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ABSTRACT

Purpose: The study reported herein was conducted to determine the effects of choice feeding three 
different calcium (Ca) sources on external and internal egg quality parameters of commercial layers.

Research Method: Three dietary Ca sources (oyster shells, limestone and bone meal) were choice fed 
ad libitumly along with a commercial layer feed. The birds fed only the commercial layer diet was 
used as the control. The experiment was conducted as a complete randomized design.  A total of 128, 
55 weeks old Hy-line white layer hens (1500 ±21g) were assigned into 16 cages of 8 birds each. Four 
replicate cages were randomly assigned to each of the four dietary treatments. Bird’s performances were 
tested weekly. Twenty eggs from each treatment were collected weekly over five weeks period and were 
assessed for shell and internal quality parameters.

Findings: Daily Ca intakes of birds affected significantly (P<0.05) by the Ca source. The birds fed oyster 
shells and limestone showed the highest (P<0.05) daily Ca intakes. Feeding bone meal significantly 
(P<0.05) reduced damaged shell percentage. Weekly body weight gain, weekly egg production and feed 
conversion ratio among treatments were similar (P>0.05). Dietary supplementation of Ca significantly 
(P<0.05) improved the egg weight. Shape index and shell ratios among treatments were similar (P>0.05). 
Feeding bone meal significantly (P<0.05) improved unit surface shell weight (USSW) and the shell 
thickness. Calcium supplementation had no effect (P>0.05) on albumen and yolk quality parameters of 
eggs. 

Originality/value: The present study concluded that feeding bone meal to commercial layers improves 
USSW, shell thickness thereby reducing egg damages. Calcium source has no influence in improving 
internal quality parameters of chicken eggs. 

Keywords: Bone meal, Calcium, Hy-line white, Limestone, Oyster shell

INTRODUCTION

The eggshell works as a “natural package” to the 
interior egg contents while protecting the embryo 
from physical damages. The eggshell quality 
continues to be one of the major concerns of the 
egg industry. Eggs with inferior shell quality 
incur serious economic losses to the poultry 
producers. It has been found that the average 
of eggs cracked prior to point of consumption 
varied from 13% to 20% (An et al., 2016). The 
eggshell therefore, must be sufficiently strong 
enough to resist damages occur during egg 
laying, collection, grading, and transportation, 

and must be able to remain intact until it reaches 
the hand of consumers. Egg shell quality and 
its strength is therefore, a vital factor in poultry 
production as eggs with defective shells lead 
to great economic losses (Lavelin et al., 2000). 
These defects may be either microscopic (i.e. 
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hair-line cracks) or macroscopic (i.e. gross 
cracks) or may be presented as thin-shelled 
eggs or shell-less eggs. The damaged egg shells 
enhance penetration of micro-organisms into 
the egg thus reducing the interior egg quality. 
However, it is well known that damages to egg 
shells can be minimized by improving the egg 
shell thickness (An et al., 2016).

Calcium is an important macro-element that is 
required for optimum egg shell strength. The 
palisade layer of the shell, which is responsible 
for its mechanical strength, consists of more than 
90% Ca in the form of Ca carbonate (CaCO3). 
A linear improvement in eggshell quality has 
been observed with increasing dietary levels 
of Ca (An et al., 2016). Source, as well as the 
particle size, solubility and dietary inclusion 
level of Ca are known to influence the egg shell 
quality (Scheideler, 1998; Pizzolante et al., 
2009). Calcium is also found to responsible for 
maintaining the internal egg quality (Ahmed et 
al., 2013). According to Pelicia et al., (2007), 
feed intake can be influenced by dietary Ca 
concentration. In domestic fowl, Ca present in 
feed is mainly absorbed between the duodenum 
and lower jejunum (Hurwitz and Bar, 1970). 

Commercial layer diets are typically formulated 
to contain 40-46 g/kg and 3.1-5 g/kg, total Ca 
and non-phytate P, respectively (Leeson and 
Summers, 2005).  However, it has been found 
that the most of the layer rations available in Sri 
Lanka do not contain aforementioned dietary 
Ca levels (Ravindran, 1995) and the use of a 
supplementary Ca source is therefore frequently 
recommended by the feed manufacturers. As 
insufficient dietary Ca may lead to poor shell 
quality, the commercial layers must be provided 
with a supplementary Ca source which can fulfil 
their daily Ca requirement. Interestingly, as for 
other nutrients like lysine (Newman and Sands 
1983), total protein (Forbes and Shariatmadari, 
1994), methionine (Steinruck et al., 1990) and 
selenium (Zuberbuehler et al., 2002) poultry 
have been shown to exert a special appetite for 
Ca (Wood-Gush and Kare, 1966;  Joshua and 
Mueller, 1979). Existence of special appetite in 
poultry for Ca has been  widely tested therefore, 

by numerous researches (Wilkinson et al., 
2014).

In commercial poultry production provision of 
external Ca sources is directly related with the 
grit feeding practices. Grit feeding supplies Ca 
required for the laying hens. It is recommended 
to start grit feeding at the onset of laying. Grit 
feeding is also important in the mechanical 
digestion which takes place in the gizzard.  It is 
recommended to provide at least 3.5 – 4g of Ca 
for a hen per day (Hy-Line, 2016). Provision of 
good reliable, digestible and cost-effective Ca 
source will immensely help the poultry industry 
to keep eggs for prolong period without damages 
(Saunders-Blades et al., 2009).

