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Behavior of Listeria monocytogenes when Incubated Together
with Pseudomonas Species in Tryptose Broth at 7 and 13°C
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ABSTRACT

Tryptose broth (TB) was inoculated with Listeria monocytogenes (strain Scott A or California), Pseudomonas aeruginosa,
Pseudomonas flourescens, or a combination of L. monocytogenes
plus Pseudomonas species, and incubated at 7 or 13°C for 8 weeks.
McBride Listeria Agar was used to determine numbers of L.
monocytogenes and Pseudomonas Isolation Agar to enumerate
Pseudomonas species at 0, 7, 14, 28,42, or 56 d. At 13°C, presence
of P. fluorescens had a slight negative effect on growth of L.
monocytogenes strain Scott A, and was somewhat detrimental to its
survival during the extended incubation. Growth of L. monocytogenes strain California was retarded by presence of P. fluorescens
although the maximum population achieved by the pathogen was
greater in the presence rather than absence of the pseudomonad; the
pseudomonad did have a negative effect on survival of the pathogen. At the same temperature, P. aeruginosa had a negative effect
on survival of L. monocytogenes strain California, but had essentially no effect on the other strain of the pathogen. Neither strain of
L. monocytogenes affected growth of P. fluorescens nor P. aeruginosa. At 13°C the pH of TB generally decreased when L. monocytogenes grew by itself but increased when either pseudomonad
grew by itself or together with the pathogen. At 7°C, growth of both
pseudomonads was minimal. Presence of non-growing cells of P.
fluorescens retarded somewhat growth of both L. monocytogenes
strains early during the incubation. P. aeruginosa had no detectable
effect on either strain of L. monocytogenes. The pH of TB decreased
when L. monocytogenes grew by itself or together with either
pseudomonad, and remained unchanged in TB inoculated with
either pseudomonad.
Listeria monocytogenes is a pathogenic bacterium that
was responsible for several food-related outbreaks of disease
or has contaminated foods which have been recalled from the
marketplace (J ,2,3,4). The pathogen is psychrotrophic (i.e. it
can grow at or below 7°C); accordingly, refrigerated storage
does not completely control growth of this bacterium. The
ability of bacteria to grow at refrigeration temperatures was
demonstrated by Foster in 1887 (10), and such bacteria are
ubiquitous in various natural habitats (15,16,17,20,24).
The psychrotrophic nature of L. monocytogenes has
been firmly documented (9,13,14,21,25), although the temperature range for its optimum growth is 30-37°C (12). The
bacterium not only survives, but grows at temperatures as
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low as 3°C in tryptose phosphate broth (14), 4°C in milk
(9,11,12), and 0°C in sterile meat after 16-20 d of storage
(18). L. monocytogenes also can withstand freezing temperatures, as is shown by its recent discovery in bulk ice cream
and ice cream novelties (5,6).
Cold storage selects for psychrotrophic bacteria that are
able to grow, and carry out metabolic activities at or below
7°C. Hence, with the increased use of refrigerated storage of
food, growth of these bacteria has become of great importance in the food industry over the last 30 years (8). In
general, psychrotrophic microorganisms are important because they can cause spoilage in foods. Furthermore, some
foods such as milk and meat products can be contaminated
by L. monocytogenes. Consequently, L. monocytogenes and
other psychrotrophic bacteria such as Pseudomonas are
likely to be present together in some raw foods or through
post-heating contamination of products such as pasteurized
milk. Hence, it is important to know if either has an affect on
growth of the other. Consequently, this study was done to
investigate the behavior of L. monocytogenes and of Pseudomonas spp. when incubated alone and in the presence of each
other at 7 or 13°C for up to 8 wk.
MATERIALS AND METHODS

