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ABSTRACT

The present study was undertaken to evaluate the effects of feeding four
levels of dietary calcium on productivity, egg quality and reproductive performance of
Gimmizah and Mamourah laying hens. A total number of 280, 18-week-old birds of
two Egyptian breeds (120 puflets and 20 cockerels of each breed) were used.
Pullets of each breed were randomly divided into four equal experimental groups; of 3
replications of 10 birds each, kept individually in laying battery cages set up in an
open-sided faying house, exposed to a daily photoperiod of 16 hr, and managed
simifarly. Thus, four isocaloric (2700 kcal ME/kg)isonitrogenous (16% CF)
experimental diets, ccntaining graded calcium (Ca) levels [3.0% (served as a
control), 3.25, 3.50 and 3.75%) were formulated and given to the experimental birds
from 18 10 46 weeks of age. Al 25 weeks of age and onwards, the hens were
artificially inseminated twice a week using freshly-collected undiluted semen from
cockerels of the same age and breed, which had been fed the control diet (3.0% Ca).
The critzria of response were change in body weight, productive performance {daily
feed and Ca intakes, egg production rate, egy weight, daily egg mass and feed
conversion ratio), sorne egg quality traits (egg components and certain measurements
of egg qualily), reproductive performance (egg fertility, hatchability, embryonic
mortality and hatch weight of chicks) and certan blood parameters (plasma levels of
glucose, total fipids, cholesterol, albumin, total calcium and inorganic ® as well as
activities of plasma alkaline phosphatase, alanine aminotransferase and aspartate
aminotransferase}. Ash, Ca and P contents of tibia bone and eggshell were aiso
determined. In both Gimmizah and Mamourzh laying hens, all criteria measured were
not significantly affected by the dietary Ca level; but as it is expected, the daily Ca
intake was significantly increased with increasing dietary Ca level from 3.0 to 3.75%.
On the other hand, significant breed differences were observed in egg production
rale, egg weight, percentages of egg yolk and albumen, eggshell thickness and egg
yolk index, but were not detected in the other measurements, regardiess of dietary
Ca level. Gimmizah hens achieved higher means of egg production rate, percent egg
yolk, eggshell thickness and yolk index compared with those of Mamourah hens
while means of egg weight and percent albumen were in favor of Mamourah hens;
however, the other measurements were not affected. The effects of dietary Ca level
and hen breed, however, were not interrelated. Under the condiions of this study,
daily Ca intake for Gimmizah and Mamourah laying hens of about 2.78 g/hen was
sufficient to produce a satisfactory egg production, egg quality, and egg fertility and
hatchabiiity.

Keywords: Dietary calcium, Egyptan laying hens, productive and reproductive
performance
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INTRODUCTION

Because of the fact that dietary calcium is cheaper than almost ail
cther nutrients, together with its key role in eggshell formation, high dietary
levels of calcium are often used in laying rations. it is well documented that
an excess of dietary calcium interferes with the availability of other minerals,
such as phosphorus, magnesium, manganese and zin¢ {National Research
Council; NRC, 1994). The same publication (NRC, 1994} recommended
proper calcium to nonphytate phosphorus ratio of 12:1 in laying hen diets.
However, Keshavarz (1988) concluded that dietary Ca te P ratio is not as
crucial in the laying hens as in the growing chicks. In addition, because of a
lack of a significant interaction between the effects of dietary Ca and P levels
on productive performance of laying hens, Chandramoni et al. (1998)
concluded that dietary Ca: P ratio is not of great importance for laying hens.

The impact of excessive levels of dietary calcium on productive
performance of laying hens is controversial. Scott et al. {1971) found that egy
production and feed intake were significantly decreased when dietary calcium
level was increased to 5%. Damron and Harms (1980) reported that egg
production was significantly higher with 3.5% than with either 2.5 or 6%
calcium in the ration, whereas feed intake was significantly reduced when
dietary calcium level was increased from 2.5 to 6%. On the other hand, other
investigators did not observe adverse effects on egg production or feed
intake with high calcium levels in laying hen diets (Holcombe et al., 1977;
Reichmann and Connar, 1977; Taher et al.,, 1984, Keshavarz, 1886; Roland
et al., 1996).

