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Various Levels of Calcium and Phosphorus Diets in Response
to 1, 25 – Dihydroxycholecalciferol in Laying Hens
M. Shivazad1*, A. B. Carlos2, H. M. Edwards, JR2. and M. Zaghari1

ABSTRACT
The effect of 1,25-dihydroxycholecalciferol [1,25-(OH)2 D3 ] supplementation on laying
hen diets was evaluated using diets high and low in Ca (3.0% and 1.8% ) and high and
low in P( 0.52% and 0.33% ). Since two levels of 1,25- (OH)2 D3 supplementation (0 and 5
µg/kg diet ) were applied, the experiment was a 2 X 2 X 2 factorial arrangement in a completely randomized design using nine individually housed hens per each 8 treatments (72
in total). The hens were fed the diets for 28 days and records were kept on body weight,
egg production, feed intake, egg weight, and egg specific gravity. At the end of the experiment, the hens were bled for plasma Ca and P determination and after being euthanased the left tibia removed for bone ash measurement. The corn-soybean meal based diet
contained 0.1% Cr2O3 as an indicator for determining Ca, P and phytate phosphorus retention at 14 and 28 days. 1, 25-Dihydroxycholecalciferol supplementation had no effect
on hen weight, egg production or feed intake. However, large increases in egg specific
gravity were obtained when 1, 25-(OH)2 D3 was fed to hens receiving the low Ca diet. All
of the treatments had significant effects on bone ash. The greatest effect of 1, 25-(OH)2 D3
on bone ash was obtained in those hens fed the high Ca and P diet that was then supplemented with 1,25-(OH)2 D3 (49.3% vs 53.9% bone ash). At day 14, the high Ca diets decreased phytate P retention while at d 28 the high P diets decreased phytate P retention.
Keywords: Calcium, 1, 25-dihydroxycholecalciferol, Phytate phosphorus, Phosphorus.

phorus ratio, the addition of 66 or 666 µg
kg-1 diet vitamin D3, and the addition of 0900 phytase units kg-1 diet. No critical studies have been conducted on the effect of dietary Ca and P levels on the utilization of
phytate P by laying hens. Recently it was
found that the addition of the vitamin D3
derivative 1, 25-dihydroxycholecalciferol (1,
25-(OH)2 D3 ) to a corn-soybean meal diet
for broilers stimulated phytate P utilization
(Edward, 1993).
The experiment reported in this paper was
conducted to determine whether supplementation of corn-soybean meal laying diets
with 5 mg of a 1, 25-(OH)2 D3 / kg diet
would stimulate natural phytate utilization at
adequate and low levels of dietary Ca and P.

INTRODUCTION
When laying hens were fed a corn-soybean
meal based diet, they utilized only 8% of the
phytate P present in that diet as measured by
phytate disappearance (Nelson, 1976). This
finding is in agreement with the poor utilization of phytate P by laying hens reported by
Gillis et al. (1953). Sebastian et al. (1998)
listed the following as factors affecting phytate phosphorus utilization: dietary calcium
and phosphorus concentration, dietary vitamin D3 concentration, age of bird, phytase
activity of dietary ingredients, fiber and
genotype. Qian et al (1997) determined that
calcium retention ranged between 42% and
67%, depending on the calcium: total phos-
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individual trays under each hen. Dried feed
and excreta samples were analyzed for Ca, P
and phytate phosphorus by modified HPLC
method of Bos et al (1991) and the percent
retention of Ca, P and phytate phosphorus
was calculated. At the end of the experiment, the hens were individually weighed
and bled by heart puncture for analyzing
plasma Ca and P levels. They were then
euthanased by cervical dislocation and their
left tibia was removed for bone ash determination based on fat-free by method (Association of Official Agricultural Chemists,
1955).
Egg production was recorded daily and
feed consumption was measured at the end
of the experiment. Egg specific gravity
based on the flooding method and egg
weight were determined weekly. From these
data, average daily feed consumption per
hen and, feed required per unit of egg weight
were calculated. All statistical analyses were
conducted on pen average. Analyses of data
were computed using the SAS analysis of
variance procedure (Helwing and Council,
1979). Main effects were separated by Duncan’s multiple range test.

