
APPLIED AND ENVIRONMENTAL MICROBIOLOGY,
0099-2240/99/$04.0010

Jan. 1999, p. 342–345 Vol. 65, No. 1

Copyright © 1999, American Society for Microbiology. All Rights Reserved.

Growth of Listeria monocytogenes and Yersinia enterocolitica on Cooked
Modified-Atmosphere-Packaged Poultry in the Presence

and Absence of a Naturally Occurring Microbiota
R. K. BARAKAT AND L. J. HARRIS*

Department of Food Science, University of Guelph, Guelph, Ontario, Canada N1G 2W1

Received 6 May 1997/Accepted 2 October 1998

Cooked poultry cuts were inoculated with five-strain composite mixtures of either Listeria monocytogenes or
Yersinia enterocolitica (1,000 CFU/150-g piece), packaged in 44:56 CO2-N2, and stored at 3.5, 6.5, or 10°C for
up to 5 weeks. Both L. monocytogenes and Y. enterocolitica grew under all test conditions. The presence of a
naturally occurring microbiota did not influence the growth of either pathogen. Addition of lactate with the
shelf life extender ALTA 2341 lengthened the lag phases of L. monocytogenes and Y. enterocolitica but did not
prevent their growth.

The extended shelf life of modified-atmosphere-packaged
(MAP), ready-to-eat (RTE) refrigerated foods has increased
concern about the growth of facultative anaerobic psychrotro-
phic pathogens such as Listeria monocytogenes and Yersinia
enterocolitica. Both L. monocytogenes and Y. enterocolitica grow
in RTE meat products under refrigeration with no apparent
signs of spoilage (7, 11, 12, 16). Occasional postprocess con-
tamination of cooked RTE foods has been documented for
L. monocytogenes (6, 15, 22) and Y. enterocolitica (10, 21).

Acidification, reduction of water activity, addition of preser-
vatives, and presence of a competitive microbiota, especially
lactic acid bacteria, have been suggested as appropriate mea-
sures for preventing the growth of pathogens in nonfermented
foods (8, 9, 14).

In a previous study, the shelf life for a hot- or cold-packaged,
commercially processed RTE MAP poultry product was deter-
mined (2). Hot-packaged samples (packaged directly out of the
oven) resulted in a product in which no background microbiota
developed within a 2-month period. A reliable background
microbiota predominated by lactic acid bacteria developed in
cold-packaged samples (packaged at the end of the processing
line). Even when the background microbiota reached 1010

CFU/piece, there were no perceptible sensory changes to the
product. While hot packaging reduced the risk of postprocess
contamination, it also eliminated a potential hurdle to patho-
gen growth. However, the development of a background mi-
crobiota in cold-packaged samples suggested the potential for
postprocess contamination with other, potentially pathogenic,
bacteria.

In the present study, the effect of a naturally occurring mi-
crobiota on the fate of the psychrotrophic pathogens L. mono-
cytogenes and Y. enterocolitica was determined in a cooked
MAP poultry product stored at refrigeration temperature
(3.5°C) and under temperature abuse conditions (6.5 and
10°C). The antimicrobial effect of a combination of two ap-
proved additives, sodium lactate and ALTA 2341, was also
investigated. Sodium lactate inhibits the growth of L. monocy-
togenes in cured and uncured meats (17, 20, 23). The commer-

cial shelf life extender ALTA 2341 (1) has antilisterial activity
similar to the bacteriocin pediocin (19).

Sample collection. Poultry samples were prepared at a com-
mercial poultry processing plant in southwestern Ontario (Fig.
1). Raw chicken legs (with skin) were injected, at 32 to 35%
of their initial weight, with either a control commercial brine
formulation (spices, sodium chloride, sodium triphosphate) or
a test brine with added sodium lactate (60%, pH 7.0) (Wilke
International, Inc., Olathe, Kans.) and the commercial shelf
life extender ALTA 2341 (1) (Quest International, Sarasota,
Fla.) at levels of 3% (wt/wt) and 0.5% (wt/wt), respectively, of
the final cooked product. Leg quarters were oven roasted to a
minimal internal temperature of 82°C, as measured at the
thigh joint with a digital probe thermometer (PDT300; UEI,
Beaverton, Oreg.). Cooked legs were aseptically collected di-
rectly out of the oven (hot packed) or after passing through
a cooling tunnel (cold packed). Hot-packed samples were
placed, five at a time, in sterile stomacher bags (Seward Med-
ical, London, United Kingdom) that were closed and sent
through the cooling tunnel. Cold-packed samples, collected
after cooling to an internal temperature of 12 to 16°C at the
end of the processing line, were bulk packed (40 at a time) in
sterile autoclave bags (Fisher Scientific). Samples were imme-
diately placed on ice following cooling and transported to the
University of Guelph for inoculation, modified-atmosphere
packaging, storage, and analysis.

