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SUMMARY

The inactivation kinetics of Salmonella typhimurium inoculated into a range of high total
solid/ high sugar foods were determined at temperatures of 58, 60, 63,65 and 68°C. The
effects of total solids, water activity, protein, carbohydrate and fat content of the products on
the heat resistance of S. typhimurium were analysed.

All the death curves obtained could be assessed by linear regression in all the heating
substrates investigated. The D-values obtained at 58°C ranged from 8.4 minutes in half
cream to 1087.2 minutes in cocoa mass. At 68°C, the D-values obtained ranged from 0.3
minutes in custard and half cream to 36.3 minutes in cocoa mass. Cocoa mass and peanut
butter had the highest total solids content, 98.3 and 99.0% respectively, and conversely
custard and half cream had the lowest total solids content, 23.8 and 21.8% respectively.

Specific associations between the heat resistance characteristics of S. fyphimurium and
product constituents could not be identified by statistical analysis of variance; however,
certain trends were observed. It was noted that the heat resistance of S. typhimurium in high
total solid products, i.e. cocoa mass and peanut butter, was up to sixty times higher than in a
low solids substrates such as nutrient broth. Also of note was the differences observed in the
heat resistance of S. fyphimurium in products with similar constituents. The heat resistance in
butter for example, was considerably lower than in products with a similar combination of
solids and fat content.

The z values obtained in these products ranged from 4.6 in custard to 13.6 in glucose syrup.

The data presented in this study demonstrate the marked increased heat resistance of S.
typhimurium in products whose constituents contribute to high total solid or low water
activity foods. It also demonstrates that to assure safety, constant process evaluation is
needed if a product under development changes its composition of solids, fat or water
activity.
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INTRODUCTION

Salmonella has been implicated in several outbreaks of disease associated with dairy products
with an increased solids or fat content such as cheese (Maguire et al, 1992; Barrett, 1986;
PHLS, 1996; Ratnam and March, 1986), cream (Barrett, 1986; Evans ef al, 1996) and ice
cream (Hennessy et al, 1996; Oemichen, 1995; Buckner ef al, 1994; Morgan et al, 1994,
Cowden et al, 1989), the majority of which have occurred due to the processing of
contaminated raw milk, or pasteurised milk that had been cross contaminated. Data on the
survival of Salmonella at pasteurisation temperatures is conflicting; for example, Humphrey
et al (1990) showed that Salmonella enteritidis PT4, Salmonella typhimurium PT141 and
Salmonella senftenberg 775W should not survive the pasteurisation of liquid egg, whilst Shah
et al (1991), demonstrated that pasteurisation of whole liquid egg at 60°C for 2.83 minutes
would result in only a 4 log decimal reduction in population.

It has been established that the concentration and growth history of salmonellae can affect the
heat resistance of the organism and therefore the chances of survival after pasteurisation.
Growth of Salmonella above its optimum temperature can lead to thermal tolerance being
acquired (Neidhart and Van Bogelen, 1987); in fact Mackey and Derrick (1986) reported a 2-
3 fold increase in the heat resistance of S. fyphimurium under such conditions.

In addition to temperature, the effect of dissolved solutes and fats in the heating menstruum
has also been investigated (D’Aoust, 1978; Gomez et al, 1973). Reports have shown that the
heat resistance of bacteria has an inverse relationship with Aw (Barrile and Cone, 1970;
Thomas et al, 1966; Goepfert et al, 1970 and Archer et al, 1997). The complexity of the
menstruum also affects the heat resistance as shown in studies using S. senftenberg 775W by
Thomas et al (1966). The effect of solute type on the heat resistance of salmonellae was
demonstrated by Goepfert et al (1970), who showed that the protective effect afforded by
sucrose, sorbitol, fructose and glycerol varied. Salmonella anatum heated in solutions of
carbohydrates, proteins, salts and gums resulted in an additive increase in heat resistance;
however, the protective effect of whole milk greatly exceeded all of these effects (Moats et al,
1971).

