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A B S T R A C T   

Background: Greater consumption and utilization of chicken eggs worldwide prompts an expanded amount 
disposed of egg waste, mainly eggshell and eggshell membrane. The significant challenge with the generation of 
these massive waste products is the environmental impact. From an industrial point of view, when the pro-
duction of chicken eggs tempts to rise, the quantity of eggshell residue is also increased. Being rich in organic and 
inorganic compounds, the eggshell wastes, which are primarily considered waste and of no value, could be 
utilized in various forms. 
Scope and approach: In this review, information about the potential of eggshell waste to be converted into a 
bioavailable source of calcium for food fortification is reviewed. Its potential applications in other fields such as 
pharmaceuticals and agriculture were discussed. In addition to this, several eggshell calcium-based novel for-
tified products were also reviewed. 
Key findings and conclusions: Bioavailable salts can be used to fortify food products like cakes, yogurt, sausages, 
biscuits, and coffee. Besides, eggshells can be used as soil enhancers and also as animal feed. Based on this 
literature review, cheaply available and easier to extract eggshell calcium can provide an ideal alternative source 
of natural calcium in an environmentally safe way. All the products and processes suggested in this paper present 
high economic, health, and environmental benefits.   

1. Introduction 

The dawn of the new century has witnessed an ever-increasing de-
mand and production of eggs globally. The worldwide production of 
eggs in 2018 was 76.7 million tonnes, which accounts for an increase of 
14.95% in the last 10 years (Shahbandeh, 2020). Country-wise pro-
duction of eggs sees China as the world’s largest producer of eggs for the 
last thirty years (Yang et al., 2018), with total production reaching a 
peak of 31 million tonnes in 2016 (FAO, 2020). China accounted for the 
production of 26.90 million tonnes in 2018 (FAO, 2020). In the same 
year, the United States of America (USA) fell in as the second-largest 
producer of eggs with a gross annual production of 6.46 million 
tonnes, followed by India with annual produce of 5.23 million metric 
tonnes, Mexico (2.87 million metric tonnes), Brazil (2.66 million tonnes) 
and Japan (2.62 million tonnes) rounding up the highest egg producing 
nations (FAO, 2020). This worldwide hike in egg production rate is a 
result of its high global consumption rate. For example, In the USA, the 
per capita consumption of eggs increased over 16% in the last 20 years, 
totaling up to 277.70 eggs per person per year in 2018 (USDA, 2020). 

Whereas in China, the per capita egg consumption is 280 eggs per person 
per year (Yang et al., 2018). Sector-wise consumption is maximum by 
the consumers directly. For instance, 60% of the produced eggs in the 
USA are directly used by the consumers in contrast to a 9% consumption 
by food industries, and the rest is utilized in the further processing of 
other food products (USDA, 2020). 

Eggshell constitutes around 10% of a hen’s egg by weight (Laca et al., 
2017). Vast amounts of chicken eggs are produced annually, with a 
significant proportion (30%) processed in food industries, lead to a 
massive accretion of eggshell waste (Ahmed et al., 2019). Almost all of it 
is treated as waste and is directly disposed of in landfills with minimal or 
no pre-treatment (Gao & Xu, 2012; Oliveira et al., 2013). The rotting of 
eggshells is a source of environmental pollution, and hence disposal of 
egg waste is not a pleasant function (Tsai et al., 2008). Some efforts have 
been made towards the value addition of eggshells. However, major 
applications are in agriculture (pH correction of acid soil), cattle feed 
(calcium source), and a biodiesel catalyst (Park et al., 2007). The 
massive increase in egg yield, like 27.38% in the past five years for India 
and 8.24% for the United States of America (USA) in the same time 
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duration (FAO, 2020), has resulted in increased generation of eggshell 
waste as eggshell accounts up to 8–10% of the total egg weight (Aba-
nikannda & Leigh, 2007). Tonnes of these discarded eggshells contribute 
to food wastage which causes significant damage to the environment by 
increasing global carbon footprint (3.3 Gtonnes of CO2 equivalent in 
2007) when buried (Scialabba et al., 2013), which is one of the prime 
greenhouse gases contributing to the global warming (Waheed et al., 
2019). 

Meanwhile, calcium is the most abundant mineral in the human 
body. It ultimately plays a significant role in bone formation, accounting 
for 99% of bones and teeth (Fayet-moore et al., 2019). A small fraction 
(1%) of the calcium is found outside the skeletal tissue, which performs a 
wide range of various functions. Intake of calcium from dairy sources is 
suitable for satisfying the body’s calcium requirements (Fayet-moore 
et al., 2019). However, people do not intake a sufficient amount of 
calcium as per the clinical guidelines (Waheed et al., 2019), leading to 
the weakening of bones, which is considered significant (Fewtrell et al., 
2013). There has been an increase in dietary calcium supplement intake 
due to calcium deficiency in postmenopausal women and osteoporosis 
patients (Daengprok et al., 2002). Furthermore, many people are 
suffering from lactose intolerance in regions like Asia and Africa, which 
also demands new calcium supplements to fulfill dietary calcium re-
quirements in the form of fortified dietary products (Flammini et al., 
2016). Existing supplementation with crustacean shells (Suguro et al., 
2000) in tablets is expensive and sometimes involves difficulties in 
adherence of calcium in our system to targeted treatments (Fewtrell 
et al., 2013). On the other hand, these poultry wastes act as an excellent 
alternative source of dietary calcium because the primary component 
present in them is calcium carbonate (Schaafsma & Beelen, 1999), 
which has been found useful in increasing bone mineral density (BMD). 
Although these applications are of economic importance, eggshell re-
mains under-utilized and more research is needed for its value addition 
(Neunzehn et al., 2015). The development of adequate technologies for 
valorization remains a challenge for the food industry, which concerns 
environmental protection due to a large amount of waste generated and 
microbial proliferation (Kim et al., 2016). Moreover, disposal of eggshell 
waste is also a challenge as it adds up to costs and takes up landfills. 
Thus, the value addition of eggshells and their utilization should focus 
on the food processing industries. 

A considerable amount of work has already been done to utilize this 
waste and incorporate it into our daily diet as a source of calcium. Some 
of the products with the incorporation of eggshells are calcium-fortified 
pork sausage (Daengprok et al., 2002), nano-powdered eggshell (NPES) 
supplemented yogurt (Al Mijan et al., 2014), dietary calcium biscuits 
(Hassan, 2015), calcium-fortified roasted and ground coffee (de Paula 
et al., 2014), calcium-fortified chocolate cake (Ray et al., 2017) and 
other homemade food products like pizza and pasta (Brun et al., 2013). 

