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ABSTRACT 
Fortification of food products is a way to reduce dietary deficiencies in the masses. It includes the addition of 

some essential nutrients to support good health in the consumers. This term denotes incorporating 

micronutrients like essential vitamins into food products to improve their levels in the consumers. This paper 

focuses on various food products in which eggshell powder can be added for fortification. The uses of eggshell 

powder in various fortified foods, the composition of eggshell powder, and the benefits of fortification using 

eggshell powder have been discussed in this study. In the last, a suitable conclusion is made keeping in mind 

the various aspects of eggshell powder. The main reason behind the study is to discuss the new trend of 

fortification in food products and various new products launched in the market with eggshell powder 

fortification that can benefit consumers on a nutritional level. 
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I. INTRODUCTION 
Chicken eggshells are one of the major contributors of waste received from food industries and outlets, 

restaurants, hotels, households, and similar places. As reported, chicken eggshells are the fifteenth source of 

food pollution, and because of being non-biodegradable, a key source of environmental pollution (Awogbemi et 

al. 2021). After collection, these eggshells are dumped to cover the landfills where they facilitate a habitat for 

mosquitoes, flies breeding, and fungal, and bacterial growth, which results in the development of various 

diseases (Ajala et al. 2018, Faridi et al. 2018). According to the reports, in the ten years from 2009 to 2019, the 

production of chicken eggs hiked by more than 30% globally. This situation resulted in more waste generation 

out of eggshells (). Hence, the utilization of these eggshells for their value is essential to manage waste 

worldwide (Arnold et al. 2022). One of the best waste disposal and utilization methods for eggshell waste is the 

conversion of these into valuable products. It is the most eco-friendly, cost-effective, and safe means of waste 

management and disposal (Awogbemi et al. 2021). 

Several essential components/nutrients like sulfur, zinc, copper, iron, boron, calcium, molybdenum, and other 

related elements are present in the eggshells making them a suitable option for the production of value-added 

products (Waheed et al. 2019, Sembiring et al. 2021). 

 
Figure 1.0- Applications of eggshell powder in the food industry (graphical abstract) 
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1.1 Composition of eggshell powder- 

As this powder is formed from the eggshells, it has the chemical and nutritional composition same as that of 

eggshells. According to Shahnila et al. (2022), eggshells are the major source of dietary calcium with 

approximately 39% elemental calcium, 94% calcium carbonate, 1% calcium phosphate, and 1% magnesium 

carbonate. 

Chart 1.0 depicts the composition of eggshells. About 2.7g (half of an eggshell) can provide enough calcium for 

the daily requirement of adult consumers (Milbradt et al. 2015). Furthermore, according to Arnold et al. (2021), 

studies conducted in the past state the availability of calcium in chicken eggshells ranges from 35,000 mg/100 

g to 40,000 mg/100 g. According to Jony et al. (2021) in their study, duck eggshells contain a higher amount 

(52.8 mg) of calcium content than chicken eggshells, along with 3.68 mg magnesium, 0.18 mg lead, 1.4 mg zinc, 

and 0.15 mg arsenic. Chart 2.0 show the composition of duck eggshells as per Jony et al. (2021). 

 
Chart 1- Composition of eggshell as per Shahnila et al. (2022) 

 
Chart 2- Composition of duck eggshell as per Jony et al. (2021) 

1.2 Production of eggshell powder- 

Eggshell powder as the name suggests is produced from the egg shells by the means of drying or heating the 

eggshells followed by grinding or crushing which results in these shells turning into fine powder. Recently, 

apart from conventional means of heating, new methods of heat treatment like microwave and infrared heating 

are also regarded for eggshell drying at an industrial level (Therdthai et al. 2023). After the proper heat 
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treatment, the egg shells are crushed and ground to form powder with fine particle size (Hama S.M. 2017). This 

fine eggshell powder obtained can be used in various industries and products for value addition. 

II. APPLICATION OF EGGSHELL POWDER 
This powder can be beneficial in engineering, environmental, biomedical, chemical, and other related fields. For 

instance, it can be used for the production of health-oriented products, and chemicals like calcium phosphate 

and calcium lactate. Also, it can be used in biodiesel oil catalysis, the food manufacturing industry, and the 

construction industry (Ahmed et al. 2021). 

This study, however, discusses the use of eggshell powder in the food processing and manufacturing industry. 

This powder can be incorporated in calcium-fortified (supplemented) food products to increase the nutritional 

value of these food products. 

2.1 Application of eggshell powder in the food industry- 

Calcium is one of the most vital, abundant nutrients required in the human body for proper growth and 

development. It is useful for forming and maintaining strong bones, teeth, blood pressure, muscular tissues, and 

other related functions. 

