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SUMMARY

Growth and survival of Listeria monocytogenes (strains Scott
A and V7) with sodium chloride levels ranging from 0 to 10%
were studied in Tryptose Broth (TB) at 13, 4 and -18°C. As
the incubation temperature is increased, the organisms are able
to grow in the presence of higher levels of sodium chloride.
At 13°C the two serotypes were able to increase in numbers
in up to 9 to 10% NaCl. At 4°C counts decreased with increasing
NaCl concentrations over the 12-day period, but the organism
survived in substantial numbers. At -18°C there was a large
initial decline in counts with little subsequent change. Low levels
of salt were found to stimulate growth of Listeria monocytogenes
which was more pronounced at 13°C. A three way analysis of
variance using the mean log CFU/ml broth showed holding time,
Listeria strains, NaCl concentrations and their interaction to be
significantly important for survival of the bacteria at different
holding temperatures.
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INTRODUCTION

Listeria monocytogens has been recognized as a human and animal pathogen for
more than 50 years, however its prominence as a foodborne pathogen has only recently
surfaced (DOYLE, 1984). e

Salt is the most widely used of food preservatives. The microbiological effect
of NaCl as a growth inhibitor for microbial cells in food probably depends on the osmot-
ic withdrawl of water, and will reflect the water activity of the system. The effect
of salt is often similar to that of drying (SCOOT, 1957). The lethal action of NaCl,
like that of other food preservatives, is known to be reduced at low temperatures
but the influence of temperature on the inhibitory (as distinct from lethal) action of
salt is not well documented (INGRAM and KITCHELL, 1967).

Listeria monocytogenes is listed among the psychrotrophic food organisms (MOSSEL,
1971). Thus, the role of curing salts in the elimination of the organism has to be consid-
ered. The resistance of this organism to high salt concentrations was discussed in many
published papers. Listeria monocytogenes was able to remain viable and fully virulent
after eight weeks in 20% NaCl at 4°C but has to be compared with the culture, which
without salt, could survive without loss of virulence for three to four years (MURRAY,
1955). Similar results were reported by WRAMBLY (1944), one of the early poiners
in the field who found that this organism was resistant to 20% NaCl for a period of
gight weeks when incubated at 4°C. On the other hand, the viability of L.monocytogenes
strains was shortened when exposed to 15% NaCl (BEGANOVIC, et al 1971). These
authors also studied growth of L.monocytogenes in 10% salt at 4°C and found that
the organism died over 15 to 30 days, the time being dependent on inoculum size.
On the contrary of other workers, KONTNICK, st al (1971) illustrated that L.monocyto-
genes grew in 20% NaCl within a day. Other authors have also indicated that L.monocy-
togenes could survive for not only eight weeks in 20% NaCl but for more than eighteen
weeks in 25.5% NaCl (SHAHAMAT, et al. 1980). The authors reported that temperature
has a great influence on the action of salt and the survival time in the same concentr-
ations can be lengthened from about 5 days at 37°C to 32 days at 22°C and more
than 132 days at 4°C. Furthermore, this organism can remain viable in 16% NaCl for
a year (WILSON and MILES, 1974).

Many of the studies reported in the literature have been on the lethal action
of high levels of salt as used in| curing brines. Little information is available on the
interaction of incubation temperature and low levels of salt on the growth of L.mono-
cytogenes.

As many foods contain salt at levels which are sublethal for L.monocytogenes,
so this study was undertaken to determine the potential for L.monocytogenes growth
in presence of salt at various temperatures.
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MATERIAL and METHODS

Strains of L.monocytogenes:

L.monacytogenes strain V_ (serotype 1) and Scott A (serotype 4 b) were obtain-
ed fro R.M. Twedt, Food and Drug Administration, Cincinnati, OH, USA). Cultures were
maintained at 3°C on Tryptose Agar (TA) slants (Difco).

Preparation of inoculum:

intermediate cultures were prepared by transferring isolated colonies of L.monocy-
togenes streaked IA plates into 10 ml of Tryptose Broth (1B) (Difco). Two-day-old
colonies of V_ and Scott A were used for the transfer, and the broth tubes were
incubated at Zb“C for 24 h. Inoculum was prepared by transferring intermediate cultures
into a_sufficient volume of B and incubating it quiescently for 48 h at 25°C to provide
a concentration of 10 -10° L.monocytogenes/ml when added to the broth samples.

