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ABSTRACT
We hypothesized that both performance and bone mineralization would show improvements when
cholecalciferol supplementation was increased above the recommended NRC (1994) [Nutrient
requirements of poultry, 9th rev. ed. Washington, DC: National Academy Press] level. In this study, male
Ross 308 chickens (n = 540) were supplemented with diets containing either a low level of 200 IU/kg
or a higher dose of 5,000 IU/kg of cholecalciferol (VD). The results showed that during the starter
phase, weight gain was significantly higher in VD5000 and the control compared to VD0, with
significantly lower feed intake in VD0. Consequently, FCR was significantly better in VD200 and
VD5000 compared to VD0. In the finisher phase, weight gain, feed intake, and FCR were significantly
higher in VD200 and VD5000 compared to VD0. Tibia ash, Ca, and P were significantly higher in
VD5000 compared to VD200. Carcass weight was significantly higher in VD200 and VD5000 compared
to VD0. Total tract N retention and GE were significantly higher in VD5000 compared to VD0. The
study concludes that cholecalciferol supplementation at 5000 IU/kg enhances growth performance,
tibia mineralization, and nutrient digestibility in broilers fed with 30% reduced Ca and P in their diets.
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Introduction

Genetic selection in broiler chickens has brought about notable
enhancements, including accelerated growth rates and
improved feed conversion ratios. This process has also redir-
ected attention from leg muscle yield to an emphasis on
breast muscle, thereby altering the bird’s center of gravity to
a more forward position (Sakkas et al. 2019). In the realm of
calcium metabolism in birds, vitamin D plays a pivotal role.
For animals raised without access to natural light, vitamin sup-
plementation becomes necessary to meet their vitamin D
needs (Khan et al. 2023). The function of vitamin D is well-
recognized – it enhances the absorption and utilization of
dietary calcium and phosphorus (Tizziani et al. 2019). The
current recommended level of vitamin D3 supplementation
as per the National Research Council (NRC) guidelines from
1994 is 200 IU/kg. However, it’s important to note that this
value is primarily intended to prevent vitamin deficiency and
is significantly lower than the levels typically employed to
enhance production (Vazquez et al. 2018).

Calcium (Ca) stands as a fundamental nutrient for avian
organisms, actively engaging in a multitude of biochemical
functions and contributing significantly to bone formation.
The absence or insufficiency of this mineral can yield

detrimental consequences. As a result, it becomes imperative
to effectively fulfill the nutritional prerequisites at the various
stages of avian development. Furthermore, calcium’s metabolic
processes are intricately interlinked with those of phosphorus
(Mello et al. 2012). This connection underscores the need for
cautious consideration when formulating well-balanced diets
encompassing these minerals. Such precision is vital for attain-
ing optimal dietary utilization, as imbalances can have adverse
repercussions on both performance and bone quality (Rao et al.
2006). Birds exhibit a notable efficiency in utilizing calcium
even when subjected to sub-optimal levels (Khan et al. 2023).
This underscores the adaptability and effectiveness of avian
physiological systems in capitalizing on available nutrients (Li
et al. 2012).

Sequential feeding involves short-term providing broiler
chickens with different diets containing varying nutrient
levels in consecutive cycles (Baradaran et al. 2021). Such
feeding modifies the gait score of broiler chickens, with the
aim of enhancing their welfare and restoring reduced Ca and
P in the diet (Bizeray et al. 2002; Leterrier et al. 2008; Baradaran
et al. 2021). These feeding strategies potentially provide a
deeper insight into nutritional method to enhance nutrient util-
ization. Following an extensive review of the literature, it has
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become evident that there is a significant gap in research per-
taining to the influence of low- and then adequate-phosphorus
diets, on growth performance and nutrient digestibility, utiliz-
ing synthetic sources of vitamin D3. Consequently, the
primary objective of the present study is to assess growth per-
formance, nutrient digestibility, as well as tibia Ca and P con-
tents in broilers supplemented with vitamin D3 under NRC
(1994) recommendation or 25 times (5000 IU/kg) higher dose.

