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ABSTRACT - Destruction of Salmonellaenteritidisin liquid egg white as the function of treatment
temperature and heating rate

In our study we investigated the effect of heaatiment temperature and heating rate on heat nesést#
Salmonellaenteritidis The samples were heated from 4 °C to 48,96-580dy a heating rate 0,76-9,24
°C-min’ and the changes of the colony counts were detedmir given time by plating to XLD agar
with overlay.

We used Central Composite Rotatable Design (CCRD@ur experiment and Response Surface Method
(RSM) was used to evaluate the data. Our resuliggEbout that beside the temperature of heatrtresatt

the heating rate have also an effect on the hesitubion ofSalmonellaenteritidis In case of heating
rate 9,24 °C-minthe D, svalue was 2.32 min, however at heating rate ozerfin’ the D, svalue was
19.23 min.

In our measurements the samples were heated wiglarliheating rate in laboratory scale. so further
studies are necessary to describe the heat remstdmanges obalmonellaenteritidis under parameters
which model the industrial heating circumstances.
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INTRODUCTION

Nowadays, the food industry uses pre-processeegycts as raw materials instead
of shell eggs. These are commercialized as liqggl @oducts or egg powders, which
are produced by breaking the shell eggs followedlpasteurization step, moreover
when the customer needs only the egg white, hgpueshase it separatelyKBNING at
al., 2002). Most customers prefer liquid egg prasluzecause these well preserve the
original properties of native egg, however the Ihers@ microbial growth inhibition
properties of native egg does not prevalil in ligegt) white (BRrK et al, 2006; BDARD

& FULLER, 2008). Pathogenic microbes can occur in liquig pgpducts even after the
extensive disinfection of egg shell since Bamonellaenteritidiscan infest egg in the
oviduct (T.J. HUMPHREY, 1994). For this reason the raw liquid egg whitesmbe
pasteurized below the temperature 60 °C, sincé&ahalbumin, which is the most heat
sensitive protein of the egg, denaturates at hitgmaperatures @RREIRAet al, 1997).
Some studies showed the general pasteurizatioregwoe is inefficient in some cases
and the heat treated product proved to containogatic microbes @ErrRak et al
2000) which can proliferate at improper storagedaions (SHOENI et al 1995;
McQUESTIN et al, 2010). During the last decade several new liggd preservation
technologies have been investigated but most ah thee hardly feasible in industrial
scale or their application is limited through theah sensitivity of the egg proteins
(SCHWARZEL & PALANIAPPAN, 1997; FAMID-SAamIMI, 2000; ANDRASSY et al, 2006).
Such a new procedure is the long time (6-24 h) treatment at lower temperature (50-
55 °C) of liquid egg which we studied in case othk®l products (BMETH et al,
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2010). In these studies we investigated the hesatrud#ion of Salmonellaand we
experienced much higher heat tolerancest®7,4) than earlier researcherss{E» =
1,51-6,12 min) (BRQVIST et al 2003; Jinet al, 2008). Some microbes such as
Salmonellashow an increasing resistance after heat shockfNgSl et al, 2003;
CEBRIAN et al, 2009). Such a heat shock could be the heatingfioferated liquid eggs
to the temperature of long time heat treatment.

The aim of our work was to investigate the extefitheat resistance changes of
Salmonellaenteritidisin liquid egg products during heating from 4°C5@-55 °C in 5-
60 minutes.

MATERIALS AND METHODS

Samples

The liquid egg white (pH=8.9+0.1) was purchasednfra Hungarian egg processing
factory. The samples were unpasteurized liquidwelgite. Samples were taken from the
production line 8 hours prior to the measurementsumtil the tests they were stored at
4 °C in a refrigerator. The total aerobic colonyiets were below FoCFU-mi*,

Inoculation of samples

1000 g sample was inoculated with overnight culafr€almonellaenteritidisNCAIM
B2052. 10 loops of overnight cultures from the acef of three plates of modified GPM
agar (18 gt agar, 5 g1 peptone, 5 g/l glucose, 3 §-ineat extract, 0,5 g*lsodium
chloride) were transferred into 10 ml of sterilet@vaThis was used to set the initial cell
number of liquid egg white to ~{@FU-mI*.

Experimental set up, data analysis

We used Central Composite Rotatable Design (CCRD)hée experiment (Bx &
DRrRAPER 1987). Response Surface Method (RSM) was useakssess the effect of
variables (heating rate, holding temperature) @dacimal reduction time (D-value).
Table land Table 2contains the experimental set up and the levehctbfs. The main
advantage of this kind of experimental approach, Wes lower number of experiments
was necessary to get statistically acceptable nmition. We used the response surfaces
provided by the quadratic polynomial model. The eskpents were processed in
random order, and the data were analyzed usingvaat(SPSS for Windows, v. 8.0.
SPSS Inc., Chicago, IL). Our present study use@rem@l form of cubic polynomial
model included two variables X:

Y:ﬁll+ﬁlxl+ﬁ2x2+ﬁll |:)(12-I_1822)(22-I_1812 |:D(l D(Z (1)

which contains linear terms; XX, and quadratic terms;X X,°. Variable % means the
heat treatment temperature, variable Xeans the heating rate. The independent
variable for modelling is Y. Thi, B2, P11, P22, P12 are the regression coefficient
expressions of the moddigble 3.
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Table 1. The experimental set up and the level o&étors with coded values