The implications of these data are that the protective effect observed in experiments using
certain food components is complex and not easily quantifiable. In the following studies
investigations were concentrated in the areas of high total solid / high sugar foods in
anticipation that certain variables such as Aw would be indirectly controlled. By generating
heat resistance data of S. fyphimurium heated in products such as cream, butter, chocolate, dry
meat, syrups and spreads, the relationship between levels of fat, protein, carbohydrate and the
microorganism could then be analysed and discussed.
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The overall objectives of the study were therefore to provide detailed analysis of the food
products tested and evaluate any associations with these to explain reasons for enhanced heat
resistance and provide a database for these types of product for industry reference. It was
anticipated that this study would assist the food industry in understanding how widespread
the issues of food composition are and consequently assist with the design and development

of safe food products.
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MATERIALS AND METHODS

Microorganism

Salmonella typhimurium CRA 1005 (from the CCFRA culture collection) was used in this
study. This strain was originally isolated from raw egg.

The heat resistance of other strains of S. typhimurium 1627 (CRA), 1009 (CRA), 1007 (CRA)
and 1005 (CRA) were tested in Nutrient Broth (NB). Strain 1005 was shown to have the
highest heat resistance and was chosen for further work.

Glass beads coated with frozen liquid culture (-80°C) of strain 1005 were suspended in NB
and incubated overnight at 37°C. The liquid cultures were used to inoculate Nutrient Agar
(NA) slopes on which the strains were maintained throughout the study at refrigeration
temperature. The strains were re-streaked every two weeks.

Growth curves

To determine the incubation period of S. typhimurium for use as inoculum, the organism was
inoculated into NB and incubated at 37°C. At intervals of 0, 3, 6, 23, 25, 28 and 48 hours
samples were removed, diluted with Maximum Recovery Diluent (MRD, Oxoid) and plated
onto NA. After 48 h incubation at 37°C, typical colonies were enumerated. From a graph of
log 10 colony population against time, the time to reach the stationary phase of growth was
estimated. This incubation period was used for all S. fyphimurium inoculum preparations for
the study.

Recovery procedure

Different growth media and incubation times at 37°C were evaluated in order to maximise
recovery. The media used were: Tryptone Soya Agar plus Yeast Extract (TSAYE), Nutrient
Agar (NA), Plate Count Agar (PCA), Yeast Dextrose Tryptone agar plus Starch (YDTAS)
and Brilliant Green Agar (BGA). Cultures of S. fyphimurium 1005 were grown up for 24 h at
37°C and then inoculated onto different media. The plates were incubated at 37°C for 18-48
hours before typical colonies were enumerated.

Heat resistance determinations in broth

S. typhimurium strains CRA 1627, 1009, 1007 and 1005 were inoculated into 10ml NB and
grown for 24 hours until the stationary phase of growth was reached. The liquid culture was
inserted into glass spheres in 0.1 ml volumes and then heat sealed. The spheres were
immersed in a waterbath at the test temperature for pre-determined time intervals. Following
heating, the spheres were removed and cooled immediately in iced water. The spheres were
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then washed in 5% hydrogen peroxide solution followed by sterile distilled water (SDW) and
then crushed into MRD using sterile glass rods. Serial dilutions were prepared and plated on
NA. These were incubated at 37°C for 48 hours and the number of colony forming units
(CFU) enumerated.

The time taken for a 1 log reduction in population (D-value) was calculated from linear
regression on a graph of log10 CFU against time.

Heat resistance determination in product

A loopful of viable S. typhimurium 1005 was taken from a NA slope and inoculated into 10g
of pureed product and thoroughly mixed to give an initial level of between 10° and 10° perg
of product. In the case of butter and cocoa mass it was necessary to allow these to liquefy at
40°C prior to inoculation to enable the product to mix evenly with the inoculum. Inoculated
product was introduced into capillary tubes in 0.05g amounts. These tubes were heat sealed
and immersed in a waterbath at the test temperature. The temperatures investigated were
58,60,63,65 and 68°C. The time taken for the product to reach the test temperature was
calculated to be between 0.5 and 1.5 seconds. This ‘come-up’ time would have a negligible
effect on the determination of a D-value by linear regression. The tubes were then treated in
the same way as the glass spheres as previously described in the broth studies.

Caiculation of the D and z values

The log10 CFU of viable survivors following heating was plotted against time of exposure to

- the test temperature. Linear regression was used to correlate the data points. The reciprocal
of the slope of the regression line was used to express the D-value (length of exposure at the
test temperature required to achieve a 1 log or tenfold reduction in the viable population).
Similarly the reciprocal of the correlation line between the log 10 of the D-value and the
temperature was used to express the number of degrees Celsius needed to increase or decrease
the D-value tenfold (z-value).

