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Abstract: This experiment was conducted to studv the effect of different
levels of calcivm and vitemin Dy on ege production, egg shell quality and
sote blood parameters of laving hens. A total number of 290 hens (Hy-Line
Brown-egg type) from 24 1o 40 weeks of age were randomly divided into
sixteen experimental treatments: 15 hens each. Each treatment was sub-
divided info five replicates. (three hens each). The experimental design
comvisted of a4 4 X A4 fuctorial urrangement with four levels of Ca (325,
3.30. 3.73 and 4.00 %y aned four levels of vitamin D3 (2300, 3000, 3500 and
JO00GIL 7kg dier) . Results obtained indicate the following: ’

1 - Increased dietary Ca levels up to 4% showed the highest insignificant
value of egg production. egg weight and egg mass during the whole
experimental period. However. hens fed 4% Ca showed significanily
(P-0.01) the highest values of egg  production  and  egg  muass
186, " 3%und36.69g) respectively from 36 10 40 wk of age. Moreover, hens
Jed dicts containing vitamin Dy at 3000 or 2300 [U /kg diet showed
significantiyiP<0.01; the highest values of egg productiont 76.35 % und
N4.61% pduring 32 10 36 wk and 36 1o 40 wk of uge period, respectively. In
wddition, hens fed diets containing 4% Ca with 4000 vitamin D; 1U fkg diet
showed significantlv (P<0.01) the highest value of egg mass (58.65g)
during 36 10 40 wk of age period .

2 - Hens fed diets containing 3.75.4.00.3.50 and 4.00%% Ca recorded
significantly (P<0.01j higher values of feed consumption during the period
24 10 28 wk. 28 10 32 wk , 32 10 36 wk and 36 10 40 wk of age, respectively
compared with hens fed 3.25% dietary Ca level. The interactions benveen
dictary fevels of Ca and vitamin D had significant (P<0.01) effect on feed
consumption during the different interval periods and the whole
experimental period.
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3 - Feed conversion was not significantly affected by dietary Ca levels
during the different intervals and the whole experimental period, except the
hens that fed 4% Ca which showed significantly (P<0.01) the best value of
Jeed conversion (1.85 g feed/y egg mass) compared with the other levels
during the period 36 to 40 wk of age. Moreover. feed conversion was not
significantly influenced by increasing dietary vitamin D; levels during the
different interval periods. However, hens fed diet containing 3000 [Ulkg D;
tevel during the whole experimenal showed significanth: (P<0.01) the best
valwe (2.13g feedig egye mass) compared to the other levels, Regarding the
interaction between dictary Ca and vitamin D3 had significant (P<0.01)
effect on feed conversion during the period 36 to 40 wk of uge. Moreover,
hens fed 4% Ca with vitamin D; at 40001U/kg diet showed the best value of
feed conversion (1.79 g feed/g egy mass).

4 - Hens fed diet conuining 4% Ca level showed significantly (P<0.01)
the highest value of shell weight (8.51g) compared with the other groups.
Moreover, the increase of dictary Ca level up to 4% with vitumin D;
J0001Lkg diet showed the highest (P 2 0.03) values of egg surface areu
(ESA). egg shell volume (EST) and shell thickness compared with the other
experinental groups.

5 - Hens fed diet comaining vitamin D; at 3000, 3500 and1000 1U/kg
showed significantly (P<0.01) the highest value of Ca concentration in
plasma compared with the control diet.

6 - Hens fod divis comaining Ca level at 4.00, 3.75 and 3.50% showed
significantiy (P<0.01) higher values of Ca concentration in eggshell
compared to the control group. Moreover, increasing vitamin D up to 4004)
TUZkg diet showed significamtly (P<0.01) the highest value (459.11 mg/g) of
Ca concentration in egeshell compared to the other experimental groups.
There was significant (P<0.01} interacii n hetween (a and vitamin D; level
on Ca concentration in egg shell | where hens fed diets conmaining Ca at
325, 3.30, 3.75 or 4.00 % with vitanin D; ar 4000 [Ulkg showed higher
values of Ca concentration in eggshell .

The results indicated that increasing dietary levels of Ca up 10 4% with a
level of 4000 IUkg diet of vitamin D3 improved eggshell quality withou
adverse effects on laying performance.
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INTRODUCTION

Calctum is one of the most important compositions of egg shell. It
has a significant effect on performance and egg shell quality of laying hens
(William e ol., 2006). Egg shell quality is an important factor in poultry
production because a large number of eggs with defective shells cause a
greal economical loss to the producer (Lavelin e7 ¢/, 2000). Inadequate Ca
significantly decreased egg production, egg weight, egg specific gravity,
feed consumption. and bone density and strength (Roland ef 4/., 1996). On
the other hand. excess Ca significantly reduced egg production, egg weight
and feed consumption (Harms and Waldroup, 1971). The available
information about the amount of Ca needed in laying hen diet for maximum
performance and egg shell guality is somewhat contradictory. Because there
are many factors affect Ca requirement such as, strain. age of birds and
temperature. Other nutrients such as. phosphorus. dietary protein and energy
may be also involved. NRC (1994) suggested a Ca requirement of 3.6% for
Brown laying hens at a feed consumption of 110 g/bird per day, which
scems insufficient. because Ca requirement recommended by the
commercial management guides of Brown Hy-Line is from 3.75 10 4.25 %
for laving hens at a feed consumption of 113 to 100g/bird per day (Hy-Line
international, 2008). Morcover. Castillo er «f. (2004) indicated that the
biologicat optimum Ca level for maximum egg production was 4.38 % and
4.64% in diet for the best feed conversion and maximum specific gravity.
Dietary Ca requirements for maximum egg production and egg mass, and
the best feed conversion were 3.52, 3.54 and 3.62% respectively {William
er al., 2606). However. Lim er al. (2003) indicated that increased Ca level
from 3 to 4% in laying diet did not aftect egg production and egg weight but
the 4% Ca diet increased egg shell strength. Moreover. egg production. egg
weight, egg mass, feed conversion. and shell quality were not influenced by
the Ca levels from 2.5 up to 4.5% in laying diet (Clunies er al., 1992;
Leeson er al., 1993 and Keshavarz and Scott, 1993)

