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Various Levels of Calcium and Phosphorus Diets in Response

to 1, 25 — Dihydroxycholecalciferol in Laying Hens
M. Shivazad®’, A. B. Carlos?, H. M. Edwards, JR?. and M. Zaghari*

ABSTRACT

The effect of 1,25-dihydroxycholecalciferol [1,25-(OH), 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), D; supplementation (0 and 5
Hg/kg diet ) were applied, the experiment was a 2 X 2 X 2 factorial arrangement in a com-
pletely 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 ex-
periment, the hens were bled for plasma Ca and P determination and after being eutha-
nased the left tibia removed for bone ash measurement. The corn-soybean meal based diet
contained 0.1% Cr,0; as an indicator for determining Ca, P and phytate phosphorus re-
tention 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), D; 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), D3
on bone ash was obtained in those hens fed the high Ca and P diet that was then supple-
mented with 1,25-(OH), D; (49.3% vs 53.9% bone ash). At day 14, the high Ca diets de-
creased phytate P retention while at d 28 the high P diets decreased phytate P retention.
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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 isin agreement with the poor utiliza-
tion of phytate P by laying hens reported by
Gillis et al. (1953). Sebastian et al. (1998)
listed the following as factors affecting phy-
tate phosphorus utilization: dietary calcium
and phosphorus concentration, dietary vita-
min 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-

phorus ratio, the addition of 66 or 666 ug
kg™ diet vitamin D3, and the addition of 0-
900 phytase units kg™ diet. No critical stud-
ies have been conducted on the effect of die-
tary Ca and P levels on the utilization of
phytate P by laying hens. Recently it was
found that the addition of the vitamin Ds
derivative 1, 25-dihydroxycholecalciferol (1,
25-(OH), 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 supplemen-
tation of corn-soybean meal laying diets
with 5 mg of a 1, 25-(OH), Ds / kg diet
would stimulate natural phytate utilization at
adequate and low levels of dietary Caand P.
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MATERIAL AND METHODS

Seventy-two Single Comb White Leghorn
hens were selected from among 108 sixty
week-old hens during a 10 day pre
experiment period. The hens were alocated
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-(0OH), D3 (0 and 5ug/kg ) were used in
a2 X 2 X 2 factorial arrangement in a com-
pletely randomized design. The hens were
allowed to consume feed and water ad libi-
tum. Chromic oxide added to the all treat-
ment diets as an indicator. Collection of ex-
creta was carried out twice every two weeks
for 48 hours during the 28 days of the ex-
periment. This was accomplished by setting

Table 1. Composition of basal ration

Ingredient %
Ground yellow corn 75.23
Soybean meal 22.00
Poultry oil 2.00
Salt (sodium chloride) 0.30
Vitamin premix® 0.25
Trace mineral premix” 0.05
DL-methionine 0.07
Chromic oxide 0.10

& Vitamin premix provides (per kg of diet): vita-
min A, 5, 500 IU; vitamin D3, 1,100 ICU; vitamin
E, 11 IU; riboflavin,4.4 mg; calcium pantothen-
ate,12 mg; nicotinic acid, 44 mg; choline cl, 220
mg; vitamin B, 9 pg; vitamin Bg3.0 mg; me-
nadione, 1.1mg (as menadione sodium bisulfite);
folic acid, 3mg; d-biotin. 3 mg; thiamine, 2.2 mg
(as thiamine mononitrate); ethoxyquin, 125 mg.

® Trace mineral premix provides (PPm of diet):
MnO, 111; Z no, 75; FeSO, 7H,0 100; CuSQ,4,14;
(lo3)2, 7.5; Ca7.5; FeCO; 41.5.
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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 experi-
ment, the hens were individually weighed
and bled by heart puncture for analyzing
plasma Ca and P levels. They were then
euthanased by cervical didocation and their
left tibia was removed for bone ash determi-
nation based on fat-free by method (Asso-
ciation 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 caculated. 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 Dun-
can’s multiple range test.

RESULTS

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 re-
ceiving 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 Cadiet 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



