


Effect of Egg Washing and Sanitation protocols on the Hatchability of Duck Eggs: A review

Abstract
Hatchability is a major determinant of reproductive efficiency and economic viability in poultry production, particularly in waterfowl enterprises. This review synthesizes current research on the effects of egg washing and sanitation practices on the hatchability of duck eggs under artificial incubation. Emphasis is placed on eggshell cuticle characteristics, microbial contamination, sanitation methods, egg weight loss during incubation, fertility, embryonic mortality, infected egg percentage, total viable microbial count, duckling quality, and economic efficiency. The literature indicates that duck eggs differ from chicken eggs in eggshell structure and cuticle density, which influences gas exchange, water loss, and susceptibility to microbial penetration. Studies consistently show that appropriately selected and optimized sanitation protocols—particularly those balancing microbial reduction with preservation of eggshell integrity—can reduce contamination levels, improve embryo survival, and enhance hatchability. However, excessive or improper washing may increase water loss and infection risk, leading to higher embryonic mortality. Overall, the evidence suggests that egg sanitation can be an effective management tool in duck production when combined with species-specific incubation conditions and strict hygiene control. The review highlights the need for standardized sanitation guidelines tailored to duck eggs to maximize hatchability, duckling quality, and economic returns.
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1. Introduction
Duck production contributes substantially to meat and egg supply, rural livelihoods, and food security in many Asian and African countries. Ducks are well adapted to diverse agro-climatic conditions; however, under artificial incubation they generally exhibit lower reproductive efficiency than chickens. Hatchability, defined as the proportion of fertile eggs that successfully hatch into viable ducklings, is a critical economic trait and a major determinant of hatchery profitability. Reduced hatchability directly affects chick output, increases production costs, and limits the economic sustainability of duck production systems. Under artificial incubation, duck eggs typically achieve hatchability levels ranging from 65 to 82%, whereas chicken eggs commonly reach 81 to 85% under comparable conditions (Hodgetts, 1991). Owing to the global economic dominance of chickens and their relatively higher and more consistent hatchability, research on incubation biology and hatchery management has historically focused primarily on chicken eggs. In contrast, fewer studies have addressed the specific incubation requirements of duck eggs. Consequently, incubation protocols developed for chickens are frequently applied to duck eggs, often with limited success, despite substantial interspecies differences in eggshell structure, cuticle composition, and embryonic physiological demands. Seasonal variation in duck egg hatchability has been reported, with reduced performance during periods of high rainfall and humidity (Khalequzzaman et al., 2006), suggesting that environmental conditions interact with eggshell characteristics and microbial contamination to influence embryonic survival. Nevertheless, the precise mechanisms underlying reduced hatchability in duck eggs remain incompletely understood. Among the factors implicated, two constraints consistently emerge: elevated microbial contamination of duck eggshells and the presence of a dense eggshell cuticle that restricts gaseous exchange. Ducks are commonly reared under semi-intensive or extensive production systems, which increase egg exposure to wet litter, muddy surfaces, and watery droppings. As a result, duck eggs often carry higher microbial loads than chicken eggs. In addition, the thick cuticle covering duck eggshell pores can limit oxygen diffusion and carbon dioxide removal, particularly during the later stages of embryonic development when metabolic demand is high.

Egg washing and sanitation have therefore been proposed as practical interventions to reduce microbial contamination and enhance eggshell conductance. However, these practices remain controversial, as improper washing may damage or remove the protective cuticle, increasing water loss and susceptibility to microbial penetration. Recent studies highlight the importance of carefully optimized sanitation protocols for improving hatchability in duck eggs, particularly under tropical and semi-intensive production systems. Anee et al. (2024) reported a strong negative correlation between eggshell bacterial load and hatchability in indigenous ducks of Bangladesh, reinforcing the role of microbial contamination as a major constraint to reproductive efficiency. Similarly, Oliveira et al. (2024) emphasized that waterfowl eggs are at greater microbiological risk than chicken eggs and require species-specific sanitation strategies rather than direct adoption of chicken hatchery practices. In this context, the present review synthesizes available literature on the effects of egg washing and sanitation on hatchability and related parameters in duck eggs, with the aim of identifying effective, species-appropriate management strategies to improve reproductive performance and economic efficiency in duck production systems.
