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Abstract

The external covering of egg is called eggshell. Chicken eggshell is composed of calcified egg shell as well as shell
membrane. Its total weight is 10-11 % as compared to whole egg weight. Eggshell is an important structure for two
reasons. Firstly, it act as an embryonic chamber during development of chick, secondly it act as a container and provide
protection to the contents of egg and a unique container for the market egg. Despite its remarkable properties it is very
often discarded from homes, restaurants, farms and factories. This review article aims to summarize the recent reports
utilizing eggshell as calcium source in chicks, stressing the need to use a egg shell as a calcium source instead to use
other sources. Hen eggshell is chemically composed of 65.6 % water, 11.8 % proteins, 11% fat and 11.7 % Ash. The
shell consists of 97% calcium carbonate, and this is provided to the hen in the diet. However, the chemical must be
broken down in the digestive system and then re-synthesized in the shell gland to form the shell. The shell of egg is the
best sources of calcium then other sources like limestone. Calcium has an important role in formation of hard eggshell in
hens. The calcium played a role in eggs quality as well as bone mineralization. Deficiency of calcium leads to minimize
bone strength, egg weight and egg production.

Keywords: Eggshell; laying hens; calcium; bone development; egg production; eggshell quality & eggshell thickness.

Copyright © 2021 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original
author and source are credited.

membranes.Inner membrane become uncalcified and
INTRODUCTION outer membrane set off mineralized [9]. Both shell
membranes have almost thickness 100 micrometer.
These membranes help to prevent insight of bacteria.
Eggshell membrane is a fibrous structure. It is very
essential for development of eggshell. Eggshell
membranes are composed of 10 percent collagens
which are most important proteins and provide support
to bones, teeth and other body tissues [10]. Eggshell
contains organic matter that includes proteins, lipids
and carbohydrates [11]. Eggshell is also consist of
uronic acid, nitrogen, sialic acid and amino acids. True

Feed is the most key constituent of cost
production in poultry farms.Therefore, investigators are
continuously focusing for methods to reduce feed cost
period improving poultry production [1]. Most key
sources of protein as well as income are poultry [2].
Eggs are calculated as perfect protein [3]. The shell of
egg is waste product from homes, restaurants, farms
and factories [4]. Extenuation of food left-over is a step
toward achieving global environmental goals [5]. The
waste disposal shell of egg take part in environmental

poIIutlon.[G]. So_, reusle _of eggzhell as supplement ,r: shell contain that palisade layer, cuticle and
contc’lrete |; superior solution to decrease environmenta mammillary layer [12]. Eggshell cuticle is wrapping
problem [7]. outside of eggshell. Its inner side is calcified and outer

side is non-calcified [13]. Cuticle eggshell is stop

The shell of egg is the best sources of calcium dehydration of internal egg components [14].

other then sources like limestone [8]. The shell supply
actual shape to egg as well as also conserved useful
nutrients inside egg. Chicken eggshell is composed of

calpifieo_l €99 she(l)l as well as shell membrane. Its Fotal chemically composed of 65.6 % water, 11.8 % proteins,
weight is 10-11 % as compared to whole egg weight. 11% fat and 117 % Ash. Eggshell powder is

Shell membrane is composed of inner as well as outer chemically composed of 21.2 % C, 0.93 % MgO, 76.9

Egg shell contained protein  expected
membranes suppress in egg shell. Hen eggshell is
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% CaO, 0.42 % P205, 0.02 % Fe203 and 0.11 %
Na20. The shell of egg is composed of almost 98.2
percent calcium carbonate (380 mg Ca per gram). So, it
is possible egg shell meal in hen’s diet provide the best
calcium. 0.3 % phosphorus is also present in egg shell
at low level but it is very useful for replenishing hen’s
bone. It is very important to keep away from
hypophosphatemia. 0.2 % magnesium is also present in
hen eggshell which have effect on preserve eggshell
quality. Shell calcium fulfilled is 28.2 to 41.2 % as well
as phosphorus fulfilled is 0.102 % [15]. Calcium has an
important role in formation of hard eggshell in hens.
Calcium has chief role in control muscle spasms in
hens. Calcium is a big ingredient of bone where
calcium presence almost 99 percent. Calcium is helpful
for interior egg quality [16].