This paper reviews all the attributes of eggshell and eggshell mem-
branes (Egg Shell Waste) and their process applications. This paper will 
also review all the available food applications surrounding this eggshell 
waste and discuss it with the future aspects to utilize the available waste 
into various food-based applications to convert this waste into wealth. 

2. Eggshell composition 

Eggshells are composed of inner shell membranes and an outer 
CaCO layer known as calcite (Oliveira et al., 2013). Each eggshell 3% is 
organic constituents such as protein and lipids, and the remaining 97% 
is made of inorganic matter such as minerals like calcium carbonate and 
magnesium carbonate. Eggshell constituents are 94% calcium carbon-
ate, 4% organic substances, 1% calcium phosphate, and 1% magnesium 
carbonate (Murakami et al., 2007). Calcium contents in the form of 
calcium carbonate account for about 2.21 g per eggshell. So, 2.7 g of 
eggshell powder can fulfill the daily dietary intake for adult people 
(Milbradt et al., 2015). On the other hand, the eggshell membrane 
consists of 10% collagen, 10% glucosamine, 9% chondroitin, 5–10% 

hyaluronic acid, and 65% amino acids (9.34% proline, 9.70% glutamic 
acid, 8.50% cysteine) (Al Mijan et al., 2014). They consist of 2–4% of the 
whole egg weight. 

3. Calcium carbonate and its consumption 

Calcium present in eggshell powder is in the form of calcium car-
bonate. The salt contains 40% calcium by weight and is insoluble, 
tasteless, and non-irritating. It can react with gastric HCl and is used as 
an antacid (Rodriguez-stanley et al., 2004). The bioactive mechanism 
clarifies that the calcium from porous eggshell powder can be absorbed 
better in the human intestine (King’Ori, 2011). The absorption rate of 
fine powder (34.8%) is reported to be higher than that of a coarse 
powder (21.3%) and twice as that of synthetic calcium carbonate 
(13.7%) (Masuda & Hiramatsu, 2008). However, calcium carbonate in 
their natural form are sparingly soluble in water, but with the help of 
acid treatment, their solubility can be increased. It can be converted into 
several other salts (as in Fig. 1) for better absorption by the body, such as 
citrate, phosphate, lactate, and gluconate (Faridi & Arabhosseini, 2018). 

Calcium carbonate reacts with citric acid to yield calcium citrate. It is 
highly soluble in water and acids and has a higher bioavailability rate 
(de Paula et al., 2014). It contains 21% calcium and provides around 
67% absorption (Oliveira et al., 2013). Besides, calcium hydroxide, also 
known as slaked lime, is formed by the reaction of calcium oxide with 
water. This calcium oxide can be formed by the decomposition of cal-
cium carbonate at a high temperature in the presence of carbon dioxide. 
Apart from them, calcium carbonate can also form hydroxyapatite by 
reacting with phosphoric acid. Hydroxyapatite has been used for form-
ing bone and dental implants in the medical field (Minh et al., 2012). 
Calcium chloride is the form in which calcium gets absorbed by the body 
since it contains 27% of elemental calcium and is freely soluble in water. 
Calcium carbonate reacts with the gastric HCl present in the stomach 
and dissociates to calcium chloride and bicarbonate. However, calcium 
chloride can also lead to stomach irritation and gastric issues (Oliveira 
et al., 2013). Nevertheless, the bicarbonate regulates the pH of the 
gastric acid and neutralizes it acting as an antacid. The carbonic anhy-
drase enzyme breaks HCO to H O and CO , and the cycle gets repeated 
(Bo-Linn et al., 1984). 

Another converted product of calcium carbonate is calcium lactate, 
which has a higher bioavailability than calcium carbonate and is used to 
fortify pork sausages (Daengprok et al., 2002). Calcium carbonate is 
made to react with lactic acid at 4 ◦C and homogenized before being 
freeze-dried for its preparation. It has a solubility of 7 g/100 ml of water, 
which is almost 25 times the solubility of calcium carbonate in water. All 
the chemical products synthesized from eggshell calcium carbonate, 
along with its reactions, bioavailability %, and their characteristics, are 
presented in Table 1. 

4. Calcium absorption 

The calcium gets absorbed at the duodenum in the small intestine 
using the calcium transporter. The Ca2+ binds with the Ca binding 
protein is known as calbindin (D28k), and finally, the ATP pump forces 
the ions towards the blood (Bronner & Pansu, 1999). About 1% of the 
calcium gets absorbed in the blood plasma (9–11 mg/dl), and the 
remaining Ca absorbed by the bone tissues, and finally, excess Ca gets 
excreted through the kidney (Tripathi, 2013). 

Many factors facilitate calcium absorption in the body. Lack of either 
of them will lead to calcium deficiency in the body. This includes 
vitamin D (calcitriol) in its active form as it contains the hormone cal-
citriol, which induces the synthesis of Ca binding protein calbidin in the 
intestinal cells and promotes Ca absorption. Calcitriol also promotes the 
calcium uptake by the osteoblasts of bones and promotes calcification or 
mineralization (Tripathi, 2013). Apart from that, the PTH (parathyroid) 
hormone functions to elevate serum/plasma Ca level. It also helps in the 
resorption of bones from the osteoclasts and regulates blood calcium 
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(Tripathi, 2013). Also, lysine and arginine facilitate Ca absorption; 
however, low pH is more favorable for the process (Tripathi, 2013). 
Adding to these, most of the blood calcium is present in the plasma since 
the blood cells contain very little of it (1% of total Ca). About half of it is 
in the ionised form, which is most active. At least 1 mg/dl is found in 
association with citrate/phosphate is diffusible, and about 40% of serum 
is bound to proteins is non-diffusible. Hence, if the plasma calcium gets 
decreased, it absorbs calcium from the bone minerals. Thus the Ca level 
in the bone mineral gets decreases consequently (Tripathi, 2013). The 
factors affecting calcium absorption in the human body are shown in 
Fig. 2. 

5. Process development of eggshell and eggshell membrane 

The process development of eggshell waste is in two parts. At first, 
the preparation of total eggshell waste into eggshell powder and then 
eggshell membrane powder is done separately, and after which, the 
prepared powder is incorporated into food in its appropriate form for 
fortification. Eggshell powder production is a multi-step process that 

includes cleaning, autoclaving, separation (eggshell membrane from 
eggshell), drying, and milling, as shown in Fig. 3. 

5.1. Cleaning and separation of eggshell waste 

Eggshell waste needs to be adequately cleaned to eliminate Salmo-
nella. For this, eggshells need to be washed multiple times in chlorinated 
water before getting boiled in deionized water for 30 min (Hassan, 
2015). Alternatively, it can also be sterilized in an automatic sterilizer 
autoclave for 15 min at 134 o C for proper elimination of microorganisms 
(Brun et al., 2013). After cleaning, the eggshell and eggshell membranes 
are separated. 

