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ABSTRACT

Several reports have been published on the minimum growth temperatures of salmonellae in foods.
Prescott and Ceer (8) and Prescott. and Tanner (9)
reported that no growth of salmonellae occurred in
foods held below 5 C. This was later confirmed by
Angelotti et al. (2), who also indicated that m~imum
growth temperature may vary with the foodstuff.
Thus, there was no growth between 4.4 and 10 C in
custard and ham salad, but growth did occur within
5 days in chicken a la king. Similarly, Matches and
Liston (6) reported that salmonellae would not grow
below 11 C in picked crabmeat but would grow . at
8 C on fish fillets. These results suggest that properties of the food as a milieu for growth affect the
minimum temperature at which salmonellae will
grow. The pH of foods varies widely either is aresult of natural composition or because of delihei:!ite
addition of acid or alkaline flavoring or preservjng
agents. Surprisingly little has been published on the
influence of pH on salmonellae growth. In an early
paper, Demby (5) reported on the pH range which
permitted 40 different organisms to grow, apparently
at their optimum temperatures. Salmonella typhosa
grew between pH 6.2 and 7.6; Salmonella paratypht
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between 4.5 and 7.8; and Salmonella schottmuelleri
between 4.5 and 8.0. Chung and Goepfert ( 4) studied
the growth of salmonellae on: medium adjusted with
different acidulants and reported gro~ as lo~ as J?H
4.05. Ayres (3) reported that salmonellae :wen'! rapidly destroyed in lemon . juice, pH 2.3, .and,Jim~ juice,
pH 2.5. He also reported that tomato juice;: pH 4.3,
was bactericidal to these ·organisms. Alford· and
Palumbq (:1) reported growth of 23 strains of .Salmon~Zlq at pH. 5.8 and 6.5, but only one strain· at
5.0,. in broth containing 2% salt, incubated at lO C.
Nothing seems to have been published concerning
the minimum growth temperatures .of salmonellae
over the· pH range occW:ring in foods. Yet the combined effects of low t~rnperature '(refrigerated storage) and lo":ered pH are commonly. used to preserve
foods. This paper reports results of a study on the
ability of three ·common Salmonella serotypes to
grow at low temperatures over the pH range 4.0 to
9.0.

Test organisms
Salmonella heidelberg, A TCC 8326; Salmonello typhimurium, ATCG 6004; and Salmonello ·derby, ATCC 6966, were
used in these studies because they were among· !the serotypes
most frequently isolated from human sources (10) and because
data were available on their minimum growth temperatures.
Inoculum
The inoculum fbr the temperature-gradient incubator was
18 hr trypticase soy broth cultures whieh were spread on the
agar surface by means of a 1oterile cotton swab.
The inoculum for the polythermostat was standardized by
adding 18 hr trypticase soy broth cultures of the test organisms
to 0.1% peptone water to obtain 55% transmittancy "!j.~, 660 nm
in a Bauseh and Lomb spectrophotometer, yielding 10" cells/
ml. Appropriate serial dechnal dilutions for inoculation· were
prepared in 0.1% peptone water, chilled in ice, and added
to flasks of chilled steriJe trypticase soy broth. The chilled
suspension was added t6 26 X 55 mm screw-cap tubes (12
ml! tube) and held chilled until placed in the polythermoStat.
Medium
The pH of media used in both the temperature-gradient
incubator and the polythermostat was adjusted with HCl
or NaOH prior to sterilization so that the desired pH of 4.0
to 9.0 was obtained after sterilization. Medium adjusted to
a different pH was used in each of the channels of the temperature-gradient incubator and in the tubes in each of the
channels of the polythermostat.
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The combined effects of pH and temperature on growth of
three serotypes of salmonellae are reported. Salmonello heidelr
berg grew on the surface of agar over the pH range of 5.0
to 9.0. Minimum growth. temperatures of 5.3, 5.2, and 5;3 C
were obtained at pH values of 6.0, 7.0, and 8.0, respectively.
In broth, S. heidelberg increased in number over the pH
range of 6.0 to 8~0, with the lowest growth temperature of
6.0 C obtained at pH 7.0. Salmonello typhimurium increased
in number in broth at pH values of 6.0 to 9.0. A timetemperature effect was shown by this organism after 16
days. Salmonello derby grew over the pH range of 6.0 to
8.0 in broth, with the lowest growth temperature of 9.0 C
obtained at pH 6.0 and pH 7.0. The results indicate that
food-poisoning Salmonella serotypes grow only over a narrow pH range at low temperatures.
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The growth of S. heidelberg on the surface of
trypticase soy agar in the temperature-gradient incubator was determined after 7 days of incubation
over a temperature range of -1 to 15.5 C. Experiments of longer than 7 days duration were not conducted because moisture evaporated from the warm
end of the temperature-gradient incubator and condensed on the cold end. The average results of
three experiments are shown in Fig 1. After 7 days
of incubation at pH 4.0, no growth of Salmonella
could be detected even at the warm end of the incubator. On agar adjusted to pH 5.0, S. heidelberg
was able to grow, but the minimum growth temperature at this pH was only 9.5 C. As the pH of the
medium was adjusted closer to neutrality, the minimum growth temperature began to drop. At pH
values of 6.0, 7.0, and 8.0, the minimum growth
temperatures were 5.3, 5.2, and 5.3 C, respectively.
The minimum growth temperatures then increased to
6.4 C at pH 9.0.
When Salmonella was grown in broth in the polythermostat over a temperature range of 2 - 12 C, the
incubation period was extended for as long as 28
days. At each sampling time the numbers of organ-
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Figure 1. Minimum growth temperatures of Salmonella
heidelberg after 7 days' incubation over the pH range of
4.0 to 9.0.