Table 1: Nutritional composition of chicken egg shell

[42]
Nutritional composition of chicken egg shell
Nutrition % weight
Water 29-35
CaCOs3 90,9
Calcium 35,1-36,4

Phosphorus/ Vitamin D | 0,12/41
Magnesium/ Vitamin A | 0,37-0,40/270

Protein 1,4-4

Fat/ Vitamin E 0,1-0,2/0.5

Ash/ Proline 89,9-91,1/ 0,54-0,62
Potassium 0,10-0,13

Sulphur 0,9-0,19
Cholesterol 185

Quality of an eggshell is chief factor for
production of egg because egg breakage gives rise to
economic losses. Shell quality includes that shape,
soundness and color of shell. It is also very important
for food safety of egg. Quality of egg shell is
determined by age, genotype and housing system as
well as also by stability feeding with adequate
phosphorus, calcium and trace minerals [12]. Laying
hens required high concentration of calcium sources for
the eggshell quality and bone health [17]. In the
digestive system calcium has played an important role
in the formation of eggshell quality [18]. The breaking
strength of egg shell revealed to be for better indicator
for its quality. Lowering of eggshell % due to reduction
in eggshell thickness [19]. Calcium absorption rate is
associated to require for calcium shell accumulation.
Eggshell strength becomes increased due to eggshell
thickness [20]. Koreleski and Swiatkiewicz (2004)
indicated that thickness of eggshell was increased by

feeding 60-80 percent large limestone. Eggshell
required calcium for maintaining of good shell quality
and almost 50-60 percent calcium makes egg strong. By
adding more digestible calcium improved the eggshell
quality. By adding extra vitamin D provide further
improvement in eggshell quality [21].

Proper nutrition is key element for maintaining
of hen health. The milled eggshell is used in stabilizing
materials like soil improving [4]. Calcium as well as
phosphorus are vital mineral nutrients. They were much
important for eggshell and bone formation [22]. Hens
feed by dietary calcium produced eggs such had alike
egg quality. Calcium sources such as egg shell,
limestone, gypsum and oyster shell are compulsory for
egg quality and bone formation [23]. Limestone and
oyster shell also provide 38 % calcium in the form of
calcium carbonate [24]. Different calcium sources had
notable effect on egg weight and egg production. Use of
eggshell as well as oyster shell in poultry as calcium
source give the same egg production [25]. Use of
eggshell waste designate that have economic advantage
above other calcium source [45]. Egg shell is richer in
calcium as compared to others like bone meal [1].

The calcium which has particle size played a
role in eggs quality as well as bone mineralization [18].
When hens are not feeding consume then large particle
size was beneficial [26]. In 1998 Scheideler indicated
that particle proportions of eggshells was participated to
consumption of calcium along hens. In laying
hen’seggshell calcium source is highly accessible to
hold up egg productionbut large fragment calcium
rising to keep up egg shell quality [27]. If the calcium
have large particle then they were stay in gizzard for a
longer time and solubility of calcium become increased
[28]. Although, literature suggesting better performance
in hens with eggshell of various particle size [27].
Saunders-Blades et al suggested that decreased bone
reabsorption and have useful effect on production
quality as well as bird health by feeding large particle
[29]. Recently, in 2007 Lichovnikova suggested that
diet  mixture = accommodate  two-thirds  big
sizedfragments of calcium source used to enhance
eggshell quality mainly in old hens. Disinfected egg
shell is a acceptable calcium source for handed down in
deposit diet. The material which is used in diet was a
granular size. Granular nature gave best results as
compared to other particle size. Mashed egg shells have
not good results while granular egg shells. The
existence of piece of calcium in diet was great chief for
hens in the course of high production else low
production [30].
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Uses of eggshells for the development of hens

