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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 puliets and 20 cockerels of each breed) were used.
Pullets of each breed were randomiy 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 laying house, exposed fo a daity photoperiod of 16 hr, and managed
simitarly. Thus, four isocaloric (2700 kcal ME/kg)-isonitrogenous (16% CP})
experimental diets, ccontaining 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 to 46 weeks of age. At 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, egg weight, daily egg mass and feed
conversion ratio}, some egg quality traits (egg components and certain measurements
of egg quality), reproductive performance (egg fertility, hatchability, embryonic
mortality and hatch weight of chicks} and certain blood parameters (plasma levels of
glucose, total lipids, cholesterol, aibumin, 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 alse
determined. In both Gimmizah and Mamourah 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, regardless 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 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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INTRODUCTION

Because of the fact that dietary calcium is cheaper than almost ali
other nutrients, together with its key role in eggsheli formation, high dietary
levels of calcium are often used in laying rations. 1t is well documented that
an excess of dietary calcium interferes with the availability of other minerals,
such as phosphorus, magnesium, manganese and zinc (National Research
Council; NRC, 1894). The same publication (NRC, 1994) recommended
proper calcium to nonphytate phosphorus ratio of 12:1 in laying hen diets.
However, Keshavarz (1986} concluded that dietary Ca to 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 nhens, 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 ef al. {1971) found that egg
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 §%. 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 Connor, 1977; Taher et al., 1984, Keshavarz, 1986; Roland
et al.,, 1996).

The NRC (1994) stated that most of calcium in the diet of the growing
bird is used for bone formation, whereas in the mature laying fowl most
dietary calcium is used for eggshell formation. In this regard, it has been
reported that when caicium level in the laying hen diets reaches 3.56% or
higher, most of eggshell calcium is derived directly from the small intestine
{Hurwitz and Bar, 1969), but when dietary calcium level is restricted to be
1.95%, then 30 to 40% of calcium needed for eggshell formation is supplied
by the skeleton, particularly the medullary bone, and on calcium-free diets,
the skeleton is the obvious principal source (Mueller et 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 medullary bone in pullets is critical because it serves as a calcium "buffer”
during eggshell formation {(Hurwitz, 1987 and 1989). When immature 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 skeletai integrity,
apparent renal function, or subsequent reproductive performance.

Since demand for calcium and phosphorus increases as maturing
pullets begin to develop medullary bone, and because this rate of skeletal
growth depends upon the timing of sexual maturily, different genotypes
{breeds or strains) of chickens may respond differently to feeding different
calcium levels stariing at the pre-laying pericd. 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
Mamourah laying hens, from 18 {o 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-old birds of two tgyptian strains (120 pullets
and 20 cockerels of each of Gimmizah and Mamcurah chickens) were used
in this study. Pullets of each breed were randomly divided into four equal
experimental groups of 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 16 hours and managed simitarly. 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%). while cockerels of both breeds were fed the
lowest level of dietary calcium (3.0%; which served as a control), from 18 up
to 46 weeks of age. Four iscenergetic {(about 2700 kcal ME/kg)-
isonitrogenous {about 16% CP) experimental diets containing the above
mentioned dietary calcium levels were formulated and offered in mash form.
Birds had free access to feed and water throughout the experimental period.
Composition and chemical 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
caiculated from 18 to 46 weeks of age. Individual daily records of egg
production and egg weight were maintained on a 28-day period basis, for 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 caicium 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, 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.

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 {Harms et al.,
1990} shell weight per unit surface area {Carter, 1975), Haugh units (Haugh,
1937), yolk index and yolk color scoere (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 sheill, 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
settabie eggs were collected for five consecutive days in each set. Eggs of
gach treatment within each set were considered as a replication when these
data were subjected to statisticai 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
T

