Food Protection Trends, Vol. 32, No. I I, Pages 697-704 International Assaciation for
Copyright®2012, International Association for Food Protection F[]I][] P[[][E[][lﬂn

6200 Aurora Ave., Suite 200W, Des Moines, IA 50322-2864
DOWNLOAD
== ARTICLE

) 4
Effects of Reheating against
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Aerobically at 7°C
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SUMMARY

The presence of Listeria monocytogenes in domestic and foodservice environments has led to
increased attention to handling practices during food preparation and storage.The objective of the
present study was to evaluate survival and multiplication of L. monocytogenes inoculated on cooked
chicken breasts that were stored aerobically at 7°C for 7 days. Reduction of pathogen counts by
microwave, domestic oven,and stove top reheating was also evaluated during storage. L. monocytogenes
populations had increased from 3.7 £ 0.1 to 7.8 + 0.2 log CFU/g by 7 days. Microwave oven reheating
for 90 s,and stove-top and oven reheating to 70°C internal temperature, reduced pathogen populations
to <0.4-2.6,<0.44.8,and 1.4-5.9 log CFU/g, respectively; numbers of survivors after reheating were
higher (P < 0.05) in products stored for more time; up to 7 days.At shorter microwaving times and
lower product internal temperatures (stove-top and oven reheating), similar reduction trends were
observed, but with higher levels of survivors after the treatment. Although reheating methods in
this study reduced L. monocytogenes contamination by 2-5 log CFU/g, growth of the pathogen during
previous storage allowed high numbers of cells to survive reheating, especially with storage periods
more than 2 days.This indicates that storage period and the type and intensity of reheating need to
be considered to ensure safe consumption of leftovers.
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INTRODUCTION
Cooked leftover food, both in the

domestic environment and at food-
service establishments, has reduced
levels of background microflora. If cross-
contamination occurs during refrigerated
storage, leftover foods may harbor and
support growth of foodborne pathogens
(22), especially psychrotrophic patho-
gens such as Listeria monocytogenes and
Yersinia enterocolitica (16, 18). Many
consumers tend to link foodborne illness
to food consumed outside the home (79),
but recent epidemiological investigations
indicate that poor hygienic practices in
the domestic environment is also a major
contributing factor to foodborne disease
episodes (23). Infrequent handwashing,
poor handwashing technique, lack of
handwashing prior to food preparation,
inadequate cleaning of kitchen surfaces,
presence of pets in the kitchen, and
touching of the face, mouth, nose and/or
hair during preparation of food (17), as
well as improper storage and inadequate
cooking and reheating (71, 15, 21), are
some of the practices that could poten-
tally result in introduction of pathogens
of public health significance into food
products and allow their survival and
multiplication to levels of concern. Con-
tamination in the kitchen environment
can be transferred to a food product dur-
ing preparation and storage. It has been
shown that the microbiological profile of
cooked food stored in a kitchen refrig-
erator is very similar to microbial profiles
of swabs taken from the environment of
the same kitchen (34). In recent years,
various studies have detected foodborne
pathogens, and specifically L. monocy-
togenes, on kitchen surfaces, dishcloths,
sinks, drains, and refrigerators (4, 9, 14,
20), making leftovers potentially hazard-
ous foods because of contamination with
L. monocytogenes.

Listeriosis caused by L. monocyto-
genes is a severe illness, being responsible
for 19% of foodborne disease associated
deaths in the United States (26). The very
young, the elderly, pregnant women and
the immunocompromized are the most
susceptible groups (25). Because of the
presence of L. monocytogenes in a wide
array of environments, its halophilic na-
ture, its potential to form biofilms, and
its ability to survive and multiply at re-

frigeration temperatures, it has been of
special interest in academic and industri-
al research in recent years (30, 31, 32).