Cultures
Two strains of L. monocytogenes, Scott A (clinical isolate,
serotype 4b, provided by R. M. Twedt, Food and Drug Administration, Cincinnati, OH) and California (serotype 4b, isolate from
Mexican-style cheese, obtained from Silliker Laboratories. Inc.,
Carson, CA) were inoculated separately into Tryptose Broth (TB)
(Difco) and incubated at 35°C for 24 h (7). The number of cells/ml
of the cultures was adjusted by dilution; a sufficient volume of the
diluted culture was dispersed in 25 ml of TB to yield desired initial
levels of L. monocytogenes in test substrates.
Pseudomonas aeruginosa ATCC 10145 and P. fluorescens
(McCoy strain) were obtained from the culture collection of the
Food Microbiology Laboratory in the Department of Food Science,
University of Wisconsin-Madison. Pseudomonas species were
each inoculated separately into TB and incubated at 35"C for 24 h.
The number of cells/ml of the cultures was adjusted by dilution; a
sufficient volume of the diluted culture was dispersed in 25 ml of
TB to yield desired initial levels of Pseudomonas species in test
substrates. The following pure or mixed cultures of the test
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bacteria, in 25 ml of TB, were prepared: (a) L. monocytogenes
strain Scott A, (b) L. monocytogenes strain California, (c) P.
fluorescens, (d) P. aeruginosa, (e) L. monocytogenes strain Scott
A + P. fluorescens, (f) L. monocytogenes strain Scott A + P. aeruginosa, (g) L. monocytogenes strain California + P. fluorescens, and
(h) L. monocytogenes strain California + P. aeruginosa. These
cultures were held at 7 or 13°C. All cultures were sampled after 0,
7, 14, 28, 42, and 56 d to determine populations of the bacteria.

RESULTS AND DISCUSSION
Behavior ofL. monocytogenes in the presence of P. fluorescens
The population achieved by L. monocytogenes strain
Scott A after 7 d at 13°C was quite similar with or without the
presence of P. fluorescens (Table 1). However, the foldincrease in mixed cultures was less than in pure cultures. The
decrease in population of viable cells began sooner and was
greater in magnitude during the extended incubation period
when P. fluorescens was present rather than absent. In contrast to this, a somewhat higher population of L. monocytogenes strain California developed in the presence rather than
in the absence of P. fluorescens but the fold-increase was less
(Table 1). Aslo, the population of this strain of the pathogen
was more stable than that of the other during the prolonged
incubation regardless of whether or not P. fluorescens was
present. Growth of P. fluorescens at 13°C did not appear to
be affected appreciably by the presence of either strain of L.
monocytogenes. Reducing the incubation temperature to 7°C
prohibited growth of our strain of P. fluorescens (Table 2).
There was a reduction in the population of viable cells of P.
fluorescens during the prolonged incubation period, but this
decrease did not seem to be related to the absence or presence
of either strain of L. monocytogenes in the culture (Table 2).

Behavior ofL. monocytogenes in the presence of P. aeruginosa
Presence of P. aeruginosa had little or no effect on the
population ofL. monocytogenes strain Scott A during 56 d at
13°C (Table 4). In contrast, beginning at 7 d of incubation,
the pseudomonad had a detrimental effect on survival ofL.
monocytogenes strain California. Presence of either strain of
L. monocytogenes had little or no effect, when compared to
the control, on the population of P. aeruginosa that developed and then persisted during the incubation period (Table
4).
P. aeruginosa failed to grow appreciably at 7°C, but a
major portion of the initial population in all cultures survived
through at least 42 d of incubation (Table 5). The viable but
non-growing cells of the pseudomonad had little or no effect
on growth and survival of either strain ofL. monocytogenes.
Changes in pH of TB cultures at 7 and 13°C (Table 6) were
similar to those noted with P. fluorescens (Table 3).
Earlier work by Cousin and Marth (8) showed that
preculturing pasteurized milk with psychrotrophic bacteria
served to enhance acid production (and growth) by lactic
acid bacteria in such milk. This was attributed to increased
availability of nitrogen to the lactic acid bacteria through

TABLE 1. Behavior o/Listeria mor ocytogenes and Pseudomonas fluorescens alone and in the presence of each other in tryptose broth held
at 13 °C.
.op 10 cfn/ml (fold increase! on
Incubation
time
(d)

Pseudomonas Agar 8

McBride Listeria Agar*

V

L,+I*

4.9
5.3
0
9.2(17,000)
9.2 (7,200)
7
9.3 (22,000)
8.9 (4,000)
14
8.9 (10,000)
8.2 ( 730)
28
8.3 ( 2,400)
7.9 ( 450)
42
8.1 ( 1,400)
56
7.3 ( 98)
"Average of tour trials.
b
Lj = L. monocytogenes strain Scott A.
C
P = P. fluorescens strain McCoy.
d
L, = L. monocytogenes strain California.

