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ABSTRACT Vitamin D is essential for the
metabolism of calcium (Ca) and phosphorus (P) in
birds. The objective of the study was to evaluate
the effect of different isoforms of dietary vitamin D
on Ca and P utilization, egg quality, and bone min-
eralization of laying hens. A total of 42 Lohmann
white laying hens at 57 wk of age were randomly as-
signed to 7 dietary treatments for 6 wk. Dietary treat-
ments were: 3,000 IU/kg Vit D3 as control, and con-
trol with additional 3,000 IU/kg 25-hydroxyvitamin
Ds (T1), 9,000 IU/kg 25-hydroxyvitamin Dj; (T2),
3,000 IU/kg vitamin D3 (T3), 9,000 IU/kg vitamin D3
(T4), 3,000 IU /kg of vitamin D, (T5), or 9,000 IU /kg of
vitamin Dy (T6). Egg production and egg quality were
measured weekly. Fecal samples were collected at weeks
2 and 6 to measure Ca and P utilization. After 6 wk,
the left tibia and femurs were collected to measure

Key words: digestibility, egg quality,

INTRODUCTION

Optimum concentrations of vitamins in poultry diets
allow the birds to perform to their genetic potential. Vi-
tamin requirements established decades ago do not con-
sider today’s genetically superior birds with increased
growth, egg production, and improved feed efficiency.
Vitamin intake per unit of output is continually declin-
ing. The yearly decline for layers is around 1% per egg
produced, while for broilers it has been 0.6 to 0.8% for
body gain (Leeson, 2007). Signs of vitamin D deficiency
begin to occur in laying hens in confinement within 4 wk
(Tsang et al., 1990; Mattila et al., 2011). When laying
hens are fed a diet deficient in vitamin D, the first sign
of deficiency is a thinning of the eggshells. Commer-
cial layers will continue to lay eggs with reduced shell
quantity for weeks. If the diet is completely devoid of
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bone mineral density (BMD) and bone mineral con-
tent (BMC). A 1-way ANOVA with Tukey HSD means
separation test was used for statistical analysis. There
were no significant differences in egg production, egg
quality, BMD, or BMC of tibia and femurs among the
treatments (P > 0.05). T6 significantly reduced feed in-
take (P < 0.05). The apparent total tract digestibility
(ATTD) of Ca was higher (P < 0.012) in treatments
supplemented with additional vitamin D, irrespective
of forms. The ATTD of P was higher (P < 0.0001)
in TH5 compared to the other treatments at both time
points. The utilization of Ca and P by laying hens can
be improved through the addition of different isoforms
of vitamin D in diets. However, additional vitamin D
supplementation to laying hens, regardless of forms, had
no effect on either bone mineralization or measures of

egg quality.
layers, minerals, tibia, vitamin D

2020 Poultry Science 99:364-373
http://dx.doi.org/10.3382/ps/pez502

vitamin D3, egg production decreases rapidly and eggs
with very thin shells or no shell will be produced.

Vitamin Dj3 has traditionally been used as a major
source of vitamin D by the poultry industry. Since 2006,
25-hydroxyvitamin D3 (25-OHD) has been permitted
and is widely used as another source of vitamin D in
the poultry industry (Mattila et al., 2011). However,
the advantage of 25-OHD over vitamin D3 on Ca uti-
lization, egg production, and performance are a subject
of debate. Body weight and bone ash at days 21 and
42 were higher, and the incidence of Tibia dyschon-
droplasia (TD) was lower in broilers fed 25-OHD as
compared to vitamin Dj in their diets (Fritts and Wal-
droup, 2003). Keshavaraz (2003) conducted 2 studies,
the one with different levels of Ca (3.34, 4.3, 4.73, and
4.94) and 2 sources of vitamin D (vitamin D3 and 25-
OHD), and the other with 3 non-phytate P levels, 2
levels of phytase, and 2 sources of vitamin D. The re-
sults suggest that use of 25-OHD did not have any ad-
vantage over vitamin Dj in increasing the performance
and eggshell quality of laying hens.

