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Abstract

Table eggs are widely favored for their affordability, simplicity, and appeal across all age groups. They are a rich
source of high-quality proteins, essential amino acids, minerals, and vitamins—nutrients vital for maintaining good
health. The hygienic quality of table eggs is influenced by several factors, including the type of housing system and the
level of biosecurity implemented on farms. This study evaluated the hygienic quality of table eggs produced in
Egyptian layer farms, examining egg production across different housing systems and biosecurity levels. A total of 70
egg samples (both eggshell and egg content) were collected from seven layer farms representing diverse housing
conditions and biosecurity standards. Samples were analyzed for total aerobic plate count (TAPC) and the presence
of hygiene-indicating bacteria, including Staphylococcus, Pseudomonas, Escherichia coli, Salmonella, and Shigella.
The results showed that farms with higher biosecurity scores (up to 97.5%), particularly those using closed battery
systems, had significantly lower TAPC values and a reduced prevalence of pathogenic bacteria. In contrast, farms
operating under open deep litter and backyard systems, with biosecurity scores of 30% and 22.5% respectively,
exhibited notably higher microbial contamination. These findings underscore the crucial role of robust biosecurity
practices and effective housing management in ensuring the hygienic quality of table eggs and protecting public
health.
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Introduction

The poultry and egg industries are dynamic and integral components of the agricultural sector, contributing
significantly to global food production, economic stability, and nutritional security (Kumar et al., 2021). This diverse
industry encompasses poultry farming for both meat and egg production, accounting for a major share of protein
consumption. Poultry products are not only affordable but also widely preferred, making them a cornerstone of
nutrition, particularly in regions such as Egypt. The global economic significance of the poultry industry extends to
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influencing national economies and individual livelihoods (Attia et al., 2022).

In Egypt, the adaptability of poultry farming is reflected in the diversity of housing systems, ranging from naturally
ventilated (open) to artificially ventilated (closed) structures, with various flooring types such as deep litter and battery
systems (Sharma et al., 2013). However, the success of poultry farming is closely linked to the implementation of
effective biosecurity measures. The Food and Agriculture Organization (FAQ) categorizes poultry production systems
into four sectors based on biosecurity level (FAO, 2020). Consequently, strict adherence to biosecurity protocols is
essential, as shortcomings in farm hygiene can lead to bacterial contamination, posing serious public health risks and
causing significant economic losses (Racicot & Vaillancourt, 2009).

Implementing a well-structured biosecurity plan is vital in poultry production. Both external and internal factors—such
as farm location, distance from main roads, traffic control, surrounding environment, farm building conditions, stocking
density, feed and water quality, bedding hygiene, and management of visitors and workers—are critical components
of a comprehensive biosecurity program (Soliman & Abdallah, 2019). To evaluate the effectiveness of such measures,
a scoring system is commonly employed. Questions are divided into internal and external biosecurity categories, with
responses generating numerical scores ranging from 0 (no biosecurity measures implemented) to 100 (full
implementation). The total scores for internal and external biosecurity, along with subcategory scores, contribute to an
overall biosecurity rating (Dewulf et al., 2018).

Complementing poultry meat production, egg production plays a vital role in agriculture. Table eggs are known for their
affordability and high nutritional value, providing essential nutrients such as high-quality proteins, amino acids,
vitamins, and minerals. Despite their value, table eggs may pose food safety concerns due to spoilage or the risk of
foodborne illnesses, especially when consumed raw or undercooked, or when contaminated with pathogenic
microorganisms (El Ftouhy et al., 2021; Tian et al., 2021). The safety and quality of eggs are influenced by several
factors, including housing systems and the application of effective biosecurity practices. Contamination can occur via
vertical transmission during egg formation or through horizontal transmission after oviposition, due to contact with
feces, water, caging and nesting materials, insects, human handling, broken eggs, dust on egg belts, or soil (Indhu et
al., 2014).

Eggs possess natural defense mechanisms such as mechanical barriers (eggshell and shell membranes),
antimicrobial egg white proteins (e.g., lysozyme, conalbumin, avidin), and the alkaline pH of the albumen.
Nonetheless, invading microorganisms may still proliferate within the egg yolk, which is highly conducive to microbial
growth. Additionally, the eggshell—the outermost layer exposed to the environment—often harbors high
concentrations of pathogenic bacteria and is prone to various forms of deterioration (Akbas, 2014; Hamood et al.,
2018; Senbeta et al., 2015).