JAST

(170 >d) yua1apg1p Apueotyiudis o1e sydLosiodns JUSISIJIP UM SUBIIA

- - - - - - €20°0 I oM
: : : . : 062°0 LET'O ZIro I €20° X d X BD
wmw.w mmmm wwmm me.w WMMW 860°0 6970 50 I ‘q “HO)-ST'1 X d
1160 6VL°0 0200 1290 VhL 0 ¥L0°0 L6L0 568°0 I *q“(HO)-ST'1 X ®0
8LE0 £S7°0 LTO0 LLSO 6100 8£6 0 o0 ~6r°0 ! d X
Y00 SELO 1000 1000 185°0 6690 L81'0 v8Y°0 ! () sniogdsoyg
810 0100 100°0 1950 5990 100°0> oo 100°0> ! (D) umiored
o $ST0 100°0> 2000 S91°0 100°0> v00'0 £00°0 L JISULESIL
1200 P (sempiqeqord)y AONY
$8FOEE  O'8FRLT  8OFCTS $OFCT  1TFe9r COUOFELOL CIFELYY L¥89 . WES F U
oL 0T wSLI €95 08°€ w8'LT 8L0 vv9 bl s 50 0e
LT wb'ST «6'€S 01T VLT 690°1 vy9 wll 5 £e0 e
96T e Te1s 0T o 6L0'] I's9 w9 S 50 g1
o OF @S VE 867 LT @S'6T Lol 199 -85 s £E0 81
«S'97 oSTI T'SS aett'T 1€ 690°1 (34 9L 0 50 0t
<O'VE w€LT LE6F L16°0 £TT 0L0°1 Lv9 wll 0 €0 e
e el TS o50°€ o 9LO'T 659 209 0 T50 81
'€y #6'6€ w1708 S20°1 Gl 9T 690°T 09 oL 9 0 £e0 81
(%) (%) (%) ----("Ip/3M))---- 3) (%) (8/87) (%) (%)
Wy ™y

PsC PP d 9] Ayaeid uononpoid d

uonualal 4 a1elsyd yseauog s[esaunu BUWISE[J oyg1oads 834 My 1 889 839 ET UHO)-STT E11=X11(0]g WS i-11=) g | )

Various Levels of Calcium and Phosphorus Diets in Response to ...

suay Suike] Aq uonuajal 4 o1eikyd pue yse suoq
‘d pue &) ewise[d ‘A11aeId ogroads pue ysom 337 ‘uononpoid 832 uo g pue 8D ‘Cq HHO)-ST 1) [019J10]09[0YIAX0IPAYIP-GZ* T A1B191P JO 109H °Z dIqeL

91



4

Shivazad et al.

1,25-(OH), D3 had any effect on egg pro-
duction. The week had no effect on egg
weight or egg specific gravity. Higher Ca
levels in the diet and zero 1,25-(OH), Ds
supplementation both resulted in signifi-
cantly improved egg weight. The higher Ca
level also caused a significant increase in
egg specific gravity. A significant interac-
tion between Ca level and 1,25-(OH), Ds
supplementation was obtained. Large in-
creases in specific gravity were obtained
when 1,25-(OH), D; was fed to the hens
receiving the low Ca diet. While the indi-
vidual 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 signifi-
cant effect on blood P; low plasma P levels
were noted when the low P diet was fed.

All of the individua treatments had a sig-
nificant effect on bone ash and only one of
the interactions (P X 1,25-(OH), 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-(0OH), 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),
D3 (49.3% vs 53.9% bone ash).

There is considerable in the phytate P re-
tention 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 pre-
sent 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),
D; level, increasing dietary P caused a de-
crease in phytate P utilization.

DISCUSSION

There were sufficient significant effects of
1,25-(OH), D3 supplementation on the di-
verse criteria measured to indicate definite
physiological effects. However, the lack of
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effect of 1,25-(OH), D3 supplementation on
many criteria, while significant interacts
were obtained for the same criteria, indicates
the importance of dietary Caand P levelsin
any studies of the effects of this compound
in laying hens. Harms et al., 1990, con-
ducted several different experiments that
explored individually the effect of high and
low Caor P on the response of hensto 1,25-
(OH), D3 .The bone ash data obtained by
Harms et al., 1990 is similar in most re-
spects 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 in-
creased from 454 to 6.36 when 1,25-
(OH), Dswasfed. This would be compara-
ble to the results in this trial when 3.0%
Ca and 0.33% Pwerefed and 1,25-(OH),
Ds supplementation resulted in a bone ash
increase from 49.3% to 53.9%. Harms et al.,
(1990), also noted that 1,25-(OH), D3 sup-
plementation of the high Ca (3.25%) low P
diet (0.38%) resulted in a significant de-
creasein plasma Ca while a slight increase
in plasma Ca resulted from 1,25-(OH), 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 differ-
ent studies. Supplementation of laying diets
that are adequate in Ca and P with 1,25-
(OH), D3 bothin the present study and in
other studies ( Harms et al.,1988; Frost et
al.,1990; Harms et al.,1990) dose not sig-
nificantly increase tibial ash.

It is interesting that the hens receiving the
high Ca diets, had significantly lower 14
days phytate P retention, while those receiv-
ing the high P diets had significantly lower
28 days phytate P retention. Concentration
of both of these nutrients is known to influ-
ence phytate P utilization in broilers (Nel-
son, 1969; Mitchell and Edwards, 1996). In
a similar manner, high dietary Ca and P re-
sults in a decrease and increase, respec-
tively, in the retention of phytate P.
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Even though the retention of phytate P was
not significantly improved by adding 1,25-
(OH), Ds 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), D3 on phytate utilization should
probably be conducted with the same diet.
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