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ABSTRACT

This study evaluated the effect of dietary calcium levels and limestone
particle size distribution on first-cycle layer performance and egg quality.
A completely randomized experimental design in 4x3 factorial
arrangement (four Ca levels - 3.0, 3.5, 4.0, 4.5%; and three limestone
particle size distributions - 100% fine, 50% fine and 50% coarse, 30%
fine and 70% coarse) was applied, totaling 12 treatments with six
replicates of eight birds each. The treatments did not influence the most
of evaluated performance and internal and external egg quality
parameters. However, limestone particle size distribution quadratically
affected with percentage of defective eggs, with the lowest percentage
obtained with the distribution 61.75% fine limestone and 38.25% coarse
limestone. Increasing dietary Ca levels significantly increased eggshell
weight per surface area and the percentage of Ca excreted in the feces.
It was concluded that the combination of the highest dietary Ca level
(4.5%) with 50% replacement of fine-particle limestone by coarse
limestone results in better eggshell and increases the number of
marketable eggs.

INTRODUCTION

Calcium is one of the essential minerals in poultry nutrition. In addition
to its vital functions as the main component of bone structure and
participation in acid-base balance and enzymatic system, calcium is the
also the main component of the eggshell. It is estimated that each egg
contains 2.2g of calcium, present mainly in the eggshell. Calcium
supplementation is required in animal feeds, as most consist of grains
and its byproducts, which have very low calcium (Peixoto & Rutz,1988).

Diets containing calcium below the nutritional requirements of layers
impair performance and egg quality (Keshavarz, 1986). On the other
hand, excessive dietary calcium can reduce feed intake, cause soft feces,
and increase chalky deposits in the eggshell (Vicenzi, 1996). Birds absorb
a higher percentage of calcium when it is supplemented in larger
particles, suggesting that the longer retention time of larger limestone
particles in the gizzard (Rao & Roland, 1989) make calcium more available
during the period of eggshell formation. When limestone particle size is
reduced, its solubility increases (Oliveira, 1995). Scott & Mullenhoff (1970)
observed that the supply of large particles of calcium sources, such as
oyster shell, increased their retention in the gizzard. This allowed
continuous calcium supply to the bird also during the night, when egg is
formed, maintaining high blood calcium levels as it happens when high-
calcium diets are fed.

Calcium supplementation influences eggshell quality. Calcium has
several functions in bird metabolism and it is the main component of
the eggshell. Dietary calcium levels, particle size and solubility, according
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to source, influence eggshell quality. Therefore, the
knowledge on the quality of feedstuffs used for bird
feeding is essential to promote better performance.

The present study aimed at determining the effects
of calcium levels and limestone particle size on the
performance, egg quality, and calcium excretion in
commercial layers at the end of the first production
cycle.

MATERIAL AND METHODS

The experiment was carried out at the experimental
facilities of the Poultry Sector of the School of
Veterinary Medicine and Animal Science, Unesp-
Universidade Estadual Paulista, Botucatu, SP, Brazil.

In this study, 576 58-week-old Hisex Brown® layers
in their first production cycle were used.

Birds were housed in a layer house equipped with
92 metal cages (1.00m long x 45cm deep x 40cm high).
A photoperiod of 17 hours of light per day was applied.

A completely randomized experimental design with
a 3x4 factorial arrangement, consisting of four calcium
levels (3.0, 3.5, 4.0, and 4.5%) and three limestone
particle size (mean geometric diameter - MGD)
distributions (100% fine (0.18mm), 50% fine (0.18mm)
and 50% coarse (3.13mm), 30% fine (0.18mm) and
70% coarse (3.13mm), with six replicates per treatment
and eight birds per experimental units, totaling 576 birds
and 72 cages (experimental unit).

Birds were distributed according to the
following treatments: 3.0% calcium with 100% fine-
particle limestone (T1), 3.0% calcium with 50% fine-
particle limestone and 50% coarse-particle limestone
(T2), 3.0% calcium with 30% fine-particle limestone
and 70% coarse-particle limestone (T3), 3.5% calcium
with 100% fine-particle limestone (T4), 3.5% calcium
with 50% fine-particle limestone and 50% coarse-
particle limestone (T5), 3.5% calcium with 30% fine-
particle limestone and 70% coarse-particle limestone
(T6), 4.0% calcium 100% fine-particle limestone (T7),
4.0% calcium with 50% fine-particle limestone and
50% coarse-particle limestone (T8), 4.0% calcium with
30% fine-particle limestone and 70% coarse-particle
limestone (T9), 4.5% calcium 100% fine-particle
limestone (T10), 4.5% calcium with 50% fine-particle
limestone and 50% coarse-particle limestone (T11),
4.5% calcium with 30% fine-particle limestone and
70% coarse-particle limestone (T12).

