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Abstract

Eggs are a globally consumed, nutrient-rich food of animal origin.
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However, due to their porous shells and biological nature, they are highly
susceptible to microbial contamination, which can pose serious food
safety and public health risks. The microbial quality of eggs is influenced
by multiple factors, including production hygiene, environmental
exposure, handling practices, and storage conditions. This article
provides a comprehensive examination of microbial contamination in
eggs, discussing both surface and internal microbial threats, major
pathogenic organisms of concern, detection methods, and strategies for
controlling microbial hazards across the supply chain. Emphasis is
placed on the importance of maintaining microbial quality from farm to

table to safeguard consumer health.
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Introduction

Eggs represent an essential component of the
human diet, offering a high biological value
protein, essential fatty acids, vitamins, and
minerals (Abebe et al, 2020). Despite their
nutritional value, eggs are considered
biologically vulnerable due to their mode of
production and structural characteristics
(Damena et al, 2022). The outer shell, though
acting as a natural barrier, is porous and can
permit the ingress of microbes under certain
environmental conditions (Chousalkar et al,
2021). Contamination may occur either on the
shell surface or inside the egg, creating potential
pathways for microbial proliferation. The
microbial quality of eggs is, therefore, a subject
of intense scrutiny in food microbiology, given
its implications for both spoilage and foodborne
disease outbreaks.

Sources of Microbial Contamination

Shell Surface Contamination

The initial contamination of eggs typically
occurs during or immediately after oviposition.
As the egg passes through the cloacal region of
the hen, it comes into contact with faecal matter,
bedding material, and microorganisms present
in the nesting environment. As a result, a variety
of microorganisms including Escherichia coli,
Staphylococcus spp., Pseudomonas spp. and
various moulds and yeasts can colonize the shell
surface. The extent of this contamination

depends on the cleanliness of the nesting
environment, the health of the bird, and
biosecurity measures at the farm level (Damena
etal., 2022).

Internal Contamination Pathways

Microbial infiltration into the internal
components of the egg may occur via two main
routes: vertical and horizontal transmission
(Abebe et al, 2020). Vertical contamination
arises from systemic infections in laying hens,
where pathogens such as Salmonella enteritidis
colonize the reproductive organs and
contaminate the egg contents before shell
formation (Hinson et al, 2025). In contrast,
horizontal contamination occurs post-laying,
when microbes penetrate through the eggshell
pores, especially under conditions of high
humidity, temperature fluctuations, or shell
damage (Chousalkar et al, 2021). These internal
contaminants are particularly hazardous as they
are shielded from surface cleaning procedures
and can multiply during improper storage.

Pathogenic Microorganisms of Concern

Eggs may serve as vectors for a range of
microbial pathogens that pose varying degrees
of health risk to consumers (Hinson et al., 2025).
Among them, Salmonella enteritidis is
particularly notorious for its ability to
contaminate eggs internally without causing any
visible signs of spoilage. In addition to
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Salmonella, other bacteria such as Listeria
monocytogenes, Staphylococcus aureus,
Campylobacter  jejuni, and Clostridium
perfringens have been identified as potential
contaminants in eggs and egg products (Hinson
et al, 2025). These pathogens can lead to
foodborne illnesses ranging from mild
gastroenteritis to life threatening systemic
infections.

Table 1. Key Pathogens Associated with Eggs:
Source, Risk, and Control Measures

Pathogen Source  of Health Control
Contaminati = Effects Measures
on

Salmonella Vertical Gastroenteri = Hen

enteritidis (reproductiv  tis, fever, vaccination,
e organs) systemic refrigeratio

infection n, proper
cooking

Listeria Environment = Listeriosis Cold chain

monocytoge = al, faecal = (severe in managemen

nes contaminatio = pregnant t,

n women) sanitization

Escherichia Shell surface Diarrhoea, Clean

coli (faecal urinary tract = housing, egg
matter) infections washing,

handling
hygiene

Staphylococ = Human Food Personal

cus aureus handling, poisoning hygiene,
environment | via avoid

enterotoxins = temperature
abuse

Campylobac  Faecal Gastroenteri = Prevent

ter jejuni contaminatio = tis, Guillain- = cross-
n, shell Barré contaminati
surface syndrome on,
thorough
cooking
Clostridium Environment = Abdominal Hot holding
perfringens , improper cramps, (>60°C),
storage diarrhoea rapid
cooling

These pathogens underscore the importance of
stringent hygiene and control at every stage of
egg production and processing to minimize risks
to human health.