There are many ways to separate the eggshell membrane from egg-
shells, out of which one is manual peeling, in which the eggshells are 
washed and then peeled manually. The eggshells need to be sterilized at 
134 ᵒC (Brun et al., 2013) again after peeling to avoid any possible 
microbial growth. However, this method is cumbersome and 
time-consuming. 

Penn State University invented the machine, which consists of a 

Fig. 1. Conversion of calcium carbonate into various forms obtained from the eggshell which is used for fortified foods.  

Table 1 
Calcium carbonate reactions, subsequent products, bioavailability % and their characteristics.  

S. 
No. 

Product formed Reactants Reaction Percent 
bioavailability 

Characteristics Application Reference 

1. Calcium Citrate Calcium 
carbonate & 
Citric acid 

CaCO + 2H 
(C H O ) + H O 
→ Ca(C H O ) +
CO + H O 

21–24 Contains 21% calcium and 
67% absorption rate. 

Higher solubility in acids 
and water hence higher 
bioavailability. Used to 
fortify ground coffee 

(de Paula et al., 2014;  
Palacios et al., 2021) 

2. Calcium 
Hydroxide 

Calcium 
carbonate & 
Water 

CaCO3 → CaO +
CO
Cao + H O → Ca 
(OH)

54 Formed by decomposed 
calcium carbonate at high 
temperature in the 
presence of carbon dioxide 

Forms slaked lime which 
helps in the formation of 
important compounds such 
as hydroxyapatite 

(Oliveira et al., 2013;  
Palacios et al., 2021) 

3. Hydroxyapatite Calcium 
carbonate & 
Phosphoric acid 

10Ca(OH) +

6H PO → Ca
(PO ) Ca(OH) +

8H O 

40 Formed by the 
decomposition of calcium 
carbonate and its reaction 
with phosphoric acid 

Used in the medical field 
for the formation of 
orthopedic and dental 
implants 

(Minh et al., 2012;  
Palacios et al., 2021) 

4. Calcium 
Chloride 

Calcium 
carbonate & 
Hydrochloric 
acid 

CaCO + 4% HCl 
→ CaCl + CO +

H O 

36 Contains 27% elemental 
calcium and is freely 
soluble in water 

Facilitates calcium 
absorption in the body 

(Garnjanagoonchorn & 
Changpuak, 2007;  
Palacios et al., 2021) 

5. Calcium Lactate Calcium 
carbonate & 
Lactic acid 

CaCO + C H O
+ H O → 
C H CaO H 

13–18 25 times solubility of 
calcium carbonate (7g/ 
100 ml) 

Higher bioavailability used 
to fortify pork sausages 

(Daengprok et al., 2002;  
Palacios et al., 2021)  
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sharp multi-bladed knife to serve the purpose. Water is then used to 
separate the scraped-off membrane from the eggshells via two separate 
water streams. The yield obtained via this method is of the nanometer 
scale (MacNeil, 2001). In the United States (DuBourdieu, 2019), another 
commercial machine involves mechanical abrasion under low pressures 
(<0.1 N/m2) to separate the eggshell membrane from the eggshell. In 
this, the shell fragments obtained are sent in a series of hot augers. Upon 
reaching a certain moisture level, they are sent into a cyclone separator 
where the separation between scrapped off membrane and eggshells 

occurs based on the real difference between their specific gravities 
(Vlad, 2009). Another machine invented by Levi New to separate by 
venture via airflow. A Pulver dryer machine is then used to convert this 
eggshell into powder and the membrane into flakes. A standard screen 
shaker is then used to separate the eggshell powder from the eggshell 
membrane flakes (New, 2013). 

Dissolved Air Floatation (DAF) separation is another efficient non- 
chemical method of separating the eggshell from the eggshell mem-
brane. It works on the principle of different terminal velocities of the 
eggshell and its membrane. This is due to the difference in the specific 
gravities of the eggshell and membrane. In this, an eggshell mixture was 
made by mixing eggshell and water in a proportion of 3.1:2. It was then 
homogenized for 10 min, after which the air-water mixture is made to 
inject in the mix from the bottom side. The components can then be 
collected separately in separate containers (Yoo et al., 2009). 

Apart from DAF acids like hydrochloric acid, acetic acid can also be 
used to separate the eggshell membrane from its eggshell. In this, the 
eggshell waste is kept in water and acetic acid mixture to loosen the hold 
adhesive force between the eggshell membrane and eggshell. Then, 
cavitation is used to separate the membrane from eggshells (DuBour-
dieu, 2019). 

The microwave heating method is another method for separating 
eggshells and eggshell membranes (Orberg, 1990). This separation is 
based on the difference between the moisture content of the eggshell 
membrane and eggshell. Due to the difference, the eggshell membrane 
tends to absorb a higher number of electromagnetic waves (EMW) in the 
frequency of 926 MHz–1520 MHz compared to the eggshell (Bircan & 
Barringer, 2002), the difference in absorbance ultimately leads to the 
different heating rates of the membrane and the eggshell. Once it 
reached a specific temperature, the eggshell membrane starts to expand. 
This is mainly triggered by the differential heating of the membrane and 
shell. The expansion of the eggshell membrane will weaken adhesive 
forces binding the membrane and shell together. This assists in sepa-
rating the eggshell membrane from the eggshell, which can then be 
separated manually with ease (Hussain, 2009). 

5.2. Drying of eggshell 

Eggshells need to be dried before they can be milled into a powder. 
This drying can be done with the help of a hot air oven. Eggshells have 
been kept in the hot air oven at 80 ᵒC for 2 h to fortify biscuits (Hassan, 
2015). In the case of production of nano-eggshell calcium (NEC), egg-
shells were dried at 70 o C for 3 h (Huang et al., 2020) and for production 
of eggshell powders to fortify muffins, and the eggshells were dried at a 
temperature of 80 ᵒC for 2 h (Afzal et al., 2020). In order to use as a 
calcium source for animal feed, the eggshells were dried at a tempera-
ture of 95 ᵒC for 24 h before being milled (Gongruttananun, 2011). 
Commercial eggshell powders are made by keeping the eggshells in hot 
air ovens at 160 ᵒC for 90 min from where calcium carbonate was ob-
tained by sintering at high temperatures (635 ᵒC and 865 ᵒC respec-
tively) so that calcium carbonate decomposes (Osonwa et al., 2017). A 
forced air circulation oven was also used in which eggshells were dried 
at a temperature of 65 ᵒC for 24 h (Moura et al., 2020). Eggshells can be 
dried in a hot air oven at 110 o C for 12 h for using it as a soil supplement 
(Abdulrahman & Al-Azal Ihsan, 2020). 

