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^HMMARY: At 72°C the number of colony forming units (cfu) of the streptococcus strains (3bl and 7b 1) decreased in APT-broth 

j IIl0re steeply than in coarsely ground cured pork in which the decrease was about 1 log unit over 15 min. When heated in APT- 

I oth according to the heating process used for cooking sausages thermal death began steeply at 60°C (strain 3b 1) and at 65°C 

^haiii 7bl) diminishing when the maximum temperature of 72°C had been attained. Strain 3bl did not survive after heating process 

! In APT-broth. When heated in coarsely ground cured pork according to the heating process for cooking sausages the thermal death 

j Pr°cess happened more slowly than in APT-broth, the cfu number decreasing by 3 (strain 3bl) and 2 (strain 7bl) log units during 

"le Heating process. When the heat treated and cooled coarsely ground porks were stored for 4 weeks at 4°C the cfu number rose
i.n<? bya maximum of 1 log unit.

|  c°oked meat products lactic acid bacteria appear which survive the cooking process. However, these bacteria probably do not 

0nsiitu(e a spoilage problem because their cfu number decreases some log units during cooking and rises only a little during

age.

^  P r o d u c t io n : The bacterial flora of cooked meat products made of coarsely ground meat and the heat resistance of the
'tommating strains of the flora have been investigated by PETÄJÄ (1991). The bacterial flora contained mostly lactic acid bacteria 

Pseudomonads were also found in large numbers in the core of the products. Most of the core strains survived after heating 

°r -*0 min at 72°C in APT-broth at least in three tests out of six. The pseudomonads survived after heating for 15 min at 72°C in 

°arse'y ground cured pork. This article deals with the survival of two core streptococci in APT-broth and in coarsely ground pork 

ter heating at 72°C and after a heating process corresponding to that of cooking sausages.
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^ R l A L AND METHODS:

Serial strains: The two bacterial strains used were isolated on APT-agar from the core of cooked meat products made of 
1 C°arsel,L c*y ground pork. They are thought to belong to the genus Streptococcus on the basis that they are gram positive cocci growing

i chains. Because they grow at 10°C or less but not at 45°C and not in broth containing 6.5% NaCl they should belong to the lactic
acid

t,. sPe,

J

strePtococci group according to BERGEY’s MANUAL (1986). However their fermentation patterns do not correspond to any 

C'es ° f this group. The fermentation tests were made by API 50CH-strips (API System, Mautalieu Vercieau, France). The strain 

4 I,lented ribose, D-glucose, D-fructose, saccharose, trehalose and D-turanose and the strain 7b 1 D-glucose, D-fructose, D-mannose, 

^  ethyl-D-g[ucoside n  acetyi glucosamine, cellobiose, maltose, melibiose, saccharose, trehalose, 6 gentiobiose and D-turanose.

deatH of the slri»'ns during heating at 72°C in APT-broth and coarsely ground cured pork: APT-broth: Five millilitres of 

b ^ ^r°th (Merck 10454) heated in a test tube to 72°C were inoculated with 0.05 ml of 18 h old APT-broth culture to be tested. 

rem tubes were prepared for each heating period. The tubes were heated for 0.5, 1, 1.5, 2, 5, 15, 30, 60 or 120 min and cooled 

min at 10°C in water. The number of colony forming units (cfu) of inoculated strain in each test tubes after inoculation and
for10

j eating was determined on APT-agar (Merck 10453, 3 d at 30°C). Six experiments were conducted for both strains.