2. Eggshell Structure and Cuticle Characteristics in Duck Eggs
The eggshell is a multifunctional structure that provides mechanical protection to the developing embryo while regulating gaseous exchange and water loss. The outermost layer of the eggshell, known as the cuticle, plays a crucial role in controlling these functions. The cuticle is an organic layer of variable thickness, ranging from 0.5 to 12.8 μm, and is composed of hydroxyapatite crystals, polysaccharides, lipids, and glycoproteins (Whittow, 2000; Fernandez et al., 2001). In ducks, the cuticle is generally thicker and denser than that of chickens. This dense cuticle effectively seals the shell pores, reducing water vapor conductance and limiting microbial penetration. While such characteristics are advantageous under natural incubation conditions, they can pose significant challenges during artificial incubation. The restricted pore openings reduce oxygen availability to the embryo and impede the escape of carbon dioxide and metabolic water vapor, particularly during the later stages of incubation.
Under natural incubation, waterfowl hens engage in behaviours that modify the eggshell surface. Ducks regularly turn their eggs using their webbed feet, causing mechanical abrasion that gradually thins the cuticle. Additionally, surface bacteria such as Bacillus licheniformis contribute to cuticle degradation. These natural processes enhance gas exchange and promote optimal embryonic development. In artificial incubation systems, however, such abrasion and microbial action are absent, allowing the cuticle to remain intact throughout incubation and act as a barrier to gaseous exchange. This fundamental difference between natural and artificial incubation highlights the importance of considering eggshell cuticle modification as a potential strategy for improving hatchability in duck eggs.
3. Microbial Contamination of Duck Eggs
Microbial contamination of hatching eggs is a major cause of embryonic mortality, infected eggs, and reduced hatchability. Duck eggs are particularly susceptible to contamination due to the watery nature of duck droppings and the rearing systems commonly employed. Semi-intensive and extensive systems increase contact between eggs and fecal material, mud, and standing water, resulting in higher microbial loads on the eggshell surface. Elizabeth et al. (1972) reported that coliform organisms were the principal contaminants of rotten eggs in commercial duck hatcheries. Micrococci were identified as the dominant contaminants in chicken hatchery “clears,” while Pseudomonas, Acinetobacter, and Bacillus species were also isolated from waterfowl eggs. Seviour et al. (1972) further demonstrated that coliform organisms recovered from waterfowl eggs formed a well-defined capsule when grown on nutrient agar, suggesting enhanced survivability and pathogenic potential. Microbial contamination may occur either externally, through penetration of the eggshell pores, or internally, via trans-ovarian transmission. External contamination is of greater concern in duck eggs due to the higher prevalence of shell contamination. If microorganisms penetrate the shell, they can proliferate within the egg contents, leading to embryo death, infected eggs, or explosion of rotten eggs during incubation. Given these risks, reducing eggshell microbial load through washing and sanitation has become a critical focus in duck hatchery management. Quantitative evidence linking microbial load to hatchability has recently been reported by Anee et al. (2024), who observed that eggs with higher aerobic plate counts on the shell surface exhibited significantly lower hatchability and reduced hatch weight in indigenous ducks. Their findings indicate that bacterial contamination not only affects embryo survival but also compromises duckling quality at hatch. This supports earlier observations that microbial penetration of duck eggshells contributes to embryonic mortality and emphasizes the need for effective sanitation immediately after egg collection.
4. Egg Washing and Sanitation Methods
4.1 Formaldehyde Fumigation
Formaldehyde fumigation has long been the standard method for sanitizing hatching eggs due to its effectiveness in reducing a broad spectrum of microorganisms. Numerous studies have demonstrated its ability to significantly lower bacterial counts on eggshell surfaces and improve hatchability. However, formaldehyde has two major limitations: it is highly irritating and hazardous to human health, and it lacks long-term residual activity. Due to increasing concerns about occupational safety and environmental exposure, alternative sanitizing agents have been investigated for use in hatcheries.