Chicken meat is gaining popular-
ity both among consumers at home
and in foodservice establishments; while
30 years ago poultry accounted for
approximately 21% of meat consump-
tion in the United States, it now accounts
for at least 37%, higher than the con-
sumption of beef, pork, or lamb (3, 13).
White muscle tissue (i.e., breast meat)
of chicken is considered one of the most
popular cuts of meat for both domestic
use and commercial processing in the
United States (3, 13) and has been in-
volved in many foodborne outbreaks and
recalls, including a recall of 10,878 kg of
cooked chicken breast contaminated with
L. monocyrogenes (7).

While many studies have targeted
inactivation of L. monocytogenes in ready-
to eat products (22, 24, 29) little work has
been designed to investigate inactivation
of L. monocytogenes by use of domesti-
cally available appliances, during storage
of leftover foods. Thus, the objective of
this study was to investigate the survival
and multiplication of background micro-
flora and inoculated L. monocytogenes on
cooked boneless skinless chicken breasts
stored aerobically at 7°C. The effects of
three reheating methods, applied at 0, 1,
2, 4, and 7 days of storage, against the
pathogen and background microflora
were also investigated.

MATERIALS AND METHODS

Preparation of bacterial
inoculum

Five food and human-disease origi-
nated strains of L. monocyrogenes, kindly
provided by Dr. Martin Wiedmann
(Dept. of Food Science, Cornell Uni-
versity, Ithaca, NY), representing diverse
ribotypes, PFGE patterns, lineages, and
serotypes, were used in this study (8).
These strains were J1-177 (lineage I,
Serotype 1/2b), C1-056 (lineage II, Se-
rotype 1/2a), N3-013 (lineage I, Sero-
type 4b), R2-499 (lineage II, Serotype
1/2a), and N1-227 (lineage I, Serotype
4b). The strains were kept on PALCAM
agar (Difco, Becton Dickinson, Franklin
Lakes, NJ) at 4°C prior to the study, and
were activated individually from a single
colony of the stored stock as described

by Yang et al. (38). Each strain was then
washed with 10 ml sterile saline (0.85%
NaCl) and centrifuged at 4,629 g for
15 min, resuspended in 10 ml of ham
homogenate (37), and habituated sepa-
rately for two days at 7°C before inocula-
tion, to allow acclimatization of L. mono-
cytogenes cells to the food environment
and low temperature. Before inoculation,
the suspensions of the five habituated
stains were composited and serially 10-
fold diluted in phosphate-buffered saline
(PBS, pH 7.4; 0.2 g/liter KH,PO,, 1.5 g/
liter Na,HPO,-7H,0, 8.0 g/liter NaCl,
and 0.2 g/liter KCI) to achieve an initial
concentration of 3—4 log CFU per gram
of sample. The L. monocytogenes counts
of the composite inoculum after habitu-
ation were 9.2 + 0.2 CFU/ml

Preparation of chicken samples,
inoculation, and storage

Fresh boneless skinless chicken
breast muscles purchased from a local
processor were aseptically cut into ap-
proximately 100-g pieces and stored in
sealed plastic bags (approximately 20
samples in each bag) at -20°C for up to
two weeks prior to use. Chicken samples
were thawed at refrigeration temperature
(4°C) for approximately 48 h and cooked
(16-in electric skillet, National Presto
Industries, Inc., Eau Claire, WI) to the
target internal temperature of 73.8°C.
The temperature was recorded every 5 s
with k-type thermocouples connected to
PicoLog data acquisition software (Pico
Technology Ltd., UK).
Cooked samples were stored acrobically
at 7°C in Pyrex dishes (25 by 35 cm, 5
cm deep) covered with cling paper for

Cambridge,

no more than 2 h. The surfaces of the
cooked and cooled-t0-4°C samples were
then inoculated with 100 pL per side of
the above-mentioned diluted habituated
composite of L. monocytogenes strains,
with a 15 min interval between inocu-
lation of the two sides, to achieve an
initial inoculation level of approximately
3—4 log CFU/g. The inoculated samples
were placed in Pyrex dishes (15 samples
in each dish), covered with cling paper,
and stored aerobically in a 7°C incuba-
tor. During storage, samples were reheat-
ed and analyzed microbiologically and
for physiochemical properties on days 0,
1,2, 4,and 7.
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Product reheating