Vitamin D, is necessary for the bird to absorb, transport and utilize
calcium and phosphorus through the intestinal wall. Calcium absorption and
deposition are controlied by the active metabolite of cholecalciferol which
undergoes to sequential hydroxylation in liver to form 25-cholicalciferol and
then converted to 1, 25 - dihydroxycholecalciferol in kidney (Norman,
1987). This active form of vitamin D is involved in the biosyntheses of Ca-
binding protein, which is involved in active transport of Ca across the
intestinal wall. Additionally, this active form is promoting absorption of Ca
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for bone and egg shell formation (Stevens and Blair, 1984 and Keshavarz,
2003). A number of studies stated the improvement in eggshell quality and
bone mineralization by increasing the level of dietary cholicalciferol above
the requirement level (Keshavarz, 1996; Hansen er al., 2004; Saban ef al.,
2005 and Cesar et ¢/., 2010).

The current study was conducted to determine the effect of different
calcium and vitamin Ds levels and their interaction on egg production and
egg shell quality in Hy - Line Brown — egg type laying hens.

MATERIALS AND METHODS

This experiment was carried out at Marvot Research Station,
Alexandria to study the effect of different levels of calcium and vitamin D on
performance of laying hens. A total number of 240 hens (Hy-Line Brown-egg
type) from 24 up to 40 weeks of age were randomly divided into sixteen
experimental groups: 15 hens each. Fach group was sub-divided into five
replicates. (three hens each). A (4 x 4) factorial experimental design with four
levels of Ca (3.25, 3.50. 3.75 and 4.00 %) and four levels of vitamin D3 (2500,
3000. 3500 and 40001U /kg diet) was tested for 16 weeks. All the experimental
diets were iso-nitrogenous and iso-caloric (2750ME/kg and 18% CP) according
to NRC (1994). Vitamin Ds in concentrate 50.5 % was taken into consideration
at the time of diet mixing .Composition and calculated analysis of the
experimental diets are presented in Table 1. Diets and water were offered ad -
lib.. All hens were kept under the same managerial and environmental
conditions and artificial light source was used giving a total of 16 hours of light
per day through the experimenta! periods.

Body weights were recorded at the beginning and at the end of the
experiment (40 week of age). Egg weight and egg number were recorded daily
to calculate the egg production percentage and «gg mass (ghen/day) which was
calculated by multiplying egg number by average egg weight. Feed
consumption was recorded biweekly and feed conversion values (g feed /g
egps) were calculated as the amount of feed consumed divided by egg mass.

Epg quality parameters were measured using 96 eggs (6 egps / each
treatment group). These measurements invoived yolk, albumen and shell
weight percentage. However, egg shell thickness was measured in pm using
a micrometer. Egg shape index was calculated according to Romanoff and
Romaneff (1949) as an egp diameter divided by egg length. Yolk index was
calculated according to Funk er al., (1958), as yolk height divided by yolk
diameter. Haugh unit was calculated according to Eisen et al. {1962) using
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the calculation chart for rapid conversion of egg weight and albumen height.
Egg surface area (ESA) was calculated accordlng to Paganelli et al.(1974)
as ESA=4.835 x W"%* Cm" where W=Egg mass in grams. Shell weight per
unit surface area (SWUSA) was calculated as shell weight, mg/ESA, Cm’.
Egg shell volume (ESV) was estimated according to Rahn (1981) as ESA,
Cm-= X Shell thickness. At the end of the experiment, three egg shell samples
from each treatment were taken and ground prior to ashing. Calcium was
determined by flame photometric procedure (Jackson, 1958). Phosphorus
was colorimetrically determined by a Spectrophotometer (Murphy and
Riley, 1962).

At the end of the experiment, three blood samples from each treatment
were taken from the brachial vein. Plasma total protein and albumin. were
measured according to Henry (1964) and Doumas er al. (1971), respectively.
Plasma total lipids were measured by the procedure of Zolner and Kirsch
(1962) . Alanine aminotransferase (ALT) and Aspartate aminotransferase
(AST) were measured according to Reitman and Frankel (1957). Plasma
triglycerides were estimated according to Fassati and Prencipe (1982). The
concentration of plasma globulin was valculated by sultracting plasma albumin
from plasma total protein. In this respect. Ca. inorganic P were measured by
specific diagnostic Kits (Bio Merieux, France) according to guidelines and
recommendation of” Bogin and Keller (1987).

Data obtained were statistically analyzed using the General Linear Model
Procedure (SAS, 1994). Duncan’s multiple range test was used to test the
significance (P<0.05) of mean differences (Duncan, 1955).

RESULTS AND DISCUSION
Effect of calcium and vitamin D; levels and their interaction on:
1-Body weight and egg production parameters:

There were no significant differences in final body weight due to
increasing Ca level up to 4% in diet (Table 2). This result influenced agreed
with (Keshavarz and Scott, 1993; Abou Egla, 1995 and Chowdhury and
Smith, 2002) who reported that Ca level up to 4 % in layer diet had no
significant effect on final body weight.

., Generally, increased dietary Ca levels up to 4% showed the highest
(P > 0.05) values of egg production, egg weight and egg mass during the
whole experimental period. However. hens fed diet containing 4% Ca
recorded significantly (P<0.01) greater egg production (86.73%) and egg
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mass (56.69g) compared with the other treatments during 36 to 40 wk of age
(Table 2). The present results were previously confirmed by several studies
(Sohail and Roland, 2000; Lim er o/, 2003and Castillo et al. 2004) who
indicated that increasing Ca level in laying diet did not affect egg
production, egg weight and egg mass. In contrast. Chowdhury and Smith
(2002) ; Khidr ef al. (2003) and William ef a/.(2066) stated that. increasing
dietary Ca level in laying diet showed a significant increase in egg
production and egg mass.