; p -^ p -^ la und cured pork- One experimental batch contained 150 g pork, 0.67 g glucose and 15 g water. The pork originated from•

k  S to r e d  as aseptically as possible. The pork obtained from the ham was also handled and trimmed aseptically. The following I aitjy
j Were used: NaCl (2 %), NaNO, (0.012 %), phosphates (0.15 % P ,0 5) and Na-ascorbate (0.04 %). The bacterial inoculumn

!m io7/g  meat) was 3^ ^  ^  APT-broth culture (15 ml). The coarse grinding of the meat and mixing of additives and bacteria

nC 'n a Moulinex mixer (Moulinex France). The mixed batches were packed in the 10 ml glass tubes, different tubes being

'Ubg Cac  ̂Heat'ng period. The tubes inoculated with the strain 3bl were heated in a water bath for 0.5, 2, 5 and 15 min and the

heat. n°CulateH with the strain 7bl for 0.5, 2, 5, 15, 30 and 60 min after the temperature had been raised to 72°C (3 min). After 
l  th *

■h e tubes were cooled for 10 min at 10°C in water. Four experiments were conducted for both strains. 
e l°talh,eati c°unt of bacteria ( =the number of inoculated bacteria) of the inoculumns and the pork tubes after inoculation and after 

Was determined on APT-agar (Merck 10453, 3 d at 30°C). Staphylococcus + micrococcus (Baird-Parker-agar, Labm 85 and
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X085, 2 d at 37°C), pseudomonas (GSP-agar, Merck 10230, 3 d at 25°C) and Brochothrix thermosphacta (STAA-agar, GARDNEK

1965, 2 d at 22°C) determinations were made on the inoculated but not heated meat tubes. (|
rTViP dec

Thermal death of the strains during heat treatment corresponding to the heat treatment used in cooking sausages: APT-t>K>lh: ^

5 ml APT-broth in test tube at 22°C was inoculated with 0.05 ml 18 old APT-broth culture of the strain to be tested. Different tub«5 j 

were made for each heating period. The broth tubes were heated in a water bath by raising the temperature from 22  C to 72 C tb 1 

mean of raising time being 45 min, then by keeping the broth tubes for 5 min at 72°C and thereafter decreasing the temperate

to 55°C over 47 min (mean). Then the last broth tubes were removed from the water bath and cooled for 10 min to 30°C. 1

temperature profile is presented in the Table 2 and in the Figure 2. During heating one broth tube was removed from thetemperature prome is presemeu m me iauic  ̂ ¿mu m me i iguie a*, ------------------  hea

bath when the following temperatures (°C) had been reached: 22 (0 min), 55 (27 min), 65 (36 min), 72 (45 min), 72 (46 min).  ̂ j ^

of stfa 
Co:

(47 min), 72 (50 min), 65 (62 min), 55 (97 min) and 30 (103). The removed tubes were cooled for 10 min at 10°C in water and the 
number of surviving colony forming units was determined on APT-agar (Merck 10453, 3 d at 30°C). Also the cfu numbc 

inoculumns were determined on APT-agar. Six experiments were conducted for both strains.

C o a rs e ly  g ro u n d  c u re d  nork: The same kind of cured pork batches inoculated with the strain to be tested were made as in studying 

the heat resistance of the strains at 72°C (as explained earlier). Instead of bacterial inoculumn 15 ml water was added to co0^ ^  

batches. The mixed meat batches were packed in 10 ml test tubes, different tubes for each heating period. The tubes were hea |

or

5 °nl
in water bath by raising the temperature from 22°C to 72°C the mean of raise time being 48 min, then by keeping the tubes &>r

r  - 
di«d<ta
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id tr«i

min at 72°C and thereafter by decreasing the temperature to 55°C during 44 min (mean). Then the last pork tubes were xeraffl 

from the water bath and cooled over 10 min to 30°C. The temperature profile is presented in Figures 2 and 3. During heating ^  

pork tube was removed from water bath when the following temperatures (°C) had been reached: 22 (0 min), 55 (29 min), 65  ̂

min), 72 (48 min), 72 (53 min), 30 (103 min). The removed tubes were cooled for 10 min at 10°C in water and stU<̂  

microbiologically. One tube in each experimental series was reserved to be stored after cooling for 4 weeks at 6 C. 

microbiological study. Four experiments were conducted for both strains.

The following microbiological determinations were made on inoculated and heated meat tubes: Total count of bacteria in 

to the count of surviving colony forming units of inoculated strain (APT-agar, Merck 10453,3d at 30°C), staphylococci + micr 

(Baird & Parker-agar, Labm 85 and X085, 2 d at 37°C), pseudomonads (GSP-agar, Merck 10230, 3 d at 25°C) and Brocho 

thermosphacta (GARDNER 1965, 2 d at 22°C). The cfu number of inoculumns were determined on APT-agar.