Cooked stored inoculated samples
were individually placed in a microwave
safe dish (22 cm diameter, 4 cm deep)
and subjected to 30, 60 or 90 s of mi-
crowave heating at the 100% power level
in a domestic microwave oven (Amana,
Model Radarange AMC5243, Newton,
IA) with 1100 W power output. At the
end of the intervention, the surface tem-
perature of each sample was measured
and recorded manually with a noncon-
tact infrared  thermometer (Oaklon
TemoTestr IR, Lane Cove, Australia)
from a distance of approximately 15
cm (to cover a reading area of 2.75 cm?,
based on manufacturer’s recommenda-
tion). Immediately after microwaving
and recording of surface temperature,
each sample was aseptically transferred in
a sterile filter bag (Whirl-Pak, Modesto,
CA), placed into ice-water slush, and
prepared for microbiological analyses.

For oven reheating, each sample
was placed onto a sterile stainless steel
tray with a k-type thermocouple asepti-
cally inserted into its geometric center.
A domestic oven (Magic Chef Standard
Kitchen Oven, Maytag Group, Newton,
IA) was preheated to 148°C (300°F) for
approximately 30 min and samples were
then reheated to an internal temperature
of 50, 60 or 70°C. The temperature of
the cooking chamber of the oven was
also monitored with a k-type thermo-
couple suspended approximately in the
center of the oven, without any contact
with the surroundings.

For reheating by the stove-top
method, each sample with inserted ther-
mocouple in its geometric center was
placed onto the sterile surface of a non-
stick skillet (diameter approximately 30
cm  [Farberware Licensing Company,
LLC, Berwick, PA]) preheated on a
domestic oven stove top (Magic Chef
Standard Kitchen Oven, Maytag Group,
Newton, IA). Every two min, samples
were flipped over for exposure of both
sides to the skillet surface. The samples
were reheated to an internal tempera-
ture of 50, 60, or 70°C, with collection
of time/temperature profile data every
5 s as described for oven reheating. Sur-
face temperature of the skillet was also
measured by suspending a thermocouple
in approximately 5 ml of vegetable oil in
a 20 ml glass container placed onto the
skillet during the reheating procedure.
For both stove top and oven, reheating,

similar to microwave treatment, im-
mediately after the designated internal
temperature, was reached, samples were
placed in sterile filter bags (Whirl-Pak,
Modesto, CA), cooled in ice-water slush,
and analyzed microbiologically. Internal
temperatures, rcheating methods, and
times for microwave intervention were
selected on the basis of results of a pre-
liminary experiment (data not shown).

Microbiological and physio-
chemical analyses

As indicated, for microbiological
analyses, each sample was placed in a ster-
ile filter bag (Whirl-Pak, Modesto, CA);
an equal amount of maximum recovery
diluent (0.85% NaCl and 0.1% peptone
[Difco, Becton Dicknison]), was added
immediately after reheating and cooling
the samples in ice. Samples were then
homogenized (Masticator, IUL Instru-
ments, Barcelona, Spain) for 2 min (6
strokes per s), serially diluted (10-fold)
with 0.1% buffered peptone water (Dif-
co, Becton Dickinson, Franklin Lakes,
NJ), and spread-plated onto tryptic soy
agar (Acumedia, Lansing, MI) with 0.6%
yeast extract (Difco, Becton Dicknison)
and PALCAM agar (Difco, Becton,
Dicknison), for enumeration of total aer-
obic bacteria and L. monocytogenes counts
after incubation at 25 and 30°C for 72
and 48 h, respectively. The detection lim-
it for these microbiological analyses was
0.4 log CFU per g of sample. Samples
with no detected colonies on plates at the
detection level dilution were enriched to
evaluate presence/absence of the patho-
gen by a procedure modified form the
USDA-FSIS (35) method, as described
by Rodriguez-Marval et al. (24). For all
samples with pathogen councts below
the detection limit, no pathogen was
detected by enrichment. Water activity
(AquaLab Instrument, Decagon Devic-
es, Inc., Pullman, WA) and pH (Denver
Instrument, Arvada, CO) of samples
were measured as described by Byelashov

etal. (5).