Used for what purpose

Scientists

mineral density

Used of eggshell with magnesium and vitamin D3 have positive effect on bone | Schaafsma et al., (2002)

[44]

Used of bird shell to get balanced mineral in diet

King'ori.(2011)

follicles)

Used of ground eggshell to know gonadal performance (ovarian traits and ovarian | N. Gongruttananun. (2011)

Used of egg shell and oyster shell to know egg shell strength

R. Meyer et al., (1973)

Used of dried eggshell to know egg quality & Ca digestibility

Schiedeler, S. E. (1998)

Used of eggshell and oyster shell to know egg production

Olgun et al., (2015) [43]

Used of ground eggshell to know hatching performance

N. Gongruttananun. (2011)

WBCs)

Used of eggshell and bone meal to know haematology of layers (RBCs, Hb and | Uchele et al., (2020)

For balancing excessive rate of egg
manufacturing hens required calcium [31]. Calcium
deficiency can conduct to untypical skeletal
development. It may lead to rickets in flourished chick.
Deficiency of calcium leads to minimize bone strength,
egg weight and egg production [32]. To reduce the risk
of pathogen infections, the shell of egg must be dried at
high temperature [33]. In 1945 Gutteridge and Pratt
were conducted previous study related to use of
eggshell as Ca source for hens. They found almost 2.22
percent shell of egg was essential in diet. Egg shell
meal was obtainable in abundant. Egg shell diet were
almost cheaper other then sources. When the egg
formation is not occurred then only 40 percent calcium
is absorbed from dietary source [34]. Hens have not
potential to absorb adequately bone calcium to keep
high calcium level in blood. But during the deposition
of egg shell hens absorbed dietary calcium at faster rate
and maintained the higher calcium level in blood [35].
In hen’s solvability of calcium are also effects the
ability to make use of it, bone quality and eggshell [29].

Egg shell membrane is frequently utilized as a
generating agent in synthesis of nano particles [5].
Squeeze out eggshell plus membranes which used in
layer diets as calcium sources without unfavourable
effects on egg making [36]. In 2008 Lichovnikova and
Zeman suggested that utilization of calcium rate in
eggshell was elevated in cage system contrast with floor
system [37]. In hens diet eggshell meal gave best results
as well as did not any unfavourable effects on limitation
studies [38]. Results from currently study confirm dried
egg shells used calcium source in diets without
deleterious effects on egg production and egg weight. In
2007 Lichovnikova describe that different amount of
egg shell had notably expand egg weight. In other
words Lichovnikova indicated that hens not undergo
effect on feed eating when give the different amount of
egg shell like calcium source. Even though crushed
eggshell was easily digested, but it was insufficient to
increase eggshell quality. All performance framework
were not seriously affected [30]. The treatment of
dietary calcium did not effect on egg quality excluding

egg weight [39]. The shell of egg has helpful effect on
weight of eggshell despite the fact that eggshell
thickness was not notably affected. Some researchers
indicated that extruded eggshell have no deleterious
effects on feed conversion, egg weight and egg
production [33]. The results help earlier reports of
further inquirer (Froning and Bergquist, 1990;
Scheideler, 1998), during eggshells feeding to hens as
calcium source have not detrimental effects on feed
consumption, bone weight and egg production [40]. No
effect of nutritive treatment was establish for egg
weight, egg production, egg shell weight, bone weight
and bone strength [41].

CONCLUSION

This review article aims to summarize the
recent reports utilizing eggshell as calcium source in
chicks, stressing the need to use a egg shell as a calcium
source instead to use other sources. The shell of egg is
the best sources of calcium then other sources like
limestone. The shell of egg has helpful effect on weight
of eggshell despite the fact that eggshell thickness was
not notably affected. No effect of nutritive treatment
was establish for egg weight, egg production, egg shell
weight, bone weight and bone strength.