Staphylococcus species, common commensals among laying hens, are frequently associated with food poisoning and
egg spoilage (Haeghebaert et al., 2002; Szafraniec et al., 2022). Pseudomonas species are also highly detrimental to
poultry production, leading to significant losses due to elevated mortality rates and causing characteristic green and
pink rots (Jones et al., 1991). Moreover, Gram-negative bacteria such as Salmonella, Escherichia coli, and Shigella
are ubiquitous in poultry environments and can be present throughout the poultry production pyramid. These bacteria
may even be detected in the meconium of newly hatched chicks, representing a persistent contamination risk from
production to consumption (Kamboh et al., 2018; Saliu et al., 2017).

A major gap persists in the egg industry regarding regulatory measures to ensure the safety of table eggs. Common
issues include irregular egg grading at markets and production losses due to spoilage. Despite efforts to enhance
safety during production, potential health risks remain. In this context, biosecurity at the farm level becomes a critical
determinant in preventing bacterial contamination. Inadequate hygiene not only poses serious public health threats but
also leads to considerable economic losses (Racicot & Vaillancourt, 2009).

This study aimed to evaluate the microbial contamination of table eggs and assess the impact of different housing
systems and biosecurity levels on the presence of pathogenic bacteria in layer farms in Egypt.

Material and methods
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Assessment of Layer Farms' Hygiene Scores:

A general biosecurity scoring system, adapted from Hafez (2022), was applied to assess the hygiene practices of
layer farms. Both internal and external factors were considered, including visitor control, worker management, traffic
regulation, farm surroundings, building conditions, feed and water hygiene, and litter management (Table I). The
overall agricultural biosecurity score was calculated by summing the individual subcategory scores, following the
approach described by Dewulf et al. (2018). The final score was expressed as a percentage of the maximum possible
score.

Biosecurity score = Sum scores of total applied biosecurity measures * 100

Total full application of biosecurity measures (score 2)

Items/Farms Farm A Farm B Farm C Farm D Farm E Farm F Farm G
Outside the farm
Distance from other farms 2 2 2 2 1 2 0
Distance from road 2 2 2 2 0 0 2
Fence 2 2 2 2 2 0 0
Wheel dip 2 2 2 2 0 0 0
Foot bath 2 2 2 2 2 0 0
Outer farm construction 2 2 2 2 2 1 1
Inner farm construction 2 2 2 2 1 1 0
Pollution sources 2z 2 2 2 Z 0 7
Type and state of 5 > 2 5 1 | 2
ventilation system
Chick source 2 2 2 2 2 2 0
Birds type and age 2 2 2 2 2 2 0
Stocking density 2 2 1 2 1 1 2
Control of visitors 1 2 1 2 1 0 0
Water hygiene 2 s 1 1 1 1 0
Feed hygiene 1 2 1 2 1 1 0
Litter hvgiene 1 1 1 2 2 0 0
Control of pets and pests 2 2 2 2 1 0 0
Sick bird's Quarantine 2 2 2 2 0 0 0
Hygiene of workers 2 2 2 2 1 0 0
k{lowled'ge about > 5 5 5 ) 0 0
biosecurity
Total scores of applied 37 39 35 19 24 12 9
parameters

fT"(:?;IS;;‘];:] score(40) ) 100 92.5% 97.5% 87.5% 97.5% 60% 30% 22.5%

Table |. Different layer farms' biosecurity scores. Farms A (white egg), B (red egg), C (white egg), and D (red egg) are closed battery farms. Farm
E is an open battery farm (red egg). Farm F is an open deep litter farm (white egg. Farm G is a backyard farm (white egg).

Sampling

Based on factors such as housing arrangements, variations in agricultural hygiene, and geographic location, seven
Egyptian layer poultry farms were selected. These farms, located in the Qalioubia Governorate—which has the highest
poultry and egg production in Egypt—included closed battery farms (A, B, C, D), an open battery farm (E), an open
deep litter farm (F), and a backyard farm (G). A power analysis was conducted using SAS 9.4, with a statistical power
of 0.90 and an alpha level of 0.05, to determine the appropriate number of eggs to be collected.