Preparation of Tryptose broth samples:

Experiments were performed to determine the effect of NaCl on the growth
and survival of L.monocytogenes strains V_ and Scott A at 13, 4 and -18°C in Trypt-
ose broth. Salt levels of O to 10% were tested. Since performulated Tryptose broth
(Difco) contains 0.5% NaCl, the medium for this experiment was prepared without this
NaCl, using the following ingredients per liter: 20 g tryptose, 2 g dextrose; and appropri-
ate amount of NaCl to produce each desired salt level.

Bottles of 100 mi and 200 ml capacity containing 50 and 100 ml of the formulat-
ed broths were inoculated with 1 ml of L.monocytogenes broth cultures. The contents
of the second bottles were divided into test tubes, 5 ml per tube for frozen studies.
L.monocytogenes count was made immediately to provide initial cell count. The surviv-
al time for the organism was followed at three different incubation temperatures (13,
4 and -18°C). The sampling times varied according to the incubation temperature.
Replicate frozen tubes were individually thawed at room temperature (ca. 30 min.)
before sampling to avoid repeat freeze-thaw microbial damage. All the experiments
were duplicated.

L.monocytogenes count:

Serial dilutions of the Tryptose broths were made in 0.1% peptone water, and
duplicate 0.1 ml portions of three consecutive® dilutions were spread plated on McBride's
Listeria agar (MLA) (MCBRIDE and GIRARD, 1960). Plates were incubated at 35°C for
48 h, Typical L.monocytogenes colonies which were smooth, bluish grey, slightly raised,
translucent, watery consistency, 0.5-1.5 mm in diameter and weakly B-haemolytic were
counted and counts were averaged.

RESULTS

The growth of both L.monocytogenes strains is greatly influenced by the incubat-
jon temperature. A three way analysis of variance was constructed using the mean
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log cfu/ml broth to determine the effects of holding time, Listeria strains, sodium chlori-
de concentrations and their interactions on the survival of bacteria at different holding
temperatures (Tables 1-3). Logrithmic transformation of cfu/ml broth obtained for
each sodium chloride concentration at each holding temperature was done (SNEDECOR
and COCHRAN, 1980; STEEL and 1ORRIE, 1980).

It is interesting that growth was obtained with both L.monocytogenes strains
V_ and Scott A in different levels of salt, as well as, in the controls without added
sa%t at the different incubation temperatures.

DISCUSSION

Osmotic stress is of particular interest to food microbiologists because of the
applications in preserving perishable foods. The magnitude of an osmotic stress on a
population of microorganisms is conveniently expresed in terms of water activity (a )
of the solutions. Microorganisms with a comparative bacteria in particular Gram-negative
are more susceptible to plasmolysis than other microorganisms (such as Gram-positive
bacteria and yeasts) containing a higher concentration of solutes. When a microbe
is exposed to a very high concentration of NaCl, the effect of hypertonic solutions
may be considered the main stress on it. There is some evidence that after plasmoly-
sis has occurred a gradual return of the plasma membrane to the inside of the wall
(deplasmolysis) may occur (ROSE, 1976). This may account for some of the fluctuat-
ions which appeared in the counts of cfu when L.monocytogenes strains V_ and Scott
A were suspended in a high concentration of NaCl and incubated at 4°C and -18°C
for long periods.

The rate of growth of bacteria in media containing salt or other solutes is a
function of the water activity and generally not of the concentration of a particul-
ar solute or solutes (SCOTT, 1957; WODZINSK and FRAZIER, 1960). As the solute concen-
tration is increased, the water activity (a ) is decreased. With a decreased a the
log phase of the organism increases and the rate of growth decreases. A Iov‘:ering
of the incubation temperature from the optimum, while not materially affecting the
a , at a given salt concentration (AYERST, 1965) does raise the lower limit of a
for growth. Salmonellae are able to grow at 7-8% NaCl in the cultivation mediun\'ﬁ
if the growth is tested at 37°C (MATCHES and LISTON, 1972), and Y.enterocolitica
is reported to grow in 5% NaCl at 25°C (STERN, et al. 1980).