REFERENCES

1. Okpanachi, U., Yusuf, K. A, lkubaje, M. K., &
Okpanachi, G. C. A. (2020). Effects of egg shell
meal on the performance and haematology of
layers and their egg quality. African Journal of
Science, Technology, Innovation and Development.
DOI: 10.1080/20421338.2020.1838111.

2. Zaman, M. A., Sarensen, P., & Howlider, M. A. R.
(2004). Egg Production Performances of a Breed
and Three Crossbreeds Under Semi-Scavenging
System of Management. Livestock Research for
Rural Development 16, Art. #60.
http://www.Irrd.org/lrrd16/8/zamal6060.htm.

3. Annie, J. K., & Francine, A. B. (1997). “Shell Egg
Information.” Poultry Fact Sheet, No.1B,
University of  California, Avian  Science
Department. Davis.CA95616, P1.

© 2021 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

198


http://www.lrrd.org/lrrd16/8/zama16060.htm

Jameeh Kausar & Irum Naureen; Sch Int J Anat Physiol, Dec., 2021; 4(11): 196-200

10.

11.

12.

13.

14.

15.

16.

17.

Amu, O. O., Fajobi, A. B., & Oke, B. O. (2005).
Effect of eggshell powder on the stabilization
potential of lime on an expansive clay soil. Res J
Agric and Biol Sci, 1, 80-84.

Balaz, M., Boldyreva, E. V., Rybin, D., Pavlovic,
S., Rodriguez, P. D., Mudrinic, T., & Luque, R.
(2021). State-of-the-Art of Eggshell Waste in
Materials Science: Recent Advances in Catalysis,
Pharmaceutical Applications, and
Mechanochemistry. Front Bioeng Biotechnol, 8,
612567. doi: 10.3389/fbioe.2020.612567.

Phil, G., & Zhihong, M. (2009). High value
products from hatchery waste. RIRDC publication
no. 09/061. glatz.phil@saugov.sa.gov.au.

Shafain, M. (2014). The Performance of Eggshell
Powder as An additive In Concrete Mixed. Report
submitted in partial fulfilment of requirements for
the award of the degree of B. Eng. (Hons.) Civil
Engineering Faculty of Civil Engineering and Earth
Resources Universiti Malaysia Pahang.

Bee, W. (2011). How to make calcium from egg
shells. www. Healing naturally by Bee.
Downloaded from the internet on 30/09/2011.

Nys, Y., Huopalahti, R., Lopez-Fandino R., Anton,
M., Schade, R., & Gautron, J. (2007). Structure and
formation of the eggshell. In Bioactive Egg
Compounds. Springer Verlag, Berlin, Heidelberg,
99-104.

Madison, N. (2011). What is collagen? 2003-2011
Conjecture corporation. Last modified date: 01
September.

Burley, R. W., & Vadehra, D. V. (1989). The egg
shell and shell membranes: Properties and
synthesis. The Avian Egg, Chemistry and Biology.
John Wiley, New York, 25-64.

Ketta, M., & Tumova, E. (2016). Eggshell
structure, measurements, and quality-affecting
factors in laying hens. Czech J Anim Sci, (7), 299—
309. doi: 10.17221/46/2015-CJAS.

Kusuda, S., lwasawa, A., Doi, O., Ohya, Y., &
Yoshizaki, N. (2011). Diversity of the cuticle layer
of avian eggshells. Journal of Poultry Science, 48,
119-124.

Rose, M. M., Du, J., Hincke, M. T. (2012).
Proteomic analysis provides new insight into the
chicken eggshell cuticle. Journal of Proteomics,
75, 2697-2706.

Arpasova, H., Halaj, M., & Halaj, P. (2010).
Eggshell quality and calcium utilization in feed of
hens in repeated laying cycles. Czech J Anim Sci,
55(2), 66-74.

Roudybush, T. E., & Grau, C. R. (1987). “Calcium
Need and Danger.” Exotic bird report. Avian
Science Department, University of California,
Davis, California, 956167:1.