The NRC {1994} stated that most of calcium in the diet of the growing
bird i5 used for bone formation, whereas in the mature laying fowl most
dietary calcium is used for eggshell formation. In this regard, it has been
reporied that when calcium Jeve! in the laying hen diets reaches 3.56% ar
higher, most of eggshell calcium (s derived directly from the small intestine
(Hurwitz and Bar, 1968), but when dietary calcium level is restricted to be
1.95%, then 30 to 40% of calcium needed for eggshelt formation is supplied
by the skefeton, particularly the medutiary bone, and on calcium-free diets,
the skeleton is the obvious principal source (Mueller ef al, 1969). Rapid
development of the medullary bone begins in the female birds at about two
weeks prior to the onset of egg laying (Hurwitz, 1987). Proper development of
the meduliary bone in pullets is critical because it serves as a calcium "buffer”
during eggshell formation (Hurwitz, 1987 and 1989). When imrnature 19-
week-old pullets were fed diets containing 3.5% calcium, Leeson et al. (1986)
observed normal pullet development, skeletal integrity, and Kidney histology.
Also, Keshavarz (1987) indicated that feeding a diet containing 3.5% calcium
from as early as 14 weeks of age had no adverse effect on skeletal integrity,
apparent renal function, or subsequent reproductive performance.

Since demand for calcium and phosphorus increases as maturing
puitets begin to develop medullary bane, and because this rate of skeletal
growth depends upon the timing of sexual maturity, different genotypes
{breeds or strains) of chickens may respond differently to feeding different
calcium levels starting al the pre-laying period. Therefore, the present study
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was conducted to evaluate the effects of feeding four levels of dietary calcium
on productivity, egg quality and reproductive performance of Gimmizah and
Mamgurah laying hens, frorn 18 to 46 weeks of age.

MATERIALS AND METHODS

The present study was accomplished at El-Serw Poultry Research
Station, Animal Production Research Institute, Ministry of Agriculture, Egypt.
A total number of 280, 18-week-cld birds of two Egyptian strains {120 pullets
and 20 cockerels of each of Gimmizah and Mamourah chickens) were used
in this study. Pullets of each breed were randomly divided into four equal
experimental groups ¢f 3 replications of 10 birds each, and kept individually in
laying battery cages set up in an open-sided laying house, exposed to a daily
photoperiod of 18 hours and managed similarly. All groups of pullets were fed
their respective experimental diets containing four graded dietary Ca levels
(3.0, 3.25, 3.50 and 3.75%), whie cockerels of both breeds were fed the
lowes! level of dietary calcium (3.0%; which served as a control), from 18 up
to 46 weeks of age. Four isoenergetic (about 2700 kcal ME/kg)-
isonitrogencus (about 16% CP) experimental diets containing the above
mentioned dietary calcium levels were fermulated and offered in mash form.
Birds had free access to feed and water throughout the experimental period.
Composition and c¢hemical analysis of the experimental diets are shown in
Table 1.

All pullets were weighed at the start of study (18 weeks of age), again
at the beginning of egg production {22 weeks of age), and at the end of the
experimental period (46 weeks of age). Body weight change (BWC) was
calculated from 18 to 46 weeks of age. Individual daily records of egg
praduction and egg weight were maintained on a 28-day period basis, {or the
whole experimental period. Feed intake, calcium intake and feed conversion
ratio (grams of feed consumed: g egg produced) were determined on a
replicate group basis. The productive performance of Gimmizah and
Mamourah laying hens were evaluated in terms of daily feed intake (DFI),
daily calcium intake (DCal), hen-day egg production rate (EPR), daily egg
mass (DEM), egg weight (EW) and feed conversion ratio {FCR) for the entire
experimental period. At 25 weeks of age and onwards, nens were artificially
inseminated twice a week using freshly-collecied undiluted semen from
cockerels of the same age and breed, which had been fed the control diet.

