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INTRODUCTION

The heat processing operation is
critical in the manufacture of sghelf
stable, microbiologically safe
frankfurters. Generally, frankfurters
are cooked to an interval temperature of
68-72°C (Ockerman, 1989). at lower
cooking temperatures, the shelf life and
microbiological safety of the Product is
reduced because a greater number of
organisms survive the process. The
enterococei are the major heat-resistant
organisms which survive the Processing
of cured meat products (Deibel, 1964;
Duitchaever, 1978; Chyr et ali., 1981)..
However, high numbers of thermoduric
enterococci in cured meats indicate
inadequate processing (Bell and De Lacy,
1983). Both s. faecalis and S. faecium
have been implicated in the spoilage of
these products (Bell and De Lacy, 1984;
Magnus et Al 1986). In addition, the
enterococci may be etiological agents of
food Poisoning (Bryan, 1979). Hence
proper care must be taken to avoid
excessive numbers of enterococci in
pProcessed meat products.

The heat resistance of enterococci
and the mechanismg by which they suffer
heat injury and subsequently recover
have been investigated by several
researchers (Clarke et ak.y 1968;
Duitchaever ang Jordan, 1974 White,
1953) % The heat resistance of
microorganisms ig usually expressed as
Decimal Reduction Times {(D-values). Thisg
is the time (in minutes) required to
reduce the microbial pPopulation by 90
percent. Others have concentrated on the
heat resistance of the enterococci in
different menstrua Oor as affected by
environmental factors (Sanz Perez et
al., 1982; Magnus et aks . 1988). several

of these studies used isolates whof®
heat resistance may have been affectz
by mutations during storage &%
transfer. It is more desirable to us:
newly isolated strains from the produ®
under investigation if the results ar®
to be directly applicable to industry
(Magnus et al., 1986). 1n additioni
there are few reports on the thermé
resistance of enterococci isclated ﬁm:
frankfurters and, to our knowledge, ?
such report originating from
developing country. Hence, the objectﬂf
of this study was to evaluate the hed
resistance of freshly isolated entero”
coceci from frankfurters in broth aﬁ;
meat-based menstrua and relate this tf
their occurrence on, and spoilage ©
frankfurters.

MATERIALS AND METHODS

Organisms and Culture Conditions of
Nine representative strains
enterococci from cooked frankfurterz
were used in this study. These isolate
were identified as S. faecium accordifd
to Deibel (1964), and Gross et alt'l
(1975). The isolates were maintained 05
Brain Heart Infusion {BHI) agar slanﬁr
at 4°C and revived in BHI broth at 37£
for 24 hours prior to use. Brot
Cultures were plated ontc BHI agaf'
incubated a further 24 hours to che’

1 ied
for purity and single COLonls
subcultured unto BHT agar SlOPbce
Cultures for heat resistan

- ~ 18
determinations were grown at 37°C for
hours in BHT broth overnight.

Determination of Heat Resistance

In Broth Culture i
A 10 ml aliquot of each exponentla5

Phase culture was transferred to a 2
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detailed

chosen for further, more
atudies of its thermal susceptibility in
broth and frankfurter emulsions. Figure
1 shows the survivor curves at 55°C, 63°C
and 68°C for DP2181. The 55°C survivor
curve was irregular in shape, deviating
from the expected logarithmic order of
death (Jay, 1986). There were initial
and terminal slow periods of death with
the latter being very pronounced. There
was, no substantial reduction in the
bacterial population and the D-value of
the logarithmic portion of the curve
which was 105.63 mm (Table 2).

Duitchaever and Jordan (1974)
reported a 2-log reduction for a S.
faecium strain after being heated at
55°C for 30 min. However, Magnus et al.
(1986) found that very little cell death
occurred at 55°C for three strains of S.
faecium which agrees with the results
reported here. They further observed
that S. faecium E-20, a strain which
had been shown to be highly heat
resistant in earlier studies, had lost
much of its heat tolerance. Several
other factors besides storage of the
isolates may contribute to differences
in heat tolerance between S. faecium
strains. These include the inherent heat
resistance of the enterococcal strain,
cultivation prior to and after heating
and the method of determining heat
tolerance.