isms were determined in each tube by the drop-plate
method. An increase in numbers of cells was not
considered significant and recorded as an increase
unless the number of cells had increased by 0.5 log.
The minimum growth temperature of each organism for each pH value was determined at intervals
for 28 days. The average results for two experiments are shown in Table 1. Increases in number
of cells were obtained in all tubes incubated at temperatures higher than those given in Table 1. The
actual minimum growth temperature may fall between the recorded temperature in the tube showing growth, and the temperature of the next colder
tube which does not show an increase in numbers of
cells.
When grown in broth at pH 4.0 and 5.0, the inoculum for the three serotypes decreased throughout
the 28-day incubation period from an initial count
of 104 to 10" cells/ml to fewer than 10 cells/mi.
Salmonella heidelberg showed greater pH effects
in broth than on an agar surface. At pH 4 a decrease
in cell numbers from 10" to <10/ml was obtained
at all temperatures tested over the incubation period.
An increase was not obtained at pH 5.0, but the number of cells remained almost com.tant throughout the
incubation period. Increases in numbers of cells
were obtained at pH 6.0, 7.0, and 8.0, and the minimum growth temperatures obtained at these pH
values were 6.5, 5.9, and 7.7 C, respectively. At
pH 9.0 the inoculum decreased from 16"/ml to <10/
ml in 6 days.
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The temperature-gradient incubator (7) consists of an
aluminum block with six longitudinal channels ( 1 X 1 1/4
X 30 inches) machined into one surface. The channels are
filled with agar, each adjusted to a different pH, and the
surface inoculated with the test organism. The temperaturegradient ineubator was converted into a polythermostat by
placing screw-cap tubes into the channels and filling the
channels around the tubes with 2% agar in water.
Tho incubator and polythermostat were cooled at one end
by circulating refrigerant and warmed at the other end by
circulating water. During operation a linear temperaturegradient was obtained along the length of the aluminum
block. Temperature was monitored constantly by thermocouples placed at intervals along the gradient and recorded on
a Brown 6-point recording potentiometer.
Enumeration and detection
The minimum growth temperature of Salmonella on the
surface of agar in tho temperature-gradient incubator was
determined by visual observation of the point at which growth
could no longer bo seen, and calculation of the actual temperature on the basis of the gradient. Salmonella counts were
determined by the drop-plate method. Duplicate or triplicate 0.1 or 0.01 ml volumes of the appropriate dilutions from
each tube in the polythermostat were inoculated onto the
surface of t:rypticase soy agar. The plates, with duplicate or
triplicate samples, were incubated at room temperature (about
22-23 C) and the colonies counted after 16-24 hr with the
aid of a dissecting microscope. The organisms grew rapidly
at room temperature, with a generation time of approximately
1 hr. At higher incubation temperatures, growth was more
rapid and colonies grew together, making counting difficult.
Therefore, room temperature incubation was used and the
small colonies, although easily seen, were more easily distinguished with the 12 X dissecting microscope.
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TABLE

pH

lNcUBAno:s TIME M~.TD MINIMUM TE-"1\{PERATURE AT WmcH GROWTH oF
SALMONELLA wAS DETECTED AT EACH P~H::.._:V:_:A::::L:;:U::::E·:___ _ _ _- c - - - : - : - - - - - - -

~m~~~tto~n-s:·· beitldb.-e~-:cg;-tem_M_,_li~_:l~:!. .: _e ·-~ln~c~: : b~ ~ ~o~n- .:S.-: -t~yp- .:blo-m~ur~ium-;- t~>.{-'Jn-'-!f~_:!~:.c. Jur_m_e
-

No Growth

5.0
6.0

1.