Products investigated

The composition of the products tested were expressed in % weight/weight (w/w) as
determined by standard chemical tests (UKAS accredited procedures). Total solids (% w/w)
was determined after drying the product in a hot air oven (UKAS accredited procedure) and
the results are shown in Table 1.
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TABLE 1

The composition of the test products

Carbohyd. Fat Protein Solids

Product (% wiw) | (Yo wiw) | (Yo wiw) | (% wiw) Aw pH
Nutrient broth 0.5 0.01 2.0 1.4 0.999 7.4
Butter 0 82.7 0.5 83.2 0.952 6.3
Cocoa mass 23.3 55.0 10.8 98.3 0.253 5.5
Glucose syrup 84.7 0 0 85.9 0.612 54
Golden syrup 80.5 0 0 69.8 0.61 4.8
Honey 80.0 0 0 80.8 0.851 3.8
Double cream 3.1 55.6 1.9 55.8 0.980 6.7
Custard 16.2 3.0 3.1 23.8 0.977 6.5
Half cream 4.0 12.0 3.0 21.8 0.977 5.5
Peanut butter 12.0 50.5 27.8 99.0 0.368 6.7
Salami 0.4 29.5 20.7 449 0.241 5.1
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RESULTS

Preliminary work

From the results of the growth curve, S. typhimurium 1005 reached stationary phase after
approximately 18 hours; therefore, a period of 20 hours was chosen as the incubation period
at 37°C to ensure that cells were in the stationary phase of growth.

Recovery of S. #yphimurium was optimal after a 48 hour incubation period at 37°C. There
were no significant differences between recovery on the different agars tested, therefore NA
was chosen.

Heat resistance of Salmonella typhimurium in broth and products

The death kinetics observed for S. typhimurium could be assessed by linear regression in all
the heating substrates tested. The results of the heat resistance experiments are given in Table
2. The correlation coefficients (for log 10 survivors against time) ranged from 0.79 to 0.99
(figures 1 - 11.6 in Appendix). The z values obtained for S. typhimurium in the test products
ranged from 4.61C° in custard to 13.55C° in glucose syrup (Table 3).

The D-values obtained for nutrient broth were comparable to those obtained in half cream,
custard and salami. The heat resistance of S. typhimurium in cocoa mass and peanut butter
was significantly higher than the other products tested. The D-value in cocoa mass and peanut
butter was approximately sixty times greater than in nutrient broth irrespective of
temperature. The difference in D-values obtained in these products was consistently observed
at all test temperatures and was not prominent at any particular temperature.

S. typhimurium heated in golden syrup and butter was shown to have comparable heat
resistance characteristics although the products were very different in composition, i.e. butter
is 82.7% fat and golden syrup is 84.7% carbohydrate.

In general, products with a high solids and/or fat content (Table 1) resulted in the highest heat
resistance to S. typhimurium. For example, S. typhimurium heated in butter, cocoa mass,
glucose syrup and peanut butter gave D-values at 63°C of greater than 19 minutes and all of
these products had a total solids content of greater than 69%. Of the other products, the next
highest D-value was in custard (6.8 minutes at 63°C) which had a lower solids content of
23.8%. One exception to this trend was honey which has a total solids content of 80.8%, but
demonstrated a D-value of only 3.57 minutes at 63°C. The pH for honey was lower than for
the other products, i.e. 3.8 compared to the next lowest pH which was for golden syrup (pH
4.8).
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TABLE 2

Summary of D-value data obtained for Salmonella typhimurium heated in the test

products.
Product D-value (minutes)
58°C 60°C 63°C 65°C 68°C
Half cream 8.4 6.0 1.9 1.0 0.3
(0.98) (0.99) (0.95) (0.99) (0.98)
Nutrient broth 14.3 9.2 2.5 24 0.4
(0.91) (0.95) (0.87) (0.95) (0.96)
Salami 14.6 9.2 23 2.0 1.2
(0.99) (0.98) (0.91) (0.99) (0.90)
Double cream 31.3 10.7 5.2 1.6 0.9
(0.97) (0.98) (0.97) (0.98) (0.90)
Honey 40.1 5.7 3.6 1.8 13
(0.88) (0.96) (0.98) (0.93) (0.95)
Custard 45.2 13.6 6.8 0.9 0.3
(0.79) (0.98) (0.97) (0.98) (0.97)
Glucose syrup 46.9 36.4 299 15.7 8.5
(0.98) (0.89) (0.98) (0.99) (0.99)
Golden syrup 91.7 42.6 19.1 153 7.6
(0.90) (0.89) (0.94) (0.88) (0.99)
Butter 132.0 75.0 249 7.1 4.9
(0.98) (0.97) (0.99) (0.99) (0.99)
Peanut butter 774.0 526.0 268.5 229.0 32.4
(0.86) (0.91) (0.95) (0.90) (0.98)
Cocoa mass 1087.2 330.0 209.7 141.5 36.3
(0.91) (0.94) (0.95) (0.95) (0.96)

