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Abstract

Eggs are one of nature’s most nutritious and economical foods. Besides their nutritional value,
antioxidant, anti-cancerous, antihypertensive activity, and immunomodulatory effects, chemical and
microbial contamination of eggs pose a risk on human health. Chemical contamination is due to the
abuse of antibiotics in poultry. Microbial contamination can be through horizontal or vertical
transmission. Microbial contamination accompanies a high risk of spread of antibiotic resistance.
Microbial contamination can be controlled by choosing the egg source wisely and by storing eggs
carefully. A lot of studies have been conducted to find the most favorable farming type and storage
temperature, however the outcomes appeared to be contradicting. In this study we tested the microbial
and chemical contamination of eggs from different farming systems in Lebanon. We studied the
microbial contamination of eggshell and content of commercial and organic eggs stored at room- and
fridge temperature for 5 weeks. The isolated bacteria were subcultured on SS and TBX agar and then
confirmed by APl 20E; the serotoxicity of E.coli was tested using Antiserum Escherichia coli
NONAVALENT. The antibiotic resistance was studied using disc diffusion method. Our result revealed
less contamination risk on the commercial eggs in comparison to organic eggshells along with better
eggshell quality and a lower pore count. No antibiotic residues were detected in the egg contents
regardless of the farming system. Serotoxic E.coli, Enterobacter cloacae, and citrobacter freundii were
isolated from organic eggshells. E.coli and Enterobacter cloacae seemed to also vertically contaminate
the egg content of eggs stored for 2 weeks at room temperature. All eggs stored in the fridge showed
eggshell contamination. All the isolated bacteria were sensitive to ENR and SPT, and resistant to
Macrolide E. Isolated E. coli showed resistance to macrolides (100% to E and 71% to TL), tetracyclines
(86% to O and 57% to DO), beta lactams (20%), colistin (57%), Aminoglycosides (71% to Gen and 29% to
N), and COT(14%). Enterobacter cloacae appeared resistant to macrolides (100% to E and 50% to TL),

betalactams (50%) and colistin (50%). Citrobacter Freundii was found resistant to betalactams,



tetracyclines (100% to O) and Colistin (50%). Our study shows that the farming system greatly affects
the starting microbial population of eggs, where organic eggs constitute a greater risk than commercial
eggs to bacterial infection, many times resistant to antimicrobials. Eggs should be cleaned properly,
without compromising the pore or protective cuticle before storage.
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Literature Review

I. The Chicken Egg: a Sterile or Tainted Feed

Eggs are one of nature’s most nutritious and economical foods. They consist of 9.5%
shell and membranes, 63% egg white, and 27.5% yolk (Cotterill and Geiger, 1977). The edible
part of the egg comprises 74% water, 12% proteins,12% lipids, and <1% carbohydrates,
vitamins, and minerals (Li-Chan and Kim, 2008). Proteins are distributed in the albumen, yolk,
membrane, and shell(Abdou et al., 2013). Some egg proteins are only partly digested, thus
naturally generating bioactive peptides without undergoing complete degradation into amino
acids (Evenepoel et al., 1999). In the last decades, countless efforts have been made to better
understand the biological activities of egg-derived hydrolytic peptides that can naturally occur
throughout the digestive process (Evenepoel et al., 1999). Lipids are only found in the yolk; they
constitute of 65% triglycerides, 30% phospholipids, 4% cholesterol, and <1%, carotenoids(Hatta
et al., 2008). Micronutrients found in the egg constitute ~16%, 29%, 9% and 9% of the
recommended daily intake of phosphorus, selenium, iron, and zinc, and 10% of the
recommended daily intake of vitamin A, D, E, K, B2, B12, biotin and pantothenic acid (Seuss-
Baum, 2007). Besides their exceptional nutritional quality, chicken eggs are known to have an
antimicrobial effect. Various egg proteins, concentrated in the egg white and the vitelline
membrane, exhibit antimicrobial activities (Kovacs-Nolan et al., 2005). Some of them, like
lysozyme and avian beta-defensins, act directly by interacting with bacterial walls and
permeabilizing them, causing bacterial death (Rehault-Godbert et al., 2011). Others, act

indirectly either by diminishing the bioavailability of iron and vitamins required for some



microbial growth, like ovotransferrin and avidin, or by inhibiting microbial proteases that are
virulent factors of infection, like Ovoinhibitor and cystatin (Rehault-Godbert et al., 2011). Da
Silva et al. (2019) reported the presence of egg proteins, like AvBD11, OVAX, avidin, beta-
microseminoprotein, not expressed in the human genome, making them a potential powerful
anti-infectious agents against human enteric pathogens. Egg-derived peptides that are possibly
formed after partial hydrolysis of proteins by exogenous proteases were reported to also have
antimicrobial activity. Hydrolytic peptides obtained from lysozyme(Mine et al., 2004),
ovotransferrin (Giansanti et al., 2005), ovomucin (Omana et al., 2010a), and cystatin
(Blankenvoorde et al., 1998)have revealed a wide range of antimicrobial activities. Chicken eggs
are also considered potential antioxidant foods. They have many naturally occurring antioxidant
compounds like egg-white proteins ovalbumin, ovotransferrin and lysozyme; as well as egg yolk
phosvitin, carotenoids and free aromatic amino acids(Nimalaratne and Wu, 2015a). Young et al.
(2010) performed assays in a porcine model and succeeded to confirm the advantageous effect
of egg yolk- derived proteins in reducing the production of pro-inflammatory cytokines in vivo.
They presumed that a diet supplemented with egg yolk-proteins might serve as a novel strategy
in intestinal oxidative stress reduction (Young et al., 2010). It is noteworthy that antioxidant-
enriched eggs can be produced by feeding layers some lipophilic antioxidants such as vitamin E,
carotenoids, selenium, iodine and others can be transferred from feed into egg yolk
(Nimalaratne and Wu, 2015b). Eggs’ anti-cancerous activity has also been studied. Using
experimental tumors showed that, egg white lysozyme had tumor-inhibitory activity (Sava,
1989). Ovomucin and ovomucin-derived peptides were also found to possess anti-tumor

activities via cytotoxic effects and activation of the immune system(Omana et al., 2010b).
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Hydrolytic peptides from ovotransferrin also showed anti-cancerous activity when studied by
Ibrahim and Kiyono (2009). Numerous yolk-derived peptides possessing anti-hypertensive
activities have been described. Egg yolk oligopeptides were found to be a potential suppressant
of the development of hypertension in spontaneously hypertensive rats (Yoshii et al., 2001).
Also, ovotransferrin and egg white hydrolysates showed great potential as anti-hypertension
agents in humans (Moon et al., 2017). Egg white ovotransferrin-derived tripeptide IRW showed
to be active in reducing blood pressure in vivo after oral administration to hypertensive rats
(Liao et al., 2016). In turn, Chen et al. (2017), discussed the degree to which ovotransferrin and
ovotransferrin-derived peptides are viable treatment agents for endothelial dysfunction and
the prevention of CVD. Besides their nutritional value, antioxidant/ anti-cancerous/
antihypertensive activity, and immunomodulatory effects, chemical (Domingo, 2014) and

microbial (Musgrove, 2011) contamination of eggs pose a risk on human health.

Il. Factors affecting bacterial contamination in eggs

Various intrinsic and extrinsic factors affect the chance of bacterial penetration of an
eggshell, an opportunity that could be vertical or horizontal. Intrinsic factors comprise the
chicken eggs’ physical and chemical barriers. Extrinsic factors include the bacterial strains and
number of organisms to which an egg is exposed, as well as the storage conditions including

temperature, moisture and immersion.
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1. Vertical and horizontal transmission

Vertical/ trans-ovarian transmission of bacteria takes place through the reproductive
system of infected hens, usually those having a systemic infection (Keller et al., 1995) in the
ovaries or an ascending infection from contaminated cloaca into the vagina and lower regions
of the oviduct (Miyamoto T, 1997). In this type of transmission, the yolk, the albumen, and the
membranes are contaminated straight away due to the bacterial infection in the reproductive
organs, before the eggs are covered by the shell (Takehiko Yamamoto, 1996).

In the horizontal/ trans-shell transmission, the dominant route for bacterial infection of
eggs, micro-organisms penetrate through the eggshell to possibly reach the internal egg (Bruce,
1994). The existence of diverse bacterial species on the eggshells surface embodies the risk of
egg content contamination; a high microbial load on eggshells upswings the microbial
penetration possibility (Smith et al., 2000). The microbial eggshell penetration process involves
3 steps: Cuticle and shell penetration, colonization of underlying membranes, and
contamination of yolk and egg contents (Lock et al., 1992). The eggshell surface contamination
may result either from the lower reproductive tract infection (uterus/shell gland). At the
moment of its laying, the egg passes through the cloaca, a highly contaminated area where egg
and feces co-exist, resulting in fecal contamination of the shell. However, even if eggs are germ-
free during oviposition, their chances of contamination arise the moment they leave the
oviduct (Board RG, 1995). After oviposition, the eggshell attains contamination from any

surface that it contacts
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2. Intrinsic Factors affecting egg quality

The cuticle, the mineralized shell, and shell membranes form the physical barrier that
protects the egg content from contamination and invasion by microorganism. This physical
barrier is particularly essential to prevent trans-shell contamination, in which microorganisms
contaminate the egg after being laid by penetrating the shell, this being regarded as the

prevalent route for bacterial infection of eggs (Bruce, 1994).

2.1.  Cuticle

The cuticle coverage was found to be the key eggshell barrier against bacterial
penetration (De Reu et al., 2006c). It is an organic-rich layer that coats the outer eggshell
surface and restricts the movement of particles, water, and bacteria through shell pores, thus
regulating egg shell permeability (Board and Halls, 1973). The cuticle covers about 10,000-
17,000 pores, of about 15-65 um diameter, significantly bigger than most micro-organisms. The
cuticle is the egg’s first defense against bacterial infection, it is not an inherent part of the true
eggshell (Solomon, 1999). The epithelial cells lining the hen uterus deposit the cuticle during
the last 1 h before oviposition (Nys et al., 1999). The cuticle, before oviposition, is moist and
immature, and less effective in the avoidance of penetration than mature cuticle (Sparks and
Board, 1985). The mature cuticle’s thickness is variable, with a mean thickness ranging from 0.5
to 12.8 um (Simons, 1971). It is distributed unevenly across the eggshell surface, with the egg
poles habitually being covered by a quite thin layer(Sparks, 1994). In a study conducted by
Board, R.G. and N.A. Halls 3.5% of eggs lacked a demonstrable cuticle, and 8.0% had no cuticle

on the apex/ blunt end (Board and Halls, 1973). Scanning electron microscopy (SEM), showed
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that the cuticle of > 98% eggs was absent or patchy throughout the laying cycle (Nascimento et
al., 1992).Eggs with an absent/ partially absent cuticle are more susceptible to bacterial
contamination, the lower the cuticle deposition the higher the susceptibility (Bain et al., 2013).
The mature cuticle restricts bacterial invasion by filling the pores of the egg- shell. The cuticle’s
chemical composition is found to also have a significant role in restricting bacterial
contamination. Rose-Martel et al. (2012) have identified numerous proteins having
antimicrobial activity in the cuticle like lysozyme C, ovotransferrin, ovocalyxin-32, and
ovocleidin-17. In their turn Wellman-Labadie et al. (2008b) also recognized C-type lysozyme,
ovotransferrin and ovocalyxin-32 in the chicken eggshell and cuticle, and demonstrated that
these proteins have an antimicrobial activity against Pseudomonas aeruginosa, Staphylococcus
aureus and Bacillus subtilis. Also, lipid components extracted from the cuticle have potent

antimicrobial activity (Wellman-Labadie et al., 2010).

2.2.  Outer Eggshell

The eggshell is a thin mineral structure that protects egg contents from mechanical
influence, dehydration, and microorganism contamination. It allows the penetration of gases
and H20 necessary for chick embryo development (Nys, 1999.; Hincke et al., 2012). The hen’s
eggshell has about 7,000 to 17,000 pores/ egg (Mayes and Takeballi, 1983), unbranched and
coated with the cuticle (Board et al., 1979). Eggs with undamaged cuticle also have few (~10-
20) uncovered pores, that in turn may provide gateways for bacteria into the egg contents
(Svobodova and Timova, 2015). The pores on the eggshell are adequately wide, and permit the
entry of microorganisms, making the eggshell an ineffective barrier against bacterial

penetration. The quality of eggshells is determined by shell thickness which is measured in
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terms of shell specific gravity and shell weight. Although the eggshells do not have an innate
antibacterial activity, their quality matters, the thicker the shell the longer the time needed for
bacteria to cross it. Eggshells of excellent quality with specific gravity >1.090 and high thickness
appeared to be more resistant to penetration by Salmonella (Bain et al., 2013). Sauter and
Petersen established that eggshells with high specific gravity were more resistant to
penetration by Pseudomonas fluorescens(1969) and S. enteritidis (Sauter and Petersen, 1974).
However, unlike porosity, the shell thickness appeared to be insignificant in determining the
egg susceptibility to bacterial penetration and infection (Kraft et al., 1958b). Williams et al.
(1968), reported no significant effect of shell thickness on the penetration with S. typhimurium.
Similarly, Smeltzer et al. (1979) ,who studied the number of eggs penetrated on 3 poultry

farms, indicated that eggshell thickness had no effect on the penetrability.

2.3. Eggshell Membrane

Eggshell membranes, their selves, add some defensive value to the eggshell; they
improve the ability to keep bacteria out briefly. Bacteria are situated between the eggshell and
the membranes at the initial stage of contamination due to horizontal transmission (Chen et al.,
1996). The eggshell membranes act as filters and form a momentary barrier to bacterial
penetration (Berrang et al., 1999), and this was revealed for Pseudomonas whose passage
through the shell membrane was prevented for ~15- 20 h (Kraft et al., 1958a). The inner
membrane, as compared with the outer membrane, is more effective in preventing bacterial

entry, because it has a tighter meshwork (LIFSHITZ et al., 1964).
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2.4. Chemical Defense

Around 520 proteins have been identified in eggshells (Mann et al., 2006) 148 in
albumen (Mann, 2007), and 119 in the yolk (Mann and Mann, 2008). However, not all of these
proteins have antimicrobial properties- 95 % of those identified proteins haven’t been well
tested (Réhault-Godbert et al., 2011). Antimicrobial proteins are indispensable they play
inhibitory and bactericidal activities; they act via degrading microbial components, decreasing
the bioavailability of iron and vitamins, or inhibiting the activity of bacterial proteases needed
for bacterial invasion (D'Alba and 2015). The deposition of those proteins varies throughout the
different compartments of the egg. According to (Gautron and Nys, 2006) antimicrobial
proteins are most abundant in the albumen of the chicken egg and less present in the yolk and
shell. Abdou (2013), reported that 90% of antimicrobial proteins are present in the egg white
(50%) and egg yolk (40%), while the remaining 10% is distributed between the egg shell and egg

shell membranes.

2.4.1. Egg white proteins

Antimicrobial proteins are deposited unevenly also within the albumen itself as
following (Li-Chan and Kim, 2007) with the major albumen proteins being ovalbumin, followed
by ovotransferrin and ovomucoid. Other proteins of the albumen include: ovomucin, lysozyme,
avidin, cystatin, ovoinhibitor, and ovomacroglobulin (ovostatin) (Sugino, 1997).

