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Under practical conditions pasteurization of sausages is usually performed accor- 
experience. This is, however, unsatisfactory as it often results in underheated or over- 
products. In both cases the quality of the products and the economy are affected.

In the canning industry evaluation of thermal processes has been used for a long
’ different procedures for evaluation have been developed since Bigelow et al ( l)  pre- 

(3) ^  ^ e' r general method. This method has been modified by Ball (2), by Schultz and Olson 
by by Toggert and Farrow(4). A further version of the general method has been presented 

(5) and by Takdcs et al (6). These methods have, however, been primarily deve- 
ce*. ^°r sterilizing temperatures and have to be modified for evaluating pasteurization pro-

The aim of this work has been to find a simple method for evaluating pasteuriza- 
pr°cesses of sausages.

f i*ed The test strains had previously been isolated from different meat products (pasteu-
Pw. Saus°ges, canned ham) and belonged to the enterococcus group. They survived normal

N atio n .
The strains were subcultured into nutrient broth and incubated at 37°C for 24 

V . '  before running a test the culture was kept in the refrigerator for a least one day in o r-  
a9e" the cells.

IV
tion of thermal reduction time

The equipment used corresponded essentially to the tube method proposed by Bige-p — ----------- ,  ■ «  -------—---------- i— r-----------/ - - o -
The tubes were of stainless steel (l .1 mm walls) with an internal diameter of) / • I I IV I Ul/VU TTUI V WI diu llll Jl VVI \ I • ■ UMl IV/ *»■■■■ ••■■via iv • wiwmiwivi

S(J ' ^ fte r sterilization of the heating menstruum, which consisted of a meat emulsion of 
Xrti ŷ 6 COrriposition as the scusage (10% protein, 60% water, 2% NaCI, 26% fat) the menstr 

. s 'doculated with a known number of test organisms of a selected strain. About 1/3 of 
tube was filled  with the inoculatedmenstruum, stoppered at both ends and finally im- 

lr>to q thermostatically controlled water bath.

• The water level in the both was maintained at 2-3 cm above the level of the mens 
n *be tubes. A t regular intervals the tubes were transferred to an iced water bath for 

Pinal|y the number of surviving bacteria was determined by the plate count method.

0r> Mm,
The data obtained were used to plat survivor curves and to calculate decimal re- 

le values (D-values) for various temperatures from 63° to 70°C.

^  By using the tube method to determine D-values it was possible to measure the 
e ° f  bacteria by a simple manner, s till using an authentic substrate. The effect of the



chemical environment- on the heat resistance of bacterial cells has oeen demonstrated by 56 
veral authors (8,9) and therefore need not be discussed here.

Because of the heating and cooling lags, small deviations from the straight 
shape of the survivor curve occured. The observed deviations were greater for heat sens

.(in'
itK

strains than for heat resistant strains at the same temperature, in order to attain reasoned 
curacy the thermal resistance tests were run at temperatures where heating and cooling '°- 
did not seem to have any measurable effect on the results.

A typical survivor curve for a Streptococcus faecium strain is shown in figure

Thermal death time curves. D-Values measured at different temperatures wer® 
used to plot thermaldeath time curves. Finally z-values were determined graphically as 
cribed by Stumbo(lO).

-------  1*Heat penetration curves. The time-temperature relationchips at a point at ° r 
the geometrical center of the sausages during the thermal process were measured using ° r' 
YSI- telethermometer. From the data obtained heat penetration curves were plotted as 5 
in figure 2.

Calculating lethal ra te . Lethal rates were calculated according to the 
equation presented by Ball (2).

T -  TrL = log ■1

which may also be written as 
T-Tr

L= 10 z
inwhich T = any lethal temperature 

Tr= reference temperature 
z = z-value of the test organism.

Lethal rate tables for z-values relevant to vegetative cells and pasteurize^,, 
temperatures have, as for as we know, not been published before. We have calculated  ̂
rate valued for z-values between 1 .11°C (34°F) and 6.67°C (44°F) and lethal tem per^ 
from 50°C (122.0 °F ) to 75.0°C (167°F), based on the reference temperature 65°C 0^

Our values are presented in table 1.

Evaluation of typical pasteurization processes

For evaluating pasteurizing processes we chose the method proposed by 
(5) and by Takdcs et al (6). This method has the advantage of being simple, accurate 0 
d ily  applicable to different pasteurizing processes.

f i /To illustrate the calculating procedure the pasteurizing process shown in 
w ill be evaluated.

