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Abstract

The aim of this preliminary work is to reach to a cleaner production of intact shell-table eggs fre&&lamnella enteritidis
(SE) contamination, by application of pasteurization and dry heat. Three highly virulent strains of SE, previously reported to the
World Animal Health Organization, were used in this study. The three strains acquired plasmid profiles similar to SE isolates
reported in severe food illness of humans. The plasmid profiles of the three SE strains were: strain 1 (14.1 kb), strain 2 (14.1 and
~50.0 kb), and strain 3 (1.8, 14.1, areb0.0 kb).

Each of the three SE strains grown up to 10 h (stationary phase) and adjusted to the same light transmission of 12% at a
wavelength of 540 nm, was homogenized with yolk of eggs to form three individual inocula. Strain 1 inoculum to eggs resulted
in initial SE count/ml of egg content equivalent to 1X80*° colony forming unit (cfu); however, strain 2 inoculum resulted in
2.3x10* cfu, and strain 3 inoculum resulted in 2:2@'° cfu (P>0.05). Treatment of inoculated intact shell eggs in a hot water
bath at 57C for 25 min, followed by application of hot air at 95 for another 57 min resulted in the highest reduction in SE
count/ml of the egg content for strain 1 (average 33.33 cfu), followed by strain 2 (average »1@.¢8), and strain 3 (average
of 1.60<10* cfu). All counts after treatment were significantly less than the initial count before treat®eftd5).

Decreasing the density of the SE in the three inocula by about 13 logs to bel@®&@u/ml of egg content for strain 1, 2.84(°
for strain 2, and 2.2010° for strain 3 P>0.05) and applying the same pasteurization and dry heat treatment on inoculated eggs
resulted in complete absence of viability in the three strains, averaging zero cfu/ml of egg content.

The pasteurization and dry heat treatment of intact shell-table eggs results in significant reduction of the high initial count of SE
strains, regardless of their plasmid profile or density of contamination. The production of table eggs completely clean of SE could
be obtained by the same treatment when the initial contamination is low (aroéncfultl of egg content)] 2000 Elsevier
Science Ltd. All rights reserved.

Keywords: Salmonella enteritidi€ggs; Pasteurization; Dry heat

1. Introduction This higher incidence was mostly related to chicken eggs
contaminated with SE, thus exacting a considerable toll
Salmonella enteritidis(SE) infection increased in  on eggs, as public confidence in the safety of eggs began
many parts of the world in the late 1970s, emerging as to decline [2]. Evidently some strains of SE had become
a major source of salmonellosis in Europe, North Amer- more invasive in chickens reaching the ovary, oviducts,
ica, and South America by the mid-1980s [1]. The SE and eggs [3].
pandemic continued through the late 1980s, and its inci- The estimated number of human SE cases in the USA
dence in humans increased in two-thirds of the 35 coun-alone is 200,000 to 1 million annually, leading to econ-
tries reporting to the World Health Organization [2]. omic losses due to SE foodborne illness ranging from
$200 million to $1 billion annually [4]. The economic
implications of SE on human cases with foodborne ill-
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initiated by a senior U.K. health official’s comment link- files similar to SE isolates reported in fooborne human

ing SE-outbreaks in humans with eggs; this declaration SE infections [9,10]. The plasmid profiles of the three

immediately resulted in a 60% decline in table-egg con- SE strains were: strain 1 (14.1 kb), strain 2 (14.1 and

sumption in the UK [5]. ~50.0 kb), and strain 3 (1.8, 14.1 areb0.0 kb). The
The surge of SE cases and outbreaks in humansthree strains were stored individually on triple sugar iron

resulted in implementation of an emergency test and (TSI) agar slants, at-20°C.

slaughter program in Great Britain in 1988, with com-

pensation to the owners of SE-positive layer flocks [3]. 2.2. SE growth to stationary phase

