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Abstract: This experiment was conducted to determine whether production
traits, egg quality (shell quality), bone mineralization and some metabolic
functions of calcium and phosphorus could be improved by adding different
levels of cholecalciferol (vitamin D3) 2000, 2500 and 3000 ICU/Kg of diets
to laying hen of Japanese quail reared under hot climate region. The
experiment lasted 16 weeks during summer season. A total number of 480
laying Japanese quail were used af the start of laying (7 weeks of age) and
randomly divided tnto four experimental groups. Birds were received diets
designed to satisfy the recommendation of the NRC (1994). Fertility and
hatchability experiment was conducted at the end of experiment (at 23
weeks of age) after the calculation of egg production and feed consumption.
Diet and water were provided ad libitum. Birds received 16 h of light along
the experimental period. Temperature degree (C°) and relative humidity (%)
were recorded daily, since, it was 35C" and 70% as average.

Results indicated that all production traits and egg quality
characteristics improved (P<0.05) as the level of cholecalciferol (vitamin
D3) increased in tested diets. Also, the composition, meastirements of tibia
and plasma parameters increased (P<0.03) by the increase level of
cholecalciferol in the diets. Results of the studied traits revealed that the
best fertility and hatchability percentages for group fed 3000 ICU/Kg of
vitamin D3 as compared with other dietary treatments. Furthermére, dead
embryos decreased with the increases of vitamin Dj in the diet. Shell
calcium and phosphorus contents increased (P<0.05) as the level of vitamin
D; increase in the diet. In general conclusion, these results indicated that
the addition of vitamin D; in diet of laying Japanese quail under hot climate
conditions improved bone formation and shell thickness.
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INTRODUCTION

It is well known that high environmental temperature is one of the
most serious factors affecting the production performance of laying hens in
both tropical and subtropical countries Mahmoud er al., (1996). In addition
to affect on feed intake and any associated indirect affect on egg production
performance, high temperature also adversely affect bone weight, ash,
strength and shell thickness (Miller and Sunde (1975) and Scott and Balnave
(1988).

The disorder of calcium and phosphorus absorptions in birds
especially under heat stress is related to the reduction in biosynthesis in 1,25
dihydroxycholecalciferol (1,25-(0OH),). Calcium absorption and depositions
are controlled by the active metabolite of Cholecalciferol (vitamin D;)
undergoes to sequential hydroxylation in liver and kidney to form 25
hydroxycholicalciferol and secondarily to 1,25 dihydroxycholecalciferol
Abe et al, (1982) and Soares (1984). However, Soares et al. (1995) found
that egg shell quality improved a little over 50% of the time due to use of 25
hydroxycholecalciferol (25-OH-Ds) in the diet.

The results obtained by Keshavarz (1996) indicated that egg shell
quality and bone mineralization increased by increasing of dietary
Cholecalciferol above the requirement levels. In recent studies reported by
Hansen et al, (2004) showed that the addition of vitamin D3 to diet
significantly improving calcium absorption. They reported that vitamin-Dj is
necessary for the production of Calbindin (28Dk) in the intestine, thus
increasing calcium absorption at the intestine.

The aim of the present study was to investigate the effect of addition
different levels of vitamin D3 on performance, bone formation, shell quality
and some metabolic function of ealcium and phosphorus of laying hen of
Japanese quail reared under hot climate region. Additionally, because
inferior shell quality is a major problem during the high environmental
temperature of summer months, the current study was conducted under
these conditions to known the sensitivity of responses to dietary treatments.

MATERIALS AND METHODS

The current study was carried out at the Poultry Research Station,
Faculty of Agriculture, Nasr City, Al-Azhar University during the summer
season. A total number of 480 birds 7% weeks of age were used in this study.
Birds were equally divided into four experimental groups each contained 3
teplicates of 40 birds each. Birds were housed in wire cage
(25.5X20.0X22.5Cm, two females per cage) of laying batteries provided
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with waterer and feeders. Natural light was supplemented with artificial
light (fluorescent) to furnish 16 h of continuous light each day. Three levels
of cholecalciferol (vitamin D;) 2000, 2500 and 3000 ICU/Kg of diet were
added to basal diet. A basal diet was formulated to meet the nutrient
requirements of laying Japanese quail according to NRC (1994). The
composition and chemical analysis of the experimental diets are given in
Table (1). Diets and water were freely available at all times. All birds were
kept under the same managerial, hygienic and environmental conditions.
The temperature and humidity degrees were daily recorded and maintained
at 35C° and 70% as average respectively. Egg production was calculated by
dividing the number of eggs produced per day by the number of hens and
multiply 100. Also, feed consumption was recorded weckly. Feed
conversion was calculated as ( g feed /g eggs).