6

13
20
27

7.0

7
14
21
28

7
14
21
28

9.0

No Growth

I

_ : :ln~c~: : ~:=J: :Io=n~s-.~·e-rb~:y~-tem_M!nim_,.Y~-=~'-'-i'tu~~-e
No Growth

6.5
7.1
7.1
7.1

2
6
16

12.0
10.4
7.2

5
12
19
26

10.0
9.0
9.0
9.0

6.5
5.9
6.5
6.5

2
6
16

12.0
9.6
7.2

6
13
20
27

9.0
9.0
9.0
9.0

7.7
7.7
7.7
7.7

2
6
16
23

11.2
8.8
6.4
6.4

6
13
20
27

9.5
9.5
9.5
9.5

16

8.0

23

8.0

At pH values of 6.0, 7.0, 8.0, and 9.0 an increase
in the numbers of viable S. typhimurium cells was
obtained. This increase showed a time-temperature
effect with a longer lag at the lower temperature.
The lowest minimum growth temperature, 6.4 C, was
obtained at pH 8.0. This minimum increased to 7.2 C
at pH 6.0 and 7.0 and to 8.0 C at pH 9.0.
The growth pattern obtained with S. derby was
similar to that obtained with S. heidelberg. The
numbers of viable cells decreased throughout the incubation periods at pH 4.0, 5.0, and 9.0. Increases in
numbers of cells were obtained at pH 6.0, 7.0, and
8.0, and the minimum growth temperatures obtained
at these pH values were 9.0, 9.0, and 9.5 C, respectively. The minimum growth temperature for S.
derby over the pH range was higher than that obtaine9. for either S. typhimurium or S. heidelberg.
DISCUSSION

The use of HCl and NaOH to adjust pH inevitably
causes production· of NaCl in the medium. However, the quantities used in these studies were insufficient to raise the N aCl content of the medium by
even 0.5%. We have shown in a separate study (to
be published in this Journal) that there is little effect
on minimum temperature of growth of Salmonella of
NaCl concentrations in the range 0.5 to 3%. NaCl
may thus be ignored as a factor in the pH investigation.
The minimum growth temperature-pH relationship
for S. heidelberg on solid medium (Fig. 1) indicates
the pattern of events for the three serotypes tested.
In all instances the pH range permitting growth at
minimum temperatures was pH 6 to pH 8. The actual minima observed under these conditions are in

No Growth

good agreement with values reported earlier (7). A
pH of 5 seemed to represent a break point in the
ability of salmonellae to grow at temperatures in the
refrigerated food range, although Chung and Goepfert ( 4) reported the growth of salmonellae as low
as pH 4.05 at 25 and 32 C. Cells held at pH 4 died
off rapidly at temperatures below 10 C. The organisms showed somewhat marginal growth at pH 9
when temperatures were below 10 C but the high
pH seEmed, not unexpectedly, to have less effect
than pH values in the acid range.
Of the three serotypes tested, S. heidelberg showed the greatest tolerance of varied pH conditions.
This organism has also shown the lowest minimum
growth temperature and may in fact be somewhat
more psychrotrophic than other Salmonella serotypes.
It is probable that the difference in response of this
organism when grown on the surface of solid media
and in liquid media simply reflects a greater availability of oxygen on the solid medium. Chung and
Goepfert (4) were able to get growth of Salmonella
senftenberg at a lower pH with aeration than without. Obviously, physiologically important factors
such as temperature, acidity, and oxygen availability
interact in affecting the growth of microorganisms.
The combined effect of pH conditions and low
temperature on the outgrowth time of salmonellae is
of interest in relation to control of these organisms
in foods. Where growth occurred at the extreme
pH values of 5 and 9, it was greatly delayed. However, only S. typhimurium showed a marked timetemperature growth effect in the pH range permitting
growth at below 10 C.
On the basis of these studies it appears that three
of the more common food-poisoning serotypes of
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8.0

No Growth

_\ _ _
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Salmonella grow only over a narrow pH range between 6 and 8 at temperatures close to 5 C. Theresults reinforce earlier published conclusions that foods
held at temperatures below 5 C will not support
growth of Salmonella.
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