Experimental design
and statistical analyses

The experiment was repeated twice
with different ingredients, with three
replicates within each of these two rep-
etitions. Mean microbial counts of each

treatment and storage period, after log
transformation, as well as cooking time,
pH, and water activity values, were com-
pared statistically with ANOVA-based
procedures followed by Tukey-adjusted
multiple comparison methods for fur-
ther mean separation at type one error
level of 0.05 (a = 0.05). Each dataset
was analyzed as a randomized complete
block design, with each of the two rep-
etition trials considered a blocking fac-
tor, using Proc GLM and Proc Mixed
commands of SAS 9.2 (SAS, Inc., Chi-
cago, IL). Additionally, to compare the
inactivation rates of L. monocytogenes
by stove-top and oven reheating meth-
ods at the three internal temperatures of
50, 60, and 70°C, GInaFiT software, a
non-log-linear microbial survivor curve,
was used to compare counts at days 7,
4, 2, 1, and 0 (after inoculation). This
model, as described by Geeraerd et al.
(10), reports specific inactivation rates of
K _and adjusted-R*. K__ is the specific
inactivation rate for log-linear mono-
phasic curves fitted for each internal
temperature with unit of 1/time; thus
a longer time required for microbial cell
reduction is associated with a smaller
K value while adjusted-R* value show
the proportion of the data described by
the model. K value obtained for each
internal temperature of stove-top reheat-
ing were compared statistically to those
obtained from oven reheating using Stu-
dent’s #test procedure at o = 0.05.

RESULTS AND DISCUSSION

Water activity, pH and
temperature measurements

Water activity and pH of reheat-
ed stored samples ranged from 0.982
+ 0.001 to 0.992 = 0.001, and 6.03
+0.13 to 6.12 £ 0.12, respectively with
no difference (2> 0.05) among samples
of different days of storage and reheat-
ing methods. Surface temperatures of
the microwave treated samples ranged
from 48.8 + 2.5 to 57.6 + 4.0, 64.5 + 4.0
to 69.5 + 4.0, and 75.7 + 4.7 to 82.6 +
3.1°C, for samples reheated for 30, 60,
and 90 s, respectively. The pH values for
these samples ranged from 6.05 + 0.07
to 6.13 + 0.08, 5.88 + 0.08 to 6.14 =
0.11, and 5.99 + 0.18 to 6.19 + 0.16,
for samples reheated for 30, 60, and 90's,
respectively, with no statistical difference
(P=0.05).
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TABLE |I. Listeria monocytogenes counts (mean * standard deviation) of cooked chicken during

7 days aerobic storage at 7°C before (control) and after 30, 60, and 90 seconds of domestic

microwave oven reheating (1100 W)

Stororage (Day) Listeria monocytogenes counts (log CFU/g)

Control 30s 60 s 90s
0 3701 Da 34£0.1Db 27+0.IDc <04+0.1Cd
| 38+x0.1Da 36+£0.1 Db 28+0.IDc 04+0.1Cd
2 46+0.1Ca 43%0.1Cb 35+0.1Cc 04+0.1Cd
4 62+0.1Ba 48+ 0.1Bb 42+0.1Bc 1.8+0.1Bd
7 78+ 02Aa 73+ 03Ab 56+0.1Ac 26+02Ad

Values within a column followed by different uppercase letters, and values within a row followed by different
lowercase letters, are significantly (P < 0.05) different.