Materials and methods

Diets and experimental treatments

The baseline diet was formulated using corn and soybean meal,
and it was designed to fulfill the minimum nutritional require-
ments for the birds, including sufficient levels of P and Ca. This
formulation covered both the starter phase (days 1–21) and the
finisher phase (days 22–35) of the birds’ growth. In contrast,
two negative control diets in terms of Ca and P were prepared,
each with incremental reductions of 30%. The study encom-
passed four experimental diets: Control (basal diet, normal
1.00% Ca, and 0.45% P); Diet-1 (0.70% Ca + 0.30% P); Diet-2
(0.70% Ca + 0.30% P + 200 IU/kg cholecalciferol) and Diet-3
(0.70% Ca + 0.30% P + 5000 IU/kg cholecalciferol). The source
of vitamin D3 was incorporated into the diet along with the
minerals-vitamins premix. The composition and calculated
nutritional analysis of the starter and finisher diets are detailed
in Table 1.

Performance traits

Throughout the entire duration of the study, the feed supply
and consumption were meticulously quantified. At the end of
the trial period, the weight growth of the broilers was noted

weekly for each group. The values of feed intake and weight
gain were employed to calculate the feed conversion ratio
(FCR). At day 35 of the experimental trial, two birds from
each replicate were selected, weighed, and then slaughtered.
The slaughtering process involved bleeding and subsequent
feather plucking. The weight of the dressed carcass was then
compared relative to the live body weight of the birds.

Total tract digestibility assay

On the 35th day of the experiment, total tract nitrogen (N)
retention was evaluated using acid insoluble ash as a digestibil-
ity marker. On the 33rd day of the experiment (five birds per
replicate), using acid insoluble marker was blended into the
experimental diets and administered to the birds, which were
individually housed in metallic cages until the conclusion of
the trial. When the experiment reached its 35th day, fecal
samples were cleanly collected twice daily and preserved in
plastic bags at a temperature of −20°C. Subsequently,
samples were milled on 0.5 mm sieve and were used in the Kjel-
dahl technique to calculate total tract N retention and then
multiplied by a conversion factor of 6.25. Furthermore, bomb
calorimeter was used to determine the gross energy (GE) fol-
lowing the method outlined by Sandberg et al. (1993).

Tibia measurements

On day 35 of the experiment, the right tibia of two birds from
each pen were euthanized. The tibia were removed from the
surrounding tissues and dried at a temperature of 100°C over-
night. Following this, fat was removed from the tibia in Soxhlet
apparatus using 100% ethyl ether. This process followed
modified procedures in accordance with the guidelines pro-
vided by Watson et al. (2006). The tibia samples were then
transported to a laboratory for the measurement of Ca, P and
total ash contents.

Statistical analysis

The collected data underwent one-way analysis of variance
(ANOVA) using the general linear model (GLM) procedure
within the SAS statistical analysis system (SAS 2002). Tukey’s
test was utilized to differentiate between the means. Statistical
significance was established with a p-value below 0.05.

Results

The findings of weight gain, feed intake and FCR at the end of
starter phase of broilers fed deficient Ca and P diets are given in
Table 2. The results showed that weight gain was significantly
(P < 0.01) higher in VD5000 and the control compared to VD0,
however, feed intake was significantly (P < 0.01) lower in VD0.
Resultantly, FCR was significantly (P < 0.01) better in VD200
and VD5000 compared to VD0.

The effects of different levels of cholecalciferol on growth
performance of broilers at the end of finisher phase fed
deficient Ca and P diets are given in Table 3. The results

Table 1. Basal and Ca: P deficient diets composition.

Ingredient Control

Low density (Ca:P = 0.70%:0.30%)

VD0 VD200 VD5000

Corn (Grain) 55.84 58.055 58.055 58.055
Corn GM-30% 3.00 3.500 3.500 3.500
Soybean Meal −44% 16.00 11.000 11.000 11.000
Canola 8.00 8.000 8.000 8.000
Corn gluten-60% (Meal) 3.00 3.744 3.744 3.744
Oil 2.07 2.000 2.000 2.000
Poultry By-Product 3.00 3.000 3.000 3.000
Sunflower 5.00 6.000 6.000 6.000
Bone 1.00 0.126 0.126 0.126
Limestone 1.018 0.879 0.879 0.879
DCP 0.653 0.500 0.500 0.500
Salt 0.418 2.475 2.475 2.475
DL-Methionine 0.137 0.157 0.157 0.157
L-Lysine HCL 0.695 0.372 0.372 0.372
Threonine 0.050 0.073 0.073 0.073
Vit:Min Premix 0.120 0.120 0.120 0.120
Total 100 100 100 100
Calculated composition
CP % 19.00 19.00 19.00 19.00
ME/ kcal/g 2.95 2.95 2.95 2.95
Calcium % 1.0 0.70 0.70 0.70
Available P, % 0.45 0.30 0.30 0.30
Threonine, % 0.82 0.80 0.80 0.80
Lysine, % 1.15 1.15 1.15 1.15
Methionine + Cystine, % 0.52 0.90 0.90 0.90
Methionine, % 0.90 0.54 0.54 0.54
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showed that weight gain, feed intake and FCR were signifi-
cantly (P < 0.05) higher in VD200 and VD5000 compared to VD0.

