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Abstract 

Eggs are a cornerstone of human nutrition, valued for their rich nutrient profile and versatility in cooking. 

However, maintaining the freshness and shelf life of eggs is essential to ensure their quality and safety 

throughout the food supply chain. This comprehensive review explores the scientific perspectives and 

methodologies employed to maximize the shelf life and utility of eggs. It provides an in-depth analysis of 

the multifaceted factors influencing egg quality, including storage conditions, packaging techniques, and 

emerging preservation technologies. Furthermore, it delves into the intricate interplay of biochemical and 

microbiological processes that impact egg freshness and safety over time. The review also examines 

innovative approaches and cutting-edge advancements aimed at prolonging the shelf life of eggs while 

preserving their nutritional content, flavour, and texture. By elucidating these scientific principles, this 

review equips producers, retailers, and consumers with valuable insights to enhance egg quality and 

safety practices. Moreover, it underscores the importance of continued research and collaboration to 

address evolving challenges and opportunities in the egg industry. 

Keywords: Eggs, longevity, shelf life, microbial contamination, nutritional integrity, food safety, 
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Introduction  

Eggs hold a paramount position in global dietary habits, revered for their exceptional 

nutritional composition and adaptability in various culinary applications. Despite their 

widespread popularity, maintaining the freshness and durability of eggs poses an enduring 

challenge owing to their inherent susceptibility to spoilage. The progressive decline in egg 

quality not only compromises consumer satisfaction but also raises pertinent issues 

surrounding food safety and wastage within the food supply chain. Consequently, there has 

been a discernible surge in interest towards scientific interventions aimed at prolonging the 

shelf life of eggs while safeguarding their nutritional essence and sensory characteristics. 

This review endeavors to offer comprehensive insights into the scientific perspectives and 

methodologies that underpin endeavors to optimize the shelf life and utility of eggs. By 

meticulously examining the multifaceted factors influencing egg quality, including intricate 

biochemical processes and external environmental influences, this review aims to shed light on 

the complexities involved in egg preservation. Moreover, it seeks to elucidate the innovative 

approaches and cutting-edge technologies that hold promise in extending the shelf life of eggs, 

thereby addressing the evolving demands of consumers and industry stakeholders. 

By navigating through the intricacies of egg quality preservation, this review aspires to equip 

producers, distributors, and consumers alike with the requisite knowledge to enhance egg 

quality assurance practices. Furthermore, it underscores the imperative of ongoing research 

and collaboration in advancing egg preservation methodologies to meet the burgeoning 

challenges and opportunities in the dynamic landscape of the egg industry. 

Factors affecting egg quality 

The quality of eggs is subject to a multitude of influences, encompassing an array of factors 

that collectively determine their freshness, safety, and sensory attributes. Understanding these 

factors is essential for implementing effective preservation strategies and maintaining optimal 

egg quality throughout the supply chain.  
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Storage conditions 

The conditions under which eggs are stored significantly 

impact their quality and shelf life. Temperature and humidity 

levels are critical determinants, with deviations from optimal 

conditions accelerating the deterioration of egg quality. 

Refrigeration at temperatures below 4°C is widely recognized 

as the most effective method for slowing down the aging 

process of eggs and inhibiting microbial growth. Conversely, 

exposure to elevated temperatures can expedite spoilage and 

compromise safety by fostering the proliferation of harmful 

microorganisms. 

 

Handling practices 

The manner in which eggs are handled during production, 

transportation, and storage can profoundly affect their quality. 

Careful handling is essential to prevent physical damage to 

the delicate eggshell, which can compromise its integrity and 

increase susceptibility to contamination. Proper handling 

procedures also minimize the risk of microbial contamination 

from external sources, thereby preserving the safety and 

freshness of eggs. 

 

Intrinsic characteristics 

The inherent properties of eggs, including shell integrity, 

albumen viscosity, and yolk composition, play a crucial role 

in determining their overall quality. Eggs with intact shells are 

less susceptible to microbial contamination and moisture loss, 

thereby exhibiting greater freshness and durability. The 

viscosity of the albumen, which diminishes with age, is 

another indicator of egg quality, with fresher eggs typically 

displaying a thicker consistency. Additionally, variations in 

yolk composition, such as color and firmness, can influence 

consumer perceptions of egg freshness and taste. 