Figures in brackets indicate the correlation obtained for calculation of the D-value.
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The data also shows difference in heat resistance of S. typhimurium within products of similar
components. For example the three products with the highest combination of solids and fat
content were butter, peanut butter and cocoa mass; however, the D-values obtained in butter
were considerably lower than those found in cocoa mass and peanut butter. The major
difference in composition of these products appears to be available water (Aw) with butter
having a much higher water activity than the other two products.

Differences can also be observed when comparing the D-values for S. typhimurium in
glucose syrup and honey. Both of these products have similar levels of carbohydrate, fat,
protein and total solids and the D-values of S. #yphimurium at 58°C are similar: 46.9 and 40.1
minutes in glucose syrup and honey respectively; however, as the test temperature increases
it can be seen that numbers of S. fyphimurium were reduced more quickly in the honey than in
the glucose syrup. The major difference between the two products is the low pH of the
honey.

The z values show a range of rate in change of D-value from 4.6 - 13.6C°. The six products
with the highest z values, i.e. salami, cocoa mass, peanut butter, golden syrup, glucose syrup
and honey ( z=7.3 - 13.6C®), are also the products with the lowest Aw (0.241 - 0.851).
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TABLE 3

Summary of z value data obtained from heating S. typhimurium CRA 1005
at 58 to 68°C in the test products.

Product Correlation 1 z value
Nutrient broth 0.97 6.6
Butter 0.98 6.5
Cocoa mass 0.97 7.6
Glucose syrup 0.97 13.6
Golden syrup 0.99 9.5
Honey 0.92 7.3
Double cream 0.98 6.5
Custard 0.98 4.6
Half cream 0.99 6.8
Peanut butter 0.94 7.9
Salami 0.97 8.6

T Correlation of linear regression applied to all the log10 D-value data points for a
particular product.
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DISCUSSION

The heat resistance results obtained for S. fyphimurium CRA 1005 are comparable to some of
the data obtained by Goepfert ef al (1969) in his investigations into the heat resistance of
salmonellae at different water activities. The study reported mean D, ,..-values of 26.5 and
61.5 minutes at Aw’s of 0.96 and 0.87 in solutions adjusted using sucrose. Heat resistance
data obtained in this study showed comparable D-values in some of the products tested, for
example the Dy -value of S. typhimurium in half cream (Aw 0.98) was 8.4 minutes and in
honey (Aw 0.85) was 40.1 minutes. In general, the strain used in this study was between 5
and 10 times more heat resistant at comparable Aw’s; however, most of the products tested
were not comparable with the Aw’s used in Goepfert’s study. The higher heat resistance of
CRA 1005 might be explained by its origin, the fact that it was chosen for its high heat
resistant properties and the environment it was heated in, i.e. high fat and high total solids.

The increased heat resistance of bacterial spores and vegetative cells when heated in the
presence of a high fat environment has been frequently reported (Senhaji and Loncin, 1971;
Gaze, 1985; Ababouch ef al, 1995). The mechanism by which this is thought to happen is by
the presence of free fatty acids in the foods which coat the bacteria and exert a stabilising
effect (Ababouch et al, 1995).

Thomas et al (1966) reported heat resistance data for S. senftenberg 775W heated in 0.5%
sodium chloride solution and green pea soup. Dygg 3o¢ .71 1oc Values ranged from 3.7 to 10.0
minutes which is comparable to the mean Dggo(, for all products obtained in this study, i.e. 8.5
minutes. Some products in this study such as peanut butter and cocoa mass, however,
displayed higher Dg.c-values, 32.4 and 36.3 minutes respectively, which again may be
explained by the high fat and solids content of the heating substrate.

The results of the data show that many substances present in foods may significantly protect
bacteria from heat. The data shows that products with high levels of solids and/or fats have
up to a 10 fold higher heat resistance than simple substrates such as nutrient broth and half
cream.

