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ABSTRACT

The hen's egg is susceptible to microbial attack in a number of
ways. The yolk or the albumen may be contaminated before the
egg is laid. After the egg has been laid the possibility exists of
microbial penetration from the outside. In this review, both these
possibilities are discussed together with the defences, both physical and chemical, that the egg has against microbial contamination. Most eggs contain no bacteria when they are laid and only
become contaminated subsequently. The shell membrane offers
the best protection against bacterial penetration, but once inside
the egg their growth and multiplication is slowed due to the viscous nature of the egg white proteins, their pH, and the bactericidal properties of lysozyme and conalbumen.

MICROBIAL CONTAMINATION OF
THE HEN'S EGG

Microbial contamination, and the subsequent results of
this contamination of eggs intended for human consumption or hatcing purposes, have attracted the attention of
several workers (e.g. 14,15,18.36,37,45,48,49,51,56,
59,71,86). As early as 1939, Haines (45) observed that the
egg is equipped with physical and chemical defences
against microbial infection, and it has been suggested that
these defences have been developed to protect the developing embryo. Contamination and rotting of eggs take place
when such physical and chemical defences become overloaded (25). Because of the importance of these aspects the
natural and chemical defences against bacterial penetration
will be discussed.

Contamination before laying
The mechanism and level of microbial contamination of
the egg contents are not well known. This is due to the
technical difficulties of sampling the internal contents of
the egg. It is difficult to find methods which ensure the
sterilization of the shell of the egg (4,14,18,42,44), Even
when sterilization is possible, contamination with airborne
microorganisms may affect the results (18).

Many workers suggested that the egg can be easily contaminated within a short period after laying (e.g. 63). Bacteria isolated on newly laid eggs are mainly Micrococcus
spp. which grow poorly at body temperature (66) suggesting that they may be contaminants. An attempt was made
by Harry (50) to clarify this confused situation. He killed
hens and examined their ova. He was able to recover bacteria from 43% of the ova. The most common bacteria isolated were Lactobacillus sp, and Micrococcus sp. It is
therefore possible that the Micrococcus sp. isolated by Miller and Crawford (66) had originated from the ova and
were not accidental contaminants from the shell or the air.
Board (14), and MacLaury and Moran (64) citing Rettger
(78), maintain that there are egg-transmitted organisms
which can invade the yolk in the ovary. such as some of
the salmonellae. Gordon and Tucker (43) were able to
demonstrate that Salmonella spp. have the ability to pass
from the alimentary canal, via the blood, to the ovaries.
Also, it has been suggested that in some instances, diseasecausing bacteria may be excreted from the ovarian blood
supply or may infect the tissue of the ovary itself (50).
Other workers (7,65) have been unable to convincingly
demonstrate transovarian transmission of Salmonella either
by oral or intravenous inoculation. This conflict may be
due to level of contamination, for it has been shown (30)
that high levels of Salmonella in the food were required for
them to become established in the gut. In this respect, contamination of drinking water was a more effective route for
transmission (30).
Transovarian transmission has been definitely established in some species, however. These include
Staphylococcus au reus and Pasteurella Iw.emolytica (65)
although the same workers were unable to show transmission of Listeria monocytogenes or Pseudomonas
aeruginosa. Harry (50) found that contamination of the
oviduct occurred from the cloacal region and the contaminants were dominated by Micrococcus, Streptococcus, and
coli-aerogenes organisms. This author commented that the
practice of artificial insemination (A.I.) appeared to introduce the risk of cloacal contamination unless care was
taken in the collection and introduction of the semen. The
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possible explanation of cloacal contamination is that the
microorganisms may be carried to the oviduct when the
oviduct contracts (81).
It seems that most eggs receive their first load of contamination at oviposition and it may be considered, therefore, that the major (but not all) contamination of the egg
is of external origin. The generalization that roughly 90%
of newly-laid eggs are free from microorganisms is now
generally accepted, and indeed the true figure may be even
higher (18,25).