Pizzolante, C. C., Saldanha, E. S. P. B., Lagana
Kakimoto, S. K., & Togashi, C. K. (2009). Effects
of calcium levels and limestone particle size on the

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

egg quality of semi-heavy layers in their second
production cycle. Braz. J Anim. Sci, 11, 79-86.
Keshavarz, K., & Nakajima, S. (1993). Re-
evaluation of calcium and phosphorus requirements
of laying hens for optimum performance and
eggshell quality. Poult Sci, 72, 144-153.
Casiraghil, E., Hidalgo, A., & Rossi, M. (2005).
Influence of weight grade on shell characteristics
of marketed hen eggs: Shell characteristics of
different weight-grade eggs. European Symposium
on the Quality of Eggs and Egg Products
Doorwerth. The Netherlands, 23-26.

Ketta, M., & Tamova, E. (2018). Relationship
between eggshell thickness and other eggshell
measurements in eggs from litter and cages, Italian
Journal of Animal Science, 17 (1), 234-239, DOI:
10.1080/1828051X.2017.1344935.

Koreleski, J., Swiatkiewicz, S. (2004). Calcium
from limestone meal and grit in laying hen diets-
effect on performance, eggshell and bone quality.
J. Anim. Feed Sci, 72, 1510-1514.

Neijat, M., House, J. D., Guenter, W. & Kebreab,
E. (2011). Calcium and phosphorus dynamics in
commercial laying hens housed in conventional or
enriched cage systems. Poult. Sci, 90, 2383-2396.
Omole, A. J., Ogbosuka, G. E., Salako, R. A., &
Ajayi, O. O. (2005). Effect of Replacing Oyster
Shell with Gypsum in Broiler Finisher Diet.
Journal of Applied Sciences Research, 1 (2), 245-
248. http://www.aensionline.com/jasr/  jasr/245-
248.pdf.

Tung, A. E., & Cufadar, Y. (2015). Effect of
Calcium Sources and Particle Size on Performance
and Eggshell Quality in Laying Hens. Turkish
Journal of Agriculture - Food Science and
Technology, 3(4), 205-2009.

Wilcke, H. L. (1940). Egg Shells Good Poultry
Feed," Farm Science Reporter: Vol. 1 : No. 3 ,
Article 7. Available at:
http://lib.dr.iastate.edu/farmsciencereporter/vl1/iss3
I7.

Etches, R. J. (1987). Calcium logistics in the laying
hen. J Nutr, 117, 619-628.

Scheideler, S. E. (1998). Eggshell calcium effects
on egg quality and Ca digestibility in first-or third-
cycle laying hens. J. Appl. Poult. Res, 7, 69-74.
Anwar, M. N., Ravindran, V., Morel, P. C. H,,
Ravindran, G. & Cowieson, A. J. (2017). Effect of
calcium source and particle size on the true ileal
digestibility and total tract retention of calcium in
broiler chickens. Anim. Feed Sci. Technol, 224, 39—
45.

Saunders, B. J. L., Macisaac, J. L., Korver, D. R,
& Anderson, D. M. (2009). The effect of calcium
source and particle size on the production
performance and bone quality of laying hens.
Poult. Sci, 88, 338-353.

© 2021 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

199


mailto:latz.phil@saugov.sa.gov.au

Jameeh Kausar & Irum Naureen; Sch Int J Anat Physiol, Dec., 2021; 4(11): 196-200

30.

3L

32.

33.

34.

35.

36.

37.

38.

Lichovnikova, M. (2007). The effect of dietary
calcium source, concentration and particle size on
calcium retention, eggshell quality and overall
calcium requirement in laying hens. Br. Poult. Sci,
48, 71-75.

Ahmed, T. A. E., Wu, L., Younes, M., & Hincke,

M. (2021). Biotechnological Applications of
Eggshell. Recent Advances, Front. Bioeng.
Biotechnol, 9, 675364. doi:

10.3389/fhioe.2021.675364.

Roland, D. A., & Bryant, M. (1994). Influence of
Calcium on Energy Consumption and Egg Weight
of Commercial Leghorns. Journal of Applied
Poultry Research, 3, 184-189.