The temperatures of the oven cook-
ing chamber for samples reheated to tar-
get internal temperatures of 50, 60 and
70°C were 145.9 =+ 11.0, 147.6 £ 9.9,
and 143.5 + 1.2°C, respectively. Surface
temperatures of the cooking area during
stove top reheating were 142.7 + 12.4,
140.9 + 9.9, and 148.3 + 11.3°C for
samples reheated to internal tempera-
tures of 50, 60, or 70°C, respectively.
The pH values for samples reheated
in the oven were in the ranges of 6.05 +
0.07 t0 6.13 + 0.10, 6.02 + 0.09 to 6.13
+ 0.05, and 6.03 + 0.04 to 6.20 + 0.10
for samples reheated to internal tempera-
tures of 50, 60, and 70°C, respectively,
and 6.07 + 0.07 to 6.13 + 0.12, 6.09 =
0.06 to 6.16 = 0.03, and 5.98 + 0.12
to 6.10 £ 0.06, for samples reheated on
the stove top to internal temperatures of
50, 60, and 70°C, respectively, without
significant differences (2 = 0.05) among
samples reheated to different internal
temperatures.

Survival and growth during
storage

Previous studies have isolated
L. monocytogenes from domestic and
industrial refrigerators as well as food
preparation and processing environments
(27, 36), making leftovers potentially
hazardous foods because of contamina-
tion with psychrotrophic pathogens, in-
cluding L. monocytogenes. In the present
study, initial counts of L. monocytogenes

on the day of inoculation were 3.7 + 0.1

log CFU/g and increased to 7.8 + 0.2 log
CFU/g by day 7 of storage at 7°C (Table
1), confirming the concern that if cross-
contamination occurs after preparation
of foods, L. monocytogenes can multiply
extensively during refrigerated storage.
Similar results were observed for aerobic
plate counts, with more than a 4-log in-
crease from the first day to day 7 (data
not shown). The extensive multiplication
of L. monocytogenes in this study could
be explained by the ability of cooking to
increased hydrolysis of macromolecules
and bioavailability of nutrients on the
surface of chicken samples (6), which
can enhance multiplication of the patho-
gen as well as background microflora
during storage.

Inactivation by reheating

Microwave oven reheating showed a
high potential for reduction of L. mono-
cytogenes counts. On day 0, microwav-
ing for 30, 60, and 90 s was responsible
for reductions of 0.3, 1.1, and > 3.4
log CFU/g of L. monocytogenes, respec-
tively. Similar trends were observed for
samples reheated on days 1, 2, 4, and
7 (Table 1). For example, on day 4,
counts of the untreated control were
6.2 + 0.1 and were reduced (P < 0.05) to
4.8+0.1,4.2 + 0.1 and 1.8 + 0.8 as the
result of microwaving treatment for 30,
60, and 90 s, respectively. As storage days
increased, higher number of survivors
after reheating were observed. In other
words, storage time affected the initial

microbial counts and had a major im-
pact on subsequent survival of reheating.
On day 4, as an example, although 90
s of microwaving caused more than a
4 log reduction of the pathogen, the 1.8
log CFU/g of survivors could still be of
concern from a food safety standpoint.
However, the same intervention (micro-
waving for 90 s) on day 0 was able to
reduce the L. monocytogenes counts to
undetectable levels. This indicates that
intensity of reheating needs to be adjust-
ed based on the storage period (which
affects the initial bacterial load) of food
in order to ensure reduction of potential
pathogen counts to acceptable levels. In
general, the microwave treatment com-
pared with other reheating methods
evaluated in this study, had high poten-
tial for reduction of microbial loads with
3.4, 3.5, 4.2, 44, and 5.2 log CFU/g
reductions in 90 s after 0, 1, 2, 4, and 7
days of storage, respectively (Table 1).
The effectiveness of microwave
treatments against surface inoculated
L. monocytogenes is in agreement with
previous studies. Rodriguez-Marval et al.
(24) demonstrated that L. monocytogenes
inoculated on surface of frankfurters
could be reduced by 3.7 log CFU/g by
75 s of microwaving. Similarly, Shen et
al. (29) showed that 30 s of microwaving
resulted in 0.8 to 1.3 log CFU/g reduc-
tion of inoculated L. monocytogenes. It is
noteworthy that, although microwave
treatments showed high pathogen reduct-
ion effectiveness, it has been reported
that their performance can be consider-
ably affected by size and position of the
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FIGURE I.

