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Mof coarsely ground meat: Survival of lactic acid bacteria and pseudomonads after heat treatment
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UMM
W: The main strains in the surface layer of the cooked meat products made of coarsely R i
acj

1d bacteri, survivin
of

U (colo . : s . : ; .
Dy forming units)/g in the surface layer. The core of the products contained coccoid lactic acid bacteria or coccoid lactic
acj

M

Y105t of 4 . .
these strains survived after heating for 30 minutes at 72°C in APT-broth at least in three tests out of six. It must be pointed
)

g only accidentally after heating for 15 minutes at 72°C in APT-broth. The counts ranged from 3.5 to 7.8 log
db :
Acteria anq Pseudomonads or only pseudomonads as the main bacterial strains the counts ranging from 2.6 to 6.0 log cfu/g.

Ut tha
. tall Pseudomonads were able to survive after heating for 60 minutes at 72°C in APT-broth and often after heating for 15
n
"esat 72:C i coarsel
0rks Were ke
NTR
D
ﬁmi The manufacture and consumption of the cooked meat products made of coarsely ground meat has grown over
yea

y ground, cured pork. The numbers of inoculated pseudomonads decreased when the heated experimental

Pt at 4°C. This indicates that they probably do not constitute a serious spoilage factor in cooked meat products.

1S in Finland. These products are heated to internal temperatures of 68-72°C. In spite of that they sometimes spoil

%0 Quick]
L Y S0 that not only the surface layer but also the core of the product spoils. There is not much available information on the
®Ping 1 ;
- § times or the microbial flora of this kind of products. These products can be assumed to resemble bologna type cooked
) Sages a
& 0d luncheon meat in these respects. In these products high bacterial counts may be found although the products would
| lWayS h i
ave s

cterig :
50 /8 According HILL et al.(1976) 4-week-old bolognas contain over 10’ bacteria/g. According to DUITSCHAEVER (1977)

° of ¢ -
Ommermal luncheon meats ¢
Store

poiled. PARADIS and STILES (1978) have found 60 % of commercial bologna type sausages contain over 10°

ontain over 5 x 10° bacteria/g. HILL et al. (1976) have found that 71 % of luncheon meats

d for 3
w y : : : !
eeks at 4 - 7o¢ contain over 10° bacteria/g. In this study the bacterial flora of the surface layer and the core of cooked

®at prog
ucts . - . , . . .
thei; Made of coarsely ground pork was investigated at the moment of spoilage. The dominating strains were isolated and
€at reg;

ATR Stance was studied to clarify the nature of microbial spoilage in cooked coarsely ground meat products.
X RIAL AND METHODS.
Uct sam 1 :
Pork €S and their microbiological examination; Seven 2-4-week-old samples of cooked and vacuum-packed coarsely ground

Proqdy
Cts were received directly fro

On the m their manufacturers and kept at 4°C and 7°C. At the moment of the first signs of spoilage

Surface i
(smell and/or slime after 3 weeks at 4°C and 1 week at 7°C) the following examinations were made: The total count

acteria on
(Or; Plate count agar (Difco 0479, 3 d at 30°C), on APT-agar (Merck 10453, 3 d at 30°C, 9 d at 15°C) and on blood agar

On, Eg :
* =Poo, F 2 : .
the Inlang, 2 d at 37 C), the total count of anaerobic bacteria on SPS-agar (Merck 10235, 2 d at 37°C anaerobically),

Ump, ;
Cr of lactic acid bacteria on Ro
(GARDNE

at 37

3 C); the nu
.

2 m th

iCkneS 5 i . . .

relation to S and on the core of the product samples. The results were tested with variance analysis (Epistat program) in
Surface 15

Yy

n
agar gosa-agar (Merck 5463, 4 d at 30°C), the number of Brochothrix thermosphacta on STAA-
R 1965, 2 ¢ at 22°C), the number of staphylococci and micrococci on Baird-Parker-agar (Labm 85 and X085, 2 d

mb :
eI of coliforms on VRB-agar (Labm 31, 1 d at 37°C). The former determinations were made on the surface layer

€r and core and Storage temperature. The main types of bacteria were isolated from the surface layer and core

On solid " n solid and in liquid medium: Solid medium, The survival of the strains after heating

. Cdium W, . L

lncubator a aS studied with a Gradiplate W10-temperature-gradient incubator (Biodata OY, Helsinki, Finland). In the
Stepless tem

eeping the Perature gradient can be achieved in a 10°C range. The survival ability of the strains was investigated by
M on APT.
2 q at 3000 agar (Merck 10453) in cuvettes for 30 min at the temperature range of 50 - 70°C and incubating cuvettes for
: < inOCulap’

On was carried out by rolling a drop (0.05 ml) of the 18 h old APT-broth culture onto the surface of the
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: . e Proy
agar.Three determinations for each strain were made. Liquid medium. The survival of the strains after heating in APT-broth at |

bact
was investigated side by side with the experiments on solid medium. The 5 ml APT broth in test tube heated to 72°C was inoctl