Ovotransferrin (conalbumin) falls under the group of antimicrobial proteins that
function by decreasing the bioavailability of iron and vitamins. It is an iron-binding protein; it
chelates iron that is crucial for microorganisms’ growth, thus depriving them from it. (Abdallah

and Chahine, 1999). Pseudomonas spp., Escherichia coli, Streptococcus mutans appeared to be
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sensitive to the antibacterial activity of ovotransferrin (Valenti et al., 1983). Further, Baron et al.
(1999) demonstrated that ovotransferrin is the main anti-Salmonella enterica Enteritidis agent
in eggwhite. Nevertheless, besides its iron binding property, ovotransferrin seemed also
capable of exerting its antibacterial activity in a direct manner. Ovotransfferin was found to
employ its antibacterial activity by penetrating bacterial outer membranes into the inner
membranes limiting their permeability and dissipating the electrical potential (Aguilera et al.,
2003). Ibrahim et al., (2000) verified that OTAP-92, A 92-amino acid ovotransferrin peptide, was
able to kill Gram negative bacteria by crossing the bacterial outer membrane by self-promoted
uptake, damaging the cytoplasmic membrane. Avidin falls under the same group as
ovotransferrin. It is a vitamin chelator, its antibacterial activity depends on decreasing the
bioavailability of vitamins. It is characterized by its strong binding affinity for biotin, which
important for micro-organisms growth (Green, 1975). Avidin, thus hinders the growth of biotin-
requiring bacteria. Korpela et al., (1984) reported that Avidin is capable of binding and
suppressing the growth of several Gram negative and Gram positive bacteria: Escherichia coli K-
12, Klebsiella pneumoniae, Serratia marcescens, Pseudomonas aeruginosa, Staphylococcus
aureus, and Staphylococcus epidermis.

Cystatin, Ovomucoid and Ovoinhibitors fall under the group of antimicrobial proteins
that act by inhibiting proteases necessary for microbial invasion. Ovomucoids and ovoinhibitors
inhibit serine proteases. Ovomucoid acts inactivate trypsin, a serine protease and essential
enzyme during multiplication of bacteria (Rzedzicki and Stepien-Pys$niak, 2009). Ovoinhibitor
has been found to hinder serine proteinase in bacteria and fungi (Sugino, 1997). Cystatin in turn

is @ major cysteine protease inhibitor active against bacteria and viruses. It was reported
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antiviral to rotavirus (Ebina and Tsukada, 1991), and antibacterial to Escherichia coli and
Pseudomonas aeruginosa (Wesierska et al., 2005).

Lysozyme is an antimicrobial protein that acts by degrading microbial components. Its
bacteriolytic activity depends on hydrolyzing the bond between N-acetyl-muramic acid and N-
acetyl-glucosamine in bacterial cell wall peptidoglycan of some Gram positive bacteria (Rogers
and Perkins, 1968). It was reported as effective against Clostridium botulinum and Listeria
monocytogenes(Hughey and Johnson, 1987). Besides its bactericidal activity, lysozyme have
been found to have antibacterial activity independent of its catalytic functions(Nash et al.,

2006), and involving the exposure of antibacterial portions of the protein(lbrahim et al., 2001).

2.4.2. Egg yolk proteins

Egg yolk consists of 16.6% proteins (Schade and Chacana, 2007) mostly in the form of
lipoproteins (Sugino et al., 1997). It is made of large particles “globules” and smaller particles
“granules” suspended in yellow fluid called plasma, which contains proteins(Romanoff and
Romanoff, 1949).

Yolk granules contain High-density lipoproteins “lipovitellins”, phosvitin, and low-density
lipoproteins(Burley and Cook, 1961). Lipovitellin and Phosvitin are metal binding proteins, they
bind 90% of iron (Greengard et al., 1964)and 90% zinc (Tupper et al., 1954) in the yolk,
respectively. Thus, they might have antimicrobial activity employed by decreasing the
bioavailability of iron and vitamins. Sattar Khan et al., (2000) revealed that phosvitin under
thermal stress was antibacterial against E. coli due to its metal-chelating capacity. Kassaify et al.

(2005), identified that lipovitellins, on the other hand, possess no antibacterial activity; their

18



anti-adhesiveness is what appeared to inhibit Salmonella enteritidis,
Salmonella typhimurium, and E. coli 0157:H7 colonization in-vitro.

The yolk plasma contains both a low-density and a water soluble lipoprotein fraction.
The water soluble lipoprotein fraction includes a, B, and y livetins (Li-Chan et al., 2017).y —
livetin is usually known as Immunoglobulin Y (IgY) (Leslie and Clem, 1969), and is the most
predominant immunoglobulin present in the egg (Hamal et al., 2006). IgY revealed an
antimicrobial activity dependent on inhibiting the activity of microbial proteases. It significantly
inhibits the growth of bacteria by binding and immobilizing them
thus limiting or constraining their growth and multiplication (Lee et al., 2000). Lee et al., (2002)
demonstrated that salmonella-specific IgY bind antigens expressed on the Salmonella surface
and alter its structure. Sui et al.,(2011) in turn evaluated the antibacterial activity of IgY specific
to Listeria monocytogenes, to find out that specific IgY significantly decreased the growth of L.

monocytogenes in liquid medium and food samples.

2.5. Eggshell as a physical and chemical barrier

Chicken eggshells are formed of 3.5% organic matrix, comprising eggshell membranes,
cuticle, and others- embedded in calcium carbonate layer (Nys and Gautron, 2007). Eggshell
matrix proteins include major egg white proteins like, ovalbumin (Hincke, 1995), bactericidal
lysozyme (Hincke et al., 2000) and iron-binding ovotransferrin (Gautron et al., 2001b).
Ubiquitous proteins like clusterin (Mann et al., 2003) and osteopontin (Hincke et al., 2008) are
also part of this matrix. Further, eggshell expresses specific matrix proteins like Ovocleidin-17
(Hincke et al., 1995), ovocleidin-116 (Mann et al., 2002), Ovocalyxin-32 (Hincke et al., 2003),

and ovocalyxin-36 (Gautron et al., 2007), Ovocalyxin-21 and Ovocalyxin-25 (Nys et al., 2004).
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Mine et al., (2003) revealed that avian eggshell matrix proteins potentially possess an
antimicrobial defense mechanism against Pseudomonas aureginosa, Bacillus cereus, and
Staphylococcus aureus in-vitro.

Wellman-Labadie et al. (2008b) recognized C-type lysozyme, ovotransferrin in chicken
eggshell and cuticle but also ovocalyxin-32, and demonstrated that these proteins have an
antimicrobial activity against Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus
subtilis. Ovocalyxin-32 belongs to the carboxypeptidase inhibitors family (Gautron et al.,
2001a), it is antimicrobial by inhibiting microbial proteases. Xing et al., (2007) created a
recombinant eggshell ovocalyxin-32 and reported it to significantly inhibit bovine
carboxypeptidase, and inhibit Bacillus subtilis growth. However, OCX-32 was found to also be
expressed in egg white at low levels (D'Ambrosio et al., 2008). Ovocleidin-17 is a C-type lectin-
like protein (Mann and Siedler, 1999) that binds with high affinity to peptidoglycan, it was
reported to inhibit the growth of Gram-positive bacteria by Wellman-Labadie et al. (2008a).
Ovocalyxin-36 is 20—25% identical in sequence to mammalian proteins associated with the
innate immune response (Gautron et al., 2007), it has been reported to exert antimicrobial
effect by binding the bacterial lipopolysaccharides (Cordeiro et al., 2013). Besides the
antimicrobial activity that specific matrix proteins possess, osteopontin has antimicrobial
potential with its mammalian homologue being involved in the regulation of diverse cytokines
production and natural killer T cells function (Diao et al., 2008). Ovocalyxin-25 appeared to
express a protease inhibitor domain (Marie et al., 2015), and is potentially antibacterial. It is
important to note that, also lipid components extracted from the cuticle revealed potent

antimicrobial activity (Wellman-Labadie et al., 2010).
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3. Extrinsic factors affecting egg quality

Aside from the egg quality and characteristics discussed above, the 2 main players in
bacterial penetration are bacterial presence, and moisture that encourages bacterial invasion
through the eggshell. The higher the number of bacteria on the shell or surrounding
environment, the higher is the risk of trans-shell contamination (Schoeni et al., 1995).
Increasing the inoculum in feces placed around the eggshell, before egg storage first at 35°C for
30 min and then at 4°C increased the frequency of membranes and contents contamination
(Schoeni et al., 1995). As in for moisture, the importance of water in facilitating bacterial
penetration through the cuticle and underlying shell was confirmed in a study conducted by
Pardon. The study reported that Salmonella Typhimurium penetration is enhanced in the
presence of water on the eggshell, but can also take place in the absence of water (Padron,
1990). Thus, apart from an egg’s aspect and antimicrobial defenses some extrinsic factors can
decide the risk of horizontal transmission of bacteria and impact the eggshell defense itself. The
extrinsic factors that might affect the horizontal transmission process include: bacterial count

and bacterial strains, egg housing, egg washing, and storage temperature and humidity.

3.1.  Bacterial Count and Bacterial Strain
Naturally, gram positive bacteria, originating from dust, soil or feces, dominate
eggshells’ microflora, due to their tolerance for dry conditions (Board RG, 1995). According to
Bruce and Johnson (1978), micrococci and Enterobacteriaceae constitute the foremost part of

the hen egg’s microflora, along with Staphylococcus spp., Streptococcus spp., and
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pseudomonas spp. Eggshells are inclined to contamination with principal food poisoning
bacteria like Enterobacteriaceae, Salmonella, Campylobacter, and Listeria (Jones and Musgrove,
2007). In Lebanon, a study conducted by Maamari and Na'was (2017) revealed contamination
of eggshells by various members of the Enterobacteriaceae family, usually present in chicken
feces, including Escherichia coli, Enterobacter cloacae, but excluding Salmonella spp. Most
enteric bacteria: E. coli, Salmonella, Campylobacter spp., Listeria spp., Enterobacter spp., and
Klebsiella spp. have been recovered from eggshell and contents (Adesiyun et al., 2006a). Egg
contents’ major contaminants are gram negative bacteria, like Escherichia coli, Salmonella, and
Alcaligenes sp., (Reu et al., 2008). Also, some gram-positive bacteria like Staphylococcus lentus,
Staphylococcus xylosus, and Bacillus sp. were also reported in contaminated egg content (Reu
et al., 2008). Staphylococcus species appeared to be predominant in poultry houses air (Board
RG, 1995), and according to Reu et al. (2008) it was the most prevalent in contaminated
eggshells. Lukasova and Labounek (1976), proved that staphylococci penetrate through egg-
shell structures into the egg content. Recently, Al-Natour et al. (2011), recognized that both
Staphylococcus aureus and E. coli contaminate eggshells simultaneously, E. coli 0157:H7
appeared to penetrate first and facilitate the invasion of Staphylococcus aureus.

Scientist studied the eggshell penetration ability of different pathogens such as Yersenia
entercolitica, Campylobacter jejuni, and Salmonella serovars. Amin and Draughon (1990),
studied the penetration ability of Y. enterocolitica, and reported that it is able to penetrate egg
shells and infect egg contents. ALLEN and GRIFFITHS (2001), used luminescent Campylobacter
jejuni ATCC 33291 to evaluate eggshell colonization and penetration; they were able to visualize

the the luminescent bacteria on the exterior and interior surfaces of the egg membranes
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signifying eggshell penetration. Fonseca et al. (2014), in their turn reported no recovery of C.
jejuniin egg yolk of eggs inoculated with C. jejuni on the outer shell membrane, denying its
penetration ability into the egg contents. Humphrey et al. (1991), while studying naturally
infected flocks, reported the presence of many Salmonella serotypes, such as Enteritidis,
Typhimurium and Hadar on eggshells, but only Enteritidis in the egg contents. However, it has
been well demonstrated that various salmonella species are capable of penetrating through the
egg not only Salmonella enteriditis(Williams and Dillard, 1968).

Some researchers considered the bacterial strain as an extrinsic factor affecting the
eggshell penetration. They compared the ability of different bacterial strains to traverse the
shell membranes. Sauter and Petersen (1974), found that among several salmonella strains S.
typhimurium penetrated the highest proportion of eggs. Later studies showed that Salmonella
enterica serovar Enteritidis and Salmonella typhimurium have the same eggshell penetration
ability(Miyamoto et al., 1998), and so does S. Heidelberg (Schoeni et al., 1995). Salmonella
Enteritidis, specifically, seem to conduct special mechanisms that allow them to survive and and
grow inside the egg contents (Gantois et al., 2009). Yet, P. fluorescens crosses the shell
membranes to infect the internal of the egg better than Salmonella enteritidis that usually
survives on the egg exterior surface (Jones et al., 2002). Reu et al. (2007), conducted a broader
comparative study on the penetration of 7 selected bacterial species usually recognized in egg
contents using 2 different egg penetration models, and concluded that gram-negative, motile
and non-clustering bacteria penetrate eggshells most frequently. Species that were found to
often penetrate eggshells after 21 days of incubation in agar-filled eggs, included Pseudomonas

sp. (60%), Alcaligenes sp. (58%), and Salmonella Enteritidis (43%) respectively (Reu et al., 2007).
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Species that most frequently contaminated egg contents of intact eggs dipped in a bacterial

suspension were reported to be Salmonella Enteritidis (33%) and Carnobacterium sp. (17.5%).

3.2. EggHousing

The eggshell can be already contaminated or get contaminated while passing through
the hen’s cloaca, but the core contamination occurs the moment the egg is laid due to contact
with dirty surfaces (Harry, 1963). As mentioned before, eggs are most prone to bacterial
penetration 30 - 60 sec after being laid, before the hardening of the cuticle. The role of water in
facilitating egg bacterial penetration and contamination becomes mostly significant in the egg
immediately after oviposition, when the cuticle is moist and the egg’s temperature is ~ 42°C,
consequently warmer than the environment. Cooling of the egg leads to the contraction of its
internal contents and, building a negative pressure inside the egg. This difference in pressure is
balanced by the suction of air/ water from the external surface of the shell into the inside of the
egg, which aids the passage of any bacteria from the egg surface into the egg through the pores
(Haines and Moran, 1940a). Eggs laid on dirty house floors are more prone to internal bacterial
contamination than those laid in nest boxes (Smeltzer et al., 1979). According to Padron (1990)
59% of eggs that were placed on Salmonella- contaminated nest box shavings for 10 min
revealed eggshell and membrane penetration .

The type of housing system used has a major impact on the level of eggshell
contamination of the newly laid eggs, indirectly influencing the risk of bacterial penetration in
to the egg. Primarily, conventional cage systems also known as battery cage systems, that
integrate wire floors for laying, were used in commercial egg production(Appleby et al., 2002a).

Eggshells from deep litter systems displayl5 x more the bacteria and a higher amount of
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prospective spoilage organisms than eggs from battery cage systems (Harry, 1963). Bacterial
eggshell contamination is reported to be higher in eggs from litter floor houses than in eggs
from wire floor houses. Litter floor houses had ~ 9x more bacteria in air, and ~ 20-30 x more
aerobic bacteria on the shell than wire floor houses (Quarles et al., 1970).

However, Conventional cage housing/ battery cage systems have been prohibited since
2012 in the European Union, following Council Directive 1999/74/EC (Directive, 1999). Today,
alternative housing systems are being used: furnished cages(Appleby et al., 2002b) and non-
cage systems (LayWel, 2006). The effect of furnished cages and non-cage systems on egg
hygiene was studied extensively, knowing that higher eggshell contamination increases the risk
of microorganism penetration and consequently egg content contamination (De Reu et al.,
2006c). Furnished cages allow laying hens to behave naturally, being equipped with nest box,
perch, and dust-bathing area (Albentosa and Cooper, 2004). In furnished cages, unlike
conventional battery cages, birds are not efficiently separated from their manure and the
presence of perches may ruin bird’s ability to walk over the droppings on the cage floor
(Abrahamsson and Tauson, 1993). Furnished cages, provide a much smaller area for egg laying
in comparison to conventional cages, and have a higher percentage of cracked and dirty eggs
(Wall and Tauson, 2002). A study conducted by Mallet et al., (2006) on eggs hygiene in
furnished cages compared to that in standard cages, indicated that the percentage of dirty eggs
was higher in furnished cage designs, when eggs were laid outside the nest. Also, the bacterial
load on the eggshell (total aerobic bacteria and enterococci) was higher in furnished cage
designs (Mallet et al., 2006). However, the visually clean eggs, whether produced in furnished

cages or in conventional cages, had similar bacterial counts on their eggshell (Mallet et al.,
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2006). Thus, the positioning of perches, litter areas, and nests in relation to each other largely
impacts the hygiene of the cage and eggs (Mallet et al., 2006). However, in 2008, Wall et al.
stated that the quantities of dirty eggs were very similar in furnished and conventional cages
(4.2% and 5.4% respectively), which indicates that well-designed furnished cages can reduce
the proportion of dirty eggs and make it more similar to that in conventional cages (Wall et al.,
2008). Even though bacterial eggshell contamination was considered as moderate in both
furnished and conventional cages, bacterial counts on the eggshells of eggs produced in
furnished cages were significantly higher as regards Enterococcus and total number of aerobic
bacteria (Wall et al., 2008).

