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Vitamin D3 enhanced intestinal phosphate cotransporter genes in
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ABSTRACT The influence of dietary vitamin D3
(VD3) levels on growth, bone performance, and duodenal
type IIb sodium-dependent phosphate cotransporter
(NaPi-IIb) genes in broiler chickenwere studied.One-day-
old male Ross308 broilers (n5 432) were allocated into 6
treatment groups with each group consisting of 6 cage
pens. Each treatment group received diet containing
different amounts of VD3 (80, 200, 500, 1,250, 3,125, or
7,813 IU per kg of diet) from a day-old to 31 D of age.
Dietary available phosphorus and calcium were kept the
same across all treatments in each phase. At 14 D, influ-
ence of VD3 on BW gain was found in the birds that
received VD3 of 3,125 IU/kg and 200 IU/kg (P , 0.05).
Toe ash and tibia ash linearly increased (P, 0.05) at 14 D
with increase in dietary VD3. There was no significant
influence of dietary VD3 on tibia breaking strength. In
both phases, relative expression of duodenal NaPi-IIb
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linearly increased (P, 0.01) with increase in dietaryVD3.
At 14 D, highest expression of 3.2 folds was observed in
birds treated with VD3 at 7,813 IU/kg of feed. At 31 D,
birds that received VD3 levels of 3,125 and 7,813 IU/kg of
feed showed 2.9 folds higher in NaPi-IIb expression
compared with those fed lowest level of VD3 at 80 IU/kg
of feed. When dietary calcium and phosphorus were
maintained at the standard requirement, increase in
dietary VD3 did not improve growth performance. For
optimum growth and bone characteristics, dietary inclu-
sion of VD3 at 500 IU/kg was adequate for both starter
and grower broiler diets. Vitamin D3 enhanced the
expression ofNaPi-IIb at higher doses and thus improving
the tibia ash content in high VD3 treatment groups. This
study reported for the first time an increased in the
expression of duodenal NaPi-IIb in 31-day-old broilers in
response to high dietary VD3 levels.
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INTRODUCTION

Phosphorus (P) is one of the essential minerals for an-
imal growth and survival. Around 80% of the inorganic
P is used for the bone mineralization and the rest in
the formation of nucleic acids, nucleotides, phospho-
lipids, and phosphorylated proteins (Veum et al., 2010;
Proszkowiec-Weglarz and Angel, 2013). Plasma P
levels are mainly regulated by the metabolic pathway
that includes parathyroid hormone, Vitamin D3
(VD3), calcitonin, and the associated receptors in the
small intestine, bone, and kidneys (Veum, 2010).
Vitamin D3 is the active form of Vitamin D, which is
one of the fat-soluble secosteroids that is essentially
required for optimal absorption of dietary Ca and P
(Dusso et al., 2005). In animals, VD3 is either produced
in the skin by sunlight exposure or obtained from the
dietary supplementation (Holick et al., 1977; Dusso
et al., 2005). It is further metabolized into 25-
hydroxycholecalciferol (25(OH)D3) and subsequently
into 1,25-dihydroxycholecalciferol (1,25(OH)2D3) in
the liver and kidneys, respectively (Garcia et al., 2013).

Together with its metabolites, VD3 plays crucial role
in poultry by improving weight gain, feed intake, feed ef-
ficiency, egg production, egg shell quality, and reproduc-
tion (Kahn and Mukhtar, 2013). The chickens hatched
from breeders fed with higher VD3 diets and gained
higher BW and tibia ash compared with those fed with
lower VD3 (Atencio et al., 2005). It was reported that
high concentration of dietary VD3 improved BW gain,
feed intake, and feed efficiency when broilers were fed
with optimal or suboptimal levels of Ca and nonphytate
phosphorus (nPP) (Whitehead et al., 2004; Rao et al.,
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Table 1. Diet composition (%) and calculated nutrient values.