In commercial layer production, limestone 
and oyster shells have been commonly used 
as Ca supplements in Sri Lanka. In broiler 
processing, bones are left as a by-product which 
has a potential to be used as a Ca source. So 
far, number of studies have been conducted to 
investigate the effect of limestone (Safaa et al., 
2008; Saunders-Blades et al., 2009; Ahmed 
et al., 2013), oyster shell (Safaa et al., 2008; 
Saunders-Blades et al., 2009; Ahmed et al., 
2013) and egg shells (Olgun et al., 2015; Tunç 
and Cufadar, 2015) as sources of Ca in layer 
diets. However, to the author’s knowledge, no 
research has been conducted to investigate the 
effect of bone meal as an external Ca source on 
egg shell quality parameters of layers.  And the 
researches conducted based on free choice grit 
feeding in commercial layers are also limited. 
Therefore, the present study was carried out to 
investigate the effect of free choice feeding of 
three Ca sources (oyster shell, limestone, and 
bone meal) on external and internal egg quality 
characters of commercial layers. 

MATERIALS AND METHODS

Experimental Site

The experiment was conducted for a period of 5 
weeks in a large-scale commercial layer farm in 
Wennappuwa (Geographical coordinates: 7° 20’ 
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48” North, 79° 50’ 12” East, Sri Lanka) situated 
in North Western province, Sri Lanka. 

Birds

Fifty-five weeks old Hy-line white layers were 
individually weighed (1500±21g) and, a total of 
128 birds of uniform body weight were selected 
and assigned to 16 cages of 8 birds each so that 
the weight variation among cages was minimum. 
Four cages were randomly assigned to each of 
the four treatments. Each bird was provided 
with 550 cm2 floor space. The cages were 
housed in an environmentally controlled room 
(21 ± 1oC) throughout the experiment period.  A 
lighting schedule of 20L: 4D was provided. The 
layer feed, except the Ca sources was given as 
recommended by Hy-line Management Guide 
(Hy-line, 2016) and water was freely available 
throughout the experimental period. 

Diet

Commercially available layer feed was used 
as the basal ration. Three different Ca sources, 
namely oyster shell, limestone and bone meal 
were used as the supplemental Ca sources. 
Oyster shell and limestone were purchased 
from local market while thigh bones left from 
a commercial meat processing plant were 
processed into a meal. Each supplemental 
Ca source was introduced to its respective 
treatment in separate feeders and offered 
adlibitum adopting classical choice feeding 
method. The treatment fed only the layer feed 
with no supplemental Ca source served as the 
control. 

Processing Bone Meal 

Broiler thigh bone was processed into a meal. 
Separated thigh bones were boiled until loosen 
the meat particles. Bones were washed to remove 
meat particles and were sterilized at 120˚C for 
one hour using an autoclave (VARIO 3028, 
Dixons Surgical Instruments Ltd, Wickford, 
UK). Sterilized bones were sun dried and then 
crushed into desirable particle sizes.

Chemical Analysis

The commercial layer feed was analyzed 
in duplicates for its proximate composition 
(AOAC International, 1995).  Three Ca sources 
were analysed in duplicates for moisture and 
ash contents (AOAC International, 1995). Dry 
matter (DM) was determined by drying samples 
at 105°C for overnight in a pre-weighed dried 
crucible in a convection oven (Model No: YCO 
– 010, Gemmy Industrial Corp, Taipei, Taiwan). 
Ash content was determined by igniting the 
sample in a muffle furnace (FH- 12, Daihan 
Scientific Co. Ltd, Gangwon-do, Korea.) at 
600 0C for 6 hours. Nitrogen was determined 
by Kjeldahl method. Ether extract (EE) was 
determined by Soxhlet extraction. Calcium 
in feed and grit sources were determined by 
colorimetric assay (Flexor E, Vital Scientific 
NV, Spankeren/Dieren, the Netherlands) 
following digestion with 6M HCl to release Ca 
(AOAC International, 1995).  Total P in feed and 
grit sources were determined colorimetrically 
(AOAC International, 1995). The samples were 
ashed and digested in 6M HCl to prepare for the 
colorimetric step. Phosphorus was determined 
colorimetrically (UV mini 1240 Shimadzu 
Corp., Kyoto, Japan) at 680 nm. Bomb 
calorimetry (Model No: IKA C 200, IKAWerke 
GmbH & Co. KG, Staufen, Germany) was used 
to determine the gross energy (GE) contents of 
samples.  

Particle Size Distribution of Ca Sources

Representative grit samples were tested in 
duplicates to determine the particle size 
distribution. A set of sieves sized 0.225, 0.354, 
0.4, 1.19, 2.38, and 4mm were used to separate 
particles into different fractions through shaking. 
The samples were passed through a set of sieves 
for 10 minutes. The amount of particles retained 
on each sieve was weighed. The geometric 
mean diameter (GMD) and geometric standard 
deviation (GSD) were calculated as described 
by Baker and Herman (2002) using the formula 
below. These calculations were based on the 
assumption that the weight distributions of 
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the grit samples were logarithmically normal 
(Martin, 1985).

di = (du x do)
0.5

GMD= log-1 [ ∑ (Wi log di) / ∑ Wi]

GSD = log-1[ ∑ Wi (log di- log dgw)2 / ∑ Wi)]
0.5    

Where,

di = diameter of ith sieve in the stack,

du = diameter opening through which particles 
will pass (sieve proceeding ith),

do = diameter opening through which particles 
will not pass (ith sieve),

Wi = weight fraction on ith sieve in the stack.

Performance Parameters

Daily egg production, weekly damaged 
egg percentage (%), daily feed intake, daily 
Ca intake, body weight gain (BWG), feed 
conversion ratio (FCR) were recorded over 5 
weeks. Calcium intakes derived from both the 
diet and respective supplemental Ca source 
were used to calculate daily Ca intake of birds. 
Feed conversion ratio was calculated as the 
amount of feed (kg) to produce a dozen (12) 
eggs. Mortality was recorded throughout the 
experimental period.