The effects of different levels of cholecalciferol on tibia ash,
tibia Ca and P of broilers fed deficient Ca and P diets are given
in Table 4.

The results showed that tibia ash, Ca and P were signifi-
cantly (P < 0.05) higher in VD5000 compared to VD200.

The effects of different levels of cholecalciferol on carcass
weight, Total tract N retention, and Gross Energy of broilers
fed deficient Ca and P diets are given in Table 5. The results
showed that carcass weight was significantly (P < 0.01) higher
in VD200 and VD5000 compared to VD0. On the other hand,
total tract N retention and GE were significantly (P < 0.01)
higher in VD5000 compared to VD0.

Discussion

In the current study, it was evident that supplementation of
cholecalciferol at NRC (1994) recommended dose was not
very effective, however, when the vitamin D3 dose was
increased by 25 times (5000IU/kg), the growth performance,
mineralization of tibia and nutrients digestibility were
enhanced. These findings align with previous research indicat-
ing that administering vitamin D3 at doses higher than the rec-
ommended level in the NRC (1994) guidelines can be beneficial
in enhancing the growth performance of broilers. The study
conducted by Fritts and Waldroup in 2005 discovered that broi-
lers that were fed a diet containing 4,000 IU/kg of cholecalci-
ferol exhibited enhanced body weight gain (BWG) in
comparison to those that were fed 1,000 IU/kg. In a 2013
study by Sun et al., increasing dietary cholecalciferol levels to
2,000 or 4,000 IU/kg improved walking ability, bone quality,
and reduced footpad/hock dermatitis severity in broilers. Like-
wise, Gómez-Verduzco et al. found that chickens fed diets with
2,000 IU/kg cholecalciferol showed better growth and immune
response than those following NRC (1994) recommendations.
Given the continuous genetic improvement of broiler chickens
and the ongoing development of more efficient exogenous
phosphatases, it is essential to re-evaluate the non-phytate
phosphorus (NPP) requirements of broiler chickens (Salisbury
et al. 2021). The imbalance of Ca and P in broiler rations had
an impact on weight gain and feed efficiency during both
the starter and finisher phases. Nevertheless, growth perform-
ance was restored when cholecalciferol was supplemented at
either of the two doses during the finisher phase. In the
starter phase, enhanced weight gain and feed intake were
noticed in response to VD5000 and VD200 was not much
effective at this stage. Previous research has demonstrated
that imbalanced Ca and P ratios had a detrimental effect on
the body weight gain and feed intake of broilers (Li et al.
2012; Han et al. 2016). A high dietary Ca to non-phytate phos-
phorus (NPP) ratio had a negative impact on phosphorus utiliz-
ation due to the formation of Ca-P complexes in the
gastrointestinal tract, which were not accessible for the birds.
Based on the results obtained in this study, it is evident that
restoring Ca and P levels through dietary vitamin D3 sup-
plementation has a significant impact. The expected effect is
due to phosphorus playing a crucial role in protein/amino
acid synthesis and energy metabolism (Proszkowiec-Weglarz
and Angel 2013)., as well as in adjusting appetite and metab-
olism (Fallah et al. 2020).

In the current study, tibia ash, Ca an P were significantly
higher in birds supplemented with either 5 or 10 µg/kg of
diets. The dietary calcium (Ca) to phosphorus (P) ratio plays a

Table 3. Overall Weight gain, Feed intake and FCR of broilers fed on vitamin D3
supplemented diets in broilers at day 35.

1Diets
Weight Gain Feed Intake

FCRg

Control 1740.6a 2785.1a 1.60b

VD0 1370.1b 2675.0b 1.95a

VD200 1736.9a 2774.3a 1.59b

VD5000 1750.7a 2768.8a 1.57b

SEM 12.34 65.78 0.12
P value <0.01 0.002 <0.01

Means in the same column with different superscript differ (P < 0.05).
Diets contained different levels of Ca and P wherein the Control = Ca 1.00% and P
0.45%; VD0 = Ca 0.70% and P 0.30% + 0IU/kg vitD3; D200 = Ca 0.70% and P
0.30% + 200IU/kg vitD3; VD5000 = Ca 0.70% and P 0.30% + 5000 IU/kg vitD3.