Time and temperature profiles of samples reheated by domestic oven

and stove top methods. (A) samples reheated to internal temperature of 50°C, (B)
samples reheated to internal temperature of 60°C, and (C) samples reheated to

internal temperature of 70°C

Temperature (C°)
W
[}

Oven

=== Stove Top

15 20 25

80 1
70 A
60
50

Temperature (C°)
3

Oven

=== Stove Top

15 20 25

Temperature (C°)
(3%} (%) e W [} ~ o0
(=3 (=] (=} (=} (=} (=} (=]

—_
(=}
M

(=1

Oven
=== Stove Top

food and by age and power output of mi-
crowave (33) all of which must be con-
sidered before recommendations can be
developed for safe microwave reheating
of leftover food by consumers.

Oven reheating on day-0 reduced
the pathogen from 3.7 + 0.1 to 2.9 =
0.1,2.7 £ 0.1, and 1.4 + 0.3 log CFU/g

after reheating to internal tempera-
tures of 50, 60, and 70°C, respectively
(Table 2). Similar to the results seen
with microwave treatment, as storage
time between inoculation and reheat-
ing increased, microbial multiplication
increased and more cells survived on
the reheated samples (Table 2). In other

words, storage time affected the initial
microbial counts on each day of storage
and thus had a major impact on extent
of subsequent death due to reheating.
For stove-top reheating, on days 0 and 1,
L. monocytogenes loads of samples re-
heated to the internal temperature of 70
°C were less than one log CFU/g, but,
as with other treatments, more survi-
vors were detected as the time interval
between inoculation and reheating in-
creased. Similar results have been ob-
served by other investigators for reduc-
tion of inoculated L. monocytogenes on
pork scrapple reheated by pan-frying
methods during storage (1).

When comparing the domestic
oven and stove-top reheating, methods
are compared, the two methods required
considerably different lengths of time
to reach the same internal temperatures
(ie., 50, 60, and 70°C) in the geometric
center of the samples (Fig. 1), and thus,
exhibited different pathogen reduction
potential. On day 7, as an example, the
oven and stove top reheating to internal
temperatures of 70°C required 24.2 and
17.1 min (Fig. 1), and were responsible
for reductions of 2.0 and 3.0 log CFU/g
of the pathogen, respectively (Table 2).
These differences could be explained
by the different heat transfer principles
involved in the two methods: oven re-
heating involves convection heat trans-
fer whereas stove top reheating involves
conduction as the primary mode of heat
transfer (2). The other characteristic of
oven and stove reheating methods in-
vestigated in this study was the rela-
tively high performance variation. For
example, domestic oven reheating to
internal temperature of 50°C caused 0.8
log reduction on day 0, while the same
treatment caused a 0.1 log reduction on
day 1. Also, samples reheated to internal
temperatures of 50 and 60°C had similar
counts (£20.05) on day 7 but not on any
other day (P < 0.05). The high variation
in performance of domestic cooking ap-
pliances has also been reported by other
investigators (12, 28), and it appears that
these variations need to be considered for
preparation of safe reheating recommen-
dations for consumers.

Table 3 provides inactivation rates
of L. monocytogenes on days 7, 4, 2, 1,
and 0 by stove-top and oven reheating
to internal temperatures of 50, 60, and
70°C. Based on adjusted R? values, 87%
to 89% of samples reheated on the stove-
top, and 92 to 97% of oven-reheated
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TABLE 2. Listeria monocytogenes counts (mean % standard deviation) of cooked chicken

during 7 days aerobic storage at 7°C before (control) and after reheating to internal

temperatures of 50, 60, and 70°C, using domestic oven and stove-top methods

Storage (Day)

Listeria monocytogenes counts (log CFU/g)