Inoculum preparation. Composite five-strain mixtures of
L. monocytogenes and Y. enterocolitica were used (Table 1).
Bacteria were individually propagated in brain heart infusion
broth and incubated at 30°C. Overnight cultures (12 to 18 h)
were pelleted and washed twice in 0.1% peptone. Cultures
were diluted in 0.1% peptone to the same optical density at 600
nm, and equal volumes of the five strains were mixed to pre-
pare the inoculum. These five-strain composites were further
diluted to approximately 1,000 CFU/100 ml. The initial inocu-
lum level was determined by plating the composite mixtures
onto plate count agar (PCA) followed by incubation for 24 h at
30°C. The inoculum (100 ml) was applied dropwise onto the
surface of each cooked chicken leg and spread over most of the
top area with a flame-sterilized glass rod. The surface covered
by the inoculum consisted mainly of skin and, to a lesser de-
gree, meat.

Sample packaging and storage. Following inoculation,
chicken legs were individually packaged in nylon-ethylene vinyl
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acetate bags (O2 transmission rate, 40 cm3/m2 in 24 h at 23°C
and 0% relative humidity; moisture vapor transmission rate,
4.80 g/m2 in 24 h at 37.8°C and 90% relative humidity) (Win-
pak Technologies, Toronto, Ontario, Canada) under an atmo-
sphere of 44:56 CO2-N2 (Canox, Guelph, Ontario, Canada) by
using a tabletop Multivac A300 packaging machine (Sepp
Hagenmüller KG, Wolfertschwenden, Germany). Air was evac-
uated from the package once, one gas flush was applied, and
the package was sealed. Packages were stored at one of three
temperatures: 3.5, 6.5, or 10 6 0.5°C. Uninoculated controls
were similarly packaged and stored. Duplicate samples were
analyzed following inoculation and packaging and twice a week
for a period of 2 to 5 weeks depending on the storage temper-
ature. Each treatment was performed twice on two separate
occasions, with the exception of the Y. enterocolitica test at
10°C, which was done once. Control samples (uninoculated)
were packaged within 12 to 24 h of production, and test sam-
ples were inoculated and packaged within 15 to 24 h of pro-
duction in the first trial and within 28 to 40 h in the second
trial.

Microbiological analysis. All media were supplied by Difco
(Detroit, Mich.). The top of each package was swabbed with
alcohol and opened with flame-sterilized scissors, and 100 ml
of sterile 0.1% peptone was added to each bag. Chicken legs
were hand massaged for 2 min, followed by a vigorous shaking

20 times. Serial dilutions were prepared, and 100 ml was sur-
face plated onto PCA and Oxford agar containing the Ox-
ford selective supplement when samples were inoculated with
L. monocytogenes or onto PCA and cefsulodin-irgasan-novo-
biocin (CIN) agar when samples had been inoculated with
Y. enterocolitica. PCA plates were incubated at 22°C for 48 h,
and Oxford and CIN plates were incubated at 30°C for 48 and
18 h, respectively. Uninoculated control samples were plated
on PCA, Oxford, and CIN agar. Dark colonies on Oxford agar
were counted as L. monocytogenes, and small colonies on CIN
agar with a dark red center surrounded by a transparent border
were enumerated as Y. enterocolitica.

Immediately after inoculation and packaging, numbers of
L. monocytogenes and Y. enterocolitica were assessed by a
three-tube most probable number (MPN) procedure. L. mono-
cytogenes MPN was determined by transferring 1-ml volumes
of the wash and appropriate dilutions to 9 ml of Listeria en-
richment broth followed by incubation at 30°C for 48 h. Sam-
ples (100 ml) from tubes showing growth were transferred to
Fraser broth for 48 h at 30°C. Positive tubes of Fraser broth
were streaked onto Oxford agar (30°C, 48 h) for confirmation.
A similar procedure was used to determine initial levels of
Y. enterocolitica. After 5 days at 22°C, positive tubes of irgasan-
ticarcillin-cefsulodin broth were streaked onto CIN agar.
Counts for all populations measured were reported as CFU
per chicken leg. The identification of selected colonies enu-
merated as either Y. enterocolitica or L. monocytogenes was
confirmed by Vitek Jr. (bioMérieux Vitek, Inc., Hazelwood, Mo.).

