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SUMMARY

In this study, a specific heating procedure was applied during which native homogenized
liquid egg white, liquid egg yolk, and liquid whole egg samples were kept at 55 oC for 
24 hours. The method proved to be more efficient than did the conventional liquid egg
pasteurization process because the bacteria tested were completely destroyed by the end of 
thermal treatment. With this technology, the heat treatment of packaged liquid egg products
can be performed, thereby preventing post-infections from the environment. It has also
been found, however, that the applied long term heat treatment is not always efficient. Our 
results showed that the use of heat shock (e.g., pasteurization of products) prior to long
term heating may increase the thermal resistance of surviving microorganisms.
Keywords: change in thermal resistance, heat shock proteins, Salmonella, heat treatment.

INTRODUCTION

Nowadays, the food industry uses pre-processed egg products as raw materials instead
of shell eggs. These are commercialized as liquid egg products or egg powders, which
are produced by breaking the shell eggs followed by a pasteurization step (Froning et al.((
2002). Most customers prefer liquid egg products because these well preserve the original
properties of native egg.
Additionally, it should also be considered that, in the case of liquid eggs, contaminating
microorganisms can be washed down from the shell. The most common microorganisms
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include enterobacteria (Escherichia coli, Salmonella(( spp., Serratia marcescens, Proteus
spp.) from the egg shell originating from the intestinal tract of the layer, Staphylococcus
aureus from the surface of skin of fowl, other bacteria from faeces (Streptococcus faecalis),
and bacteria most commonly causing spoilage of eggs (Pseudomonas(( spp.). In order to
reduce the numbers of these bacteria and to inactivate all pathogens, heat treatment should
be applied, which is done by pasteurization (Adams((  and Moss 1995).
In selection of pasteurization temperatures and holding times for treatment of liquid
eggs, an optimum should be achieved considering two aspects: microbial counts should
be appropriately reduced, whereas the heat sensitive components of liquid eggs should
not be damaged. In the case of liquid egg white and liquid whole egg, heat treatments at 
58–60 oC for 5 to 10 minutes are generally used in the industry, resulting in a decrease of 
3 to 4 log cycles in total plate counts (Jones et al. (( 1983).
The shelf-life of products treated this way is short, they spoil rapidly. Without addition of 
preservatives these products can be stored at 4 oC for 5 to 14 days. For this reason, new
technologies extending the shelf-life of liquid egg products need to be developed. One
option is the 24 hours heat treatment of packaged liquid eggs at temperatures lower (i.e.
at 51–55 oC) than that of pasteurization (Németh et al.(( 2008). The microbial destruction
efficiency of such low temperature technologies may vary with different raw materials
because when previously pasteurized liquid egg products are thus heated, the increased
thermal tolerance of microorganisms should be taken into account (Ingraham((  1987, Jin
et al. 2008, Kumar andr Kumar 2003).r
The reason for increased heat tolerance is the production of special types of proteins known
as ”heat shock proteins” (Niedhart(( and t VanBogelen 1987). However, their induction does not 
always lead to an increased thermal tolerance of bacteria (Bunning et al.(( 1990). Moreover,
earlier research has demonstrated that the heat resistance developed this way will return to
the original control level during the cell cycle at normal temperatures (Shah et al.(( 1991).
Heat shock may increase the thermal tolerance of microbes, thereby influencing the
efficacy of preservation processes using mild heat treatment, which is a serious threat 
from a food safety point of view. In this research, the changes in thermal tolerance of 
Salmonella sp., the most critical microorganisms in liquid egg products, incubated at 55 oC
for 24 hours were studied.