4.2 Chemical Sanitizers as Alternatives
Potential alternatives to formaldehyde include phenolic compounds, hypochlorite solutions, quaternary ammonium compounds, chlorine dioxide, glutaraldehyde, electrolyzed oxidizing water, and antibiotic solutions. While the antimicrobial efficacy of these compounds is well established, their effects on embryo survival and hatchability require careful evaluation. Proudfoot et al. (1985) conducted four experiments involving 7,300 hatching chicken eggs to evaluate the effects of glutaraldehyde (Ucarsan) immersion. Eggs dipped in a solution containing one-part Ucarsan to 128 parts distilled water showed no adverse effects on hatchability, despite significant genotypic differences. Although Proudfoot et al. (1985) conducted their experiments on chicken hatching eggs, their findings are relevant to duck egg sanitation because they demonstrate that glutaraldehyde immersion can significantly reduce microbial load without impairing embryo viability in avian eggs. This supports the potential safety of glutaraldehyde-based sanitizers for duck eggs, provided that species-specific shell characteristics and cuticle thickness are considered.
Sarpong and Reinhart (1985) compared water spraying with Germex (a quaternary ammonium compound) spraying on incubated White Pekin duck eggs. Although spraying significantly improved hatchability compared with non-sprayed eggs, Germex did not offer additional benefits over water spraying alone, and microbial contamination levels were similar between the treatments. Chlorine dioxide foam has been proposed as a safer alternative to formaldehyde fumigation. Patterson et al. (1990) demonstrated that both chlorine dioxide foam and formaldehyde fumigation significantly reduced bacterial contamination on hatching eggs without adversely affecting hatchability. However, prolonged exposure or high concentrations of chlorine dioxide (>100 ppm) were found to reduce hatchability, emphasizing the importance of correct application. Electrolyzed oxidizing (EO) water has also shown promise as an egg sanitizer. Frasenko et al. (2009) reported that spraying hatching eggs with EO water significantly reduced eggshell microbial load, improved hatchability, enhanced chick quality, and reduced early broiler mortality.
In response to increasing concerns regarding formaldehyde toxicity, recent research has focused on alternative sanitation strategies combining chemical and physical treatments. Cantu et al. (2019) demonstrated that a combination of hydrogen peroxide spraying followed by ultraviolet (UV) light exposure significantly reduced eggshell microbial load in duck hatching eggs while simultaneously improving hatchability. This dual approach was found to be more effective than either method alone, suggesting a synergistic antimicrobial effect without adverse impacts on embryo viability. Oliveira et al. (2024) further reviewed emerging alternatives to formaldehyde, including hydrogen peroxide, ozone, UV irradiation, organic acids, and electrolyzed water. The authors concluded that hydrogen peroxide-based sanitizers are among the most promising options for waterfowl eggs due to their broad antimicrobial spectrum, rapid decomposition into non-toxic by-products, and minimal penetration into the egg contents when properly applied.
5. Cuticle Removal and Eggshell Permeability
Egg washing, particularly with sodium hypochlorite solutions, has been shown to remove or thin the eggshell cuticle. Peebles et al. (1987) demonstrated that washing broiler hatching eggs in 2,500 ppm sodium hypochlorite at 40°C for five minutes effectively removed the shell cuticle. Deeming (1987) further reported that cuticle removal increased water vapor conductance and embryo survival in domestic duck eggs, turkey eggs, and goose eggs, while chicken eggs were less affected. Cherry and Morris (2008) observed that removing the waxy cuticle from Pekin duck eggs using hypochlorite solutions increased egg weight loss during incubation from approximately 10% in unwashed eggs to over 11.2% in washed eggs by the 24th day of incubation. This increased water loss was associated with improved gas exchange and embryo development. However, excessive cuticle removal can increase susceptibility to microbial penetration and excessive dehydration, underscoring the need for controlled washing protocols. While cuticle modification improves gas exchange, recent studies caution that excessive removal may predispose eggs to microbial invasion. Oliveira et al. (2024) emphasized that optimal sanitation should balance microbial reduction with preservation of cuticle integrity. The authors noted that mild chemical treatments or short-duration spraying are preferable to prolonged immersion, particularly for duck eggs with naturally dense cuticles.