A limestone particle size was analyzed according
to the method described by Zanotto & Bellaver (1996).

In-vitro solubility was evaluated according to the

The following performance parameters were
evaluated: mortality, egg production, total number of
defective or broken eggs, individual feed intake,
average egg weight, egg mass, feed conversion ratio
per dozen eggs, and feed conversion ratio per kg of
eggs produced. Egg production data were collected
daily, and egg weight and feed intake were
determined weekly.

Eggshell quality and internal egg quality were
evaluated every 28 days during a total period of 84
days. The obtained results were recorded and
presented as mean values for the 84-day period.

The following egg quality parameters were

method described by Cheng & Coon (1990a) from the
University of Minnesota (weight-loss percentage
method).

Limestone was analyzed as to calcium and
magnesium content by EDTA chelatometric method
(Brasil, 1988).

Birds were offered feed and water ad libitum during
the entire experimental period (58 to 70 weeks). Feeds
contained equal energy level (2.790kcal ME/kg feed),
and were based on corn, soybean meal, and wheat,
supplying the birds' nutritional requirements, and
adjusted according to Rostagno (2000), except for
calcium, as shown in Table 1.

Table 1 - Percentage and calculated compositions of the
experimental diets.

Ingredients (%)          Treatments
T1 - 3 T4 - 6 T7-9 T10-12

Corn 65.801 65.412 64.984 64.579
Soybean meal 45% 19.638 20.246 20.843 21.446
Wheat bran 5.135 3.658 2.23 0.772
Calcitic limestone 6.49 7.728 8.965 10.207
Dicalcium phosphate 1.27 1.288 1.309 1.325
Soybean oil 1.00 1.00 1.00 1.00
DL-Methionine 0.116 0.118 0.119 0.121
Salt (NaCl) 0.35 0.35 0.350 0.35
Vitamin supplement* 0.10 0.10 0.10 0.10
Mineral supplement** 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00

Calculated nutritional levels
Calcium (%) 3.00 3.500 4.000 4.500
Available phosphorus (%) 0.340 0.340 0.340 0.340
Metabolizable energy (kcal/ kg) 2790 2790 2790 2790
Crude protein (%) 15.500 15.500 15.50 15.500
Total lysine (%) 0.740 0.740 0.740 0.740
Total methionine+cystine (%) 0.640 0.640 0.640 0.640
Total methionine (%) 0.350 0.350 0.350 0.350
Sodium (%) 0.150 0.150 0.150 0.150

*Vitamin supplement per kg feed: Vit. A - 7000 IU, Vit. D3 - 2000 IU,
Vit. and - 5 mg, Riboflavin - 3 mg, Vit. K3 - 1.6 mg - Vit. B12 - 8 µg,
Niacin - 20 mg, Pantothenic acid - 5 mg, Antioxidant - 15 mg.
**Mineral supplement per kg feed: Fe - 50 mg, Cu - 8 mg, Mn - 70
mg, Zn - 50 mg, I - 1.2 mg, Se - 0.2 mg.
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The in vitro solubility results show that particle size
is related to solubility: in vitro solubility decreased as
particle size increased, which is consistent with the
findings of Cheng & Coon (1990a). These authors
mention that solubility is better to evaluated limestone
quality than particle size, suggesting optimum solubility
values of 12 to 14%. The analyzed composition of
limestone indicated values somewhat lower than those
observed by Butolo (2002) for calcium and magnesium,
of 37% and 1%, respectively.

Average, maximum, and minimum temperatures
recorded during the experimental period were 23, 30,
and 19 ºC, respectively, and the recorded average,
maximum, and minimum relative humidity were 72, 87,
and 44%, respectively. The recorded temperatures and
air relative humidity are within the recommended
ranges of 23 to 24 ºC and 65 to 75%, respectively.