5.3. Milling of eggshell into eggshell powder 

The nano-sized eggshell powder can be produced by coarse grinding 
via kitchen grinder and further grinding with the help of bone mill PQ- 
N2 gear drive -4-station. The obtained powder was then used to fortify 
cow and buffalo milk yogurt (El-Shibiny et al., 2018). A household mill 
(Braun, Germany) can also be used to mill eggshell powder for incor-
poration in food, with the particles passing through a sieve size of 40 mm 
(Hassan, 2015). Ball milling of eggshells can also be done to obtain 
eggshell powder as it is one of the efficient and environmentally friendly 

Fig. 2. Fig. 2. The main dietary factors that influence calcium absorption in the 
human body. 

Fig. 3. Multi-step process involved in the production of eggshell as well as 
different separation methods used for separating the eggshell membrane from 
the eggshell. 
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ways to mill (Baláž, 2018). Finer particles can be produced based upon 
the requirement. Superfine eggshell powder for nano-eggshell calcium 
can be prepared by wet ball milling in the presence of ethanol as the 
grinding medium via a planetary ball mill (Huang et al., 2020). 

Dried eggshells can also be pulverized in a grinder and sieved 
through the required sized mesh (Huang et al., 2020). The cutting mill 
can also be used to mill eggshells for particle size, passing through a 2 
mm sieve (Moura et al., 2020). In the case of a hammer mill, eggshells 
can be ground to obtain an average particle size of 0.3 mm (Aditya et al., 
2020). For simple reduction in size, the eggshells can be ground using a 
blender (Novelina et al., 2020), as coffee blenders have also been used 
for size reduction of eggshells (Asghari-pour et al., 2020). Two-step size 
reduction has also been adopted to mill eggshell powder, where the 
eggshells are ground with the grinder before being reduced by mortar & 
pestle to obtain fine powder (Afzal et al., 2020). 

6. Applications of eggshell waste 

6.1. Animal feed 

Eggshell provides proteins and minerals like calcium. Eggshells are 
suggested to use as a calcium supplement in animal feed to meet the 
daily requirement of calcium in livestock (Quina et al., 2017). Re-
searches also proved that eggshell powder in animal feed plays a major 
role in supplying calcium sources to hens for laying eggs (Cordeiro and 
Hincke, 2012). The Association of American Feed Control Officials has 
agreed to supplement the feed with eggshell powder to livestock animals 
(Ruff et al., 2012). As eggshells are contaminated with microbial path-
ogens, they have to undergo heat treatment before it is powdered. 
Generally, for the transformation of eggshells to eggshell powder, drying 
at around 80 ◦C is essential for removing moisture content (Yoo et al., 
2009). The eggshell can be powdered using various mills depending 
upon the desired particle size. The eggshell matrix consists of eggshell 
and eggshell membrane. The former provides the required amount of 
calcium, and the latter enriches the feed with proteins (Quina et al., 
2017). 

Calcium plays a major role in the egg-laying ability of hens. It helps 
in bone development along with traces of phosphorous present in the 
eggshell. The eggshell membrane provides proteins responsible for 
maintaining muscle structure (Quina et al., 2017). Calcium that is 
extracted from eggshells is added as a supplement in rat’s feed. The 
acceptance and absorbance of calcium from eggshells and commercial 
calcium sources are both observed in rats. It is found that the absorbance 
of calcium from eggshells is higher in rats than that of the absorbance of 
commercial calcium, with a difference of 5.71% (Chang, 2003). It is also 
reported that calcium absorption is effective only when the consumer is 
subjected to vitamin D3 sources (EFSA FEEDAP Panel, 2014). 

6.2. Pharmaceutical industries 

Researchers are thriving to find eggshells applications in every field 
to act as a calcium supplement. Calcium is one of the most important 
nutrients for strong bones. Almost 99% of the calcium in humans is 
responsible for the strength of bones and teeth. Only the remaining 1% 
of calcium is found in the blood. Apart from these functions, calcium is 
responsible for the proper maintenance of blood pressure and pulse rate. 
A low level of calcium in the body leads to low bone mineral density 
(BMD). This is a common scenario in women who are in the menopausal 
stage. It also occurs in men aged above 40. Osteoporosis also occurs due 
to low calcium levels in the body, which leads to a condition in which 
the patients suffer from severe joint pains. The highly prescribed 
medication for low BMD is CIPCAL-500 (Gaonkar et al., 2016). It pro-
vides patients with enough calcium that is required for their recovery. 
The calcium that this medication provides is expected to be easily 
absorbed by the patients so that it can bind up with the bones and, as a 
result, increase BMD. The absorbance and the binding happen only 

when vitamin D3 is being assisted (King’Ori, 2011). Eggshells, which 
possess the ability to be a calcium supplement to humans, are researched 
to replicate CIPCAL-500. 

Eggshells are first powdered using ball mills for the desired particle 
size. They are then made into tablets, and the composition of it is 
manipulated to a certain extent to imitate CIPCAL-500 (Gaonkar et al., 
2016). The absorbance of calcium is higher when it is from the natural 
source (Bee Wilder, 2015). Therefore, it is obvious that the eggshell 
tablets acts as an effective replica of CIPCAL-500. The dissolution time in 
0.1% HCl and weights of the actual CIPCAL-500 and the eggshell tablets 
are compared. The weights of eggshell tablets and CIPCAL-500 are 
observed as 0.6 g and 1.25 g, respectively. The dissolution time in 0.1% 
HCl of eggshell tablets and CIPCAL-500 are 50 s and 100 s, respectively. 
So the results clearly showed that eggshell tablets could be used 
equivalent to CIPCAL-500. The added advantage is that the manufacture 
of eggshell tablets from chicken eggshell is easy. In contrast, the 
manufacture of CIPCAL-500 is difficult, and its preferred source is oyster 
and mussel shells (Gaonkar et al., 2016) which have a similar amount of 
calcium oxide (CaO) as commercial calcium carbonate (Hamester et al., 
2012). 