: o 1 Dietary calcium level (%)
Fg’ed'e"ts (%) 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 2260 22.90 23.30
Wheat bran 5.09 4.07 2.60 1.50
Dicalcium phosphate 0.82 0.78 .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

otal 100 ] 100 | 100 100

Calculated analyses; As fed basis (NRC, 1994):
Metabolizable energy: kcablkg . 2708 | 2704 | 2708 [ 2704
Crude protein; % : 16.06 L 15.08 1602 | 16.03 |
Crude fiber, % 3.52 L 3.44 3.31 3.22 |
Ether extract; % 276 [ 273 271 2.68
Calcium; % 3.00 | 325 3.50 3.75
Total P: % 0.53 i 051 0.51 0.50
Nonphytate P; % 0.25 I 025 0.25 0.25
Ca: nonphytate P; % 1 12 | 13 14 15
Lysine: % T 0.80 | 080 0.80 0.80
IMethionine; % | 035 {036 | 036 0.36
Methionine+Cystine; % [ 064 | 084 | 0864 0.64
Determined analyses; DM basis (AOAC, 1984):

Dry matter (DM); % 89.66 89.75 90.00 90,15
Crude protein (CP); % 1780 | 1785 17.76 17.79
Ether extract (EE); % 2.97 3.01 3.05 2.99
Crude fiber (CFJ; % 3.85 3.77 3.66 3.60
lAsh: % 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 3.93 422
Total P: % 0.51 | 058 0.56 0.57

: Each three kilograms contains: Vit. A, 10,000,000 |U; Vit. D, 2,000,000 ICU; Vit. E, 10,000
mg; Vit. K;, 1,000 mg; Vit. By, 1,000 mg; Vit. Bz, 5,000 mg; Vit. Bs, 1,500 mg; Vit, By, 10
mg; Biotin, 50 mg; Choline chloride, 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,0.149.

Data on the fertile and infertile eggs and the eggs with dead cmbryos
were recorded. Egg fertility and hatchability (% of fertile and tota! eggs), and
embryonic mortality were calculated. Weight of healthy hatched chicks was
also recorded.
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At 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 agair prior to
ashing at 600 °C overnight. At the same time, 4 eggshells per treatment, from
eggs produced by these hens, were oven-dnied and ground prior to ashing at
600 °C for 48 hrs in a muffle furnace. Egg shell and tibia bone contents of
ash, Ca and P were determined according to the methods of Association of
Ofiicial Analytical Chemists (AQAC, 1984). The experimental diets were also
analyzed for dry matter (DM), crude protein {(CP), ether extract (EE), crude
fiber {(CF), ash, calcium and total P by using the official methods (AOAC,
1984). Blood plasina levels of glucose {Trinder, 1969), total lipids (Frings and
Dunn, 1970), total cholesterol {Allain et al., 1974), albumin {Doumas &t al,
1971), Ca (Mocrehead 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 Mamcurah), was used. The statistical
processing of data was performed using the Statgraphics Program (Statistical
Graphics Corporation, 1991) based on 2 muiltifactor analysis of variance, with
P<0.05 considered to be significant. For each parameter, significant
differences among means were separated by using LSD-multiple range test
of Quattro Program {(Boriand International, inc., 1990).

RESULTS AND DISCUSSION

It was observed that all interactions between dietary calcium level
and genotype for all criteria investigated were not statistically significant
{Tables 2 to 6}, suggesting that both breeds responded 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 significantty 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 level (i.e. the controi diel), which had 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 needed to reevaluate the optimal dietary levels of Caand P in a
wide range of both elements for the local laying hens. In agreement with the
present results, Summers st 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 (1988) 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, 36 or 42%) 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 calcium levels from 2.75 to 3.75% or 4.25% did
not significantly affect egg production or bocdy weight but significantly
increased feed consumption of DeKaib XL pullets during peak preduction. In
addition, Roland et al {1996) found that increasing calcium level in
commercial Leghorns diets from 2.5 to 5.0% (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 ¢alcium 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 caicium levels may be related to age and
gerotype of hens, stage of egg production, dietary level of available
phosphorus and vitamin D.. duration 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 affected 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 oo narrow to exert
any beneficial or detrimental effects on these traits.
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Table (2): Effects of feeding four graded levels of dietary calcium on the productive performance of two local breeds
of chickens from 18 to 46 weeks of age '