When the birds were 33 weeks of age, two-hundred freshly collected
eggs (25 per treatment, collected and examined at two consecutive days)
were broken out and used for egg quality measurements. These included egg
weight, percentages of egg components (Keshavarz and Nakajima, 1995),
egg shape index, egg shell thickness, egg specific gravity (Harrms et al,
1990) shell weight per unit surface area (Carter, 1975), Haugh units (Haugh,
1837), yolk index and yolk color score {by means of the Roche yolk color
fan). Shell thickness, as an average of two measures at corresponding
positions on the equator of the egg shell, was determined by a special
micrometer.
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For evaluating the reproductive performance, 3 sets of hatching eggs
were performed when the birds were 36, 37 and 38 weeks of age. The
settable eggs were collected for five consecutive days in each set. Eggs of
each treatment within each set were considered as a replication when these
datla were subjected to statistical analysis. The eggs were examined two
weeks after setting them into the incubator.

Table 1: Composition and chemical analyses of experimental diets
containing different levels of calcium

. o Dietary calcium level (%)
Ingredients (%) Control (3.0) | 3.25 3.50 3.75
Yellow corn, ground 63.99 63.97 64.47 64.50
Soybean meal, 44% CP 22.20 22.60 22.90 23.30
Wheat bran 5.09 4.07 2.60 1.50
Dicalcium phosphate 0.82 0.76 0.80 0.81
Ground limestone 7.20 7.90 8.53 9.19
Common salt 0.30 0.30 0.30 0.30
Vit.+Min. Premix 0.30 0.30 0.30 0.30
DI-Methionine 0.10 0.10 0.10 0.10
Total 100 100 100 100

Calculated analyses; As fed basis (NRC, 1994):

Metabolizable energy; kcal’lkg 2708 ! 2704 2708 2704
Crude protein: % | 16.06 1 16.08 16.02 16.03
Crude fiber, % 352 1T 344 3.31 3.22
Ether extract; % 2.76 2.73 2.71 2.68
Calcium; % 3.00 3.25 3.50 3.75
[Total P: % 0.53 0.51 0.51 0.50
Nonphytate P; % 0.25 0.25 0.25 0.25
Ca: nonphytate P; % 12 13 14 15

Lysine; % 0.80 0.80 0.80 0.80
Methionine: % 0.36 0.36 0.36 0.36
Methionine+Cystine; % 0.64 0.64 0.64 0.64

Determined analyses; DM basis (AQOAC, 1984):

Dry matter (OM); % 89.66 89.75 90.00 90.15
Crude protein (CP); % 17.80 17.85 17.76 17.79
Ether extract {(EE); % 2.97 3.01 3.05 299
Crude fiber (CF}; % 3.83 3.77 3.66 3.60
Ash; % 6.77 6.82 6.85 6.92
Nitrogen free extract (NFE); % 68.61 68.55 68.68 £68.70
Ca; % 3.41 3.69 3.93 4.22
Total P; % 0.61 0.58 0.56 0.57

: Each three kilagrams contains: Vit. A, 10,000,000 IU; Vit. 0y, 2,600,000 CU; Vit. E, 10,000
mg; Vit. K;, 1,000 mg; Vit. By, 1,000 mg; Vit. Ba, 5,000 mg; Vit. By, 1,500 mg; Vit. By, 10
mg; Biotin, 50 mg; Choline chioride, 250,000 mg; Pantothenic acid, 10,000 mg; Nicotinic
acid, 30,000 mg; Folic acid, 1,000 mg; Mn, 60 g; Zn, 50 g; Fe, 30 g; Cu, 4 g; 1, 0.3 g; Se,
0.1gandCo,01g.