© 2019 The Authors. Published by Elsevier on behalf of Poultry Science Association Inc.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Vitamin D is a fat-soluble vitamin essential for the
proper metabolism of calcium (Ca) and phosphorus (P),
and the maintenance of normal skeletal integrity in an-
imals (Bikle, 1994). Vitamin D also plays a role in Ca
and P absorption, regulation of parathyroid hormone,
bone mineralization and mobilization, and it controls
the incidence of bone disorders (Garcia et al., 2013).
For the laying hen, calcium is one of the key nutri-
ents required for optimal eggshell quality in laying hens
(Kebreab et al., 2009) for shell formation and calcifica-
tion which requires about 2 to 3 g of Ca per day (Bar,
2009). Inadequate utilization of Ca and P and insuf-
ficient mineralization of the bones results in skeletal
problems in laying hen. Due to extensive mobilization
of Ca from bones to eggs, laying hens may suffer from
variety of skeletal problems including osteoporosis, cage
layer fatigue, and keel bone deformities (Whitehead
et al., 2003). Low egg production, cracked egg shells,
mortality of birds, and welfare issues are associated
with low Ca and P utilization and vitamin D deficiency
in laying hens (Lavelin et al., 2000; Whitehead, 2004).
Vitamin D plays a major role in Ca and P metabolism
in the intestine and bones of birds in order to maintain
Ca homeostasis. Vitamin D is responsible for normal
growth, egg and shell quality, and reproduction in lay-
ing hen, and it is of particular importance when hens
are raised indoors (Mattila et al., 2003).

Vitamin D, is considered as an ineffective form of
vitamin D in poultry feed with no metabolic effect on
birds (Hoy et al., 1988). Vitamin D3 and vitamin Dy in-
cluded at 6,000 and 15,000 IU /kg feed to laying hen di-
ets increased vitamin D3 and Dy concentration in their
egg yolk (Mattila et al., 2004). This gives us an evidence
that vitamin D, is absorbed through the intestine and
metabolized in laying hens, which gets deposited in the
eggs. However, there is no study to quantify the effect
of vitamin Dy on Ca and P utilization in laying hens.
There is a lack of understanding about the effect of
extra dosage of vitamin D3, 25-OHD, and vitamin D,
on Ca and P digestibility and skeletal health when sup-
plemented to laying hen diets at varying concentra-
tions.

The objectives of this study were: 1) to evaluate
the effects of extra dosage of dietary vitamin Dy
vitamin Dj3, and 25-OHD on Ca and P utilization in
laying hens, and 2) to evaluate the effect of feeding dif-
ferent forms of vitamin D to laying hens on skeletal
health, egg production, and egg quality parameters.

MATERIALS AND METHODS

Animal and Housing

The experiment was conducted following the guide-
lines of an animal use protocol for research, as approved
by the Protocol Management and Review Committee,
University of Manitoba. The experimental birds were

Table 1. Ingredients and chemical composition of the control diet
fed to laying hens at late stage of egg production for 6 wk.

Ingredient Amount (%)
Wheat 64.49
Soybean 18.75
Veg. oil 3.70
Limestone 7.30
Shell/bone builder 2.10
Biophos 1.50
Lysine 0.09
DL-Met 0.17
Threonine 0.10
Vitamin premix! 1.00
Mineral premix? 0.50
Marker 0.30
Calculated nutrient content

ME (Kcal/kg) 2,864.00
Crude protein (%) 16.8
Ca (%) 3.9
Available P (%) 0.42

1Vitamin premix supplied per kilogram of complete feed: vitamin A,
8,250 IU; vitamin E; 30 IU; vitamin Bz, 0.013 mg; vitamin K3, 2.0 mg;
niacin, 23.6 mg; choline chloride, 1081 mg; folic acid, 4.0 mg; biotin,
0.25 mg; pyridoxine, 4.0 mg; thiamine,4.0 mg; vitamin D3 3,000 IU.

2Mineral premix supplied per kg of complete feed: manganese oxide,
70 mg; zinc oxide 80 mg, ferrous sulfate, 80 mg, copper sulfate, 10 mg;
sodium selenium, 0.3 mg; calcium iodate premix, 0.5 mg.

selected from the main laying flock of the University
of Manitoba that had been fed a wheat- and soybean-
based diet. A total of 48 Lohmann white laying hens,
57 wk of age, were selected for the study. The hens
were individually housed in metabolic cages located in
a climate-controlled layer facility. The lighting sched-
ule was maintained on a cycle of 16 h light and 8 h
dark. Feed and water were provided to permit ad li-
bitum consumption. After initial placement, hens were
adapted to the metabolic cages for 7 d, during which
they consumed a wheat and soybean meal-based con-
trol diet. Egg production was recorded throughout the
adaptation period, and a total of 42 birds were selected
based on egg production, body weight, and feed intake
(FI) for inclusion into the study. Individual birds were
randomly assigned to dietary treatments (n = 6/treat-
ment).

