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SUMMARY

Laboratory experiments were done to study the
possible circumstances which might accompany some
pathgenic bacterial species which penetrate table eggs,
being contaminated either naturally or experimentally.

In the first stage, the contents (albumin + yolk)
of each of 28 eggs were cultured directly onto brain
heart-infusion (BHI), brilliant green sulfa (BGS),
MacConkey Agar(MA),mannitol salt agar (MSA), tellurite
blood agar (TBA)and 5% sheep blood agar (SBA); in
addition to selenite broth (SB). Out of 28 egg samples,
8 bacterial isolates were recovered and identified; as 4
Staphylococcus aureus, 2 Bacillus subtilis and 2
Proleus vulgaris.

In the second stage, another 28 eggs  were
artificially contaminated by calibrated doses of each of
E. coli, Pr. vulgaris and Ps. aeruginosa which were
originally isolated from differenl disease conditions in
children. Contaminalion of each egg was carried out as
spots (droplels) on certain areas on the surface.
Preliminary resulls showed a successful penetration of
the organisms through the egg within 10, 15 and 30
minutes, and also after 2 and 4 hrs of storage at
temperature (12-18°C), although their npumbers were
decreasing progressively, espically within the egg's
contenls, until they could not be recovered after 8 days
of sltorage.
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INTRODUCTION

Eggs are one of the very important and essential
sources for human nutrition due to its supreme
nutritious quality and value, compared to many other
nutrients. It contains balanced ratioces of proteins,
vitamines, minerals, etc., hence, it is encorporated
intlo many food industries, as  well as some
pharmaceutical and trade industries, and also has been
used wup till now in many laboratory diagnostic purposes
and -above all- in preparation of vaccines. On the
other hand, eggs and their by-products are still being
used as major constituents of animal feed, having the
consideration of being a major source of calcium. Apart
from the above mentioned advantages, there are still
many disadvantages, i.e. eggs are considered as, on of,
the fastest deterioralting foodstuff, manily due to the
surrounding environmental conditions, therefore, the
fresher the eggs were., the highest were their nutritious
values¢*- #2_, Palhogenic microorganisms usually play an
important role in egg spoilage, as they need encouraging
faclors, like faccal contamination of the shell,
increase in porosilty, increase in relative humidity,
etee S

This study concentrated mainly on the probable role
(or roles) that those above mentioned factors might
contribute to the increase in shell porosity, thereby
permitting, in one way or the other, the penetration of
bacteria through the. egg shell. Moreover, studies
involved also, the abilities of such bacteria to thrive
and survive inside the egg and cause its spoilage.

MATERIALS AND METHODS
1) The egg:
Usual lable hen eggs were purchased from the retail
markels and used:; their sizes varied greatly and also

their weighlts (ranging between 30 and 50 grams). Times
of laying were mnot known because the eggs were



commercial. The following paragraphs shall include
materials and methods of the experiments done using such
eggs:

a. In the first experiments, eggs were wused for
bacterial isolation. They were soaked in 70% ethanol
for 5 min., and then left to dry; an openning was made
in Lhe tappered end using sterile scissors and forceps,
and Llhe conlenls (albumin + yolk) were dropped inlo
sterile petri-dishes and mixed quickly using a sterile
glass rod, then cultured onto different media by means
of sterile swabs.

b. In the following experiments, 50% of the eggs
were sterilized as above, and the other half were left
as they were. The following experiments were done in
this respect:

(1) In this experiment, 12 eggs (being sterilized
as in —a- above) were used, where a drop (50 ul;
equivalent to 1 x 10® of cfu/ml estimated by the method
of Miles & Misera), for each of E. coli (recovered from
infantile diarrhea and serolyped, using Bio-Mareux
antisera, as 0114: K90) and Proteus vulgaris (recovered
from infantile diarrhea at Sadam's Central Hospital for
Children) were added separately to each of the tappered
end of 3 eggs. The rest of the eggs (n = 6) were used
for control purposes, i.e. a 50 ul drop of sterile
saline was added to the tappered end of each egg. All
of the 12 eggs were stored at room temperature
(12-18'C).