This program was discontinued a few years later, after

millions of pounds had been spent and hundreds of thou- |n order to determine the time needed for each of the
sands of birds destroyed. A less drastic program wasthree strains to reach to stationary phase, counts of the
initiated in the USA in 1990 to trace back from human colony forming units per milliliter of a broth culture
SE outbreaks where eggs were implicated, to the flocksyere determined at different times. More specifically,
of origin, to test them for SE, and to divert the eggs from the frozen TSI agar cultures of the three strains were left
positive flocks to plants specializing in pasteurization of at room temperature for an hour, and each culture was
liquid-egg contents [3]. Evaluation of both programs supcultured individually into a separate 100 ml of tryp-
showed that SE was still widely distributed in egg-layer tose phosphate broth (TPB) medium, using a sterile loop.
flocks, that the rates had not decreased, and that SE washe TPB cultures were left at 3Z. SE counts were
even more prevalent in table eggs than before [3]. done at 4, 6, 8, 10, 12, 14, and 16 h of incubation. Bac-
This failure of implemented programs by the UK and terial count was done using a microtiter plate-serial
the USA demands focus on treatment of eggs to kill the djjution, with a dilution factor of 1:10. The maximum
invasive SE organisms in their contents, to reach for a djlution was 1 in 1€°. The diluent used in each well of
cleaner production. Surveys by the US Department of the microtiter plate was 9Qul of sterile saline. An
Agriculture demonstrated recovery of SE from liquid- amount of 20ul of each dilution was plated on brilliant
egg samples before pasteurization [6]. The proportion of green agar plate and incubated at@7or 48 h. Only
liquid-egg samples positive for SE was 23%, detected plated dilutions showing 30 to 300 colonies were con-
in 630 randomly tested samples in egg-breaking plants.sjdered for count. Calculation of counts of each of the

Unfortunately, phage type 4 of SE was detected in 21 three SE strains was done according to the following for-
(12%) of the liquid-egg samples collected throughout the mulae:

USA in 1995. This phage type 4-SE variant had not been ) ) .
found previously in poultry in the USA, but was the type Coun(colony forming units per millilitey
mainly responsible for the rapid spread and increase in  —colony count of plated dilutiop dilution factorsx 50
European countries.
Actually, phage type 4 is the invasive type of SE car- The multiplication by 50 is done to change from count
rying plasmid of=<50 kb [7]. It is worth mentioning that ~ Per 20yl to count per 100Qul, or one milliliter.
the possession of a p|asm|d by SE Organisms of about In addition, the bacterial denSity in the TPB culture
50 kb (38 MDa) is essential for its high virulence and Creating turbidity was assessed at different incubation
invasiveness, helping the infection to reach the ovary times by measuring the percent light transmission in the
and oviducts and consequently to the egg content andthree individual SE cultures at a wave length of 540 nm,
hatched offspring [7]. using a spectrophotometer (Spectronic 20, Bausch and
The objective of this preliminary work is to study the Lomb, Rochester, New York, USA).
impact of pasteurization and dry heat treatment on pro-
duction of intact shell-table eggs free froBalmonella  2.3. SE-egg inoculation in high count
enteritidis
The three individual inocula of the three SE strains
were prepared in their determined stationary phase,

2. Materials and methods reached after 10 h of TPB culture—incubation at@7
More specifically, the frozen TSI cultures of the three
2.1. SE strains individual SE strains were kept at room temperature for

an hour, and each strain was subcultured by a sterile loop
Three SE strains were used in this study. The threeinto individual 100 ml of TPB. The TPB cultures of the
strains were previously reported to the World Animal three SE strains were left at 37 for 10 h. Each of the
Health Organization as highly invasive and virulent to three SE cultures was adjusted to a similar light trans-
chickens with the capability of transmission to the mission of 12% at a wavelength of 540 nm, using sterile
internal contents of the egg through infected oviducts of saline diluent. Yolks of three table eggs freeS#Imon-
chickens [8]. The three strains were having plasmid pro- ella were pooled in a sterile beaker and mixed together
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with a sterile magnetic stirrer. An amount of 1 ml of
each 10 h-TPB SE culture was added over 9 ml of the
pooled yolk (dilution of 1 in 10), thus finalizing the prep- The multiplication by 40 is to change from count per 25
aration of the SE inocula. Each of three eggs, from a ul to count per 100Qul, or one milliliter.

layer flock free ofSalmonellainfection, was injected

through the shell and inside the yolk with a p0 of 2.6. Statistics

each inoculum, using tuberculin syringe with 20-gauge

needle. The number of three eggs per treatment used in The Chi squarex?) was used to compare between SE
this study is universally approved in food microbiology counts. This procedure was accomplished using a stat-
evaluation research [11]. House cement was used to seaistical computing program (M Stat Computer Program,
the hole in the egg shell after delivering the inoculum. Michigan State University, Michigan, USA).

The initial counts before treatment (cfu/ml of egg

content) were determined based on the count in the pre-

pared inoculum and the average volume of contents of3. Results and discussion

four eggs, equivalent to 56.75 ml.