Variable Factor -1,4142 -1 0 +1 +1,4142
}g‘perat“re X1 4896 50.0 525 550 56.04
Heating rate X2 076 20 50 80 924
(°C'min™)

Table 2. Experimental set up and the level of facte (%) with real values
The real value of factors

Test Temperature (°C) Heating rate (°Gmin™)
1 48.96 5.00
2 52.50 5.00
3 55.00 8.00
4 52.50 9.24
5 50.00 8.00
6 52.50 0.76
7 52.50 5.00
8 50.00 2.00
9 56.04 5.00
10 55.00 2.00
11 52.50 5.00

Sample treatment

Prior to the experiment the liquid egg white sarapiroculated withSalmonella
enteritidis were placed into sterile adjustable-temperatuerntiostate. The samples
were stirred during the experiment. The heating veas linear: 0.76; 2; 5; 8 and 9.24
°C/min to the final temperature 48.96; 50.0; 5A8;and 56.04 °C. The samples were
held at the final temperature for 30 min and thanges of the colony counts were
determined.

Determination of colony counts

The viable cell number dbalmonellaenteritidis was determined by counting colony
forming unites when the temperature reached théimgpltemperature and after 2, 5, 7,
10, 15, 20, 25 and 30 minute. The stir homogensadples were decimal-diluted in
sterile water and XLD agar (Merck) plates were pduwith overlay. The plates were
incubated at 37 °C for 24 h and the typical colemere counted (MSZ 3640/21-83).
Three parallel samples were counted. Plates wiés an 30 colonies were not
counted.

RESULTS AND DISCUSSION

Changes in the heat resistance of Salmonella enteritidis

The heat destruction of Salmonelémteritidis was different at the same holding

temperature (50; 52.5; and 55 °C) when the apgieating rate of the refrigerated was

different (Figure 1). When the heating rate of tbiigerated liquid egg white was 9.24

°C:min™ and 5 °Gmin™ the Dy,5 value ranged from 1.88 to 2.42. In case of lower
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heating rate (0.76 *@in™) when the time of the heating to the holding terapge was
62.5 minute the B} svalue was 19.23. At 50 and 55 °C at which tempeeatonly 2-2
experiments were done with different heating rdte tlecimal reduction time was
significantly (P<0.05) higher at lower heating rhke in the case of 52.5 °Téble 3.

log(CFU-miI"T

O T T T T T 1
0 5 10 15 20 25 30

time, min

Figure 1. Heat destruction ofSalmonellaenteritidisat 52.5 °C with warming from 4
°C with a heating rate of 0.76 °@Gmin™* () and 9.24 °Gmin™ (A)

Table 3. Heat destruction of Salmonellaenteritidisin different tests

Stand. D-value

Test n R error Mean Conf. Interval (95%)
1 9 0.993 0.125 11.05 10.87-11.23
2 5 0.978 0.326 2.34 2.12-256
3 5 0.940 0.195 1.88 1.65-2.11
4 5 0.989 0.403 2.32 1.97 - 2.67
5 6 0.995 0.080 6.54 6.23-6.85
6 9 0.992 0.261 19.23 18.77 — 19.69
7 5 0.972 0.340 2.42 213-271
8 9 0.989 0.218 9.60 9.19-10.01
9 5 0.957 0.267 2.10 1.94-2.26
10 6 0.985 0.386 3.29 3.01-357
11 5 0.968 0.177 2.35 2.11-259

Model development

Based on the statistical analysis of the data wecoaclude that the heating rate has a
significant (P < 0.05) effect on the heat resistantSalmonellacells in the studied
temperature range. The above mentioned heat sliieckt Manaset al. 2003; Cebrian
et al. 2009) could be the reason for this behavsmrcertain microorganisms may
increase their resistance toward different presienvdaechnologies like heat treatment if
they are incubated under sub lethal conditions.

Figure 2 shows the response surface concerning lisaof different holding
temperatures and the heating rates. The decimalctied time decreases with
increasing temperature and with the decreasingintgeaate. The statistical analysis
established that the studied parameters have dicigm effect on the D-value.
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The Table 4shows parameters of the quadratic polynomial métietl on the results.
The model correlated. The model has a relativelydg@?=0.904) correlation with the
results.
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Figure 2 The effect of heating rate and| Figure 3 The correlation of the model
holding temperature on the heat| and the results
resistance of Salmonella

Table 4. The regression coefficient of the quadratipolynomial model for the RSM
with the coded parameters

Factors B-coefficient
Constant 3.45
H -1.235
T -1.358
H? 0.5445
T? 0.0887
HxT 0.6201
R 0.904
F-rate 4.44
Likelyhood ofF P<0.1

H-heating rate (°Gmin™)
T- temperature (°C)

CONCLUSIONS

We can conclude that the heating rate and the ingpl@imperature have an effect on the
heat resistence @almonellaenteritidisin liquid egg white. This should be considered
particularly in case of technologies where theigefated liquid egg white is heated to
heat treatment temperature for a relatively longgti

In our measurements the samples were heated wilarliheating rate in laboratory
scale so further studies are necessary to desthibeheat resistance changes of
Salmonella enteritidis under parameters which model the industrial hgatin
circumstances.
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