Performance
There was no significant interaction (p>0.05)

between Ca levels and limestone particle size
distribution, nor any significant effect of these factors
on bird livability, which was 99% in average. However,
it must be noted that inadequate intake of Ca may
cause skeletal abnormalities, resulting in leg problems
and consequently low feed intake, as the birds remain
lying, which may eventually cause mortality (Maynard
et al., 1984).

Table 3 shows the performance results. Again, no
significant interaction (p>0.05) was detected between
Ca levels and limestone particle size distribution for
the analyzed parameters, nor any effect of these
factors on laying percentage, egg weight, egg mass,
feed intake, FCR/dozen eggs, or FCR/kg eggs.
However, Ca intake linearly increased as Ca level
increased in the diet.

 Keshavarz (1986) obtained lower egg production
in layers fed 2 and 5% calcium as compared to the
control birds receiving 3.5% calcium. The difference
in egg production observed in the present study as
compared to that obtained Keshavarz (1986) may be
due to the fact that 5% Ca level was excessive, which
was detrimental to the birds (Roland, 1986), resulting
in lower egg production.

The absence of effects on performance parameters
observed in the present study may be explained by
the lack of differences in blood Ca levels (Table 7)
despite the increase in Ca intake (Table 3). Although
feed intake was not statistically different among
treatments, there was a trend of feed intake to
decrease as dietary Ca levels increased (Table 3); if

determined: specific gravity, eggshell percentage,
eggshell weight per surface area, yolk color, yolk
percentage, albumen percentage, albumen height,
yolk height, egg weight, and Haugh units. Eggshell
weight per surface area (EWSA) was expressed in mg/
cm², according to Abdallah et al. (1993), and obtained
using the formula: EWSA = {EsW/[3.9782 x (EW0.7056)]}
x 1000, where: EsW = eggshell weight, EW = egg
weight. Haugh units were determined applying the
formula: HU = 100 log (H + 7.57 - 1.7 W0.37), where: H
= albumen height (mm) and W = egg weight (g).

Blood Ca level was determined according to the
method of the Perkin-Elmer Corporation (1996).

Excreta Ca percentage was analyzed according to
the method of Brasil (1988).

The following statistical model was applied:

Yijk = µ + Cai + LPSj + CaPSijk + eijkl

Where
Yijk = observation of the kth experimental unit at

Cai calcium level and LPSj limestone particle size
distribution, µ = general mean, Cai = effect of ith
calcium level (3.0, 3.5, 4.0, or 4.5%), LPSj = effect of
jth limestone particle size distribution (100% fine, 50%
fine + 50% coarse, or 30% fine + 70% coarse),
CaLPSijk = effect of the interaction Ca × LPS, eijkl =
random error associated to each observation.

The results were submitted to analysis of variance,
and means with statistical difference were compared
using SAS (2000) statistical package. Calcium level and
limestone particle size estimates were established by
linear, quadratic, or cubic analysis of regression,
considering the averages obtained for the entire
experimental period.

RESULTS AND DISCUSSION

Table 2 shows the results of the analyses of
limestone particle size determination, in vitro solubility,
and limestone calcium and magnesium composition.
Limestone particle size was uniform within each
particle size class.

Table 2 - In vitro solubility of limestone calcium and magnesium
levels as a function of particle size (MGD).

Limestone MGD in vitro Ca Mg
(mm) solubility (%) (%) (%)

Coarse 3.13 13.35 36.4 0.96
Fine 0.18 19.54 35.7 0.84

MGD = mean geometric diameter.
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feed intake had remained constant, Ca intake would
have increased even more, possibly increasing blood
Ca levels.

Faria (2002) working with limestone particle size
distributions of 0.15 to 0.60mm, 0.60 to 1.20mm, or 1.18
to 2.0mm, did not observe any effect of limestone particle
size on egg production either. However, Cheng & Coon
(1990b) concluded that the egg production of layers fed
pulverized limestone was significantly lower. Batista &
Cruz (2005) observed that a diet with 100% fine-particle
limestone and 4.2% calcium increased egg production.

The study carried out by Faria (2002) also did not detect
any significant effect of dietary calcium levels or of
limestone particle size on egg weight. On the other hand,
Guinotte & Nys (1991) reported that layers fed coarser
particles of limestone produced heavier eggs as
compared to those consuming pulverized limestone.