In contrast to heating at 55°C, a
sharp decline in the number of survivors
was observed for DP2181 in the BHI broth
at 63°C (Fig. 1). Again, the survivor
curve was non~logarithmic and a resis-
tant "tail" of organisms with a D4y value
of 24.39 min was observed. The D4, value
for the initial (log) portion of the
curve was 9.36 (Table 2). A 4-log
reduction in total bacterial numbers was
obtained at this time/temperature
combination. The survivor curve for
DP2181 in BHI broth at 68°C showed a 3-
log fall within the first 10 min after
which a resistant tail was again evident
(Fig. 1). The Dgg value was 3.34 min for
the primary logarithmic portion and
47.62 min for the tail (Table 2). It
therefore appears that the thermal
resistance of the organisms forming the
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8
tail increased with increasing ther?

stress. IWE
The shape of the survival czbmﬁ
provides insightful information rﬂl

heat resistance of the bacteOW
population being examined.
logarithmic curves were obtainedtfma
all three heating conditions in £iv0
study. These deviations are indicaar
of the heterogeneity of the test orgt,
ism with respect to thermal guscimaﬂ
ibility (White, 1953). Hansen and F® ",
(1963) suggested that the initiallégw
the death rate (shoulders) may indﬂﬁw
bacterial clumping or chain for®é™
resulting in a temporary increaaeaﬁ
heat stability, since only when the “
organism in the clump or chanleﬂ
destroyed will reductions in viabl® "4
count be observed. They also Suggeaw
that the initial lags in deatB eV
might be related to the extent of for?
damage which cells can endure beiﬁ
losing their ability to recover- gant
this latter suggestion may be ¥e*" y
to our results, care was take? od
destroy any chains or clumps an?
prior to evaluating the thermotoledﬂ'
of DP2181 (see materials and methotw
This reduces the probability thatmd
formation of aggregates or Cha?ﬁ in
have resulted in abnormaliti€®
survivor curves. ) or“t
Deviations from the logarithmi® ™ g

of death is a relatively friﬁgﬁ
occurrence among microor%;rﬂﬁ

(Blankenship and Craven, 1982; 4
and van Rhee, 1983; Jay, 1986)/ 2" o
been previously reported for the enal”
cocci (White, 1953; Sanz Perez etu ¢t
1982; Bell and DeLacy, 1984; Magﬂlwe
al., 1986). Magnus et al. urﬁg
reported tailing of the survivor > ﬁ%
but only at temperatures betweenlﬂw
and 58°C. However, other studiesofa
found the consistent appearance,ngﬁ
resistant tail for S. faecium st¥®’ ;¥
temperatures ranging from 62°C t% pe
(Sanz Perez et al., 1982; Bell aamﬂ
Lacy, 1984). This tailing phenome;eﬂnal
be due to variations in the'tfe,:eﬂt
resistance of the cells at d% 3 9
stages of cell division (Bell aceﬂa
Lacy, 1984) or the emergence ©

n
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%hin the population with membrane
‘ructures which enhance their thermo-
9lerance (Duitchaever and Jordan,
1”4}, Regardless of the  exact
Schanism, the heating process acts to
Slect the most thermoduric organism
tom within a given population and this
Zﬂective pressure increases with the
%erity of the heat process. This
FSults in the apparent increase in heat
%gigtance of the tail organisms when
%ated at higher temperatures (Fig. 1).
\ S. faecium DP2181 demonstrated
eater thermal resistance at 63°C and
8o in frankfurter emulsion than BHI
oth (Table 2). There was a 2-log and
~log reduction in the number of survi-
g in the emulsion heated at 63°C and
8°e respectively, compared to an
Pproximately 4-log reduction for both
‘%mperatures in the BHI broth (Fig. 2).
resistant tail of organisms was
Wident in the 68°C curve as had been
bgerved in the broth. However, this
ai] wae absent at 63°C and was replaced
Y a glight "shoulder". The Dg; value for
P2181 in the emulsion was 23.53 min.
(Tabie 2) or about 2.5 times greater
‘han in the broth, while the Dgg value
‘0r the logarithmic section of the curve
Nereased to 6.99 min.

The protective effect of more
‘omplex heating menstrua is well
qocumented (Bell and De Lacy, 1984;
agnus et al., 1986, 1988). It has been
Wggested that this is due to the
Protective effect of extracellular
Yotein (Verrips and Van Rhee, 1983) or
the ability of solutes to reduce the
Yater activity in the  immediate
Svironment of the cells, thereby
nereasing their  heat  resistances
(Verrips and Van Rhee, 1983; Magnus et
gL, , 1986). Heat absorption by the solid
QQmponents of the menstrua (in our case
eat particles) and therefore concurrent
Yeduction in thermal transmission to the
®811s must also be considered.