 

Microbial contamination 

The presence of pathogenic microorganisms, such as 

Salmonella spp., poses a significant food safety risk 

associated with eggs. Contamination can occur at various 

stages of production and handling, highlighting the 

importance of stringent sanitation and hygiene measures 

throughout the supply chain. Proper cleaning and disinfection 

of egg-laying facilities, as well as regular testing for microbial 

contaminants, are essential components of ensuring the safety 

and quality of eggs. 

In summary, the quality of eggs is influenced by a myriad of 

factors, including storage conditions, handling practices, 

intrinsic characteristics, and microbial contamination. By 

understanding and addressing these factors, producers, 

distributors, and consumers can collaborate to optimize egg 

quality and safety, thereby enhancing consumer satisfaction 

and public health. 

 

Storage and packaging strategies 

Preserving egg quality and prolonging shelf life necessitates 

the implementation of effective storage and packaging 

strategies. Traditionally, refrigeration at temperatures below 4 

°C has been the cornerstone of egg preservation, as it inhibits 

microbial growth and slows down the rate of quality 

deterioration. However, advancements in packaging 

technologies have opened up new avenues for enhancing shelf 

life and maintaining freshness while minimizing 

environmental impact and reducing food waste. 

 

 

 

Refrigeration 

Refrigeration remains the primary method for extending the 

shelf life of eggs by maintaining them at temperatures below 

4 °C. Cold storage inhibits the growth of spoilage 

microorganisms and slows down biochemical reactions that 

contribute to quality degradation. Additionally, refrigeration 

helps to preserve the structural integrity of the eggshell and 

minimizes moisture loss, thereby enhancing overall quality 

and freshness. 

 

Modified atmosphere packaging (MAP) 

Modified atmosphere packaging (MAP) represents a 

significant advancement in egg preservation technology. This 

packaging method involves modifying the composition of the 

surrounding atmosphere within the packaging to create an 

optimal environment for extending shelf life. By reducing 

oxygen levels and increasing carbon dioxide levels, MAP 

inhibits microbial proliferation and slows down the rate of 

oxidative reactions that degrade egg quality. Moreover, MAP 

helps to maintain the freshness and sensory attributes of eggs 

while minimizing the need for preservatives and additives. 

 

Edible coatings 

Edible coatings offer another innovative approach to 

enhancing the shelf life and quality of eggs. These coatings, 

typically composed of natural polymers such as cellulose or 

proteins, form a protective barrier around the eggshell that 

helps to prevent moisture loss and contamination. Edible 

coatings can also incorporate antimicrobial agents or 

antioxidants to further inhibit microbial growth and oxidative 

reactions. By providing an additional layer of protection, 

edible coatings help to preserve the freshness and sensory 

attributes of eggs throughout storage and transportation. 

 

Vacuum packaging 

Vacuum packaging is another technique that has gained 

traction in egg preservation. This method involves removing 

air from the packaging before sealing, creating a vacuum 

environment that helps to inhibit microbial growth and 

oxidative reactions. Vacuum packaging can extend the shelf 

life of eggs by reducing exposure to oxygen, moisture, and 

light, which are key factors contributing to quality 

deterioration. Additionally, vacuum packaging helps to 

minimize the risk of breakage and contamination during 

transportation and storage. 

In conclusion, effective storage and packaging strategies are 

essential for preserving egg quality and extending shelf life. 

Traditional methods such as refrigeration remain 

fundamental, while advancements in packaging technologies 

such as MAP, edible coatings, and vacuum packaging offer 

promising alternatives for enhancing freshness, safety, and 

sustainability. By leveraging these innovative approaches, 

producers, distributors, and consumers can collaborate to 

optimize egg quality throughout the supply chain. 