RESULTS AND DISCUSSION:

The thermal death of the strains during heating at 72°C in APT-broth and coarsely ground cured pork: APT-brQlk  The nU^

of cfu/ml of the strain 3b 1 decreased during 0.5 min by 2 log units from 6 3  to 4.2 log cfu/ml (Table 1, Fig. 1). The res 

decrease of the strain 7b 1 was 1 log unit from 6.5 to 5.2 log cfu/ml. The thermal death of both strains diminished after hea 

0 3  min being 2 log units for 3bl and 1.5 log units for 7bl over the next 14.5 min. ound*^
Coarsely ground cured pork: The number of colony forming units of both strains decreased during heating in coarsely gr0' ^

pork more slowly and less than in APT-broth. The decrease for both strains was about 1 log unit during heating for 2 mm

1, Fig. 1). The cfu numbers of the porks before heating were 6.8  log cfu/ml (strain 3bl) and 7.6 log cfu/ ml (strain
7bl)-

i#i ,  rig. i / .  n i t  w u  ~ ~  r -------------------- ---- -<* ~ ' . 2  log ul
thermal death of both strains diminished also in coarsely ground cured pork when the heating was continued being a u ^

for 3b 1 and 0 3  log unit for 7bl over the next 13 min. Coarsely ground experimental pork contained staphylococci and mi

only accidentally over 2 log cfu/g but pseudomonads or Brochothrix thermosphacta never.J l l l j  UCvIUvillflit J v • VI *S7̂  vlSi/ ft

D-values: The thermal death curves for both strains are not straight lines as they should be theoretically. So different D-va
cOiul‘:

D-values: The thermal death curves tor both strains are not siraigm nncs as mey m w »  uv t» w ,v U» . v -----------   ̂ (0

jc determined for different heating periods. However, if safe D-values are required they should be determined accor 1 ^The D'val11
numbers after heating for 5 and 15 min after the steep decrease of colony forming units at the beginning of heating.  ̂ ^lumbers atter neanng tor o ana o  min auer me siccp ucncost u. w ivnj — — ----------- D

jetermined according to this heating period for the strains are the following: The strain 3b 1 20 (APT-broth), 8.3 ( 

rured pork) and the strain 7bl 16.7 (APT-broth), 20 (coarsely ground cured pork). hTQ&^l

rhermal death of the strains during heat treatment corresponding to the heat treatment used in cooking sausages to ^ %

lumber of cfu/ml of the strain 3bl decreased 2 3  log units from 6.0 to 3.4 log cfu/ml when heated in APT-broth fro *lum ocr UI viu/IJIl Ul HIV Oliani Ju t  uwvivtuuu »w j  u ,uw  * o r

jver 36 min (Table 2, Fig. 2). When the temperature was raised thereafter to 72°C over 9 min the number of efu/m ^
v ’ vl «/V i*“ ** \ * ’ O' / r

log unit. Thereafter heating for 5 min at 72°C and cooling for 53 min to 30°C decreased the cfu number so tha
wet«'
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¡R amPles containing colony forming units of the strain. When heated in APT-broth from 22°C to 65°C over 36 min the cfu number 

°f the strain 7bl did not decrease (Table 2, Fig 2). When the temperature was raised to 72°C over 9 min the number of cfu/ml 

¡¡e decreased by 3 log units from 6.9 to 3.8 log cfu/ml. Thereafter heating for 5 min at 72°C and cooling to 30°C during 53 min did not
ies decnease the cfu number of the strain.

to® ground pork: The number of cfu/g of the strain 3b 1 decreased 2 log units from 7.2 to 5.2 log cfu/g when heated in

je I arsely ground cured pork from 22°C to 72°C over 36 min (Table 2, Fig. 3). Thereafter heating for 5 min at 72°C decreased the 

be number by 1 log unit and cooling to 30°C over 53 min by 0.7 log unit. When heated in coarsely ground cured pork from 22°C 

te'll,J 2°C over 36 min the cfu number of the strain 7bl decreased 0.7 log unit from 7.7 to 7.0 log cfu/g (Table 2, Fig. 3). Thereafter 