MATERIAL AND METHODS
Seventy-two Single Comb White Leghorn
hens were selected from among 108 sixty
week-old hens during a 10 day preexperiment period. The hens were allocated
on the basis of their egg production in 24
pens with three individual cages equalizing
average egg production within the pens. The
corn-soybean meal based diet presented in
Table 1 was utilized during a 28 day period.
All substitutions were made at the expense
of corn.
Limestone (39%Ca) was utilized as a
source of calcium. Commercial dicalcium
phosphate (analyzed 23.5%Ca and 19%P)
was used as a P and Ca source. Two levels
of Ca (3.0% and 1.8% ) with two levels of
total P (0.52% and 0.33% ) and two levels of
1,25-(OH)2 D3 (0 and 5µg/kg ) were used in
a 2 X 2 X 2 factorial arrangement in a completely randomized design. The hens were
allowed to consume feed and water ad libitum. Chromic oxide added to the all treatment diets as an indicator. Collection of excreta was carried out twice every two weeks
for 48 hours during the 28 days of the experiment. This was accomplished by setting

RESULTS
Table 1. Composition of basal ration
Ingredient
Ground yellow corn
Soybean meal
Poultry oil
Salt (sodium chloride)
Vitamin premixa
Trace mineral premixb
DL-methionine
Chromic oxide

There were no significant treatment effects
on hen body weight (BW) or feed intake.
These data are not presented. Only the Ca
level caused a significant effect on feed/g
egg (g/g). The birds receiving the high Ca
diet required 2.0 g feed/g egg and those receiving the low Ca diets consumed 2.4 g
feed/g egg, these data are not presented.
Data on weekly egg production, egg weight
and egg specific gravity were analyzed using
the week as a continuous variable. The egg
production data showed significant effects
for both diet and week with no interaction,
indicating that the significant effect of the
low Ca diet in reducing egg production was
just an acceleration of the general decline in
egg production by all treatments during the
experiment (Table 2). Neither the level of P
nor the addition to the diet of the 5 mg/kg of

%
75.23
22.00
2.00
0.30
0.25
0.05
0.07
0.10

a

Vitamin premix provides (per kg of diet): vitamin A, 5, 500 IU; vitamin D3, 1,100 ICU; vitamin
E, 11 IU; riboflavin,4.4 mg; calcium pantothenate,12 mg; nicotinic acid, 44 mg; choline cl, 220
mg; vitamin B12, 9 µg; vitamin B6,3.0 mg; menadione, 1.1mg (as menadione sodium bisulfite);
folic acid, 3 mg; d-biotin. 3 mg; thiamine, 2.2 mg
(as thiamine mononitrate); ethoxyquin, 125 mg.
b
Trace mineral premix provides (PPm of diet):
MnO2 111; Z no, 75; FeSO4. 7H2O 100; CuSO4,14;
(Io3 )2, 7.5; Ca 7.5; FeCO3, 41.5.
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1,25-(OH)2 D3 had any effect on egg production. The week had no effect on egg
weight or egg specific gravity. Higher Ca
levels in the diet and zero 1,25-(OH)2 D3
supplementation both resulted in significantly improved egg weight. The higher Ca
level also caused a significant increase in
egg specific gravity. A significant interaction between Ca level and 1,25-(OH)2 D3
supplementation was obtained. Large increases in specific gravity were obtained
when 1,25-(OH)2 D3 was fed to the hens
receiving the low Ca diet. While the individual levels of Ca and P had no significant
effect on the plasma Ca level, there was a
significant interaction; raising the P level of
the low Ca diet caused a decrease in plasma
Ca, while raising the P content of the high
Ca diet caused an increase in plasma Ca.
Only the P level in the diet caused a significant effect on blood P; low plasma P levels
were noted when the low P diet was fed.
All of the individual treatments had a significant effect on bone ash and only one of
the interactions (P X 1,25-(OH)2 D3 ) was
not significant. The higher bone ash values
were obtained from hens fed the high levels
of both Ca and P. The greatest effect of
1,25-(OH)2 D3 on bone ash was apparent in
those hens fed the high Ca and low P diet
that was then supplemented with 1,25-(OH)2
D3 (49.3% vs 53.9% bone ash).
There is considerable in the phytate P retention data obtained for 14 days and 28
days. In the 14 days data, the most striking
effect was the significant decrease in phytate
P retention when the high Ca level was present in the diet. While, in the 28 days data,
the P level of the diets was the significant
factor; at every dietary Ca and 1,25-(OH)2
D3 level, increasing dietary P caused a decrease in phytate P utilization.