[Main effects Live body weights 18-46 DFI° DCal’ DEM® EPR® EW* FCR’
18-wk | 22-wk | 46-wk_| BWC'(g) | (g/hen) | (g/hen) (a) (%) (@) {g:9)
Ca level (A) i )
1(3.00%) 1308 | 1503 1772 458 92.77 278" 28.99 60.14 | 4842 [ 3.319
2 (3.25%) 1312 | 1494 1745 434 94.30 3.06° | 28.63 60.25 47.61 | 3.485
3(3.50%) 1307 | 1501 1692 394 | 93.13 3.26" 27.85 56.98 47.31 | 3584
4(3.75%) 1306 | 1490 1731 421 | 93.89 352" | 26.88 56.93 47.41 | 3.667
Sig. level® NS | NS NS NS NS v NS NS NS NS |
Pooled SEM° | 182 176 | 287 265 | 095 | o003 0.84 1.78 046 | 0.129
Breed (B) 7 1 7 7 |
1 (Gimmizah) 1314 | 1505 1721 412 93.72 316 | 28.42 60.84> | 46.73° | 3.455
2 (Mamourah) 1303 ' 1489 1779 441 | 9332 315 | 27.76 57.32° | 48.65° | 3.573
Sig.leee | NS | NS NS NS NS NS NS * - NS
Pooled SEM® 128 | 125 20.3 18.8 0.67 0.02 0.60 1.26 032 | 0.091
IAB Interaction i o o
1 (1x1) 1315 1512 1743 425 94.32 2.83 29.96 63.76 47.10 | 3.203
2 (1x2) _ 1316 | 1501 | 1758 448 94.33 3.07 29.61 63.21 4682 | 3.305
3(2x1) | 1312 | 1507 | 1678 | 384 | 93.70 328 | 2809 60.23 46.65 | 3.511
4 (2x2) 1313 | 150t 1703 390 92.54 347 | 26.01 56.15 46,37 | 3.800
503x1) | 1301 1495 1801 491 | 9123 | 274 28.03 56.53 49.74 | 3.436
6 (3x2) 1308 | 1487 | 1732 420 94.27 3.06 27.65 57.30 48.41 | 3.666
7 (4x1) 1302 | 1494 1705 405 92.55 3.24_ 27.62 57.74 47.97 | 3.657
8 (4x2) 1300 1479 1759 451 95.25 3.57 27.75 57.71 48.46 | 3.534
Sig. level’® NS NS NS NS NS NS NS NS NS NS
Pooled SEM® 25.7 25.0 40.6 37.5 1.35 0.04 1.55 2.51 064 | 0.182

7. Refer to means of body weight change, daily feed and calcium intakes, daily egg mass, hen-day egg production rate, egg weight and feed
conversion ratio, respectively; *: Significance level; ®: Pooled SEM refers to standard error of the means.

NS = not significant; *= significant at P<0.05; *=significant at P<0.01.

*9. Means within the same column, and main effect for each criterion, boaring different superscripts differ significantly (P<0.05).
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Table (3): Effects of feeding four graded levels of dictary calcium on egg components and some egg quality traits
{mcasured at 33 weeks of age) for two local breeds of chickens

Main cffects Egg Egg components {%) . . Egg quali}y traits .