The contradiction among the previous studies and the present study
may be due 10 the difterence in Ca levels of the basal diet, strain, and
experimental conditions which showed insignificant effect on egg
production, egg weight and egg mass. Furthermore. the amount of Ca level
(3.25%] in control diet might be sufficient 10 marginal layer performance
and could not have been caused a significant response with increased Ca
level in the experimental diets. This fact was confirmed by William e al
{2006) who indicated that many factors can affect Ca requirement of laying
hens including other nutrients, strains, age of birds and temperature.

Dietary vitamin Ds  level did not significantly affect final body
weight. Moreover. egg production during 24 10 28 wk. 28 to 32 wk of age or
during the total experimental period was not influenced by different levels
of vitamin D;. However, hens fed diets containing vitamin Ds at 3000 or
2500 TU /kg diet showed significantly (P<0.01) the highest values of egg
production(76.55 % and 84.61% )during 32 to 36 wk and 36 to 40 wk of
age, respectively. Egg weight and egg mass were not significantly affected
by different levels of vitamin D; during the different interval periods and
through the whole experimental period (Table 2).

The interaction between dietary levels of Ca and D; had no
significant effect on final body weight, egt production. egg weight and egg
mass during the different interval periods and the whole experimental
period. except hens fed diet containing 4% Ca with 4000 vitamin D; [U /kg
diet which showed significantly (P<0.01) the highest value of egg mass
(58.65g) during 36 to 40 wk of age (Table 3). This significant interaction
might be a consequence of the significant effect of Ca level on egg mass
during 36 to 40 wk of age (Table 2). as the increasing vitamin D; levels in
diets did not significantly affect egg mass during the same period.
Moreover, in the current experiment, the level of D; used in control diet was
25001U/kg. This level in several times is higher than the recommended level
of NRC (1994) being 3001U/kg diet for laying hens and equivalent to that
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used by the industry. Consequently, it is surprising that no beneficial effect
obtained from increasing level of vitamin D; particularly when the Ca level
in the diet was plentiful. Similar results were obtained by Soares er al.
(1988) and Keshavarz(1996) who reported that egg production, egg weight
and egg mass were insignificantly affected by increasing dietary vitamin D,

2- Feed consumption and feed conversion values:

Results in Table (4) showed that feed consumption recorded
significantly (P<0.01) a higher value for hens fed diets containing
3.75.4.00.3.530 and 4.00% Ca during the period 24 10 28 wk, 28 10 32 wk . 32 10
36 wk and 36 to 40 wk of age, respectively compared with hens fed 3.25%
dietary Ca level. However, feed consumption for the total experimental period
was not significantly influenced by increasing dietary Ca levels. Feed
conversion was not significantly affected by dietary Ca levels during the
difterent intervals and the whole experimenta! period. except the hens that fed
4% Ca which showed significantly (P<0.01) the best value of feed conversion
(1.85 g feed/g egg mass) compared with the other levels during the period 36 10
40 wk of age. The highest significant value of egg mass was recorded in group
fed diet containing 4% Ca during the period from 36 to 40 wk of age (Table 2).
These results were in agreement with Clunies ef al. (1992) who stated that
increasing Ca level from 2.5 to 3.5 and up till 4.5% in laying diet showed
significant effect on feed intake, with no differences between 3.5 and 4.5%
dietary Ca . Moreover, Castillo er al. (2004) reported that dietary Ca levels
(2.98.3.22. 3.83, 4.31 and 4.82%) had a significant effect on feed consumption.
On the other hand, results obtained herein showed insignificant effect of dietary
Ca level on feed consumption and feed conversion during the whole
experimental period. These results were similarly obtained by Chowdhury and
Smith (2002) and Kermanshahi and Habavi (2006), who stated that dietary
Ca levels had no significant effect on feed consumption and feed conversion.

Feed consumption was significantly (P<0.01) affected by dietary
vitamin D, levels during the different interval periods. Moreover, this
significant effect was inconsistent on feed consumption by dietary vitamin
D; levels. However, dietary vitamin D; levels had no significant effect on
feed consumption during the whole experimental period (Table 4). These
results were in agreement to those obtained by Keshavarz and Scott (1993)
and Keshavarz(1996) who stated that, increasing dietary vitamin D; in
laying diet had no effect on feed consumption. Similar results were obtained
in laying quail hens by Abdel-Azeem and El)-Shafei, 2006 and Abdel-
Fattah et al., 2007).
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Feed conversion was not significantly influenced by increasing
dietary vitamin D; levels during the different interval periods. However,
hens fed diet containing vitamin D at 3000 1U/kg diet showed significantly
(P<0.01) the best value (2.15 g feed/y cpgg mass) compared to the other
groups during the whole experimental period (Table 4). These results were
confirmed by Abdel-Fattah e «/. (2007) who showed that feed conversion
improved with increasing vitamin D; in laying quail diet.

The interaction between dietary levels of Ca and vitamin D; had a
significant {P<0.01) eftect on feed consumption during the ditlerent interval
periods and the whole experimental period. Moreover. hens fed diet
containing 4% Ca with vitamin D; at 2500 1U/kg showed significantly
{(P<0.01) the highest value of feed consumption during the whole
experimental  period(Table 5). Feed conversion was insignificantly
influenced by the interaction between dietary levels of Ca and vitamin Ds
during the difterent intervals and the whole experimental period. The only
exception during the period 36 to 40 wk feed conversion was significantly
(P<0.01) influenced by the interaction between dietary levels of Ca and
vitamin D: Moreover, hens fed diet containing 4% Ca with vitamin D; at
40001k diet showed the best value of feed conversion (1.79 g feed/g egg
mass) (Table 3).