 

Emerging preservation technologies: In recent years, there 

has been a burgeoning interest in exploring emerging 

preservation technologies as viable alternatives to 

conventional methods for prolonging the shelf life of eggs. 

These innovative approaches offer promising solutions for 

enhancing microbial safety and preserving freshness while 

minimizing the adverse effects on nutritional quality. 
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High-pressure processing (HPP) 

High-pressure processing (HPP) involves subjecting foods to 

elevated pressures, typically between 100 and 1000 MPa, to 

inactivate spoilage microorganisms and enzymes. In the 

context of egg preservation, HPP has emerged as a non-

thermal pasteurization method that effectively eliminates 

pathogens such as Salmonella spp. while preserving the 

nutritional integrity and sensory attributes of eggs. By 

applying uniform pressure throughout the product, HPP 

achieves microbial inactivation without the need for high 

temperatures, thereby minimizing the risk of protein 

denaturation and other deleterious effects on egg quality. 

 

Pulsed electric field (PEF) technology 

Pulsed electric field (PEF) technology involves the 

application of short-duration, high-voltage electrical pulses to 

food products to disrupt cellular structures and inhibit 

microbial growth. In the case of eggs, PEF treatment has 

shown promise in reducing microbial contamination and 

extending shelf life while preserving nutritional quality. By 

selectively targeting microbial cells and minimizing damage 

to egg proteins and lipids, PEF technology offers a non-

thermal approach to enhancing safety and freshness without 

compromising sensory attributes. 

 

Ultraviolet (UV) irradiation 

Ultraviolet (UV) irradiation is another emerging technology 

being explored for its potential in egg preservation. UV 

irradiation utilizes specific wavelengths of light to disrupt the 

DNA and RNA of microorganisms, rendering them inactive 

and preventing their proliferation. UV treatment has been 

shown to effectively reduce microbial contamination on 

eggshells and prolong shelf life without altering the 

nutritional composition or sensory properties of eggs. 

Moreover, UV irradiation offers a chemical-free approach to 

microbial inactivation, making it an attractive option for 

enhancing food safety and minimizing environmental impact. 

In summary, emerging preservation technologies such as 

high-pressure processing (HPP), pulsed electric field (PEF) 

technology, and ultraviolet (UV) irradiation hold promise as 

effective alternatives for extending the shelf life of eggs while 

preserving their nutritional quality and sensory attributes. By 

offering non-thermal methods of microbial inactivation, these 

technologies address the growing demand for safer and 

fresher food products without compromising on taste or 

nutritional value. Continued research and development in this 

field are essential to unlock the full potential of emerging 

preservation technologies and meet the evolving needs of 

consumers and industry stakeholders. 

 

Conclusion 
Achieving maximum shelf life and utility for eggs demands a 

multidisciplinary approach that integrates insights from 

microbiology, food science, and engineering disciplines. By 

comprehensively understanding the factors influencing egg 

quality and deploying suitable storage, packaging, and 

preservation strategies, stakeholders can optimize freshness, 

safety, and consumer satisfaction throughout the egg supply 

chain. 

The interplay of various factors, including storage conditions, 

handling practices, intrinsic characteristics, and microbial 

contamination, underscores the complexity of egg 

preservation. It is imperative for stakeholders to collaborate 

and leverage scientific knowledge to develop effective 

solutions for prolonging shelf life while maintaining 

nutritional integrity and sensory attributes. 

Continued research and innovation are vital to address 

evolving consumer preferences, regulatory requirements, and 

sustainability concerns within the egg industry. Emerging 

preservation technologies offer promising avenues for 

enhancing safety, freshness, and sustainability without 

compromising on taste or nutritional value. By investing in 

research and development, stakeholders can unlock the full 

potential of eggs as a nutritious and sustainable food source 

for future generations. 

In conclusion, the optimization of egg shelf life and utility 

requires a concerted effort across various disciplines, guided 

by scientific advancements and innovative solutions. By 

embracing this holistic approach, stakeholders can meet the 

evolving needs of consumers while ensuring the safety, 

freshness, and sustainability of eggs for years to come. 
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