Experimental Diets

Diets were formulated to meet or above the recom-
mendations established for Lohmann hens (Lohmann
brown Management Guild). The control (basal) diet
was formulated based on a wheat and soybean meal
and contained 3,000 IU of vitamin Dj3/kg of diet
(Table 1). Other treatments consisted of the control
diet plus: T1) 3,000 IU of 25-OHD /kg of diet; T2) 9,000
IU 25-OHDj; /kg of diet; T3) 3,000 IU vitamin D3/kg of
diet; T4) 9,000 IU vitamin D3/kg of diet; T5) 3,000 IU
vitamin D, /kg of diet; and T6) 9,000 IU vitamin D, /kg
of diet (Table 2). Chromium dioxide (0.3%) was used
as an indigestible marker for Ca and P digestibility.
Samples of mixed feed were retained for analysis of
Ca, P, and chromium. The experimental diets were fed
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Table 2. Amount (IU/kg of diet) of vitamin D3, vitamin D, and
25-OHDroxyvitamin D3 (25-OHDOHD) supplemented to dietary
treatments fed to laying hens at late stage of egg production.

Treatment Vitamin Dy 25-OHD Vitamin D3
Control! 0 0 0
Control + 3,000 IU 25-OHD 0 3,000 0
Control + 9,000 TU 25-OHD 0 6,000 0
Control + 3,000 IU D3 0 0 3,000
Control + 9,000 IU Ds3 0 0 6,000
Control + 3,000 TU Dy 3,000 0 0
Control + 9,000 IU D, 6,000 0 0

IControl diet contains 3,000 IU of vitamin D3/kg of feed.

for a total of 6 wk. The experimental diets were mixed
every 3 wk to minimize degradation of supplemented
vitamin D from diets. FI for each hen was measured
weekly.

Excreta Sampling and Analysis

A total of 24-h excreta samples were collected from
each bird at weeks 2 and 6. Clean plastic trays were
placed below each hen to permit excreta collection,
and the samples were collected over 2 consecutive 12-h
periods, pooled together and stored at —20°C until
further analyses. Excreta samples were freeze-dried,
ground through a 1 mm mesh screen, and mixed thor-
oughly before analyses. Diet and excreta Ca, P, and
chromium (Cr) were measured using an inductively cou-
pled plasma optical emission spectrometer (Varian ICP,
VISTA MPX, CCD Simultaneous) according to AOAC
method 985.01. Briefly, for Ca and P analysis, 1 g of
sample was ashed at 600°C overnight in a muffle fur-
nace. The resulting ash was digested and diluted in
a 100 mL volumetric flask with deionized water. For
Cr analysis, 1 g of feed or 0.20 to 0.25 g of excreta
were ashed at 600°C overnight in a muffle furnace and
digested on a hot plate. As the color of the sample
changed to violet, the digested samples were diluted
with deionized water in a 200 mL volumetric flask. The
resulting filtrate was used to detect Ca, P, and Cr in
diet and fecal samples.

Apparent Total Tract Digestibility
of Calcium and Phosphorus

The ATTD of Ca was calculated according to the
following equation (Al-Masri, 1995):

ATTD (%) =
100 — [(Crq/Cr;) x (Cas/Caq) x 100]

where Crq is the chromium content in the diet, Cry
is the chromium content in feces, Cas is the Ca con-
tent in feces, and Caq is the Ca content in the
diet. ATTD of P was also calculated using the above
equation.

Hen Performance and Egg Quality
Measurement

Egg production and mortality were recorded daily.
Eggs produced over 3 consecutive days were collected
at the end of the first week and weeks 2, 4, and 6 for egg
quality assessment, including egg weight, specific grav-
ity, albumen height, and egg shell thickness. Individual
weights of eggs collected over 3 consecutive days were
measured in grams and recorded. The specific gravity
of eggs was determined using salt solutions of different
gradients, as previously described (Bennett, 1993). Al-
bumen height was measured with a micrometer (mm)
placing the tripod meter above albumin while avoid-
ing chalaza and yolk. For eggshell thickness, shells were
washed to remove albumin and dried at room tempera-
ture overnight. Three pieces from different parts of the
eggshell were measured (mm), and the average of 3 mea-
surements was taken to compute the eggshell thickness
value.