Factors Influencing Microbial Quality

The microbial quality of eggs is governed by a
complex interplay of intrinsic and extrinsic
factors. Intrinsically, the structural integrity of
the eggshell and the antimicrobial properties of
egg white components such as lysozyme,
ovotransferrin, and avidin provide some degree
of protection. Extrinsically, variables such as
flock  health, housing conditions, feed
composition, nest hygiene, frequency of egg
collection, and handling procedures significantly
influence contamination levels. Moreover,
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storage temperature and duration critically
impact microbial load, with improper
refrigeration accelerating microbial growth and
facilitating trans-shell migration. Eggs stored at
room temperature, particularly in humid
climates, are especially prone to microbial
degradation.

Microbial Detection and Assessment
Techniques

Evaluating the microbial quality of eggs
necessitates both qualitative and quantitative
microbiological analyses. Traditional culture-
based methods remain widely used for
enumeration and isolation of pathogens from
egg surfaces and contents. However, advances in
rapid diagnostic tools have significantly
improved detection sensitivity and specificity.
Techniques such as Polymerase Chain Reaction
(PCR), Enzyme-Linked Immunosorbent Assay
(ELISA), and Next-Generation Sequencing (NGS)
allow for rapid identification of specific bacterial
DNA or antigens. Biosensor-based technologies
and real-time microbial monitoring systems are
emerging as promising tools for on-site and
industrial applications. These innovations
contribute to better traceability and more
effective management of microbial risks in the
egg production chain.

Control Measures to Ensure Microbial Safety

Ensuring the microbial safety of eggs involves a
multi-pronged approach encompassing farm-
level interventions, post-harvest handling, and
consumer education. At the farm level, strategies
such as vaccination of poultry against
Salmonella, implementation of biosecurity
protocols, and regular microbial surveillance
help prevent initial contamination (Hinson et al.,
2025). Post-harvest, proper egg washing,
sanitization, and adherence to cold chain
logistics are essential to prevent microbial
growth and cross-contamination. Retailers and
consumers also play a critical role by storing
eggs under refrigeration, avoiding consumption
of raw or undercooked eggs, and observing
hygienic handling practices during food
preparation (Damena et al, 2022). Heat
treatment methods, including pasteurization,
further reduce microbial risks, particularly in
the food processing industry where raw egg
products are used (Chousalkar et al.,, 2021).

Regulatory
Standards

Framework and Quality

National and international food safety
authorities have established stringent standards
to monitor and regulate the microbial quality of
eggs. The Food Safety and Standards Authority
of India (FSSAI), the United States Department

24



Scientia Review, 2026, 2(3)

of Agriculture (USDA), and the European Food
Safety Authority (EFSA) require that egg
products be free from detectable levels of
Salmonella and comply with limits for aerobic
plate counts and coliform bacteria. These
regulations are enforced through routine
inspections, sampling, and certification schemes
designed to uphold food safety and protect
public health. Harmonizing standards across
countries and improving compliance in informal
sectors remains a priority for reducing the
global burden of egg-associated foodborne
illness (Hinson et al., 2025).

Conclusion

The microbial quality of eggs remains a vital
concern in food safety management, given their
widespread consumption and susceptibility to
contamination. Despite improvements in
hygiene practices and detection technologies,
challenges persist, particularly in regions with
inadequate infrastructure and oversight. Future
efforts should prioritize the development of
innovative solutions such as antimicrobial
coatings, probiotic-enriched poultry feeds, and
biodegradable packaging with bacteriostatic
properties. Integrating real-time monitoring
technologies and predictive microbiological
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modelling can further enhance surveillance and
risk assessment. Consumer education
campaigns that promote safe storage and
cooking practices are equally important. As
global egg consumption continues to rise,
ensuring microbial safety through science-
based, farm-to-fork approaches will be
indispensable in safeguarding public health.
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