Egg samples were promptly transported to the laboratory within 3 hours of collection, using a dry, insulated ice box
equipped with gel packs to preserve sample integrity and prevent biological changes. Following collection, 35 eggshell
swab samples were processed, and an additional 35 samples of egg contents were subjected to homogenization and
thorough mixing using a tissue homogenizer (Chetan Biotech & Digital Devices, Rajasthan, India).
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Determination of Total Aerobic Plate Count (TAPC).

Samples were serially diluted tenfold, and 1 mL from each dilution was transferred onto sterile Petri dishes, followed
by the addition of plate count agar using the pour plate technique. After aerobic incubation at 37°C for 24 hours, the
total aerobic plate count (TAPC) was determined as described by Zakki et al. (2017).

Isolation and Biochemical Identification of Some Hygienic Indicator
Bacteria From Eggshell and Egg Content.

Isolation and Biochemical Identification of Staphylococcus spp.

Isolation and biochemical identification of Staphylococcus spp. were performed as described by Perez & Ancuelo
(2022). In brief, eggshell swabs and egg content samples were streaked onto Baird-Parker agar (BP) (Lab M LTD.,
UK) supplemented with egg yolk telluride emulsion, followed by incubation at 37°C for 48 hours. Colonies exhibiting
the characteristic morphology of Staphylococcus spp.—round, black, convex, and with or without a clear halo on BP
agar—were subjected to further biochemical identification. Biochemical assays, including the mannitol fermentation
test (positive except for Staphylococcus epidermidis), coagulase test (negative except for Staphylococcus aureus),
catalase test (positive), nitrate reduction test (positive), and oxidase test (negative), were conducted on freshly
isolated colonies. Additionally, a tube containing sterile media was included as a negative control for each biochemical
test to ensure the absence of contamination during incubation.

Isolation and Biochemical Identification of Pseudomonas spp .

Isolation and biochemical identification of Pseudomonas spp. were performed as described by Sule et al. (2019).
Briefly, eggshell swabs and egg content samples were streaked onto Cetrimide agar plates (Himedia, India) and
incubated aerobically at 37°C for 24 hours. Colonies exhibiting a fruity odor and appearing as large yellow colonies
with irregular growth were subjected to further biochemical identification. Tests included oxidase (positive), catalase
(positive), urease (positive), Simmons citrate (positive), indole (negative), triple sugar iron (TSI) (negative), methyl red
(negative), and Voges-Proskauer (negative). In addition, colonies were examined for pigment production, specifically
green fluorescence.

For quality control, a tube containing sterile media was used as a negative control for each biochemical test to ensure
the absence of contamination during incubation.

Isolation and Biochemical Identification of E. coli

Isolation and biochemical identification of Escherichia coli (E. coli) were performed as described by levy et al. (2020).
In brief, eggshell swabs and egg content samples were streaked onto Eosin Methylene Blue (EMB) agar plates (Lab M
LTD., UK) and incubated aerobically overnight at 37°C. Colonies exhibiting a characteristic metallic green sheen on
EMB agar were considered presumptive for E. coli, and representative colonies were further confirmed using
biochemical tests, including Triple Sugar Iron (TSI) test (positive), Simmons citrate test (negative), methyl red test
(positive), Voges-Proskauer test (negative), and indole test (positive).

For quality assurance, a tube containing sterile media was included as a negative control in each biochemical test to
ensure the absence of contamination during incubation.

Isolation and Biochemical Identification of Saimonella (1SO, 2017)

Eggshell swabs and egg content samples were initially pre-enriched in 5 mL of peptone water and incubated
aerobically at 37°C for 24 hours. For selective enrichment, 1 mL of the pre-enrichment culture was transferred into 9
mL of Selenite F broth (Himedia, India) and incubated aerobically at 42°C for 24 hours. A tube containing sterile
media was used as a negative control throughout the incubation process to ensure the absence of contamination.

Following enrichment, a loopful of the culture was streaked onto Salmonella-Shigella (SS) agar plates (Oxoid LTD,
England) and incubated at 37°C for 24 hours. Suspected Salmonella colonies—appearing red with or without black
centers—were selected and subjected to further biochemical confirmation.