It has been suggested that the reduced water activity of a substrate protects bacteria from heat
(Calhoun and Frazier, 1966; Hansen and Riemann, 1963); however, these studies appear to
be in agreement with those of Goepfert ef al (1970) which show that the heat resistance of
salmonellae is not dependent on the Aw of the environment alone but more importantly it is
dependent upon the product constituent that is affecting the Aw. This is quite clearly
demonstrated if the heat resistance of S. #yphimurium in cocoa mass and salami is considered.
Both products have a similar Aw: cocoa mass 0.253 and salami 0.241; however, the D-value
is between 31 and 98 times higher in cocoa mass than in salami at all test temperatures. The

Report No. Micro/REP/20195 - Page 10 of 48 - WP Ref: {597/micro/rit/hmh00649



major differences between the two products are the solids content and fat content (98.3% and
44.9%, 55.0 and 29.5% for cocoa mass and salami respectively).

Overall, the heat resistance could not be correlated directly to any one of the product
components investigated; however, there appeared to be trends, with increased heat
resistance in products with low Aw, high fat and high total solids. Statistical analysis of the
data showed that heat resistance was product specific but it was unable to identify any
specific links between heat resistance and product components.

The mechanism for Aw and solute-dependent heat resistance has not been fully investigated.
Theories include plasmolysis and loss of cell water which may alter the structure of cell
proteins (Corry, 1974; Gibson, 1973). Other explanations include a stress response to cell
starvation as found in osmotic shock, heat shock and oxidative stress (Jenkins et al, 1988;
Martin et al, 1989; Spence et al, 1990). The increased heat resistance of Pseudomonas
Sfluorescens due to cell starvation was also observed in investigations by Jorgensen et al
(1994).

[f the data is extrapolated from the D-values obtained at 68°C, a pasteurisation process of
70°C for 2 minutes would achieve between 0.1 and 16.5 log reductions of S. typhimurium
CRA 1005 depending on the substrate. This process would achieve greater than 6 log
reductions in nutrient broth, custard and half cream; between 2.7 and 4.5 log reductions in
honey, double cream and salami; and less than 1 log reduction in the other products
investigated. The serious implications of this data for high level contamination of this type of
product with S. typhimurium CRA 1005 are obvious and point to the importance of
independent evaluation of products of this type. They also give a cautionary warning to
those using existing data on the heat resistance of salmonellae in one food product that these
may not apply to the safe pasteurisation of a different product.
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CONCLUSIONS

The data presented in this study demonstrate the increased heat resistance of Salmonella
typhimurium when heated in products whose components contribute to a high total solids or
low water activity content. The effect of individual components, i.e. fat, carbohydrate or
protein, could not be quantified or statistically separated; however, trends in the data suggest
that fat and solids content are important in modifying the heat resistance of S. typhimurium.

The effects of components in products of this type could have serious implications in terms of
thermal pasteurisation processes. It was shown that products with similar Aw could
demonstrate up to a 9 fold difference in heat resistance characteristics. The implications of
these findings when developing products are that even small changes in product formulation
(e.g. solids or fat content) could lead to large changes in the protective effect afforded to
pathogens. Independent evaluation during development is therefore required to ensure the
production of safe food products.
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APPENDIX

Figure 1.1 D-value of S.typhimurium 1005 in Nutrient
Broth at 58°C
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Figure 1.2 D-value of S.typhimurium1005 in Nutrient .
Broth at 60°C
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Figure 1.3 D-value of S typhimurium 1005 in Nutrient
Broth at 63°C
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Figure 1.4 D-value of S.typhimurium 1005 in Nutrient
Broth at 65°C
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Figure 1.5 D-value of S.typhimurium 1005 in Nutrient
Broth at 68°C
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Figure 1.6 z value of S.typhimurium 1005 in Nutrient
Broth