Data on the fertile and infertile eggs and the eggs with dead embryos
were recorded. Egg fertility and hatchability (% of fertile and total eggs). and
embryonic mortality were calculated. Weight of healthy hatched chicks was
also recorded.
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Al the end of experiment {46 weeks of age), four hens per treatment
were slaughtered within one to two hours of oviposition in order to take some
measurements on blood parameters. During slaughtering, blood samples
were individually collected in heparinized tubes, and then plasma samples
were separated by the centrifugation at 4000 r.p.m. for 15 minutes and stored
at —20" C until analysis. Also, the left tibia of each slaughtered hen was
removed and cleaned of adhering flesh, dried at 100 °C for 24 hrs, crushed
and defatted using the Soxhlet extraction apparatus, and dried again prior to
ashing at 600 °C overnight. At the same time, 4 eggshelis per freatment, from
eggs prcduced by these hens, were oven-dried and ground prior to ashing at
600 °C for 48 hrs in a muffie furnace. Egg sheil and tibia bone contents of
ash, Ca and P were determined according to the methods of Association of
Official Analyticai Chemists (ACAC, 1984). The experimental diets were also
analyzed for dry matter (DM), crude protein (CP), ether extract (EE), crude
finer (CF), ash, calcium and total P by using the official methods (AOCAC,
1984). Blood plasina levels of glucose (Trinder, 1969), totai lipids (Frings and
Dunn, 1970), total cholesterol (Allain et al., 1974), albumin {Doumas et al.,
1971), Ca (Mocorehead and Biggs, 1974) and inorganic P (Goldenberg and
Fernandez, 1966) and activities of plasma alkaline phosphatase (Kind and
King, 1954), and aspartate aminotransferase and alanine aminotransferase
(Reitman and Frankel, 1957} were determined, using commercial kits.

A completely randomized design in a 4x2 factorial arrangement of
treatments, four dietary calcium levels (3.0, 3.25, 3.50 and 3.75%) and two
breeds of chickens (Gimmizah and Mamourah), was used. The stalistical
processing of data was performed using the Statgraphics Program (Statistical
Graphics Corporation, 1991) based on a multifactor analysis of variance, with
P<0.05 considered to be significant. For each parameter. significant
cifferences among means were separated by using LSD-multiple range test
of Quattro Program (Borland International, Inc . 1990).

RESULTS AND DISCUSSION

It was observed that all interactions between dietary calcium level
and genotype for all criteria investigated were nol statistically significant
(Tabies 2 to 8}, suggesting that both breeds respended similarly to dietary Ca
level.

Laying hen perfcrmance

Data on laying performance of Gimmizah and Mamourah hens fed
different dietary Ca levels, from 18 to 46 weeks of age, are presented in
Table 2. As was expected, increasing dietary Ca level from 3.0 to 3.75% was
associated with significant increases (P<0.01} in daily Ca intake compared
with those of their control counterparts, regardless of the type of breed;
however, no significant differences were observed in live body weights, BWC,
DFI, EPR, EW, DEM or FCR. On the other hand, EW of Mamourah puliets
was significantlly higher (P<0.01) than that of Gimmizah hens, and
conversely, the latter surpassed the former in EPR, independent of dietary Ca
level Looking through these data, one can observe that pullets fed the lowest
dietary Ca levet {i.e. the controi diet). which hacd the lowest daily Ca intake,
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achieved the best means of EW, DEM and FCR compared with those of the
higher dietary Ca levels, regardless of the breed of chickens. This
observation may be an indication that Ca requirement for these two Egyptian
breeds of chickens during the laying period is as low as 3.0%; but further
studies are neeced to reevaluate the optimal dietary [evels of Caand P in a
wide range of both elements for the local laying hens. In agreement with the
present results, Summers &t al. (1976) found that feed intake, egg production
and egg size were not significantly affected by dietary calcium levels varying
from 2.5 to 4.0%, during a 140-day feeding trial. Also, in an experiment over a
7-week period with laying hens, Atteh and Leeson (1983) reported that
dietary calcium level (from 3.0 to 4.2%) had no significant effect on feed
consumption, egg production or egg weight. Similar results also obtained by
Scheideler and Sell (1986) who observed no effects of feeding three levels of
dietary calcium (3.0, 3.5 or 4.0%) on the production traits of two strains of
Single Comb White Leghorn hens, throughout a 336-day experiment,