For biochemical identification, the isolated colonies were purified and tested using standard methods. These included
oxidase reaction, urea hydrolysis, Triple Sugar Iron (TSI) test, lysine decarboxylation, indole test, methyl red (MR)
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test, Voges-Proskauer (VP) test, and Simmons citrate test. Sterile media tubes were used as negative controls in all
biochemical tests to ensure reliability and exclude contamination.

Isolation and Biochemical Identification of Shigella (1SO, 2004)

After pre-enrichment in peptone water (Himedia, India), the samples were incubated anaerobically at 41.5°C for 20
hours. For selective culturing, a loopful of the non-selectively enriched sample was streaked onto Salmonella-Shigella
(SS) agar plates (Oxoid LTD, England) and incubated at 37°C for 24 hours. Colonies appearing colorless were
considered presumptive for Salmonella and were subjected to further biochemical identification.

Suspected colonies were purified and biochemically identified according to MacFaddin (2000), using the following
tests: oxidase reaction, urea hydrolysis, Triple Sugar Iron (TSI) test, lysine decarboxylation test, indole test, methyl red
(MR) test, Voges-Proskauer (VP) test, and Simmons citrate test. For quality control, sterile media tubes were included
as negative controls during incubation to verify the absence of contamination.

Statistical analysis

Statistical analysis was performed using ordinary one-way ANOVA in GraphPad Prism version 10.1.1 (GraphPad
Software, LLC). One-way ANOVA was selected to compare the mean Total Aerobic Plate Count (TAPC) values
across multiple farms and to determine whether statistically significant differences existed. Dunnett’s multiple
comparisons test was applied to compare the TAPC values of each farm against those of Farm A, which utilized a
closed battery system, in order to identify specific differences between farm systems. A significance level of P < 0.05
was considered statistically significant.

Panel graphs illustrating the TAPC data for both eggshell and egg content samples across the different farms were
created using Inkscape. Additionally, a Chi-square test was employed to assess the statistical significance of
differences in the prevalence of bacterial species isolated from various sample types across the seven layer farms
under investigation.

Results

Farms Biosecurity Levels

The findings of this study revealed considerable variation in biosecurity levels among the surveyed farms. Farms B
and D, which employed closed battery systems for red egg production, exhibited the highest biosecurity scores at
97.5%, followed by Farm A (closed battery, white eggs) at 92.5%, and Farm C (closed battery, white eggs) at 87.5%
(Figure 1). In contrast, Farms E (open battery, red eggs), F (open deep litter, white eggs), and G (backyard, white
eggs) demonstrated significantly lower biosecurity levels, at 60%, 30%, and 22.5%, respectively.

The biosecurity scores observed across the layer farms in this study reflect a range of management practices that
influence farm hygiene and, consequently, the microbial quality of table eggs. Farms A, B, C, and D achieved higher
scores by implementing comprehensive biosecurity measures designed to reduce infection risks and enhance product
safety. These included effective farm isolation from neighboring farms, pets, pests, and external contaminants; the use
of well-maintained wheel dips; and strict control of visitor and worker access through foot baths, dedicated clothing,
hand sanitation, and showering facilities. Good litter hygiene—keeping it dry and clean—helped reduce eggshell
contamination, while the design of automatic battery systems facilitated the separation of eggs from feces, resulting in
cleaner eggs. Additional measures such as sourcing chicks from reliable suppliers, using water sanitizers, proper feed
storage, and careful handling and storage of eggs further reinforced the biosecurity of these farms.