Non-cage housing systems are more animal-friendly than cage systems, offering hens
more space and allowing them to perform natural behaviors(Shimmura et al., 2010). They
include barns with litter covered ground floor, outdoor or free run systems, and single tier floor
housing systems/ multiple-tier floor aviary systems (Windhorst, 2015). De Reu et al. (2005),
compared bacterial eggshell contamination in conventional cages vs furnished cages vs aviary
housing. In their study they showed that, shell contamination with aerobic bacteria didn’t differ
significantly between eggs laid in conventional cages and eggs laid in nest boxes of furnished
cages (De Reu et al., 2005). On the other hand, they reported that the contamination with
aerobic flora in eggs from non-cage aviary housing system, is higher than that in eggs from both
conventional and furnished cage systems, with highest colony forming units reported for eggs
laid on the floor of the aviaries (De Reu et al., 2005). 1 year later, De Reu et al. (2006b),
detected no significant differences for the eggshell contamination with gram negative bacteria

between eggs coming from organic aviaries and barns compared to eggs coming from
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conventional cages. Thus contamination with aerobic bacteria is the only concern when it
comes to the alternative housing systems. In 2009, (Reu et al.), confirmed a higher eggshell
contamination with aerobic bacteria in eggs from non-cage systems than eggs from furnished
cages, but no significant difference was reported in average eggshell contamination with
enterobacteriaceae between both systems. Moreover, it is important to note that, there
appeared to be no difference in shell contamination within each type of housing system
between free range and organic flocks(Huneau-Salaiin et al., 2010).

Regarding the eggshell structure, the eggshells of egg produced in non- cage systems is
found to be not as good in quality as in cage eggs, this impaired shell structure of non-cage eggs
increases the risk of bacterial penetration into the egg (EFSA). However, no large differences in
egg content contamination was reported between eggs in furnished cages (~1.9%) and eggs in
non-cage systems (~2.3%)(Reu et al., 2008). Eggshell weight was reported to be higher for eggs
in cages (8.11 g) as compared to eggs in aviary systems with deep litter (PiStékova et al., 2006).
Moreover, eggshells in furnished/ enriched cages appeared to be lighter in weight than
eggshells from non-enriched cages(Lichovnikova and Zeman, 2008). However, in 2011 Tumova
et al. reported contradictory results; they found eggshells on litter to be heavier than eggshells
from conventional cages and enriched cages. They presumed that this may be due to difference
in environmental conditions in the housing systems or difference in hens’ genotype(Tumova et
al., 2011). Studies showed that eggshell thickness also varied according to housing systems.
Eggshell thickness appears to be higher in eggs from free-range systems than in conventional
cages and floor cages(Mostert B.E., 1995). In 2001, Pavlovski et al. reported that eggs from free-

range systems have thicker shells in comparison to eggs from cage housing systems(Pavlovski et
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al., 2001). Similarly, noticeably higher eggshell thickness in eggs produced in alternative
systems (barn, free range, organic) especially free range systems was described by Hidalgo et al.
(2008) in comparison to eggs produced in cages(Hidalgo et al., 2008). In 2012 Ledvinka et al.
studied the difference in eggshell thickness between litter and cage systems and found the
eggshells from cages (0.355 mm) to be thinner to eggshells from litter systems (0.358
mm)(Ledvinka et al., 2012b). The eggshell strength appears to be highest for aviary eggs and
weakest for free-range eggs, as indicated by Mertens et al. in their examination of the effects of
the different housing systems (conventional and furnished cages, aviary, and free-range) on
eggshell quality(Mertens et al., 2006). In 2014, Englmaierova et al. observed stronger egg shell
guality in eggs from conventional cages than in eggs from enriched cages and
aviaries(Englmaierova et al., 2014). They also indicated that the surface bacterial count and
microbial contamination (Enterococcus/ Escherichia coli) was lower in eggs from cage systems
(conventional ~4.05 log (CFU)/egg and furnished ~3.98 log CFU/egg) than in eggs laid on litter in
aviaries (6.24 log CFU/egg)(Englmaierova et al., 2014). So, although the shell thickness was
lower in eggs produced in cages, the shell strength was yet higher that of eggs produced in
litter house systems. This may be due to ultra-structural features of the shells in cage eggs
which are thought to support eggshell strength(Mertens et al., 2006; Ledvinka et al., 2012b).
The assumption is also related to the effect of housing system on pores density. Housing
systems can also affect pore density; higher pore numbers were reported in cage eggs in

comparison to litter housing system(Tumova et al., 2011).
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3.3. Egg Processing

The presence of water plays a key role in the egg content contamination by fecal and
other similar contaminants. It is less probable for bacteria to cross the egg-shell (pores/ cracks)
in the absence of water (Board et al., 1979). Thus egg washing is a perilous step, since the way
water is applied determines the movement of bacteria through the shell in to the egg contents,
and the water quality is a key player in the egg washing process. Some countries support and
utilize egg washing, while others do not. In Europe, washing of eggs is not allowed currently due
to old reports of increased rates of spoilage for eggs washed under less than optimum
conditions (Commission., 2008). Conversely, in the US, Australia, and Japan, egg washing is
regarded as a safe routine that is always being improved (Hutchison et al., 2004). The major
factors that affect egg washing and are to be considered include: wash water temperature,
chemicals and pH, water quality.

Water temperature is a main player in the egg washing process, since temperature
differentials, as mentioned before, influence bacterial invasion of the egg. Haines and Moran
(1940b), reported that placing eggs in a cooler bacterial suspension creates positive pressure
gradient that draws bacteria through the shell, while placing eggs in a bacterial suspension of
higher temperature creates a negative hydrostatic pressure that diminishes the movement of
solvent into the egg. Lorenz and Starr (1952), established that washing increases bacterial
spoilage regardless of eggs’ original condition, and that cold water produces more bacteria
spoiled eggs than warm water. Even though wash water of higher temperature decreases
bacterial penetration and results in less spoiled eggs, the increase in wash water temperature

seemed to escalate the risk of cuticle damage and thermal cracking. Wesley and Beane (1967)
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designated that wash water with a temperature > 45°C should be avoided. Besides the risk of
cuticle damage and egg cracking, water temperatures ~ 49°C were found to increase the
internal eggs’ temperature by ~ 6.7-7.8°C, which generates an ideal environment for the growth
of bacteria, including Salmonella Enteritidis (Caudill et al., 2010). Leclair et al. (1994), studied
the impact of wash water temperature (38°C to 46°C) on S. typhimurium and Listeria
monocytogenes. They reported an increase in inactivation of the pathogens with the increase in
the water temperature..Also, LUCORE et al. (1997) studied the effect of 3 different wash water
temperatures (15.5"C, 32.2"C and 48.9"C) on eggs’ internal and external bacterial counts, while
using a spray wash for a shorter than usual duration (10 s washing / 3 s rinsing). However, their
results were contradictory to the basic idea that cool wash water increases bacterial
penetration; the lowest temperature wash water used didn’t seem to increase internal shell
bacterial counts. Subsequently, Caudill et al. (2010) studied the potential of washing eggs using
cool water in terms of egg quality and microbial growth within the egg. They determined that
utilizing cold water in commercial shell egg processing at pH of ~10-12, lowers post processing
egg temperatures thus speeding up cooling process. Also, they reported that washing with cold
water caused no deterioration in egg shell quality, nor increase the presence of aerobic bacteria
during 5 weeks of storage.

Wash water chemical composition and pH is a key player in the egg-washing process
when it comes to chemical washing that includes washing with sanitizers, electrolyzed water,
and ozone (O’Bryan et al., 2017). Wash water of pH (210.5) is linked to lower aerobic bacteria
counts in wash water, thus better water quality (Bartlett et al., 1993). Also, wash water of high

pH (10-10.5) is considered bactericidal to E. coli and Salmonella (Pearson et al., 1987). Jones et
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al. (1995), were able to isolate Salmonella heidelberg from the shells of eggs washed at a pH
below 10.2. Leclair et al. (1994), reported wash water of pH 10-5 and moderate temperature ~
42°C, and wash water of pH 10.8 and high temperature ~47-4°C to be effective against L.
monocytogenes and S. typhimurium.

Regardless of the pH and it’s affectivity in killing various organisms, there exists a debate
of whether or not chemical washing of eggs with sanitizers decrease their spoilage potential.
Sanitizers can kill bacteria on the eggshell surfaces, but they cannot perform their antimicrobial
action on bacteria that have already penetrated the pores of the shells. Rizk et al. (1966),
identified that QAC and chlorine sanitizers were effective in removing Salmonella from the
surface of artifically contaminated eggs, but couldn’t kill Salmonella that penetrated deeply into
the shell (blending).

On another note, the use of chemicals and sanitizers in wash water to reduce the
bacterial load may cause physical damage to the egg shell and cuticle, and thus increase the risk
of bacterial penetration through the eggshell. The different types of chemicals used in the
wash water and their pH values cause different microstructural changes to the eggshell
surfaces. Kim and Slavik (1996), studied the effect of egg washing with cetylpyridinium chloride
(CPC) or trisodium phosphate (TSP) on eggshell surface microstructure; they identified that an
increase in CPC concentration made the eggshell surface pitted and decreased the thickness of
the cuticle layer, and an increase in TSP concentration made the cuticle layer to fissure, flake,
and patched. They also reported that TSP- washed eggs were more porous and permeable than
CPC washed eggs. 2 years later, WANG and SLAVIK (1998), studied the effect of washing with

other various chemicals on bacterial penetration in eggs, stored at different temperatures. They
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established that washing with Quaternary ammonium compound (QAC, pH 7.5), and sodium
hypochlorite (NaOCI, 100 ppm, pH 7.5) at 43.3°C reduced bacterial penetration, while washing
with sodium carbonate (Na2CO3, pH 12) facilitated bacterial penetration, during egg storage for
21 days. They stated that QAC and NaOCl at 100 ppm didn’t destroy eggshell surfaces shielding
the eggs from bacterial recontamination, while alkaline Na2CO3 altered the eggshell surface,
allowing bacterial recontamination. Gole et al. (2014) reported that washing eggs with
hydroxide and hypochlorite based solution (pH 12, 200 ppm, 40°C) damaged their cuticle and
increased their permeability to S. Typhimurium in comparison with unwashed eggs.

Ozone (03) is a strong antimicrobial agent that acts against microorganisms at low
concentrations(Khadre et al., 2001). It had been studied extensively for potential uses in the
food industry(Kim et al., 2003). In 2001, FDA permitted the use of aqueous or gaseous ozone as
an antimicrobial in food (Leitner et al., 2001). Many researches have studied the effectiveness
of washing with ozone on the eggshell contamination. Koidis et al. (2000), stated that washing
Salmonella enteritidis artificially contaminated eggs with agueous ozone decreased the S.
enteritidis populations by 1 log units and 2log units at 222C and 49C respectively. However very
few studies were conducted on egg processing with aqueous ozone; no studies were conducted
on the effect of aqueous ozone on egg shell quality or microbial penetration. Researchers
focused on studying egg processing with gaseous ozone probably due to its higher efficacy.
Rodriguez Romo et al. (2007), reported that 3 minutes treatment with gaseous ozone (12 to
14% wt/wt 03 in 02 mix) rapidly decreased salmonella count on eggshells ~ 5 logs, and was
also able to penetrate the egg and inactivate salmonella in egg yolk. Yuceer et al. (2015), in

their turn, studied the effect of gaseous ozone on eggs’ shelf life; they showed that it helped to
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maintain egg internal egg quality and functional properties for a longer time during storage, but
it only maintained egg shell quality at low concenrations (2ppm and 4 ppm), while it caused a

detrimental effects on eggshell quality at high concentration (6 ppm).

Electrolyzed water (EOW) is produced via electrolysis of weak salt water solution, and
can be acidic alkaline or neutral (Huang et al., 2008). Bialka et al. (2004), were the first to study
its potential in washing eggs and compare it with sanitizers. They found the acidic EOW
treatment to be more effective than alkaline EOW in killing Salmonella and Ecoli; yet the
alkaline treatment remained crucial to remove the soil that may be present on the eggs. In
comparison to sanitizer both had no impact on eggshell, and similar effect on the cuticle. More
recently, Zang et al. (2019) studied the efficacy of slightly acidic EOW (SAEOW) in
decontaminating eggs and inactivating salmonella Enteritidis and E. coli; it seemed to show
greater bactericidal effect compared to acidic EOW, NaClO, and sterile deionized water.
Prominently, SAEOW showed reduced corrosion of egg surfaces in comparison to acidic EOW.
Most recently, Medina-Gudifio et al. (2020) analysed the antibactrial activity of neutral
electrolyzed water on eggshells contaminated with Salmonella Enteriditis and E.coli; it
appeared to reduce salmonella on artificially contaminated eggs by >1.45 Log10 CFU/egg, and
E. coli on artificially contaminated eggs by >6.39 Log10 CFU/egg. It furthermore didn’t show any
interaction with the cuticle. However, it is important to mention that there are still no studies
conducted on the effect of washing with EOW on egg bacterial penetration.

Besides the temperature and added chemicals, wash water quality is an essential factor

that interferes with the egg washing process. Clean drinking water with low calcium and iron
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levels should be used. Garibaldi and Bayne (1962), reported that rising iron content in wash
water from 0.4 ppm to 10 ppm increased the Pseudomonas spoilage from 0.8% to 2.5% after 48
days storage at 13°C, while lowering iron content from 4.8 ppm to 0.2 ppm decreased it from

6.2% to 0.8%.

3.4. Egg Storage Conditions (temperature/ humidity/ time)

When eggs are moved from a cold environment to a warmer one, condensation also
known as “sweating”, leads to a wet egg surface. The liquid on the surface of the egg and any
associated contaminants can then be drawn from the shell surface into the pores and shell
membranes. It has been known from a long time, that bacterial contamination of eggs’ internal
is more probable in sweating eggs (Fromm and Margolf, 1958). De Reu et al. (2006a) studied
the effect of eggshell condensation on bacterial penetration and egg contamination, and found
that eggshell condensation enhances bacterial penetration through the eggshell while exerting
no significant effect on whole egg contamination. Refrigerating eggs and storing them at low
temperatures then placing them at room temperature, is thought to lead to the condensation
of water droplets on the eggshell “sweating” and consequently bacterial penetration into the
egg (Bruce J.). Nevertheless, refrigeration of freshly laid eggs appeared to reduce the risk of
bacterial penetration. Miyamoto et al. (1998), studied the influence of egg freshness and
refrigeration on eggshell penetration by Salmonella Enteritidis and Salmonella typhimurium.
They found that salmonella seemed to penetrate mostly the shells of freshly laid eggs, and
cooling (4°C-15 mins) prior to salmonella exposure suppressed penetration. Fajardo et al.

(1995) in turn showed that eggs cooled at 0 °C were penetrated more than uncooled eggs.
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As implied above, the risk of penetration is highest in freshly laid eggs and refrigeration
right after the egg is laid- prior to contamination limits the penetration process. Yet the long
term storage process of “possibly” contaminated eggs is a more delicate procedure. It is well
known that as storage time of eggs increase the bacterial penetration increases, irrespective of
the storage conditions. As eggs grow old their cuticle dehydrates and shrinks, exposing the
pores and increasing the risk of bacterial penetration (Mayes and Takeballi, 1983).