Egg quality characteristics were done after 8 weeks from the start of
experiment (15 weeks of age) and at the end of experiment (23 weeks of
age). The eggs were weighed individually and its specific gravity was
measured following the procedure of Hamilton (1982). Thirty eggs were
taken from each group broken and its contents (albumin, yolk and shell)
were measured. Egg shell with membranes were cleaned and dried. Egg
shell weight and its percentage of whole eggs were calculated. Shell
thickness (mm) were measured by using Micrometer device,No 433-25M.M
. Tibia bones were removed from carcass after slaughter, cleaned from
surrounding meat and weighed. The outer dimensions of the tibia bones
were determine at two points of midshaft using the Vernier Calipers. Tibia
were dried firstly at lower temperature degree 70C° for 24 h to maintain the
mineral content from loss. After, that muffle furnace degree was increased
to reach 600C° for 3 h and bone ash content was weighed and prepared for
calcium and phosphorus determination according to A.O.A.C (1980). Also,
egg shell were taken and dried as the same method described above, and
samples were taken for calcium and phosphorus analysis

Blood samples were collected within 5 minutes following
oviposition from 6 hens from each group that had laid an egg the previous
day. This selection eliminated fluctuation in plasma phosphorys due to
differences in production status of individual hens according to method
described by Miller et al.,, (1978) and Taylor and Kirkley (1967). Because
plasma phosphorus follows a cyclic patt in the laying hen during 24h period
as discussed by Mongin and Sauveur (1979). Oviposition is the most
suitable physiological reference point in plasma phosphorus determination.
Blood samples were centrifuged at 3000 rpm for 15 minutes then the
calcium, phosphorus and alkaline phosphates were determined
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spectrophotometrically by using commercial Kits manufactured by Diamand
Egyptian Company.

At the end of experiment (23 weeks of age) tow females were
housed with one male in the same batteries in separate experiment for one
week. Fertility and hatchability were done by set 100 eggs from each group
in incubator. Fertility was calculated as the percentage of fertile eggs from
the total number of eggs were set. While, hatchability was calculated as
percentage of hatched chicks from the fertile eggs. Also, dead embryas were
tested at the end of incubation period.

All data obtained were statistically analyzed by using the procedure
of SAS institute (1996). Significant differences (P<0.05) among means were
separated by using Duncan’s multiple range procedure (Duncan 1955).

RESULTS AND DISCUSSION

Results of laying performance and egg grads as affected by dietary
vitamin D; are presented in Table (2). Data revealed that egg production;
egg weight and egg mass improved {(P<0.05) as the levels of cholecalciferol
increased. However, feed conversion ratio significantly (P<0.05) decreased
{best) when levels of vitamin D increased in tested diets. While, feed intake
was not significantly affected by treatments. Also, it is evident from these
results that adding vitamin D3 in various levels has beneficial effect for
decreasing mortality rate of layer hens during heat stress. Egg grads
improved when inclusion levels of vitamin Ds increased. It can be noticed
that feeding diet containing higher levels of vitamin Dj has beneficial effect
for laying hen, especially when reared under heat stress conditions. These
results are in agreement with the results obtained by Hamilton (1980) found
that adding vitamin Dsin diets of White Leghomn chicken had no significant
(P<0.05) effect on feed intake. However, Shen ef al., (1981) reported that
egg production decreased in birds received a diet devoid of synthetic
vitamin D; as compared to those fed diet have 500 ICU of vitamin Ds/Kg
diet. Frost and Roland (1990} they found that adding vitamin Dz (1,25-
(OH).) in diet of layer chickens resulted in an increase of egg prc luction
and egg weight. On the other hand, Roland and Harms (1976) indicated that
addition of 25-OH-D; in diet of laying hen had no significant effect on egg
production and egg weight. Also, Soares et al. (1988) reported that adding
vitamin D; to laying hen diet for 22 weeks resulted insignificant differences
in egg weight, egg production rate and egg mass. Furthermore, Keshavarz
(1996) reported that production performance was not influenced by dietary
vitamin D; of laying hens, while number of cracked eggs reduced. In recent
studies reported by Keshavarz (2003) observed that substitution of vitamin