Macroscopic Pathological Tests

At the end of study, all the birds were euthanized.
Necropsy was performed in all birds. Visceral organs
were separated, and nutritional status (breast muscles,
and fat pad), skeletal condition (bones), and calcifica-
tion of soft tissue (kidney, liver, heart, and lungs) were
assessed macroscopically for any injurious effect due to
excess supplementation of vitamin D.

Bone Quality Measurement

At the end of week 6, all hens were euthanized by
cervical dislocation. Femur and tibia bones from the
left legs were collected to measure bone mineral den-
sity (BMD), bone mineral content (BMC), and bone
area. Tibia and femur samples were stored at —20°C
until further processing and analyses. Bone samples
were cleaned of non-bone tissues (muscle, fat, tendon,
etc.) before the measurement. BMD, BMC, and bone
area of the femur and tibia bones were measured using
a dual energy x-ray absorptiometry (DEXA; pDEXA,
Bone Densitometer, Norland Medical System, Inc. WI).
Scanning was performed across each tibia and femur
placing each bone at the same position and orientation
during the measurement. All scans were obtained at
a scan speed of 2.5 mm/s, with a voxel resolution of
0.07 x 0.07 x 0.50 mm.

Statistical Analysis

Data on Ca and P digestibility, egg quality parame-
ters, and bone measurement were subjected to analysis
using the general linear model procedure of SAS (SAS
Institute Inc., Cary, NC). One-way ANOVA was used
with model vij = p+ o+ €. Significant differences
between treatments were determined using Tukey’s
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Table 3. Effect of various levels of vitamin D3, vitamin Dy, and 25-OHDroxyvitamin D3 (25-OHDOHD) on feed intake/bird/day of
laying hen at late stage of egg production measured each week during 6 wk of study.

(Feed intake (g)/hen/d)

‘Week

Treatment 0 1 3 4 5 6
Control! 97.07 98.98b 98.67+P 102.28»P 93.51 102.722 98.82b
Control + 3,000 IU OHD 85.95 91.412> 92.612P 95.62P 89.5 110.00? 93.10*¢
Control + 9,000 IU OHD 84.85 96.51P 93.05%P 95.03P 88.84 101.662 90.11b¢
Control + 3,000 IU Dy 86.25 96.78P 98.29P 103.21 @ 94.09 105.82° 99.48P
Control + 9,000 IU D3 92.26 94.207P 97.842P 99.58P 93.33 103.10 94.69%
Control + 3,000 IU D, 102.94 105.05" 104.70* 107.80* 97.86 109.65 101.96*
Control + 9,000 TU Dy 80.85 87.97° 90.85" 90.34> 85.1 99.10* 90.11¢
SEM?2 5.82 3.491 2.745 2.89 2.97 6.41 2.361
P value? 0.13 0.043 0.018 0.003 0.091 0.769 0.0005

#Means with different superscripts within a column differ significantly (P < 0.05).

IControl diet contains 3,000 IU/kg of vitamin Dj in the diet.
2SEM, standard error of the mean.
3 P values from 1-way ANOVA and Tukey’s test.

Table 4. Effect of various levels of vitamin D3, vitamin Dy, and
25-OHDroxyvitamin D3 (25-OHDOHD) on hen day egg produc-
tion of laying hens at late stage of egg production for 6 wk.

Hen-day egg
Treatment production, %
Control! 98.33
Control + 3,000 IU 25-OHD 97.30
Control + 9,000 IU 25-OHD 96.93
Control + 3,000 IU D3 95.27
Control + 9,000 IU Dj3 96.62
Control + 3,000 IU Dy 95.60
Control + 9,000 IU Dy 95.60
SEM? 1.82
P value? 0.893

!Control diet contains 3,000 IU/kg of vitamin D3 in the diet.
2SEM, standard error of the mean.
3 P values from Tukey’s test.

honestly significant difference test. Data were consid-
ered significantly different if P < 0.05.