Items

Basal diets1

0 to 14 D 15 to 31 D

Ingredients (%)
Corn 57.03 65.26
Soybean meal 34.82 27.63
Crude palm oil 2.62 2.02
Mono calcium phosphate 1.37 0.96
Limestone 1.70 1.65
Salt 0.41 0.35
Sodium bicarbonate 0.10 0.10
DL-methionine 0.33 0.33
L-lysine 0.19 0.27
Choline chloride 0.10 0.10
Premixes2 0.34 0.32
Total 99.00 99.00

Calculated values (%)
ME (kcal/kg) 3,018 3,067
Crude protein 21.48 18.80
Crude fat 5.32 4.93
Crude fiber 2.49 2.38
Ca 1.00 0.90
Total phosphorus 0.72 0.61
nPP 0.45 0.35
Ca/nPP 2.22 2.57
Sodium 0.20 0.17
Chloride 0.30 0.27
Lysine 1.33 1.20
Methionine 0.63 0.61
Methionine 1 Cystine 0.97 0.91
Threonine 0.84 0.74
Tryptophan 0.27 0.23

Abbreviations: Ca, calcium; nPP, nonphytate phosphorus.
1Vitamin D3 was premixed with 1.00% of corn and added to basal diets.
2Per kg of diet: Copper, 8 mg; Iodine, 0.35 mg; Iron, 80 mg; Manganese,

60 mg; Selenium, 0.15 mg; Zinc, 40 mg; Vitamin A, 1,500 IU; Vitamin E, 10
IU; Vitamin K 0.50 mg; Vitamin B12, 0.01 mg; Riboflavin 3.6 mg; Choline,
1,000 mg; Thiamin, 1.8 mg; Biotin, 0.15 mg.
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2006; Rama Rao et al., 2009). Dietary VD3 of 1,400 to
2,000 IU/kg for broilers up to 14 D of age and 800 IU/
kg after 14 D was recommended (Whitehead et al.,
2004). The recommended level of VD3 was up to
10,000 IU/kg for prevention of tibial dyschondroplasia.
Rao et al. (2006) recommended 3,600 IU/kg of VD3
for growth performance and bone mineralization while
using suboptimal levels of Ca and nPP. Increasing
VD3 from 300 IU/kg to 1,200 IU/kg improved BW
gain, tibia ash %, and tibia strength in broilers at 17 D
and 35 D (Ramo Rao et al., 2019). Nevertheless, the min-
imum recommended dose of VD3 in broiler diet is 200
ICU/kg or 5 mg/kg (NRC, 1994). In a series of studies
that evaluated the efficiency of commercially available
VD3 sources, broiler requirements of VD3 ranged from
800 to 1,000 IU/kg of feed depending on the product
(Kasim and Edwards, 2000). In commercial practices,
VD3 is supplemented between 3,000 and 5,000 IU/kg
(Whitehead et al., 2004). For the birds fed with optimum
levels of Ca and P, VD3 was required in the range of
1,400 to 2,000 IU/kg up to 14 D for cortical bone quality
and up to 10,000 IU/kg of VD3 to eliminate tibial dys-
chondroplasia (Whitehead et al., 2004). Moreover,
VD3 requirements were reported in the range of 1,600
to 3,100 IU/kg to eliminate the rickets (Elliot and
Edwards, 1997; Ledwaba and Roberson, 2003).

Sodium-dependent phosphate cotransporters type IIb
(NaPi-IIb) are reported to be the responsible for 90% of
the Na-dependent intestinal transcellular P transport
(Tenenhouse, 2005; Sabbagh et al., 2009). Vitamin D3
and its derivatives are assumed as the major regulators
for intestinal NaPi-IIb-related P absorption (Kido
et al., 2013). An ex vivo study with chicken intestinal
tract revealed that the intestinal mucosal tissues trans-
ported P in vitamin D–dependent manner (Peterlik
and Wasserman, 1978). Previous studies proved that
NaPi-IIb was regulated essentially by dietary P and
1,25(OH)2D3 (Katai et al., 1999; Marks et al., 2010;
Chen et al., 2017; Shao et al., 2018). Segawa et al.
(2004) reported that 1,25(OH)2D3 regulated the Na-
dependent P transport system in the small intestine of
mice. For early embryonic development, NaPi-IIb is an
essential regulator gene (Ohi et al., 2011). Intestinal
NaPi-IIb protein and NaPi-IIb transport activities
were lower in NaPi-IIb heterozygous (1/2) mice
compared with NaPi-IIb homozygous (1/1) mice (Ohi
et al., 2011). Liao et al. (2017) reported the upregulation
of duodenal NaPi-IIb in ligated duodenal loops from
22 day-old-broilers fed with 1,25(OH)2D3 diets.