In partial agreement with the present results, Atteh and Leeson
(1985a) fed laying hens experimental diets containing three levels of calcium
(3.0, 3.6 or 4.2%) from 33 to 40 weeks of age and found that dietary
treatments had no significant effect on egg production or egg weight while
feed consumption significantly decreased only when dietary calcium level
was increased from 3.0 to 4.2%. On the other hand, Frost and Roland {1991)
found that increasing dietary calctum ievels from 2.75 to 3.75% or 4.25% did
not significantly affect egg production or body weight but significantly
increased feed consumption of DeKalb XL pultets during peak production. In
addition, Roland et al. (1996) found that increasing calcium level in
commercial Leghorns diets from 2.5 to 50% (with increments of 0.5%;)
resulted in a significant increase in feed consumption and egg production and
had no adverse effect on either body waight or egg weight, from 20 to 32
weeks of age. Moreover, Ahmad et al. (2003) found that egg production of
Bovans hens was linearly increased with increasing dietary calcium level from
2.5 to 5.0%, but feed consumption and egg weight were not significantly
affected by dietary calcium levels, from 55 to 63 weeks of age. Inconsistent
responses of laying hens to dietary calcium levels may be related to age and
genotype of hens. stage of egg production, dietary level of available
phosphorus and vitamin Ds. duraticr of experiment and/or other factors.

Egg quality and components

Data on egg components and egg quality traits (measured at 33
weeks of age)} of Gimmizah and Mamourah laying hens fed different dietary
Ca levels are illustrated in Table 3. Apart from the effect of breed of hens,
statistical analysis of these data revealed that neither egg components nor
egg quality traits were significantly affectec by dietary calcium level. The
observation that means of egg quality traits and egg components of
Gimmizah and Mamourah laying hens, measured herein, were approximately
similar whatever was the level of dietary calcium, may suggest that the range
of dietary calcium levels used in the present study was too narrow to exert
any heneficial or detrimental effects on these traits.
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However, significant breed differences were observed in egg weight,
percentages of egg yolk and albumen, eggshell thickness and yolk index,
regardiess of dietary calcium level. Egg weight and percent albumen were
significantly higher for Mamourah hens than those of Gimmizah ones;
conversely, Gimmizah surpassed Mamourah hens in percent egg yolk,
eggshell thickness and yolk index. These breed differences are primarily in
close relation to egg weight. However, due to the fact that feed and Ca intake
were the same for both breeds of hens (Table 2), and because eggshell
quality is a combination of shell deposition and egg size, the superior
eggshell thickness achieved by Gimmizah hens may be attributed to their
smaller egg size.