Identification of background microbiota. In some instances,
colonies were selected from the highest dilution of PCA plates
from uninoculated samples. Colonies were purified on tryptic
soy agar, and isolates were identified to the genus level based
on Gram reaction, cell morphology, catalase, oxidase, motility,
and, for gram-positive isolates, growth on selective agar (strep-
tomycin thallous acetate agar, Rogosa SL agar, and MRS agar
adjusted to pH 9.0). Selected gram-negative organisms were
identified further by Vitek Jr.

Antimicrobial concentration. The antimicrobial activity of
ALTA 2341 was determined by a spot-on-lawn assay and quan-
tified by the critical dilution assay, as previously described (4),
with 5 ml of the prepared solution and L. monocytogenes LI512
or LI514 as the indicator culture. The activity, in arbitrary units
(AU) per milliliter, was defined as the reciprocal of the highest
dilution that inhibited the growth of the indicator culture lawn.

TABLE 1. Strains of L. monocytogenes and Y. enterocolitica
used in inoculum preparation

Organism Strain Serotype Source

L. monocytogenesa LI512 1/2b Meat isolate
LI514 1/2b Meat isolate
LI521 (Murray B) 4b Patient/outbreak
LI527 (Scott A) 4b Patient/outbreak
LI549 4b Foodborne illness

case/cheese

Y. enterocoliticab R-69 O:8 Human
R-72 O:3 Pork
RF18 O:9 Human
ER-1261 O:3 Unknown
PAA O:8 Human

a Strains of L. monocytogenes were obtained from A. Lammerding (Health of
Animals Laboratory, Health Canada, Guelph, Ontario, Canada).

b Strains of Y. enterocolitica were obtained from M. W. Griffiths (University of
Guelph, Department of Food Science, Guelph, Ontario, Canada).

FIG. 1. Flow diagram for production of cooked MAP poultry.
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Headspace and pH. Gas samples were withdrawn from un-
inoculated packages through sampling patches (Fisher Scien-
tific) by using a gas-tight syringe. Gas composition (O2 and
CO2) was determined by gas chromatography (GOW-MAC;
Gow Mac Instruments Co., Bridgewater, N.J.) at the start of
each trial, 24 h following packaging. At weekly intervals, un-
inoculated 11-g samples of chicken were homogenized for 2
min in 99 ml of 0.1% peptone by using a Stomacher Lab
Blender 400 (Seward Medical). The pH of the slurry was mea-
sured with a Fisher Acumet 915 meter (Fisher Scientific).

Statistical analysis. Values from the replicate trials were
used for statistical analyses. Data were analyzed by ANOVA
(analysis of variance) with the general linear model procedure
of the SAS statistical package (SAS Institute Inc., Cary, N.C.).
Replications, brine, packaging, and storage treatments were
compared on the basis of log CFU per piece. Data reported are
averages of duplicate samples and replicate trials.

Development of background microbiota. With the exception
of two packages that had approximately 105 CFU/piece (1,000
CFU/g), hot-packed samples (approximately 200 packages) did
not develop a background microbiota within the storage pe-
riod. Colonies from the two packages with counts had a ho-
mogeneous morphology on PCA and were identified, by stan-
dard biochemical tests, as enterococci. In contrast, a consistent
background microbiota developed on cold-packaged samples.
A total of 70 colonies were randomly selected from PCA plates
of the highest dilution from samples that were stored at 3.5,
6.5, and 10°C. Gram staining and cellular morphology showed
69 of 70 of the isolates to be gram-positive rods and coccoba-
cilli, with one gram-negative rod which was not further char-
acterized. Based on catalase and oxidase reactions and growth
on selective agar, gram-positive isolates were tentatively clas-
sified as Carnobacterium spp. (48 isolates), Leuconostoc spp.
and Lactococcus spp. (11 isolates), and Brochothrix spp. (10
isolates).

In all control trials, the background microbiota grew on CIN
agar at levels two or more log cycles lower than on PCA;
however, none of the colonies had the typical appearance of
yersiniae. Selected colonies were identified as either Serratia
spp. or “not identified gram-negative” by Vitek Jr.

There were no significant differences between replicate trials
for growth of the background microbiota. Counts of the back-
ground microbiota were similar at 6.5 and 10°C (P . 0.05);
however, counts at both higher storage temperatures were

significantly different (P , 0.01) from counts at 3.5°C (Fig. 2).
The addition of sodium lactate and ALTA 2341 significantly
affected counts of the background microbiota (P , 0.01). The
effect was more pronounced at 3.5°C than at 6.5 or 10°C (Fig.
2).