Tadtiyanant, C., Lyons, J. J., & Vandepopuliere, J.
M. (1993). Extrusion processing used to convert
dead poultry, feathers, eggshells, hatchery waste,
and mechanically deboned residue into feedstuffs
for poultry. Poult. Sci, 72, 1515-1527.

Gutteridge, H. S., & Pratt, J. M. (1945). Egg shells
as a source of calcium for laying hens. Poultry, 24,
87-88.

Meyer, R., Baker, R. C., & Scott, M. L. (1973).
Effects of Hen Egg Shell and Other Calcium
Sources Upon Egg Shell Strength and
Ultrastructure. Department of Poultry Science,
Cornell University, Ithaca, N. Y. 14850, Poultry
Science, 52, 949-955.

Froning, G. W., & Bergquist, D. (1990). Utilization
of inedible eggshells and technical albumen using
extrusion technology. Poult. Sci, 69, 2051-2053.
Lichovnikova, M., & Zeman, L. (2008). Effect of
housing system on the calcium requirement of
laying hens and on eggshell quality. Czech Journal
of Animal Science, 53, 162—168.

Okpanachi, U., Yusuf, A. K., lkubaje, M. K.,
Okpanachi, G. C. A., & Ode, C. O. (2017). Effects
of Egg Shell Meal on the Performance of Layers
and Their Egg Quality. In Book of Abstract of
African Unity for Renaissance Conference, 118.
Freedom Park, Pretoria.
http://www.hsrc.ac.za/uploads/pageContent/8184/
AUR%20B00k%200f%20Abstract_fa.pdf.

39.

40.

41.

42.

43.

44,

45.

Woo, D. L., Kotharil, D., Niu, K. M., Lim, J. M.,
Hye, D., Jaeeun, K., Eom, K., & Kim, S. K. (2021).
Superiority of coarse eggshell as a calcium source
over limestone, cockle shell, oyster shell, and fne
eggshell in old laying hens. Department of Animal
Science and Technology, 11, 13225.
Gongruttananun, N. (2011). Effects of eggshell
calcium on productive performance, plasma
calcium, bone mineralization, and gonadal
characteristics in laying hens. Department of
Animal Science, Kasetsart University, Bangkok,
Thailand 10900, Poultry Science, 90, 524-529. doi:
10.3382/ps.2010-01003.

Gongruttananun, N. (2011). Effects of Using
Ground Eggshells as a Dietary Calcium Source on
Egg Production Traits, Hatching Performance and
Eggshell Ultrastructure in Laying Hens, Kasetsart.
J Nat Sci, 45, 209-220.

Lubis, M., Ginting, M. H. S., Dalimunthe, N. F.,
Hasibuan, D. M. T., & Sastrodihardjo, S. (2017,
March). The influence of chicken egg shell as
fillers on biocomposite acrylic resin for denture
based. InIOP Conference Series: Materials
Science and Engineering (Vol. 180, No. 1, p.
012008). 0P Publishing.

Olgun, O., Yildiz, A. O., & Cufadar, Y. (2015).
The effects of eggshell and oyster shell
supplemental as calcium sources on performance,
eggshell quality and mineral excretion in laying
hens. Indian J Anim Res, 49(2), 205-209.
Schaafsma, Z., Doormal, J. J. V., Muskiet, F. A.,
Hofstede, G. J., Pakan, I., & Veer, E. V. D. (2002).
Positive effects of a chicken eggshell powder
enriched vitamin-mineral supplement on femoral
neck bone mineral density in healthy late post
menopausal Dutch women. Br J Nutr, 87, 267-275.
Sim, J. S, Yong, A. L. M., & Bragg, D. B. (1983).
Utilization of Egg Shell Waste by the Laying Hen.
Department of Poultry Science, The University of
British Columbia Vancouver, British Columbia
Canada V6T 2A2. Poultry Science, 62, 2227-2229.

© 2021 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

200



