
4:19

^ - - ^ ^ S jpade nf coarsely ground meat: Survival o f  lactic acid bacteria and pseudomonads after heat treatment

E- p e t ä j ä

ent o f M eat Technology, University o f  Helsinki, Viikki, E-talo, 00710 H E LS IN K I, Finland

N M M ^ R v - Th* •I . ' e main strains in the surface layer o f the cooked meat products made o f coarsely ground pork were coccoid lactic

’ fu ( CtCria SUrV1Vmg only accidentally after heating for 15 minutes at 72°C in APT-broth. The counts ranged from  3.5 to 7.8 log

^  7 forming units)/g in the surface layer. The core o f  the products contained coccoid lactic acid bacteria or coccoid lactic

eria and pseudomonads or only pseudomonads as the main bacterial strains the counts ranging from  2.6 to 6.0 log cfu/g. 
lost o f tV»

ese strains survived after heating for 30 minutes at 72°C in APT-broth  at least in three tests out o f  six. It must be pointed 
3ut that all 1
uinut pseudomonads were able to survive after heating for 60 minutes at 72°C in APT-broth  and often after heating for 15

es at 72°c in
3o , coarsely ground, cured pork. The numbers o f  inoculated pseudomonads decreased when the heated experimental

*Ks W(*ro l
iNTR P at ^ E- This indicates that they probably do not constitute a serious spoilage factor in cooked meat products.

'^e las ^ manu âcture an|J consumption o f the cooked meat products made o f  coarsely ground meat has grown over

years in Finland. These products are heated to internal temperatures o f  68-72°C. In spite o f  that they sometimes spoilOq Sickly .

lot alhv;

. bat no* only fhe surface layer but also the core o f  the product spoils. There is not much available information on the
Plng times or th

¡ailSa  ̂ e uucrobial flora o f  this kind o f products. These products can be assumed to resemble bologna type cooked

uncheon meat in these respects. In these products high bacterial counts may be found although the products would 
■lvvays ha

jacje . sPO>led. P A R A D IS  and ST ILE S  (1978) have found 60 %  o f  commercial bologna type sausages contain over 106

50 % o f 8 ACC° rdmg H IL L  et al-(1976) 4-week-old bolognas contain over 107 bacteria/g. According to D U IT S C H A E V E R  (1977)

st° red f0r 3mmerClal luncheon meats contain over 5 x 106 bacteria/g. H IL L  et al. (1976) have found that 71 %  o f  luncheon meats

meat n ks at 4 - 7 C  contain over 106 bacteria/g. In this study the bacterial flora o f  the surface layer and the core o f  cooked
products made

their heat °  COarsely 8round pork was investigated at the moment o f  spoilage. The dominating strains were isolated and

kTBr>T WaS stud‘ ed to clarify the nature o f  microbial spoilage in cooked coarsely ground meat products.

P°rk produ t microbiological examination; Seven 2-4-week-old samples o f  cooked and vacuum-packed coarsely ground

°n the SUrfa Cre reCeived directly from  their manufacturers and kept at 4°C and 7°C. A t  the moment o f  the first signs o f  spoilage

° f  bacterja and/ °r s'™ e a t̂er 3 weeks at 4°C and 1 week at 7°C) the follow ing examinations were made: The total count

torion P  P atC C° Unt agar ( ° i f c o  0479, 3 d at 30°C), on APT-agar (M erck  10453, 3 d at 30°C, 9 d at 15°C) and on blood agar 
’ ^spoo^ Finland °

the dumber 311 ’ 2  d 3t 37°C-*’ the total count o f  anaer°b ic  bacteria on SPS-agar (M erck  10235, 2 d at 37°C anaerobically),

&8ar (G a r Dn e r 1C aCld bacteria on R ogosa-agar (M erck  5463,4 d at 30°C), the number o f Brochothrix thermosphacta on S T A A -

5137°c ), the 1965' 2 d at 22°C ) ’ the number o f  staphylococci and m icrococci on Baird-Parker-agar (Labm  85 and X085, 2 d

* '2 mm in th- , c°Eforms on VRB-agar (Labm  31, 1 d at 37°C). The form er determinations were made on the surface layer

on the core o f  the product samples. The results were tested with variance analysis (Epistat program ) inrelati,onto
of all