6.3. Soil amendment 

The whole eggshell is made up of calcium carbonate, which is a rich 
source of calcium. Eggshells are collected as wastes from houses, hotels, 
egg processing units, etc. It is still challenging to dispose of eggshells in 
an environmentally friendly manner as it causes pollution because of its 
low decomposing ability. Those shells can be dried at high temperatures 
(around 80 ᵒC) to minimize microbial organisms such as molds and 
bacteria. Dried shells can then be powdered using a grinder to produce 
the eggshell powder. Studies have shown that eggshell powder can be 
served as a calcium supplement for plants such as tomato and berries 
suffering from blossom-end rot disease (Gaonkar et al., 2016). The cal-
cium deficiency in tomato plants causes blossom-end rot [BER] (van 
Goor, 1968). To recover such plants, fertilizers can be added with 
eggshell powder, which can be a calcium supplement. In general, plants 
obtain minerals and nutrients from natural amenities, and apart from 
this, they obtain from fertilizers. The availability of soil nutrients de-
pends on the soil’s pH (Quina et al., 2017). So the researchers have tried 
to add eggshells as a supplement in fertilizers. Eggshells are rich in 
calcium and also contains other minerals in trace amount. The addition 
of eggshells as a supplement in fertilizers increased calcium in soil by 
16% in 14 days (Gaonkar et al., 2016). BER-infected plants can hence be 
easily supplemented with calcium. The preparation of fertilizer with the 
eggshell supplement is inexpensive and environmentally safe (King’Ori, 
2011). 

Eggshells can be used as an ingredient in the mixture of compost 
yields a product that is used for soil amendment and improvement 
(Quina et al., 2017). The eggshell powder can be added as compost to 
enrich the soil with nutrients. Another way of utilizing eggshell powder 
is to mix with fertilizers to provide nutrients to plants. The addition of 
eggshell powder increases the nutritional intake of plants. The absor-
bance of calcium from eggshells or eggshell powder is about 90% easier 
than limestone, coral sources, and oyster shell (Gaonkar et al., 2016). 
The eggshells are the best known natural source of calcium. Calcium in 
the eggshells increases or neutralizes the soil’s pH and provides an ideal 
condition for the proper growth of plants (King’Ori, 2011). 

6.4. Bioavailability and bio-accessibility of calcium 

Bioavailability is the availability of calcium for absorption by the 
intestine. In contrast, bio-accessibility refers to a percentage of calcium 
existing in the soluble form at the end of intestinal digestion with respect 
to the total calcium in the food products. It is crucial to raise the quantity 
of soluble calcium in foods to facilitate calcium absorption in the human 
body, particularly in osteoporosis (Wang et al., 2020). The addition of 
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eggshell powder leads to a significant increase in the calcium content, 
making it more bioavailable for absorption in the body (Bradauskienė 
et al., 2016). The absorption of calcium is affected by non-dietary and 
dietary factors. Non-dietary factors are the post-menopausal phase in 
women and impaired parathyroid functioning. Dietary factors include 
phytates, oxalates, tannins, high protein, high sodium, caffeine, inade-
quate vitamin D, high sulphur to calcium ratio, high phosphorus, and 
magnesium. In nations where adequate calcium is acquired from dietary 
sources, calcium fortification will undoubtedly be focused on the risk 
population, like post-menopausal women and young people (Waheed 
et al., 2019). Calcium salts bioavailability differs based on the 
calcium-fortified food product and the way it is consumed (Rafferty 
et al., 2007). 

A high-protein diet, particularly those derived from animals, causes 
calcium loss in the body. According to some studies, a high-protein diet 
causes more bone loss. When more sugars, fats, or proteins are ingested, 
an insoluble complex forms, rendering calcium unavailable to humans. 
High sulphur to calcium ratio enhances calcium excretion from the 
body, allowing bone demineralization to occur. The bioavailability of 
calcium salts in the human body is hampered by a lack of vitamin D and 
increased dietary magnesium and phosphorus levels. Phytic acid, also 
known as phytates, is found in grains and inhibits calcium absorption in 
the body. Foods containing phytates, such as seeds, soya beans, cereals, 
and bran, decrease calcium absorption by creating an insoluble complex 
with calcium (Guéguen & Pointillart, 2000). Other anti-nutritional fac-
tors found in sorrel, walnuts, rhubarb, and spinach include oxalates, 
which produce an insoluble complex with calcium, reducing its 
absorbability. Tea comprises tannins, a chelator that binds calcium, 
increasing its bioavailability. Milk fat lipids produce insoluble calcium 
soaps, so they are not strongly advised for fortification. High salt con-
sumption also promotes calcium loss from the body. Post-menopausal 
women mostly develop osteoporosis since they generate little oes-
trogen (the hormone that prevents skeletal mass in adolescent women) 
(Pravina et al., 2013). 

Some physiological factors also influence calcium absorption. The 
parathyroid gland, located in the neck area, is responsible for the human 
body calcium storage. Calcium may bioaccumulate if these glands fail to 
function. Similarly, calcium will never be assimilated if hydrochloric 
acid is not present in the body because it cannot be dissolved. As a result, 
it will not be widely available in the human body. Gastric acid decreases 
with age, particularly in women, where a drop in oestrogen is preceded 
by a drop in mucin and hydrochloric acid. As a consequence of the high 
pH of pancreatic juices and bile salts, calcium is not completely ionised 
and so is not ionised in the digestive tract (Reddy, 2017). This can cause 
calcium buildup in joints and tissues, which can lead to numerous health 
problems. In vitro dissolution is a chief indicator of potential in vivo 
calcium absorption. It can be used to determine calcium bioavailability 
from various sources. Szeleszczuk et al. (2015) reported that chicken 
eggshell calcium dissolves better than precipitated CaCO3. 

The bioavailability of most calcium salts used in food fortification for 
human consumption ranges from 20% to 40% (Palacios et al., 2021). 
Other salts of calcium, such as calcium citrate produced from calcium 
extracted off the eggshell (Fig. 1), have an even higher solubility not 
only in acidic medium but even in neutral and alkaline medium (Barbara 
et al., 2016). Also, the higher dissociation constant of calcium salts in the 
alimentary tract further enhances its bioavailability, on the whole, thus 
increasing its bioaccessibility. During in vitro digestion, soluble calcium 
(bioaccessibility) is related to but not identical to free calcium. Soluble 
calcium includes both free calcium and calcium complexed with pro-
teins, peptides, and salt anions such as phosphate and lactate. The 
addition of eggshells to snacks provides higher bioaccessibility (Wang 
et al., 2020). In comparison with 11 different calcium salt combinations, 
the bioavailability measured by Palacios et al. (2021) was found in the 
range of 20%–40% (35% from Calcium malate citrate and 27% from 
Calcium carbonate, respectively). Furthermore, its bioavailability can be 
enhanced to about 15% by converting it into nano form (El-Shibiny 

et al., 2018). In comparison with other food-based purified sources, 
eggshell-based sources of calcium are significantly better digested in the 
human body, making it a good source of calcium with no adverse effects 
(Chang, 2003). In addition to this, in comparison with other commercial 
calcium supplements such as Calcigran®, Calcivit®, and Coral Cal-
cium®, it has been found that calcium carbonate is more readily soluble 
via in vitro study (Bradauskienė et al., 2016). Further, as experimented 
on rats by Chang (2003), results showed an increased Ca content and 
bone strength in the rats fed with eggshell powder (ESP) over those fed 
with mineral CaCO3, and apparent absorption studies showed that the 
bioavailability of eggshell powder is not inferior to non-fat dry milk 
(NFDM) (Chang, 2005). Considering measurement of true absorption 
and intermediate utilization to scale bioavailability as found by Bao 
et al. (1997), organic salts of calcium such as calcium citrate, lactate, 
and acetate were much superior when compared to its inorganic salts 
due to their propensity to formulate chelate in the digestive tracts. On 
the whole, 1 g of eggshell powder can provide 1 half of an adult female’s 
daily requirement (Bartter et al., 2018). 