Q

=

g

a

o

o

~

.
0.6 — + ¢ — {
58 60 62 64 66 68
Temperature °C

Report No. Micro/REP/20195 - Page 18 of 48 - WP Ref: fs97/micro/rit/hmh00649



Figure 2.1 D-value of S.typhimurium 1005 in Butter at
58°C

@
(o]
2
c
3
(72
S
c
o
Q
—

451

4 —+ + —t — + t —
0 50 100 150 200 250 300 350
Time (minutes)
Figure 2.2 D-value of S.typhimurium 1005 in Butter at
60°C
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Figure 2.3 D-value of S.typhimurium 1005 in Butter at
63°C
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Figure 2.4 D-value of S.typhimurium 1005 in Butter at
65°C
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Figure 2.5 D-value of S.typhimurium 1005 in Butter at
68°C
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Figure 3.3 D-value of S.typhimurium 1005 in Cocoa Mass
at 63°C
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Figure 3.4 D-value of S.typhimurium 1005 in Cocoa Mass
at 65°C
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Figure 3.5 D-value of S.typhimurium 1005 in Cocoa Mass
at 68°C
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Figure 4.1 D-value of S.typhimurium 1005 in Glucose
syrup at 58°C
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Figure 4.2 D-value of S.typhimurium 1005 in Glucose
Syrup at 60°C
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Figure 4.3 D-value of S.typhimurium 1005 in Glucose
Syrup at 63°C
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Figure 4.4 D-value of S.typhimurium 1005 in Glucose
Syrup at 65°C
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Figure 4.5 D-value of S.typhimurium 1005 in Glucose
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Figure 5.1 D-value of S.typhimurium 1005 in Golden
Syrup at 58°C
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Figure 5.2 D-value of S.typhimurium 1005 in Golden
Syrup at 60°C
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Figure 5.3 D-value of S.typhimurium 1005 in Golden
Syrup at 63°C
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Log no. survivors

Figure 5.5 D-value of S.typhimurium 1005 in Golden
Syrup at 68°C

O =2 N W & 00 O N @

— I 3
T T T

0 5 10 15 20 25 30

Time (minutes)

Log D-value

Figure 5.6 z value of S.typhimurium 1005 in Golden
Syrup

0 —t + + Il

58 60 62 64 66 68

Temperature °C

Report No. Micro/REP/20195

- Page 30 of 48 -

WP Ref: fs97/micro/ritthmh00649



Figure 6.1 D-value of S.typhimurium 1005 in Honey at
58°C
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Figure 6.3 D-value of S.typhimurium 1005 in Honey at
63°C
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Figure 6.4 D-value of S.typhimurium 1005 in Honey at
65°C
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Figure 6.5 D-value of S.typhimurium 1005 in Honey at
68°C
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Figure 7.1 D-value of S.typhimurium 1005 in Double
Cream at 58°C
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Figure 7.3 D-value of S.typhimurium 1005 in Double
Cream at 63°C
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Figure 7.4 D-value of S.typhimurium 1005 in Double
Cream at 65°C
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Figure 7.5 D-value of S.typhimurium 1005 in Double
Cream at 68°C
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Figure 8.1 D-value of S.typhimurium 1005 in Custard at
58°C
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Figure 8.2 D-value of S.typhimurium 1005 in Custard at
60°C
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Figure 8.3 D-value of S.typhimurium 1005 in Custard at
63°C
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Figure 8.4 D-value of S.typhimurium 1005 in Custard at
65°C
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Figure 8.5 D-value of S.typhimurium 1005 in Custard at
68°C
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Figure 9.1 D-vaiue of S.typhimurium 1005 in Half Cream
at 58°C
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Figure 9.2 D-value of S.typhimurium 1005 in Half Cream
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Figure 9.3 D-value of S.typhimurium 1005 in Half Cream
at 63°C
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Figure 9.4 D-value of S.typhimurium 1005 in Half Cream
at 65°C
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Figure 9.5 D-value of S.typhimurium 1005 in Half cream
at 68°C
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Log no. survivors

Figure 10.1 D-value of S.typhimurium 1005 in Peanut
Butter at 58°C
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Figure 10.3 D-value of S.typhimurium 1005 in Peanut
Butter at 63°C
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Figure 10.4 D-value of S.typhimurium 1005 in Peanut
Butter at 65°C
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Figure 10.5 D-value of S.typhimurium 1005 in Peanut
Butter at 68°C
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Log no. survivors
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Figure 11.1 D-value of S.typhimurium 1005 in Salami at
58°C
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Figure 11.2 D-value of S.typhimurium 1005 in Salami at
60°C
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Figure 11.3 D-value of S.typhimurium 1005 in Salami at
63°C
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Figure 11.4 D-value of S.typhimurium 1005 in Salami at
65°C
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Figure 11.5 D-value of S.typhimurium 1005 in Salami at
68°C
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