1111 thickness and 

surface layer and

Product

H o ft
samples.

on
Usol

Solid
rains

lIlcUb;
medium

core and storage temperature. The main types o f  bacteria were isolated from  the surface layer and core

grjieating on solid and in liquid medium: Solid medium. The survival o f  the strains after heating

*teen;„ & St6pless temperatur(
studied with a Gradiplate W  10-temperature-gradient incubator (B iodata O Y , Helsinki, Finland). In the

eePini

2 d
lg them on A P T  6 g fad ‘ ent can he achieved in a 10°C range. The survival ability o f  the strains was investigated by

at 30°c t k  ■ ^ar ^ erclc f°453) in cuvettes for 30 min at the temperature range o f 50 - 70°C and incubating cuvettes for 
ue inoculation . .

the 18 h old APT-broth  culture onto the surface o f  theoculat’on was carried out by rolling a drop (0.05 m l) o f
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agar.Three determinations for each strain were made. Liquid medium. The survival o f  the strains after heating in APT-broth  at
iProvi

was investigated side by side with the experiments on solid medium. The 5 ml A P T  broth in test tube heated to 72 C  was inoca
^¿Sjjry

with 0.05 ml 18 h old APT-broth  culture. D ifferent tubes was prepared for each heating period. The tubes were heated for V'
jheati

60, 90 or 120 min and incubated at 30°C for 2 d and the growth (turbid broth) was recorded. Six experiments were made for
survi

strain.
i wstrau

Survival o f  four isolated Pseudomonas strains after heating at 72°C in coarsely ground cured pork; One experimental
ijptrai]

contained 150 g pork, 0.67 g glucose and 15 g water. The follow ing additives were used: N aC l (2 % ), N aN O j (0.012 % ), phosp

(0.15 %  P A )  and Na-ascorbate (0.04 % ). The pseudomonas inoculumn (the aim 107 cfu/g m eat) was added as APT-broth
/ cti<

(15 m l). Instead o f the inoculumn 15 ml water was added to control batch. The coarsely grinding o f the meat and mixing add .Jeati
and bacteria were done in a Moulinex mixer (Moulinex, France). The mixed meat batches were packed in the 10 ml glass

/h A]

different tubes for each heating period. The inoculated tubes were heated in water bath for 5, 15 and 30 min after the temps
.heati

had been raised to 72°C (3 m in) and cooled for 10 min at 10°C in water and for 1 h at 22°C. The following microbiological dete^

tions were made for the non-heated and heated coarsely ground meats and for the meats heated for 5 min and stored for 2-3v
M ei

at 6°C: Tota l plate count on APT-agar, pseudomonads, staphylococci and micrococci, lactic acid bacteria and Brocl>e
and i

thermosphacta. The same media and incubations were used as in m icrobiological studies o f  meat product samples. The c fu 11 ,
,rangi

o f inoculumns were determined on APT-agar by incubating for 2 d at 30°C. The surviving o f  inoculumns after heating in A PT

The

at 72°C for 5, 15, 30, 60 and 90 min was also tested side by side with the coarsely ground pork experiments. The thermal re5lSliact. 

experiments with coarsely ground pork were made three times for each strain. a]SQ

P°rk

R E S U LT S  A N D  D IS C U S S IO N : 2 .-
Xtr

Bacterial flora o f  the product samples: The total number o f  aerobically growing bacteria in the surface layer o f  the products ^  

from  4.9 to 7.8 log cfu/g at the moment o f  spoilage when the products were stored at 4°C. The respective range was 3.5 '  ̂^  

cfu/g after storing at 7°C. The cores contained at the moment o f  spoilage 4.6 - 6.0 log cfu/g when the products were stored 

and 2.5 - 5.6 log cfu/g when they were stored at 7°C the mean o f bacterial counts at 7°C being lower (p<0 .05 ) than at 4 ^  

means o f the bacterial counts in the core were both at 7°C and 4°C (p<0 .05 ) lower than in the surface layer. The 

temperatures 30°C and 15°C resulted the total numbers o f  bacteria on the same level. The number o f  lactic acid bacteria &
** •

on Rogosa-agar ranged from  1.0 to 7.0 log  cfu/g the surface layer containing higher (p<0 .05 ) counts than the core at 4 384.