After 10, 15 and 30 minutes and 4 hours of storage,
sampels were taken from the eggs, where a rounded hole
(about 2cm in diameter) was made into tappered end of
cach egg and then the contents were dropped individually
into slerile pelri-dishes. Swabs from each of the
inlernal surfaces and Lhe mixed conlents of each egg
were cullured onto different culture media, which were,
thercafter, incubated at 37°C for 24-48 hrs.

Direct cullivation was done on the following media:
brain-heart-infusion (BHI), brilliant green-sulfa (BGS),
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macConkey agar (MA), mannitol salt agar (MSA) and
tellurite blood agars (TBA) and selenite broth (SB).
From cultured SB media, subcul tures were made onto BGS
for the isolation of anticipated Salmonel la species.

11) In this experiment, 16 eggs (not sterilized as
described in —a-)were used, and contaminated as in the
first experimenl using the same bacterial = species, in
addition to Pseudomonas aeruginosa (recovered from pus
in a child at Sadam's Central Hospital for Children).
The same doses of lhe first experiment were used for the
contamination of eggs in this experiment, and at the
same sites.

After 0.5 hr, 1 hr, 3 and 8 days of storage of
contaminated eggs at room temperature (12-18°C), each
egg was sampled, by an openning (about 2.5-3cm®) at the
tappered end and evacuating the contents into a sterile
petri-dish. Each egg was then cut into two halves by a
sterile scissors. Swabs were taken from the internal
surfaces of each of the tappered end and the two sliced
halves; in addition, to the contents. Swabs were then
cultured on different media.

In addition, antimicrobial sensilivily and different
biochemical Lesls were carried oul for all the bacterial
species used in this study. Tests were done before and
afler each experiment Lo check for baclerial identities.
All Dbiochemical identificalion me Lhods were done
according to the methods described by Cowan¢®’> and
Frankel el al<®?.

RESULTS

1) First Experiment:

A. The following bacterial species were isolated
from egg samples: Staphylococcus epidermidis (4
isolates), Bacillus sublilis (2 isolates) and Proteus
vulgaris (2 isolates).

B. In the second stage, resulls showed (Table 1)
that both E. coli and Pr. vulgaris succeeded in
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penetrating the egg shell, although their numbers
decreased progressively from an initial dose of 10® cfu
(for each bacterial species) to decreasing numbers
fluctuating with the duration of slorage. For example, a
total of 180 to 200 cfu of E. coli were calculated from
cultures of swabs taken from the internal surface of the
egg shell after a period of 10 minutes of storage of the
contaminated eggs. In addition , no bacteria were
isolated from the conlents (albumin + yolk) of the same
samples eggs. After 2 hrs of storage,the numbers dropped
to about 5 cfu (in cultures of swabs taken from interior
of egg shells), but rised to 300 cfu in cultures made
from egg contents. After 3 hrs of storage, bacterial
numbers dropped to about 3 c¢fu (in the interior egg
shell) and 50 cfu (in the contents ).

Conditions seemed to be different in case of Pr.
vulgaris, where their total numbers showed a
comparatively higher count (in both the interior egg
shell and the contents) after 3 hrs of storage ,but
Jater on, Ltheir numbers decreased compared to the
original contamination dose.

Table 1: Numbers of bacterial species recovered from the
inkerior surfaces of preconlaminated eggs.

Period of Bacterial species used
sampling E. coli' Pr. vulgaris'
Interior of contents' Interior of contents''
eggshell eggshell
10 min 180-200" = more than 300 70
15 min Ho gr. - 0. gr. H. §r
30 min 180-200 150 100 90
2 hr 5 300 250 250
3 hr 2-3 50 300 150

Initial contamination dose was 10° colony forming
units (cfu) per 50 ul drop for each of the species.
comprises both albumin and yolk.

represents numbers of colonies counted on agar
media.