The high availability of calcium in the chicken eggshell makes its powder a suitable raw material for food 

fortification. In the past years, various fortified foods with added eggshell powder and higher calcium content 

have been introduced in the market. In this study, we are identifying the use of eggshell powder in fortified food 

products. Popular food items like biscuits, bread, pork sausage, yogurt, juices, pizza, and other related products 

are willingly consumed by children and the elderly, therefore, fortifying them can provide essential calcium for 

healthy bone growth and overall body development. In addition, it has been shown that the absorption of 

calcium into the body is facilitated by vitamin D, inulin as well as further indigestible oligosaccharides, 

magnesium, or brief chain fatty acids (Arnold et al. 2021; Kozakai et al. 2002; Weaver et al. 2015). A food 

product containing these essential elements and added, higher calcium content can help in avoiding the risk of 

diseases caused by calcium deficiency in the body like osteoporosis. Therefore, this study is designed to assess 

the essential composition, processing, overall properties, and applications of eggshell powder and highlight the 

foods made by fortifying the powder. 

According to a blog by dietitian Shikha Mahajan, on a small scale level, consumers can add eggshell powder to 

their day-to-day homemade beverages and food products to get the benefits of nutrients and calcium content 

present in the eggshells. It’s further discussed in the blog that hyaluronic acid present in the eggshells can make 

our skin glow, and elements like chondroitin and glucosamine can aid in reducing joint stiffness and pain 

associated with them. Eggshell powder mixed in water can help in the removal of toxic elements in our bodies. 

And everyday intake of eggshell powder mixed with lemon juice is said to treat thyroid problems while the 

powder mixed with hot milk is said to reduce gastric ulcers. The most obvious benefit of eggshell powder intake 

is the strengthening of bones and teeth due to the more calcium content present in it. These benefits are shown 

in the figure 2.0. 

 
Figure 2.0- Benefits of eggshell powder intake (blog by dietitian Shikha Mahajan, Lybrate 2021) 
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2.1.1 Bakery Products 

One of the major applications of eggshell powder is in the bakery industry in the production of bakery products 

like different types of breads, biscuits, cakes, muffins, and other related products. This powder can be 

incorporated into these bakery products leading to the increased calcium content in the food, preservation of 

bakery products, reduction of waste accumulated out of egg shells, and overall waste recycling (Platon et al. 

2020). According to the study conducted by Ray et al. 2017, to manufacture calcium-enriched bakery products 

out of eggshell powder, chicken eggshells are firstly rinsed and cleaned to remove unwanted particles and 

impurities, and then boiled with water for 30 minutes duration to kill the germs on the surface. Thereafter, the 

boiled chicken eggshells are dried in a hot oven before grinding to a fine powder. Higher drying temperatures 

may lead to the loss and reduction of the calcium content in the eggshell powder (Leonte, 2007; Ali et al. 2017). 

This eggshell produced is then added to the bakery products in the appropriate concentration while they are 

processed and manufactured. The proportions of the eggshell powder and mix are maintained to follow the 

Recommended Dietary Allowance (RDA) and obtain the desired texture. Over addition of the powder can affect 

the texture, and other sensory and nutritional characteristics of the food products therefore, the determination 

of the suitable quantity of addition is essential. Eggshell powder is a cheap source of calcium, which can be 

exploited for an increase in its content and does not affect the quality characteristics of bakery products 

(Hassan, 2015). According to a study by Platon et al. 2020, the addition of eggshell powder can improve 

consistency, humidity, elasticity, and overall physico-chemical properties of bread crust and crumb. The final 

fortified product obtained is better developed and fresh, with pleasant sensory characteristics like smell and 

taste. Similar to bread, a cupcake with higher nutritional availability can be manufactured with eggshell powder 

added to the main ingredients. (Giango et al., 2017). 

2.1.2 Dairy Products:- 

Dairy products are widely available in the market and preferred for consumption by children and the elderly. 

They are a good source of calcium and other essential nutrients. However, their overall calcium absorption and 

retention of the total calcium fraction can be enhanced by the addition of eggshell powder with minute particle 

size. According to a study conducted by Al Mijan et al. 2014, eggshell powder with very small particle size 

(Nano-powdered) can be added to form calcium-enriched yogurt. As per the results of the aforementioned 

study, such yogurt is earthy in taste, firm, and grainy in texture, showing less to no indication of contamination 

and more shelf life. Also, there is no bad effect on the quality of such yogurt due to the addition of eggshell 

powder. 

According to a patent 1995/000396 by Anne Schaafsma Cornelis Glas, these calcium-enriched dairy products 

have higher relative calcium density which gives way to the possibility to enhance calcium concentration in the 

whole milk to such an extent that to fulfill the daily calcium intake for the proper functioning of the body, adults 

consume just 500-700 ml of milk each day rather than the recommended 1-1.25 liters of the same. According to 

the invention in the patent, 3 grams of fine aseptic eggshell powder can be added per 40 grams of dry matter to 

manufacture calcium-fortified dairy products. The quantity of eggshell powder that can be used depends on the 

consistency and required mouthfeel of the product to be formed. Higher powder addition might lead to a drier 

mouthfeel of the product. More viscous and structured dairy products like yogurt, spreads, cheese, and others 

will prevent the settling of the eggshell powder added. Also, the mouthfeel of whole milk can change 

considerably more than in the fresh cheese, when eggshell powder is introduced to it. This parameter is 

furthermore affected by the particle size of the powder. The patent further explains that the addition of vitamin 

D, vitamin D-rich fish liver oil, lactose, and vitamins A, K, and C to the other raw materials while manufacturing 

calcium-enriched dairy products can further enhance the good calcium retention of these products. 

