




















Impact of Eggshell Supplementation in Laying Hen Diets on Performance and Eggshell Quality




ABSTRACT

Eggshell supplementation in poultry diets has gained attention as a potential alternative to conventional calcium sources, such as limestone, in enhancing eggshell quality and supporting overall hen performance. This chapter explores the nutritional benefits of incorporating eggshells into the diets of laying hens, focusing on their effects on egg production, laying performance. We examine the methods of processing eggshells, including washing, sterilization, drying and grinding to achieve the optimal particle size to optimize digestibility and nutritional value. Smaller particle sizes are shown to enhance bioavailability and calcium utilization. Furthermore, the chapter compares the performance of hens receiving eggshell-based calcium to those fed with traditional sources. The potential environmental and economic benefits of using eggshells, which are readily available as waste from various industries, are also discussed. Ultimately, eggshells are shown to be a viable and sustainable calcium source that can effectively substitute limestone in poultry diets. 
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1. INTRODUCTION

Egg production remains a critical sector in the global poultry industry, contributing significantly to human dietary protein needs (Hariharan et al., 2024). In the poultry industry, eggshell quality is one of the most important problems responsible for economic losses associated with cracked or broken eggs during handling and transportation (Baptista et al., 2007). The physical quality of eggshells, particularly their strength and thickness, decreases with age, especially during the late laying cycle (Perić et al., 2017). Eggshell quality and thickness are affected by various factors, including mineral nutrition, particularly calcium. A laying hen requires about 3.75 g of calcium (Ca) per day to produce an egg (Keshavarz and Nakajima, 1993). About two-thirds of the needed Ca is obtained from the diet, whereas one-third comes from the medullary bone (Bain et al., 2016). Throughout the laying cycle, calcium is ingested and deposited in the bones during the daytime, while at night, it is mobilized from the bone and incorporated into the forming eggshell (Farmer et al., 1986; Etches, 1987). 
Ensuring an adequate calcium supply during the critical period of eggshell formation is thought to enhance eggshell quality. Limestone and oyster shells have been the primary sources of dietary calcium (Ahmad and Balander, 2004; Mako et al., 2020); however, interest has recently grown in the utilization of recycled eggshells as a sustainable and efficient calcium supplement. Eggshell can be an effective calcium source for laying hens, offering benefits comparable to traditional sources like limestone. It is rich in calcium and contains trace amounts of other minerals, making it a balanced and natural calcium source (King'ori, 2011), which highlights the potential of eggshell powder as a sustainable calcium source for poultry nutrition.
This chapter aims to review the eggshell composition, the nutritional requirements related to eggshell formation, discuss practical strategies for preparing and supplementing eggshells in laying hen diets, and evaluate the effects of such supplementation on performance parameters and eggshell quality. 
2. EGGSHELL COMPOSITION
The eggshell is a highly organized bioceramic structure primarily composed of calcium carbonate (CaCO₃), representing about 96% of its total weight, with calcium oxide (CaO) as the main constituent (delete) (Spelta and Galdino, 2018). The remaining portion, which accounts for approximately 4% of the shell, consists of organic matrix proteins and other minerals such as magnesium, phosphorus, strontium, and potassium (Chumlong et al., 2007). Minerals and organic matrix play a crucial role in regulating the crystallization of calcium carbonate and improving shell resistance to breakage. The chemical composition of the eggshell is shown in Table 1. 
Table 1. Chemical composition of hen egg shell (Chumlong et al., 2007)
	Mineral
	Weight (%)

	CaCO3
	96.48

	S
	2.31

	Mg
	0.404

	P
	0.501

	Sr
	0.0737



3. MINERAL AND VITAMIN REQUIREMENTS FOR EGGSHELL FORMATION IN LAYING HENS
Mineral nutrition plays a crucial role in the health, productivity, and egg quality of laying hens. Eggshell quality in laying hens is strongly influenced by nutritional factors, particularly the supply of essential minerals and vitamins. Calcium is the primary constituent of the eggshell, and its dietary availability, along with phosphorus and vitamin D₃, plays a crucial role in maintaining shell strength and structure. Table 2 summarizes the main nutrients involved in eggshell quality, their recommended levels, and their respective functions based on current scientific evidence.
Table 2. Key minerals and vitamins involved in eggshell formation

	Nutrient
	Main role in eggshell quality
	Level
	Reference

	
Calcium
	Main component of the shell (CaCO₃), critical for shell strength.
	3g/hen/day
3.75g/hen/day

5.57g/hen/day
	Hurwitz and Griminger (1962)
Keshavarz and Nakajima  (1993)
Ahmad et al. (2003)

	
Phosphorus
	Supports bone metabolism and shell matrix formation.
	0.19-0.28?? available P
0.45% available P

	Owings et al. (1977)

Edwards and Suso (1981)

	Vitamin D3
	Enhances calcium absorption and mobilization from bone.
	3,000 IU/kg
	Świątkiewicz et al. (2017)

	Magnesium
	Stabilizes the calcium carbonate crystal structure in the shell.
	0.049-0.09% of diet
	Edwards and Nugara (1968)

	Potassium
	Essential for eggshell mineralization. 
	0.4-0.6% of diet
	Deetz and Ringrose (1976)

	
Sodium
	Influences the bicarbonate supply for shell glands.
	0.15% of the diet
0.20-0.22% of diet
0.14-0.28% of diet
	Melo et al. (2020)
Ribeiro et al. (2008)
Christmas and Harms (1982)

	Zinc
	Essential cofactor for carbonic anhydrase involved in shell formation.
	72-83 ppm
	Mayer et al. (2019)



It is important to note that any nutritional imbalances can quickly deteriorate shell quality. Moreover, after peak production, the quantity of shell material per egg remains consistent, but as egg size increases, the shell becomes thinner and more prone to breakage (Kamińska and Skraba, 1992). Therefore, strategic supplementation becomes crucial to maintain optimal shell integrity. In this context, eggshell powder, which is rich in bioavailable calcium and other essential minerals, presents a promising natural source for dietary supplementation to support the continuous production of strong and healthy eggshells in laying hens.