TABLE 1. The microflora of the hen's egg.
of occurrence
Type of organism
On the shell

Micrococcus
Achromobacter
Aerobacter
Alcaligenes
Arthrobacter
Bacillus
Cytophaga
Escherichia
Flavobacterium
Pseudomonas
Staphylococcus
Aeromonas
Proteus
Sarcina
Serratia

+ + +a
++
++
++
++
++
++
++
++
++
++
+
+
+
+
+

In rotten

+
+
+++
+
+
+
+++
+
+++
++
+++
+

aThe more plus signs. the more frequent the occurrence (adapted
from Board, 18).

defences of the egg. According to Board (18), the internal
properties of the eggs favor growth of organisms which are
gram-negative, have a relatively simple nutrition requirement and have the ability to develop at low temperatures.
DEFENCE AGAINST BACTERIAL ATTACK

Two types of defences are involved in protection of egg
contents from the invading microorganisms. These are
physical defences and chemical defences.
Physical defences
The natural physical defences of the egg are the shell,
the cuticle and the two shell membranes. The shell and the
associated membranes may be considered to be the parts
which act as the biggest barrier to penetration by bacteria
and viral contaminants. Bacteria are the most important of
these contaminants. The four physical defences will now
be discussed in more detail.
The cuticle. Once the outer shell is formed, a protein
layer is deposited over the surface of the shell, which is
named the cuticle (bloom) (96). The cuticle is about 0.01
mm thick (94). The cuticle is an important covering that
acts to interfere with bacterial invasion by closing the pores
resulting in a reduction in the permeability of the shell
(35). According to Fromm (35), abrasion of the shell,
washing, humidity, ambient temperature and temperature
changes influence the permeability after oviposition. Once
the cuticle is removed, bacteria gain the ability to cross the
shell more rapidly than before. Removal of the cuticle by
abrasion of the shell (35), or by chemical treatment with
E.D.T.A. (103) increases the permeability of the shell to
bacteria. Similarly, eggs removed from the uterus before
the cuticle had formed, and shell-less eggs, spoiled much
faster than normal eggs (103). Some naturally-laid eggs are
also without a cuticle (17), and this has commercial impli-
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Contamination after laying
Once the egg has been laid, it is usually moistened and
becomes soiled at the same time. The presence of dirt in
the surrounding environment adds to the number of contaminating organisms (20,51,82). The only pathway
through which bacteria can get into the interior part of the
egg is via the pores. As the cuticle is moist at this stage,
microbial invasion of the shell could conceivably occur
(18). The humid condition promotes growth of molds on
the surface of the shell (91). Growth of hyphae of molds
facilitates the enlargement of pores, which helps the entry
of bacteria into the egg (110). It has been reported by several investigators (39,46) that the shell is pervious to
microorganisms such as Escherichia coli, Salmonella
paratyphi, Serratia marcescens and Pseudomonas
aeruginosa. Haines and Moran (46), for example, were
able to draw Saccharomyces allipsodeus and species of
Pseudomonas from the interior to the exterior side of the
shell.
The degree of egg contamination appears to be a function of the cleanliness of the surface onto which they are
laid (51), and the manner in which the eggs are handled
after laying, which produces the greatest effect when the
eggs become cracked (29). The level of contamination on
the shell of eggs collected with gloved hands was less than
that when the eggs were handled normally (82). According
to Board (J 4), the level of contamination varies with the
standard of hygiene. Environmental conditions such as
temperature (19,57) and length of storage (41), as well as
any treatment they receive such as washing (62,67,88) also
exert an effect.
Contamination on the shell's surface also varies, both
quantitatively and qualitatively in different geographical
areas. See, for example, papers referring to India (11,75),
Europe (9,24), North (29,67) and South (61) America. Despite this diversity, the bacteriology of spoiled eggs has remained relatively constant over time, geographical location
and husbandry methods. This suggests that the major factors influencing the selection of rot-producing bacteria are
intrinsic to the egg (18). The microflora of the egg shell is
dominated by gram-positive bacteria which may originate
from dust, soil orfeces (12,18).
Rotten eggs normally contain a mixed infection of gramnegative bacteria and few gram-positive organisms. Some
of the most common contaminants are members of the genera Alcaligenes, Pseudomonas, Proteus and Aeromonas
(18,48,76) (see Table 1). This indicates that gram-negative
bacteria are well equipped to overcome the antimicrobial