The CO2 concentration decreased from 43 to 44% to ap-
proximately 33 to 34% within 24 h of packaging. Oxygen con-
centrations, when detected, were ,1%. The pH of the chicken
was 6.3 throughout the experiment and was not affected by
brine treatments.

Growth of Y. enterocolitica and L. monocytogenes. Y. entero-
colitica or L. monocytogenes isolates were not recovered
(,1,000 CFU/150-g piece) from control samples during the
course of the experiment as determined by surface plating of
initial dilutions onto selective media. No significant difference
(P . 0.05) was observed in the growth of pathogens in hot- and
cold-packed samples, indicating that the presence of a com-
petitive microbiota did not influence the growth of either
L. monocytogenes or Y. enterocolitica at any of the storage
temperatures (data not shown). Levels of the background mi-
crobiota, although 1 to 2 log units higher than levels of patho-
genic organisms, may have been insufficient to exert an effec-
tive inhibitory action. Alternatively, these results could be a
reflection of the consistently high pH of the meat, the absence
of a fermentable carbohydrate, or the type of organisms that
predominated in the product.

Addition of food-grade sodium lactate and ALTA 2341 to
the brine did not prevent the growth of L. monocytogenes and
Y. enterocolitica, but it significantly (P , 0.01) decreased counts
of the pathogens. The preservatives extended the lag phase of
L. monocytogenes by approximately 10 days in cold-packed
samples stored at 3.5°C and by 1 to 2 days in samples stored at
6.5 or at 10°C (Fig. 3). The combined preservatives extended
the lag phase of Y. enterocolitica by 3 days in samples stored at
3.5°C, but little effect was seen at the higher storage temper-
atures (Fig. 4). No significant difference (P . 0.05) was ob-
served between replicate trials for growth of L. monocytogenes.
However, inhibitory effects of the test brine on Y. enterocolitica
were significantly greater (P , 0.01) in replicate two.

Two of five L. monocytogenes strains (LI512 and LI514) and
none of the Y. enterocolitica strains used in this study were
inhibited by 0.5% ALTA 2341. L. monocytogenes LI527 and
LI549 were weakly inhibited at 2% ALTA 2341 but were not at
lower concentrations. A heat treatment of 85°C for 30, 60, or

FIG. 2. Aerobic plate counts for cooked, modified-atmosphere, cold-packed
poultry injected with regular brine (open symbols) or test brine containing
sodium lactate and ALTA 2341 (solid symbols) and stored at 3.5°C (Œ), 6.5°C
(F), or 10°C (■).

FIG. 3. Growth of L. monocytogenes on cooked, modified-atmosphere, hot-
packed poultry injected with regular brine (open symbols) or test brine contain-
ing sodium lactate and ALTA 2341 (solid symbols) and stored at 3.5°C (Œ), 6.5°C
(F), or 10°C (■). Counts below 1,000 CFU/piece were determined by MPN.
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120 min did not reduce the inhibitory action of ALTA 2341. A
1% solution of ALTA 2341 was equivalent to 2,000 AU/ml,
which is similar to that reported previously (5, 13).

The predominant spoilage microbiota in MAP products are
lactic acid bacteria. The preservative action of lactic acid bac-
teria in fermented foods is largely due to the production of
organic acids coupled with a drop in pH (8, 9). Other mecha-
nisms of inhibition may be the decreased availability of nutri-
ents, the formation of hydrogen peroxide, or the production of
bacteriocins. The competitive ability of naturally occurring lac-
tic acid bacteria in nonfermented RTE foods is much less clear.
Most previous studies on the growth and survival of psychro-
trophic pathogens in nonfermented RTE meats have used lab-
oratory-prepared sterile or pasteurized aseptically handled
meat (11, 12, 19). Lactic acid bacteria selected for production
of specific bacteriocins have been coinoculated into heat-
treated meats along with the pathogen of interest with variable
degrees of success in inhibiting pathogen growth (3, 4, 18, 24).
Cooked meat products with a naturally occurring background
microbiota have occasionally been used for challenge studies
(3, 7); however, the specific competitive action of background
spoilage organisms on inoculated pathogens was not deter-
mined because a suitable bacterium-free control was not avail-
able.

In this study, the competitive ability of a naturally occurring
population of lactic acid bacteria and Brochothrix spp. was
evaluated in a commercially prepared product. The develop-
ment of this background microbiota had no effect on the
growth of L. monocytogenes or Y. enterocolitica. Temperature
was the most important factor in inhibiting the growth of either
pathogen. The preservatives sodium lactate and ALTA 2341,
added at maximum recommended levels, provided a small ad-
ditional barrier by extending the lag phase; however, their
effectiveness diminished as the storage temperature increased.
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