3- Egg quality measurements:

Egg quality was not significantly affected by different levels of Ca
or vitamin D5 and their interactions in laying diets (Table 6). These results
were in agreement with the results obtained by Chowdhury and Smith
(2002) who reported that dietary Ca level had no significant effect on yolk
weight. albumen height, and haugh units. Moreover. Khidr er al. (2003)
showed that dietary Ca levels did not significantly affect yolk weight,
albumen weight. shape index and yolk index.

Hens fed diet containing 4% Ca showed significantly (P<0.01) the
highest value of shell weight (8.51g) compared to the other experimental
groups. Also dietary Ca at 4% level recorded the insignificantly higher
values of ESA (62.97 cm®), SWUSA (135.52 mp/em?), ESV (25.41 cm?)
and shell thickness (0.4034um) compared to the other experimental groups
(Table 7). These results were similar to previous study of Clunies et al.
(1992) and William er al. (2006) stated that eggshell weight increased
linearly (P< 0.05) with increasing level of dietary Ca up to 4%. In this
connection. eggshell quality and shell thickness were improved when the
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amount of Ca into the diet increased (Roland ef al., 1996; Scott ef af., 1999
and Kermanshahi and Habavi, 2086).

Egp shetl parameters were not significantly influenced by increasing
dictary vitamin D levels. Furthermore, interaction between dictary levels of
Ca and vitamin D; had no significant effect on egp shell parameters. In
addition, hens fed diet containing 4.00% Ca with vitamin D; at 4000 IU/kg diet
showed insignificantly higher values of ESA. ESV, shell weight and shell
thickness compared with the other experimental groups (Table 7) .These
improvements of eggshell quality may be due to that vitamin D; tend to
increase the deposition of calcium and phosphorus in egg shell, {(Keshavarz,
2003). The present results are agree with the finding of Abdel-Azeem angd El-
Shafei (2006) who reported that sheil quality was maximized when laying
quail diet contained vitamin Dj at 3000 [U/kg diet Furthermore, Frost and
Roland (1999) indicated that adding 1.25 (OH) 2 D3 in layer diet increased
eggsheli percentage, egg breaking strength and shell weight.

4-Some plasma blood parameters and mineral content in egg shell:

Plasma blood parameters and some minera! (Ca and P) content in
egp shell are shown in (Table 8). There was no significant effect on plasma
blood parameters by increasing Ca or vitamin D; levels and their interaction
in laying diets. On the other hand. hens fed diets containing vitamin D; at
3000, 3500 or 4000 iU/kg showed significantly (P<0.01) the highest values
of Ca concentrations in blood plasma compared fo the control level. This
result was similar to those of Abdel-Azeem and El-Shafei (2006) who
showed that plasma calcium increased (P<0.05) when the vitamin Ds
increased from 2000 to 3000 1U/kg in laying quail diet.

Hens fed diets containing Ca level at 4.00, 3.75 or 3.50% showed
significantly (P<0.01) higher values of Ca concentration in eggshell
compared to the control group. Moreover, increasing vitamin D up to 4000
1U/kg diet showed significantly (P<0.01) the highest value (459.11 mg/g) of
Ca concentration in eggshell compared to the other experimental groups.
These results may be attributed to the increase in eggshell weight when
dietary Ca level increased up to 4%. The amount of Ca deposited in eggsheil
increased, because calcium makes up to 40% of the eggshell. This aiso
confirmed the positive improvement in other eggshell measurements such as
shell weight and shell thickness (Table 7).Moreover, Khidr ef al. (2003)
reported that increasing Ca level up to 4.50% in laying diet increased
significantly (P<0.05) Ca concentration in eggshell. In addition, Abdel-
Azeem and El-Shafei (2006) showed significant (P<0.05) increase in
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calcium level of eggshell when laying quail fed diet containing 3000 1U/kg
of vitamin D,

There was a significant (P<0.01) interaction between Ca and vitamin
D; level on Ca concentration in egg sheil. Moreover, hens fed diets
containing Ca at 3.25. 3.50. 3.75 or 4.00 % with vitamin D5 at 4000 1U/kg
showed higher vaiues of Ca concentration in eggshell. This result may be
explained by Rama-Rao er al.(2006) who stated that higher concentration
of vitamin D; in the diet are known to improve Ca absorption through the
gut, because. vitamin D; is essential tor Ca metabolism. These results
cleared the beneficial effect on shell quality which can be obtained by
supplementing vitamin Ds in laying diet. Thus. the recommended leve! of

vitamin Ds (300 1U/kg) of NRC (1994) may be insufficient for optimal egg
shell quality.

However, P concentration in egyshell was not significantly
influenced by ditferent levels of Ca or vitamin D3 and their interactions in
laying diets. Similar results were obtained by Khidr er al. (2003) who
reported that increasing Ca level up to 4.50% in laying diet had
insignificantly {P<0.05) affect P concentration in eggshell.

In conclusion, the results indicated that increasing dietary Ca level up
10 4% with vitamin D; up to 4000 1U/kg diet improved eggshell quality without
adverse effect on laying performance. Moreover. new strains like Hy-Line
Brown-egg type might need dietary Ca and vitamin Dz at higher than those
recommended by NRC (1994) for laying hen to meet high egg yield.
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Table 1: Composition and caleulated analysis of the experimental basal diets.