6. Egg Weight Loss During Incubation
Egg weight loss during incubation is a critical parameter reflecting shell conductance and water vapor exchange. Optimal egg weight loss is essential for proper air cell development, successful internal pipping, and hatching. Although Christine and Laughlin (1976) examined egg weight loss in chicken eggs during storage and incubation, their findings provide a foundational understanding of the relationship between water loss and embryonic development in avian species. These principles are particularly relevant to duck eggs, which require greater moisture loss due to thicker shells and denser cuticles. In duck eggs, Sarpong and Reinhart (1985) observed egg weight losses ranging from 9.5 to 11.3% in non-sprayed eggs and 10.5 to 13.3% in sprayed eggs by the 25th day of incubation. Izumi et al. (1999) reported that approximately 13% loss in initial egg weight resulted in improved hatchability and duckling livability in Aigamo ducks. Hatched eggs lost more weight than eggs with embryonic mortality, indicating that adequate water loss is closely associated with embryo survival. Dynamic humidity control has been shown to optimize water loss and improve hatchability in goose and duck eggs (Moshe & Amos, 1991; El-Hanoun & Mossad, 2008). Supporting these observations, Anee et al. (2024) reported that egg weight was positively correlated with hatch weight but negatively associated with eggshell bacterial load. Eggs that maintained appropriate water loss during incubation produced heavier and more viable ducklings, highlighting the interactive effects of shell conductance, sanitation, and embryo development.
7. Fertility and Hatchability of Duck Eggs
7.1 Fertility percentage
Fertility is a prerequisite for successful hatchability; however, it is not directly influenced by egg washing or sanitation practices. In studies evaluating the effects of egg sanitation on duck hatchability, fertility was generally high and did not differ significantly among treatment groups. For instance, Sarpong and Reinhart (1985) reported fertility levels exceeding 96% in White Pekin ducks across sprayed and non-sprayed eggs, indicating that differences in hatchability were attributable to incubation and egg-handling practices rather than reproductive failure. These findings suggest that fertility was not a confounding variable in sanitation studies and that improvements in hatchability following egg washing or spraying were primarily due to reduced microbial contamination and improved eggshell conductance rather than differences in fertilization success.
7.2 Hatchability percentage: 
Hatchability is a composite reproductive trait influenced by fertility, eggshell characteristics, incubation environment, and egg-handling practices. In ducks, hatchability under artificial incubation is consistently lower than that of chickens, reflecting fundamental species-specific differences in eggshell thickness, cuticle density, pore structure, and water vapor conductance (Hodgetts, 1991; Changkang et al., 1999). While high fertility is commonly achieved in commercial duck flocks, suboptimal hatchability remains a persistent constraint, indicating that post-fertilization factors—particularly microbial contamination and restricted gaseous exchange—play a dominant role in embryonic losses. Egg washing and sanitation have therefore been explored as targeted interventions to address these limitations.
7.2.1 The Baseline Problem: Low Hatchability in Duck Eggs
Under artificial incubation, duck eggs typically achieve hatchability values ranging from 65 to 82%, compared with 81 to 85% in domesticated chickens under comparable conditions (Hodgetts, 1991). Changkang et al. (1999) attributed this disparity to the larger size, thicker shells, and higher pore density of duck eggs, which collectively restrict gas exchange. Additionally, the dense cuticle characteristic of duck eggs limits water vapor loss, particularly during late embryonic development when metabolic oxygen demand increases. Seasonal influences further exacerbate this problem; Khalequzzaman et al. (2006) reported markedly reduced hatchability during periods of high rainfall and humidity in Bangladesh, coinciding with increased microbial contamination and impaired moisture loss. These baseline constraints highlight the need for interventions that simultaneously reduce eggshell microbial load and improve shell conductance.
7.2.2 Effects of Chemical Sanitation on Hatchability
Chemical sanitization has been widely evaluated as a means of reducing eggshell microbial contamination and improving hatchability. Formaldehyde fumigation has traditionally been used due to its broad antimicrobial efficacy; however, concerns regarding human health and environmental safety have prompted the evaluation of alternative disinfectants. Proudfoot et al. (1985) reported numerically higher hatchability in chicken eggs immersed in glutaraldehyde solutions, with no adverse effects on embryo survival. Although conducted in chickens, this study suggests that glutaraldehyde-based sanitizers can be safe for avian embryos, supporting their potential application in duck eggs when species-specific shell characteristics are considered.