Scientists have been trying to discover the optimal conditions for storage with the
lowest risk for bacterial penetration and egg contamination. Old publications recommend the
storage of eggs at 4- 5°C and 75-85% humidity for their preservation from microbial
contamination (Stadelman, 1977). Similarly, up-to-date guidelines in USA state that <
7.2°C (45°F) is the ambient temperature to maintain table eggs (Hester, 2017). In Lebanon, a
more recent study conducted by Saleh et al. (2020), reported enterobacteriococcae
contamination of the egg shell and yolk of eggs stored at 18°C and 24°C for 2 and 4 weeks,
respectively. Yet, they noticed no contamination of eggs stored at 7°C (Saleh et al., 2020).
Further, a lot of studies have also been conducted on storing eggs at room temperature (22°C-
25°C), and the optimum storage conditions appeared to be dependent on whether or not the
eggs are washed or not. Schoeni et al. (1995) studied washed eggshell permeability to different
species of salmonella, when stored at different temperatures. Storage at 25°C revealed
penetration of S. enteritidis, S. typhimurium, and S. heidelberg in 3 days. On the other hand,
penetration was diminished in eggs stored at 4°C, only S. typhimurium was able to penetrate
through the eggshells, but not the contents. They also monitored the growth of salmonella on

the inside of the egg at different temperatures; salmonella seemed to grow most at 25°C, grow
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well at 10°C, but rarely grow/ decrease in number at 4°C. LUBLIN et al. (2015), studied the
penetrability of washed eggshells to Salmonella Infantis upon cold storage (5.5 + 0.3°C) and
storage at room temperature (25.5 £ 0.1°C). They noticed that penetration took place at both
temperatures, but Salmonella Infantis seemed to multiply inside the eggs only at room
temperature, after 4 weeks of storage. However, they noted that after 10 weeks of storage
salmonella was also able to multiply inside eggs stored at 5.5 + 0.3°C. Gole et al. (2014), studied
the effect of temperature on the survival of S. Typhimurium on unwashed eggshell and its
penetration at 20°C and 37°C. 20°C appeared to be more favorable than 37°C

for S. Typhimurium survival on the eggshell surface 21 days post inoculation, and lower
penetration was observed at 37°C maybe due to the reduced survival of S. Typhimurium on
eggshell surface. Joshi et al. (2019), confirmed that washed and unwashed eggs react
differently to storage temperature. Washed eggs showed higher microbial growth when stored
at high temperature (25°C), while unwashed eggs showed higher microbial growth when stored
at low temperature (7°C).

Unlike microbial growth, storage temperature seems to affect eggshell quality of
washed and unwashed eggs in a similar manner. High storage temperature (25°C) lead to a
more severe and 2 weeks earlier eggshell deterioration (starting week 2) in comparison with
cool storage (5 and 10°C) , according to Joshi et al. (2019). However, washed eggshell quality
appears to be more influenced by storage temperature, knowing that washing alters the cuticle
layer (Joshi et al., 2019). As mentioned before, the cuticle is an indispensable part of an egg’s
physical defense system against bacterial penetration, its composition, thickness, and degree of

coverage is affected by egg freshness. With the passage of time well-defined compositional
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changes occur in the cuticle of freshly laid eggs(Rodriguez-Navarro et al., 2013). Scientists
further considered the effect of storage temperature on the cuticle. Ball et al. (1975), reported
that when eggs are stored at 24°C the cuticle deteriorates at a faster rate than at 5°C. Similarly,
Liu et al. (2016), whom studied the effect of washing and storage temperature on eggshell
quality, found that the deterioration rate of the cuticle upon egg storage at 25 °C was higher

than at 7 °C.

Ill. Antimicrobials use and resistance development risks in poultry

Antimicrobial agents, with their capacity to prevent and treat infectious diseases, are
utilized by livestock industries and poultry farms. They are mainly administered in feed or
drinking water and rarely via individual injection and oral gavages (Lohren et al., 2009). They
are used for therapy, prophylaxis, and growth stimulation. Antibiotics introduced to animals as
growth factors are administered at low doses for long duration in comparison to those
introduced for treatment purposes, increasing the risk of antimicrobial resistance; the use of
antibiotics for growth promotion was banned in countries such as the European union, Mexico,

Taiwan, Netherlands, Germany, Denmark, and Sweden (Maron et al., 2013).

1. Common Antimicrobials in Poultry

Antimicrobial groups usually used in poultry include: beta-lactams, polypeptides,
aminoglycosides and aminocyclitols, macrolides and lincosamides, florfenicol, tetracyclines,

sulfonamides, quinolones and fluoroquinolones and ionophores (Hofacre et al., 2013a).
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Betalactams are bactericidal antibiotics (Cozens et al., 1986), known for their
betalactam ring (Prescott, 2013). They are one of the most commonly used antimicrobials in
veterinary and human medicine. Broad-spectrum penicillins are commonly given orally for
preventative and therapeutic purposes in poultry, and are effective against many gram-
negative, gram-positive bacteria, and anaerobic bacteria (Prescott, 2013). Penicillin is orally
administered to poultry in order to prevent and treat necrotic enteritis, ulcerative enteritis, and
intestinal spirochetosis (Giguere et al., 2013). Nowadays, penicillin G is used against Gram-
positive bacterial infections like clostridial infections that cause necrotic enteritis (Gadbois et
al., 2008), and against gram negative Pasteurella multocida (Sellyei et al., 2009).

Aminopenicillins act on gram positive and gram negative bacteria, but are supposedly
more effective against Gram-negative infections. Amoxicillin has been reported efficacious
against gram-positive clostridium staphylococcus and streptococcus, and against gram-
negative Bordetella bronchiseptica, Escherichia coli, Proteus mirabilis, and Pasteurella,
Salmonella and species(Anaddn et al., 1996). Ampicillin trihydrate, administered via drinking
water at a concentration > 1.65 g/l for 4 days, showed worthy therapeutic effect against E.coli
(Goren et al., 1981).

First-generation cephalosporins such as cephalexin are another type of beta-lactams
used in poultry and act against Staphylococcus spp., Streptococcus spp., Escherichia
coli, Proteus mirabilis, and Klebsiella spp. (Bui and Preuss, 2020). Third generation
cephalosporin ceftiofur can be administered via subcutaneous injection to control of E. coli

infections and navel infections in broilers (Schriemer et al., 1992). However, Their use in
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broilers production is not recommended due to important public health considerations
(Collignon et al., 2013).

Tetracyclines are also used widely in food animals, normally via feed or water, for
disease prevention and treatment, and growth promotion (Chopra and Roberts, 2001). They are
effective against a broad spectrum of gram-positive and gram-negative
bacteria, Mycoplasma, Chlamydophila, and Rickettisa spp. (Chopra and Roberts, 2001).
Tetracyclines are used for the treatment of chronic respiratory disease (Mycoplasma
gallisepticum) (Glisson et al., 1989)and infectious synovitis (Mycoplasma synoviae)(Kleven and
Anderson, 1971), as well as of fowl cholera (P. multocida). The tetracyclines routinely used in
the poultry industry include chlortetracycline, tetracycline and oxytetracycline (Hagren et al.,
2005). Oxytetracycline and tetracycline are used to treat E. coli-peritonitis in layers, and also
chlortetracycline is used in layers to treat mycoplasmosis (Agunos et al., 2013). In Sudan,
majority of animal farmers testified to use antibiotics, most commonly quinolones, in therapy
and prophylaxis, while only 5% reported to use them for growth promotion (Eltayb et al., 2012).
Quinolones have a bacteriostatic effect against a range of Gram-negative bacilli excluding
Pseudomonas aeruginosa, and are ineffective against Gram-positive organisms (Anadon et al.,
1990). In Europe, they are used to prevent mycoplasma and salmonella infections, and to treat
Escherichia coli and Pasteurella multocida infections in poultry (World Health Organization.
Division of et al., 1998). The use of Quinolones such as nalidixic acid or oxolinic acid can lead to
rapid development of resistance (Aldred et al., 2014).

Fluoroquinolones are synthetic fluoride-containing quinolone derivatives, they act

against gram-negative bacteria and may be effective against some gram-positive organisms
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(Peterson, 2001). USA used to approve the use of Enrofloxacin and Sarafloxacin in poultry
(World Health Organization. Division of et al., 1998). A study conducted by Stanley et al. (2001)
showed that enrofloxacin successfully eliminated Mycoplasma gallisepticum infection in laying
hens. Enrofloxacin also controls E. coli infections in chicken. In a study conducted by Glisson et
al. (2004), enrofloxacin significantly reduced the mortality in chicken infected with colibacillosis.
The use of enrofloxacin in broilers to treat colibacillosis caused no increase in resistant E. coli,
but an increase in fluoroquinolone resistant Campylobacter jejuni (van Boven et al., 2003).

Amphenicols are broad-spectrum antimicrobials, habitually given to poultry(Yévenes et
al., 2018). Chloramphenicol use in food animals in Europe is unapproved being genotoxic and
also being implicated in the generation of aplastic anaemia in humans (Chain, 2014).
Thiamphenicol and florfenicol are derivatives of chloramphenicol not reported to cause aplastic
anemia (Yunis and Gross, 1975), but are still associated with dose dependent bone marrow
suppression (Dowling, 2013b). Florfenicol is a better substituent for chloramphenicol having a
broader spectrum of activity, lower minimum inhibitory concentration, and being active against
many Chloramphenicol and thiampehnicol resistant strains (Syriopoulou et al., 1981). It is
indicated for the treatment of respiratory infections it is bacteristatic for salmonellae and
Escherichia coli and bactericidal for Haemophilus influenza, it also is slightly more active than
chloramphenicol against, Mycoplasma hominis and Mycoplasma pneumoniae but less active
against Ureaplasma urealyticum (Graham et al., 1988).

Macrolides act against Gram-positive bacteria such as Streptococcus spp.
and Staphylococcus spp., but are only slightly effective against Gram-negative bacteria (Dinos,

2017). They are bacteriostatic but can be slowly bactericidal (Zhanel et al., 2001). Macrolides
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erythromycin, tylosin and tilmicosin are commonly used in poultry(Hagren et al., 2005).
Erythromycin acts primarily against Gram-positive cocci such as Staphylococcus aureus, and
also against different pathogens such as Mycoplasma pneumonia (Shah, 1998). Erythromycin is
administered to poultry in water in order to prevent and treat: staphylococcal or streptococcal
infection, necrotic dermatitis, infectious coryza, and M. gallisepticum infection (Giguére,
2013b). Tylosin is effective in treating mycoplasma infection in laying hens (Kleven, 2008) and
treating clinical and subclinical necrotic enteritis (Collier et al., 2003). However, resistance to
tylosin restricts its efficacy in some Mycoplasma gallisepticum isolates (Migaki et al., 1993). On
another note, tylosin administered in drinking water for 5 days seemed to immediately ease
eggshell abnormalities linked with Mycoplasma synoviae infection(Catania et al., 2010).
Tilmicosin controls mycoplasma infections, Pasteurella multocida and Ornithobacterium
rhinotracheale bacterial infections (Abu-Basha et al., 2007). Administration of Tilmicosin is
drinking water effectively treated experimentally induced Mycoplasma gallisepticum
(Charleston et al., 1998). Lincomycin acts like macrolides on many Gram-positive and anaerobic
bacteria. It is the only lincosamide approved for use in poultry, and its mainly used treat enteric
infections (Lanckriet et al., 2010). Lincomycin-spectinomycin combination can be also
administered orally to young chickens to control of mycoplasmal air sacculitis and complicated
chronic respiratory disease caused by M. gallisepticum and E. coli (Giguere, 2013a).
Aminoglycosides and Aminocyclitols are bactericidal against gram-negative
enterobacteriaceae and pseudomonas, and gram-positive staphylococci (Krause et al., 2016);
they also act against mycobacteria (Ho et al., 1997). Aminoglycosides typically used in poultry

include gentamicin, streptomycin, and neomycin (Dowling, 2013a). Streptomycin is partially
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absorbed indicated for treating systemic E. coli infections (Dowling, 2013a). Neomycin has a
local effect and is used to treat enteric infection, including colibacillosis (Marrett et al., 2000).
Neomycin is occasionally administered orally in chickens to treat Salmonella infections (Smith
and Tucker, 1978). Gentamicin is given to the chickens as prophylaxis and therapy against
Salmonella typhymurium infection(Singh et al., 2019). Gentamicin is administered SC to 1- to 3-
day old turkey poults and 1-day old chicks in the prevention and treatment of E. coli, P.
aeruginosa, Arizona paracolon and Salmonella infections (Dowling, 2013a).

The aminocyclitols approved for use in poultry are spectinomycin and Hygromycin
(Dowling, 2013a). Aminocyclitols usually administered to poultry include: Spectinomycin,
hygromycin, and apramycin(Use). Hygromycin is administered in feed as an anthelmintic rather
than as an antimicrobial (Foster Il et al., 1960). Spectinomycin is used parenterally to control
salmonellosis, pasteurellosis, E. coli, and Mycoplasma synoviae in young poults, but it can also
be administered orally or in the water to control chronic respiratory disease and mycoplasma
infections in chickens (Dowling, 2013a). Spectinomycin administered via drinking water, is
effective in treating E. coli infections (Goren et al., 1988). Spectinomycin is also used in
combination with lincomycin; this combination has been indicated, by Hamdy et al. (1979), as
effectual against E. coli and Staphylococcus aureus. Apramycin is capable of treating of E. coli
infections in poultry. According to Cracknell et al. (1986), it was reported to reduce mortality
and improve the final weight in infected chickens. Leitner et al. (2001), in their turn, stated that
apramycin acts by preventing the chicken gut colonization by E. coli.

Sulfonamides are bacteriostatic and act on gram-positive, gram-negative bacteria,

protozoa, and coccidia (Lohren et al., 2009). They become bactericidal when combined with
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diaminopyrimidines (Brumfitt and Hamilton-Miller, 1993). Sulfonamides are frequently used in
the poultry industry for therapeutic, prophylactic, or growth-promoting purposes (L6hren et al.,
2009). In 1947 and 1948 sulfonamides were indicated for the treatment of fowl cholera
(Holtman and Fisher) and pullorum (Roberts et al.) in poultry. However, Sulfonamides such as
Sulphaquinoxaline were reported to exert toxic effects on birds (Daft et al., 1989). Another
common side effect of sulfonamide use is the decrease in egg production and the deterioration
in eggshell quality (Hofacre et al., 2013b). In the US, a potentiated sulfonamide that is a
combination of sulfadimethoxine and ormetoprim is seldom used, with a 5 day meat
withdrawal period for birds under 16 weeks of age, to prevent mortality from coccidiosis and
bacterial infections (Noack et al., 2019). Contrariwise, in Europe, the use of sulfonamides is
banned, even for the prevention of coccidiosis in poultry (Noack et al., 2019).

Nitrofurans, identified by their 5-nitrofuran ring, are bacteriostatic antimicrobials
effective in treating infections caused by Escherichia coli, Salmonella sp., and also some
protozoans (Cooper and Kennedy, 2005). Furazolidone, furaltadone, nitrofurazone, and nifursol
are the nitrofurans most commonly used in food animals (Barbosa et al., 2011). Nitrofuran
derivatives are considered carcinogenic and genotoxic in mammalian cells(McCalla, 1983).
Semicarbazide, an example of a nitrofurazone side-chain metabolite, is a strong carcinogen and
mutagen that causes severe health hazards (Tian et al., 2014). The use of nitrofurans in
livestock and poultry has been prohibited in many countries like Australia, Brazil, Philippines,
Thailand, and the United States (Khong et al., 2004). In Europe it had been prohibited since

(1993) for furaltadone and nitrofurazone and (1995) for furazolidone. However, nitrofurans

43



continued to be used illegally according to the Rapid Alert System for Food and Feed (Union,
2016).