In contrast, Farms E, F, and G showed lower biosecurity scores due to practices that increase the risk of
contamination. The presence of rodents, pets, and external pollutants—such as carcasses and farm waste—posed
serious biosecurity threats. Lax visitor policies allowed unauthorized access to egg storage areas, while inadequate
worker hygiene, including the absence of foot baths, protective clothing, and showering facilities, further compromised
safety. Poor egg hygiene practices such as manual collection, improper sorting and storage, cracked or moist litter,
and the absence of water sanitizers contributed to elevated levels of microbial contamination. Additionally, Farm G, a
backyard system with birds of mixed ages and types, presented further challenges to maintaining biosecurity. These
findings underscore how specific biosecurity practices directly influence biosecurity scores and, ultimately, the
microbial safety and quality of table eggs produced.
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Figure 1. Biosecurity scores (%) of different layer farms. Farms A (white eggs), B (red eggs), C (white eggs), and D (red eggs) are closed battery
farms. Farm E is an open battery farm (red eggs), Farm F is an open deep litter farm (white eggs), and Farm G is a backyard farm (white eggs).
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Figure 2. Total aerobic plate count (CFU/mL) of table eggs across different biosecurity levels and housing systems. 2.a. Total aerobic plate count
(CFU/mL) of table egg shells. 2.b. Total aerobic plate count (CFU/mL) of table egg contents. Farms A (white eggs), B (red eggs), C (white eggs),
and D (red eggs) are closed battery farms. Farm E is an open battery farm (red eggs). Farm F is an open deep litter farm (white eggs), and Farm G
is a backyard farm (white eggs).
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Total Aerobic Plate Count (TAPC) Trends In Table Eggs

Examination of table eggs revealed a significant increase in the Total Aerobic Plate Count (TAPC) of eggshell samples
(Figure 2.a) compared to the TAPC of egg contents (Figure 2.b) from the same samples. Farm F, which employed an
open deep litter system for white eggs, exhibited the highest TAPC values, with 946.67 + 31.80 CFU/mL on eggshells
and 51.00 + 3.79 CFU/mL in egg contents. These values were significantly higher compared to those of Farm A, a
closed battery system for white eggs, with P < 0.0001 for both eggshell and egg content TAPC.

In contrast, Farm E, utilizing an open battery system for red eggs, demonstrated the lowest TAPC values, with 22.67
3.71 CFU/mL on eggshells and 10.67 + 2.03 CFU/mL in egg contents. No significant difference was observed in
TAPC values between Farm E and Farm A for either sample type.
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Figure 3. Prevalence of different bacterial species isolated from table eggs collected from various layer farms. 3.a. Combined results for whole
eggs (including shells and contents). 3.b. Eggshell samples. 3.c. Egg content samples. Farms A (white eggs), B (red eggs), C (white eggs), and D
(red eggs) are closed battery farms. Farm E is an open battery farm (red eggs). Farm F is an open deep litter farm (white eggs), and Farm G is a
backyard farm (white eggs).

Microbial examination for Staphylococcus spp. and Pseudomonas spp. (Figure 3) revealed distinct differences in
prevalence across the surveyed farms. Farm F (open deep litter, white eggs) exhibited the highest prevalence of
Staphylococcus spp. at 86.67%, while Farms B and D (closed battery, red eggs) showed the lowest prevalence, each
at 40.00%. Regarding Pseudomonas spp., Farm C (closed battery, white eggs) recorded the highest prevalence at
23.33%, whereas Farm B had the lowest at 3.33%.

These variations in the prevalence of Staphylococcus spp., Escherichia coli, and Pseudomonas spp. among farms
underscore the influence of biosecurity practices on microbial contamination of table eggs.Staphylococcus spp. and
E. coli are common commensals of the avian gastrointestinal tract and are widely distributed in the poultry
environment, including droppings, dust, skin, and nasal secretions—all of which serve as potential sources of egg
contamination. Pseudomonas spp., also prevalent in poultry settings, thrive in moist environments and are often found
in humid litter and pen areas, where they can proliferate and contaminate eggs.
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The observed inverse relationship between biosecurity levels and bacterial prevalence highlights the critical role of
biosecurity in maintaining microbial safety. Farms with high biosecurity standards exhibited lower prevalence rates of
these commensal bacteria, thereby reducing the microbial load within the environment and minimizing the risk of egg
contamination. This association suggests that the presence of Staphylococcus spp. and Pseudomonas spp. may
serve as effective indicators of hygiene levels in poultry facilities, with lower prevalence reflecting improved sanitation
and biosecurity measures.

Prevalence of some Enterobacteraciea in table eggs

Microbial examination for Escherichia coli, Salmonella spp., and Shigella spp. (Figure 3) showed that Farm F (open
deep litter, white eggs) exhibited the highest prevalence rates for E. coli (60.00%), Salmonella spp. (70.00%), and
Shigella spp. (13.00%). In contrast, Farm D recorded the lowest prevalence of E. coli at 16.67%, while Farm A had the
lowest prevalence of Salmonella spp. at 6.67%.