, ‘ [ Ca%
ingredicnts: 325 | 350 | 375 | 4.00
Yetlow com 6275 | 63.00 | 63.25 | 63.25
Soybean meai 44% 16,00 | 1650 ¢ 17.00 | 17.00
Concentrate 50.5%' 000 1 10,00 10.60 | 10.00
Wheat brain 4.00 2.50 1.03 0.00
f.imestone 6.25 7.00 772 8.52
" Dicalciom P wis 07 [ 015 | om
SalyNaChy D023 025 | 023 | 025
Gluten meal 60% au0 000 | 000 1 035
| Towl i 100 100 130 100

Calculated analysis

ML keal kg 2755 2755 2755 2751
CP % 18.05 18.06 18.06 18.06
CF % EAL) 3.02 2.89 2.78
EL % P 392 | 389 | 386 | 384
Ca % ;325 3.50 3.75 4,00
Total P% CALTS (.74 0.73 0.71
Available P % 0.58 0.58 0.58 0.57
Lysine% 0.95 0.96 0.96 0.96
Methionine&Cystine% 0.69 0.69 0.69 0.69
- 140 2500 2500 2500) 2560

‘Concentrate composition: 50.5% CP. 2442 Kcal ME/Kg. 2% CF, 7.9% EE,
8.50% Calcium, 3.35%.Phosphorus.1.70%  Methionine, 2.4% . Methionine &
Cystine and 2.85% Lysine. Vit A 1.200001L. Vit D: 250001U. Vit E 125mg. VitK
30 mg . Vit B,10 mg, Vit B,50mg , Vit B,20 mg. Vit B,;120 mic, Biotin 500 mic,
Manganese 800 mg. lron 300 mg. Zinc 500 mg. Copper 100mg. Folic acid 10
mg. Niacin 300 mg. Pantothenic acid 100 mg. Choline Chloride 3120 mg.
Selenium 1.5 mg, Cobalt Img and lodine 4 mg. Product of Pyramid
Poultry{Concord).
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Table 2. Body wcm,hl egp production, egg weight, and egg mass of laying hens as aflected by Ca and vitamin D; levels.

il

SEM : Standard error mean

“ Means with different superscripts in same col mns for each criterion are significantly d|f‘ferem (P<0.05).

Egg Production (%) J Egg Weightig) I Egs M-m
Main effecrs: talnin Final
* body body Period in weeks

Care | DESE | WL B s L | 5 | 0;:.':" 2028 | 2832 | 3236 | 3640 0.:;";" %28 | B0 | 32-3 | Jdo ‘::::“
3.2% 172055 { 160406 | 7242 | 7&dl 74.80 0.7 | 7897 NIN | 97 | 6205 | 6393 | 6088 | 4231 | 4585 | 4633 | S1.25F | 46l
30 TiE8) | 181786 | 7338 | 73.20 | 73.06 | 81 1w 5810 | 5938 | 6193 | o443 | 6096 | 4263 | 4343 | 4522 | s39" | 46ie
378 TIASO | 182603 | 7495 | 68 [ 7L78 01° b 5480 | S48 | 6085 | 6299 | 6370 | 6i.48 | #4428 | 4603 | AT | 4835 [ 45%
400 719, 15702 | 7261 | 7161 7395 | 8613 | 77.68 | NA6) | 6083 | 63.07 | 6RAl | 6216 | 4146 | 4774 | 4647 | 866Y | M
SEM 205102 | TIs5730 | 298A | 20170| 18623 | 14160 | i3661 | 6.8041 | 08664 | 04806 | 0.5267 | 04168 | 16505 | 13173 | 1.036) | 09689 | 0.83%¢
Povalae 0.974 03082 | 07957 | 0.8i8 | 06191 | 0.0001 b 04895 | K39 | 08872 | 03082 | 013 | 0.1267 | 05200 ) 01513 | 07248 | 0.0001 | 01574
25400 172048 | KN30 | 70 73,26 7LV 61" 513 =69 | 6040 | €263 | 6387 0,82 404} 402 [ us | S0 4513

3000 171608 | 183372 | 7349 | 7666 | 658" | 82, 7. SA31 | 899) | G204 | 6499 | 6L19_ | 4542 | 4591 | 4740 | 8316 4749

3500 17638 | 1834.09 | 7428 | 7619 | 74.78 895 | 76.04 3359 | 6015 | 6257 | 6412 | 6136 | 435 | 4%89 | 4675 | 8068 | 4672

4000 170606 | 192996 | 7531 | 76.66 | 1092 | J9.00° | 742 06 | 6159 | 6080 | 6498 | 62.01 | 4432 | 47.20 | 4452 | 8142 | 4467

SEM do.5e02 [ 185731 [ 27862 | J1170 | 16623 | 14160 | 1366 | 0.5041 | 0.5854 | 0.4308 o-qm 0.4168 | 16508 | 13173 | 10961 | 00689 | G.B294
P-value 0998 | 08788 | 08138 | G.6192 | 0.0497 | 00941 | 046930 | 0.1897 | 0.1694 | 0.708% 0.1806_ | 0.3578 | 04010 | G120 | 0.0679 | 08188
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um., vitamin

Table 3. Body weight. egg production, egg weight and egg mass of laying hens as affected by the interaction between

Ca and vitamin D; leveis.

Dietary calc

Egg 'romductioni (o} g Woeight(z) Fgge Massig)
Freamnwents: Initiak Final
by bundy Feriod in weeks

Ca% ”‘L'“lg‘! WMEL L e e | BB anae | 6t | O auay | g2 | 3236 | see | M) aygg | 2832 | a2e | e | Rl
TA00 | 1731.33 | 180664 | o800 | 7085 | 7070 | 7996 | 1232 | &446 | SP44 | 6295 | 6267 | S9Ki | 3702 | 4196 | 44.31 | 49.98° | 3323

K | 171833 | (85464 | 7535 [ B246Y [ 4095 | 704 | K049 | 3799 | 5921 | 60.67,.] 6377 [ 6037 | JA.78 | 4891 | 49.06 | 355 458

338 ] 3500 | iT(886 ] [R3I9K ! 7405 | 76,09 | Ta3K | 7938 | 7647 { %043 | pies | 62EE | 6448 | 6141 | 440 3617 | 4738 | S1.08% | 1730
| 171666 | IR4SSK, 7429 | 7547 | 7143 | 7483 | 7392 1 SKMK | 6149 T 6318 | 6389 | 0106 | 43.73 | 4657 | 4058 | 48357 | 4570