72 eating for 5 min at 72°C decreased the cfu number about 1 log unit and cooling to 30°C over 53 min by 0.5 log unit.
he ^heen the heat treated and cooled experimental coarsely ground cured porks were stored at 4°C for 4 weeks the cfu number of the 

0 I a’n rose by 1 log unit to 4.5 log cfu/g and the cfu number of the strain 7bl by 0.5 log unit to 6.0 log cfu/g.

arsely ground experimental porks contained staphylococci and micrococci only accidentally over 2 log cfu/g but pseudomonads 

ini r ®fochothrix thermosphacta never.

rol^ ^CLUSION: In cooked meat products lactic acid bacteria appear which survive after the cooking process. However, these 

^  CtCr*a Probably do not constitute a spoilage problem because their cfu number decreases some log units during cooking and rises 

r I ^  a I'hle during storage.
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Table 1 . Thermal death of bacterial strains 3bl and 7bl at72°C 
in APT-broth (6 test series) and in coarsely ground

lfi*

cured pork (CCP)(4 test series).

b«f
tiv£

fo1

1̂

& \
rh£

o«*

J

eti1

Beating 
time, min

0
0.5
1
1 . 5
2
5

15
30
60

120

1)
1)
1)

Cfu/ml in APT-broth Cfu/g in CCP
3bl 7bl 3bl 7bl
X s X s X s X s
6.3 0.9 6.5 0.2 6.8 0.5 7.6 0.5
4.2 0.8 5.2 0.5 6.3 1.0
4.1 0.8 5.0 0.4
4.0 1.7 5.0 0.3
3.5 1.3 4.8 0.5 5.7 0.7 6.8 0.9
1.7 1.9 4.3 1.0 5.2 0.5 6.5 0.6
1.2 1.4 3.7 1.1 4.0 1.2 6.0 1.34 2.1 0.9 5.5 1.1
1 1) 2 5.3 1.4

U  1
Cfu = colony forming unit

X * mean of colony forming units/ml 
s » standard deviation of mean

.WfA K'oM ST Clermont-Ferrand France 1992 725



Table 2. Thermal death of the bacterial strains 3bl and 7bl in APT-broth 
(6 test series) and in coarsely ground cured pork (CCP) (4 test 
series) during heating corresponding to the heat treatment used 
in cooking sausages.

Tempera­ Cfu/ml in APT-broth Cfu/inCCP
ture, °C Time, 3bl 7bl Time, 3bl 7bl

min X s X s min X s X S

22 0 6.0 0.1 6.5 0.3 0 7.2 0.3 7.7 0.5

55 27 5.7 1.1 6.7 0.5 29 6.5 1.2 7.6 0.4

65 36 3.4 0.6 6.9 0.3 40 5.6 1.0 7.1 0.4

72 45 2.4 0.9 3.8 0.8 48 5.2 1.3 7.0 0.5
72 46 2.6 0.2 3.5 1.2
72 47 2.0 0.9 4.1 0.6
72 50 1.6 1.2 3.6 1.3 53 4.2 1.7 6.1 0.7

65 62 1.0 1.1 3.9 0.4

55 97 0.5 1.0 3.7 0.4

30 103 1) 0 3.5 0.7 107 3.5 0.5 5.5 0.9

4 weeks
at 6°C 4.5 1.7 6.0 1.9

Cfu = colony forming unit 
X = mean of the cfu counts 
s = standard deviation of mean
1) number of samples containing colony forming units

Figure 2. Thermal death of lactic acid bacteria strains 3b 1 and 7b 1 in 
APT-broth during heating corresponding to the heat treatment 
used in cooking sausages.

Figure 3. Thermal death of lactic acid bacteria strains 3b 1 and 7b 1 
in coarsely ground pork during heating corresponding to the 
heat treatment used in cooking sausages.
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