Egg Quality Parameters

A total of 80 eggs were collected weekly for 
laboratory analysis. Visual observation and spot 
candling was performed to identify damaged 
eggs. The eggs had hair-line cracks and gross 
cracks were considered damaged eggs. The 
weight, length and width of each egg were 
measured. Eggs were broken individually on a 
white flat tile in order to measure the yolk height, 
yolk diameter, albumen length, albumen height 
and the yolk colour. The yolk was separated 
from albumen and the weight was recorded. 

Egg shells were washed gently to remove the 
remained albumen. Egg shells were air dried 
for 24 hours. The shell weights were obtained 
and the average shell thicknesses were obtained 

from three points (Kul and Seker, 2004). 
Calculations to determine external and internal 
egg quality parameters were done using the 
formulae described by Kul and Seker (2004), 
and Olawumi and Ogunlade (2008).

Statistical Analysis

Data were subjected to one way-ANOVA 
procedures using the statistical software package 
SAS (2001). The means were separated using 
Duncan multiple range test. Differences were 
considered significant at P<0.05.

RESULTS AND DISCUSSION

Analysed DM, ash, crude protein (CP), EE, Ca, 
total P and GE contents of the layer diet used 
during the experimental period are presented in 
Table 01. Layer diets are typically formulated 
to contain 40-46 g/kg and 3.1-5 g/kg, total Ca 
and non-phytate P, respectively (Leeson and 
Summers, 2005).  The analysed Ca content in the 
diet was lower than the recommended dietary 
Ca level for commercial layers. The analysed 
DM and Ca contents of three Ca sources are 
presented in Table 01. The highest Ca content 
(353.7g/kg) was present in limestone while the 
lowest (101.6 g/kg) was from the bone meal. 
According to NRC (1994), limestone contains 
about 380 g/kg of Ca on weight/weight basis. 
However, Ca content in limestone (353.7 g/kg) 
was lower than that of reported by NRC (1994). 
Variation in the Ca concentration of limestone 
(339.7-428 g/kg) has been previously reported 
elsewhere (Ajakaiye et al., 1997; Wilkinson 
et al., 2013; Olgun et al., 2015; Anwar et al., 
2016b). Analysed Ca content in oyster shells 
(271.5 g/kg) was lower than that of reported in 
NRC (1994). According to NRC (1994) oyster 
shells contain 380 g/kg of Ca and 1g/kg of P 
level (NRC, 1994). However, variation in the 
Ca content of oyster shells (320.9-370 g/kg) 
has been previously reported (Olgun et al., 
2015; Anwar et al., 2017). Bone meal contains 
298g/kg of Ca and 125g/kg of P (NRC, 1994). 
Calcium (101.6 g/kg) and P contents (59.8 g/
kg) in bone meal used in the present experiment 
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were lower than that of reported by NRC (1994). 
Variation in the Ca and P contents of bone meal 
has been previously reported. Calcium content 
of bone meal was found to be varied from 193 
to 370 g/kg (Orban and Roland, 1992; Field, 
2000; Phiraphinyo et al., 2006; Khalil et al., 
2017). The analysed composition of bone meal 
P varied from17.7 to 193.3 g/kg (Orban and 
Roland,1992; Phiraphinyo et al., 2006; Khalil 
et al., 2017). Calcium and P contents of bones 
are known to be affected by the species’, age, 
feed nutrition and site of sampling (Orban and 
Roland,1992; Phiraphinyo et al., 2006; Khalil 
et al., 2017). However, the P content of bone 
meal produced from thigh bones (59.8 g/kg) in 
the present study is more or less comparable to 
that of reported by Khalil et al., (2017) for bone 
meal P of thigh bone origin (45.2 g/kg).

NRC (1994) and Hy line (2016), recommended 
CP levels for layer rations range from155 and 
170 g/kg.  The analysed CP content of the layer 
feed is within the recommended value. The 
resulted GE level is satisfactory and sufficient 
to provide energy to the layers.

Particle Size Distribution 

Particle size distribution of three different Ca 
sources is presented in Fig. 01. The geometric 
mean diameter (GMD) of oyster shells, 
limestone and bone meal were 0.616, 2.23 
and 0.465 mm, respectively. The geometric 
standard diameter (GSD) of oyster shells, 
limestone and bone meal were 2.44, 2.18 and 
2.40, respectively. The relative proportion of 
the coarse particles (>2.3 mm) was higher in 
limestone (58.53%). Medium sized particles 
(0.354 – 2.38 mm) were higher in oyster shells 
(56.01%).  The bone meal contained more fine 
particles (0.225mm or less) (52.80%) than other 
two sources. However, particle distribution in 
bone meal was found to be different than the 
other two sources. 

The solubility of the oyster shells, limestone 
and bone meal depends on their particle size. 
Particle size may be a factor influencing 
digestibility of Ca and P. A study by Orban and 
Roland (1992) demonstrated that the solubility 

of chicken bone meal of coarse (3.3mm), 
granular (2.2mm) and fine (0.8mm) were 13, 
53 and 32%, respectively. Therefore, dietary Ca 
levels may need to adjust based on solubility 
of the particles. Hy-line (2016) recommended 
to provide more (60%), coarse (2000–4000 
Micron) particles to commercial layers and less 
amount (40%) of fine (0-2000 micron) particles. 
Therefore, periodic particle size evaluation is 
an essential component of a feed manufacturing 
quality assurance program (Baker and Herrman, 
2002). 