In the example chosen temperature readings were taken every minute 
process. A ll data needed are presented in table 2. Lethal rate values necessary were f 
from table 1.

A suitable sxheme for calculation is presented in table 2.
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In column 1 of table 2 process times in minutes are entered. In column 2 the cor
responding temperatures (center temperature) expressed in degrees Celsius are /entered. Final
ly in column 3 the lethality corresponding to each temperature is written.

To calculate the total process value all lethality values in column 3 are summari
sed and entered into column 4. As the equal-time-intervals had been 1 minute no multipiica- 
t>°n is needed to find the total process value (5).

In the same way different parts of the process (heating period, cooling penoa 
m°y be calculated independent of each other. Pasteurizing meat emulsions in a laborarory 
l^steurizer to different FQ-values calculated by the method described have shown that the 
Method can be used to compa re different pasteurizing processes of sausage.

Later on the method w ill be used to establish pasteurization standards for different 
’VPes of pasteurized meat products.
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Toble  2 : Process vo lu e  c a lc u la t io n  o f  a com m erc ia l p a s te u riza tio n  process o f  sausages. 
z -Y a lu e  : 3 .8 9 °  resp. 39°F

! (,)
(2) (3) (4) (1) (2) (3) (4)

Processin
i ..i tim e  in

gj Temp. 
° C

L e th a lity Fa Processing 
tim e  in

Temp.
° C

L e th a lity Fo

, rr.in. m in .

1
2

5 1 ,4
52 ,1

0 ,2 3 8 2
0 ,2 5 1 2

H e q tig g
period

' 42 
43

7 1 ,4
7 1 ,2

1 ,9 95 2
1 ,8 9 2 0

C oq I ip 9
period

3 5 2 ,8 0 ,2 7 9 3 44 7 0 ,9 1 ,8 9 2 0
4 5 3 ,5 0 ,2 9 4 6 45 7 0 ,6 1 ,7 9 4 0
5 5 4 ,2 0 ,3 1 0 6 46 6 9 ,4 1 ,6 13 2
6 5 5 ,1 0 ,3 4 5 5 47 6 8 ,2 1 ,3 7 5 5
7 j 5 6 ,0 0 ,3 8 4 2 48 6 6 ,9 1 ,2368

. 8 5 6 ,9 0 ,4 2 7 3 49 6 5 ,7 1 ,0 5 4 5
9 5 7 ,8 0 ,4 7 5 2 50 6 3 ,9 0 ,8991

10 ! 5 8 ,6 0 ,5011 51 6 2 ,1 0 ,7 2 7 0
11 j 5 9 ,4 0 ,5 5 7 3 52 6 0 ,3 0 ,6 1 9 8
12 6 0 ,2 0 ,5 8 7 8 53 5 8 ,5 0 ,5011
13 6 0 ,9 0 ,6 5 3 7 54 5 6 ,6 0 ,4 0 5 2
14 6 1 ,6 0 ,6 8 9 3 55 5 4 ,7 0 ,3 2 7 6
15 6 2 ,2 0 ,7 2 7 0 56 5 2 ,8 0 ,2 7 9 3

16.838-116 6 2 ,8 0 ,8 0 8 5 57 5 0 ,9 0 ,2 2 5 8
17 6 3 ,4 0 ,8 5 2 6 J __^
18 6 3 ,9 0 ,8991
19 6 4 ,5 0 ,9 4 8 2 T ota l le th a l i t y  : 61.782°
20 6 5 ,0 1,0000 (process v a lu e )
21 6 5 ,5 1 ,0 54 5
22 6 6 ,0 1,1121
23 6 6 ,5 1 ,1728

1 24 6 6 ,9 1 ,2368
25 6 7 ,4 1 ,3043
26 6 7 ,8 1 ,3 7 5 5  1
27 68,1 I 1 ,3755
28 6 8 ,5 1 ,4 5 0 5
29 68,8 1 ,5 29 7

j 30 6 9 ,2 1 ,5 2 9 7
31 6 9 ,5 1 ,6 13 2
32 6 9 ,9 1 ,7 0 1 2
33 7 0 ,2 1 ,7012
34 7 0 ,5 1 ,7 9 4 0
35 7 0 ,8 1 ,8 9 2 0
36 7 1 ,0 1 ,8 9 2 0
37 7 1 ,3 1 ,9 9 5 2
38 7 1 ,4 1 ,9 9 5 2
39 7 1 ,5 1 ,9 95 2
40 7 1 ,6 1 ,9 9 5 2
41 7 1 ,7 1 ,9 95 2 4 4 ,9 4 1 7
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