Peptide antibiotics used in poultry sector include polymyxin E (colistin), bacitracin, and
fosfomycin. Colistin is widely used in veterinary medicine; it is often used at low doses in feed
to promote growth in countries where this practice is permitted (Kempf et al., 2013). It is
utilized as therapy in case of gastrointestinal infections against non-invasive Enterobacteriaceae
(EMA, 2016). In poultry, it is mainly used for treating colibacillosis since its use against
Salmonella infections is prohibited; other drugs such as sulphonamides, tetracyclines and
penicillins are undoubtedly more suitable for the treatment of colibacillosis (Lohren et al.,
2009). Effectivity of colisitin to primary diarrheal disease due to E. coli is considered to be rare
in poultry (Nolan et al., 2017). The use of colistin combined with other antimicrobials is
outlawed (EMA, 2016). Bacitracin is given in the form of bacitracin methylene disalicylate or
zinc bacitracin, to promote growth and to prevent and treat enteritis (Butaye et al., 2003).
Administration of 55-100 ppm bacitracin in feed prevented necrotic enteritis (C. perfringens) in
chickens, according to Wicker et al. (1977). Its use for growth promotion has been banned in
the European Union since 2006 (Castanon, 2007). Fosfomycin, introduced orally, was reported
to be successful in controlling experimental E. coli infection in broilers (Fernandez et al., 1998).
Yet, the use of fosfomycin in food animals is implausible, because of its high potential in
treating multidrug resistant bacteria in humans, discussed by Ruiz Ramos and Salavert Lleti
(2019).

lonophores are extensively used in the poultry via feed to prevent diseases or to

promote growth; monensin, lasalocid, salinomycin, narasin, and maduramycin are the
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ionophores used in Europe(Novilla et al., 2017). Only monensin (in bovines) and salinomycin (in
pigs) are effectively registered as growth promoters. They are primarily used to prevent
coccidial infections (Dowling, 1992). lonophores also act against Gram-positive bacteria,
especially anaerobes such as Clostridium perfringens (Devriese et al., 1993). Narasin was
reported to be effective in preventing necrotic enteritis in broilers (Brennan et al., 2001).
According to Lanckriet et al. (2010), supplementation of the diet from the first day with
salinomycin, narasin or maduramicin reduced necrotic enteritis lesions in birds. lonophores
were also found to have an anti-mycoplasma effect according to Stipkovits et al. (1984) who
described this effect for lasalocid sodium. However, ionophores’ effect against mycoplasma
wasn’t as efficient as other anti-mycoplasma drugs(Stipkovits et al., 1987)

Antibiotics used in the poultry industry in Lebanon exclude betalactams, sulphonamides,
nutrofurans, and ionophores. The specific antibiotics used are listed in the Table 1. From the
tetracyclines group, doxycycline is used. Doxycycline, a lipophilic Ab, highly penetrates into
tissues and is reported to be more active in vivo than other tetracyclines (Riond and Riviere,
1988). Doxycycline’s lipophilicity makes it deposit in higher concentrations, and last for longer
periods than oxytetracyline in eggs when administered orally (Yoshimura et al., 1991b). Due to
its high risk of deposition, the use of doxycycline in chicken is highly regulate, and its use in

layers is banned in some regions like Europe (Anadén et al., 2018) and China (Yang et al., 2016).

2. The Misuse of Antimicrobials in the Poultry Industry

The use of antibiotics in poultry is firmly regulated by the Food and Drug Administration

(FDA), which approves the use of drugs, in therapy and prophylaxis, after accessing their safety
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in edible tissue (Act, 1958). For antibiotics approval, the FDA performs different toxicology
tests, assigns the optimal antibiotic dosage, then ascribes a withdrawal period that maintains
antibiotic residues in edible tissues within the tolerance level (Donoghue, 2003). However,
antibiotic treatments are often overused or misused intentionally or most of the times
unintentionally in poultry.

Many farmers are unaware of the danger of antibiotics, and their potential transfer to
human consumers. Livestock farmers were found to have unlimited access to antibiotics while
also disobeying withdrawal periods postulated by the FDA for antibiotic usage in food
producing animals. A study conducted on farms in Uganada showed that 95% of farmers didn’t
obey withdrawal periods even though 80% were aware of their significance(Sasanya et al.,
2005). In Sudan, while studying poultry farms, Sirdar et al (2012) reported that 49% of the farms
surveyed were using antibiotic treatment and 59% had used it in past 3 months. In the same
year, Eltayb et al. (2012) described that only 30% of farmers in Sudan were educated about
antibiotic resistance, and around 50% were not aware of common zoonotic infections. In
Maiduguri Metripolis Borno state in Nigeria, 85.7% of farmers seemed to use antibiotics for
disease prevention. 97.1% of the farmers seemed not to be aware of the effect of antibiotic on
public healthy and 82.9% did not know about antibiotics can residue in table eggs(Galad et al.,
2018). In Bangladesh 39.1% of farmers were aware of antibiotic residues, yet 94.16% of farms
were found to use antibiotics without obeying the withdrawal period. Besides, 49% of
antibiotics found were in the watch groups, 8% in reserve groups (WHO AWaRe categorization),
and 73% were those of critical importance in human medicine (Ferdous et al., 2019). To which

extent the inappropriate use of antibiotic leads to the accumulation of antimicrobial residues in
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animal tissue and animal products including meat and eggs is debatable in the literature.
Further, the possibility of such a widespread use of antibiotics leading to the development of

resistant bacterial strains further requires detailed observations and review.

3. Detection of Antibiotic Residues in Chicken and Eggs

It has been well stated that antimicrobial residues in food may result in side effects such
as toxicity and allergic response in consumers, and may also lead to the development of
antimicrobial resistance (AMR) among bacterial pathogens (Cerniglia et al., 2016). The presence
of high concentrations of antimicrobial residues is being reported worldwide in chickens
receiving therapeutic or prophylactic antibiotic regimes casually without considering
recommended withdrawal times.

A lot of scientists targeted the antibiotic residue deposition in eggs. Al-Ghamdi et al
(2000) reported that eggs from farms in the eastern province of Saudi Arabia contained
tetracycline residues, and the residues exceeded the MRL in 14.4% of antibiotic positive eggs.
Mehtabuddin et al. (2012) detected sulfonamide residues in 30% of egg samples collected from
poultry farms in Rawalpindi/Islambad; in 10% of these samples however sulfonamide residues
exceeded MRL. In Trinidad 6.5% of farm eggs, 6.1% of mall eggs1, and 15.0% of supermarket
eggs appeared to be contaminated with antibiotic residues. 6.5% of the residues were
sulfonamides, 3.8% were macrolides, and 2.7% were tetracyclines.(Adesiyun et al., 2005).
Chowdhury et al. (2015) reported the presence of Tetracycline, amoxicillin, and ciprofloxacin
residues in local (10.46 pg/g) and commercial (48.82 ug/g )eggs in Chittagong. In the traditional

market of Yogyakarta City Widiasih et al. (2020) reported that 75% of antibiotic contaminated
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eggs contained penicillin residues, 12.5% contained residues of aminoglycosides, and also 25%
contained oxytetracycline residues.

To minimize the public health risk posed to consumers by antimicrobial residues in eggs,
maximum residue levels (MRLs) were established for various antimicrobial agents in foods
(WHO, 2016). Amjad et al., (2005) reported the presence of residual enrofloxacin ,
ciprofloxacin, flumequine and oxolinic acid in poultry products marketed in Pakistan. In Tehran,
Iran oxytetracycline and enrofloxacin residues were identified in chicken from different farms.
95.55% of farms showed residues of oxytetracycline exceeding Maximum Residue Limits MRLs
(Farahmand et al., 2006), and 24% of farms showed enrofloxacin residues exceeding MRLs
(Farahmand et al., 2007). In algeria 85.51% of poultry meat samples from farms were tested
positive to antibiotic residues. 75.81% of poultry meat samples were contaminated with B-
lactam and/or tetracycline, 44.35% with macrolide and/or B-lactam, 36.29% with sulfonamide,
and 13.71% with aminoglycoside(Titouche et al., 2013). In Chittagong district of Bangladesh,
Sattar et al. (2014) identified residues of tetracycline, ciprofloxacin, enrofloxacin, and
amoxicillin in chicken livers, kidneys, thigh muscles, and breast muscles. Jammoul and Darra
(2019) screened for antibiotic residues in chicken samples collected from farms all around
Lebanon. 77.5% of samples were contaminated with antibiotic residues, and out of them
53.75% revealed multidrug residues. The quinolone ciprofloxacin seemed to occur the most
(32.5%), followed by the B-lactam amoxicillin (22.5%) and then tetracyclines (17.5%).
Sarafloxacin, amoxicillin, and penicillin G residue levels appeared to exceed the Maximum

Residue Limit (MRL) recommended according to the European Union EC.
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Antibiotics, usually administered via feed or water to hens, get absorbed by the
intestines then transported throughout the body via the blood circulation. Antibiotics reach the
ovaries, the site of egg content formation and secretion, where they run the risk of residue
deposition in the egg (Alaboudi, 2017). In fact, when the absorption of antibiotics in the
gastrointestinal tract (Gl tract) is higher, they are more bioavailable and consequently their
chances in deposition in the egg rise.

Aminocyclitols and Aminoglycosides are poorly absorbed in the Gl tract (Bennett et al.,
2001) they have low chances of residing in eggs. Roudaut (1989b) showed that no residues
were detected in eggs after 5 days of administration of 0.25 g/1 neomycin in the drinking
water, (1 g/1) spectinomycin in feed, nor 1 g/1 DHS in drinking water. However, when DHS was
administered intramuscularly around 1% of the dose administered was excreted via the eggs
mostly the yolk (95%). Similarly when gentamicin was administered via subcutaneous and
intramuscular injections to laying hens it deposited in egg yolk and albumen, with most
residues recovered from the yolk (Filazi et al., 2005).

Chloramphenicol is absorbed rapidly but incompletely in the Gl tract, and then it is
rapidly distributed throughout the body (Anaddn et al., 1994). Samouris et al. (1998), identified
chloramphenicol residues in albumen and yolk of eggs from hens treated via feed for 5 days.
Florfenicol is partially metabolized, it reaches it maximum plasma concentrations at around
0.63 hours after oral administration in chicken, and persists in edible tissues for around a week
(Anaddn et al., 2008). Xie et al. (2012), identified florfenicol and its metabolite florfenicol amine
in eggs of layers treated orally for 5 days and reported that the residues persisted for around 10

days in the whole egg.
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Orally administered penicillins are susceptible to hydrolysis in the Gl tract (Prescott,
2013). Ampicillin however is quite stable in gastric acid and it is absorbed more than other
penicillins (McKellar and Horspool, 1995). Still, ampicillin is more bioavailable in intramuscularly
injected hens. Roudaut et al. (1987a) showed that ampicillin deposition and persistence in eggs
of hens treated with 20mg/l ampicillin intramuscular injection was greater than that in eggs of
hens treated orally with 1.5g/1 ampicillin.

Cephalosporins are another subgroup of betalactams; the cephalosporin cefadroxil has
high oral bioavailability in chicken, around 77.18% according to Elkomy et al. (2019). Cephalexin
an example of another cephalosporin was found to have the ability deposit in egg yolk (60 ng/g)
(Kitagawa et al., 1988).

Macrolides’ bioavailability is high; they are distributed extensively after absorption and
penetrate tissues well. Tilmicosin is rapidly absorbed and slowly eliminated after oral
administration (Abu-Basha et al., 2007). Likewise, Erythromycin doses in plasma after oral
administration are as high as those after intramuscular and subcutaneous injection (Goudah et
al., 2004). Also, Tylosin’s systemic bioavailability in broilers after oral administration, as
reported by Sedeik (2018) is 90.29%.

Post oral administration macrolides can deposit in eggs. Yoshimura et al. (1979),
compared antibiotic residues in eggs of layers treated with different macrolides via drinking
water for 1 week. They stated that erythromycin and tylosin began to show in eggs the day
after commencing medication, and that their levels increased in eggs on daily basis during

treatment. Ji et al. (2019), in turn, analyzed the tilmicosin residues in eggs treated via drinking
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water for 5 days, and reported maximal tilmicosin residues in albumen on the last day of
treatment and in whole eggs and yolks on day 2 post treatment.

Quinolones, like oxolinic acid, have high oral bioavailability and are absorbed rapidly in
the Gl tract and distributed extensively to tissues (Hamamoto et al., 2001) . Quinolone residues
can persist in chicken tissues and eggs for several days. Eggs of hens treated orally (water and
feed) with oxolinic acid for 5 days appeared to contain residues, and residues persisted for a
week or more after treatment discontinuation (Roudaut, 1998). Orally administered
fluoroquinolones are quickly absorbed and bioavailable. Oral bioavailability of enrofloxacin and
sarafloxacin in chickens were reported be around 64% (Anaddn et al., 1995) and 59.6 +/-
13.8% (Ding et al., 2001), respectively. Chu et al. (2000), detected sarafloxacin residues in eggs
of orally treated layers starting second day of dosing, and reported maximum levels at 24 h
after drug withdrawal. Further,Lolo et al. (2005), identified gradually increasing enrofloxacin
residues in eggs of hens treated orally and intramusculary until cessation of treatment.

Sulfonamides are moderately absorbed from the Gl tract, depending on their solubility.
Kiser et al. (1948), studied the blood concentrations of 7 sulfonamides introduced via feed.
More recent studies focused on sulfonamide combinations like sulfadiazine along with
trimethoprim that was reported to have oral bioavailability of around 80% for both components
(Baert et al., 2003). Sulfonamides can deposit in eggs; Romvary and Simon (1992) identified
sulfonamide residues in egg of layers treated via driniking water with sulfaquinoxaline alone or
with sulfonamide mixture (sulfaquinoxaline, sulfadimidine, sulfamerazine). They indicated that
sulfonamide residues persist in eggs 5.2-7.4 days post withdrawal of treatment. Likewise,

Roudaut and Garnier (2002) reported that 0.9-1.4% of the dose of sulphadimidine and

51



sulphadimethoxine, administered to laying hens orally via water (5 days), was deposited in eggs
(starting day 2). Atta and El-zeini (2001), identified trimethoprim and sulphadiazine residues in
eggs of layers treated with trimethoprim and sulphadiazine combination via drinking water for
5 days. Maximum concentrations of the drugs, however, were obtained 1 day after drug
withdrawal.

Tetracyclines’ absorption in the Gl tract is determined by their lipophilicity; the higher
the lipohilicity the higher the absorption. Oxytetracycline is the least lipophilic, after oral
administration its absorption half life time is around 0.49 £ 0.38 h and its bioavailability 12.13
4.56% (Zidtkowski et al., 2015). Doxycycline is the most lipohilic, it is absorbed rapidly, and it
has oral bioavailability of around 41.33 +/- 2.02% (Anadon et al., 1994). Tetracyclines can be
deposited in the eggs of laying hens. Roudaut et al. (1987b), reported the presence of
oxytetracycline residues in eggs of hens treated with 0.5 and 0.25 g/1 via drinking and in eggs of
hens treated with 300ppm in feed for several days. 2 years later Roudaut et al. (1989) studied
the deposition of tetracycline and chlortetracycline in eggs of layers treated orally, and
identified that the deposition of tetracycline in eggs was 3-fold higher than the
chlortetracycline deposition. They also reported that post treatment, tetracycline residues
persisted in eggs 6-11 days, while chlortetracycline persisted 9 days. Yoshimura et al. (1991a),
in turn, studied the deposition of doxycycline and oxytetracycline in eggs of layers treated via
drinking water for a week, and reported that doxycycline deposits in higher concentrations in
eggs and persists longer than oxytetracycline.

Colistin is not absorbed well from the Gl tract (Gupta et al., 2009); its bioavalability is

low after oral asministration but high in case of intramuscular subcutaneous injection. Colistin
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residues were not identified in eggs of layers treated via drinking water but they were
detectable until 7 days in eggs of layers treated via intramuscular injection (Roudaut, 1989a).