1 . :

TI00 | 171335 | B33 64 1 7248 | 7338 | 70.00 | 834 | 7456 ¢ SR30 | 5925 | G178 | 6499 | ob03 | 4237 | 4277 | 4335 | 540709 | 4560

B UK | 170266 | LRIZUE | 710 | TI90 | 7785 | 8309 | 71570 5786 F S9%7 | 6070 | 6346 | 6072 | J1.58 | 43.00 | K08 | 5159 | 46.06
.50 | 3500 | 172367 | IKX7H6 ] 7167 | 7405 | 7337 | BLUS | 7508 | S8.39 | 5891 | 6230 | 64.35 | 690 | 41.85 | 43.58 | 4586 | 52.20> | i3.88
o) | 172467 | EROSOR | 7737 | 74.52 | TUR: | K33 | J646 | 3770 | 5951 | 6195 1377 | 4430 | 4370 | 340150 | doav

TR0 | 1703.27 ] IRI10.31 | 7335 § 67.1a | 6690 | 8691 | 7387 | 5549 | 6USR | 6435 | 64.81 | 6136 | 4105 | 4096 | 4513 | 56350 | 45.36

CTROM [T [ K6 T R3] TRE0 | T4 | 440 [ F5KT | 5827 [ 600 | 0186 | 6401 | 6007 | 4561 | 47.27 | 4463 | 47.81° | 4608
CSTS [ SR | A7AeT [ 3Z00 T e | 36 T ITAR | TIa3 | Tesd | 5807 | o0 dR 1 o270 ] ed#d | el de | 3540 [ 4BIF | IRAK 188 | 46|
A0 171260 | (%6338 T 483 ] o0 | eI ] 0T | 730 el [Teed | 62T |64 [ 60237 [T4500 | 4820 | 345 | eS| 15

I3 | 172599 | 183062 | 7190 | K361 | 7737 | ¥R33 | BO06 | 5802 | 6162 | 6123 | 63.00 | 6100 | 1146 | 3088 | 4705 { 35.58 | J8.43

T | 3000 | 173133 [ 185662 | AT | 1333 | 753K | %695 1 7581 | 930 | 6062 | 6395 | 66.74 | 6208 | 4171 | 4447 | 48407 | ST.98% | 4806
3500 | 172133 | 1852064 | 75R0_| 74796 | 7L66 | 8304 | 1607 | S800 | 6119 | 6307 | 6492 | 6179 | 4261 | 45.65 | 4500 | 545500 | ITO%

1000 [ 171067 [ 1R06.62 [ 7439 [ 7096 [ 7070 | 8762 | MY | 590 | odof | 6407 | 6697 | 6318 | 4386 | 4998 | 4527 | 5865 | .43

SEM 10204 | 300403 357 T30 [ 33206 [ 8330 ] 27320 T a083 | 111729 09613 | 10535 | OR336 1 33001 | Je346 | 20723 | 1.9378 | |.68%y
P alad 0 | 08752 [oved2 [owis | 64285 | 0.8 ] 0.6385 1 0.7515 [ 00748 02637 [ 0.2043 | 08734 [ 09677 | 0.2898 | 0.7438 | 0.0032 | 0.613K

R Means with different superscripts in same colwnns for each criterion are significantly different (P< 0.03).
SEM : Standard error mean
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Table 4. Feed atilization of laying hens as affected by Ca and vitamin Ds levels,

Main etiects:

" Feed consum plion{g/ hen/day }

Feed comeersion { g feed/ g epg mass)

Period in weeks

cave | IVRE T 5 ag | 2532 | 3236 | 3640 1 OV ouop D oagan | 32.36 | 360 | Overall
digt mean mean
3.23 1035047 1 10535 | 113.86° | 103.46° 107.20 2.60 2.37 247 2.03° 237
3.50 163.0% ¢ 106.56° | 115027 | 104.13% [ 107.19 2.46 249 2,57 1.98" 2.22
1.75 07210 1 103,927 | 113,45 | 104.37 [ 107.22 2.47 2.29 2.53 209" 2.37
400 103.5377 ] 108.47° | 113405 | 104.65 | 10731 253 2y 2.45 1.85° 2.29
SEM 0.2384 0.2889 [ 02518 | 0.2663 | 0.1359 | 01258 | 0.0805 | 0.0586 | 0.0396 0.0502
Pavalue <GODOT | <0000 | <00001 | 00212 | 02889 [ 0.8243 | 0.2829 | 04899 { <0.0000 | 0.1105
T
2300 0560 | 1067 | 113245 | 0533 | 10724 2.73 2.41 2.56 1.95 2.42°
3000 10497 T 10608 | 14317 | 1040 | 10736 2,44 2.36 242 .98 215"
3500 104.56" | 10654 | 114.07° | 104.06" | 107.30 | 252 2.38 246 207 2.36°
J000 104.5% 7 107001 | 11407 1 103.16° 107.21 2.3y 2,249 2.59 2.04 233
SEM 0.2384 | 02889 | 02518 | 02663 | 6.1359 | 0.1258 | 00803 | 0.0586 | 0.03% 1.0502
P-value 00029 [ <0.0001 | 0.0212 | <0.0001 | 08534 | 02418 | 0.7353 [ 00414 | 0.1496 (1.0028

ol

.4

Means wii different superseripts in same columas for each criterion are significantly different (P< 0.05).
SEM : Srandard error mean
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Table 8. Feed utilization ot laving hens as affected by the interaction between Ca and vitamin D; levels,