To date, limited reports are available on the effect of
dietary VD3 or its metabolites on expression of NaPi-
IIb in broilers (Han et al., 2009, 2012, 2018; Liao et al.,
2017; Shao et al., 2018). Data on effect of dietary VD3
on intestinal NaPi-IIb expression in broilers above
21 D of age are lacking. Because broilers are raised
above 21 D in commercial practice, it is of great
interest to study the intestinal active P transport in
growing broilers that would benefit in optimization of
P usage in diets. The aim of the current study was to
evaluate the influence of VD3 on growth performance,
bone characteristics, and intestinal NaPi-IIb expression
in both starter (14 D) and growing (31 D) broilers.
MATERIALS AND METHODS

This study was conducted in accordance with the
principles and guidelines stipulated in the Guide for
the Care and Use of Agricultural Animals in Research
and Teaching (NRC, 2010). The study design and
procedures involved were approved by the Institutional
Animal Care and Use Committee.
Animal and Diets

A total of 432 male Ross308 broilers with average BW
of 42 g were collected from Feed Research and Innova-
tion Center hatchery, Charoen Pokphand, Chonburi,
at the hatching day. Birds were equally placed into 36
cage pens with 12 birds per pen. Each 6 pens group
was randomly assigned to one dietary treatment,
totaling 6 treatments. One pen was considered as a repli-
cate. Mash feeds were prepared for starter phase
(0–14 D) and grower phase (15–31 D) (Table 1). Birds
were raised up to 31 D under standard housing and man-
agement conditions with ad libitum of feed and water as
previously described (Tay-Zar et al., 2019). Basal feed
was formulated to meet minimum nutrient requirements



Table 2. Polymerase chain reaction primer sequences and product sizes (Yan et al., 2007).

Name Sequence (5’ - 30) Product size (bps) Accession number

NaPi-IIb Forward CTGGATGCACTCCCTAGAGC 126 NM_204474.2
Reverse TTATCTTTGGCACCCTCCTG

b-actin Forward GAGAAATTGTGCGTGACATCA 152 NM_205518.1
Reverse CCTGAACCTCTCATTGCCA

Abbreviations: NaPi-IIb, sodium-dependent phosphate cotransporter type IIb; b-actin, beta actin.
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by National Research Council (NRC, 1994) except for
VD3. To the basal feed, VD3 was added at 6 different
levels (80, 200, 500, 1,250, 3,125, and 7,813 IU/kg of
diet), making a total of 6 dietary treatments. Microvit
D3 Promix 500 from Adisseo (Adisseo, Antony, France)
was used as the source of VD3. Levels of nPP and Ca in
all treatments were maintained at 1.00 and 0.45% for
starter phase and 0.90 and 0.35% for grower phase,
respectively. Prepared diets were sent to the CP Bangna
Central Laboratory (Charoen Pokphand Group,
Bangkok, Thailand) to analyze the nutrient values.

Growth Performance

Feed intake was observed weekly. At 14 D and 31 D of
age, live BW was checked, and feed conversion ratio
(FCR) was calculated for each phase.

Bone Characteristics

At 14 D of age, 4 to 5 birds from each pen were eutha-
nized for bone sample collection. Tibia and middle toes
were collected from both sides of the birds. The rest of
the birds were kept until 31 D and euthanized for collec-
tion of tibia and middle toes. Tibias were deflashed, and
patella were separated from tibia bones. Bone samples
were stored at 25�C for 24 h followed by ovendrying at
105�C for 24 h. To determine the ash content of the
bones, left tibia and toes were subjected to 600�C for
6 h inside the muffle furnace. For bone breaking
strength, right tibia bones were tested on Instron Mate-
rials tester (Instron 5,965; Instron Corp., Canton, MA)
with automated materials test system software, version
8.0 (Shim et al., 2012). Bone breaking strength was
determined as described earlier (Tay-Zar et al., 2019).
Computerized software (Instron Corp.) was used to
calculate the tibia breaking strength from the load-
deformation curve.