RESULTS AND DISCUSSION
Laying Hen Performance and Egg Quality

Laying hen performance and egg quality were com-
pared among the dietary treatments. The hens fed the
diet supplemented with 3,000 IU of vitamin D, had
significantly higher (P < 0.05) FI compared to hens
fed the diet supplemented with 9,000 IU of vitamin D,
at week 1 (105.05 vs. 87.97), week 2 (104.7 vs. 90.85),
week 3 (107.8 vs. 90.34), and week 6 (101.96 and 90.11)
(Table 3). Hens fed the diet with 9,000 IU of vita-
min D2 had significant lower FI than the ones fed the
diet with 3,000 IU of vitamin D3 at week 3 and the
ones fed the diet with 3,000 IU of vitamin D3 and
the control at week 6. However, there was no differ-
ence in FI between hens fed diets supplemented with
different levels of vitamin D3 and 25-OHD (Table 3).
There was no significant difference in egg production
(Table 4) and egg weight (Table 5) by vitamin Dy, vi-

Table 5. Effect of various levels of vitamin D3, vitamin D, and
25-OHDroxyvitamin D3 (25-OHOHD) on egg weights of laying
hens at late stage of egg production measured at different weeks
of the study.

Egg mass, g/hen/d

Week

Treatment 0 2 4 6

Control! 64.36 61.86 59.61 63.00
Control + 3,000 IU 25-OHD 60.48 60.58 61.37 60.98
Control + 9,000 IU 25-OHD 59.68 62.11 59.84 62.87

Control + 3,000 IU D3 64.46 63.18 63.57 65.22
Control + 9,000 IU D3 60.85 60.23 59.88 60.72
Control + 3,000 IU Do 63.27 65.18 62.77 64.83
Control + 9,000 IU D, 61.03 58.11 56.15 59.69
SEM? 1.45 1.41 1.67 1.46
P value? 0.137 0.085 0.075 0.080

LControl diet contains 3,000 IU/kg of vitamin Dy in the diet.
2SEM, standard error of the mean.
3 P values from Tukey’s test.

tamin Dj, or 25-OHD at all weeks of the study. Re-
cently, Akbari Moghaddam Kakhki et al. (2018) also
reported that additional 25-OHD supplementation (69
or 138 ug/kg) on the basal diet containing 3,300 IU
of vitamin D3/kg did not show any egg production
improvement in aged Lohmann LSL-lite layers (72 to
81 wk old), whereas 25-OHD supplementation signif-
icantly increased egg weight and mass. This may be
attributed to age; 25-OHD may have better effects on
egg weight and mass in old laying hens.

In the current study, the addition of different isoforms
of vitamin D (vitamin Ds, vitamin D3, or 25-OHD) did
not improve egg quality parameters measured. This is
in agreement with other studies. Mattila et al. (2004,
2011) reported that FI, egg mass, Haugh unit, specific
gravity and calcium content in egg shells were not sig-
nificantly affected by vitamin D3 or D5 in the treatment
diets during the 48-wk experimental period. Keshavarz
(2003) and Kappeli et al. (2011) reported no effect on
body weight gain, egg production, and feed conversion
in laying hens when 2,760 IU of D3 or 25-OHD was
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Figure 1. Effect of vitamin Dj, vitamin Ds, and 25-OHDroxyvitamin D3 on apparent total tract digestibility (ATTD) of calcium (Ca) in laying
hens fed adequate Ca and P at week 2 of study. Bars with different letters (a, b) differ significantly (P < 0.05, n = 6, error bars = SEM).

supplemented to the treatment diets. Increasing the
concentration of vitamin D3 up to 102,200 IU/kg of diet
did not show any negative effect on hen performance
and egg quality measurements (Persia et al., 2013). On
the basis of previous studies (Persia et al., 2013), im-
provement in egg quality parameters was not expected
in hen fed vitamin D3 and 25-OHD dietary treatments.
The reason behind no effect of different forms and lev-
els of vitamin D on egg quality parameters during our
study may be due to inclusion of adequate levels of Ca,
available P, and vitamin D3 in the control diet. Thus,
additional supplementation of different isoforms of vi-
tamin D in access amount may not increase the egg
quality of laying hens in a late stage production cycle.