Notably, Pseudomonas spp. were not detected in Farms A, B, C, and E, regardless of housing system (closed or open
battery) or egg color (white or red). This absence may suggest that specific farm management practices or
environmental conditions influence the presence of Pseudomonas spp. Further investigation is warranted to elucidate
the underlying factors contributing to this observation.

Prevalence of different bacterial species in table eggs

The results indicated that the most prevalent bacterial species isolated from the sampled table eggs was
Staphylococcus spp. (60.48%), followed by Escherichia coli (35.24%) and Salmonella spp. (34.76%). Statistical
analysis using the Chi-square test (x?) revealed significant variations in the prevalence of these bacterial species
across the seven layer farms under investigation. Specifically, Staphylococcus spp., E. coli, and Salmonella spp.
showed statistically significant differences in prevalence among farms, with P values of <0.001, <0.05, and 0.02,
respectively.

In contrast, Pseudomonas spp. and Shigella spp. exhibited non-significant prevalence rates of 12.38% and 2.86%,
respectively (P > 0.05) (Figure 4). These findings underscore the potential public health risks associated with microbial
contamination of table eggs and emphasize the need for targeted intervention strategies to prevent the spread of these
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Figure 4. Prevalence of different bacterial species for table eggs in Egyptian layer farms.
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Discussion

Biosecurity measures are essential for maintaining poultry health and preventing the spread of infectious agents
between flocks and into food products. This study assessed the influence of different housing systems on the hygienic
quality of table eggs in Egypt, revealing considerable differences in biosecurity levels and their correlation with
microbial contamination. The highest biosecurity scores (97.5%) were recorded in farms employing closed battery
systems, which corresponded to the lowest total aerobic plate counts (TAPC) and minimal bacterial contamination.
Conversely, open deep litter and backyard systems exhibited significantly lower biosecurity scores (as low as 22.5%),
which were associated with increased microbial loads.

Among the farms assessed, those with closed battery systems—specifically Farms A (white eggs), B (red eggs), C
(white eggs), and D (red eggs)—achieved the highest biosecurity scores, reflecting the successful implementation of
comprehensive internal and external hygiene measures. These included isolation from other farms and animals,
maintained wheel dips, regulated visitor and worker access, foot baths, designated clothing, hand sanitation, and well-
kept litter. Automated collection and separation systems helped prevent fecal contamination of eggs, while hygienic
storage, reliable chick sourcing, water sanitization, and proper feed management further enhanced outcomes.

In contrast, Farms E (open battery, red eggs), F (open deep litter, white eggs), and G (backyard, white eggs)
presented reduced biosecurity scores due to the presence of rodents, pets, dead birds, and insufficient control of
human traffic. Poor egg hygiene practices, cracked or damp litter, and the lack of water sanitizers contributed to
elevated contamination levels. The backyard system (Farm G) posed the greatest challenge, as mixed-age flocks and
absence of sanitation protocols increased microbial risks. These findings affirm the essential role of robust biosecurity
protocols in reducing bacterial contamination and preventing disease transmission, as previously reported (Tanquilut
et al., 2020).

Notably, the results demonstrated that the closed battery system produced the most hygienic outcomes, particularly
evident in the significantly lower TAPC and bacterial prevalence on eggshells. This reduction may be attributed to
mechanical egg collection, separation from droppings, and improved storage, which collectively limit bacterial
exposure (Sharma et al., 2018). Additionally, farms with strong biosecurity showed the lowest prevalence of
Salmonella, Shigella, Pseudomonas, E. coli, and Staphylococcus species, supporting the critical link between
contamination risk and hygiene standards (Jambalang et al., 2017).

Across all samples, eggshells consistently exhibited higher TAPC than egg contents, likely due to natural antimicrobial
defenses in the albumen—including lysozyme, conalbumin, and avidin—and the alkaline pH (Hamood et al., 2018;
Senbeta et al., 2015). Despite these defenses, contamination of egg contents still occurred, particularly in poorly
managed farms. The most prevalent pathogens isolated were Staphylococcus spp., Gram-negative bacteria from the
Enterobacteriaceae family, and Pseudomonas spp., consistent with contamination routes involving soil, feed, water,
dust, and human handling (Arathy et al., 2009; De Reu et al., 2007; Rajmani & Verma, 2011; Salihu et al., 2015).