As regards the effects of dietary Ca level on egg quality, the present
results are in harmony with those reported by Keshavarz (1998) who
observed no significant differences in eggshell guality (measured as shell
thickness, shell weight, percent shell and SWUSA) or albumen quality
{determined as albumen height and Haugh unit} when laying hens were fed
two levels of dietary calcium (2.8 and 3.8%). On the contrary, Frost et al.
(1991} found that increasing dietary Ca level from 2.75 to 4.25% caused a
significant linear increase in egg specific gravity. Also, Roland et al. (1996)
and Ahmad et al (2003) found that increasing dielary Ca level from 2.5 to
5.0% {with increments of 0.5%) significanlly increased egg specific gravity
and had no adverse effect on egg weight. Lim et al. {2003) compared two Ca
levels (3.0 and 4.0%) in laying hen diets and found that low Ca decreased
egg specific gravity, eggshell strength and shell thickness of 1SA-Brown
layers from 21 to 41 weeks of age, and increased Haugh units in the second
10-week period. According to the literature, it was observed that the
improvement in eggshell quality associated with increasing calcium level in
laying hen diets may be linear up to a certain level, depending upon the
range between the highest and the lowest dieiary calcium levels (Frost ef at.,
1991; Roland et al., 1996 and Ahmad et al., 2003). Other multi-factors such
as dietary phosphorus level (Gordon and Roland, 1998), and availability and
source of dietary Ca and P (Coon ef al., 2002) can also affect the quality of
this egg component when laying hens are fed diets varying in caicium
contents. In addition, age and stram of laying hens, plane of nutrition (i.e. ad
tibitum versus restricted feeding), feeding program (ie. single stage versus
phase feeding) and the duration of study (shert- or long term experiment).
may also be contributing factors in that respect.

Egg fertility and hatechability

Fertility and hatchability of eggs are the major parameters evaluating
the reproductive performance of chickens and other poultry species. Data on
egg fertility and hatchability of Gimmizah and Mamourah laying hens fed
different dielary Ca levels are shown in Table 4. Statistical analysis of these
data detected no significant differences in egg fertility, hatchability, embryonic
mortality or hatch weight of chicks due to dietary Ca level or to the genotype
of hens. Inasmuch as these measurements fell within the normal range,
suggesting no adverse effect of the dietary calcium level that were used in
the present study on the reproductive performance of Gimmizah and
Mamourah laying hens.
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Table (4): Effects of feeding four graded levels of dietary calcium on the
reproductive performance of two local breeds of chickens,
measured between 36 and 38 weeks of age

; Egg !Hatchability Hatchability Embryonic Ch.'CR
Main effects fertility of fertile of total mortality weight
%) egas (%) egygs (%) at hatch
(%) {g)
Ca level (A) |
1(3.00%) 94.97 82.41 78.22 17.59 39.10
2 (3.25%) 93.85 . 8561 80.40 14.39 39.02
3 (3.50%) 9251 | 8252 76.37 17.48 38.65
4 (3.75%) 93.60 §4.11 78.68 15.89 38.93
Sig. level NS NS NS NS NS
Pocled SEM* 1.34 1.36 1.73 1.36 0.28
Breed (B)
1 (Gimmizah) 94.08 83.66 78.67 16.34 38.82
2 (Mamourah) 93.39 83.66 78.16 16.34 30.02
Sig. level’ NS NS NS NS NS |
Pocled SEM’ 0.95 096 | 122 0.96 0.20
B Interaction |
1 (1x1) L 9641 ° 7871 ! 7580 21.29 38.70
2 (1x2) . 93.54 8611 | B0.54 13.89 30.49
3 (2x1) | 9423 | 89049 B4.33 10.51 39.27
4 (2x2) 9347 | 8173 76.47 18.27 38.78
5 (3x1) 93.73 | 8283 | 7785 17.17 38.58
6 (3x2) 91.31 | 82.20 75.10 17.80 38.72
7 (4x1) 9196 | 8360 76.81 16.40 3B.74
8 (4x2) 9524 1 8451 80.54 15.39 39.11
Sig. level’ NS | NS NS NS NS
Pooled SEM’ 1.90 193 3 244 1.93 0.39

': Significance level; NS = not significant; *= significant at P<0.05.
*: Pooled SEM refers to standard error of the means.