Macroscopic observation of soft tissues did not show
any signs of calcification, indicating that there was no
negative effect of high dosages of vitamin D even if
12,000 TU /kg of vitamin D3 was included in laying hen
diets in the current study. The finding is similar to
Mattila et al. (2003) that used up to 12,000 IU/kg
of vitamin D3 in laying hen diet without any lesions
of high Ca deposition in histological sections of soft
tissues. Baker et al. (1998) demonstrated no toxic ef-
fect in broilers fed up to 50,000 IU vitamin D3 /kg feed,
and Persia et al. (2013) stated that inclusion of up to
102,200 IU of D3/kg of diet did not consistently affect
laying hen performance or egg quality over the 19 to 58
wk of age feeding period.

Calcium and Phosphorus Utilization

Ca and P utilization were increased by different forms
of vitamin D in the diets. At week 2, ATTD of Ca was

significantly higher (P < 0.001) in hens fed dietary
treatments supplemented with additional vitamin D
compared to hens fed control diet (Figure 1). Hens fed
dietary treatment supplemented with 3,000 IU of vi-
tamin D3/kg had the highest ATTD of Ca compared
to other 6 treatments. ATTD of P at week 2 was sig-
nificantly higher (P = 0.0031) in hens fed diet supple-
mented with 3,000 or 9,000 TU vitamin D, /kg (61.23
or 58.03%) compared to hens fed positive control diet
(49.05%) (Figure 2).

At week 6, ATTD of Ca was significantly higher
in hens fed all other dietary treatments except for
3,000 TU vitamin Ds/kg compared to control diet
(P = 0.0127) (Figure 3). Hens fed diet supplemented
with 9,000 IU of D3 (69.2%) and 3,000 IU of 25-OHD
(79.76%) had the highest ATTD of Ca. At week 6,
ATTD of P was significantly higher (P < 0.0001) in
hens fed dietary treatment supplemented with both lev-
els of vitamin Dy compared to hens fed other treat-
ment diet (Figure 4). This is the first study that in-
vestigates the effect of extra dosages of vitamin D, in
Ca and P utilization when supplied to laying hen di-
ets containing 3,000 IU vitamin D3/kg. Addition of
vitamin D, in laying hens diet together with basal
level of vitamin D3 increased P utilization in laying
hens.

Supplementation of higher concentration of
vitamin D improved Ca digestibility in laying hen.
Positive effect on Ca utilization was seen in all 3 forms
of vitamin D used in this study. There was no differ-
ence (P = 0.201) in ATTD of Ca and P in laying hens
when similar amounts of 25-OHD and vitamin D3 were
added in the diet for up to 6 wk. Supplementation of
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Figure 2. Effect of vitamin D3, vitamin D, and 25-OHDroxyvitamin D3 on apparent total tract digestibility (ATTD) of phosphorus (P) in
laying hens fed adequate Ca and P at week 2 of study. Bars with different letters (a, b) differ significantly (P < 0.05, n = 6, error bars = SEM).
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Figure 3. Effect of vitamin D3, vitamin D2, and 25-OHDroxyvitamin D3 on apparent total tract digestibility (ATTD) of calcium (Ca) in laying
hens fed adequate Ca and P at week 6 of study. Bars with different letters (a, b) differ significantly (P < 0.05, n = 6, error bars = SEM).

higher concentration of 25-OHD in normal level of Ca
and P diet synergistically improved digestibility of Ca
and P in broiler (Qian et al., 1997; Keshavarz, 2003),
which is similar to the finding of our study. A study
was conducted to study the effect of different levels of
vitamin D3, phytase, Ca, and P on mineral retention in

broilers. The results concluded that supplementation
of vitamin D3 in the diet increased retention of Ca and
P in broilers (Delezie et al., 2012).