. i Feed consumption{f/ hen/duy} T Feed coms ersion § ¢ feedd ¢ epg mass)
Vain effects; Period in wecks
Ca% | DylUMgdiet | 2428 32-36 36 40 Oserall mean | 24-28 32-36 | 3640 | Overall mean
Ca% | DML kg diet
e 2500 105547 113897 T 103,667 106,94~ 188 | 18 | L™ 15
' 3000 10833 U i S N A T T L 133 LAY | 1
325 3506 104.927 114.29% | (02.867 10714 2.5 .44 20277 1.3
T 3000 105,007 221 102.06" 116.94% .9 .56 | 1™ 138 |
2500 T0213% 678 | 1767 106.74° 245 277 [ 1549 238
3000 99 54 4™ { 103.26%% 107.52°% 244 144 2.02%d .79
150 3500 10RI¥ 1347 | 1n4Ra" 107417 1.68 T | 7.38
) ) AT 15 102.66" 107,095 2 T2 [ 134
2500 104 08F 169,79 ORI 3 AT Y] 258 | 1o 1,46 j
300 111.62° L3705 indoe™ 07,43 147 1.37 2190 2.34
| 37% 3508 10L67" 11836 | _103.26™ _ 107,19% 336 1w | 137 .31
100 110,38 V476" i 183067 107,19 14 Tz ey | ' 134
2500 TN (Y J IR 108.19" BN Vv [oase™ T 35
4.0 3000 99.4 76% 6™ 106.73° .42 R 1807 227
3500 113.337 TEF TR D 10749 2.58 13l Ly 138
1000 100,485 N107 | 104867 1W7.64™ 2,31 230 L7y 2.21
SEM 0,1769 0.3037 05326 1.3719 12516 (0173 | 0079 0. 103
Py alue <0400 <0DT_ | <0 1),0057 9477 [T T X T

aby

SEM ; Standard error mean

Means with different superscripts in same columns for cach criterion are significantly ditferent (1 0.035).
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Table6. Egg quality measurements of laying hens as affected by Ca, vitamin
D; levels and their interaction.

Main '""l‘,',’l‘ll Al kggwtigy | A'umen | Yolk | Shell | Shape | Yoik | Haugh
Ca% " dicl‘ wi.{%) wil(%) | wi{%) index index unit
325 65.80 64,10 23.9i 11.98 7683 | 49.36 90.29
3.50 66,52 63.62 2416 12.26 772 | 4922 9.46
3.75 65.09 63.36 24,17 12,45 7824 | 4908 | 90.12
4.0 68.17 63.04 24,21 12.46 7749 | 39.70 96.9)

Y 0.9538 4049 | 04475 | G.2167 | 0.7353 | 0.8250 | 0.2311
P-value 0.1405 05113 09627 | 0.3660 | 05849 | 09571 | 0.1052
2500 64,99 63.83 14.02 12.13 7703 | 48.80 90,09
3000 67.51 63,46 2418 12.26 7736 | 49.70 90.73
3500 66.57 63.34 2413 12.3 7751 | 4913 90.51
T 66,48 63.48 24.12 12,42 7788 | 49.73 90.43
SEM 09548 05049 04475 | 02067 | 07353 | O.8280 | 0.231¢
T Poalue 03219 | 09122 0.9959 | 0%133 | 08766 | 0.8248 | 02888
F_w Treatments ;
Ca% ‘:;‘,’e’:‘
2500 6137 6457 | 13.66 it76 | 77.23 | 4908 89,40
3600 69.02 63.99 24.04 11,95 | 7697 | 4991 | 9108
325 3500 57.10 63.96 23.99 1204 | 7538 | 48.95 90.62
1004} 64,80 63.87 23.94 1218 | 7273 | 49.49 50.04
L
C FET] 610 1 63K2 2403 2.4 I588 | 4803 90.64)
| 300 66.25 63.71 2404 1224 [ 7778 | 9958 on4]
350 3500 65.95 63.34 14.38 1226 | 78.00 | 19.65 90,34
4000 66.77 63.58 24.15 1237 | 7721 | 49.68 90.49
237 | 7
2500 65,25 63.65 24.01 1233 | 7763 | 48.73 90.18
3000 64.97 63.10 24.44 1245 | 7849 | 4941 90,09
3.7% 3500 65.45 63.34 24.16 1248 | 7504 | 48.3% 90.21
SR 460 64,067 e 63.35___ 2408 1256 779 | 49,94 $9.99
“ 250 65.35 631 | 2439 2 1 793 | 4938 | o020 |
.0 KT 6981 63.03 2418 1242 | 76.22 | 49.9% 91.32
Isng 67.80 62.72 73.98 1253 | 7761 | 49.67 90.89
4000 69.70 63.12 2429 1259 | 78.77 | 49.82 91,22
SEM 1,909 1.0098 0.3950 | 04335 | 14706 | 1.6500 | 04622
Povalue 0.6049 1.000 1.000 1.000_| 089%% | 0.9998 | 0.5887 |

No significant differences were observed among treatments in al! criteria,
SEM = Standard error mean
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Table 7. Egg shell quality measurements of laying hens as aftected by Ca ,
vitamin D; levels and their interaction

[ Main effects ¢ 1 oewus .. | Shell thickness
% D,“ll:iikg Shell wt, | ESA(cm®) (:1";/‘;;’}) ESViem?) o
3.25 787 61.29 128.75 24.57 (.4006
3.50 8.13° 61.00 133.63 24.17 03968 |
3.73 8.08" 60.91 133.10 24.32 0.4023

E | 851 62.97 133.52 25.41 0.4033

.~ SEM 1206 0.7283 2.2451 (4492 (10072

" Palue 0.0046 0.1625 0.1921 2192 09239 |

I w

L 2500 7.47 60.70 129,97 23.08 03900 !

3000 5.28 62.24 133.32 24.66 0.3995 |
3500 8.21 61.54 133.90 24.91 04046 |
4000 8.23 61.69 133.81 25.22 04089 |
SEM (11206 0.7283 22451 0.4492 00072 |
P-value {00838 0.5191 0.5601 0.0990 02953 |

! _ Treaiments :

b Dsit ke |
Cate Jict k‘i r !