effect of 1,25-(OH)2 D3 supplementation on
many criteria, while significant interacts
were obtained for the same criteria, indicates
the importance of dietary Ca and P levels in
any studies of the effects of this compound
in laying hens. Harms et al., 1990, conducted several different experiments that
explored individually the effect of high and
low Ca or P on the response of hens to 1,25(OH)2 D3 .The bone ash data obtained by
Harms et al., 1990 is similar in most respects to the data obtained in the complete
factorial in the paper. When hens were fed a
high Ca (3.25%) and low P (0.38%) diet
their tibial ash increased from 59.5% to
60.4% and bone breaking strength increased from 4.54 to 6.36 when 1,25(OH)2 D3 was fed. This would be comparable to the results in this trial when 3.0%
Ca and 0.33% P were fed and 1,25-(OH)2
D3 supplementation resulted in a bone ash
increase from 49.3% to 53.9%. Harms et al.,
(1990), also noted that 1,25-(OH)2 D3 supplementation of the high Ca (3.25%) low P
diet (0.38%) resulted in a significant decrease in plasma Ca while a slight increase
in plasma Ca resulted from 1,25-(OH)2 D3
supplementation in the present study. This,
of course, could have been caused by small
differences in sampling times as related to
oviposition (Sooncharernying and Edwards,
1989; Frost et al., 1990) between the different studies. Supplementation of laying diets
that are adequate in Ca and P with 1,25(OH)2 D3 both in the present study and in
other studies ( Harms et al.,1988; Frost et
al.,1990; Harms et al.,1990) dose not significantly increase tibial ash.
It is interesting that the hens receiving the
high Ca diets, had significantly lower 14
days phytate P retention, while those receiving the high P diets had significantly lower
28 days phytate P retention. Concentration
of both of these nutrients is known to influence phytate P utilization in broilers (Nelson, 1969; Mitchell and Edwards, 1996). In
a similar manner, high dietary Ca and P results in a decrease and increase, respectively, in the retention of phytate P.

DISCUSSION
There were sufficient significant effects of
1,25-(OH)2 D3 supplementation on the diverse criteria measured to indicate definite
physiological effects. However, the lack of
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Even though the retention of phytate P was
not significantly improved by adding 1,25(OH)2 D3 to the diets of hens receiving the
high level of Ca (3.0%) and low P (0.33%),
the increase in bone ash was very great. In
this case, future studies on the effect of 1,25(OH)2 D3 on phytate utilization should
probably be conducted with the same diet.
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اﺛﺮ اﻓﺰودن  -25-1دي ﻫﻴﺪروﻛﺴﻲ ﻛﻮﻟﻪ ﻛﻠﺴﻴﻔﺮول در ﺟﻴﺮه ﺣﺎوي ﺳﻄﻮح ﻣﺨﺘﻠﻒ
ﻛﻠﺴﻴﻢ و ﻓﺴﻔﺮ ﻣﺮﻏﻬﺎي ﺗﺨﻢﮔﺬار