Control 50°C 60°C 70°C
Domestic Oven
0 37£0.1Da 29+0.1 Eb 27+0.1 Eb l4+03Ec
| 38£0.1Da 37+ 0.1 Db 3.1£t00Dc 18+02Dd
2 46x+0.1Ca 45+x04Ca 40+0.1Cb 26+02Cc
4 62+0.1Ba 57+03Bb 49+0.1Bc 40+0.1Bd
7 78+ 02Aa 67+0.1ADb 6.6 £04Ab 59+0.1Ac
Stove-top Reheating
0 37£0.1Da 1.7+0.1 Eb [.1 +04Dc <0.5+04Dd
| 38£0.1Da 1.8+0.IDb [.3+02Dc <04+0.1Dd
2 46+0.1Ca 26+0.1Cb 2.1+0.1Cc I.5+0.1Cd
4 62+0.1Ba 46+0.1Bb 38+0.1Bc 30£0.1Bd
7 78+ 02Aa 68+ 0.0Ab 56 £0.1Ac 48+ 0.1Ad

Values within a column (for domestic oven and stove-top methods separately) followed by different uppercase
letters, and values within a row followed by different lowercase letters, are significantly (P < 0.05) different.

TABLE 3. Non-linear microbial survivor analysis for comparing inactivation rates of L. monocyto-

genes by stove-top and oven reheating, comparing counts of days 7, 4, 2, |1, and 0 (after inoculation)

L. monocytogenes inactivation

Reheating Method Internal Temperature (°C) K_. R?
Stove-top® 70 257 £0.18 0.87
60 265017 0.89
50 3.04 £ 0.20° 0.89
Domestic Oven 70 258 £0.14 0.92
60 220+0.11 0.93
50 2.27 +0.08 0.97

K., values associated with stove-top reheating followed by a * are significantly larger (P < 0.05) than values of
oven reheating for each internal temperature. K__ values (parameter + standard error) are specific inactivation

rates for log-linear monophasic curves fitted for each internal temperatures with unit of |/time; thus, longer time

required for microbial cell reductions is associated with smaller K__ values.

samples were described by the utilized
GInaFiT model, a log-linear monopha-
sic curve fitted for each internal temper-
ature. At internal temperatures of 50 and

60°C, stove-top reheating had higher
(P <0.05) K values (K parameter
+ SE), indicating that this method required
less time than oven reheating to reach an
internal temperature of 50 and 60°C.

For the 70°C internal temperature, K
values of stove-top and oven reheating
were 2.57 + 0.18 and 2.58 + 0.14, re-
spectively, with no statistical difference

(P=0.05).
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In summary, because of different
heat transfer mechanisms (i.e., primarily
convection-based transfer for oven and
conduction-based transfer for stove-top
reheating) these two methods demon-
strated different pathogen reduction po-
tentials and times for reaching the same
designated internal temperature. This
indicates the need for method-specific
recommendations for assuring the safety
of leftover food reheated in domestic and
foodservice environments by different
reheating methods.

Along with increasing evidence of
L. monocytogenes presence in domestic
and food service environments in recent
years, it appears that safe management
of leftover food, especially for people at
risk for listeriosis, is of particular im-
portance. In our study, initial counts of
L. monocytogenes increased (P < 0.05) by
over 4.0 log CFU/g during 7 days of stor-
age at 7°C, confirming the concern that
if cross-contamination occurs after prep-
aration of foods, L. monocytogenes can
multiply extensively during refrigerated
storage. Although the reheating meth-
ods investigated in this study reduced
L. monocytogenes contamination by 2-5
log CFU/g, growth of the pathogen dur-
ing storage allowed survival of high num-
bers of cells after reheating, especially
after two days of storage. In other words,
storage time affected the before reheating
initial microbial counts and thus had a
major impact on the extent of subsequent
microbial inactivation due to reheating.
This indicates that storage period, as well
as type and intensity of reheating need
to be considered for safe consumption
of leftover food. Regardless of reheat-
ing method, high numbers of survivors
after reheating, especially after two days
of storage, indicated a need to reconsider
utilization of leftover food, especially by
at-risk populations.
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