samples contained Brochothrix thermosphacta and staphylococci/micrococci the counts being higher in the surface layer than 

core. N o  samples contained coliforms over 1.0 log cfu/g. The counts for anaerobically growing bacteria ranged from  1.0 to j  

cfu/g the counts being higher (p<0 .05 ) in the surface layers than in the cores and after storing at 4°C higher(p<0.05) ^

storing at 7°C. Cen,
u

Lactic acid bacteria growing on Rogosa-agar, Brochothrix thermosphacta, staphylococci/micrococci or anaerobically growing D E l i j

t
did not form  the main bacterial types o f  the bacterial flora o f  the products. However, the bacterial flora o f  each product life 

contained 1 - 3 main bacterial types which were isolated. Maj*

Isolated bacteria: The strains isolated from  the surface layer o f  the products were gram-positive cocci or coccibacilli (Table p ^

4Lcore o f two products also contained gram-positive cocci as the main bacterial types (5 pcs.). The core o f  two products contain2 Q0ra
aO

positive coccus and gram-negative rod as the main bacterial strains whereas the core o f  three products contained only gran1'11 P ^

rods as a main strain. Gram-negative rods proved pseudomonads. The gram- positive coccus strains isolated were lactic acid 815

It was surprising that the core o f the products contained pseudomonads because it is supposed that gram-negative ba<de 

destroyed by heat treatment (H A L L E N B A C H  and P O T T E R , 1981, P A L U M B O  et al. (1974). Lactic acid bacteria have been

to be the main bacterial group in cooked meat products (M A N T E L  and BECK, 1977, D A E L M A N  and H O O F , 1977),
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t  ̂ also by the results o f  this study. However, also G A R D N E R  (1966) has found that cooked sausage may contain gram-negative

jl a> Pseudomonads and achromobacteria.

■^Ujiyai 0f i
'  '— Elated bacterial strains after heat treatment in APT-broth and on APT-agar: Seven surface layer strains survived after

, ¡bating for i c
3 111111 at 72°C in one or two o f  the six tests (Tab le  1). Five surface layer strains did not survive at all. The highest

ng temperatures o f  most surface layer strains on APT-agar were on both sides o f  50°C, at most 58°C. Because the surface layer

316 not very beat resistant, they are probably due to contamination after cooking. M ost lactic acid bacteria and pseudomonas if trains is 1
J la ' °  ate^ r̂° m tde cores survlved after heating for 30 min at 72°C in APT-broth at least in three o f  the six tests(Table 1). Tw o

, bacteria and one pseudomonad survived after heating for 30 min at 72°C in all six tests. A ll pseudomonads survived after

min in two o f  the six tests. The highest surviving temperature o f  the core strains was distinctly lower on APT-agar than
A P T.

0 • Only three strains on APT-agar had the highest surviving temperature over 60°C in some experiments.

■SLEour Isolated Pseudomonas strains alter heating at 72°C in coarsely ground cured pork: Strain 7b2 survived best after 

coarsely ground cured pork (Tab le  2). The number o f  cfu decreased from  log 7.2/g to log 3.6/g during heating for 15 min. 

ng for 30 min two tests o f  the three contained inoculated pseudomonads over log 2.0 cfu/g. A fte r  heating strains lb 2, 4b

to

p^bryiyal

g a tin g  in

/ ^ h e a t i  
and 6k

!0 coarsely ground cured pork for 15 min each strain appeared over log 2.0 cfu/g in 1 - 2 tests o f  the three the numbers

“C 81" 8 bCtWeen loS 2-° 4.3 cfu/g.
'4 6 total pia te ,

p0r^  ̂ counts o f  bacteria in heat treated coarsely ground experimental pork ranged between log 3.1 - 5.6 cfu/g. The control

* larf noculated) contained pseudomonads and staphylococci/micrococci only accidentally over 2.0 cfu/g. They did not contain 
‘“■tic acid hn

a[SQ ria over b)g 1.0 cfu/g and Brochothrix thermosphacta over log 2.0 cfu/g. The non-heated coarsely ground cured pork
did

