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growth phase on heat shock induced thermotolerance at 60°C in L. monocytogenes and to
compare this effect in a broth and a food model system.

MATERIALS AND METHODS

Organism and Culture Conditions

L. monocytogenes (serotype 1) isolated from pasteurized cured ham was obtained from The Danish Veterinary
Service, Food Control Laboratory. The strain was maintained as 200ul frozen stock cultures at -80°C. Cultures
were grown at 30°C with shaking at pH 7.3 in 100 ml tryptic phosphate broth (TPB; Conner et al. 1986) to
log phase (14 h) or late stationary phase (36 h).

Broth Model Svystem

pH-treatment and Heat Shock Procedure. Portions of 20 ml, from the respective cultures, were spun down and
resuspended in 1 ml of fresh TPB for 15 min at 20°C. Nineteen ml volumes of TPB at pH 5.4, 5.8, 6.2 and
7.0 containing 90 mmol I lactic acid (90%, Struers) were then added; a typical lactic acid concentration for
beef (Newbold and Scopes 1967). These cultures were kept for 20 min at 20°C in order to simulate the
procedure used in beef experiments (see below). Subsequently, heat shocked cells received a treatment of 30
min at 46°C, while non-heat shocked cells were heated immediately at 60°C.

Thermal Inactivation. Broth suspensions were heated at 60°C in a submerged-coil heating apparatus (Cole et
al. 1993). Samples of 0.2 ml were taken at predetermined time intervals except where low cell numbers were
expected when 0.6 ml were removed. These samples were dispensed directly into TPB (5 ml, 20°C) ensuring
near to instantaneous cooling of the samples.

Minced Beef Model System

pH-adjustment. Fresh beef (M. semitendinosus) was deep fried for 0.5-1 min and the cooked exteriof
aseptically removed. The meat was then cut into smaller blocks before being passed through a 0.4

holeplate in a sterilized food processor. Batches of minced beef were maintained under frozen storage (-18?9
until further use. The meat was thawed overnight at 3°C before pH adjustment was performed. pH ¥
measured using a direct insertion probe electrode (LOT406-M3-S7/25 INGOLD) and a pH-meter (Knick
pH was adjusted to 5.4, 5.8 and 6.2 in slurries of meat and deionized water (1:1). The volumes of NaOH (1
or HCI (1M) needed to obtain the pH-values were determined and appropriate solutions were made and &
to minced beef. The meat was kept overnight at 3°C and pH measured the following day prior to use. P
of minced beef (10£0.2 g) were weighed into individual vacuum pouches and shaped into a meat bl

Inoculation and Heat Shock Procedure. Cell suspension for meat inoculation was spun down, resuspend
diluted in fresh TPB to obtain a density of approx. 5x107 colony forming units (cfu) per ml. AI.JO‘
elapsed from the time of resuspension until the start of inoculation. 200 ul of cell suspension was Mj€t!
the centre of each sample which were evacuated and sealed. The preparation time was approx. 20 ml
samples for heat shocking were heated for 30 min at 46°C (core temperature) while non-heat S!lOCqu
were heated immediately at 60°C. The inoculum level was determined from two uncooked inoct
samples.

Thermal Inactivation. Meat samples were placed in a rack with no contact between the samples and

in circulating hot water at 60°C. During heating, core temperatures in two meat samples were €
monitored using thermocouples and a data logger (Grant 1200 series Squirrel meter/lo'gger)'
required for the samples to reach an internal temperature of 60°C was 6 min. At dlffere!:; :
duplicate samples were removed, placed in a water bath at 10°C for 10 min anc.l subsequently,
until analysed. The internal temperature of the samples cooled to below 30°C in approx.
samples were diluted ten-fold in TPB and homogenised for 60 s.

-Enumeration of Survivors
Survivors were counted following serial dilution in physiological saline + 0.1

9, Bacto-pep*
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Data Analysis

Estimation of heat resistance, Heat resistance wag expressed ag Djp-values calculateqd as the absolyte valye of
the inverse slope of the least square Tegression lines fitteq to log,, of cfy In the beer peri

Statistica] anaj Sis. Statisticaj analysis wag performed Separately on datg from broth and beef eXperiments, For
each growtp phase the Dgo-value was used as the Tesponse variable i analysis of variance with heat shocy and
PH as fixed effects. Least Squares estimates of marginal meang are presented, :

pH

Figure 1. Thermoto]erance of log phase (A) and late Stationary phase (B) Listerig
”10nocytogenes in minced beef (ful] Symbols) ang broth (open Symbols) before (dotted lines) ang
after (fyy) lines) a hegt shock at 46°¢ in 30 mjn,

reiative Influence of heat shock on thermotolerance was similar ip minced beef and
houg less consistent for late Stationary phase ce]jg (Table 1). Heat shock induceq
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very little or no statistically significant increase in thermotolerance in stationary phase cells
(Table 1). In log phase cells, thermotolerance did not increase after heat shock in beef or
broth at pH 5.4, however. at elevated pH heat shock induced thermotolerance increased in
both beef and broth (Fig. 1A). At pH 7 in broth this trend was further supported by a 5.7~
fold increase in thermotolerance upon heat shock for log phase cells (Table 1).

Table 1. Increase in thermotolerance (Dg,-value) due to heat shock of log and late
stationary phase Listeria monocytogenes in minced beef and tryptic phosphate broth with
90 mmol I"" lactic acid added.

Growth phase

Heating menstruum pH Log Late stationary
Broth 54 0.8 13

58 1.6 1.3

6.2 2.8 1.1

7.0 5.7 1.0
Minced beef 5.4 1.4 0.9

5.8 1.7 0.9

62 2.4 1.0

The heat shock (46°C for 30 min) applied in the present study caused a statistically
significant loss in viability (Table 2) for log phase cells in beef with a pH of 5.4, but a
similar effect could not be observed in broth.

Table 2. Loss in viability (log,,cfu) of Listeria monocytogenes during heat shock (46°C, 30
min) in minced beef and tryptic phosphat broth with added lactic acid (90 mmol 1.

e

Growth phase

et

Heating menstruum pH Log Late stationary
LA

Broth 5.4 -0.01%¢ -0.05°
Minced beef 5.4 1.13* 0.04"¢
5.8 0.14° -0.02°
62 -0.04° A

v Different superscripts denote statistically significant differences (P<0.5)

DISCUSSION
nterest but the

The effect of heat shock on thermotolerance has received much 1
lved. Results :

importance of the phenomena in food processing has not been reso
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be used directly to generate D-valyes for use in the meat industry as thig would lead ¢,
severe underestimations,

This work hag been Sponsored by the Danish Research Council ag 5 part of the FQTERK
Programme. We Wwish to thank Linda Bergstrom ang Gitte Brandt for providing excellent

technica] assistance,
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