6.5. Human consumption 

Eggshells are regarded as the best natural source of calcium. The 
eggshell of an average hen’s egg, when powdered, yields 750–800 mg of 
calcium (King’Ori, 2011). As eggshells are highly contaminated with 
microbial pathogens, heat treatment is done to kill microbes present on 
the surface (Ray et al., 2017). They are then powdered using a ball mill 
or hammer mill according to the desired particle size (Hassan, 2015). 
The typical particle size after hammer milling is in the range of 0.05–8 
mm (Kumar & Krishnan, 2020). The factors affecting size reduction in a 
hammer mill include the duration of milling, size of the screen, and rotor 
speed. It is operated between 2500 and 5000 rpm. RDA consumption of 
calcium for an average adult is about 1000–1200 mg per day (Walker, 
1972). 

The calcium requirement of different age groups varies from one 
country to another. For example, it varies from 500 to 800 mg/day for 
children in India compared to 500–1000 mg/day for children in 
Australia. Insufficient calcium levels in the body lead to low bone 
mineral density (BMD), and when this condition persists for a long time, 
it causes osteoporosis and hypocalcemia. Insufficient levels of calcium 
do not mean less intake of calcium. The calcium that is being consumed 
has to be absorbed by the intestinal cells to meet up the daily require-
ment of the body (Michael F. Holick, 2014). Vitamin D3 assists the 
absorbance of calcium by the intestinal walls. When the body consumes 
calcium without vitamin D3 being assisted, calcium is not absorbed by 
the cells, and it is excreted as calcium salts from the body (M. F. Holick 
et al., 1980). 

To meet the daily requirement of calcium, many calcium-fortified 
food products like fortified orange juice, flour, and pasta are available 
in the market, making use of cattle bone powder and milk powder as 
calcium (Ray et al., 2017). It should be made sure that the person who 
consumes these calcium-fortified products should be exposed to sunlight 
or any other means of vitamin D3 source for the better absorbance of 
calcium in the body. 

It has been observed that calcium from eggshells has an absorbance 
of 90% by human cells (Bee Wilder, 2015), which is higher than that of 
synthetic calcium (King’Ori, 2011). Hence powdered eggshells can be 
used as calcium supplements in the human feed (Brun et al., 2013). 
Calcium has a higher absorbance by the human body in the form of 
calcium citrate and calcium lactate (Daengprok et al., 2002). Therefore, 
calcium carbonate in the eggshells is converted to a more absorbable 
form by chemical reactions such as reaction with citric acid (Oliveira 
et al., 2013) or lactic acid (Daengprok et al., 2002). The more absorbable 
forms of calcium are the ones that have higher bioavailability in the 
human body. This includes calcium lactate, calcium acetate, calcium 
citrate, calcium gluconate, and calcium phosphate (de Paula et al., 2014; 
Faridi & Arabhosseini, 2018; Oliveira et al., 2013). 
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Overall, the addition of eggshell waste in the human diet will in-
crease the intake of calcium for low-income countries and help in the 
effective absorption and assimilation of the mineral in the human body 
for enhancing its calcium count, especially for calcium-deficient people. 
On the other side, even though excessive calcium intake (more than the 
RDA) is very uncommon, it can happen if extra calcium is supplemented 
along with high calcium foods. This increases the chance of hypercal-
cemia, milk-alkali syndrome, kidney stones (Del Valle et al., 2011), 
cardiovascular problems (Li et al., 2013), and even cancer (Rahmati 
et al., 2018). However, fortified calcium will not increase the calcium 
intake levels to the extent of supplements; hence, fortified foods can be 
consumed, especially among populations with low calcium intake 
(Palacios et al., 2021). 

6.5.1. Eggshell incorporated food products 
The eggshell powder has already been researched to be used as a 

possible calcium source in several food products for their fortification. 
The eggshell calcium-fortified products are mentioned in Table 2. 

6.5.1.1. Calcium-fortified beef sausage. Although made with duck 
eggshell, the process was similar to that of chicken eggshell. After being 
cleaned and boiled for 12 h, the eggshells were calcinated at 1000 ◦C (2 
h) to be converted into Calcium Oxide. It was then converted into nano 
calcium eggshell by high-energy ball milling for 60 min to produce 
eggshell nano calcium oxide powder. This powder was added in con-
centrations from 0.15% to 0.6% to obtain different samples. The 
calcium-fortified beef sausage substantially affected texture, taste, fla-
vor, color, and chewiness (Prasetyo & Prayitno, 2021). 

6.5.1.2. Calcium fortified pork sausage. In calcium-fortified pork 
sausage, the calcium carbonate present in the eggshell was first con-
verted into calcium lactate powder by adding lactic acid and henceforth 
by freeze-drying. This calcium lactate powder was then, in turn, added 
to Nham, which is Thai-fermented pork sausage. Results showed that the 
addition of calcium lactate powder into the sausage did not affect the 
overall acceptability even after increasing its pH and decreasing its 
texture scores (Daengprok et al., 2002). 

6.5.1.3. Nano-powdered eggshell supplemented yogurt. In nano-powdered 
eggshell supplemented yogurt, the nano-powdered eggshell (NPES) was 
incorporated in the yogurt. Rancidity was not occurred in nano- 
powdered eggshell supplemented yogurt. The presence of a large 
amount of Ca in eggshells increased earthy flavor in yogurts. Firmness 
and grainer yogurts were also observed. This increased the storage life 
along with calcium fortification of the yogurt. Also, NPES did not affect 
the yogurt quality adversely (Al Mijan et al., 2014). 

6.5.1.4. Calcium-fortified biscuits. In calcium-fortified biscuits, the 
eggshell was powdered and added to the biscuit mix. The eggshell 
powder and mix proportions were maintained at 1 mg to follow the RDA 
and get the desired texture. It was found that the eggshell powder was a 
cheap source of calcium and can be used to increase calcium content 
without affecting the quality parameters of biscuits up to 6% powder 
(Hassan, 2015). 