Sllrv
with 0.05 ml 18 h old APT-broth culture. Different tubes was prepared for each heating period. The tubes were heated for 1o

heat
60, 90 or 120 min and incubated at 30°C for 2 d and the growth (turbid broth) was recorded. Six experiments were made forf
Sury;
strain. 1
Straj;

Survival of four isolated Pseudomonas strains after heating at 72°C in coarsely ground cured pork: One experimental b

Prai
contained 150 g pork, 0.67 g glucose and 15 g water. The following additives were used: NaCl (2 %), NaNO, (0.012 %), phOSP 3

(0.15 % P,0;) and Na-ascorbate (0.04 %). The pseudomonas inoculumn (the aim 107 cfu/g meat) was added as APT-broth C‘ﬂh
iicat;
(15 ml). Instead of the inoculumn 15 ml water was added to control batch. The coarsely grinding of the meat and mixing addﬂ'
‘lI]
and bacteria were done in a Moulinex mixer (Moulinex, France). The mixed meat batches were packed in the 10 ml glass ¢

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

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

tions were made for the non-heated and heated coarsely ground meats and for the meats heated for 5 min and stored for 2-3 “an:j
at 6°C: Total plate count on APT-agar, pseudomonads, staphylococci and micrococci, lactic acid bacteria and BroChO‘ran |
thermosphacta. The same media and incubations were used as in microbiological studies of meat product samples. The cfu nufT eg]

of inoculumns were determined on APT-agar by incubating for 2 d at 30°C. The surviving of inoculumns after heating in Af’fr'l"p0 :
r

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 reSiSI‘lact.
¢

experiments with coarsely ground pork were made three times for each strain. al
0

RESULTS AND DISCUSSION: 2.5

" x : " e 1d
Bacterial flora of the product samples: The total number of aerobically growing bacteria in the surface layer of the produabr he

at
from 4.9 to 7.8 log cfu/g at the moment of spoilage when the products were stored at 4°C. The respective range was 3. ni -

m
cfu/g after storing at 7°C. The cores contained at the moment of spoilage 4.6 - 6.0 log cfu/g when the products were stored R:;]
and 2.5 - 5.6 log cfu/g when they were stored at 7°C the mean of bacterial counts at 7°C being lower (p<0.05) than at 4C DA
means of the bacterial counts in the core were both at 7°C and 4°C (p<0.05) lower than in the surface layer. The inco? ter,
temperatures 30°C and 15°C resulted the total numbers of bacteria on the same level. The number of lactic acid bacteria gfaDU ‘
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°C'? 384
samples contained Brochothrix thermosphacta and staphylococci/micrococci the counts being higher in the surface layer tha? F_G |
core. No samples contained coliforms over 1.0 log cfu/g. The counts for anaerobically growing bacteria ranged from 1.0 10 6"‘]‘ "
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) [haﬂ‘HAl
storing at 7°C. Eer
Lactic acid bacteria growing on Rogosa-agar, Brochothrix thermosphacta, staphylococci/micrococci or anaerobically growing bm"HIL]
did not form the main bacterial types of the bacterial flora of the products. However, the bacterial flora of each product & life.
contained 1 - 3 main bacterial types which were isolated. MAP
Isolated bacteria: The strains isolated from the surface layer of the products were gram-positive cocci or coccibacilli (Tabl 2 PAL
core of two products also contained gram-positive cocci as the main bacterial types (S pcs.). The core of two products contain® ot ﬂ()ra
positive coccus and gram-negative rod as the main bacterial strains whereas the core of three products contained only grarﬂ’n PAR
rods as a main strain. Gram-negative rods proved pseudomonads. The gram- positive coccus strains isolated were lactic acldb 815
It was surprising that the core of the products contained pseudomonads because it is supposed that gram-negative baC‘ '

destroyed by heat treatment (HALLENBACH and POTTER, 1981, PALUMBO et al. (1974). Lactic acid bacteria have been /
to be the main bacterial group in cooked meat products (MANTEL and BECK, 1977, DAELMAN and HOOF, 1977), Whl
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Prove .
[‘b dalso by the results of this study. However, also GARDNER (1966) has found that cooked sausage may contain gram-negative
f aC[er'
) % Pseudomonads and achromobacteria.

,Sl_lrv'
4 lva . . ) : .
¥ Lofisolated bacterial strains after heat treatment in APT-broth and on APT-agar: Seven surface layer strains survived after

¢ €atip ; : .
3 & for 15 min at 72°C in one or two of the six tests (Table 1). Five surface layer strains did not survive at all. The highest

SUryivs

S?r‘fllvmg temperatures of most surface layer strains on APT-agar were on both sides of 50°C, at most 58°C. Because the surface layer
h's ra%ns are not very heat resistant, they are probably due to contamination after cooking. Most lactic acid bacteria and pseudomonas
b 'trahms isolated from the cores survived after heating for 30 min at 72°C in APT-broth at least in three of the six tests(Table 1). Two
Uyh‘i:ll.c acid bacteria and one pseudomonad survived after heating for 30 min at 72°C in ail six tests. All pseudomonads survived after
di‘in ;Zii for 60 min in two of the six tests. The highest surviving temperature of the core strains was distinctly lower on APT-agar than
v “broth, Only three strains on APT-agar had the highest surviving temperature over 60°C in some experiments.