=colony count of plated dilutioxdilution factorx 40

The growth of the three SE strains in tryptose phos-
2.4. SE-egg inoculation in low count phate broth between 4-16 h of incubation af@7s
shown in Table 1. The stationary phase of the three

The same procedure described before was used instrains followed the log phase at 10-12 h of incubation.
preparation of the three inocula of the three SE strains, Strains acquiring three plasmids of 1.8, 14.1, ang0
using 10 h incubation of TPB cultures at°&7to reach kb was able to reach to a higher count at its stationary
to the stationary phase. The light transmission was Phase (3.9810° cfu/ml) than that obtained by strain 1
adjusted to 12% for all isolates; however, a further acquiring one plasmid of 14.1 kb (2.200*° cfu/ml) and
dilution of 1 in 10° was used for each isolate after light Dy strain 2 acquiring wo plasmids of 14.1 ar&0 kb
transmission was adjusted, using sterile saline. A volume (2.35<10°° cfu/ml). This is in agreement with previous
of 1 ml of the 1 in 162 dilution of SE culture was added ~reports suggesting that different SE strains may express
over 9 ml of pooled egg yolk. different growth potentials [12-14].

The rest of the procedure for egg inoculation, using ~The recovery of SE from internal contents of eggs
the same number of eggs per treatment, is as mentionedfter injection by a similarR>0.05) high initial count
previously. The initial counts before treatment in the Of each of the three strains (around*16fu/ml of egg
inoculated eggs were determined based on the count ofcontent) followed by pasteurization and dry heat treat-

the prepared inoculum and the average volume of con-Ment, is shown in Table 2. As the number of acquired
tents of four eggs, equivalent to 56.75 ml. plasmid(s) by SE increased the resistance to pasteuriz-

ation and dry heat treatment increased accordingly. The
average counts of SE (cfu/ml of egg content) following
treatment of eggs for the three strains was: strain 3
(1.60x10% > strain 2 (7.%1C%) > strain 1 (3.%10). It

is worth mentioning that the number of plasmids in
strains 1, 2, and 3 was 1, 2, and 3, respectively. The
~50 kb plasmid was present in strains 2 and 3 only,
associated with a certain degree of resistance to this
treatment of eggs. More elaborate investigation is needed
; to study the role of the presence 60 kb plasmid in

SE recovery (count) from internal content of each egg SE strains to resistance to pasteurization and dry heat

was attempted by mixing the content of the egg for 1 reatment. Th ntrol-non iniected were shown t
min in a separate sterile beaker, using a sterile magneticbea ent. The control-non Injected €ggs were sho 0
e free ofSalmonellaorganisms.

stirrer. Serial dilution of the egg content was done on a .
! 1 i 99 " The recovery of SE from internal contents of eggs

microtiter plate using a dilution factor of 1 in 10. The N I o
maximum dilution used was 1 in 10 The diluent used after injection by a similar low initial countR>0.05)
of each of the three strains (around®idu/ml of egg

in each well was 18Ql of sterile saline. An amount of A
25 ul of each dilution was plated on Brilliant Green agar conten_t) foIIowe_d by pasteurization and dry heat treat-
plate and incubated at 32 for 48 h. Plated dilutions ment, IS shown In Table 3. Regardless of the .”““?ber of
showing 30-300 colonies were considered for count. plasmid(s) acquired by SE strains, the pasteurization and
Calculation of SE count was done according to the for- dry heat treatment was able to chpIeter clegn the €ggs
mulae: from low |_1u_mbers of contaminating SE organisms. This
is a promising result to the egg industry, especially that
Coun{colony forming units per milliliter of egg contgnt  natural infection levels of SE-positive eggs is reported

2.5. Egg treatment and SE recovery

Eggs injected by high or low counts of the three SE
strains were treated in a hot water bath set &C5fbr
25 min, followed by transfer of the eggs to a hot oven
set at 58C for another 57 min. Three control eggs were
left uninjected at room temperature for a period of 82
min.
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Table 1
Growth of the three SE strains differing in their plasmid profiles and identification of approximate time needed to reach the statiodary phase

SE strains and their plasmid profiles

Strain 1 (14.1 kb) Strain 2 (14.1 ane50 kb) Strain 3 (1.8, 14.1 an&50 kb)
Incubation time (h) Av.* count %light tran’s. Av. Count %light trans. Av. Count % light trans.
4 1.65¢10'2 88 2.2510'2 91 1.4x10* 81
6 1.75¢10% 21 1.90<10 23 1.65¢10' 18
8 1.80x10%® 17 2.00x108 18 1.85%10' 17
10 1.80<10%° 16 2.3510%° 18 2.2(x10%° 17
12 2.2(x10%° 16 2.6510'8 17 3.9510% 16
14 2.10<10t 16 2.3(x10¢ 17 2.55%10" 16
16 1.5510% 16 1.75%10% 17 1.6(x10*? 16

a *Average of two plating for each dilutiofLight transmission at a wave length of 540 nm.