2) Second Experimenmt:

In this experiment, only E. coli was recovered from
the internal surface of the egg shell that is opposite
to Lhe contamination area; where aboul 50 c¢fu (oul of
10*® cfu original contamination dose) of the same
bacteria were counted on agar media after storage of the
eggs for 30 min at room temperature (18-20°C), and
concering lLhe rest of Lhe bacterial species used, no
successful recovery was made at any period of storage.
Sensitivity test was done before and after the
experiment for E. coli used. Results showed that it was
resistant lo several antibiotics, like tetracycline,
erythromycin, sulfamethoxazole, cephalothin,streptomycin
and Kanamycin.

DISCUSSION

The sources of microbial contamination of the eggs
are numerous like: dirt and droppings present in nests
and cages, also dusltl accumulated during prolonged
slorage, etc., therefore, a variety of microorganisms,
in number and btype, can be found on egg shells. The
majorily of those species can be included in the
gram—posilive group, like: Bacillus, Micrococcus,
Staphylococcus, Streptococcus, etc¢®- 7. On the other
hand, cach egg has ils own delense barriers Lhal inhibil
Lhe bacleria from penclerating Lhe egg and reaching the
growing embryo (in egg volk), beginning from the shell
which is covered by the cuticle that stands as the
uppermost inhibitory barrier due to its role in covering
up the shell pores <°- =2, but washing the egg or
rubbing it by a course material will increase the
chances of egg spoilage due to the peneteration of
bacteniath " 120,

Accordingly, our results proved efficiently that
disinfection of the eggs by ethanol increased the
chances of lhe penetration of the bacteria through the
egg shell,” so that in the Ffirst experiment, the
following baclerial species were isolated from the egg
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contents: Staph. epidermidis (4 isolates), B. subtilis
and Pr. wvulgaris (2 isolates each); although such
species are considered as normal contaminants of
eggs <72,

On the other hand, the following experiments showed
clearly and precisely that cleaning or washing eggs
offered ideal conditions for peneteration of bacteria.
In addition, the results showed astonishing speed
of penetration by those organisms into the eggs, so that
the total of more than 180 colonies-of E. coli and more
than 300 colonies of Pr. vulgaris were counted in
samples of egg conlents (albumin +  yolk) of
pre—contaminated eggs, only after 30 min of storage al
room ltemperature. Moreover, arrival of ,Pr. vulgaris
organisms Lo the egg contents was diagnosed after 15 min
of storage at the same temperature, while E. coli failed
to do so within the same period of storage, thereby
highlighlening another interesling story: "The
differences in speed of motility between different
species of Dbacteria with regard to penetration of the
egg shell". Those resulls may lead us Lo an interesting
queslion:."Are such differences happening only in the
egg contenlts or possibly in other envirooments as well?"

This phenomena is worth to study in more details.

The results of most experiments showed also
conlinuous growth of lhe seeded organisms on all the
types of media used, but with a gradual decrease in
numbers, which is mostly due to factors that play an
important role in the destruction of individual
microorganisms, like lysozymes that damage bacterial
cell walls, and conalbumin, avidin and alovaflavoprotein
which inhibit growth of bacteria and fungi<”>.

In the second experiment, where E. coli, Pr.
vulgaris and Ps. aeruginosa were used, the results '
showed again the importance and role of the cuticle in
preventing the bacteria from entering the eggs, inspite
of prolongation of storage period to 8 days. None of

the baclerial species used was recovered at any sampling
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period, with the exception of E. coli which grew (50
colonies) in cultures made from swabs taken from the
interior of eggshell, opposite to the externally—
contaminated spot. Those eggs were stored for 30 min at
room temperature (18-20°C). Pr. vulgaris and Ps.
aeruginosa were never recovered, in spite of the fact
that Ps. aeruginosa has the ability of lysing and
digesting the protein present in 90% of the cuticle
contents, thus enabling it to penetrate easily through
shell<**?.

These experiments  were followed by other
experimenls, concentrating mainly on changes anticipated
in egg spoilage after prolonged storage conditions and
variable temperatures, in addition to the use of other
pathogenic bacleria.
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