2.1.3 Beverages:- 

Eggshell powder can be added to beverages like juices, sodas, health drinks, and other options to form calcium-

fortified beverages. According to the study by Lachowicz et al., 2020, a 1% addition of eggshell powder to a 

juice sample has a slight betterment in the taste and doesn't show any significant color or precipitate changes. 

In the case of coffee, calcium citrate powder prepared from eggshells (calcium carbonate) by the addition of 

citric acid, can be mixed with roasted and ground coffee to obtain calcium-fortified coffee powder. This doesn’t 

alter the taste characteristics of coffee but rather increases the bioavailability of calcium (de Paula et al., 2014). 
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In brewed coffee, cold plasma techniques can also improve the solubility of calcium for enhanced fortification 

(Aditya et al., 2020). In the case of wine beverages or any other fruit-based beverage, clean fine eggshell 

powder can be added to fruit peels, crushed rice, and other ingredients to produce calcium-fortified 

alternatives (Wang et al., 2016). 

2.1.4 Other Products:- 

The fine, clean, disinfected eggshell powder can be added to some other food products to enhance their calcium 

content and manufacture a calcium-fortified version. According to the study by Xie, 2018 and Zeng, 2019, 

eggshell powder with minute particle size can be added to noodles to form calcium calcium-enriched version. 

To form calcium-enriched sausages, eggshells are cleaned, dried, disinfected, and grounded to form a fine 

powder. This powder is added to a solution including acetic and citric acids to form a composite calcium 

precipitate which is dried and added in the process to form sausages (Liu et al., 2018). Calcium propionate can 

be formed from eggshell powder by solubilizing it in propionic acid and filtering and drying the product 

formed. Calcium propionate can be used as a preservative due to its antimicrobial property (Wang, 2015b). 

Various snacks like Pizza, Jellies, pudding, and others can also be made using eggshell powder to manufacture 

the fortified version. Tay (2024) mentions in his study that calcium-fortified jellies can be prepared by boiling 

the ingredient mixture with added well-grinded and sieved eggshell powder to form candy syrup. Then the 

syrup is put in the molds and frozen for three hours. Later, a proper analysis of the manufactured jelly is done. 

This research brought forward the potential of candies and jellies in providing nutrition and acting as a vehicle 

for nutritional supplementation. Novelina (2020) in her study finds that the higher amount of eggshell addition 

in the formation of soy milk jelly candy increases the pH of this product and also decreases the strength of soy 

milk jelly gel. The former is due to a higher amount of calcium carbonate which increases the pH of this candy 

and the latter is due to the increase of the candy's water content due to more addition of eggshell powder. 

Furthermore, the eggshell powder incorporation might impart a little chalky taste to the candy resulting in the 

reduction of the sweetness of this jelly candy. Therefore, the incorporation of eggshell powder in varying 

amounts can affect the water content, strength, Ph, ash content, saccharose amount, reducing sugar levels, and 

calcium levels of the jelly candy while having no noticeable impact on the protein and aw values (Novelina, 

2020). 

Similarly, milk pudding can also be made with added eggshell powder. According to Suci (2023), the eggshell 

powder can be obtained by collecting eggshells, cleaning, boiling them for 30 minutes, and soaking them for 3 

hours in 0.5% lime solution followed by draining, drying in an oven at 60°C for 3 hours, and finally grounding 

the treated eggshell using blender and sieving the powder using an 80 mesh size. Then this obtained powder 

can be added to the pudding ingredients at specific concentrations. In the final stage of baking, the mixture can 

be put into a 60 ml plastic mould followed by steaming for 15 minutes over medium heat. Post-cooking, the 

pudding is drained and stored in the refrigerator. The study also finds that there can be a significant increase in 

the overall ash and calcium content of the pudding due to the addition of eggshell powder. 

III. CONCLUSION 
Recycling of eggshell waste using eggshell powder-incorporated food products ensures waste recovery, 

provides nutritionally better food products, and enhances food preservation. Food products manufactured by 

adding eggshell powder are found to have better sensory, physicochemical, and nutritional characteristics with 

a higher acceptance rate by consumers. Food security can be attained by cheaper, veritable food 

supplementation containing calcium derived from eggshell powder. However, less research has been conducted 

to find the deployment of eggshell membrane powder for the fortification of food products. 
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