I

d

4.0
8.9 (66,000)
8.7 (45,000)
8.8 (60,000)
8.7 (54,000)
8.6(34,000)

P

L2 + P

5.1
9.1 ( 9,800)
9.4(19,000)
9.5 (28,000)
9.1 (12,000)
8.4(2,100)

5.1

8.8
9.5
10.2

9.7
8.4

L,+P

4.9
( 6,100) 8.3 ( 2,300)
( 30,000) 9.1 (14,000)
(150,000) 9.8 (63,000)
( 41,000) 9.3(21,000)
( 2,200) 8.2(1,900)
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L2 + P

4.9
7.9 ( 800)
9.2(16,000)
9.6 (40,000)
9.4 (27,000)
8.7(5,500)

Downloaded from http://meridian.allenpress.com/jfp/article-pdf/52/8/536/1657567/0362-028x-52_8_536.pdf by guest on 22 January 2022

Enumeration ofL. monocytogenes and Pseudomonas species
One-milliliter portions from each well-mixed culture were
appropriately diluted in sterile 0.5% peptone (Difco) buffer, followed by duplicate surface plating of 0.1 ml of specific dilutions on
McBride Listeria Agar (MLA) (19). Pseudomonas Isolation Agar
(Difco) was used to enumerate Pseudomonas spp. Both agar media
were incubated at 35°C for 48 h. After plate counts were obtained,
averages were calculated, and results are given as the log]0 of such
values.

Growth of both strains of L. monocytogenes at 7°C was
retarded somewhat during the first 7 d of incubation when P.
fluorescens was present in the culture, even though the
pseudomonad was not actively growing. This effect was not
evident at 14 d and beyond when populations of both strains
of L. monocytogenes growing by themselves were similar to
populations developed by the strains when P. fluorescens
was present (Table 2).
At 7°C, both strains of L. monocytogenes reduced the pH
of the TB, strain Scott A did more so than strain California,
regardless of whether or not P. fluorescens was present in the
culture (Table 3). Incubation at 13°C was accompanied by a
similar decrease in pH when the strains of L. monocytogenes
grew by themselves. However, at this temperature P. fluorescens grew (Table 1) and the pH of cultures of the pseudomonad by itself and together with L. monocytogenes increased by more than one pH unit during the incubation
period (Table 3). Absence of growth by the pseudomonad
(Table 2) caused the pH results observed at 7°C.
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TABLE 2. Behavior o/Listeria monocytogenes and Pseudomonas fluorescens alone and in the presence of each other in tryptose broth held
at 7 °C.
McBride Listeria Agar8

Incubation
time
(d)
0
7
14
28
42
56

V
4.5
8.4 ( 7,800)
8.9(21,000)
8.8 (18,000)
8.7 (16,000)
8.4 ( 6,400)

L^P0
4.9
7.5 (
340)
8.9(10,000)
8.8 ( 7,300)
8.5 ( 3,600)
8.2 ( 2,000)

Log,„ cfu/ml (fold increase) on
Pseudomonas Agar

V

3.6
8.4 ( 62,000)
8.3 ( 53,000)
8.7(140,000)
8.7 (140,000)
8.3 ( 56,000)

L2 + P
5.1
6.8 (
48)
8.4(1,900)
8.5 (3,200)
8.4 (2,300)
8.3(1,700)

P
4.9
5.0 ( 1.1)
4.8 (-0.65)
4.8 (-0.65)
4.7 (-0.54)
4.4 (-0.29)

L, + P
5.0
5.0(0
)
4.9 (-0.83)
4.7 (-0.50)
4.7 (-0.50)
4.4 (-0.24)

L, + P
4.9
5.0
5.0
4.7
4.7
4.4

( 1.1)
( 1.1)
(-0.57)
(-0.57)
(-0.32)

TABLE 3. Changes in pH caused byL. monocytogenes, Pseudomonas fluorescens or Listeira monocytogenes plus Pseudomonas fluorescens
incubated in tryptose broth at 7 or 13 °C."
Incubation

pHat I3°C

pH at 7°C

time
(d)
0
7
14
28
42
56

L/'
7.13
5.92
5.31
5.30
5.40
5.60

L^ + P0
7.13
6.82
5.42
5.48
5.41
5.65

V

7.12
6.10
6.07
5.84
6.08
6.80

L 2 +P
7.14
6.65
6.06
5.82
5.60
6.30

P
7.14
7.11
7.05
5.98
7.16
7.26

L,
7.14
5.43
5.48
5.54
5.71
5.63

L, + P
7.15
6.16
6.99
7.52
8.09
8.34

L2
7.16
5.60
5.83
5.99
6.18
6.34

L2+P
7.16
6.58
7.12
7.47
8.08
8.30

P
7.16
7.40
7.61
7.69
8.04
8.13

"Average of four trials.
b
L | = L. monocytogenes strain Scott A.
C
P = P. fluorescens strain McCoy.
d
L2 = L. monocytogenes strain California.
TABLE 4. Behavior o/Listeria monocytogenes and Pseudomonas aeruginosa alone and in the presence of each other in tryptose broth held
at 13 °C.
Log,,, cfu/ml (fold increase) on
Incubation
(d)
0
7
14
28
42
56