Table 2 Table 3
Recovery (count) of SE from internal contents of eggs after injection Recovery (count) of SE from internal contents of eggs after injection
of a high initial count of each of the three SE strains followed by of a low initial count of each of the three SE strains followed by

pasteurization and dry heat treatment* pasteurization and dry heat treatmeént*
Recovery (count) of SE (cfu/ml Recovery (count) of SE (cfu/ml
of egg content) of egg content)
SE . ) . Count following SE . ) . Count following
strain Plasmid profile (kb) Egg Initial count treatment strain Plasmid profile (kb) Egg Initial count treatment
1 14.1 1 1.8810%° 0.0 1 14.1 1 1.881C° 0.0
2 1.80x10'° 1.0x10? 2 1.80x10° 0.0
3 1.80x10% 0.0 3 1.8x10° 0.0
Av. (1.80x109)" (3.3x10)* Av.  (1.80x10°)" 0.0y
2 14.1 and=50.0 1 2.3410%° 6.8x10° 2 14.1 and=50.0 1 2.3410° 0.0
2 2.34&101° 5.6x10° 2 2.3410° 0.0
3 2.3410% 9.6x10° 3 2.341C° 0.0
Av.  (2.34<1019)"  (7.3x1CR)F Av.  (2.34x10°)" (0.0f
1.8, 14.1 and 5 1.8, 14.1 and
3 ~50.0 1 2.2(x10" 1.60x10* 3 ~50.0 1 2.20<10° 0.0
2 2.20x10%° 1.56x10* 2 2.20x10° 0.0
3 2.20x10° 1.64x10* 3 2.20:10° 0.0
Av. (2.20x10'9" (1.60x10%* Av. (2.20x109)" 0.0y
ControP 1 0.0 0.0 Controf 1 0.0 0.0
2 0.0 0.0 2 0.0 0.0
3 0.0 0.0 3 0.0 0.0
Av. 0.0 0.0 Av. 0.0 0.0
a *Treatment of SE-injected eggs was in a water bath &C5fbr a *Treatment of SE-injected eggs was in a water bath &C5fbr
25 min followed by a transfer to a hot oven set afGHor another 25 min followed by a transfer to a hot oven set afG5or another
57 minSControl eggs were uninjected and left at room temperature for 57 minSControl eggs were uninjected and left at room temperature for
82 mint*Averages significantly differentP<0.05). 82 minutes|,*Averages significantly different?<0.05).

to be less than 10 cfu/egg [15,16]. Another report ized intact shell eggs, based on examination of lysozyme
showed that natural infection levels in SE-positive eggs activity and other physical properties of eggs [11]. This

is less than 100 cfu/100 g of yolk [17]; It was also shown is another promising evidence proving that the use of
that SE location in eggs from naturally infected flocks the same nature of treatment will not affect the physical

is in both albumen and yolk [15]. This justifies the properties of the intact shell eggs, rendering them
approach followed in this study in which samples were acceptable by the consumer.

homogenized from yolk and albumen content of each In conclusion, this treatment can produce intact shell-
egg for assessing recovery of SE post treatment of intacttable eggs completely clean of SE, regardless of the nat-

shell-table eggs. ure of acquired plasmid(s); this result could be obtained
A previous report on the use of the same nature of on the condition that the initial contamination by SE is
treatment of water bath heating at°&7for 25 min fol- low (around 16 cfu/ml of egg content). This treatment

lowed by hot air heating at 8& for another 57 min  will produce eggs free dbalmonella enteritidiand most
resulted in acceptable overall functionality of pasteur- likely other Salmonellagthus preventing the occurrence
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of salmonellosis outbreaks in humans during egg hand- idis phage type 4 is related to the possession of a 38 Mda plasmid.
ling and consumption, which will help in significant Fed Eur Microbiol Soc Microbiol Lett 1989;58:299-304.

ducti inSal I ti inside th t [8] Barbour EK, Jurdi LH, Talhouk R, Qatanani M, Eid A, Sakr W,
reduction insaimonefiapropagation Inside the gastro- Bouljihad M, Spasojevic R. Emergence $&lmonella enteritidis

intestinal tracts of infected IO_eople, and by that_ reduce outbreaks in broiler chickens of Lebanon: epidemiologic markers
significantly the fecal shedding of these organisms to and competetive exclusion control. Sci Tech Rev J WAHO

the environment. 1999;18(3):710-8.
[9] Bichler LA, Nagaraja KV, Pomeroy BS. Plasmid diversitySal-
monella enteritidisof animal, poultry, and human origin. J Food
Protect 1994,;57:4-11.
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