In ducks, direct evidence supports the positive effects of sanitation on hatchability. Sarpong and Reinhart (1985) demonstrated significantly higher hatchability (P < 0.05) in White Pekin duck eggs that were sprayed during incubation compared with non-sprayed controls. Hatchability ranged from 57.7–77.0% in untreated eggs, whereas sprayed eggs achieved hatchability exceeding 82%. Similarly, Patterson et al. (1990) reported that sanitizing soiled Pekin duck eggs with chlorine dioxide foam improved overall hatchability by more than 10% and hatch of fertile eggs by over 6%, without adverse effects on embryo viability. However, excessive exposure to chlorine dioxide (>100 ppm or prolonged dipping) reduced hatchability in chicken eggs, underscoring the importance of precise application. Although this latter finding was derived from chickens, it provides valuable guidance for duck hatcheries by illustrating the narrow margin between effective sanitation and embryotoxicity. More recent sanitation approaches have emphasized safer and residue-free alternatives. Cantu et al. (2019) reported that a combined hydrogen peroxide and ultraviolet (UV) light treatment significantly reduced eggshell microbial load in duck hatching eggs and improved hatchability compared with untreated controls. Oliveira et al. (2024) further concluded that hydrogen peroxide-based sanitizers are among the most promising alternatives for waterfowl eggs, owing to their rapid decomposition into non-toxic by-products and minimal penetration into egg contents when properly applied.
7.2.3 Effects of Physical and Water-Based Treatments
In addition to chemical sanitation, physical and water-based treatments have consistently demonstrated beneficial effects on hatchability in duck eggs. Sarpong and Reinhart (1985) reported that water spraying alone produced hatchability improvements comparable to those achieved with chemical disinfectants, with no significant differences in microbial contamination between water-sprayed and Germex-sprayed eggs. These findings indicate that moisture application itself plays a critical role in enhancing hatchability, likely by improving shell conductance and facilitating microbial dilution at the shell surface. Supporting this hypothesis, Izumi et al. (1999) observed significantly higher hatchability (P < 0.01) in Aigamo duck eggs sprayed or sprinkled with fresh water every other day during incubation. Hatchability of fertile eggs increased from 59.2% in untreated controls to 73.5% and 76.7% in sprayed and sprinkled eggs, respectively. Similar improvements were reported by Kursun et al. (2025), who demonstrated that spraying duck eggs with water or disinfectant solutions reduced embryonic mortality and improved post-hatch growth performance. The authors attributed these effects primarily to improved moisture regulation and reduced microbial load, reinforcing earlier conclusions that physical moisture management is a key determinant of hatchability in ducks.
7.2.4 Effects of Physical Shell Modification and Conductance Enhancement
Physical modification of eggshell conductance has also been shown to improve hatchability in waterfowl eggs. Deeming (1987) reported that cuticle removal increased water vapor conductance and embryo survival in duck, turkey, and goose eggs, while having minimal effects in chickens. Cherry and Morris (2008) further demonstrated that hypochlorite-treated Pekin duck eggs exhibited increased egg weight loss during incubation, reflecting improved gas exchange and embryo development. Meir and Ar (1996) reported that drilling a small hole into the air cell of goose eggs during mid-incubation significantly increased hatchability without increasing egg contamination. Although conducted in geese, this study is directly relevant to ducks, as both species produce large eggs with thick shells and high resistance to gas exchange. These findings emphasize that enhancing shell conductance—whether through controlled cuticle modification, moisture application, or physical intervention—is central to improving hatchability in duck eggs. Natural incubation consistently results in superior hatchability compared with artificial incubation in ducks (Islam et al., 2002; Sharma et al., 2003), further supporting the concept that natural processes such as shell abrasion, moisture transfer, and microbial modulation optimize eggshell conductance. Artificial incubation systems that partially mimic these processes through controlled washing, spraying, or humidity manipulation can therefore substantially improve hatchability outcomes.