Nitrofuran drugs are introduced via water or feed for layer hens’ therapy (Barbosa et al.,
2012). They are metabolized rapidly in birds after oral administration, yet their metabolites
bind to tissues and persist at low concentrations weeks post-treatment (Vass et al., 2008).
McCracken et al. (2001) weren’t able to detect furazolidone in eggs 4 days post treatment of
layers via feed, but they reported the presence of its metabolite 3-amino-2-oxazolidinone (AOZ)
up to 21 days post the withdrawal. McCracken and Kennedy (2007) also studied the deposition
of furazolidone, furaltadone, nitrofurantoin, or nitrofurazone in eggs of layers after 1 week
treatment without withdrawal, and reported the presence of both parent compounds and their
metabolites, metabolites being at higher concentrations.

lonophores like monensin (Henri et al., 2009), narasin (Catherman et al., 1991), and
salinomycin(Atef et al., 1993) are rapidly absorbed in the Gl tract of poultry and widely
distributed to tissues. Monensin (Donoho et al., 1982) and narasin (Sweeney et al., 1996) are
extensively metabolized and rapidly eliminated, while lasalocid persists in tissues for a longer
period(Anadén and Martinez-Larrafiaga, 2014). Kan et al. (1990) studied the residues of
different coccidiostats in laying hens treated via feed for 7-14 days, and identified residues of all
of them including ionophores narasin and salinomycin but not monensin in the eggs shortly
after the treatment. Kennedy et al. (Kennedy et al., 1996) identified lasalocid residues in around
66% of eggs from hens treated via feed with 3.7% containing more than 40 ng/g; residues
persisted in eggs for 10 days post withdrawal of treatment. Lasalocid is the ionophore that has

the highest potential to accumulate and persist in eggs (Kennedy et al., 1998). In 1998 they
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detected monensin, salinomycin and narasin in 3.7%, 1.2%, and 0.6% of eggs in concentrations
less than 2.5 ng/g. However, lasalocid was detected in 66.4% of eggs at concentrations, ranging
from 0.3 to 129 ng/g.

Antibiotic residues accumulate first in the egg’s albumen if antibiotics are administered
at the beginning of egg shell formation, when the egg is in the magnum that is depositing the
albumen (Donoghue and Myers, 2000). In the yolk, antimicrobial deposition depends on
antibiotic exposure length relative to yolk follicular growth, since yolk takes a long time to
develop. In actively laying hen, numerous follicles at different developmental stages exist
simultaneously, and before an egg is laid the yolk undergoes a stage of rapid growth, in which it
increases in size exponentially over 10 days (Etches, 1996). Drugs deposited in the yolk will
rapidly accumulate during yolk growth, and those residues can persist for days after cessation
of treatment. A study conducted by Donghue et al. (1997) reported that ampicillin residues
persisted in the yolk 6 days post treatment with intramuscular injection. Samouris et al. (1998),
identified chloramphenicol residues in albumen 1 day before detecting it in yolk of eggs from
layers treated via feed for 5 days. Residues persisted for a longer period in the yolk (7-9 days)
than in albumen (3-4 days) after cessation of treatment. Xie et al. (2012), reported that
florfenicol drug residues persisted for 7 days in albumen and 11 days in yolk post oral treatment
(100.0 mg/ kg florfenicol). In a study conducted by Giorgi et al. (2001) thiamphenicol residues
were first identified in maximum values in egg white 1 day after single oral administration (40
mg/kg), they then declined in the eggwhite and peaked in yolk on day 3 post the drug
administration. Macrolide drugs triacetyloleandomycin, erythromycin, tylosin, and

kitasamycin were also found to remain longer in yolk than in albumen after withdrawal of
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drinking water treatment in hens according to Yoshimura et al. (1979). Ji et al. (2019), in turn,
showed that tilmicosin residues were maximal on the last day of drinking water treatment
regime in egg albumen and 2 days post treatment in the egg yolk. They reported that it took 24-
44 days, and 19-49 days of withdrawal for tilmicosin to become undetectable in egg yolks and
whites, respectively. Lolo et al. (2005), identified gradual increase in enrofloxacin residues in
eggs of hens during oral and intramuscular treatment, and reported the persistence of
metabolite ciprofloxacin for several days after cessation of treatment in the yolk. Similarly in a
study conducted by Chu et al. (2000) sarafloxacin residues were found to persist post oral
treatment for 2 days in albumen and 7 days in yolk. Sulfonamides, in a study conducted by
Romvary and Simon (1992) were found to reach maximal levels at the last day of layers
medication in the albumen and 3 days after withdrawal in in the yolk. Atta and El-zeini
(2001)reported, after withdrawal of 5 day drinking water treatment in layers, Trimethoprim
residues persisted around 5 - 7 in yolk and day 4 - 6 in albumen, while sulphadiazine residues
persisted 4- 6 in yolk and day 5 -7 in albumen. Nagata et al. (1989) showed that
Sulfadimethoxine and sulfamonomethoxine remained in egg yolk up to 8 days after withdrawal
of 3 week dietary treatment. The tetracyclines: oxytetracycline, tetracycline, and
chlortetracycline were reported to persist in the egg yolk for 3 days, 6-11 days, and 9 days post
treatment, respectively (Roudaut et al., 1987b, 1989). Doxycycline in its turn deposits in higher
concentrations and persists longer than oxytetracyline (Yoshimura et al. (1991a)).

The residue distribution and deposition pattern varies between albumen and yolk also
according to drug’s lipid solubility or protein binding ability, and physicochemical characteristics

(molecular weight or pKa value). The different pH values of the egg white (pH=7.6-7.9) and yolk
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(pH= 6.0) affect the dissolving capabilities of antimicrobial drugs with specific pKa values (Kan,
2003). Alaboudi et al. (2013) studied the distribution of Chlortetracycline and sulfanilamide
residues between egg yolk and white, and stated that the antimicrobial residue prevalence
were more prevalent in eggwhite than in yolk. However, in a few samples residues were
identified in both yolk and white simultaneously. The levels of both chlortetracycline and

sulfanilamide exceeded MRL in 1.2 and 4% of the positive samples respectively

4. Prevalence of bacteria in eggs and their antibiotic resistance

The overuse or misuse of antibiotics is reflected in the prevalence of resistance to
antimicrobial agents. The occurrence of antimicrobial resistance (AMR) in bacterial pathogens,
present in food, threatens food’s safety and imposes a huge risk on public health. Resistance
rates and antibiotic minimum inhibitory concentrations in gram negative bacteria isolated from
conventional poultry farms, seem to be higher than those in bacteria isolated from poultry in
organic keeping systems where the antibiotics use is restricted(Schwaiger et al., 2008a).
Resistant bacteria can be transferred to humans through handling and consuming
contaminated food products as discussed by Wang et al. (2012). The infection of humans with
antimicrobial resistant bacteria from food threatens therapeutic failures in humans.

Papadopoulo et al. (1997) were the first to study the presumed transfer of antibiotic

resistance from poultry (eggs) to humans. They reported the presence of Staphylococcus
aureus resistant to penicillin-G, tetracycline, erythromycin, clindamycin, cefalosporins,

oxacillin, gentamycin, chloramphenicol and tobramycin, Enterococcus faecalis resistant to

56



ampicillin, ciprofloxacin, clindamycin, gentamycin and tetracyclin, Escherichia coli resistant
to tetracycline, erythromycin, ampicillin and cefalosporins, Enterobacter cloacae resistant to
ampicillin, amoxycillin plus clavunalic acid, erythromycin and tetracycline, Pseudomonas
stutzeri resistant to erythromycin and chloramphenicol, and Citrobacter freundii resistant to
ampicillin, amoxicillin/ clavunalic acid, cefalosporins and co-trimoxazole. The prevalence of
antibiotic resistance in eggs has been studied extensively since that research. In year 2000
(Chang) studied the presence and antibiotic resistance of Salmonella spp. in raw broilers
and shell eggs in Korea. They reported that all Salmonella isolates showed multiple
antibiotic resistance patterns. All isolates were resistant to penicillin and vancomycin, and
most of them to erythromycin too. One strain showed resistance to all 12 antibiotics tested
(ampicillin, amikacin, chloramphenicol, carbenicillin, cephalothin, ciprofloxacin,
erythromycin, gentamicin, kanamycin, neomycin, tobramycin, penicillin, streptomycin,
trimethoprim, tetracycline, and vancomycin.) A study conducted by Frye and Fedorka-Cray
(2007) to determine the ceftiofour resistance in salmonella isolates from diagnostic
laboratories, farms, and slaughter houses, between 1999 and 2003, reported a rise in
resistance from 4.0% in 1999 to 18.8% in 2003. Isolates from diagnostic laboratories were
found to have higher levels of resistance (18.5%) than those from farms (3.4%) and
slaughter (7.1%); levels of resistance were lowest in eggs (3.6%). Adesiyun et al. (2006b) , in
their turn concentrated on bacterial contamination and resistance in table eggs. They
reported the contamination of 38.6% of egg samples with enteric microbes, excluding E.
coli, Salmonella, Campylobacter spp. and Listeria spp. They recognized resistance to

multiple antibiotics in 95.4% of the bacterial isolates, with highest resistance reported to
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streptomycin (90.1%), tetracycline (51.9%) and kanamycin (30.5%). In their next study, they
focused on the sensitivity of Salmonella spp. and Escherichia coli isolated from table eggs in
sale outlets. They reported 88.1% of E. coli and 22.9% of salmonella isolates to be resistant
to one or more antibiotic, with highest resistance reported to streptomycin 54.2% and
tetracycline 35.9% and lowest resistance reported to gentamicin 11.5% and
sulphamethoxazole/trimethoprim 9.4% (Adesiyun et al., 2007). According to their research
1.4% of Salmonella isolates and 46.6% of E. coli displayed multi-resistance. They denied any
link between antibiotic-resistance frequency and egg isolation location or the egg source
(Adesiyun et al., 2007). On the other hand, a study conducted by Alvarez-Fernandez et al.
(2012) proved that the housing system influenced the average resistance in different E.coli
strains isolated from eggs, with the highest resistance reported for eggs from conventional
cages and barns followed by free range, and lowest resistance in eggs from organic and
domestic production systems. Schwaiger et al. (2008b) investigated the prevalence and
resistance of Gram-negative bacteria in laying hens and eggs from organic and conventional
cages against 31 different antibiotics. They mainly detected E. coli and scarcely Salmonella
and campylobacter in eggs. Organic E. coli isolates were highly susceptibile to
amoxicillin/clavulanic acid, ampicillin, cefaclor, cefoxitin, cefuroxime, doxycycline,
mezlocillin, neomycin and piperacillin. However, gentamicin and tobramycin appeared to be
more effective on conventional isolates. In 2011, Arathy et al. (2011) studied the
antimicrobial resistance profile of E coli isolated from the shell and yolk of commercial
chicken eggs from several locations in Grenada. They reported resistance to one or more

antibiotic in 64.7% of shell membrane isolates and 52.4% of yolk isolates, with highest level
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of resistance recorded for ampicillin. 10.9% of the isolated showed multi-drug resistance.
Also, Khan et al. (2015) studied the antibiogram of E. coli isolated from table eggs in
Peshawar, Pakistan. They found E. coli to be most sensitiveto ciprofloxacin and enrofloxacin,
slightly sensitive to amoxicillin and kanamycin , and completely resistant to tetracycline. In
2013, (Pyzik and Marek) were able to isolate and study the resistance of Staphylococcus
aureus in the shell surfaces and contents of chicken eggs from laying farms in Lublin. S.
aureus strains showed resistance to at least 1 tested antibiotic, yet 55.55% revealed
resistance 5 more agents of the 17 antimicrobials tested. 66.66% of the strains were found
to be resistant to erythromycin and tetracycline, 61.11% to oxytetracycline, 50% to
penicillin G, and 44.44% to amoxicillin. In the same year, Han et al (2013) studied the
antimicrobial susceptibility of Salmonella Enteritidis isolates from human patients, retail
chicken, broiler farms, and egg production facilities. 56% of Salmonella Enteritidis isolates
appeared resistant to 1 antimicrobial tested at least, and no isolates were found to be
resistant to more than 3 antibiotics of those tested. Resistance to sulfisoxazole was 54%, to
nalidixic acid 7.4%, and to streptomycin, ampicillin, and tetracycline 5.6%. In 2016, (Kemal
et al.) estimated the levels and patterns of antibiotic resistance of Salmonella in chicken
eggs. 5.3% salmonella existed on eggshells from the open market, while none were
detected on eggshells from poultry farms. All salmonella isolates showed resistance to
erythromycin and clindamycin, whereas all isolates were susceptible to ciprofloxacin and
87.5% to chloramphenicol; multiple antibiotic resistance was found in all isolates. In the
same year, Kilonzo-Nthenge et al. (2016) investigated the prevalence of antimicrobial

resistant Enterobacteriaceae in shell eggs purchased from small poultry farms and farmers'
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markets. E. coli was detected on eggshells (11.9 %) and in shell contents (5.2%),
Enterobacter (9.1 and 7.9% respectively), and Serratia (11.5 and 4.8% respectively).
Salmonella was isolated from 3.6% of eggshells and absent in egg contents. Isolates from
farm and market eggshells showed resistance to erythromycin (48.5 and 32.8%,
respectively), ampicillin (44.8 and 17.2%), and tetracycline (29.9 and 17.2%). Multidrug

resistance was reported in E. coli and Pantoea, and to a lesser extent in Salmonella and

Klebsiella terrigena. A recent study conducted by Adesiyun, A.A., et al., (2020) also regarded

the occurrence and resistance of Salmonella spp. and E. coli in table eggs from farms in
Gauteng Province, South Africa. They focused on E.coli due to its higher prevalence in the
table eggs, and found 71.4% of E. coli isolates resistant to one or more antibiotic. Highest

resistance was recorded to therapeutic doxycycline, oxy-tetracycline, and amoxicillin.
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Materials and methods

Given that Lebanese farming systems vary greatly between organic and commercial layers, and
with the absence of clear guideline, guidance and regulatory oversight to commercialization of eggs
including transport storage and consumption conditions, we found it essential to 1) compare the initial
bacterial contamination between organic and commercial eggs, 2) study the dynamics of bacterial
growth in the different egg compartments, as well as 3) analyze shell porosity evolution and potential
trans-shell bacterial contamination. Furthermore, we aimed to 4) detect antibiotic residues, and 5)
Antibiotic resistant bacteria in order to assess the best handling conditions of the egg from farm to

kitchen.

1. Consumables and Materials
Consumables: sterile forceps, sterile conical tubes and petri dishes, sterile swabs and loops, sterile cork
borers and syringes from Labise. Bacterial growth media, namely TBX Chromogenic agar (ISO 16649—
2,3) CAT: 21151.00 from Deben Diagnostics Ltd CAT, Salmonella Shigella agar (SS agar) Cat. 1064.00 from
CONDA, and Mueller Hington agar (MH agar) Cat. 1058.00 from CONDA, and nutrient broth CAT:
1216.00 from CONDA. Ecoli ATCC 25922 were purchased from microbiologics, Antiserum Escherichia coli
NONAVALENT Ref 57411 from Bio-Rad, APl 20E from BioMerieux, and Antibiotic disks from OXOID:
Spectinomycin (SPT 100 ug)/ Tylosine (TL 15 ug)/ co-trimoxazole (COT 25 ug)/ Erythromycin (E 15
ug)/Gentamycin (GEN 50 ug)/ Doxycyclin (DO 30 ug)/ Colistin (CT 10 ug) / Enrofloxacin (ENR 5 ug)/

Ampicillin (AMP 10 ug)/ Amoxycillin (AML 25 ug)/ Neomycin (N 30 ug).