According to Pizzolante et al., (2009), coarse 
limestone produced less cracked eggs.  In 
contrast, a study conducted by de Araujo et al., 
(2011), revealed that no effect due to limestone 
particle sizes on egg weight, egg dozen 
conversions, shell thickness, egg shell ratio and 
Haugh Unit.  Pelicia et al., (2009) showed that 
in vitro solubility of limestone decreased with 
increasing particle size and no significant effect 
of particle size distribution on egg production, 
egg weight and feed intake of layers. However, 
although the effects of particle sizes were not 
tested, the present results demonstrated that 
bone meal having fine particles was more 
effective in improving shell quality characters 
in commercial layers. But Anwar et al., (2016a) 
concluded that the particle sizes with coarser 
particles are more digestible than finer limestone 
particles. Numbers of research suggested that 
larger particle size limestone led to increased 
gizzard and duodenal soluble Ca which may be 
beneficial in accommodating needs for eggshell 
formation (Ajakaiye et al., 1997; Zhang and 
Coon, 1997; Guo and Kim, 2012).  Zhang 
and Coon (1997) clearly demonstrated that 
large particle-sized limestone has an inherent 
ability to retain prolong period in the gizzard 
of commercial layers. These authors further 
showed that the Ca retention in the gizzard 
varies with Ca source causing variations in Ca 
availability. However, in contrast, Guinotte et 
al., (1991) reported increased Ca retention in 
broilers fed diets with fine CaCO3 (0.15 mm) as 
compared to medium (0.6-0.8 mm) and coarse 
CaCO3(>1.18 mm). 
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Performance Parameters

All birds remained healthy during the 
experimental period and no mortality was 
recorded. The influence of three Ca sources 
on bird’s performance is presented in Table 
02. Daily Ca intake per bird and damaged egg 
percentage were affected significantly (P<0.05) 
by Ca sources. However, FCR, weekly 
production and weight gain of birds were not 
affected by the Ca source (P>0.05). 

Feed, Grit and Ca intake: 

Daily feed intakes of birds fed the control 
diet alone, and the diets supplemented with 
oyster shells, lime stone and bone meal were 
95.0, 95.7, 94.9 and 94.8 g/bird, respectively. 

Moreover, the present study revealed that the 
contribution of dietary Ca in fulfilling the daily 
Ca requirement of birds fed the control diet 
alone, and the diets supplemented with oyster 
shells, lime stone and bone meal were 3.42, 
3.45, 3.42, 3.41g/bird, respectively. Grit intakes 
of birds fed control, oyster shells, lime stone 
and bone meal were 0.00, 9.26, 8.09 and 11.83 
g/bird/day. Calcium intakes of birds between 
treatments were significantly different (P<0.05) 
(Table 02). The daily Ca intake of birds was 
significantly the highest (P<0.05) in birds fed 
oyster shells and limestone. (5.96 and 6.27 g/
bird/day, respectively). The lowest Ca intake 
was observed in the birds fed control (3.42 g) 
diet. Bone meal treatment provided Ca intake 
of 4.61 g/bird/day.

Table 01:	 The analyzed composition of the layer feed and calcium sources.

Item Dry matter 
(g/kg) Ash g/kg Crude Protein 

(g/kg)
Ether extract 

(g/kg)
Calcium 
(g/kg)

Total Phosphorus 
(g/kg)

Gross Energy 
(MJ/kg)

Layer feed 892.4 105.1 172.8 63.8 36.0 7.8 14.7
Oyster shell 992.8 817.9 - - 271.5 0.24 -
Limestone 996.7 881.5 - - 353.7 0.14 -
Bone meal 899.4 458.5 - - 101.6 59.8 -

Figure 01:	 Particle size distribution of three Ca source

Table 02:	 Effect of different calcium sources on layer performance1.

  Ca intake 
(g/bird/ day) 

Egg Damage 
(%)

FCR 
(Feed kg)/12egg)

Weekly Egg 
Production

Weight Gain 
(g)

Control 3.42c 4.68a 1.28 50.15 40
Oyster Shell 5.96a 3.13a 1.30 49.4 35
Limestone 6.28a 3.79a 1.32 48.95 35
Bone Meal 4.62b 1.01b 1.29 50.1 45
SEM2 0.161 0.645 0.019 0.601 11.85
Probability *** ** NS NS NS

NS = Not Significant; *P<0.05; **P<0.01; ***P<0.001.
1Each value represents the mean of four replicates (8 birds/replicate).; 2Pooled standard error mean. ; a-bMeans in a column not 
sharing a common superscript are significantly different at P<0.05. 
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It is well known that the daily Ca intake of 
commercial layers must be maintained at 4.5g 
to fulfil the Ca requirement (Hy-line, 2016). 
This study confirmed that all three Ca sources 
used satisfied the daily Ca requirement of Hy-
line layers.

Damaged Egg Percentage (%):

According to the collected data, bone meal 
treatment resulted in the lowest egg damage 
(P<0.05) percentage (1.01%). Damaged shell 
% in bird fed oyster shell (3.13%), limestone 
(3.79%) and the control (4.68%) were similar 
(P>0.05). Calcium availability is known to be 
affected by the Ca source and be related with its 
particle size. Moreover, it has been demonstrated 
that feeding Ca sources that containing P in 
their molecule may possibly result lower Ca 
bioavailability to poultry (Bessa, 1992) affecting 
on egg shell thickness. 

Feed Conversion Ratio:

Feed conversion ratio was not affected (P>0.05) 
by treatment (Table 02). Egg production and feed 
intakes of birds were not changed according to 
the treatments during experimental period. The 
layers were fed to a constant feed amount (95±1 
g/b/d) and with adlibitum water availability 
(Hy-line, 2016). This may be the reason for 
preforming the birds in a same level. However, 
Ahmed et al., (2013) reported low FCR in birds 
fed limestone.

Weekly Egg Production:

Weekly egg production of hens were not affected 
by treatments (P>0.05). As an average, birds 
fed oyster shells, lime stone, bone meal and 
control treatments produced 49.4, 48.95, 50.1 
and 50.15 of eggs weekly (Table 02). Normally 
in commercial layers, hen day egg production 
ranges between 95 and 98%. Similarly, 
Scheideler (1998) reported that productive 
performance of layers was not affected by 
sources of dietary Ca. However, in contrast 
Ahmed et al., (2013) reported that laying 
percentage increased with feeding limestone to 
layers.