Tissue Samples

At 14 D and 31 D, one bird from each pen which rep-
resented the average BW of the treatment was selected.
Duodenum was separated and flashed with sterile cold
normal saline. Using clean sterile scalpel blades,
duodenal mucosa was scrapped at the middle portion
of the duodenum and immediately preserved in cryovials
filled with RNAlater (Sigma-Aldrich, St. Louis, MO).
Cryovials with samples were incubated overnight at
4�C and subsequently kept at 280�C for RNA
extraction.
Real-Time PCR

Total RNAs from samples were extracted with
RNeasy mini kit (Qiagen, Germantown, MD) followed
by quality check using Nanodrop (ThermoFisher, Wal-
tham, MA) and QIAxcel capillary gel electrophoresis
(Qiagen). One micro gram of RNA was used to construct
complementary DNA using Omniscript reverse tran-
scription kit (Qiagen). Beta-actin genes were used as
endogenous control to calculate relative quantitation.
Nucleotide sequences of b-actin and NaPi-IIb primers
(Yan et al., 2007) are listed in Table 2. The real-time
PCR assay was performed as described previously by
Tay-Zar et al., 2019. Briefly, QuantiFast SYBR Green
PCR Kit (Qiagen) was used with following cycling con-
ditions: 95�C for 5 min; 95�C for 30 s; 40 cycles of 95�C
for 30 s, 60�C for 30 s, 72�C for 30 s; 72�C for 5 min.
The assay was performed on Roche Lightcycler96
(Roche, Basel, Switzerland). Relative expression of
NaPi-IIb was evaluated by delta CT (22DDCT) method
using b-actin as internal control genes (Pfaffl, 2001).
Statistical Analysis

Each cage pen was analyzed as a replicate. Data were
analyzed by one-way ANOVA using General Linear
Model (GLM) procedure followed by Tukey’s Honestly
Significant Difference (HSD) test in SAS 9.0 (SAS
Inst. Inc., Cary, NC). A value of P, 0.05 was considered
statistically significant. Parameters with significant P-
value by dietary VD3 levels were further analyzed by
orthogonal polynomial contrasts to determine linear
and quadratic trends. A value of less than P , 0.05
was considered significant.
RESULTS

Growth Performance

Table 3 summarizes the growth performance of the
birds. At 14 D, the effect of dietary VD3 levels on BW
gain was mathematically significant (P , 0.05) between
the groups that received VD3 200 IU/kg of feed and
3,125 IU/kg of feed. Nevertheless, there was no linear
trend in response to VD3. Feed intake, FCR, and mor-
tality were not affected by dietary VD3 levels. Highest
weight gain was observed in birds fed with VD3 at
3,125 IU/kg of feed. At 31 D, feed intake was influenced
(P , 0.05) by dietary VD3 levels. There was no signifi-
cant difference on BW gain, feed intake, FCR, and
mortality among the groups treated with dietary VD3



Table 3. Growth performance of broilers from 0 to 31 D of age.

Items

Vitamin D3 (IU/kg)

SEM

P-value

80 200 500 1,250 3,125 7,813 VD3 Linear Quadratic

At 14 D
BW gain (g) 430a,b 419b 443a,b 445a,b 457a 442a,b 3.51 0.039 0.215 0.007
Feed intake (g) 482 468 488 496 501 490 3.36 0.083 0.253 0.022
FCR 1.122 1.118 1.101 1.116 1.096 1.111 0.00 0.417 0.570 0.166
Mortality (%) 0.00 1.67 0.00 1.39 1.67 2.78 0.51 0.600 0.336 0.720

15 to 31 D
BW gain (g) 1,160 1,128 1,176 1,184 1,216 1,181 13.28 0.346 0.321 0.065
Feed intake (g) 1,84a,b 1,761b 1,908a,b 1,900a,b 1,947a 1,897a,b 17.38 0.043 0.195 0.032
FCR 1.158 1.142 1.177 1.166 1.162 1.169 0.00 0.078 0.384 0.689
Mortality (%) 0.00 0.00 0.00 0.00 1.67 0.00 0.49 0.337 0.742 0.410