No study has been conducted to determine the ef-
fect of vitamin D, in Ca and P utilization in poul-
try. It is believed that vitamin D, is not as potent as
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Figure 4. Effect of vitamin D3, vitamin D2, and 25-OHDroxyvitamin D3 on apparent total tract digestibility (ATTD) of phosphorus (P) in
laying hens fed adequate Ca and P at week 6 of study. Bars with different letters (a, b) differ significantly (P < 0.05, n = 6, error bars = SEM).

vitamin D3 to make an effect on Ca and P utilization in
poultry. Most of the study conducted to determine the
effect of different metabolites of vitamin D has been
done in rachitic chickens (Chen and Bosmann, 1964;
Hibberd and Norman, 1969; Fraser et al., 2013). Degra-
dation of vitamin D and its turnover can be differ-
ent in between healthy chicks and chicks with vita-
min D deficiency. Favus and Langman (1984) found out
that 25-OHD turnover was greatly reduced when vita-
min D-deficient animals were used compared to nor-
mal animals. The author also presented that the phys-
iological amount of 25-OHD turnover increased when
deficient animals were supplemented with 25-OHD at
dose of 10 ng/d for 4 d as compared to the vitamin D
non-deficient animals which showed no turnover of 25-
OHD. It has been demonstrated that vitamin D, and
vitamin D3 have similar rate of metabolism in blood
compared to the other metabolites of respective vita-
mins (Hoy et al., 1988; Lehmann and Meurer, 2010).
The difference between previous studies and studies
from Hoy et al. (1988) is use of rachitic chicken vs.
healthy chicken. Thus, vitamin Dy may show metabolic
effect in laying hen when used with adequate vitamin
D3 in the diet. Here we report that utilization of dietary
Ca and phosphorus is increased in laying hens when
combination of vitamin Dy and Dj is supplemented to
the diet.

Mattila et al. (2004, 2011) have discussed D3 to
be more effective than D, in deposition of vita-
min in egg yolk. Nevertheless, the time required to
reach a top concentration of vitamin D3 in yolk was

like vitamin Ds. This indicates that there is absorp-
tion and metabolism of vitamin Dy in birds, which
could have produced a beneficial effect on Ca and P
metabolism.

Despite their structural differences in molecular
forms, vitamin Dy and vitamin D3 exhibit identical sets
of biological response around the body through same
VDR-mediated regulations of gene expression (Jones,
2013). It has been stated that D, is not potentially
active in avian species with speculations and question
raising over the similar effect of vitamin Dy over D3 in
other animals and humans. One of the constant markers
of this measurement in human studies has been mea-
surement of rise in plasma levels of 25-OH-D3. There
are studies that indicate that vitamin D, is less active
than vitamin D3 in its potential function and main-
taining 25-OH-D level in blood (Trang et al., 1998;
Logan et al., 2013). However, there are studies that
have argued both analogs of vitamin D have similar
effect in maintaining blood 25-OH-D (Holick et al.,
2008). The difference in the studies can be due to vari-
ation with study design, dose, size, and frequency of
the experimental vitamin D used in the study (Jones,
2013). A systematic review by Tripkovic et al. (2012)
indicated that vitamin D3 was highly effective in rais-
ing 25-OHD compared to Ds; however, when the fre-
quency of dose administration was compared, adminis-
tration of bolus dose resulted in a significant increase of
serum 25-OHD from vitamin D3 in compared to Dy, but
there was no difference when daily supplementation was
done.
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Table 6. Effect of various levels of vitamin D3, vitamin D2, and 25-OHDOHD on bone mineral density (BMD), bone mineral content
(BMC), and bone area of laying hens fed adequate levels of calcium and phosphorus at late stage of egg production.

Femur Tibia

Treatment BMD (g/cm?) BMC (g) Bone area (cm?) BMD (g/cm?) BMC (g) Bone area (cm?)
Control! 0.205 2.08 10.149 0.189 2.55 13.471
Control + 3,000 IU 25-OHD 0.217 2.17 9.983 0.199 2.68 13.461
Control + 9,000 IU 25-OHD 0.198 1.97 9.971 0.186 2.486 13.38
Control + 3,000 IU D3 0.203 2.01 9.836 0.184 2.433 13.193
Control + 9,000 IU Dy 0.196 1.93 9.839 0.182 2.393 13.14
Control + 3,000 IU Dy 0.198 1.97 9.976 0.183 2.457 13.391
Control + 9,000 IU Dy 0.219 2.18 9.845 0.203 2.662 13.147
SEM? 0.006 0.07 0.133 0.006 0.083 0.17
P value? 0.109 0.20 0.698 0.103 0.12 0.614

'Control diet contains 3,000 IU/kg of vitamin Ds in the diet.
2SEM, standard error of the mean.
3 P values from Tukey’s test.