2. Sample collection and experimental design

A total of 22 organic, and another 22 commercial eggs were collected weekly (4 per time point),

divided into 2 groups, and stored either in the fridge (4C) or at room temp (20-25 C). After 5 weeks of
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sampling, eggs were transported carefully to the lab in a paper bag, at room temperature. In the lab,
eggs were analyzed on spot as described in the following sections. The housing system from which the
organic eggs were collected is considered semi-intensive, hens were allowed to roam on ground range
during the day, but they were confined into a house at night. The house floor resembled that of a litter
floor system, since it was rarely cleaned, and chickens laid eggs in nests. Day 0 organic eggs were

collected one day before analysis in order to simulate the commercial conditions.

Store-bought eggs (commercial) were collected from a conventional cage system. They were
purchased from the same seller, with an expiry date of 5 weeks and a time lag of one day (Day 0)

between collection and commercialization.

3. Sample processing
Each egg was sequentially analyzed for porosity and bacterial contamination of the various
compartments. Bacterial contamination was conducted by analyzing the egg shell, cleaning it, breaking
it, separating the albumen from the yolk, and then analyzing each as described below. Further, day 0
eggs were analyzed for the presence of antibiotic residues using a microbiological assay as described

below.

Porosity: Egg shell was observed for porosity by visualizing organic and commercial eggs through a high
intensity lamp surrounded by a cardboard cone to expose the pores and photographed in a dark room at
all-time points and storage conditions. Images were compared for porosity as determined by the light

beam illumination diameter (pore size) and frequency (pore numbers).

Egg compartments: a sterile cotton swab was soaked in nutrient broth and then used to wipe the
eggshell and collect any resident bacteria by inoculating a 6 mL nutrient broth in a conical tube. The
eggshell was then disinfected by wiping with 70% ethanol. A sterile forceps was then used to crack the

eggshell around the air sac area. Albumen and yolk were collected separately in a sterilized plastic egg
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tray. Sterile loops were then used to homogenize each of the aloumen and yolk and then inoculate a 5-6

ml of nutrient broth.

Antibiotic Residues: Antibiotic residues were assessed using an adapted microbiological assay (USDA
ref). Briefly, MH agar was inoculated with E. coli ATCC25922. A crock borer was used to make 2 holes of
10 mm diameter. The homogenized yolk and albumen were added into the holes using sterile syringes in
2 replicates per sample, and then plates equilibrated at room temperature prior to incubation at 37 °C

for 24 hours.

4. Bacterial growth, isolation, and identification
Growth media preparation and incubation: 1 L of nutrient broth was prepared by suspending 8g of the
medium into 1L of distilled water followed by heating and stirring for 1 minute. 1.5 L of MH agar was
prepared by suspending 57g of agar medium into 1.5 L of distilled water followed by heating and stirring
for 1 minute. 900 mL of TBX agar was prepared by suspending 33g of agar medium in 900 mL of distilled
water followed by heating and stirring for 1 minute. 900 mL of SS agar was prepared by suspending 54
grams of agar medium in 900 ml of distilled water followed by heating and stirring for 1 minute. All the
prepared media were then autoclaved for 15 minutes at 121°C. The inoculated nutrient broth conical
tubes were incubated at 372C for 48 hours in a shaker incubator. SS and TBX agar were used,
respectively, to isolate any possible salmonella or E. coli growth. One loop full of each sample (eggshell,
albumen, and yolk) was sub-cultured from the nutrient broth to SS and to TBX agar. The inoculated SS

and TBX plates were then incubated at 37 °C for 24 hours.

API 20E testing: api 20E was used, following manufacturer guidelines, for further identification of typical
Salmonella-like and E.coli-like colonies (Swanson and Collins, 1980). Briefly, suspected colonies were

mixed in 5 ml of sterile water solution, homogenized, and then pipetted into the different wells on the
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api strip. The api 20E strips were then incubated at 37°C for 24 hours, after which reagents were added

and the results were read by referring to the reading table provided.

Antiserum testing for E.coli: E. coli | Nonavalent #57411 was also used on E.coli to test its serotoxicity. It

can detect Escherichia coli serotypes 026, 055, 086, 0111, 0119, 0125, 0126, 0127, or 0128.

Antibiotic Resistance profile: The disc diffusion method was used to detect antibiotic resistance of the
isolated bacteria. MH agar was prepared and inoculated with the isolated bacteria. Antibiotic discs were
embedded in the agar and incubated overnight at 37° C, then observed for inhibition zones. The
diameter of each inhibition zone was measured via a digital caliper and compared to the norms for

determination of resistance/ susceptibility / sensitive status of bacteria.
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Results

1. Effect of farming system and storage conditions on Eggshell porosity and density

The variability in porosity between organic and commercial eggs stored at different
temperatures is demonstrated in figure 1. Pore density appeared to be higher in organic egg as
compared to commercial eggs, regardless of the storage temperature. Organic eggshells also appeared
to be thinner than commercial eggshells, as they allowed the passage of light. Fecal contamination of
organic shells was apparent to the naked eye. At fridge temperature, organic and commercial eggshells,
revealed wide pores in comparison to RT eggshells. Pore density was not affected by storage
temperature. It is important to note that the porosity varied greatly between egg replicates, as indicated
in figure 2. Week 3 organic- and Week 2 commercial eggshell replicates, regardless of their storage

temperature, lacked uniformity in their porosity.

2. Detection of Antibiotic residues in eggs from different farming systems

The simple microbiological method adopted in our study to identify antibiotic residues in eggs
from different farming systems, failed to detect any antibiotic residues in organic and commercial eggs.
No inhibition zones were recognized on E.coli seeded Muller Hinton plates for the albumen and the yolk

in both commercial and organic eggs as shown in Figure 3.

3. Effect of farming system and storage condition on Bacterial Growth

Bacterial growth was analyzed by swabbing the egg shell, taking a sample from the albumen and
the yolk and culturing them in nutrient broth before streaking them on SS and TBX agar plates. As
mentioned before 4 commercial and 4 organic eggs were studied at each time point, where 2 eggs were
stored in the fridge and the other two were kept at RT. No bacterial growth was detected on commercial

eggs, whereas the bacterial growth on organic eggshells is illustrated in figure 4. On day 0, bacterial
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contamination was reported on 50% of the organic eggshells. On weeks 1, 2, and 3 bacterial growth was
observed in 50% of the eggshells stored at room temperature. While, all the eggs stored in the fridge
(100%) showed bacterial contamination on their eggshells on weeks 2 and 4. In our study, organic eggs
that were stored for 2 weeks at room temperature- but not in the fridge- showed bacterial
contamination of egg contents (Figure 4). 50% of the internally contaminated 2 week-old eggs revealed
growth in the albumen, and the other 50% in the yolk. In 3 and 5 week-old eggs, no bacterial growth was

detected.

The bacterial growth observed on SS and TBX is displayed in figure 5. Bacteria isolated on day 0
and week 4 from organic eggshells stored at RT grew in the form of white colonies on TBX and caused
discoloration in SS agar. AP| 20E identified this growth as enterobacter cloacae. Bacteria isolated from
the eggshells of week 1 and week 2 eggs stored at RT appeared as pink and white colonies on SS and TBX
agar, respectively. API test showed this growth to be citrobacter freundi. Week 1, week 2, and week 4
eggshells of eggs stored at 4°C showed pink growth on SS agar and white/blue growth on TBX. All the
blue growth on TBX was confirmed, by api 20E, to be E.coli. When the E.coli isolates were tested using E.
coli | Nonavalent #57411 antiserum, 80 % of the confirmed E.coli tested positive with the antiserum test.
They are suspected to be of the following serotypes: Escherichia coli serotypes 026, 055, 086, 0111,

0119, 0125, 0126, 0127, or 0128..

4. Antibiotic resistance in isolated bacteria

Antibiotic resistance was measured using antibiotic disc diffusion method. The results are
illustrated in figure 6. Isolated E. coli strains were most resistant to macrolides 100% and 71% resistance
to E and TL, and also to tetracycline 86% and 57% resistance to O and DO. 71% and 29% of the E. coli
isolates showed resistance to the aminoglycosides N and GEN, but all of the E. coli were 100% sensitive

to the aminocyclitol SPT. 57% of the isolates showed resistance to Colistin, the peptide antibiotic. Only
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20% of the E. coli isolates were resistant to the betalactams ampicillin and amoxicillin. 14% of the

isolates showed resistance to COT. All E. coli isolates were sensitive to the fluorquinolone enrofloxacin.

The isolated enterobacter cloacae showed 100% resistance to the Macrolide E and 50%
resistance to TL. 50% of the isolates showed resistance to betalactams AMP and AML. 50% of the
isolates were resistant to the aminocyclitol CT, while no resistance was observed against

aminoglycosides N and GEN. Enterobacter cloacae showed no resistance to all other tested antibiotics.

Citrobacter freundii were most resistant to Macrolides 100% and 50% to E and TL, respectively.
All isolated colonies showed resistance to betalactam AML and 50% showed resistance to AMP. Besides,
all colonies were found to be resistant to oxytetracycline while they showed sensitivity to Doxycycline.
50% of Citrobacter freundii showed resistance to Colistin. No resistance was recorded to all other tested

antibiotics.

For all the isolated bacterial species, multidrug resistance was reported. All the isolates were
resistant to at least two antibiotics at the same time. The multidrug resistance patterns are clear in

Table 3.

Statistical analysis was carried out using ANOVA procedure and TUKEY test. In general No
significant variation was observed in the resistance patterns. Variation was observed for N, ENR, and
SPT P<0.05 in ANOVA. Yet, all isolated species appeared to be susceptible to ENR, SPT, and slightly
susceptible to N. Tukey test revealed a difference in resistance to ENR between the enterobacter

cloacae and E.coli.

67



Discussion

1. Effect of farming system and storage conditions on Eggshell porosity and density

The shell quality varied greatly between depending on the egg source, as reported in the results
section. Organic eggshells collected from the littered house floor showed a higher in comparison to eggs
in conventional cages. This indicates that litter floor system conditions seem to increase the eggshells’
pore density and deteriorate the eggshell quality. The pores on the pore density in comparison to
commercial eggshells collected from conventional cages. Tumova et al. (2011) reported similar results
where a higher number of pores was reported in eggs from litter housing systems eggshell surface are
usually covered by the protein rich cuticle, which extends up to 50 um into pores thus plugging them to
restrict bacterial access (Sparks and Board, 1984). According to Khan and Roberts (2014) cuticle
deposition is significantly higher in cages eggs versus free-range eggs. Kusuda et al. (2011) proposed that
the diversity in the cuticle structure can be affected by the nest environment and primarily its humidity,
a difficult parameter to control in free-range systems. Besides their high pore density organic eggshells
were thin and weak, susceptible to breaking by hand. Those results align with the findings of PiStékova
et al. (2006) and Englmaierova et al. (2014) who reported heavier eggshells in conventional cage
systems compared to litter floors. However, the housing system is not the only factor that affects the
eggshell thickness. Timova et al. (2016) showed that interactions between housing, genotype and
calcium supplementation in the diet lead to great variances in eggs weight and shell
quality. Furthermore, Ledvinka et al. (2012a) and Englmaierova et al. (2014) found stronger shells in
cages compared to litter. Nevertheless, the strength eggshells is not only affected by shell thickness but
by many other factors like mineral density, mineral content, and spatial micro architectural
arrangement (Tatara et al., 2015). Organic eggs showed remarkable fecal contamination on their shells,
as identified by the naked eye. As it has been well established that eggshells from deep litter systems

display 15 times more bacteria and a higher amount of prospective spoilage organisms than eggs from
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cage systems (Harry, 1963). Quarles et al. (1970) noticed higher bacterial eggshell contamination of eggs
from litter floor houses than in eggs from wire floor houses. They reported that litter floor houses had
about 9 times more bacteria in air, and about 20-30 times more aerobic bacteria on the shell than wire
floor houses. In our study storing eggs in the fridge seemed to widen the pores on the shell, which
opposed Liu et al. (2016) findings on how storing eggs at room temperatures speeds up the drying and
shrinkage of the cuticle and leads to bigger pore size. Refrigeration of eggs is well known to prevent
cuticle drying, thus reducing pores exposure. However, there must be an interaction between different
factors that affect cuticle dryness and pores widening. Many factors such as genetics, hen age, egg
freshness, processing, and storage affects the cuticle quality (Liu et al., 2016). Unlike the housing system
and the storage temperature, storage time seemed to have no impact on the number of pores. It also
did not affect the pore size. The intra-replicate variability in the porosity of Week 3 organic- and Week 2
commercial eggshells, regardless of their storage temperature lines up with the results obtained by
Haines and Moran (2009) where shells collected successively from the same hen varied widely in their
porosity. In 1992, a study conducted by Nascimento et al. (1992) linked the increase in pore number
with the bird’s age. Further studies should be conducted to identify the factors affecting the porosity of

eggshells and their overall quality.

2. Detection of Antibiotic residues in eggs from different farming systems

It has been well stated that antimicrobial residues in food may result in side effects such as
toxicity and allergic response in consumers, and may also lead to the development of antimicrobial
resistance (AMR) among bacterial pathogens (Cerniglia et al., 2016). A lot of scientists targeted the
antibiotic residue deposition in eggs as mentioned in the literature. However, the simple microbiological
assay we used in our study detected no antibiotic residues in commercial and organic eggs. This lack of

response might be due to the low sensitivity of the method. Usually more specific identification

69



microorganisms that have high sensitivity to the majority of antibiotics are used to detect the presence
of antibiotic residues in eggs and other food products. Microbiological assays used by the USDA include
Swab Test on Premises (STOP) (JOHNSTON et al., 1981), Calf antibiotic and sulfonamide test (CAST) (Dey
et al., 2005a) , and Fast antimicrobial screen test (FAST) (Dey et al., 2005b) that rely on Bacillus

subtilis ATCC 6633 spores, Bacillus megaterium ATCC 9885, and B. megaterium ATCC 9885 as indicator
organisms, respectively. Yet, all microbiological assays used for the screening of antimicrobial residues
are not sensitive enough and not really specific due to the presence of inhibitory substances, especially
in the albumen, which serve as natural defense against microbial contamination and proliferation.
Microbiological assays require a post-screening step to determine the identity of any inhibitory
substances (Gaugain-Juhel et al., 2009). Immunoassay or biochemical methods are used for
confirmation. Immunoassays can detect very low concentrations of antibiotic residues. Various
immunoassays that detect antibiotic residues in eggs are currently established including enzyme-linked
immunosorbent assay, fluorescence immunoassay, radioimmunoassay, colloidal gold immunoassay, and
chemiluminescence immunoassay (Ahmed et al., 2020). Ultra-performance liquid chromatography
coupled to tandem mass spectrometry (UHPLC-MS/MS) techniques are also used extensively for
confirmation of antibiotic residues in eggs; they can be considered semiquantitative, because they help
identify analytes of interest and the information about the compliance of the analyzed samples with the
MRL established. Multiresidue screening methods have also been developed like UHPLC/MS-MS method
was that can semi-quantitatively determine antimicrobial residues from tetracyclines, aminoglycosides,
quinolones, lincosamides, 8-lactams, sulfonamides, and macrolides families in eggs(Caldeira et al.,
2017). Altogether, our result could easily indicate that all farming conditions utilize antibiotics in levels
below detectable range, in other words below the maximum residue limits (MRL), and thus are

considered safe to consume.