In the study of Ito et al. (2006), feed intake was also
not affected by limestone particles of 0.5mm and 3.0mm.
The authors replaced fine limestone (0.5mm) by coarse
limestone (3.0mm) in up to 30%, according to the
recommendations of Roland & Bryant (1999), who
considered that the replacement of fine- by coarse-
particle limestone should not exceed 50% in order not to
compromise feed intake. Nevertheless, in the present
study, where fine limestone was replaced by coarse
limestone in up to 70%, there was no significant reduction
in feed intake. Conversely, Faria (2002) observed that
limestone particle sizes between 0.6 and 1.2mm
increased feed intake, and Geraldo et al. (2006 a) found
higher feed intake in layers fed fine-particle limestone
(0.135mm) as compared to coarse-particle limestone
(0.899mm).

The results of the present study are consistent with
the findings of Ito et al. (2006), who also did not observe
any difference in feed conversion ratio per dozen eggs

Table 3 - Performance of layers fed different Ca levels and limestone particle size distributions.

Ca level Lay Egg weight Egg mass Feed intake Ca intake FCR/ FCR/
(%) (%) (g) (g) (g/bird/day) (g/bird/day) dz kg
3.0 84.36 66.95 56.49 120.9 3.63ª 1.761 2.194
3.5 86.74 67.49 58.54 116.5 4.08b 1.679 2.075
4.0 88.69 66.82 59.24 119.2 4.78c 1.685 2.102
4.5 86.42 67.43 58.19 117.1 5.27d 1.683 2.082
Particle size
Fine 84.32 67.34 58.70 117.00 4.39 1.671 2.071
50% coarse 83.58 67.13 57.89 117.66 4.41 1.695 2.104
70% coarse 83.07 67.05 57.77 120.70 4.51 1.740 2.164
Probability
Ca level NS NS NS NS p<0.001* NS NS
Particle size NS NS NS NS NS NS NS
Ca level*particle size NS NS NS NS NS NS NS
CV (%) 6.70 3.88 6.56 5.75 5.51 6.78 6.96

NS = (p>0.05). *Significant linear effect (p<0.05).

or per kg eggs feeding layers with different limestone
particle sizes. On the other hand, Faria (2002) found
better feed conversion ratio results for particle sizes
between 0.15 and 0.6mm.

Rodrigues et al. (2005) also did not detect any effect
of dietary Ca levels on feed conversion ratio per dozen
eggs (FRC/dz) or per kg eggs (FCR/kg).

The contradictory results produced by Ca levels and
limestone particle size distribution in the studies
mentioned above may be due to the fact that chickens
respond differently to determined Ca levels and
limestone particle size distribution combinations, as well
as if we consider that each Ca source, despite presenting
equal particle size, may have different solubility.

Table 4 does not show significant interaction (p>0.05)
between Ca levels and limestone particle size distribution
for the analyzed parameters, nor any effect of these
factors on the percentages of broken eggs and intact
eggs. However, limestone particle size distribution
significantly (p<0.05) influenced the percentage of
defective eggs.

Table 4 - Percentage of broken, defective, and intact eggs of
layers fed different Ca levels and limestone particle size
distributions.

Ca level (%) Broken Defective Intact
eggs (%)  eggs (%)  eggs (%)

3.0 1.99 0.37 82.00
3.5 2.46 0.59 83.69
4.0 2.83 0.60 85.26
4.5 2.33 0.47 83.62

Particle size
Fine 2.43 0.41 81.48

50% coarse 2.17 0.40 81.01
70% coarse 2.60 0.71 79.76

Probability
Ca level NS NS NS

Particle size NS P<0.05* NS
Ca level*particle size NS NS NS

CV (%) 41.40 95.94 7.07

*Significant quadratic effect.
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Egg loss (defective and broken eggs) results are
consistent with those obtained by Oliveira et al. (2002),
who worked with 2.8 to 4.4% Ca levels. On the other
hand, Teixeira (1982) observed that egg losses were
reduced as dietary Ca levels increased. Chowdhury &
Smith (2002) also did not observe eggshell deficiencies
working with dietary Ca levels of 2.5, 3.0, 3.5, or 4.0%.