As both the analogs of vitamin D share similar path-
way, it could be possible that one form of vitamin D
helps another form of vitamin D in absorption of Ca
and P form intestine of birds. We hypothesize that there
may be an interaction pathway between vitamin D3 and
vitamin Dy which can enhance the absorption P in the
intestine of laying hens. Further research needs to be
considered to study the effect of vitamin Dy when it
is used in combination with other potentially effective
vitamins.

Bone Mineralization

Femurs and tibia separated from laying hens of each
treatment group were measured for BMD, BMC, and
bone area using DEXA. Inclusion of different levels and
forms of vitamin D did not affect BMD, BMC, and
bone area of femurs and tibia in mature laying hens
(Table 6). Supplementation of different isoform and in-
creasing concentration of vitamin D did not make any
difference in bone strength of laying hens at late stage
production. DEXA has been used as a tool to evalu-
ate BMD, BMC, and bone area in laying hens (Shah-
nazari et al., 2006). BMD and BMC measurements from
DEXA have been positively correlated with breakage
strength, bone ash, and bone concentration in laying
hens and broilers (Kim et al., 2006, 2011).

The result obtained in this study is in agreement with
the finding by Keshavarz (1996) where supplementa-
tion of different level of vitamin D in laying hens diet
with sufficient levels of Ca and P did not significantly
increased tibia ash. Similar to our finding, laying hens
fed up to 102,200 IU vitamin D /kg of diet for 40 wk did
not show significant difference in tibia ash determina-
tion (Persia et al., 2013). A study conducted to compare
the effect of vitamin D3 and 25-OHD (12,000 IU/kg of
diet) in broiler breeders concluded that 25-OHD was
more potent compared to vitamin D3 on bone ash of
progeny in broiler breeders (Atencio et al., 2005).

Laying hen need constant supply of Ca for daily egg
shell formation and bone maintenance. When inclusion
of Ca or vitamin D is low in diets fed to laying hens,

Ca is released from bones and deposited into the egg
shell. Laying hens control their calcium balance either
through absorption of dietary Ca in the intestine or
through bone resorption (Swia{ckiewicz et al. 2010). In-
clusion of adequate Ca and P in laying hen diets allows
constant supply of Ca and P to maintain Ca home-
ostasis in birds during egg production. Birds more than
55 wk old are called late-laying stage laying hens. As
birds get older, change in bone mineral content and
density in these birds are gradually decreased due to
higher bone resorption and lower bone formation of
the birds (Browning and Cowieson, 2015). It is impor-
tant to maximizing bone mineralization because it will
increase bone strength and decrease problems related
to leg weakness, morbidity, and mortalities (Kakhki
et al., 2019). During the laying period, formation of nor-
mal structural lamellar bone ceases and only medullary
bone is formed, which does not attribute to functional
strength (Fleming, 2008). Medullary bones offer min-
imal functional strength to the bones, and turnover
of compact bone is very slow as birds gets older. The
current study may not be long enough to detect any
difference in composition of bone at this age of lay-
ing hens, especially when adequate amounts of Ca, P,
and vitamin D3 have been used in the basal diet. Fur-
ther study can be considered to evaluate the skeletal
health of young laying hens fed low Ca and P diets
supplemented with different combination of vitamin D
isoforms in the future. This would give more in depth
understanding if BMD and BMC reduction while feed-
ing low Ca and P would be minimized and restored by
supplementation of different forms of vitamin D in the
diet.

In conclusion, feeding diets supplemented with vita-
min Dy in combination with vitamin D3 could result
in an increase in Ca and P utilization in laying hens
in late laying cycle. However, there is no difference be-
tween vitamin D3 and 25-OHD in Ca and P utilization
in laying hens at late laying stage. Ca and P utilization
can be improved by increasing the combined isoforms
of vitamin D in diets; however, they do not have ef-
fects on egg production, bone health, and egg quality
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parameters of laying hens when adequate amounts of
Ca, P, and vitamin D are used in the diet.

Adequate supplementation of Ca, P, and vitamin D in
the diet is sufficient to maintain bone health of laying
hen at a late laying cycle. There is no positive effect
of increasing dietary vitamin D or replacing different
isoform of vitamin D in laying hen for first 6 wk when
they are fed adequate Ca, P, and vitamin D in the diet.
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