w‘:;;h‘ Shell | Yolk | Albumen fi') ESG? (Er::‘) (5"‘1’;5,’:;:;) HU® (T'/i.,) vcs’
Calevel (A) _
1 (3.00%) B 49.13 11.42 30.49 58.08 8C.18 | 1.095 { .359 90.25 75.91 41,40 5.40
2 (3.25%) 48.22 11.36 30.34 58.29 81.0t | 1.094 | 357 89.36 76.81 41.75 | 5.32
3(3.50%) | 4894 | 1160 | 30.34 58.06 | 80.98 [ 1.096 | .360 91.58 76.41 42.03 | 532
4 (3.75%) 49.29 | 1151 30.16 58.34 18039 ]1.095 | 360 91.03 7846 | 4082 | 5.22
Sig. level® NS NS NS NS NS | NS | NS NS NS NS NS
Pooled SEM’ 0.51 015 | 033 037 | 043 |.0008 | 004 1.15 0.98 043 | 007
Breed (B) ) ni N
1 (Gimmizah) 48.28" 11159 | 31.00° 57.42° | 80.31 ! 1.085 | 365° 91.12 76.81 | 4213 | 5.38
2 (Mamourah) | 4951° 11136 | 2067° | 5897° |80.98 [ 1.094 | 353" 89.98 76.99 | 40.87" | 525
Sig.level” | NS | R TIONs [Tns T NS NS | = I'NS
Pooled SEM® 036 | 0.10 023 | 026 | 031 [ .0006 | .003 0.81 0.69 0.30 | 0.05
AB Interaction ]
1 (1x1} 47.35 11.68 31.30 57.01 79.40 1 1.096 | .366 01.41 76.29 42.38 5.56
2 (1x2) 175091 (1116 | 2068 | 5916 | 8097 [ 1.093 | 352 89.08 75.53 4043 | 524
3 (2x1) | 4800 | 1159 | 31.07 57.34 | 79.89 | 1.096 | .366 91.01 76.54 | 4298 | 540
4 (2x2) 48.44 | 1114 | 29.61 59.25 | 82.13 | 1.093 | 348 87.70 77.08 4053 | 5.24
5(3x1) | 4873 [ 1150 | 30.87 57.63 | 80.88 | 1.095 | 366 90.68 7710 | 4274 | 528
6 (3x2) 49.15 11.70 29.81 58.48 81.07 | 1.086 | .355 92.48 75.72 41.32 5.36
7 (4x1) 49.04 11.57 30.75 57.68 81.07 [ 1.095 | .364 91.40 77.29 40.43 5.28.
8 (4x2) 49.55 11.45 25.56 58.99 79.72 | 1.095 | .356 90.66 79.64 41.21 5.16
Sig. level® NS NS NS NS NS NS NS NS NS NS NS
Pooled SEM® 0.72 0.21 047 (.53 0.61 | .0012 ¢ .005 1.63 1.38 0.61 0.09

*7. Penote to egg shape index, egg specific gravity, egg shell thickness, shell weight per unit surface area, Haugh units, yolk index and yolk color
score, respeclively.

8 Significance level; *: Pooled SEM refers to standard error of the means.

NS = not significant; *= significant at P<0.05; **= significant at P<0.01.

*t: Means in the same coturnn, and main effect for each criterian, bearing different superscripts differ significantly (P=0.05).
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However, significant breed differences were observed in egg weight,
percentages of egg yolk and albumen, eggshell thickness and yolk index,
regardless 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 {(1996) 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 ef 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 dietary Ca level from 2.5 to
5.0% (with increments of 0.5%) significantly 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 ciets and found that low Ca decreased
egg specific gravity, eggshell strength and shell thickness of ISA-Brown
layers from 21 to 41 weeks of age, and increased Haugh units in the second
10-week pericd. According to the literature, it was observed that the
improvement in eggshell quality associated with increasing calcium level in
taying hen diets may be linear up to a certain level, depending upon the
range between the highest and the lowest cietary calcium levels (Frost ef al.,
1991; Roland ef 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 et af., 2002} can also affect the quality of
this egg component when laying hens are fed diets varying in calcium
contents. In addition, age and strain of laving hens, ptane of nutrition {i.e. ad
libiturn versus restricted feeding), feeding program (i.e. single stage versus
phase feeding) and the duration of study (short- or long term experiment),
may also be contributing factors in that respect.

Egg fertility and hatchability

Fertility and hatchability of eggs are the major parameters evaluating
the reproductive performance of chickens and other poultry species. Data on
eqgg fertility and hatchability of Gimmizah and Mamourah laying hens fed
different dietary Ca levels are shown in Table 4. Statistical analysis of these
data detected no significant differences in egg fertility, hatchability, embryonic
maortality or hatch weight of chicks due to distary 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 iHatchabiﬁtfHatcf':a:":'ty Embryonic Ch.'c":
Main effects fertility | of fertile | °eg‘; ;" mortality a“t"f"gc?n
[} o, 9,