1093

1094

MA YES AND TAKEBALLI

The shell. The shell of a hen's egg is another barrier
against bacterial penetration. The shell has numerous pores
(7,000-17,000) per egg. These pores are not evenly distributed over the shell but more are found at the broad end
than at the narrow end (90,105). The diameter of the pores
varies throughout the shell. Haines and Moran (46) found
the pore has a diameter of 13 j.lm at the top and 6 j.lm at
the bottom. According to North (70), some pores are malformed and these are many times the diameter of most invading bacteria, which allows for easy penetration. Shell
formation starts after the egg enters the isthmus when deposition of the mammilia takes place (98). The rest of the
shell formation takes place in the shell gland over a period
of 18-20 h.
Taylor and Martin (97) observed that the shell thickness
is influenced by nutritional, environmental and hereditary
factors. The shell of the first and last egg laid were thicker
than those of eggs in the middle of the clutch (10). This
observation was explained by the longer time the shell
spend in the shell gland. The importance of shell thickness
as protection against the invading microorganisms was
studied by Sauter and Petersen (86). These authors showed
that the shell thickness has a major effect on the ability of

bacteria to pass through the egg shell. As the specific gravity of the egg is directly related to the shell thickness, it
was used as a criterion for classifying the eggs. The resultant bacterial penetration of each group is shown in Table
2. It seems that shell thickness is more important in resisting shell penetration than is time. Only 21 % of good quality shells had been penetrated after 24 h, while for poor
quality shells this figure had been exceeded in less than 30
min.
TABLE 2. The relationship between shell quality and bacterial
mm'ptr,ntJrm a

% Bacterial
Specific
gravity of
Eggs

1.070
1.080
1.090

Shell
quality

poor
average

of shell

After
30 min

After
60 min

After
24 h

34
18
11

41
25
16

54
27
21

"From Sauter and Peterson (86).
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cations beyond the experimental manipulation of the cuticle. Vadehra et al. (103) concluded that the protection provided by the cuticle lasted at least 96 h after the eggs were
laid. Moran and Hale (68) described the cuticle as a layer
on the outer surface of the shell composed mainly of mucin
cells. They found that the organic material which formed
the outer cuticle was present in the lower part of the
oviduct. Simkiss (93) was able to show the presence of
protein in the cuticle, but a more detailed chemical analysis
was reported by Wedral et al. (109). Recently two species
of Pseudomonas have been isolated that can digest the cuticle (21). It is thought that these bacteria then allow yeasts
to colonize the eggshell by utilizing bacteria as a food
source, since the yeasts on their own could not grow on a
cuticle substrate. Factors that affect the penetration of the
cuticle include: (a) Deposition of organic matter. This varies among breeds, varieties, and among eggs laid by individual hens (70). (b) Egg handling. Careless handling and
rubbing of the eggs may destroy the cuticle (27,35,46.94).
Tyler (100) stated that, not only does removal of the cuticle encourage bacterial invasion, but it also results in a
markedly increased loss of water from the internal contents
of the eggs. The cuticle may be easily damaged shortly
after oviposition. Such damage is more frequently noted
when the birds are kept on wire floored cages, or have a
chance to damage the egg by their claws or beaks (102).
(c) Length of storage. As the egg ages, drying of the cuticle results in its shrinking, which may leave the pores more
exposed (89). (d) Fumigation. Formaldehyde reacts with
cuticle protein and removes some of the cuticle (6,106). (e)
Storage temperature. As the temperature of the egg holding room increases, the quicker is the loss of cuticle (70).
if> Egg cleaning. Washing of soiled eggs in water, by hand
or with a cloth, produces no apparent change in the structure of the cuticle, but may remove some of it.

When considering bacterial penetration of the shell, Ferdinandov (33), quoted by Zagaevsky and Lutikova (115),
reported that the egg shell is susceptible to bacterial penetration within a short time after laying. It was concluded
that because the freshly laid egg cools after laying and that
the yolk and white contract more than does the shell, water
and microorganisms are drawn into the pores at this time
(33.64). Vadehra et al. (104) observed that the blund end
of the egg is more susceptible to spoilage than the other regions. Since the shell is thickest at the blunt end (101),
shell thickness does not seem to determine which part of
the egg is penetrated. They suggest that the suction effect
when the air cell is formed and also, possibly, better environmental conditions in this region once the bacteria
have penetrated, account for these results. They tentatively
reject the hypothesis that the mechanism for bacterial penetration involves a permeability effect. The blunt end of the
shell contains more pores and is more permeable than other
regions (90,105), but penetration involves crossing the
membranes as well as the shell. Other authors have reported a poor correlation between shell porosity and bacterial spoilage (58,77) so the suction effect when the air cell
is formed would appear to be the major factor. Several authors have investigated bacterial penetration of the shell by
immersing eggs in bacterial suspensions. They have identified a number of factors that affect penetration: (a) The
temperature differential between the egg and bacterial suspension (22 ,46,63). Very little invasion of the egg will
take place without a temperature differential (64). (b) The
number of organisms in the suspension. The higher the
number of bacteria, the greater the penetration (22,28,53).
(c) The period of immersion (22,53,84). The longer the
time, the higher the number of bacteria that penetrate. (d)
The treatment of the shell. Contamination was increased
when the shell was rubbed with material, such as cheese
cloth, sandpaper or steel wool. Wiping the shell with cloth
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TABLE 3. Thickness of egg-shell membranes according to various authors.
Thickness
Authors