Body Weight Gain:

Weight gain of layers during the experimental 
period was not significantly different (P>0.05) 
(Table 02). According to Pelicia et al., (2009) 
Ca level had no effect on weight gain of the 
laying hens. Moreover, Sultana et al., (2007) 
reported that the Ca source, their levels or their 
interactions did not cause any effect on initial 
live weight and final body weights of Japanese 
quail layers. 

External Egg Quality Parameters

The effect of feeding different Ca sources on 
external egg quality parameters in commercial 
layers is presented in Table 03. Among the 
different criteria tested, egg weight, unit surface 
shell weight (USSW) and shell thickness were 
affected (P>0.05) by the treatments. However, 
shape index and shell ratio were not differed 
significantly (P>0.05).

Egg Weight:

During the experimental period the lowest egg 
weight (P<0.05) was seen among the birds 
fed the control diet (Table 03). A significant 
reduction of egg weight was observed when the 
birds were fed with control diet as compared to 
oyster shell, limestone and bone meal. Calcium 
supplementation improved the egg weight 
(P<0.05) in layers. However, the egg weights of 
birds fed three Ca sources were similar (P>0.05).  
Eggs from the layers fed the control diet had the 
lowest weight. It may due probably to absence 
of grit to facilitate mechanical digestion. 
Insufficient dietary Ca might reduce the egg 
weight in birds fed control diet. Saunders-
Blades et al., (2009) found that the egg weights 
did not differ among the Ca sources and particle 
sizes when fed to 51-70 weeks old layers. 

Shape Index (%):

Shape index of eggs between treatments were 
similar (P>0.05). The egg shape index of birds 
fed oyster shell, limestone and bone meal and 
control diet were 76.41, 76.43, 75.60 and 76.54, 
respectively (Table 03). 
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Shell Ratio (%):

Shell ratio was not affected by treatments 
(P>0.05) (Table 03). Average shell ratios of the 
birds fed oyster shell, limestone and bone meal 
and control were 9.44, 9.60, 10.01 and 9.19%, 
respectively. It is evident that increase in egg 
weight is not accompanied by a proportionate 
increase in shell weight, thereby the shell ratio 
(Kul and Seker, 2004). This may be the reason 
for having similar shell ratios among treatments 
reported different egg weights in the present 
study.

Unit Surface Shell Weight (USSW):

The highest mean USSW (P<0.05) was given by 
the birds fed bone meal (70.3 mg/cm2) compared 
to those fed oyster shell, limestone and control; 
66.1, 65.8 and 64.0 mg/cm2, respectively (Table 
03).  

Egg Shell Thickness:

Egg shell thickness was significantly (P<0.05) 
different among treatments (Table 03). Birds 
fed bone meal reported the highest (P<0.05) 
mean shell thickness (0.596 mm) which was 
significantly different from other treatments. 
Birds fed oyster shell reported the next 
highest (P<0.05) shell thickness (0.536 mm). 
Shell thickness of birds fed oyster shell was 
significantly different from other treatments. 
Shell thickness of the eggs of the birds fed 
limestone and control were similar (0.500 and 

0.511 mm, respectively).  It is well known that 
the birds are responsive to increased dietary 
Ca up to a certain limit and higher dietary Ca 
concentrations may impair shell thickness in 
birds (de Souza et al., 2016). Keshavarz (1998) 
observed that increasing daily Ca intake from 
3.51 to 4.25 g/hen improved shell thickness 
from 0.372 to 0.386 mm. In contrast, de Souza 
et al., (2016) revealed that the dietary Ca above 
3.5% impaired shell thickness in Japanese 
quail layers. When Ca is in excess, intestinal 
absorption and consequently utilization might be 
impaired (de Souza et al., 2016). Two possible 
explanations may be provided for the observed 
result in the present study. First excessive 
Ca intake observed particularly in birds fed 
oyster shells and limestone, could probably 
result low Ca utilization in birds. In order to 
maintain optimum blood Ca levels, excess Ca 
will be excreted leaving some Ca available 
for metabolism.  On the other hand, high 
dietary Ca can cause hypercalcaemia, which 
in turn reduces the secretion of parathyroid 
hormone and synthesis of 1,25(OH)2D3, 
therefore lowering plasma Ca concentrations 
by decreasing its reabsorption from the kidney 
and absorption from the intestine (de Matos, 
2008; Anwar, 2017). Similarly, higher plasma 
Ca concentrations also stimulate the secretion 
of calcitonin by ultimobranchial gland which 
reduces Ca resorption from bones and kidneys 
which leads to low plasma Ca concentrations 
(Anwar, 2017). 

Table 03:	 The effect of calcium sources on external egg quality parameters of commercial 
layers1.

  Egg Weight 
(g)

Shape Index 
(%)

Shell Ratio 
(%)

Unit Surface Shell 
Weight (mg/cm2)

Shell Thickness 
(mm)

Control 59.46b 76.55 9.20 64.01b 0.512c

Oyster Shell 60.70a 76.41 9.45 66.08b 0.537b

Limestone 61.63a 76.44 9.605 65.84b 0.500c

Bone Meal 61.90a 75.60 10.01 70.30a 0.597a

SEM2 0.437 0.323 0.272 1.198 0.005
Probability *** NS NS ** ***

NS = Not Significant; *P<0.05; **P<0.01; ***P<0.001.
1Each value represents the mean of four replicates (8birds/replicate).;2Pooled standard error mean.; a-cMeans in a column not 
sharing a common superscript are significantly different at P<0.05. 
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Second, increased Ca intakes increased the 
absorption of Ca through the passive pathway, 
while reducing its absorption through the active 
pathway keeping the overall effect as reduction 
in the percentage of Ca absorption. 