As a rmule, relatively low concentrations of salt will stimulate microorganisms,
while higher concentrations inhibit them (INGRAM and KITCHELL, 1967). In this study
it is shown that the range of salt concentration at which L.monocytogenes can grow
is wide. Many investigators reported the survival of L.monocytogenes in higher salt
concentrations at different incubation temperatures (WRAMBLY, 1944; MURRAY, 1955;
WILSON and MILES, 1974; SHAHAMAT, et al. 1980).

The stimulating effect of low concentration of NaCl on the growth of bacteria
may be related to Na which is known to have at least two functions in the metabo-
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lism of halophilic bacteria (GOW, et al. 1981). It is required specifically for the trans-
port of a number of solutes into the cells; its function also less specifically; as an
osmotic agent, in preventing the loss of intracellular solutes from the cells (MACLEOD,
et al. 1978). Non halophilic bacteria possess an intracellular tonicity equivalent to that
produced by about 0.85-0.9% NaCl. The other ingredients in the present Tryptose broth
without added NaCl probably compensated the need of NaCl for intracellular tonicity.

It is apparent from this study that temperature has a great influence on the
action of salt and the survival time. However, as the ternperaturé was increased, the
optimum sodium chloride concentration also increased. At the lower suboptimum temperat-
ure (13°C), the organisms appear to grow more rapidly when low levels of NaCl are
present. This effect is evident in salt concentrations ranging from 1 wp to 2% salt.
In most instances the final number of cells attained is also higher at these salt concen-
trations than in the control samples. The growth of E.coli in a dilute medium was
reported to be greatly stimulated by low concentration of sodium chloride (WARE,
et al 1955). The test organisms decreased in number when grown in media containing
0 to 0.2% NaCl, but the growth was stimulated at NaCl levels of 0.4% and 0.8%, with
a maximum stimulation at 2.8% NaCl.

The experiments described in this report show that a cold temperature (4°C)
greatly weakened the inhibitory action of NaCl and the loss of viability was very slow.
On the other hand there is some evidence that the haemolytic activity of Listeria
may be enhanced by incubation at 4°C (DURST, 1975). Also, this microorganism can
increase in virulence after prolonged storage at 4°C (WOOD and WOODBINE, 1979).

From a practical point of view, application of these data to the storage of perish-
able food products is important. Foods with a low salt content may not support the
growth of L.monocytogenes or other pathogens at low temperatures. If, however, storage
temperatures are raised, conditions may become favourable for growth of these patho-
gens.
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Table (1)

Three wayanalyisofvarimceﬁigmmlogwcfu/rrﬂbma 13°C
Source of variation df S5 MS S p-level
Holding time (days) 6 2011.58 335.26 213.04 *%
Listeria strains 1 69.83 69.83 44.37 *%
NaCl concentrations 10 431.91 43.19 27.44 **
Listeria strains X NaCl concentrations 10 4.72 0.47 0.30 N.S.
Error 126 198.29 1.57

Total 153  2716.34
Table (2)

Three way analysis of variance using mean logm cfu/ml broth at 4°C

Source of variation df SS MS IS p-level
Holding time (days) 12 - 12938 10.78 33.01 **
Listeria strains 1 92,22 92.28 282.39 **
NaCl concentrations 18 141.75 14.18 43.41 **
Listeria strains X NaCl concentrations 10 23.52 Y B Tl *#
Error 252 82.29 0.33
Total 285 496.16
Table (3)

Three way analysis of variance using mean log, cfu/ml broth at -18°C

Source of variation df SS MS FS p-level
Holding time (days) 14 34.27 2.45 8.35 b
Listeria strains 1 128.72 128.27 439.01 **
NaCl concentrations 10« - 9V75 9.18 31.29 *%
Listeria strains X NaCl concentrations 10 1.29 0.126 0.43 N.S.
Error 294 86.20 0.29

Total 329 342.20

*% = Significant at (P/_0.01) and (P/_ 0.05).
N.S. = Not significant.
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