224



Japanese Quail, Cholecalciferol, Tibia Parameters, Heat Stress

D3 with 25-OH-D; did not provide any beneficial effect on egg production,
egg weight, egg mass and feed conversion ratio,

The present results of laying performance traits suggest that
economically the inclusion diet with high level of vitamin D; gave the best
results under hot climate conditions

The data presented in Table (3) show the effect of dietary vitamin D3
on egg quality traits of layer quail at 15 and 23 weeks of age fed different
level of vitamin Dj;. Results indicated that egg quality traits increased
(P<0.05) as the levels of vitamin Dy increased in the diet and shell quality
was maximized when 3000 ICU of vitamin D3 was added to the laying diets.
It is well known that egg shell quality deteriorates when the laying hen is
exposed to high environmental temperature. The addition of vitamin D in
diets transported to the liver and hydroxylated to form 25-hydroxyvitamin
Ds. This metabolite is transported to the kidney and further hydroxylation to
form 1,25 dehydroxy vitamin D; as the active metabolite. This hormone, a
secosteriod (Norman 1987) play a major role in calcium and phosphorus
homeostasis. It functions to stimulate bone resorbtion of calcium and
phosphorus, and stimulate the absorption of calcium and phosphorus in
small intestine. In addition 1,25 (OH); Ds; stimulate the production of
enzyme, binding protein, and membrane components involved in the
transport of calcium and phosphorus (Norman 1978). However, egg shell
thickness is the important factor for hatchability specially under heat stress
conditions. To overcome the decrease deposition of calecium in shell during
summer season and problems related with shell thickness, the addition of
vitamin D; in diet acting to obtain good shell thickness for incubation or
market purpose. The present results are agree with the finding of Soares ef
al, (1988) who found that adding vitamin D; to diet of laying hen for
22weeks resulted improvement in egg shell quality. Furthermore, Forst and
Roland (1990) indicated that adding 1,25 (OH), D; in layer diet increased
egg shell percentage, egg breaking strength and shell weight. Tsang er al.,
(1990) observed that feeding layer chicken on diet containing Sug vitamin
Dj; per Kg of ration resulted in an improvement in egg shell quality than
contro! group diet, due to the role of vitamin D; in egg shell deposition.

Table {4) show the composition of tibia ash, measurement and
plasma parameters of laying quail fed different levels of vitamin Ds. The
statistical analysis indicated that tibia ash; tibia calcium; and tibia
phosphorus percentages and its measurements (i.e., length and width per
Cm) increased (P<0.05) as the level of vitamin Dj; increased. Also, plasma
calcium, phosphorus and alkaline phosphatase increased (P<0.05) when the
inclusion of vitamin Dj increased. These results are in accordance with those
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obtained by Stevens and Blair (1983) found that tibia ash was greater (P<
0.05) in poults when fed diet containing 2400 ICU of vitamin Dy/Kg as
compared with diet containing 900 ICU. Also, Randolph et al, (1997) who
found that feeding chickens on diet containing 5 wg of vitamin Di/Kg
increased plasma phosphorus, plasma calcium and bone ash. Aburto ef al.,
(1998) indicated that adding 25-(OH) D; to the diet of young broiler
chickens increased (P<0.001) bone ash and plasma calcium and decrease
rickets.

The data presented in Table (5) showed that both fertility and
hatchability percentages improved (P<0.05) when the level of vitamin Ds
increased in the diet. Data revealed that the highest values (P<0.05) were
observed for group fed high level of vitamin D; compared with other
treatments or control group. The improvement in hatchability percentages
attributed to the improvement in egg shell quality, since the poor
hatchability in hot climate may be partially due to thin shell eggs (Daghir
1995). However, chick weight improved for group fed high vitamin D5 as
compared with control group, the increase of chick weight attributed to the
increase of egg weight for group fed 3000 ICU D3/ Kg. Concerning to the
embryonic mortality, data indicated that the most of embryonic mortality
decreased (P<0.05) when levels of vitamin Dj increased. This means that
vitamin D3 was able to decrease problems of dead embryo related to
decrease calcium deposition in shell resulted from increasing high ambient
temperature. The results are agree with the results obtained by Sunde ef al.,
(1978) found that vitamin Dj and its metabolites are necessary for normal
chicks embryo developments and improved hatchability. Also, Feltwell and
Fox (1978) indicated that vitamin Dj is required for reproduction. However,
Abdulrahim and McGinnis (1979) found that pullets fed on different levels
of vitamin D; and 25-OH-D; gave the highest hatchability percentage with
no significant differences among them compared with control group. Tona
et al, (2001) who indicated that embryonic mortality varying through the
incubation period.