Collectively, the evidence indicates that low hatchability in duck eggs under artificial incubation is primarily driven by excessive microbial contamination and restricted eggshell conductance rather than fertility limitations. Chemical sanitation, when carefully optimized, effectively reduces microbial load without compromising embryo viability. Equally important, physical and water-based treatments enhance moisture exchange and gas conductance, often producing hatchability improvements comparable to or greater than those achieved with chemical disinfectants. Integrating egg sanitation with controlled moisture application and shell conductance management represents a practical and biologically sound strategy for improving hatchability in duck eggs.
8. Embryonic Mortality
Embryonic mortality in ducks typically follows a bimodal pattern, with peaks during early and late stages of incubation. Early embryonic mortality is often associated with poor egg quality, prolonged storage, microbial contamination, and suboptimal incubation conditions. Narahari et al. (1991) reported increased early embryonic mortality when duck eggs were stored for more than six days. Late embryonic mortality is closely linked to inadequate water loss and shell conductance. Deeming (1995) demonstrated that late-stage embryo mortality in ostrich eggs was related to water loss and microbial contamination, a pattern similar to that observed in ducks. Egg washing and sanitation have been shown to reduce late embryonic mortality by improving shell conductance and reducing microbial load (Sarpong & Reinhart, 1985).
9. Infected Egg Percentage and Microbial Load
Sanitation practices significantly influence the percentage of infected eggs during incubation. Sarpong and Reinhart (1985) reported infected egg percentages of 7.9% in non-sprayed eggs compared to 2.7% and 2.2% in water-sprayed and Germex-sprayed eggs, respectively. Microbiological studies consistently demonstrate lower aerobic plate counts on washed eggs than on unwashed eggs (Jones et al., 2004). Washing with chlorine-based sanitizers effectively reduces shell surface contamination, although internal contamination remains relatively low in both washed and unwashed eggs. Contemporary findings further support the role of sanitation in reducing infected egg percentages. Cantu et al. (2019) reported substantial reductions in eggshell bacterial counts following hydrogen peroxide and UV treatment, which translated into lower early embryonic mortality and fewer contaminated eggs. Likewise, Subagja et al. (2025) observed reduced microbial contamination and improved hatchability when eggs were cleaned prior to incubation, even using simple salt-based solutions.
10. Day-Old Duckling Quality
Duckling quality is an important outcome of hatchery management and is influenced by egg sanitation, incubation conditions, and water loss. Duckling weight at hatch typically represents approximately 66–68% of initial egg weight (Izumi et al., 1999). El-Hanoun and Mossad (2008) demonstrated that dipping Pekin duck eggs in liquid paraffin or increasing relative humidity during late incubation significantly improved duckling weight and quality. Similar findings have been reported in other studies, indicating that optimized incubation conditions can enhance post-hatch performance. Recent evidence indicates that egg sanitation has a direct influence on duckling quality at hatch. Anee et al. (2024) reported that ducklings originating from eggs with lower eggshell bacterial load had significantly higher hatch weights and improved early survivability. Kursun et al. (2025) further observed that sanitized eggs produced ducklings with superior post-hatch growth performance, suggesting long-term benefits of improved hatchery hygiene beyond the incubation period.
11. Economic Efficiency of Egg Washing and Sanitation
From an economic perspective, improved hatchability and duckling quality translate into higher net returns and production efficiency. El-Hanoun and Mossad (2008) reported substantial increases in economic efficiency when eggs were dipped in liquid paraffin on the 14th day of incubation or when relative humidity was increased during late incubation. These findings underscore the importance of integrating egg sanitation with incubation management to maximize economic benefits.
12. Conclusion
Egg washing and sanitation are essential management interventions for improving the hatchability of duck eggs under artificial incubation. When applied correctly, sanitation consistently reduces eggshell microbial load and, in combination with controlled cuticle modification and precise humidity management, significantly improves eggshell conductance, embryonic survival, and duckling quality. Although excessive washing or improper chemical application can negatively affect hatchability, the weight of evidence clearly indicates that well-defined, species-specific sanitation protocols reliably enhance hatchery performance and economic efficiency in duck production systems. Future research should move beyond efficacy testing and focus on standardizing duck-specific sanitation protocols and integrating them with modern, sensor-based incubation technologies to maximize hatchability under commercial conditions.
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