0 to 31 D
BW gain (g) 1,591 1,543 1,620 1,629 1,676 1,624 10.58 0.129 0.239 0.025
Feed intake (g) 2,315a,b 2,224b 2,395a,b 2,391a,b 2,434a 2,383a,b 20.99 0.026 0.176 0.028
FCR 1.455 1.442 1.479 1.468 1.453 1.468 0.01 0.128 0.538 0.916
Mortality (%) 1.39 1.67 0.00 1.39 3.33 2.78 0.68 0.812 0.416 0.539

a-bWithin comparisons, means in a row with no common superscript differs significantly (P , 0.05).
Abbreviation: FCR, feed conversion ratio.
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80, 500, 1,250, 3,125, and 7,813 IU/kg of diet. Overall
(0–31 D), there was no significant improvement for
BW gain, FCR, and mortality, when diets were supplied
with different VD3 levels. There was no correlation be-
tween mortality rates and dietary VD3 levels in both
phases.

Bone Characteristics

Influence of dietary VD3 levels on tibia and toe ash,
and tibia breaking strength are summarized in Table 4.
At day 14, dietary VD3 levels affected on toe ash content
(P, 0.001) and tibia ash content (P, 0.05). Both tibia
and toe ash content did not respond to changes in dietary
VD3 levels above 500 IU/kg. For tibia ash, only the group
of birds treated with VD3 of 200 IU/kg of feed was signif-
icantly affected. Toe ash responded both in linear and
quadratic (P , 0.001) trend to dietary VD3 inclusions,
whereas tibia ash responded linearly (P , 0.05). At
31 D of age, only tibia ash content was influenced by di-
etaryVD3 levels (P, 0.001). Above 500 IU/kg of dietary
VD3, tibia ash did not respond to increase in dietaryVD3
contents. Linear trend was observed in tibia ash in
response to dietary VD3 levels (P , 0.001).

Expression of NaPi-IIb

Figures 1 and 2 illustrate the relative expression of
NaPi-IIb with reference to b-actin at 14 D and 31 D,
Table 4. Toe ash, tibia ash, and tibia breaking strength at 14 D a

Items

Vitamin D3 (IU/kg

80 200 500 1,250

At 14 D
Toe ash (%) 10.98b 10.85b 12.02a 12.39a

Tibia ash (%) 39.91a,b 39.72b 41.36a,b 41.89a,

Tibia strength (kgf/mm)1 8.54 8.67 8.73 8.91
At 31 D

Toe ash (%) 11.94 12.21 11.94 12.00
Tibia ash (%) 40.86c 41.41b 42.99a,b,c 42.97a,

Tibia strength (kgf/mm) 19.32 19.73 19.92 20.18

a-cWithin comparisons, means in a row with no common superscript d
1Kilogram force per millimeter.
respectively. In both phases, the group treatedwith lowest
level of dietary VD3 (80 IU/kg) was assumed as calibrator
and compared with other groups within the same period.
At 14 D, relative expressions of NaPi-IIb were not signifi-
cant for the groups treated with VD3 from 80 to 3,125 IU/
kg. The highest VD3 group showed 3.2 folds increase in
relative NaPi-IIb expression. There was linear response
for NaPi-IIb expression (P , 0.001). At 31 D, highest
NaPi-IIb expression of 2.8 folds increment was observed
in birds fed with VD3 at 3,125 and 7,813 IU/kg. The
rest of the groups were not influenced by VD3. There
were both linear (P, 0.001) and quadratic (P, 0.05) re-
sponses of NaPi-IIb expression to dietary VD3 inclusions.
DISCUSSION

Owing to the very limited synthesis of endogenous
VD3 in commercial broilers, it is a regular practice to
add VD3 in diet formulations. Vitamin D3 requirement
for broilers is 200 IU/kg of feed as prescribed in NRC
(1994). However, some of the studies claimed that the
modern-day broilers need higher dose than NRC recom-
mendation (Kasim and Edwards, 2000; Ledwaba and
Roberson, 2003; Whitehead et al., 2004). Exposure of
birds to UV light could eliminate the requirement of
dietary VD3 as birds could synthesize VD3 in the
body. In the present study, birds were raised under UV
light–free environment. Lowest dietary VD3 inclusion
nd 31 D of age.