MATERIALS AND METHODS

Microbiological examinations were conducted to develop an alternative pasteurization
method suitable for use in the manufacture of egg products. The effect of 24 hours heat 
treatment at 55 oC on reduction of viable cell counts was studied in samples spiked with
Salmonella spp., with or without application of previous heat shock. Samples were raw
(unpasteurized) liquid whole egg, liquid egg white, and liquid egg yolk kindly supplied by
a local egg-processing plant (Capriovus Kft., Budapest, Hungary). The total plate counts
of samples ranged from 102 to 103 cfu/cm3.
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Detailed heat destruction tests were performed on two Salmonella strains: one isolated
from egg products purchased from abroad and Salmonella enterica subsp. enterica
serotype Enteritidis NCAIM B2052.
We prepared inocula with sterile water from the culture of Salmonella sp. made on meat 
agar slant aged 24 hours, by adding the quantity of 2 loops to each 10 cm3 of sterile water 
and 1 cm3 of this solution was inoculated into each liquid egg sample of 100 cm3 and to
100 m cm3 of peptone water. The initial viable cell counts of samples used in these trials
ranged from 106 cfu/cm3 to 107 cfu/cm3. Inoculation of microorganisms was performed
at the storage temperature required for liquid egg products (4 oC), and then 100 cm3 from
each of the 3 parallels of the inoculated liquid egg white, liquid egg yolk and peptone
water were placed into a 150 dm3 incubator with glycerol mantle at 55 oC. Then the initial
viable cell count was enumerated in nutrient agar by the pour-plate technique (agar-agar:
18 g/dm3, peptone: 5 g/dm3, glucose: 5 g/dm3, meat extract: 3 g/dm3, sodium chloride: 0.5
g/dm3). Total plate counts of samples were measured every 3 h. The number of replicate
samples was three.
In the case of results below 103 cfu/cm3, we checked on salmonella-selective nutrient (XLD,
BPL and bismuth sulphite) agars whether the Salmonella spp. added to the samples or a
background contamination was measured.
To induce a possible change in thermal resistance, a preliminary heat shock was applied
in some samples. The egg products spiked as described above and control peptone water 
were heat treated in water bath after infection (the temperature of samples exceeded 50
oC for 12 minutes and was kept at 58 oC for at least 7 minutes), and cooled down to room
temperature (20 oC) with tap water. Subsequently, the samples were stored in a refrigerator 
for 30 minutes and then placed into an incubator at 55 oC similarly to those samples that did
not undergo preliminary heat treatment. The total plate counts were measured in the same
way as the samples without heat treatment. The heat destruction results of microorganisms
tested with or without preliminary heat shock were compared. Results were evaluated with
Student’s two-tailed t test. The level of significance was set at P < 0.05.

RESULTS AND DISCUSSION

Different results were found in liquid egg white, liquid egg yolk, liquid whole egg, and
peptone water samples at the end of the heat treatment process regarding the viable cell
counts of Salmonella isolates with or without preliminary heat shock. In the samples heat-
shocked at 58 oC for 7 minutes prior to long term heat treatment, viable microorganisms
were detected even after keeping at 55 oC for 24 hours (the order of magnitude of viable
cell counts in liquid egg yolk was above 102 cfu/cm3). By contrast, in the samples not 
exposed to preliminary heat shock the viable cell counts were reduced below the detection
level of 1 cfu/cm3. Microorganisms surviving the 24 hours heat treatment procedure were
inoculated into selective nutrient (XLD, BLP and bismuth sulphite) agars (3 colonies per 
slide), and the results confirmed them to be Salmonella spp.
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It was investigated whether the changes in heat resistance of samples exposed to heat 
shock prior to the treatment were reflected in the heat destruction rate of the Salmonella
isolate. Normalized data (N/No) values were used to offset the differences in initial cell
counts (No). Normalized data were calculated from the means of 3 parallel measurements.
The logarithms of normalized data (lgN-lgNo) values and their 95% confidence intervals
are demonstrated in the survival curves (Figures 1– 4.). The confidence intervals were
determined from the residual mean of squares of the variance analysis of lgN data. Due to
the non-linearity of the survival curves, no heat destruction rate valid for the entire range
investigated could be calculated.

Figure 1. Salmonella isolate
in liquid egg white 

Figure 2. Salmonella isolate
in liquid egg yolk

Salmonella isolate
in liquid whole egg

Salmonella isolate 
in peptone water

In calculating the slope of survival curves, we performed linear regression only in a narrow
range. Because of the low number of points (2–4) belonging to the linear section, the
uncertainty of the estimation was very high and, consequently, no significant differences
between the heat destruction rates could be found. The viable cell counts of samples treated
with or without application of heat shock were significantly different for each liquid egg
product (Figures 1– 4.(( ).
As for the samples treated with pre-heat shock, the slopes of the linear section of survival
curves of the Salmonella isolate were not significantly different from 0 in liquid egg yolk,
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liquid whole egg, and peptone water, which was due to the non-linearity and very low
degrees of freedom. However, it can be seen in Figures 2– 4. that reductions of 2 to 3 log
cycles were achieved during the first 9 h of heat treatment, and the rate of destruction
started declining only after this period.
Heating at 55 oC for 24 hours, even when pre-heat shock was applied, resulted in final
viable Salmonella enterica subsp. enterica serotype Enteritidis NCAIM B2052 counts
below the detection level in all treatments (Figures 5–8.). Because of the low number of 
measurement points, no significant differences were observed in the linear section between
the slopes of survival curves belonging to the same heating medium.