6.5.1.5. Calcium fortification of roasted and ground coffee. Calcium cit-
rate powder was prepared out of eggshells (calcium carbonate) by the 

Table 2 
Utilization of eggshell waste for the fortification of different food products.  

S. 
No. 

Commodity Form of Calcium Process development Characteristics Reference 

1. Pork Sausage Calcium Lactate  • Formation of calcium lactate powder by 
the addition of lactic acid.  

• It is then spray-dried to be added to Nham 
(Thai fermented pork sausage).  

• Increased pH and decreased texture scores 
were observed  

• No change in overall acceptability 

Daengprok et al. 
(2002) 

2. Yogurt NPES (Nano-Powdered 
Eggshell)  

• Formation of Nano-Powdered Eggshell 
and its addition in yogurt.  

• Increased storage life.  
• No adverse effect in the yogurt quality 

El-Shibiny et al. 
(2018) 

3. Biscuit Eggshell powder  • Addition of powdered eggshell directly in 
biscuit mix.  

• Increase in calcium content  
• No change in the quality of biscuit for 

calcium content up to 6% 

Hassan (2015) 

4. Roasted and 
Ground Coffee 

Calcium citrate  • Formation of calcium citrate by the 
addition of citric acid to eggshell powder.  

• It is added to roasted and ground coffee to 
obtain a fortified powder.  

• Increased calcium bioavailability  
• No change in sensory characteristics of 

coffee 

de Paula et al. 
(2014) 

5. Chocolate Cake Eggshell powder  • Uniform addition of ground eggshell 
powder to the chocolate cake mix.  

• Minimal changes in textural and sensory 
characteristics of the cake 

Ray et al. (2017) 

6. Pizza and 
spaghetti 

The eggshell powder 
dissolved in vinegar, lemon, 
and orange juice  

• The eggshell powder was prepared by 
home scale rolling pin and sieve.  

• It was then added to respective doughs 
before being baked for bread and pizza 
and extruded for spaghetti.  

• No significant change in flavor and texture 
of different foods after the addition of 
eggshell powder 

Brun et al. (2013) 

7. Muffins Eggshell powder  • 8 & 16 g of eggshell powder was added to 
500 g flour and baked.  

• A significant increase in calcium content 
was observed for 8 g muffin with improved 
sensory characteristics 

Afzal et al. (2020) 

8. Polish bread 
spread 

Eggshell powder  • 265 mg of eggshell was added to 100 g of 
bread spread and baked.  

• Enrichment with eggshells increased the 
calcium levels by 2.5 fold 

Kobus-Cisowska 
et al. (2020) 

9. Soy milk jelly 
Candy 

Eggshell powder  • The eggshell powder was added to soy 
milk jelly candy for its fortification  

• 0.8% eggshell powder resulted in the 
optimum quantity of calcium content with 
0.51% 

Novelina et al. 
(2020) 

10. Chokeberry & 
Cranberry juice 

Eggshell powder  • The eggshell powder was added to both 
the juices till 2% amount  

• 1% eggshell powder was found to be 
optimal with no significant change in 
precipitate and color  

• Calcium content was found to be 25 times 
higher for chokeberry and 66 times for 
cranberry 

Lachowicz et al. 
(2020) 

11. Beef sausage Eggshell nano-calcium  • Eggshell was calcinated to obtain nano- 
calcium and added to the sausage mix  

• Significant effect was found on sensory 
attributes 

Prasetyo and 
Prayitno (2021) 

12. White bread Eggshell powder  • Addition of eggshell powder to bread 
recipe  

• High total score in sensory evaluation Platon et al. (2020)  
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addition of citric acid. This was then added to the roasted and ground 
coffee to obtain a calcium-fortified powder. This led to no change in the 
sensory characteristics of coffee but rather lead to an increase in calcium 
bioavailability. Calcium citrate malate was used over naturally available 
calcium carbonate as it had the highest rate of infusion in the beverage 
(de Paula et al., 2014). Novel techniques such as cold plasma can also 
improve calcium solubility in brewed coffee for enhanced fortification 
(Aditya et al., 2020). 

6.5.1.6. Calcium-fortified chocolate cake. Chicken eggshells were 
washed, cleaned, and boiled with water for 30 min. Before grinding to a 
fine powder, the boiled chicken eggshells were dried at 80 ◦C for 2h in a 
hot air oven. All the chocolate cake ingredients and the ground eggshell 
powder were directly added to the cake mix and baked at 180 ◦C for 25 
min. This leads to an increase in the chocolate cake’s calcium content 
with the least change in textural and sensory qualities of the cake (Ray 
et al., 2017). 

6.5.1.7. Calcium-fortified home-made food. The eggshell powder was 
made by a home scale rolling pin/mixer mill, and the sieve was sterilized 
at 134 ◦C for 15 min using autoclave before addition in the dough for 
spaghetti and pizza. Sensory analysis showed no significant change in 
flavor and texture of different foods after the addition of eggshell 
powder. By taking this into account, chicken eggshells can be considered 
an alternative for dietary calcium supplements because it positively af-
fects dental and bone metabolism (Brun et al., 2013). 

6.5.1.8. Calcium-fortified muffins. In this, 8 g & 16 g of eggshell powder 
was added to 500 g of flour for its fortification. The same amount of 
synthetic calcium was also added to another set of samples. Proximate, 
sensory, and mineral analysis of the cooked muffin was made and 
compared. Muffins with 8 g eggshell powder showed a significant in-
crease in calcium and observed improved sensory characteristics. No 
difference in quality attributes of that sample was observed compared 
with the control (Afzal et al., 2020). 

6.5.1.9. Calcium-fortified white bread. The eggshell waste was cleaned 
before separating the membrane. After being dried in an oven at 50 ◦C 
for 10 min, the eggshells were pulverized to a size of 125 μm. 0.5 g–2 g of 
this powder was added to different samples of dough to obtain fortified 
white bread. The addition of eggshell waste in white bread positively 
affected Physico-chemical, flavor, and aging properties. This acted as a 
preservative by maintaining the freshness of the white bread. Using 
eggshell waste in bakery products like bread adds advantages like 
nutritional enrichment with Ca, waste recovery in the food sector, 
enhancement of bread preservation (Platon et al., 2020). 

6.5.1.10. Calcium-fortified polish bread. Micronized eggshells were used 
to fortify polished bread spread for the formulation of bread. 265 mg of 
eggshell was added to 100 g of bread spread for its fortification. Results 
showed increased calcium levels by 2.5 folds with respect to the control. 
Fortification of calcium in polish bread could recover humans who have 
osteoporosis. This implies that waste food products can be processed 
technically as food supplements (Kobus-Cisowska et al., 2020). 