Pseudomonas Agar

McBride Listeria Agar"
L,b
4.6
9.2(41,000)
9.2(41.000)
8.8 (15,000)
7.9 ( 2,300)
7.0 (
240)

L^P*
4.6
9.1 (33,000)
9.1 (33,000)
8.0 ( 2,300)
7.9 ( 1,900)
7.8 ( 1,400)

V

L,+ P

3.7
8.8(107,000)
8.7 ( 85,000)
8.9(135,000)
8.8(114,000)
8.6 ( 78,000)

3.8
8.8
8.3
7.5
7.1
6.8

(99,000)
(33,000)
( 4,800)
( 1,900)
( 1,000)

P
5.0
8.0
9.6
9.6
9.3
8.6

( 1,200)
(43,000)
(43,000)
(23,000)
( 4,700)

L,+P
5.0
7.3 (
200)
9.2(14,000)
9.9(81,000)
9.9(81,000)
8.6 ( 4,000)

L,+ P
4.9
6.6 (
56)
9.3 (34,000)
9.8 (76,000)
9.8 (76,000)
9.0(14,000)

"Average of four trials.
b
Ll = L. monocytogenes strain Scott A.
C
P = P. aeruginosa.
,i
L1 = L. monocytogenes strain California.
TABLE 5. Behavior o/Listeria monocytogenes and Pseudomonas aeruginosa alone and in the presence of each other in tryptose broth held
at 7 °C.
Login cfu/ml (fold increase) on
Incubation
time
(d)

McBride Listeria Agar'
L,b

L,+P c

0
4.7
4.6
7
6.0 (
23)
6.2 (
38)
14
9.0(21,000)
8.8(18,000)
28
9.1 (28,000)
8.9(21,000)
42
9.4 (47,000)
9.3 (48,000)
56
9.0 (24,000)
8.9 (23,000)
"Average of four trials.
b
L, = L. monocytogenes strain Scott A.
C
P = P. aeruginosa.
d
L2 = L. monocytogenes strain California.

Pseudomonas Agar"

L,d

L, + P

3.7
5.5 (
65)
8.3 ( 41,000)
8.7 ( 94,000)
8.8(130,000)
7.5 ( 62,000)

3.8
5.6 (
67)
8.2 ( 2,800)
8.7 ( 92,000)
9.0(170,000)
8.8(110,000)

(3.5)
(-0.93)
(-0.13)
(-0.07)
(-0.02)
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L,+ P

L,+P

P

4.7
5.9
4.5
3.8
3.5
3.0

4.7
4.6
4.2
3.5
3.2
2.9

(-0.74)
(-0.32)
(-0.1)
(-0.03)
(-0.02)

4.8
4.8
43.
4.2
4.0
3.4

(0)
(-0.27)
(-0.2)
(-0.2)
(-0.03)
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"Average of four trials.
b
L, = L. monocytogenes strain Scott A.
C
P = P. fluorescens strain McCoy.
d
L2 = L. monocytogenes strain California.
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TABLE 6. Changes inpH caused by L. monocytogenes, Pseudomonas aeruginosa or Listeria monocytogenes plus Pseudomonas aeruginosa
incubated in tryptose broth at 7 or 13 °C."
Incubation
(d)

0
7
14
28
42
56

pH at 7°C

V

7.27
7.01
6.02
5.81
5.36
5.44

Lj+F

7.26
7.01
6.10
5.41
5.37
5.41

W

7.22
7.03
6.34
6.00
5.80
5.95

pHat 13°C
L2+p

P

L,

L1 + P

L2

L2+P

P

7.28
7.02
6.35
5.84
5.87
6.26

7.25
7.02
7.07
7.10
7.02
7.25

7.11
5.30
5.27
5.50
5.52
5.30

7.13
6.06
6.98
7.47
7.62
8.16

7.11
6.09
5.60
6.22
6.14
7.14

7.13
6.28
7.49
7.40
7.95
8.16

7.10
7.28
7.49
7.65
7.98
8.12

a

Average of four trials.
L] = L. monocytogenes strain Scott A.
C
P = P. aeruginosa.
d
L2 = L. monocytogenes strain California.
b
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