Figure 5. Salmonella enterica
subsp. enterica serotype Enteritidis
NCAIM B2052 in liquid egg white

Figure 6. Salmonella enterica
subsp. enterica serotype Enteritidis
NCAIM B2052 in liquid egg yolk 

Salmonella enterica
subsp. enterica serotype Enteritidis
NCAIM B2052 in liquid whole egg 

subsp. enterica serotype Enteritidis
NCAIM B2052 in peptone water

Based on the results of our trials, the destruction rate of microorganisms was highest in egg
white. Literature data have shown that there are various proteins in egg white that reduce
microbial counts and suppress their growth. Such proteins include lysozyme (Park et al.((
2006) that can dissolve the bacterial cell wall, avidin (Elo et al.((  1980) that is able to bind
biotin (primarily inhibiting Gram(–) proliferation) and conalbumin (Ibrahim et al.((  2000),
which can bind Fe2+ (also primarily inhibiting Gram(–) proliferation). In addition, the pH
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value of egg white is around 9, and this inhibits the growth of the majority of bacteria
contaminating the egg (Board (( and Fuller 2008). As reflected by our results, unlike eggr
white, egg yolk has a protective effect due to its lecithin content (Chhabra et al. 2002). As
a consequence, the lowest destruction rates of microorganisms were found in egg yolk.

CONCLUSIONS

By measuring the reduction in viable cell counts as a function of time, we obtained results
that are largely similar to literature data. The use of heat shock prior to long term heating
at 55 oC may increase the heat tolerance of Salmonella spp., however, this phenomenon
cannot always be observed.
Having resulted in a 5-log reduction in viable cell counts, the long term heat treatment 
method proved to be more efficient in destroying Salmonella spp. than did the conventional
liquid egg pasteurization procedure. Long term heating was especially effective when no
pre-heat shock was applied because the bacteria tested did not acquire heat tolerance and,
thus, were completely killed by the end of the 24 hours holding time at 55 oC. Salmonella
enterica subsp. enterica serotype Enteritidis NCAIM B2052 counts decreased below the
detection limit by the end of the thermal treatment period in both the heat-shocked and non-
heat-shocked samples, which was a reduction of at least 6 orders of magnitude. However, in
the case of the Salmonella isolate this was only true for the samples not subjected to heat 
shock. As a result of heat shock, the viable cell counts of the Salmonella isolate decreased
by 3 to 4 log cycles and remained practically unchanged afterwards.
Aside from some increase in viscosity, no significant changes were observed in the
consistency of the liquid egg products tested. Based on our measurements, there is an
opportunity to develop an egg preservation technology by which the heat treatment of 
packaged, raw, homogenized liquid egg products can be performed using long term heating
at 55 oC, thereby preventing post-infections from the plant environment.
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ÖSSZEFOGLALÁS

Kísérleteinkben tojásleveket hôntartással kezeltünk, amely során a natív, homogénezett 
tojásfehérje-lé, tojássárgája-lé és teljestojás-lé mintákat 24 órán át 55 oC-on tartottuk. Ez
a tojáslé-tartósítási eljárás a szokásos tojáslé-pasztôrözési eljárásnál eredményesebbnek 
bizonyult, ugyanis a 24 órás 55 oC-os hôntartás végére elpusztultak a vizsgált baktériumok.
Egy ilyen hôntartásos technológiával a tojáslé-termékek csomagolóanyagban történô
hôkezelését lehetne megoldani, amellyel kiküszöbölhetô lenne az üzemi környezetbôl
történô utófertôzôdés. Ugyanakkor munkánk során azt is megállapítottuk, hogy a hôn-
tartásos kezelés elôzetesen pasztôrözött termékeknél nem minden esetben jár megfelelô
eredménnyel. Kísérleteink során azt tapasztaltuk, hogy a hôntartást megelôzô hôsokk 
– például a termékek pasztôrözése – megnövelheti a túlélô mikrobák hôrezisztenciáját,
így ezekkel a baktériumokkal szemben az új eljárás nem mindig hatásos.
Kulcsszavak: hôrezisztencia változás, hôsokk-fehérjék, Salmonella, hôntartás.
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