3. Effect of farming system and storage condition on Bacterial Growth
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In our study, bacterial growth was only detected on the eggshells of organic eggs. On day O,
bacterial contamination was reported on 50% of the organic eggshells. On weeks 1, 2, and 3 bacterial
growth was observed in 50% of the eggshells stored at room temperature. While, all the eggs stored in
the fridge (100%) showed bacterial contamination on their eggshells on weeks 2 and 4. Hence, eggs
stored at 4°C show bacterial contamination more frequently. We can say that storing eggs at fridge
temperature seemed to increase the risk of eggshell bacterial contamination. The poultry industry in
various countries adopt different systems for treating and storage recommendations of the egg. In the
USA and Canada, eggs are collected, washed with a disinfectant, waxed, and recommended to be stored
in the fridge. In contrast, in Lebanon and Europe the eggs are collected, sometimes slightly wiped with a
dry cloth, especially in organic systems, then stored at room temperature. Most of the studies
conducted handled the effect of storage temperature on the microbial contamination in the egg
contents. Nobody studied the effect of storage temperature on the eggshell contamination. However,
the conducted studies succeeded to show that the temperature plays a key role in the growth and
survival of bacteria in the egg white, and that refrigeration decreases bacterial growth and reduces the
access of bacteria from the shell to the yolk (Guyot et al., 2013). This might explain the higher
percentage of eggshell contamination of eggs stored in the fridge; the storage of eggs at low
temperature seems to have reduced the access of bacteria into the egg. Both old (Stadelman, 1977) and
recent (Hester, 2017) publications recommend the storage of eggs at fridge temperature <
7.2°C (45°F) . Some studies indicated that storage of eggs at low temperature is favored only in washed
eggs, while unwashed eggs require storage at ambient temperatures (25°C) (Joshi et al., 2019). In
Lebanon eggs are not washed, yet Saleh et al. (2020) reported bacterial growth on the egg shell and in
the yolk of eggs stored at 18°C and 24°C for 2 and 4 weeks, but no contamination of eggs stored at 7°C.
In accordance with Saleh et al. (2020) findings, in our study, organic eggs that were stored for 2 weeks at

room temperature- but not in the fridge- showed bacterial contamination of egg contents (Figure 3).
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50% of the internally contaminated 2 week-old eggs revealed growth in the albumen, and the other 50%
in the yolk. The egg with the contaminated albumen showed no bacterial growth on its shell, thus we
exclude the chance of bacterial penetration through the pores into the albumen. Besides, bacteria
isolated from the albumen changed the color of SS and appeared white on TBX agar and was identified
by API 20E as enterobacter cloacae. Enterobacter cloacae appears to have a very low penetration ability
(14.2% of contamination at 21 weeks of storage) through the eggshell as reported by Smaniotto et al.
(2017). Correspondingly, the egg with contaminated yolk showed contamination with a different
bacterial species than on its shell. This contradicts any possibility of trans-shell contamination, where
micro-organisms penetrate through the eggshell to possibly reach the internal egg (Bruce, 1994). Also,
bacteria isolated from the yolk showed pink growth on SS and green/blue colonies and was confirmed as
E.coli by API 20E. Even though E.coli is found to facilitate the penetration of different bacterial species
into the egg contents, as mentioned in the literature review, the penetration ability of E.coli through the
eggshell, similarly to enterobacter cloacae, seems to be low around 4.7% after 21 weeks of storage
(Smaniotto et al., 2017). Thus, the internal contamination has nothing to do with the bacteria isolate
from the eggshell. In both egg replicates the bacteria were probably transferred into the albumen via
vertical transmission which takes place through hen’s reproductive system (Keller et al., 1995). In this
type of transmission, the yolk, the albumen, and the membranes are contaminated straight away due to
bacteria in the reproductive organs, before the eggs are covered by the shell (Takehiko Yamamoto,

1996).

Enterobacter cloacae was isolated on day 0 and week 4 from organic eggshells stored at RT. This
growth was expected, as mentioned in the literature review and in table 1, bacteria belonging to the
Enterobacteriaceae family constitute a huge part of the egg’s microflora. It is normal for avian eggs to
acquire microflora during ovipositioning. Many researchers reported the growth of enterobacter cloacae
in eggs. Papadopoulou et al. (1997) had isolated Enterobacter cloacae from table eggs in Greece.
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Adesiyun et al. (2006b) identified enterobacter spp. in 12.5% of the egg samples that they studied, with
8.2% on eggshells and 3.3% in egg contents. Enterobacter cloacae is frequently isolated from humans
and animals, but it is not considered to be an enteric pathogen, it may be an opportunistic pathogen
(Guglielmetti and Bartoloni, 2003). Furthermore, citrobacter freundi was isolated from the eggshells of
week 1 and week 2 eggs stored at RT. This growth was also expected, being a part of the
Enterobacteriaceae family. Stepien-Pysniak (2010), and while studying the occurrence of gram negative
bacteria in hen eggs, indicated Citrobacter freundii among the most frequently isolated bacteria of the

family Enterobacteriaceae after Salmonella and Escherichia coli.

Week 1, week 2, and week 4 eggshells of eggs stored at 4°C were contaminated with E.coli, a
frequently reported egg shell and content contaminant, as mentioned in the literature. The recurrent
and high isolation rate of pathogenic E. coli from eggshells is because E. coli are normal intestinal flora in
humans and birds, and can easily contaminate egg shell through feces. These microorganisms are
detected in both the shell and the content (Okorie-Kanu et al., 2016). When the E.coli isolates were
tested using E. coli | Nonavalent #57411 antiserum, 80 % of the confirmed E.coli tested positive with the
antiserum test. They are suspected to be of the Escherichia coli serotypes 026, 055, 086, 0111, 0119,
0125, 0126, 0127, or 0128 . Only 50% of the week 4 eggshells stores at room temperature showed no

serotoxicity.

The absence of microbial eggshell contaminations in week 3 eggs, might have been due to the
fact that no fecal contamination was identified by the naked eye on week 3 eggshells, as feces is one of
the main sources of eggshell bacterial contamination (Board and Tranter, 2017). While the absence of
microbial eggshell contaminations in 5 week-old eggs was probably due to the death of the bacteria.
Bacterial growth was not detected in week 5 egg contents which negates bacterial penetration through

the eggshell. Hence, absence of bacterial growth can be due to the death of the bacteria on the eggshell
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from lack of nutrition or inconvenient growth temperature in case of cooling. However, the absence of
bacterial growth inside the egg might be due to the antimicrobial proteins present in the albumen,
discussed in detail in the literature. Bacteria might have penetrated the egg and got killed in the

albumen.

4. Antibiotic resistance in isolated bacteria

Antibiotic resistance measured using antibiotic disc diffusion method, showed that the isolated
E. coli strains had several resistance patterns. E. coli isolates were most resistant to macrolides 100%
and 71% resistance to E and TL, and also to tetracycline 86% and 57% resistance to O and DO.
Macrolides mainly act on gram positive bacteria and some gram negative bacteria, but some can
relatively act on Escherichia coli, Salmonella spp and other Enterobacteriaceae. The resistance of E.coli
to Macrolides is common, Phuc Nguyen et al. (2009) studied the resistance of E. coli, from 5 different
countries, to Macrolides and reported E.coli as a reservoir for Macrolide resistance genes. E.coli was also
found to have resistance genes for Tetracyclines, during a clinical trial(Tuckman et al., 2007). 71% and
29% of the E. coli isolates showed resistance to the aminoglycosides N and GEN, but all of the E. coli
were 100% sensitive to the aminocyclitol SPT. 57% of the isolates showed resistance to Colistin, the
peptide antibiotic. Only 20% of the E. coli isolates were resistant to the betalactams ampicillin and
amoxicillin. 14% of the isolates showed resistance to COT. All E. coli isolates were sensitive to the
fluorquinolone enrofloxacin. Our results support a study by Khan et al. (2015) in Pakistan reporting E.
coli to be most sensitive to ciprofloxacin and enrofloxacin, slightly sensitive to amoxicillin, but
completely resistant to tetracycline. Isolated enterobacter cloacae showed 100% resistance to the
Macrolide E and 50% resistance to TL. 50% of the isolates showed resistance to betalactams AMP and
AML. In the first study conducted on the antoibiotic resistance of bacteria isolated from eggs,

Enterobacter cloacae showed resistance to ampicillin, amoxycillin, and erythromycin (Papadopoulou et
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al., 1997). Also 50% of the isolates were resistant to the aminocyclitol CT, while no resistance was
observed against aminoglycosides N and GEN. Enterobacter cloacae showed no resistance to all other
tested antibiotics. Citrobacter freundii were most resistant to Macrolides 100% and 50% to E and TL,
respectively. Also, all isolated colonies showed resistance to betalactam AML and 50% showed
resistance to AMP. The resistance of Citrobacter freundii to macrolides and betalactams was not
surprising, Citrobacter freundii has been reported, long ago, to be resistant to AMP and AML
(Papadopoulou et al., 1997).Also, all colonies were found to be resistant to oxytetracycline while they
showed sensitivity to Doxycycline. The higher resistance to oxytetracycline was surprising knowing the
doxycycline is the antibiotic used in the poultry sector in Lebanon, as mentioned in the literature. 50% of
Citrobacter freundii showed resistance to Colistin. In accordance with the researches discussed in the

literature, multidrug resistance was obvious in all the isolated bacterial species isolated in our study.
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Conclusion and Implications

Numerous studies have been conducted to determine the most favorable farming source and
storage temperature for eggs. To date no clear vision of storage of eggs in Lebanon has been established
or regulated, therefore this study aimed to determine whether or not there is an interaction between
the farming system and best storage practices for eggs. Regarding the farming source, our study
revealed that commercial egg laid by hens raised in conventional cages had clean eggshells while organic
eggshells from semi-intensive housing systems were clearly contaminated with fecal matter, and thus
microbes. Yet organic eggshells that appeared clean to the naked eye, showed no bacterial growth. We
can say that the oviposition of organic eggs on dirty floors makes them more susceptible to microbial
contamination. Regarding shell quality, organic eggshells showed lower thickness, lower pore density,
and less strength in comparison to commercial eggshell- raising a higher risk of bacterial trans-shell
contamination. Nevertheless, porosity showed a huge variability within the same source. It seems to be
also affected by other factors yet to be studied, like hen age genetic and diet. Egg content
contamination of organic eggs stored at RT was detected. It had nothing to do with transhsell
contamination but vertical bacterial transmission, knowing that bacteria isolated from the content
differed from that isolated from the shell. All together, we can say that organic eggs from semi-intensive
housing systems, had higher bacterial contamination, low eggshell quality- high risk of trans-shell
contamination, and showed vertical contamination of contents. Microbes contaminating organic eggs
included E. coli, Enterobacter cloacae and Citrobacter freundi. Luckily, contamination with Salmonella
was not identified, and the contaminating bacteria were in general not pathogenic. Thus, consuming
them seemed to pose no serious risk on human health. However, it is important to note that 80% of
E.coli strains seemed to be serotoxic. The isolated bacteria, however, seemed to be highly resistant to

Macrolides and tetracyclines, and moderately resistant to peptide antibiotic colistin and betalactams.
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Isolated E.coli additionally showed resistance to aminoglycosides Neomycin and gentamicin, and
nitrofuran COT. E.coli species seemed to be the most multi-drug resistant. All isolates were sensitive to
spectinomycin and enrofloxacin. However, antibiotic residues were not detected neither in commercial
nor in organic eggs by microbiological assay used, indicating that chemical contaminations levels were
below detectable range and are considered safe to consume. Concerning the storage conditions and in
contrary to the usual guidelines that advise storing eggs in the fridge to decrease the risk of bacterial
contamination, our study showed that frigid organic eggshells displayed higher eggshell contamination
compared to eggs stored at room temperature. However, bacteria were unable to survive on eggshells
post 4 weeks. We can say that, organic eggs/ unwashed eggs are better stored at room temperature and
commercial/washed eggs are better stored in the fridge. In conclusion consumption of organic eggs
pose a slightly higher health risk on consumers, especially during handling. We recommend storing these
eggs at room temperature away from other food to avoid any cross contamination, and handled
carefully with higher awareness on the possible risks. Proper disinfection before cooking or cracking is
essential to preventing the egg shell bacterial population from inoculating the content during
processing. Cooking, especially of organic eggs, should be long enough to prevent the multiresistant

bacteria from further compromising the consumer.

Further attention should be taken to promote awareness on best practices to handle eggs to
consumers, best nutritional and farming practices for farmers as well as develop proper government

guidelines and oversight to the layer industry, be it farming and marketing.
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Tables

Table 1: Bacterial contamination of egg compartments

Egg compartment

Bacteria

Reference

Eggshell

Enterobacteriaceae family
Micrococcus spp.
Staphylococcus spp.
Streptococcus spp.
Pseudomonas spp.

(Bruce and Johnson, 1978)

Listeria spp.
Campylobacter spp.
Enterobacter spp.
Klesbsiella spp.
Salmonella spp.
Escherechia spp.

(Adesiyun et al., 2006a)

Internal contents

Yersenia entercolitica

(Amin and Draughon, 1990)

Salmonella Heidelberg

(Schoeni et al., 1995)

Salmonella enteriditis
Salmonella typhimurium

(Miyamoto et al., 1998)

Campylobacter jejuni

(ALLEN and GRIFFITHS, 2001)

Pseudomonas fluorescens

(Jones et al., 2002)

Listeria spp.
Enterobacter spp.
Klebsiella spp.

(Adesiyun et al., 2006a)

Alcaligenes sp.
Carnobacterium sp.

(Reu et al., 2007)

Staphylococcus lentus

Staphylococcus xylosus

Bacillus spp.

(Reu et al., 2008)

Staphylococcus aureus
E. coli

(Al-Natour et al., 2011)
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Table 2: Antibiotics used in the poultry industry in Lebanon.

Antibiotic

Antibiotic family

Susceptible microorganisms

References

Doxycycline

Tetracycline

Escherichia coli,
Staphylococcus aureus
Listeria monocytogenes
Mycoplasma pneumoniae
Rickettsia spp.
Chlamydophila pneumoniae

(Holmes and Charles,
2009)

Enrofloxacin

Fluoroquinolone

Mycoplasma gallisepticum
E. coli

Stanley et al. (2001)

Florfenicol

Amphenicol

Salmonellae

Escherichia coli and
Haemophilus influenza
Mycoplasma hominis
Mpycoplasma pneumoniae
Ureaplasma urealyticum

(Graham et al., 1988)

Tylosin

Tilmycosin

Erythromycin
Macrolide

Mycoplasma spp.
Clostridium perfringens

(Collier et al., 2003;
Kleven, 2008)

Mycoplasma spp.
Pasteurella multocida
Ornithobacterium
rhinotracheale

(Charleston et al., 1998;
Abu-Basha et al., 2007)

Staphylococcus aureus,
Mycoplasma pneumonia

M. gallisepticum
Staphylococcus spp.
Streptococcus spp.
Haemophilus
paragallinarum
infection

(Giguére, 2013b)

Neomycin

Gentamicin

Aminoglycoside

E. coli
Salmonella

(Marrett et al., 2000)

E. coli

Pseudomonas aeruginosa
Arizona paracolon
Salmonella

(Jernigan et al., 1988;
Dowling, 2013a)

Colistin

Fosfomycin Peptide

Non-
invasive Enterobacteriaceae

(EMA, 2016)

E. coli
Salmonella spp.

(Pérez et al., 2014)
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Table 3: Antibiotic resistance profile of the isolated bacterial species

Bacteria E15 N30* AML25 AMP10 SPT100* DO30 ENRS* TL15 030 CT10 COT25 GEN10
R R S s s R s R R s s R
R R S s s R s R R s s s
R R s s s s s s R R s s
E. coli R s R R s R s R R R R s
R R s s s s s s R R s R
R R S s s R s R R R s s
R s R R s s s R s S s s
Mean d 000 127 160 131 1.57 134 263 081 050 114 201 154
SD 000 015 081  0.90 0.24 048 014 042 087 009 090 034
t doscae R S s s s s s s s S s s
R S R R S S s R s R s s
Mean d 000 160 125  1.00 2.10 215 225 105 200 115 2.80 195
SD 000 014 177 141 0.14 078 021 148 000 021 056 021
. R s R R s s s s R S s s
C. Freundii o s R s s s s R R R s s
Mean d 035 155 060  0.45 1.90 200 230 070 130 115 175  2.10
SD 049 007 085 064 0.14 071 014 099 000 021 035 028
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Figures
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Figure 1: The variation in eggshell porosity
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Figure 2: Replicate eggs shows a high variability of the samples, an indication of
animal variability
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Figure 3: Testing for antibiotic residues in egg contents
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