6.5.1.11. Calcium-fortified soy milk jelly candy. Chicken eggshells were 
cleaned and boiled for 15 min. Before milling, eggshells were oven-dried 
at 60 ◦C for 2 h. Chicken eggshells were added in five different con-
centrations from 1% in soy milk jelly candy. Observations made on jelly 
candy’s different properties found a 0.8% concentration of eggshell 
powder to be optimum as it led to the highest increase in calcium con-
tent (0.51%). This had a substantial rise in gel strength, calcium levels, 
reducing sugar levels, saccharose levels, ash content, water content, and 
pH (Novelina et al., 2020). 

6.5.1.12. Calcium-fortified chokeberry & cranberry juice. This was done 
to observe the effects of adding the eggshell powder to berry juices. The 
eggshell powder was added to both the juices, and it was observed that 
the juice samples up to 1% eggshell powder showed no significant 
changes in precipitate and color and slightly improved their taste. The 
calcium content in juices increased 25.7 times (chokeberry) and 66.3 
times (cranberry) (Lachowicz et al., 2020). 

6.5.1.13. Probiotic yogurt supplemented with nanopowdered eggshells. 
Eggshells were washed, cleaned, boiled with water, and dried for 2 days 
at room temperature. To remove the interior membrane, eggshells were 
again boiled for 2 h and dried at 60 ◦C for 6 h in a hot air oven. Nano-
powdered eggshell (NPES) was produced by grinding pre-boiled egg-
shells using a mortar grinder. 0.2, 0.4, and 0.6 mg/ml of NPES were 
added to different samples of milk before being inoculated for the 
preparation of fortified yogurt. Shelf life, microbial, and physicochem-
ical improvement of yogurt was observed when NPES was added (Kamel 
et al., 2021). 

6.5.1.14. Eggshell calcium-fortified lablab bean sprout milk. The eggshell 
powder was taken, and the calcium was extracted by reacting calcium 
carbonate with 2.5% HCl. In order to control foam production, the so-
lution was continuously stirred and heated at 110–115 ◦C. Calcium 
chloride was extracted from that and added to the bean sprout milk. It 
was again heated at a temperature of 80–90 ◦C to obtain the fortified 
product. This increases the nutritional properties of eggshell-fortified 
lablab bean sprout milk (Tjandra Nugraha & Bata, 2021). 

6.5.1.15. Functional whey beverage. Eggshells without membranes were 
cleaned and boiled for 20 min. It was dried for 5 h at 45 ◦C and sieved to 
a fine powder (0.09 mm). The eggshell (39% calcium) was blended with 
egg yolk, vanilla, sweet whey, and date syrup to formulate a novel 
functional whey beverage fortified with calcium. The nutritional prop-
erties of this product were enhanced. One cup of this fortified whey 
beverage (250 ml) will meet the daily requirement of an adult 
(Gab-Allah & Shehta, 2020). 

6.5.2. Eggshell membrane incorporated food products 
Eggshell membrane incorporated food products include hydrolyzed 

protein, collagen, and so on. Production of hydrolyzed protein includes a 
proteolytic enzyme for triggering protein hydrolysis from the eggshell 
membrane, which can then be filtered out to get hydrolyzed protein 
(Oliveira et al., 2013). Also, protein concentrates can be produced by 
centrifugation of the eggshell membrane in the presence of HCl and 
NaOH. This can then be used as a protein food to provide large quantities 
of protein with a minimal amount of other nutrients (Oliveira et al., 
2013). Apart from this, collagen can also be produced by a pre-treating 
eggshell membrane centrifuged in the presence of acetic acid and citric 
acid. This results in the production of soluble collagen in the superna-
tant. Then, the collagen can then be separated from this mixture. This 
collagen can be used to make various food products like jam and jellies 
(Ponkham et al., 2011). 

7. Conclusion 

Conclusively on a global scale, increased production of eggs has also 
observed its wastage on a large scale in the form of eggshells. This has 
corresponded to a loss in calcium carbonate and other minerals present 
in the eggshell in a consumable and bio-available form and beneficial for 
human consumption. Several kinds of research in this field have indi-
cated that discarded eggshell waste has several agricultural, medical, 
and industrial applications. Apart from being a cheaper source of cal-
cium, it is also easier to derive calcium carbonate from it. It has higher 
bioavailability than synthetic calcium and is suitable for human con-
sumption after minimal heat treatment. Hence, it can be used as a source 
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of calcium to produce fortified foods and calcium supplements. Adding 
to it, eggshells can also be used in pharmaceutical industries and various 
other uses such as animal feed and soil enhancers. This will also reduce 
the production of greenhouse gases produced by the dumping of egg-
shells in landfills and protects the environment. Conversely, at the 
current state where calcium deficiency is on a steep rise, cheap fortified 
foods are of utmost importance to tackle this form of hidden hunger. It 
fulfilled the recommended daily requirement of calcium in the body, 
and, at the same time, increased intake will be accompanied by 
enhanced assimilation and utilization in the body. Adding to it, 
consuming calcium from natural sources such as eggshells instead of 
artificial or purified supplements will cause a much less negative effect 
on the body as it will keep the daily intake limits under control. How-
ever, enough care must be taken to maintain the flavor and texture 
profile of the fortified products due to insolubility and poor aftertaste, 
and mouthfeel of calcium. Also, the addition of eggshell powder should 
be done after ensuring proper sterilization to ensure no contamination of 
salmonella or other disease-causing microbes. The regulated addition of 
calcium carbonate and in a form that the body can readily absorb is 
essential for producing fortified foods. 

8. Future scope 

Further forecasts predict a 2–3% increase in the annual global pro-
duction of eggs. India has one of the most increasing egg production 
rates as it is predicted to reach 100,000,000 egg production per year in 
the year 2020, where its per capita consumption will increase from a 
current 68 eggs per person to 180 eggs per person per the year 2020. 
Similarly, The USDA World Agricultural Supply and Demand Estimates 
predicts an increase of around 2% from 6.46 million tonnes in 2018 to a 
total of 7.1 million tonnes in 2020. This corresponds to an estimate of a 
per capita consumption of 280.7 eggs per person per year in the USA. 
Along with this, The American Egg Board (AEB) expects an increase of 
2–3% in the quantity of eggs produced every year. 

Subsequently, the production of eggs will also result in the genera-
tion of un-consumed and under-utilized portions of egg-like eggshell 
waste and eggshell membrane. Hence, its effective utilization will 
reduce the large amount of waste that affects the environment and end 
up saving the loss of large amounts of essential organic and inorganic 
substances. Therefore, it can be concluded that there is a huge scope for 
better and effective utilization of the discarded eggshell waste. 
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