Staphylococcus spp. emerged as the predominant Gram-positive bacterium, commonly found on eggshells and
considered a significant contaminant (Al-Shadeedi, 2018; Pondit et al., 2018). E. coli and Salmonella spp. ranked next
in prevalence, with Pseudomonas spp. also contributing notably to spoilage, especially under non-refrigerated
conditions (Jay et al., 2005). Contamination levels above 10 CFU/g may result in off-flavors, odors, and spoilage
(Carter et al., 1990). Moreover, the ability of Pseudomonas spp. to resist multiple antibiotics and tolerate harsh
environments makes them particularly problematic. Their detection in both shell and contents in this study indicates
poor sanitation and suboptimal storage.

Interestingly, higher bacterial counts in egg contents—particularly in farms storing eggs at 25°C—could be attributed
to the loss of albumen viscosity and structural degradation. This includes mucin-lysozyme interaction, albumin protein
destabilization, sugar-protein interactions, and loss of protective carbohydrates such as sialic acid, all of which
facilitate bacterial growth. Previous research supports that eggs stored at ambient temperature harbor significantly
more Pseudomonas than those refrigerated (Mendes, 2010).

According to the European Commission Directive (1993), the maximum acceptable level of Enterobacteriaceae in egg
products is 2 log CFU. Yet, this study and others (Mansour et al., 2015) have shown a progressive microbial increase
even under cold storage. While cooking generally neutralizes most pathogens, the risk remains with raw or
undercooked egg consumption. The laying process itself presents a contamination risk, as Enterobacteriaceae can
migrate through the cloaca and colonize eggs during shell formation (El Ftouhy et al., 2021). During this period, when
the eggshell cuticle is not fully formed, bacteria can penetrate the shell and membranes more easily. Over time, as the
cuticle dries and shrinks, shell pores become more vulnerable to bacterial invasion (Miyamoto et al., 1998a). Moisture,
manure, and environmental factors further support Salmonella survival (Messens et al., 2006; Radkowski et al., 2002),
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while E. coliis readily transmitted via feces (Ferens & Hovde, 2011).

The low survival of Shigella spp. on eggshells is likely due to antimicrobial proteins in the shell matrix—such as
ovocalyxin-36, lysozyme, and ovotransferrin (Hincke & Wellman-Labadie, 2008). Its prevalence is also tied to poor
bedding, contaminated surfaces, and dirty cartons (Musgrove et al., 2009).

The findings of this study challenge the assumption that egg contents are sterile. The isolation of pathogens from
internal contents underscores the risk of vertical transmission via the hen’s reproductive tract or post-laying
penetration through the shell. Salmonella demonstrates particular resilience in albumen and yolk environments,
capable of surviving despite low pH, antimicrobial proteins, and iron limitation by producing siderophores (Baron et al.,
2004; Pinto et al., 2009). Once the yolk is breached—a nutrient-rich, less protected environment—Salmonella can
proliferate rapidly, increasing the risk of foodborne illness (Gast & Holt, 2001).

The absence of Salmonella in closed battery farms may be attributed to stringent hygiene protocols (Fikiin et al.,
2020). Similarly, E. coli’'s growth is known to be enhanced under specific temperature conditions (Pinto et al., 2009),
while Shigella spp. appear more vulnerable to egg albumen defenses, including lysozyme, ovotransferrin, and
proteinase inhibitors (Gast et al., 2005).

Conclusion

In conclusion, effective farm biosecurity measures are essential for preventing bacterial colonization in table eggs and
play a vital role in safeguarding public health. Housing systems and biosecurity levels were shown to significantly
influence the hygienic quality of eggs, emphasizing the need for comprehensive preventive strategies. The battery
housing system demonstrated clear hygienic advantages over deep litter and backyard systems, primarily due to
reduced exposure to droppings, litter, and airborne contaminants. Furthermore, the implementation of strict biosecurity
protocols minimizes the risk of contamination throughout the production chain—from handling and packaging to
storage. These findings underscore the critical importance of biosecurity not only in enhancing food safety but also in
supporting sustainable and responsible egg production.
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