م .ﺷﻴﻮازاد ,ا .ب .ﻛﺎرﻟﻮس ,ح .م .ادواردز و م .زاﻏﺮي
ﭼﻜﻴﺪه
اﺛﺮ اﻓﺰودن دو ﺳﻄﺢ )ﺻﻔﺮ و  5ﻣﻴﻜﺮوﮔﺮم در ﻛﻴﻠﻮﮔﺮم( ا -25-دي ﻫﻴﺪروﻛﺴﻲ ﻛﻮﻟﻪ ﻛﻠﺴﻴﻔﺮول ﺑﻪ ﺟﻴـﺮه
ﻣﺮﻏﺎن ﺗﺨﻢ ﮔﺬر ﺣﺎوي ﺳﻄﻮح ﺑﺎﻻ و ﭘﺎﻳﻴﻦ ﻛﻠﺴﻴﻢ ) %3و  ( % 1/8و ﻓﺴﻔﺮ ) % 0/52و  (% 0/33در ﻳﻚ ﻃﺮح
ﻛﺎﻣﻼ ﺗﺼﺎدﻓﻲ ﺑﻪ روش ﻓﺎﻛﺘﻮرﻳﻞ  2×2×2ﺑﺎ  8ﺗﻴﻤﺎر و  9ﻣﺮغ ﺗﺨﻢﮔﺬار ﺑﺮاي ﻫﺮ ﺗﻴﻤﺎر در ﻗﻔﺴﻬﺎي اﻧﻔـﺮادي
)ﺟﻤﻌﺎ"  72ﻣﺮغ( ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﻗﺮار ﮔﺮﻓﺖ .ﻣﺮﻏﻬﺎ ﺟﻴﺮهﻫﺎي آزﻣﺎﻳﺸﻲ را ﺑﻪ ﻣـﺪت  28روز ﺗﻐﺬﻳـﻪ ﻧﻤﻮدﻧـﺪ و
اﻃﻼﻋﺎت ﻣﺮﺑﻮط ﺑﻪ ﺗﻐﻴﻴﺮات وزن ﺑﺪن ,ﺗﻮﻟﻴﺪ ﺗﺨﻢ ﻣﺮغ ,ﻣﺼﺮف ﻏﺬا ,وزن ﺗﺨﻢ ﻣﺮغ و وزن ﻣﺨﺼﻮص ﺗﺨـﻢ
ﻣﺮغ ﻣﻮرد ﺗﺠﺰﻳﻪ و ﺗﺤﻠﻴﻞ آﻣﺎري ﻗﺮار ﮔﺮﻓﺖ .در ﭘﺎﻳﺎن آزﻣﺎﻳﺶ ﺧﻮﻧﮕﻴﺮي از ﻣﺮﻏﻬﺎ اﻧﺠﺎم و ﺳﻄﺢ ﻛﻠﺴﻴﻢ و
ﻓﺴﻔﺮ ﭘﻼﺳﻤﺎي ﺧﻮن ﺗﻌﻴﻴﻦ و ﭘﺲ از ﻛﺸﺘﺎر ,اﺳﺘﺨﻮان ﺳﺎق ﭘﺎي ﭼﭗ آﻧﻬﺎ ﺟﻬـﺖ ﺗﻌﻴـﻴﻦ ﺧﺎﻛﺴـﺘﺮ اﺳـﺘﺨﻮان
ﺳﺎق ﺟﺪا ﮔﺮدﻳﺪ .ﺟﻴﺮهﻫﺎي آزﻣﺎﻳﺸﻲ ﺣﺎوي ذرت وﺳﻮﻳﺎ ﺑﻮد و ﻣﻘﺪار  % 0/1اﻛﺴﻴﺪ ﻛﺮم ﺑـﻪ ﻋﻨـﻮان ﻧﺸـﺎﻧﮕﺮ
ﺟﻬﺖ ﺗﻌﻴﻴﻦ ﻣﻴﺰان اﺑﻘﺎ ﻛﻠﺴﻴﻢ ,ﻓﺴﻔﺮ و ﻓﺴﻔﺮ ﻓﻴﺘﻴﻚ در روزﻫﺎي  14و  28آزﻣﺎﻳﺶ ﺑﻪ آن اﻓﺰوده ﺷﺪ .اﻓﺰودن
ا -25-دي ﻫﻴﺪروﻛﺴﻲ ﻛﻮﻟﻪ ﻛﻠﺴﻴﻔﺮول ﻫﻴﭽﮕﻮﻧـﻪ اﺛـﺮ ﻣﻌﻨـﻲ داري روي وزن ﻣﺮﻏﻬـﺎ ,ﺗﻮﻟﻴـﺪ ﺗﺨـﻢ ﻣـﺮغ و
ﻣﺼﺮف ﻏﺬاي آﻧﻬﺎ ﻧﺪاﺷﺖ اﻣﺎ ﺑﺎﻋﺚ اﻓﺰاﻳﺶ وزن ﻣﺨﺼﻮص ﺗﺨﻢ ﻣﺮغ در ﻣﺮﻏﻬـﺎي ﺗﻐﺬﻳـﻪ ﺷـﺪه ﺑـﺎ ﻛﻠﺴـﻴﻢ
ﭘﺎﻳﻴﻦ ﮔﺮدﻳﺪ .اﺛﺮ ﺗﻤﺎم ﺗﻴﻤﺎرﻫﺎ روي ﺧﺎﻛﺴﺘﺮ اﺳﺘﺨﻮان ﻣﻌﻨﻲ دار ﺑﻮد و ﺑﻴﺸﺘﺮﻳﻦ ﺗﺎﺛﻴﺮ ﻣﺮﺑﻮط ﺑﻪ اﻓﺰودن ا-25-
دي ﻫﻴﺪروﻛﺴﻲ ﻛﻮﻟﻪ ﻛﻠﺴﻴﻔﺮول ﺑﻪ ﺟﻴـﺮه ﺣـﺎوي ﻛﻠﺴـﻴﻢ و ﻓﺴـﻔﺮ ﺑـﺎﻻ ﺑـﻮد ) %49/3در ﻣﻘﺎﺑـﻞ  .(%53/9در
روزﻫﺎي  14و  28ﺑﺘﺮﺗﻴﺐ ﺟﻴﺮه ﺣﺎوي ﻛﻠﺴﻴﻢ ﺑﺎﻻ و ﻓﺴﻔﺮ ﺑﺎﻻ اﺑﻘﺎ ﻓﺴﻔﺮ ﻓﻴﺘﻴﻚ در ﺑﺪن را ﻛﺎﻫﺶ دادﻧﺪ.
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