Internal Egg Quality Parameters

None of the internal egg quality parameters 
were affected (P>0.05) by the treatments (Table 
04). 

Haugh unit:

Finding of the present study is in an agreement 
with the finding of Pizzolante, et al., (2009) 
who found that HU was not affected by dietary 
Ca concentrations. However, HU is known to be 
differed according to the layer breed (Monira, 
2003).

Yolk colour:

According to the present study, Ca source has no 
any relationship with the yolk colour. However, 
in contrast others (Guo and Kim, 2012, Tortuero 
and Centeno, 1977) reported that increasing 
dietary Ca level from 30 to 40 g/kg reduced egg 
yolk colour by approximately one unit on the 

Roche colour fan. A similar trend was observed 
by Jones (2007), who found that the yellow 
pigment of egg shells in ring-necked pheasants 
decreased with increasing dietary calcium.  No 
difference (P>0.05) between treatments were 
observed for yolk index (Table 04). 

CONCLUSION

The present study concluded that free choice 
feeding of bone meal to layers improves unit 
surface shell weight, shell thickness and thereby 
reduce egg shell damages. Feeding Ca sources 
did not change internal quality parameters of 
eggs. Among the Ca sources tested, bone meal 
is the best Ca source for commercial layers.
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Table 04:	 The effect of calcium sources on internal egg quality parameters of commercial 
layers1.

  Albumen Index Albumen Ratio Hough Unit Yolk Colour Yolk Index Yolk Ratio
Control 9.92 61.8 86.46 12.00 42.88 28.99
Oyster Shell 9.93 62.9 86.23 12.02 43.53 27.61
Limestone 9.86 61.6 86.45 12.09 43.60 28.85
Bone Meal 9.72 62.3 85.98 12.03 43.72 27.67
SEM2 0.177 1.03 0.544 0.056 0.294 0.792
Probability NS NS NS NS NS NS

NS = Not Significant.
1Each value represents the mean of four replicates (8birds/replicate).; 2Pooled standard error mean.;a-bMeans in a column not 
sharing a common superscript are significantly different at P<0.05.

REFERENCES

Ahmed, N.M., Atti, A.K.A., Elamin, K.M., Dafalla, K.Y., Malik, H.E.E. and Dousa, B.M. (2013). 
Effect of dietary calcium sources on laying hens performance and egg quality. Journal of 
Animal Production Advances. 3(7): 226-231. DOI: 10.5455/japa.20130718034818

The Journal of Agricultural Sciences - Sri Lanka , 2020, Vol.15, No. 1

http://dx.doi.org/10.5455/japa.20130718034818


59

Ajakaiye, A., Atteh, J. O. and Leeson, S.  (1997). Effects of calcium source, particle size and time 
on in-vitro calcium solubility of some indigenous Nigerian mineral ingredients for poultry 
diets. Animal Feed Science and Technology. 65: 293-298. DOI: https://doi.org/10.1016/
S0377-8401(96)01072-3 

An., S.H., Kim, D.W. and An, B.K. (2016). Effects of dietary calcium levels on productive 
performance, eggshell quality and overall calcium status in aged laying hens. Asian-
Australasian Journal of Animal Sciences. 29(10):1477-82. DOI:  10.5713/ajas.15.0655

Anwar, M.N. (2017). Measurement of True Ileal Calcium Digestibility of Feed Ingredients for 
Broiler Chickens. PhD Thesis, Massey University, Palmerston North, New Zealand. 12-
14pp. 

Anwar, M.N., Ravindran, V., Morel, P.C.H., Ravindran, G. and Cowiesion A.J. (2017). Effect of 
calcium source and particle size on the true ileal digestibility and total tract retention of 
calcium in broiler chickens. Animal Feed Science and Technology. 224:39-45. DOI: http://
dx.doi.org/10.1016/j.anifeedsci.2016.12.002 

Anwar, M.N., Ravindran, V., Morel, P.C.H., Ravindran, G. and Cowiesion A.J. (2016a). Effect of 
limestone particle size and calcium to non phytate phosphorus ration on true ileal calcium 
digestibility of limestone for broiler chickens. British Poultry Science. 57(5): 707-713. DOI
:10.1080/00071668.2016.1196341

Anwar, M.N., Ravindran, V., Morel, P.C.H., Ravindran, G. and Cowiesion A.J. (2016b). Apparent 
ileal digestibility of calcium in limestone for broiler chickens. Animal Feed Science and 
Technology. 213: 142-147. DOI: https://doi.org/10.1016/j.anifeedsci.2016.01.014

AOAC International. (1995). Official Methods of Analysis. 18th ed. AOAC Int., Washington, DC.

Baker, S., and Herrman, T. (2002). Evaluating particle size. MF-2051 Feed Manufacturing, 
Department of Grain Science Industry, Kansas State Univ. Manhattan, KS. pp. 5.

Bessa, L.H.F. (1992). Biodisponibilidade de cálcio em suplementos de cálcio e fósforo para aves 
[issertação]. Belo Horizonte (MG): Universidade federal de Minas Gerais.

de Araujo., J.A., da Silva J.H.V., Costa, F.G.P., de Sousa J.M.B., Givisiez, P.E.N. and Sakomura, 
NK. (2011). Effect of the levels of calcium and particle size of limestone on laying hens. 
Revista Brasileira de Zootecnia. 40 (5):997-1005. DOI: http://dx.doi.org/10.1590/S1516-
35982011000500009  

de Matos, R. (2008). Calcium metabolism in birds. Veterinary Clinics Exotic Animal Practice. 
11:59-82. DOI: https://doi.org/10.1016/j.cvex.2007.09.005 

de Souza, DS., Calixto, LFL; de Lemos, MJ., da Silva Filho, C.A., Pinho, T.P., Machado, C.A.,