Reference

- - _..
Hays and
Sumbardo
Romankewitsch
Moran and
Hale
Wolken
Balch and

54

Outer
membrane

Inner
membrane

Total

50

14

64
60-114

30-36

40-48

70-84
60-70

80

68
113

8

102-114

Although it is known that bacteria penetrate the shell via
the pores, little is known about the mode of penetration
through the inner shell membrane. Proteolysis of the membrane is thought to take place (13,18,39,53). Brown et at.
(26) found some zones of hydrolysis surrounding the bacteria located in the membrane and such observations tend
to support the theory that enzymes are actively involved in
the penetration process. Wedral et aI. have shown that
most enzymes which they investigated produced no detectable changes in the permeability of the inner shell membrane to Salmonella typhimurium or radioactive lysine
(quoted in 108). They also faound that penetration of the
inner membrane by bacteria produced no permanent increase in its permeability (l08).
It seems from the study of the physical defences of the
egg, that none of them possess bactericidal properties. For
this reason, under certain conditions, bacteria are able to
find their way into the egg contents.
Chemical defences
Although the albumen is not in direct contact with the
microflora of the outer surface of the shell, it is liable to
get contaminated. Contamination of the albumen occurs
when the cuticle, shell and shell membranes fail to prevent
microbial invasion. In addition to the chemical defences of
albumen mentioned below, Board (18) reported other defence mechanisms. These are the viscous nature of the proteins which hinder movement of bacteria to the yolk and
the organization of the chalazae in the albumen of fresh
eggs which hold the yolk away from the sides of the shell
membrane. Yadav and Vadehra (114) came to similar conclusions in that they thought that the physical structure of
the egg white proteins determines its resistance to bacterial
growth as well as its apparent lack of available water and
nutrients. Changes during storage, such as the thinning of
albumen, weakening of the chalazae and the vitalline membrane including the virtual removal of the outer layer (85)
will tend to conteract these defences.
The main defence against microbial growth in the albumen is chemical (16,23,55,72). The chemicals involved
are normally naturally occurring compounds although it
has also been demonstrated that antibiotics fed to hens are
rapidly incorporated into both the albumen and the yolk of
their eggs (2). Of the naturally occurring compounds,
lysozyme, conalbumen and the alkaline pH appear to be of
primary importance (16), but ovomucin and ovinhibitor
may also be involved (23,74).
The alkaline pH. The pH of the albumen of a hen's egg
immediately after laying is typically 7.6 7.9; that is near
the optimum for growth for most saprophytes, but there is
a gradual increase in the pH value upon storage. This increase is due to loss of carbon dioxide. After about 1 week
at room temperature, the pH increases to over 9 (81). This
is beyond the maximum tolerated by many common microorganisms.
When growth of bacteria in egg white at pH 9.1 - 9.3
was compared with growth in egg white adjusted to the pH
in the egg at laying time, it was found by Garibaldi (38)
that several strains of bacteria were unable to grow or sur-
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or brush moistened with bacterial culture will result in contamination of the egg's contents (112). (e) Shell thickness.
Thin shelIs offer less resistance than thick ones (73,86).
Once the micro-organisms penetrate the shell to the shell
membrane, they will be protected from any externally applied bactericide by proteinaceous material in the shell
membrane (79). Thus disinfection probably cannot be expected to cure or correct the faults which are due to bad
management.
The shell membrane. There are two membranes below
the shell and they are held firmly together, except at the
blunt end of the egg where they separate to enclose the air
space. The inner membrane lies immediately over the albumen and the outer membrane is attached to the true shell.
Moran and Hale (68) found that the outer membrane possessed three layers of fibers, while the inner membrane
consisted of only two indistinct layers. For a chemical
analysis of the membranes see Wedral et al. (109).
Many investigators have attempted to measure the thickness of the two membranes and their results are summarized in Table 3. For more details see the review by Simons (95). The results obtained differ not only from egg to
egg, but also from region to region, within the same egg.
Hence, Romanoff and Romanoff (81) stated that membrance thickness varies between the blunt end, the equatorial
region and the pointed end. Hays and Sumbardo (54) reported that the membranes contain pores, the inner membrane containing more than the outer one. According to the
observation of many workers, among them Haines and
Moran (46) and Garibaldi and Stokes (39), the shell membane acts as a bacterial filter. It has also been suggested