(A') eggs (/“) (t%) (/") (g)
Ca level (A)
1 (3.00%) 94.97 82.41 78.22 17.50 39.10
2 (3.25%) 9385 . 8561 | 8040 14.39 39.02
3 (3.50%) 92.51 8252 | 76.37 17.48 38.65
4 {3.75%) 93.60 84.11 78.68 15.89 38.93
Sig. level’ NS NS NS NS NS
Poocled 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 39.02
Sig. level’ NS NS NS NS NS
Pooled SEM® 095 | 096 | 1.22 0.96 0.20
IAB Interaction 3 !
1 (1x1) L9641 7871 7590 21.29 38.70
2 (1x2) 9354 8611 8054 | 13.89 39.49
3 (2x1) 9423 | 8949 | 8433 | 10.51 3927
4 (2x2) 0347 | 8173 76.47 18.27 38.78
5 (3x1) 03.73 | 8283 77.65 17.17 38.58
6 (3x2) 91.31 | 8220 75.10 17.80 38.72
7 (4x1) 9196 ' 8360 76.81 16.40 38.74
8 (4x2) 95.24 8461 . 80.54 15.39 39.11
Sig. level’ NS NS NS NS NS
Pooled SEM* 190 193 | 244 1.93 0.39

: Significance level; NS = not significant; *= significant at P<0.05.
2. 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 al (1964) who found no effect on
hatchability of turkey hen eggs when dietary calcium level was increased
from 1.75 to 6.25%. In additicn, 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, 1997). In this
connection, McDaniel et al. (1979) reported that eggshell quality, expressed
as egg specific gravity, is one of the best determinants of calcium adequacy
for breeder hens; and concluded that eggs should have a specific gravity of
1.080 or greater for optimal hatchabitity. In the present study, means of ESG
ranged between 1.093 and 1.098, and the achieved scores of hatchability (%
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of fertile eggs) were 78.71 and 89.48% which fell within the normal
acceptable levels, regardless of other factors affecting hatchability of eggs.

Blood 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 variance of these data showed that dietary Ca levels, used in the
present study, produced no differences in plasma levels of glucose, total
lipids, total cholesterol, albumin, total Ca or inorganic P, or in activitiss of
ALP, ALT and AST in blood plasma of Gimmizah and Mamourah laying hens.
Also no breed differences were abserved in the aforementioned blood plasma
parameters.

In line with the present results, Bolden and Jensen (1985) reported
that plasma Ca was not affected by dietary Ca level. Also, Keshavarz (1988)
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 ef al. (1996) found that increasing dietary Ca in laying
hen diets resulted in a significant linear increase in piasma 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 biood parameters of laying
hens, obtained in the current study, fell within the normal physiclogical range
and agree with those reported by Freeman (1984) and Campbell (2004).
Tibia bone and eggshell components

Data ¢n ash. Ca and P caonients of tibia borne and eggshell of 46-
week-old Gimmizah 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 phosphorus 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 would suggest that these
minerals were normally metabolized for shell formation and maintenance of
bone integrity.

The current resuits, however, are in harmony with those of Atteh and
Leeson (1985a) who found "o significant effect of increasing dietary calcium
level on bone and eggshell ash or their mineral contents of calcium and
phosphorus. 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 tibia ash and tibia Ca
were not influenced by increasing dietary Ca level in laying hen diets.
However, significant increases in bone ash and calcium {Atteh and Leeson,
1983 and Frost and Roiand, 1941} or in bone ash atone (Atteh and Leesan,
1985b) were observed with increasing dietary calcium level in laying hen
diets.
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Table {5): Effects of feeding four graded levels of dietary calcium on blood plasma parameters of two local breeds of
chickens, measured at 46 weeks of age

Main effects GLOCT T cHoL® | ALB? ca’ P* ALP’ ALT AST’
_ mo/dl_| gl | mg/dL g/dL mg/dL. |  mg/dL uiL UL UL
Ca level (A) ] I

1(3.250 %) 231 20.38 128 2.53 27.84 | 6.42 278 | 27.88 151
2 (3.575 %) 217 21.56 149 2.61 27.50 6.71 270 _ | 2750 161
13 (3.900 %) 239 21.44 7_ 133 2.05 27.64 6.67 250 | 29.50 164
4(4226%) 239 2156 | 123 2.22 27.07 6.47 220 | 30.88 158
Sig. le tevel ™ ____N_Sﬁ_____*NS___jL NS | NS NS | NS _ NS NS NS
IPooled SEM™ 6.89 | 069 | 6.377ﬁf 0.16 0.51 023 221 1.68 9.80
iCreed (B) N N . .