200 [ 7.9 5852 | 124.73 22.70 (13880

| 3000 8.25 64.07 128.88 25.41 0.3967

3.25 3500 8.035 61.86 131.35 25.22 0.4072

4000 7.88 60.71 130.03 24.96 " 0.4105

2500 813 60.61 134.32 23.40 0.3860
i 000 R0 60.96 133.71 23.93 0.3937 f
7350 3300 1 807 685 : 13235 | 2430 04030 |
4000 824 6L.56 1 133.90 24.85 o447 7

i J

2500 8.05 60.30 133.91 23.89 0.3960

3000 8.05 61.19 131.75 23.89 0.4025

3.75 3500 8.15 61.59 132.82 24.83 0.4032
| 40600 8.07 60.36 133.94 24.67 0.4075 ‘
1
2500 8.03 63.37 126,94 24.75 03902 |
4,00 3000 8.70 62,75 138.93 25.42 0.4032 4

3500 8.57 61.83 138.87 25.07 0.4052

4000 8.75 63.92 137.32 26.39 0.4130

SEM 0.2412 1.45676 4.4903 0.8985 0.0144

|__l-‘;-vah'xe 0.5576 0.6273 |  0.8816 0.9225 1.000
ah

SEM = Standard error mean
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A. Abd El-Maksoud.

Table 8. Plasma blood constituents and mineral content of egg shell of laving hens as affected by Ca. vitamin Dj levels and
their interaction.

Mineral content of
Main elfects |ttt | ALt | Total | Albumine | Globuline | Teigiyerides | Lipids | Ca | P £88 shel
DiaUng protein,g/dl 2l Sl mg/dl g/idt | mg/dl | mg/di Ca.mglg | P.mglg
Ca% diet
3.25 24.58 .65 5.64 184 3.80 : 425.86 3.72 18.73 6.58 405.24" 1.38
.50 24.16 10.91 5.45 1.85 .60 452,71 3.88 19.75 6.17 409.40" §.37
3.5 24.16 11.72 5.44 I87 3.56 420.34 3.63 19.92 6.15 416.01" 1.38
4.00 24.66 11.33 5.60 198 3.5 41598 373 1918 | 628 | 4i841" | 133
SEM_| 03921 0.5288 0.1693 01316 0.2081 133650 ' 0.1260 | 0.3782 | 0.1873 | 34313 | 6.0)48
P.value! 88936 05118 0.7689 09373 0.8650 02273 0.5582 | 0.8621 | 0.3441 0.6407 0.2367
2500 | 13.66 1047 5.5 i.8% 371 41805 | 368 [17.17° | 43 | 38147 | 137
3000 24.41 .78 5.65 136 379 433.63 37 19.57" | 606 406.80° 1.36
3500 24.66 11.24 5.55 1.9 3.64 435.36 3.82 1944" { 639 3167 1.36
. 4000 24.83 t1.166 539 1.92 3.47 427.85 378 19.74" | 627 459.11* 1,38
SEM 0.5 0.5288 0.1693 0.1316 0.208) 13.3650 0.1260 | 0.3782 | 0.1873 3.4313 0.0145
P-value. 0.5263 04117 0.7482 0.9758 0.7352 0.7957 0.8799 | 0.0001 | 0.5108 <0001 0.873}
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Table 8, (Cont.)
_ Treatments : .
oo, | Dyllitkg |
Co% | et ' :
2500 23.00 8.00 5.69 1.8% 3.83 386.19 264 | 1680 | 681 338.02' .39
3000 25.00 12.00 5.59 1.80 178 440.74 3.68 | 19.06 | 6.06_ | 410.94° 1.3
325 | 3800 28.66 11.96 5.64 1.84 3.80 448.83 392 | 1930 671 | 420660 | 138
4000 24.66 10.66 5,66 1.88 317 427.70 3.63 | 19.66 | 6.7% | 45L3&" | 137
_2500 2433 10.66 5.58 1.80 3,18 454.66 374 | 1684 | 663 | 37568 1.37
3000 23,66 11.66 8.76 1.88 3.87 464.29 398 [ 1914 | 590 | 38599 138
3.50 | 3800 4,00 10.66 831 1.9 3.40 449.29 394 | 1330 | 605 | a1586° 1.36
4000 24.66 10.66 816 1.82 1M 442.61 391 | 1971 | 601 | 46010 | 13%
2800 24.00 11.89 517 178 341 427.96 357 | 1738 | 623 | 3883 | 138
3000 4.3 11,66 5.39 1.77 3.61 414.63 368 11922 T 626 | 41LIY 1.36
398 ) 3500 4,00 12,00 .97 __2.06 3.90 421.70 3.69 | 19.39 | K95 | 450897 | i35
4000 4.3 13,33 8.4 191 EE] 417,86 358 | 1972 | 615 | 463.51" 1.34
_2200 233 11,33 579 1.97 3.81 403,39 377 | 7.7 | 606 | 38367 134
[ 4.00 | 3000 24.66 11.66 5.86 1,96 3.90 414.8% 383 11928 | 603 | 419.18° | 133
3800 25,00 10.33 A17 181 .46 421.64 372 | 19.68 | 6.76 | 439.29% | 1.4
4000 25.66 12.00 5.50 2.08 348 424,08 389 | 1986 | 6.17 | 461.49° 1.33
SEM 1.1843 1.0877 0.3386 0.2633 0.4163 267300 [ 0.282) [ 0.7%65 [ 0.3746 | 6.8627 [ 0.0290
wwalue 0.9568 0.4779 0.7218 0.9980 0.9879 0.9531 0.9896 } 0.9999 | 0.7921 | 0.0005 | 0.99%

 Means with different superscripts in same columns for each criterion are significantly different (P< 0.05).
SEM = Standard error mean

[
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