)

SEM

P-value

3,125 7,813 VD3 Linear Quadratic

12.05a 12.04a 0.12 ,0.001 0.032 0.001
b 42.26a,b 42.94a 0.34 0.020 0.004 0.092

9.35 9.85 0.18 0.236 0.009 0.561

11.97 12.01 0.07 0.890 0.92 0.767
b,c 43.74a,b 44.83a 0.34 0.001 ,0.001 0.099

20.69 21.26 0.27 0.321 0.021 0.441

iffers significantly (P , 0.05).



Figure 1. Relative quantitation of type IIb sodium-dependent phos-
phate cotransporter (NaPi-IIb) in broilers at 14 D of age in response to
different levels of dietary vitamin D3 (VD3). Mean fold changes in rela-
tive expression of NaPi-IIb compared with b-actin were calculated rela-
tive to the respective values at the VD3 level of 80 IU/kg of diet (n5 6).
Within comparisons, means values of each bar with no common alphabet
differs significantly (P , 0.05).
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was 80 IU/kg of feed and increased 2.5 times for each
treatment up to 7,813 IU/kg of feed. All diets were
formulated to contain 1.00% of Ca and 0.45% of nPP
for the starter phase and 0.90% of Ca and 0.35% of
nPP for grower phase which met or exceeded the require-
ments for normal physiologic functions of the birds. A
recent study on vitamin D requirements for modern
broiler breeds suggested that increasing dietary VD3 in-
clusion from 1,000 to 7,000 IU/kg of feed did not improve
the growth performance in 2 modern broiler breeds
(Sakkas et al., 2018). Similarly, in this study, there was
no significant influence of VD3 on the growth perfor-
mance when birds were fed with diets containing VD3
at 500 IU/kg and above. There was no improvement in
weight gain at 21 D when fed with the supplementation
of VD3 in the range of 100 to 3,200 IU/kg of feed, and
feed efficiency was dropped in those broilers compared
Figure 2. Relative quantitation of type IIb sodium-dependent phos-
phate cotransporter (NaPi-IIb) in broilers at 31 days of age in response
to different levels of dietary vitamin D3 (VD3). Mean fold changes in
relative expression of NaPi-IIb compared with b-actin were calculated
relative to the respective values at the VD3 level of 80 IU/kg of diet
(n5 6). Within comparisons, means values of each bar with no common
alphabet differs significantly (P , 0.01).
with the birds treated with VD3 in the range of 0 to 50
IU/kg of feed (Leyva-Jimenez et al., 2019). Some studies
revealed that the growth performance traits were not
very sensitive in response to dietary VD3 levels
(Waldroup et al., 1963; Edwards et al., 1994; Angel
et al., 2005). Fritts and Waldroup (2003) reported that
the broilers treated with different levels of VD3 ranging
from 125 to 4,000 IU/kg of feed with adequate Ca and
nPP in diets up to 42 D showed no influence of VD3
on feed intake, FCR, and mortality in all treatments.
In the same study, weight gain was improved
(P, 0.05) at 42 D in birds treated with VD3 at the level
of 1,000 IU/kg of feed and above. The broilers (16 D old)
treated with different diets including VD3 from 0 to
1,000 IU/kg of feed did not show any significant differ-
ence in BW gain and FCR (Kasim and Edwards, 2000).

In the current study, fat was not extracted from the
tibias. It has been suggested that bone ash results were
reliable and comparable regardless of fat extraction
(Yan et al., 2005; Garcia and Dale, 2006). One of the
strong influences of VD3 on broilers was seen in bone
parameters. Significant impacts of dietary VD3 on
growth, tibia ash, and tibia strength were seen in
21 day-old-broilers treated with diets composed of VD3
at 0 to 3,200 IU/kg of feed (Leyva-Jimenez et al.,
2019). In the present study, there was no influence of
VD3 on tibia strength at both 14 D and 31 D. Toe ash
(%) was significantly (P , 0.05) improved with
increased VD3 at 14 D. No further improvement of
VD3 on toe ash was seen at 31 D. Tibia ash linearly
improved with increase in VD3 for both 14-day-old
and 31-day-old birds (P , 0.001). Supporting results
were found in another study where tibia ash content
improved on both 21 D and 42 D with increase in dietary
VD3 from 125 to 4,000 IU/kg of feed (Fritts and
Waldroup, 2003). When broilers were fed with 0 and
3,500 IU/kg of VD3, there was no significant impact
on growth performance; nevertheless, tibia ash was
improved in both nPP-deficient groups and control
groups (Shao et al., 2018). It was found that one-
alpha-hydroxycholecalciferol (1a-OHD3), an analog of
VD3 improved growth performance, bone quality, and
meat color in 42-day-old broilers feed Ca- and P-defi-
cient diets (Han et al., 2012).