On the other hand, Stevens and Blair (1985) showed that hatchability
of the white egg strains was not affected (P<0.05) by adding vitamin Dj in
the diet. However, Charles and Allen (1990) indicated that hatchability
reduced when laying hens receiving the diet without cholecalciferol
supplementation.

Results of Table (6) indicated that the percentages of egg shell; shell
calcium and phosphorus contents increased (P<0.05) at 15 and 23 weeks of
age as addition of vitamin D ;3 increase in the diet of quail hen. The
increases of egg shell components may be due to vitamin D; acting to
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increase the deposition of calcium and phosphorus in shell, because calcium
makes up about 40% of the egg shell Keshavarz (2003).

In general conclusion, these results indicated that although
performance, egg shell quality and tibia condition improved as the dietary of
vitamin D3 level increased. The study suggested that vitamin D3 has a
beneficial effect for layer hen of Japanese quail reared under heat stress.

Table (1): Composition and chemical analysis of the basal diets.

Ingredients* Percentages
Ground yellow corn (8.5%) 60.265
Soybean meal (44%) 20.00
Wheat bran (15.7%) 02.10
Laying concentrate (50.0%) 11.70
Sunflower oil 01.60
Calcium carbonate (Caco3) 04.00
Sodium chloride (NaCl) 00.20
Vitamin and mineral premix** 00.135

Total (Kg) 100.00 kg

Calculated diet composition:
C.P%. 20.01
ME Kcal / kg. 2907.52
Ca %. 02.50
Available phosphorus %. 00.38
Lysine %. 01.00
Methionine + Cystine %. 0.70
Vit.D3 ICU. 900
Analyzed
CP% 19.90
Ca% 02.48
Ava. phosphorus % +0.35

* Based on Tables of feed composition of NRC (1994).

** Fach 3kg of mixture contains: Vit A 12000.0001U; Vit. D; 2000000 ICU,
Vit. E 10000mg,Vit. K; 1000mg, Vit.B1 1000mg, Vit.B, 5000 mg, Vit.B,
1500 mg,Vit.B,; 10mg, Banto.Acid 10000mg; Fol. Acid 1000mg, Biotin
50mg, Niacin 20000mg, F, 30000mg, Mn 60000mg, Zn. 30000mg; Cob
100mg and Sel. 100mg.
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Table (2): Effect of different dietary levels of cholecalciferol (vitamin D3) on
performance of laying Japanese quail.

Cholecalciferol levels (ICU/Kg diet

Parameters Control group 5000 5500 -S—JE%—-—
Egg production, (%). 69.00+3.86° | 78.30:2.71° | 83.50+1.94° | 85.60+2.20°
Epg weight, (g). 8.3040.74° 10.76:0.90° | 10.79£1.03° | 12.25:0.72*
Egg mass, (kg). 5727 8.425° 9.009 10.486"
Feed intake, (g/hen/day). 2540+1.67° | 2490+2.59° | 24.80£22° | 24.50+3.58°
Feed conversion, (g feed/g egg). 3.06+0.10° 2.31£0.12° [ 2.24+0.15° | 2.0040.15°
Mortality rate, (%). 6.50 4.00 3.50 2.20
Egg grads:
Large and above (%). 51.60 62.30 71.50 73.60
Medium and below (%). 48.40 37.70 28.90 26.40

a-d .....Means the same row have the different superscript are significantly different (P<0.05).

Table (3): Effect of different dietary levels of cholecalciferol (vitamin D;) on egg quality traits of laying
Japanese quail at 15 and 23 weeks of age.

Abdel-Azeem, F. A. and EI-Shafei, A. A.