4. PREPARATION OF EGGSHELL FOR SUPPLEMENTATION IN LAYER DIETS
Nowadays, there has been a steep rise in poultry production in the world, which affects conventional feed ingredients, leading to a shortage and an increase in the cost of conventional feed ingredients. Hence, poultry scientists are trying to substitute conventional feed ingredients with cheaper, unconventional feed resources to produce safe and cost‐effective poultry products. In layer production, feed calcium sources are also in the list of increasing feed costs. Eggshell meal is sold at a relatively cheaper cost than shell grit and limestone. Moreover, calcium carbonate from oyster shells contains lead vestige among the other potential toxic elements such as aluminium, cadmium, and mercury. In this case, eggshell has a great advantage in not containing toxic elements (Islam and Nishibori, 2021). Hence, research indicates that eggshell powder can be effectively used as a calcium source in layer diets (Yosathai and Kavithaa, 2014). Eggshells are readily available in large quantities in restaurants, hatcheries, kitchens, and egg product factories, where they are discarded as waste every day. Hence, their valorization as feed ingredients contributes to circular economy principles and reduces environmental waste. To be reintroduced into layer diets, adequate processing of eggshells is essential to eliminate potential contaminants, improve digestibility, and preserve the high calcium content of the shells. Preparation of eggshell powder for layer diets involves washing with fresh water several times, boiling at a temperature of 100°C for about 5 minutes to eliminate pathogenic bacteria, viruses, and parasites. In addition, the eggshells were dried and finally ground using a grinder and stored (Islam and Nishibori, 2021). Research suggests that the size of particles influences their effectiveness. Lichovnikova (2007) recommended that a diet mixture containing two-thirds large-sized particles of Ca should be used to improve eggshell quality, especially in aged hens because fine particles are highly digestible while large particles are retained longer in the gizzard, offering a sustained calcium release during the night, which coincides with the period of active shell calcification (Zhang and Coon, 1997), specially that hens do not eat during the dark period. Hence, they should be combined with large particles to support optimal eggshell formation and bone mineralization. Gongruttananun (2011) recommended that the eggshell particulate size distribution consist of 59% particles around 2mm, 40.46% between 2-5mm, and 0.54% between 6-10mm. 

5. EFFECT OF EGGSHELL SUPPLEMENTATION ON LAYING PERFORMANCE AND EGG QUALITY
Eggshell supplementation in poultry diets has gained increasing interest as a sustainable and effective strategy to improve egg quality. Research on eggshell supplementation, as an alternative calcium source, in laying hen diets has shown mixed effects on performance and egg quality. 
Çufadar (2014) concluded that for uper Nick-White laying hens at 56 week of age, eggshell with particule size between 2 and 5mm showed the egg production, egg weight, egg mass, feed intake, feed conversion ratio, egg specific gravity, egg shell weight, egg shell thickness and egg shell breaking strength as limestone, a conventional calcium source. Similar results were reported by Olgun et al. (2015), who observed that replacing limestone with eggshell in the diet of Hy-Line W36 layer birds of 25 weeks old age, maintains: body weight, feed conversion ratio, eggshell breaking strength, eggshell thickness, and eggshell phosphorus and magnesium contents and by Gongruttanaum (2011), who reported that addition of eggshell as a calcium source had no effect on body weight, egg production or egg weight. Given that no significant differences were observed in laying performance and eggshell quality when eggshell powder was used in place of conventional calcium sources such as limestone, it can be concluded that eggshells can be utilized by the birds as efficiently as calcium in limestone and can delete.represent an effective and sustainable alternative for calcium supplementation in laying hen diets.
[bookmark: _GoBack]In the other hand, research indicates that incorporation of eggshell in layer diets may improve egg quality and laying hen performance. Indeed, Dawoodi and Dalawi (2024) reported that adding 25-50% of eggshell powder to the ration of brown-laying Lohman chickens led to an improvement in the egg breadth, albumin index, and yolk color, and Okpanachi et al. (2020) observed that completely replacing bone meal with 3% of eggshell meal increased Yyolk width, albumen weight, egg weight, and eggshell weight.
Overall, eggshell powder supplementation, when correctly implemented, offers a promising and eco-friendly solution to enhance laying hen performance, improve eggshell quality, and support sustainable poultry production systems.

6.  CONCLUSION

The use of eggshell powder as a calcium source in layer diets represents a promising alternative to conventional mineral supplements such as limestone. Numerous studies have demonstrated that incorporating properly processed eggshells does not adversely affect laying performance and eggshell quality. When appropriately sterilized and ground to the optimal particle size, eggshells can successfully replace traditional calcium sources, supporting the physiological needs of laying hens throughout the production cycle. Given their widespread availability as waste products from restaurants, hatcheries, and food industries, recycling eggshells into poultry diets offers both economic and environmental benefits. However, strict attention must be paid to preparation procedures to ensure safety and nutritional efficacy. Overall, the valorization of eggshell waste as a feed ingredient aligns with sustainable agriculture practices and provides a viable solution for reducing feed costs without compromising flock productivity or egg quality.
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