1 (Gimmizah) 233 21.80 | 128 2.39 2755 | 658 | 248 | 2875 | 159
2 {Maniourah) | 230 | 2068 | 139 | 232 2748 . 856 | 261 | 2913 158
Slg_ lovel™ NS | NS | N5 | _ NS NS ' N§ NS NS NS
Pooled SEM™ | as7 _Q{}_Q_F 486 | 0.11 0.36 LW?‘O.W 156 1.19 6.93
AB Interaction im____ I R . -

1 (1x1) [.231 | 2184 | 126 2.76 2710 | 6.79 288 | 2825 168
2 (1x2) . 230 | 1891 | 130 2.30 28.36 6.35 292 1 2750 148
3 (2x1) 215 2275 | 143 2,29 2675 | 650 207 | 2575 | 156
4 (2x2) 218 | 2038 | 156 2.93 2771 i 6.60 258 | 2925 | 161
5 (3x1) 252 | 2122 | 129 | 214 | 2780 | 663 253 31.50 154
6 (3x2) 227 2166 | 136 1.97 27.32 6.49 263 | 2750 155
7 (4x1) 234 2138 | 114 | 237 27.39 6.45 233 | 29.50 160
18 (4x2) 243 21.75 133 207 27.58 6.75 242 | 3225 168
Sig. tevel™ NS NS NS NS NS NS NS | NS NS
Pooled SEM"’ 9.74 0.98 9.71 0.23 0.73 0.33 313 237 13.9

. Refer to means of concentrations of glucose, total lipids, total cholesterol, albumin, total calcium and inorganic phosphorus, and activities of
alkaline phosphatase, atanine aminotransferase and aspartate aminotransferase in blcod plasma, respectively; '°; Significance level.
': Pocled SEM refers to standard error of the means; NS = not significant.
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Table {6): Effects of feeding four graded levels of dietary calcium on ash, calcium and phosphorus contents of tibia
breeds of chickens, measured at 46 weeks of age

bone and eg

% shell of two local

Main effects Tibia bone o Egg shell

Ash (%)’ Ca(%)" P (%)° Ash (%)’ Ca (%) P (%)°
Ca level (A) B o )
1 (3.00%) 5540 34.36 17.11 4853 37.85 0.085
2 (3.25%) 56.09 34.42 17.26 49.07 38.18 0.094
3 (3.50%) 54.82 34.23 16.80 48.71 38.86 0.092
4 (3.75%) 756.00 34.17 17.53 48.17 37.91 0.090
Sig. level’ NS NS NS NS NS NS
Pooled SEM’ 045 0.27 0.31 0.46 0.52 0.004
Breed (B) o ‘
1 (Gimmizah) | ssm1T [ 3447 17.23 4882 38.01 0.087
2 (Mamourah) | 5584 3442 17.12 4842 38.39 0.093
Sig. level’ | 7 Ns |7 NS NS NS NS NS
Pooled SEM* 032 1 0.19 022 033 0.37 0.003
AB Interaction - o
1 (1x1) 5586 34.87 17.68 48.57 .37.90 0.094
2 (1x2) 5579 | 34.11 17.36 4817 38.29 0.086
3 (2x1) 56.68 34,48 16.88 4858 38.40 0.096
4 (2x2) - 5503 34.21 16.54 48.36 38.95 0.094
5 (3x1) 5631 33.97 16.83 4956 38.46 0.093
6 (3x2) 55.00 34.62 16.85 T 4889 37.41 0.083
7 (4x1) 5531 33.87 18.17 47.77 3742 0.087
8 (4x2) 54.60 34.24 17.09 49.05 38.77 0.084
Sig. level’ NS NS NS NS NS NS
Pooled SEM’ 0.63 0.38 0.44 0.66 0.74 0.006

': Significance level; NS = not significant.
. pooled SEM refers to standard error of the means.
°: On dry, fat-free basis; *: % of bone ash.

*: % of dry shell weight.

900Z ‘udiey ‘() LE “Alun BINOSURK 198 "2lBY T



Sherif, Kh. El. et al.

Conclusion

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