There was a significant quadratic effect (p<0.05)
of limestone particle size distribution on the percentage
of defective eggs (Figure 1), with the highest
percentage (0.71%) when 30% fine limestone and
70% coarse limestone were fed, and the lowest
percentage (0.37%) with 61.75% fine and 38.25%
coarse limestone.

Figure 1 - Effect of limestone particle size distribution on the
percentage of defective eggs.

the calcium derived from dietary limestone is influenced
by limestine particle size. When particle size distribution
contained more than 50% coarse limestone, calcium
release decreased due to the lower solubility of Ca in
coarser particles, explaining the higher percentage of
broken and defective eggs caused by limestone particle
size distribution of 30% fine and 70% coarse particles.

External egg quality
Table 5 shows external egg quality results, with no

significant interaction (p>0.05) between Ca levels and
limestone particle size distribution on the analyzed
parameters, nor any effects of these factors on egg
specific gravity, eggshell thickness, or eggshell
percentage. However, Ca levels influenced (p<0.05)
eggshell per surface area (EWSA).

Geraldo et al. (2006 b) also did not observe any
effect of limestone particle size distribution on egg
specific gravity. However, Cheng & Coon (1990b) and
Ito et al. (2006) showed that coarser limestone particle
size improved (increased) egg specific gravity as
compared to finer particles.

Clunies et al. (1992) increased dietary Ca level from
de 3.5 to 4.5%, and observed an increase in eggshell
percentage. Chowdhury & Smith (2002) found an
increasing linear effect of Ca level on eggshell weight.

The difference between results obtained by Clunies
et al. (1992), who worked with similar dietary Ca levels
as the present study, and those verified here may be due
to higher feed intake of the birds of Clunies' study, and
therefore higher Ca intake, as compared to our birds.

Faria (2002) observed that dietary Ca levels need
to be increased as limestone particle size is reduced in
order to maintain eggshell percentage. At the lowest
dietary Ca level (3.2%), the author observed an
average increase of 8.48% in eggshell weight when
feeding coarser limestone (1.18 to 2.0mm).

Table 5 - Eggshell quality of layers fed different Ca levels and limestone particle size distribution.

Ca level (%) Specific gravity (g/cm
3

) Thickness (mm) Eggshell (%) EWSA (mg/cm²)
3.0 1.089 0.413 9.67 83.82
3.5 1.091 0.416 9.88 84.62
4.0 1.090 0.413 9.92 85.72
4.5 1.091 0.413 9.79 87.00

Particle size
Fine 1.091 0.418 9.91 86.03

50% coarse 1.090 0.410 9.67 85.79
70% coarse 1.089 0.413 9.86 84.05

Probability
Ca level NS NS NS p<0.05*

Particle size NS NS NS NS
Ca level*particle size NS NS NS NS

CV (%) 0.28 3.61 4.24 3.69

*Significant linear effect

Geraldo et al. (2006b) did not detect any influence
of limestone particle size (0.135mm or 0.899mm) on
egg loss, which may be explained by the small variation
in particle size used in this study.

The results obtained in the analysis of regression
for defective eggs may be explained by Rao & Roland
(1992), who observed that the time required to release
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Ito et al. (2006) and Oliveira (2002) did not observe
any effects of dietary Ca levels on yolk percentage,
whereas Geraldo et al. (2006b), Rodrigues et al. (2005)
and Oliveira (2002) also did not detect any effect of
Ca levels on Haugh units. Ito et al. (2006) did not find
any effect of Ca levels on albumen percentage and
Haugh units.

As to limestone particle size distribution, Geraldo
et al. (2006b) also did not find any effects on Haugh
units, and Ito et al. (2006) on albumen percentage and
Haugh units.

Internal egg quality results obtained in the present
trial are similar to many other studies because the
increase in Ca availability both due the increase of
dietary Ca levels and the addition of coarse limestone
primarily affects eggshell quality, whereas internal egg
quality is less sensitive to Ca.

Blood and excreta calcium concentrations
Table 7 shows blood and excreta calcium contents

of the evaluated birds. There was no significant
interaction (p>0.05) between Ca levels and limestone
particle size distribution on the analyzed parameters,
nor any effects of these factors on blood calcium levels.
However, a significant effect (p<0.05) of dietary Ca
levels on excreta Ca content was detected.

