-  0 . 5 7 8

=  0 . 2 3 5

=  0 . 1 7 3

good

pater 
s* the 
i of the •tf

and 3 illustrate the good coinci- 
data and the simulated ones. These 

for the changes in the technological parameters 
content and pH) received from the experimental studies 
test and control samples and from equations 2 , 3 ,  4  and

di-, 5 » 4
mathematical model. As seen from the graphs, the 

srences between the experiment and model are quite small.
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T n  e r  e sul t s f  r  o m 
and Control sampies

F i g . 3

t h e  o r ^ a n o l e p t i c  e v a l u a t i o n  
a n e  ¿ i v e n  i n  T a l l e  2 .

o f  t h e  teot
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Table 2. Organoleptic evaluation

sracteristic

er appearance 
bating surface colour 
favour 
raste 
^xture 
Juiciness 
°bal evaluation

Test Samples Control Samples

8.71 +
JL 0.53 8.00 +

.1 0.71
8.42 1

t 0.37 7.71 i 0.43
8.28 r 0.47 7.42 + 0.46
8.14 + 0.52 7.14 + 0.56
7.85 -\~

i 0.73 6.71 + 0.45
7.66 T

i 0.63 6.57 0.53
8.14 T 0.57 7.14 + 0.48

C017CTLUSIOIiS: The results received from our study give rea- 
°n to draw the following conclusions:

1. The microbial starter culture (Micrococcus various) used 
us in tensifies the drying xjrocess o f the raw-dried sausage 

If-^iety (loukanka) that is  expressed in the faster decrease o f 
pH. w

O'v
V p

, water content and weight values o f the studied samples 
ed to the control samples prepared without the starter

Cll-lturc.
< j 7 • T. i e s ompl e 
 ̂ er organoleptic characteri 
tano1ep t i  c evaluation. 

a 3. The mathematical model
g Curacy the real technological processes during the dryin 
0̂  ageing period and can be used, for the practical 

Prognostication.

prepared with the starter culture have be- 
tics and respectively higher

describe with satisfactory 
processes during the dryi^& 

can be used.for the practical purposes
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