2 .-
Weeks at 6 °r  th

heat ’ tne numbers o f  all inoculated strains decreased. This indicates that although pseudomonads would survive after

exceed these values. W hen the inoculated pork samples, which had been heated for five min at 72°C, were stored for

j.f at treatment th
iue e-v Pr°bably are not a serious spoilage factor in cooked meat products made o f  coarsely ground meat or in cooked

J tp r° du« s  generally.
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Table 1. The main bacterial strains of the surface layer (a series) and the core 
(b series) of the cooked meat products made of coarsely ground pork, 
their survival after heat treatment at 72oC in APT-broth and their 
highest surviving temperature on APT-agar (Gradiplate method).

Product/ gram cell Range of bacte­ Survival at 7 2°C The highest
main + or - shape rial counts (log in APT--broth (po­ survival tem­strains cfu) inocula­ sitive tests of 6) perature (°C)

ted in 5 ml on APT-agar
APT-broth (range of 3

Minutes tests)
15 30 60 90 120a series 

l/l + coccob. 6.1-6.8 2 0 0 0 0 <45.5-49.1
1/2 + coccob. 7.0-7.5 2 0 1 1 0 <46.4-52.92/1 + coccob. 7.3-7.4 1 0 0 0 0 <46.2-51.1
2/2 + coccob. 7.5-8.2 1 0 0 0 0 48.8 (1 test)3/1 + coccob. 7.4-7.7 0 0 0 0 0 47.4-49.03/2 + coccob. 7.5-8.3 1 0 1 0 0 <45.5(1 test)3/3 + cocci 7.2-8.2 0 0 0 0 0 47.3-49.14/1 + cocci 6.6-8.2 2 1 0 0 0 <46.2-52.64/2 + coccob. 4.8-7.3 1 0 0 0 0 55.3-58.25/1 + cocci 3.7-6.2 0 0 0 0 0 47.3-47.37/1 + cocci 5.7-7.2 0 0 0 0 0 48.1-50.27/2 + coccob. 4.2-6.8 0 0 0 0 0 47.8-55.0
b series 
1/1 + cocci 6.5-7.1 3 2 0 0 1 49.0-50.81/2 (lb2 - rods 6.8-6.9 6 6 5 5 4 48.5-52.72/1 + cocci 6.0-7.5 3 2 0 0 0 <45.5(1 test)2/2 + cocci 6.0-7.9 5 4 0 0 0 46.8-51.33/1 + cocci 5.7-7.4 6 6 6 5 2 50.3-56.63/2 + cocci 6.9-8.2 5 4 0 0 0 <46.4(1 test)3/3 + cocci 5.9-7.1 1 1 2 2 2 48.5-50.34/1 (4b) - rods 7.2-7.8 6 4 3 2 0 50.5-58.95/1 - rods 6.1-6.9 2 2 2 0 0 51.0-60.06/1 (6b) - rods 6.9-8.2 4 3 2 2 0 50.1-56.77/1 + cocci 7.7-7.9 6 6 6 6 0 54.8-60.67/2 (7b2) - rods 6.5-7.1 3 4 3 3 3 58.8-62.2

Table 2. Survival of some Pseudomonas strains after heat treatment at 72°C in 
APT-broth and in coarsely ground cured and cooked pork. The strains 
were isolated from the core of cooked meat products made of coarsely ground pork.

Strain Range of bacte­ Survival at 72‘’C Range of bacte­ Survival at 72°Crial counts in APT-broth (po- rial counts in coarsely
(log cfu) in­ sitive tests of 6) (log cfu/g) in­ ground pork
oculated in 5 ml oculated in (log cfu/g)
APT-broth pork

Minutes Minutes
5 15 30 60 90 0 5 15 30ib2 6.8-8.7 - 4 4 4 4 7.1-8.0 7.0 - 1) 1 24b 6.7-7.8 5 4 3 4 2 7.0-7.2 6.0 1 1 26b 6.4-7.1 6 4 4 4 2 7.4-7.7 5.8 2 2 07b2 7.3-8.2 6 6 4 5 2 7.6-8.5 7.2 3.4 3.6 21) Number of samples containing over 100 cfu/g. Number of samples = 3
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