Table 7 - Blood and excreta calcium content of layers fed different
Ca levels and limestone particle size distribution.

Ca level (%) Blood Ca content Excreta Ca content
(mg/L) (%)

3.0 206.58 6.40
3.5 197.42 9.33
4.0 202.58 10.77
4.5 192.92 12.27

Particle size
Fine 205.38 9.08

50% coarse 213.38 9.61
70% coarse 180.88 10.39

Probability
Ca level NS p<0.01*

Particle size NS NS
Interaction NS NS

CV (%) 22.89 31.54

*Significant linear effect.

The linear increase in Ca intake (Table 3) promoted
by increasing dietary Ca levels did not result in different
blood Ca levels (Table 7), which may explain the
absence of effects of dietary Ca levels on internal egg
quality (Table 6) and on most external egg quality
(Table 5) and performance (Table 3) parameters.

A significant linear effect (p<0.05) of dietary Ca
levels on excreta Ca content was observed, with

EWSA was significantly influenced (p<0.05) by
dietary Ca levels, presenting linear increase (p<0.05)
as Ca levels increased, as shown in Figure 2. However,
Oliveira et al. (2002) did not observe any effect of Ca
levels on EWSA, probably because the feed intake and
the Ca intake of the birds in the trial were below those
determined for the birds in the present study.

Figure 2 - Effect of dietary calcium levels on eggshell weight per
surface area.

Gordon & Roland (1997) reported that increasing
dietary Ca levels reduced in vivo limestone solubility,
thereby determining a slower Ca release and better
Ca utilization for eggshell formation, consequently
increasing eggshell weight per surface area. This may
have also occurred in the present experiment.

Internal egg quality
Table 6 presents internal egg quality results. There

was no significant interaction (p>0.05) between Ca
levels and limestone particle size distribution on the
analyzed parameters, nor any effects of these factors
on the studied parameters.

Table 6 - Internal egg quality layers fed different Ca levels and
limestone particle size distribution.

Ca level (%) Yolk Yolk Albumen Haugh
(%) color* (%) unit

3.0 24.80 8.27 65.00 84.69
3.5 24.93 8.33 65.45 81.24
4.0 25.40 8.14 64.76 82.50
4.5 24.98 8.33 64.67 82.18

Particle size
Fine 24.91 8.20 64.74 83.68

50% coarse 25.13 8.34 65.37 81.94
70% coarse 25.03 8.26 64.80 82.35
Probability
Ca level NS NS NS NS
Particle size NS NS NS NS
Ca level*particle size NS NS NS NS
CV (%) 4.00 3.31 2.48 5.66

*Yolk color measured using Roche colorimetric fan, with color scores
from 1 to 15. NS= (p>0.05).
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increasing dietary Ca levels resulting in increasing Ca
loss in the excreta, as shown in Figure 3.

Figure 3 - Effect of dietary Ca levels on Ca loss on the excreta.

Chowdhury & Smith (2002) also observed that
increasing dietary Ca levels linearly increased Ca loss in
the excreta and reduced Ca retention. The excreta Ca
contents determined in the present study may be
explained by Keshavarz & Nakajima (1993), who asserted
that the increase in dietary Ca levels makes Ca pass
through the digestive system without being absorbed.

In the present study, it was expected that coarser
limestone increased Ca retention in the intestines,
improving eggshell quality, as mentioned by Guinote
& Nys (1991), particularly because it was less soluble,
as shown in Table 2.

The contradictory responses as compared to other
studies using limestone with the same particle size and
same Ca levels may be due to the variation in the
solubility of each Ca source, thereby increasing or
reducing Ca retention in the body.

The study on the interaction of different dietary Ca
levels with different limestone particle sizes and calcium
sources still warrants further research due to the
divergent results obtained in different experiments,
taking also into account that excessive calcium
prevents the absorption of some trace minerals and
that each calcium source has its own physical and
chemical peculiarities.

CONCLUSIONS

In the present study, when dietary Ca levels were
increased, eggshell quality increased, as demonstrated
by the increase in eggshell weight per surface area.
However, there were no effects on layer performance.

When limestone particle size is considered, the
substitution of fine limestone by 70% coarse limestone
may increase the rate of defective eggs.
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