Melo, I.A. and Togashi, C.K. (2016). Quail performance and egg quality at the end of production 
fed with varying levels of calcium. Semina: Ciências Agrárias, Londrina. 37 (4): 2395-
2406. DOI: 10.5433/1679-0359.2016v37n4Supl1p2395

Field, R.A. (2000). Ash and calcium as measures of bone in meat and bone mixture. Meat Science. 
55: 255-264. DOI: https://doi.org/10.1016/S0309-1740(99)00147-3  

R.M.D.B. Rathnayaka, R. K. Mutucumarana and M. S. Andrew

https://doi.org/10.1016/S0377-8401(96)01072-3
https://doi.org/10.1016/S0377-8401(96)01072-3
https://dx.doi.org/10.5713%2Fajas.15.0655
http://dx.doi.org/10.1016/j.anifeedsci.2016.12.002
http://dx.doi.org/10.1016/j.anifeedsci.2016.12.002
https://doi.org/10.1080/00071668.2016.1196341
https://doi.org/10.1016/j.anifeedsci.2016.01.014
http://dx.doi.org/10.1590/S1516-35982011000500009
http://dx.doi.org/10.1590/S1516-35982011000500009
https://doi.org/10.1016/j.cvex.2007.09.005
https://doi.org/10.1016/S0309-1740(


60

Forbes, J.M. and Shariatmadari, F.S. (1994). Diet selection for protein by poultry. World’s Poultry 
Science Journal. 50: 7–24. DOI: https://doi.org/10.1079/WPS19940002

Guinotte, F., Nys, Y. and de Monredon, F. (1991). The effect of particle size ad origin of calcium 
carbonate on performance and ossification characteristics in broiler chickens. Poultry 
Science. 70:1908-1920.

Guo, X.Y. and Kim, I.H. (2012). Impacts of limestone multi-particle size on production 
performance, egg shell quality, and egg quality in laying hens. Asian-Australasian Journal 
of Animal Sciences. 25 (6): 839-844. DOI:  10.5713/ajas.2011.11468

Hurwitz, S. and Bar, A. (1970). The sites of calcium and phosphate absorption in the chick. Poultry 
Science. 49: 324-325. 

Hy-Line (2016), Hy-line W-36 Interactive Management Guide. Hy-Line International, USA.

Jones, L.R.   (2007). Calcium dynamics affecting egg production, skeletal integrity, and egg 
coloration in ring-necked pheasants (Phasianus colchicus). Master Dissertation. Brigham 
Young University.; Provo, Utah, USA.

Joshua, I.G. and Mueller, W.J. (1979). The development of a specific appetite for calcium 
in growing broiler chicks. British Poultry Science. 20: 481-490.  DOI: https://doi.
org/10.1080/00071667908416610

Keshavarz, K. (1998). Investigation on the possibility of reducing protein, phosphorus, and calcium 
requirements of laying hens by manipulation of time of access to these nutrients. Poultry 
Science. (77):1320–1332. DOI: https://doi.org/10.1093/ps/77.9.1320 

Khalil, R, Ferawati, Y.F.K. and Agustin, F. (2017). Studies on physical characteristics, mineral 
composition and nutritive value of bone meal and bone char produced from inedible cow 
bones. Pakistan Journal of Nutrition. 16: 426-434. DOI: 10.3923/pjn.2017.426.434 

Kul, S. and Seker, I. (2004). Phenotypic correlations between some external and internal egg 
quality traits in the Japanese quail (Cortunix cortunix Japanica). International Journal of 
Poultry Science 3: 400-405. DOI: http://dx.doi.org/10.3923/ijps.2004.400.405 

Lavelin, I., Meiri, N. and Pines, M. (2000). New insight in egg shell formation. Poultry Science. 
79:1014-1017. 

Leeson, S. and Summers, J.D. (2005) Commercial Poultry Nutrition. Third Edition, Nottingham 
University Press, Nottingham.

Martin, S.A. (1985). Comparison of hammer mill and roller mill grinding and the effect of grain 
particle size on mixing and pelleting. Master Thesis, Kansas State University, Manhattan, 
KS, USA.

Monira, K. N., Salahuddin, M. and Miah, G. (2003). Effect of breed and holding period on egg 
quality characteristics of chicken. International Journal of Poultry Science. 2(4): 261-263.

National Research Council (1994). Nutrient Requirements of Poultry, 9th Revised Edition, National 
Academy Press, Washington DC, USA.

The Journal of Agricultural Sciences - Sri Lanka , 2020, Vol.15, No. 1

https://doi.org/10.1079/WPS19940002
https://dx.doi.org/10.5713%2Fajas.2011.11468
https://doi.org/10.1080/00071667908416610
https://doi.org/10.1080/00071667908416610
http://dx.doi.org/10.3923/ijps.2004.400.405


61

Newman, R. K., and Sands, D. C. (1983). Dietary selection for lysine by the chick. Physiology and 
Behaviour. 31:13–19.

Olawumi, S.O. and Ogunlade, J.T. (2008). Phenotypic correlations between some external and 
internal egg quality traits in the exotic Isa Brown layer breeders. Asian Journal of Poultry 
Science. 2:30–35.  DOI10.3923/ajpsaj.2008.30.35

Olgun, O., Yildiz, A.Ö. and 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 Journal of Animal Research. 49 (2): 205-209. DOI: 10.5958/0976-0555.2015.00056.4     

Orban, J and Roland, D. (1992). The effect of varying bone meal sources on phosphorus utilization 
by 3-week old broilers. Journal of Applied Poultry Research. 11:75-83. DOI: https://doi.
org/10.1093/japr/1.1.75 

Pelicia, K., Garcia, E., Móri, C., Faitarone, A.B.G., Silva, A.P., Molino, A.B., Vercese, F. and 
Berto, D.A. (2009). Calcium levels and limestone particle size in the diet of commercial 
layers at the end of the first production cycle. Brazilian Journal of Poultry Science. 11 (2): 
67-94. DOI: http://dx.doi.org/10.1590/S1516-635X2009000200003 

Pelicia, K., Garcia, EA., Scherer, M.R.S., Mori, C., Dalanezi, J.A., Faitarone, A.B.G., Molino, A.B. 
and Berto, D.A. (2007). Alternative calcium source effects on commercial egg production and 
quality. Brazilian Journal of Poultry Science. 9(2): 105-109. DOI: http://dx.doi.org/10.1590/
S1516-635X2007000200005

Phiraphinyo, P., Taepakpurenat, S., Lakkanatinaporn, P., Suntornsuk, W. and Suntornsuk, L. 
(2006). Physical and chemical properties of fish and chicken bones as calcium source for 
mineral supplements. Songklanakarin Journal of Science & Technology. 28(2): 327-335. 