that it contains antibacterial substances (25). Many investigators demonstrated that the egg shell membranes were
more impenetrable to bacteria than was the shell. Lifshitz
et al. (60) reported that the inner shell membrane was the
most effective in preventing bacterial penetration of the
egg contents, the shell ranked second and the outer shell
membrane was the least important. However, Garibaldi
and Stokes (39) and Florian and Trussel (34) showed that
the membranes are more important than the shell itself in
preventing penetration of bacteria into the egg. These authors were able to show that speed of penetration of the
shell membrane depends on the type of invading bacteria.
The time taken to penetrate ranged between 1 and 4 d.
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albumen. Albumen does become infected during this
period but contaminants fail to multiply (18). Growth of
bacteria in the albumen does not occur until the bacteria
reach the yolk (92). According to Board (12) and Board
and Ayres (19), renewed multiplication occurs when the
yolk makes contact with the inner shell membrane. Board
(18) reported that the albumen, under improper handling
and adverse conditions, loses its rigidity, resulting in freedom of yolk movement. Such physical changes are associated with changes in some of the chemical defences of
albumen (I Jl).
Thus, in conclusion, it can be seen that the egg has a
range of mechanisms, both physical and chemical, to protect the contents from bacterial invasion. In general, in the
absence of gross mishandling by man, these defences are
remarkably successful in preventing bacterial spoilage.
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vive at pH 9.1. Some survived if the pH was adjusted to
7.9, but there were several species of bacteria studied, including Pseudomonas fluorescens, Proteus vulgaris and
Alcaligens sp. which were unable to grow, even at the
more favorable pH. The author commented that there is
some other factor still operating at this lower pH that
causes destruction of the tested organisms.
It would appear that an egg white pH of over 9 has a
germicidal effect on some of the invading microorganisms
and the sensitivity of bacteria to this germicidal effect varies from one species to another.
Lysozyme. Lysozyme was reported by Board (16,18)
and Geoffrey and Bailey (40) to have lytic action on the
bacterial cell wall. It is capable of hydrolysing the (1-4)
linkage
between
N-acetylneuramine
and
Nacetylglucosamine in the bacterial ce\l wall. This observation was demonstrated in vitro. Lysozyme may also act on
some organisms because of the basicity of the molecule. It
has been postulated (69) that a rise in pH to about pH 8 renders the bacterial celI more negatively charged so that in
the presence of positively charged molecules, like
lysozyme, a complex is formed agglutinating the cells.
However, according to Board (18), no research workers
have yet provided evidence that lysozyme activity would
be of such importance in the defence against microbial attack within the egg itself. Furthermore, from some in vitro
trials it was established that there are some microorganisms
that can resist the activity of lysozyme, e.g. some naturally
occurring strains of S. aureus (47), especially spore forming organisms, e.g. Clostridium tyrobutyricum (107). It is
widely accepted, however, that the absence of gram-positive organisms in rotten eggs is due to their sensitivity to
lysozyme (83). Indeed, some workers have even cautioned
against the use of albumen derived from egg white in
microbiological studies, because of the possibility of contamination with lysozyme (3).
Conalbumen. Many varieties of conalbumen were found
in the eggs of birds (5). It represented about 10% of the
total egg white solids (1). The activity of the conalbumen
is dependent on hydrogen ion concentration (38). Conalbumen, the protein moieties of which are identical to those of
transferrin, acts against microbial infection of the egg by
depriving the microorganisms of Fe + + ions, which prevents their multiplication (31). Feeney et al. (32) noted different degrees of inhibition between tested microorganisms. Micrococcus spp. were more sensitive than
Bacillus spp. and Bacillus spp. were more sensitive than
gram-negative species. Schade (87) and Theodor and
Schade (99) reported that the rate of growth was a function
of the iron or conalbumen concentration in media. When
water was artificially contaminated with iron salts and used
for washing eggs, it resulted in a high incidence, and fast
rate, of rotting of the washed eggs (22). These findings indicate that chelation of iron by conalbumen is an important
factor in the egg's defence against microbial invasion.
However, when the invading microorganisms succeed in
penetrating the physieal barriers, they rapidly decrease in
number (81). This may be attributed to the albumen component and inability of bacteria to utilize the proteins of the
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