At 15 weeks of age Al the end of experiment
tems Cholecaiciferol UCU/K g diet) Chaolecaiciferol {ICU/Kg diet)
Control 2000 2500 3000 Control 2000 3500 3000
Egg weight, (g). 8.76:10.19° 10.3020.11° | 10.6040.24° | 119610.16* | 9.18%12° 10.341).5° | 11 1240.6° | 12.60+0.86"
Specific gravity. 1.062+1.03° | 06412 4* 1.06412.8 1.06412.3" [ 064+3.5° 1.068+3.0* | 1.068+3.1° ) 068+3.2*
Egg shape index. 0.7040.02° 0.700.03° 0.73:0.07° 075:004 | 0732005° | 0871002 | 0374002° | 0.87+0.05*
Yolk weight, (g) 2.40+0.12° 3.60+0.42 3.700.15° 1.60£0.4° 25640365 | 3004070" [ 380406 390+0.64°
Albumin weigh, (g). 4.92+0.22° 5.2840.18° $.2140.20° 6.504£0.21° 5324018 [ 5924022° | 56940.16° | 6.90+0.23
Shell weight,(g). 1.1840.09¢ 14240 1 I 1.60+0.09° 1.8640.12° 1300 149 1 1424020 ] 163+0.18" | 1.80+0.05
Shell thickness, (mm). 0.36+0.05" 0.4240.02° 0.47+0.06" 0.59+0.08" | 038+004% 1 043+004° | 05150.06° | 0.5930.07"
Yalk colour degree. 3.00+0.71° 3.8010.52° 4.1110.81* 4.56:1.00" ] 338+078° | 392+113° | 42141 02° | 4.50%) 20°
Creaked eggs, (%). 12.00° 8.00° 6.00° 300° 15 00" 10.00° 5 00° 2,008
a-d .... Means the same row have the different superscript are significantly different (P<0.05).
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Table (4): Effect of different dietary levels of cholecalciferol (vitamin D;) on composition and
measurements of tibia and plasma parameters.

Cholicalcifergl levels (ICU/Kg diet)
Parameters Control Group 3000 2500 B 3000
Tibia ash (%). * 18.3610.41¢ 20.15£0.17° 26.4910.58° 32.4310.78"
Tibia calcium (% of ash). 9.77+0.60 ¢ 13.9140.63° 16.1240.15°% | 22.64+051°
Tibia phosphorus (% of ash), 2.68£0.13° 2.92+0.11° 3.5040.18° 4.0010.22"
Tibia length (Cm), 4.3040.15" 5.20+0.17* 5.4010.18°* 5.60+0.16°
Tibia width (Cm). 0.112£0.006° | 0.123+0.005° | 0,138+0.004" | 0.143+0.003"
Plasma calcium (mg/100ml). 7.93+0.01°¢ 9.1010.08° 10.14+0.08° 11.06+0.03*
Plasma inorganic phosphorus (mg/100ml). 3.090.04° 4.2240.08° 4.4740.06" 5.07£0.03 "
Alkaline phosphatase (1U/L). 743.20£4.9 ¢ 765.2049.7°¢ 873.80£13.4° | 931.90x11.6*

* Values represent average of 16 samples.
a-d.... means the same row have the different superscript are significantly different (P<0.05).

Table (5): Effect of different dietary levels of cholecalciferol (vitamin Ds) on fertility,
hatchability and dead embryos of laying quail.

Parameters Control group | Cholicalciferol levels ICU/Kg diet
2000 | 2300 3000
Fertility { %) 62.30 65.00 | 69.40 86.6
Hatchability (%) 37.50 61.60 j 65.30 78.80
Chick weight (g) 812 8.9 9.12 10.20

Dead embryos (%) at the end of incubation period*
(- 18 {days}, 22.20 18.00 | 1232 10.18

* Dead embrvos detected at the end of incubation period by broken unhatched eggs by the visual observation.
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Table (6): Effect of different dietary levels of cholecalciferal (vitamin D3) on egg shell caleium and
phospherus contents of lying Japanese quail at 15 and 23 weeks of age.

Parameters

Control group

At |5 weeks ofj%e

Control group

At 23 weeks of g

2000 2500 3000 2060 2500 3000
Egg shell (%) 13.88+0.70" 13.79+0.98" | 15944112 | 1555¢L.00° 14.16+1.00° 13.7320.99° | 14.6621 32* | 14.2941 66°
Shell calcium content (%). t0.33t2.11° PL2623 10° | 11.8343.50° | 13.23£2.10P 9.89+1.92" 10.22+200° | 11.63£250° 13.4+3.10°
Shell phasphorus Content (Ya). 0.38+0.09° 0482007 0.5240.06" 0.5810.08 0.39+0.04° 0.4120.05° ¢.58+0.04° 0.6020.08'

a- d .... means in the same row have the different superscript are significantly different (P<0.05).
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