In the present study, duodenalmucosa was collected to
determine NaPi-IIb expression. Among the small intesti-
nal segments, the highest expressionNaPi-IIbwas seen in
duodenum (Yan et al., 2007; Han et al., 2012, 2018; Shao
et al., 2018). The dietary nPP levels influenced on
duodenal NaPi-IIb expression in both 14-day-broilers
and 31-day-broilers, when VD3 and Ca in diets were at
adequate amount (Tay-Zar et al., 2019). Vitamin D3
significantly affected the P absorption in all segments
of poultry small intestine, whereas VD3 affected basolat-
eral P transport in duodenum (Wasserman and Taylor,
1973). Effects of VD3 on intestinal P transport were
most efficiently observed in duodenum than in jejunum
and ileum (Peterlik and Wasserman, 1978). Previous
research studies reported the use of different vitamin D
metabolites (1a-OHD3, 25(OH)D3, 1,25(OH)2D3 and
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VD3) as a source of vitamin D and studied their influence
on broiler NaPi-IIb expression (Han et al., 2012, 2018;
Liao et al., 2017 Han et al 2018; Shao et al., 2018). It
should be noted that different metabolites of vitamin D
influenced differently on animal growth and bone charac-
teristics. In the body, 25(OH)D3 is 20% more efficiently
absorbed than VD3, and 1a-OHD3 and 1,25(OH)2D3
do not require renal metabolism (Applegate et al.,
2003; Garcia et al., 2013). Influence of VD3 and its
metabolites on intestinal NaPi-IIb expression is
difficult to predict. In 21-day-old broilers, Shao et al.
(2018) revealed the significant impact of VD3 levels
(P , 0.001) on intestinal NaPi-IIb expression in ileum.
Nevertheless, the highest expression was seen in duo-
denum among small intestine segments. In the present
study, VD3 linearly increased (P , 0.001) the relative
expression of intestinal NaPi-IIb in both 14-day-broilers
and 31-day-broilers. In rats, 1,25(OH)2D3 upregulated
NaPi-IIb expression in suckling age but not in adults sug-
gesting age-dependent response on P metabolism (Xu
et al., 2002). Expression ofNaPi-IIbwas influenced by di-
etary VD3, and higher expression was observed in the
birds fed with nPP diets (Shao et al., 2018). In broiler,
highest expression of intestinal NaPi-IIb expression in
response to dietary 25(OH)D3 were reported at 21 D of
age followed by 35 D and 28 D (Han et al., 2018). Dietary
supplementation of 25(OH)D3 in 14-day-old broilers,
upregulated duodenal NaPi-IIb expression to 1.86 folds
higher (P, 0.05) than those without 25(OH)D3 in diets,
while Ca and nPP were kept the same at standard
requirement for both diets (Han et al., 2018). This
finding supports the current study that VD3 and its me-
tabolites enhanced the expression of intestinal NaPi-IIb
expression. However, in the current study, VD3 signifi-
cantly influenced the intestinal NaPi-IIb expression
only at very high doses; 7,813 IU/kg of feed for 14 D
and above 1,250 IU/kg of feed for 31 D.

In conclusion, there was no significant influence of
VD3 on growth performance of both starter (14 D)
and grower (31 D) broilers when supplemented with
adequate dietary Ca and nPP. Optimum growth perfor-
mance was achieved at 500 IU/kg of feed and above for
both phases. Tibia ash % linearly increased with increase
in dietary VD3 levels; nevertheless, no significant impact
was seen above 500 IU/kg of feed. Similarly, VD3 line-
arly increase the intestinal NaPi-IIb expression in both
growth phases.
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