2 Uvivg) :
v of four Isolated Pseudomonas strains after heating at 72°C in coarsely ground cured pork: Strain 7b, survived best after

§ cating
rrAf[ o Coarsely ground cured pork (Table 2). The number of cfu decreased from log 7.2/g to log 3.6/g during heating for 15 min.
{ eI heat : :
“and ating for 30 min two tests of the three contained inoculated pseudomonads over log 2.0 cfu/g. After heating strains 1b,, 4b
f 6b j
. 1 coarsely ground cured pork for 15 min each strain appeared over log 2.0 cfu/g in 1 - 2 tests of the three the numbers

[fangj
ul‘Thg "8 between log 2.0 and 4.3 cfu/g.
4 € tota]

pr Plate counts of bacteria in heat treated coarsely ground experimental pork ranged between log 3.1 - 5.6 cfu/g. The control
g (not inoculate

lactin . .
Ctic acid baCteria
HISQ

) contained pseudomonads and staphylococci/micrococci only accidentally over 2.0 cfu/g. They did not contain
over log 1.0 cfu/g and Brochothrix thermosphacta over log 2.0 cfu/g. The non-heated coarsely ground cured pork

did ng
t exceed these values. When the inoculated pork samples, which had been heated for five min at 72°C, were stored for

4 -3 Weeks at 6°C, th g . ) T . .
» the numbers of all inoculated strains decreased. This indicates that although pseudomonads would survive after

Aeg
7- at ll’eatmel,n [he . X . . == -
Y probably are not a serious spoilage factor in cooked meat products made of coarsely ground meat or in cooked

e
.«:R at Droducts 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 720C in APT-broth and their
highest surviving temperature on APT-agar (Gradiplate method) .

Product/ gram cell Range of bacte- Survival at 72°C The highest
main + or - shape rial counts (log in APT-broth (po- survival tem-
strains 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 90 120
a series
1/ e coccob. 6.1-6.8 Zz 9 0. -0 0 <45.5-49.1
1./2 g coccob. 7.:0=7:5 2 IBnd 0 <46.4-52.9
2/ + coccob. Fe3=T s Al 0.0 0 0 <46 .2=51,1
272 + coccob. 7./5~8% 2 1 ©07:0 .0 0 48.8 (1 test)
3/1 o coccob. T+8=T7:7 g 0 &5 0 0 47.4-49.0
3/2 + coccob. T+5=8.3 i Pl 0 B e R v 0 <45.5(1 test)
373 % cocci 1.2=8.2 g 0\ .0. 0 0 47.3-49.1
4/1 + cocci 6.6=8.2 2 LR s ERE 0 <46.2-52.6
4/2 + coccob. 4.8-7.3 0 0 0 0 55 +3=5802
5 /1 + cocci 3:.7-6.2 @ Q0 - 0wg 0 47 «3=47 .3
7/1 + cocci 5.7-7.2 0 0 050 0 48.1-50.2
7/2 + coccob. 4.2-6.8 0~ 0 0740 0 47 .'8=55.0
b series
1/1 - cocci B+5=7 1 3w 2 0870 1 49.0-50.8
1/2  (1b2 - rods 6.8-6.9 e "6 5.5 4 28,5=-52.7
271 P cocci 6.0=7.5 0 R 0 S (0 0 <45.5(1 test)
2/2 + cocci 6. 0-73'9 %4 00 0 46+58=b1.3
3/1 + cocci 5.7~7 <4 &6 6 6 5 2 50.3+56.6
3/2 + cocci 6.9-8.2 S I G SR <46.4(1 test)
373 + cocel Se9=1 1 b R DS L 2 48.5=b0:3
4/1 (4b) - rods 7.2-7.8 6. -a"8ri2 v1ip 50.5-58.9
5/1 - rods 6.1-6.9 2,423 .8 0 51 .0~=-60%0
6/1 (6b) - rods 6.9-8.2 o A e 50.1-56.7
1/1 b cocci T T=1%9 6 6._6 6 0 54.8-60.6
7/2 Tp2) - rods 6.5-7.1 < s e R 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°C
rial 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/q)
APT-broth pork
Minutes Minutes
5 150 .30 =60, 90 0 5 15, 30
lb2 6.8-8.7 - 4 4 e 4 7.1-8.0 0 T T B 2
4b 6.7~7.8 8 4 3 4 2 7:0-7.2 6.0 1 1 2
6b 6.4-7.1 6 4 4 4 2 7.4=-7.7 D8 2 0
7b2 7.3-8.2 6 6 4 5 2 75 6=8.5 253l 1. 35602
1) Number of samples containing over 100 cfu/g. Number of samples = 3.
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