3 The z-value for S. faecium DP2181
Qas calculated from a plot of the logj,
f the D-values (obtained at each
vemperature) against temperature. The z-
Alye obtained was 8.56 which exceeds
the value of 5.56 which is typical of
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vegetative cells (Lovett et al., 1982)
and therefore indicates the thermoduric
nature of the cells. It compared
favourably with those reported by Magnus
et al., (1986 and 1988). The z-value is
thought to be an indication of the
organisms’ heat sensitivity and is often
used to determine time-temperature
relationships in thermal process
calculations (Jay, 1986). However, 2z-
values often do not accurate-ly refiect
the heat resistance of tail organisms
and hence, it has been suggested that
the D-values of these organisms be used
to ensure a greater margin of safety in
processing cured meat products (Magnus
et al., 1986, 1988).

Frankfurters which are cooked to an
internal temperature of at least 68°C
should have microbial loads of no more
than 10%-10*° CFU/gm (Palumbo et al.,
1974). High enterococcal counts on
freshly cooked products may be due to
the use of a process which does not
adequately destroy the more thermoduric
cells. Since only undamaged cells were
enumerated in this study because no
intermediate recovery stage was used,
then cells 1likely to recover during
storage were excluded. Hence, it is
likely that the number of surviving
organisms found, while indicative of the
heat tolerance of the S. faecium strain,
does not represent the absolute
population which would eventually
persist in the packaged product.
Further, it should be noted that con-
tamination of uncooked frankfurters with
psychrotrophs may increase the thermal
tolerance of S. faecium species (Karneke
and Marth, 1986). One may therefore
infer that the heat resistance reported
here could be considerably higher in
real meat systems. This could have grave
implica-tions for the shelf life of the
product.

SUMMARY

Both treatments resulted in a 3-4 log
decline in bacterial numbers for the
nine S. faecium strains tested. The
survivor curves for S. faecium DP2181
deviated from the logarithmic order of




death at all three heating temperatures.
A resistant tail of organisms was
observed at 63 and 68°C. The survival of
DP2181 was enhanced in frankfurter
emulsion. Our results indicate that
heating frankfurter emulsions at 68°c
for 30 min, which is a more severe heat
treatment than is normally applied, can
leave a residual enterococcal flora of
greater than 10,000 CFU/gm. This
residual flora is due to a population

of highly thermoduric organisms which
are part of the normal flora. Con-
sequently, processors must ensure that
an adequate heat process based upon the
most heat resistant contaminants of the
raw products is applied. in order to
guarantee a shelf stable, safe product.
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i:%f TABLE 1. HEAT RESISTANCE OF NINE STRAINS OF ENTEROCOCCI ISOLATED
ouPD FROM FRANKFURTERS
usind
clir
Log,, Counts/ml at 63 and 68°C at Time T
ctwastrainsa (min)
no?”
ciob 63°C 68°C
1976 T =0 T = 60 T =0 T =30
daifY
pdir T10 7.62 2.74 7.82 2.43
Cr22 Tedl 4.19 7.19 4.03
foot CF34 7.29 4.09 7.42 3.92
_pand CF35 7.36 3.99 7.38 3.97
| 7.48 2.85 e L Touy
ges® “F10 7.20 3.87 701 3.72
|8 PF19 7.33 3.74 7.23 3.64
it PFa0 7.45 4.52 FIoL 4.43
good DP2181 7.49 3.78 7.61 3.77
g
ng & . gtrain designation eg DP2181; CF - isolated from freshly cooked
ron frankfurters; PF - isolated from packaged frankfurters.
zdy’ TABLE 2. DECIMAL REDUCTION TIMES FOR S. FAECIUM DP2181 IN BROTH
o AND FRANKFURTER EMULSION
28
19}
HEATING MEDIUM TEMPERATURE D-value
cdy’ (°c) (min)
ghe ; ———————————————————————————————————————————————————————————————————————
o roth 55 105.63
.ci  Broth 63 9.36
(24.39)2
19
13 Broth 68 3.34
a0 (47.62)
Frankfurter 63
¢ Emulsion 23.53
£he
aﬂ Frankfurter 68 6.99
ol Emulsion
a - p-value of "tail" phase organisms.
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