Pizzolante, C.C., Saldanha, E.S.P.B., Laganá, C., Kakimoto, S.K. and Togashi, C.K. (2009). Effects 
of calcium levels and limestone particle size on the egg quality of semi-heavy layers in their 
second production cycle. Brazilian Journal of Poultry Science. 11(2) 79-86.  DOI: http://
dx.doi.org/10.1590/S1516-635X2009000200002 

Ravindran, V. (1995). Evaluation of a layer diet formulated from unconventional feeding stuffs. 
British Poultry Science. 36: 165-70. DOI: 10.1080/00071669508417763    

Safaa, H.M., Serrano, M.P., Valencia, D.G., Frikha, M., Jiménez-Moreno, E. and Mateos, G.G. 
(2008). Productive Performance and egg quality of brown egg-laying hens in the late phase 
of production as influenced by level and source of calcium in the diet. Poultry Science. 87: 
2043-2051. DOI: 10.3382/ps.2008-00110     

SAS Institute (2001). SAS, Version 8.2. SAS Institute, Cary, NC.

Saunders-Blades, J.L., MacIsaac, J.L., Korver, D.R. and Anderson, D.M. (2009). The effect of 
calcium source and particle size on the production performance and bone quality of laying 
hens. Poultry Science. 88: 338-353. DOI: 10.3382/ps.2008-00278 

Scheideler, S.E. (1998). Egg shell calcium effects on egg quality and Ca digestibility in first or 
third-cycle laying hens. Journal of Applied Poultry Research. 7:69-74. DOI: https://doi.
org/10.1093/japr/7.1.69 

R.M.D.B. Rathnayaka, R. K. Mutucumarana and M. S. Andrew

https://doi.org/10.1093/japr/1.1.75
https://doi.org/10.1093/japr/1.1.75
http://dx.doi.org/10.1590/S1516-635X2009000200003
http://dx.doi.org/10.1590/S1516-635X2007000200005
http://dx.doi.org/10.1590/S1516-635X2007000200005
http://dx.doi.org/10.1590/S1516-635X2009000200002
http://dx.doi.org/10.1590/S1516-635X2009000200002
https://doi.org/10.1093/japr/7.1.69
https://doi.org/10.1093/japr/7.1.69


62

Steinruck, U., Rothe, F. X. and Kirchgeßner, M. (1990). Selective FI of broilers during methionine 
deficiency. Archive fur Geflugelkunde. 54:173–183.

Sultana, F.  Islam, M.S. and Howlider, M.A.R. (2007). Effect of dietary calcium sources and levels 
on egg production and egg shell quality of Japanese quail. International Journal of Poultry 
Science. 6 (2): 131-136.

Tortuero, F.  and Centeno, C.  (1977).  Influence of different dietary calcium levels on carotenoid 
utilization in egg yolk pigmentation.  Avances  en  alimentacion  y  mejora  animal. 18:501-
504.

Tunç, A.E. and 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): 205-209, 2015. DOI: 10.24925/turjaf.v3i4.205-209.262  

Wilkinson, S. J, Ruth, B. and Cowieson, A.J. (2013). Mineral composition of calcium sources used 
by the Australian poultry feed industry. In Proceedings of the 24th Annual Australian Poultry 
Science Symposium, Sydney, New South Wales, Australia, 27:45-48.

Wilkinson, S. J., Bradbury, E. J.,   Bedford, M. R.,   HYPERLINK “about:blank”Cowieson A. 
J. (2014), Effect of dietary nonphytate phosphorus and calcium concentration on calcium 
appetite of broiler chicks. Poultry Science. 93(7):1695-703. DOI: 10.3382/ps.2013-03537

Wood-Gush, D. G. M., and M. R. Kare. 1966. The behaviour of calcium-deficient chickens. British 
Poultry Science. 7:285–290. DOI: https://doi.org/10.1080/00071666608415634 

Zhang, B. and Coon C.N. (1997). The relationship of calcium intake, source, size, solubility in 
vitro and in vivo, and gizzard limestone retention in laying hens. Poultry Science. 76:1702–
6. DOI: 10.1093/HYPERLINK “https://doi.org/10.1093/ps/76.12.1702”psHYPERLINK 
“https://doi.org/10.1093/ps/76.12.1702”/76.12.1702

Zuberbuehler, C. A., Messikommer, R. E. and Wenk, C.  (2002). Choice feeding of selenium-
deficient laying hens affects diet selection, selenium intake and body weight. Journal of 
Nutrition. 132:3411–3417. DOI: https://doi.org/10.1093/jn/132.11.3411 

The Journal of Agricultural Sciences - Sri Lanka , 2020, Vol.15, No. 1

about:blank
about:blank
about:blank
https://doi.org/10.3382/ps.2013-03537
https://doi.org/10.1080/00071666608415634
https://doi.org/10.1093/ps/76.12.1702
https://doi.org/10.1093/ps/76.12.1702
https://doi.org/10.1093/jn/132.11.3411