In line with the present result, Mehring (1965) reported that
increasing dietary Ca leve! {from 3.0 to 6.0%) had no adverse effect on
percent hatchability of eggs in broiler-type laying hens. Similar results were
obtained for turkey hens by Jensen et af (1964) who found no effect on
hatchability of turkey hen eggs when dietary caicium level was increased
from 1.75 to 6.25%. In addition, normal hatchability was obtained in broiler
breeders fed diets containing 2.5 to 6.0% calcium {Wilson et al., 1980). Also,
it should be that dietary calcium levels for breeder hens reared in floor pens
can be somewhat lower than those of caged laying hens. On the other hand,
it has been reviewed that calcium levels in breeder diets affect embryonic
development primarily through eggshell quality (Wilson, 1897). In this
connection, McDaniel et al. {1979) reported that eggshell quality, expressed
as egq specific gravity, is one of the best determinants of calcium adequacy
for breeder hens; and concluded that eggs should have a specific gravily cf
1.080 or greater for optimal hatchabilily. In the present study, means of ESG
ranged between 1.093 and 1.096, and the achieved scores of hatchability (%
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of fertile eggs) were 78.71 and 89.49% which fell within the normal
acceptable levels, regardless of other factors affecting hatchability of eggs.

Biood Parameters

Data of some blood plasma constituents and activities of plasma
ALP, ALT and AST enzymes of 46-week-old Gimmizah and Mamourah
laying hens. fed diets containing different Ca levels are presented in Table 5.
Analysis of vanance of these data siowed that dietary Ca levels, used in the
present study, produced no differences in plasma levels of glucose, total
lipids, total cholesterol, atbumin, total Ca or inorganic P, or in activities of
ALP, ALT and AST in blood plasma of Gimmizah and Mamourah laying hens.
Also no breed differences were observed in the aforementioned blood plasma
parameters.

In line with the present results, Bolden and Jensen (1985) reported
that plasma Ca was not affected by dielary Ca level. Also, Keshavarz (1968)
found that dietary calcium level did not have a significant effect on plasma
levels of calcium and phosphorus. On the contrary, Reichmann and Connor
(1977) reported that increasing dietary Ca significantly increased plasma Ca
and inorganic P but significantly decreased plasma alkaline phosphatase in
laying hens. Roland et al. (1996) found that increasing dietary Ca in laying
hen diets resulted in a significant linear increase in plasma ionic Ca and a
significant linear decrease in plasma P. In general, irrespective of the effect of
dietary treatments and hen breed, mean values of blood parameters of laying
hens, obtained in the current study, fell within the normal physiological range
and agree with those reported by Freeman {1984) and Campbell (2004).
Tibia bone and eggshell components

Data on ash. Ca and P corients of tibiz bone and eggshell of 46-
week-old Ginmizah and Mamourah laying hens, fed experimental diets
containing different Ca levels, are shown in Table 6. Statistical analysis of
these data revealed that ash, calcium and phospherus contents of tibia bone
and eggshell were not significantly affected by either dietary Ca level or hen
breed. The insignificant effect of dietary treatments on eggshell and bone
ash, Ca and P of both breeds of laying hens weould suggest that these
minerals were normaily metabolized for sheil formation and maintenance of
bone integrity.

The current results, however, are in harmony with those of Atteh and
Leeson (1985a) who found -0 significant effect of increasing dietary calcium
level on bone and eggshell ash or their mineral contents of calcium and
phesphorus. The results reported herein are also in line with the findings of
Hopkins et al. (1989), who found that neither tibial bone ash nor its contents
of Ca and P of ISA Brown laying hens was affected by dietary calcium level,
from 20 to 80 weeks of age. Similar results were reported by Keshavarz and
Nakajima (1993) and Keshavarz {1996), who found that libia ash and tibia Ca
were not influenced by increasing dietary Ca level in laying hen diets,
riowever, significant increases n bhone ash and calcium (Atteh and Leeson,
1983 and Fros! and Roland. 1451} or n bone ash alone (Atteh and Leeson,
1985b) were observed with increasing dietary calcium level in laying hen
diets.
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Conclusion

Under the conditions of this study, daily Ca intake for Gimmizah and
Mamourah laying hens of about 2.78 g/hen was sufficient to produce a
satisfactory egg production, egg quality, and egg fertility and hatchability.
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