Table 2. Weight gain, Feed intake and FCR of broilers fed on vitamin D3
supplemented diets at day 21.

Diets
Weight Gain Feed Intake

FCRg

Control 743.38a 1115.5a 1.50b

VD0 575.38c 1029.0c 1.79a

VD200 681.15b 1071.4b 1.58b

VD5000 715.50a 1087.9b 1.52b

SEM 3.45 12.37 0.01
P value 0.0001 0.0001 0.0009

Means in the same column with different superscript differ (P < 0.05).
Diets contained different levels of Ca and P wherein the Control = Ca 1.00% and P
0.45%; VD0 = Ca 0.70% and P 0.30% + 0IU/kg vitD3; D200 = Ca 0.70% and P
0.30% + 200IU/kg vitD3; VD5000 = Ca 0.70% and -P 0.30% + 5000 IU/kg vitD3.

Table 4. Tibia Ash, tibia Ca and tibia P contents of broilers fed vitamin D3
supplemented diets in broilers.

Diets
Tibia Ash Tibia Ca

Tibia P%

Control 39.789ab 30.263a 14.245a

VD0 34.704b 27.709b 12.612b

VD200 42.448ab 28.793b 13.878b

VD5000 44.971a 30.367a 15.414a

SEM 1.22 1.43 0.91
P value 0.0121 0.0269 0.0098

Means in the same column with different superscript differ (P < 0.05).
Diets contained different levels of Ca and P wherein the Control = Ca 1.00% and P
0.45%; VD0 = Ca 0.70% and P 0.30% + 0IU/kg vitD3; D200 = Ca 0.70% and P
0.30% + 200IU/kg vitD3; VD5000 = Ca 0.70% and P 0.30% + 5000 IU/kg vitD3.

Table 5. Hot carcass weight, Illeal CP digestibility and AME contents of broilers
fed vitamin D3 supplemented diets in broilers.

1Diets
Carcass Weight Total tract N retention Gross Energy

G % kcal/kg

Control 1294.2b 70.424b 2902.5b

VD0 1022.1c 66.606c 2848.8c

VD200 1318.1a 72.117a 2853.1b

VD5000 1334.5a 71.610ab 2989.9a

SEM 8.64 2.34 17.86
P-value <0.01 <0.01 0.0002

Means in the same column with different superscript differ (P < 0.05).
Diets contained different levels of Ca and P wherein the Control = Ca 1.00% and P
0.45%; VD0 = Ca 0.70% and P 0.30% + 0IU/kg vitD3; D200 = Ca 0.70% and P
0.30% + 200IU/kg vitD3; VD5000 = Ca 0.70% and P 0.30% + 5000 IU/kg vitD3.
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significant role in regulating bone mineralization and turnover
in mice. This regulation occurs by influencing the transport of
calcium and phosphorus in the intestines, as demonstrated in
a study by Masuyama et al. (2003). Bone mineralization is of
utmost importance as it directly correlates with bone strength.
Maximizing bone mineralization serves to reduce mortality,
morbidity, and the occurrence of leg weakness. The sup-
plementation of cholecalciferol or its metabolites has consist-
ently shown improvements in bone ash and the deposition
of calcium (Ca) and phosphorus (P) (Sun et al. 2013; Vazquez
et al. 2018; Kermani et al. 2023).

No study has been published on nutrients digestibility in
broilers fed with deficient Ca and P diets and supplemented
with cholecalciferol. The increased nutrients digestibility is
directly related to the higher level of Ca (Abdollahi et al.
2016). From the results of the present study, it seems that
vitamin D3 helps to absorbs Ca and P. further, the nutrients
digestibility is linked with higher level of Ca and P which is
evident from their deposition on tibia in the group fed with
higher level of vitamin D3. Past research has indicated that
the consumption of diets lacking essential nutrients adversely
affects the efficient utilization of these nutrients (Dilger et al.
2004). Notably, P deficiency has been recognized for its nega-
tive influence on energy utilization and the processing of
other nutrients. This is due to the fact that P is involved in
numerous biological reactions that underpin energy pro-
duction and related processes. However, further research is
needed to understand the impact of vitamin D3 on the nutri-
ents digestibility in broilers under deficient levels of Ca and P.

Conclusion

From the results of the present findings we concluded that sup-
plementation of cholecalciferol at 5000 IU/kg resulted in
enhanced growth performance, mineralization of tibia and
nutrients digestibility in broilers fed with 30% reduced Ca
and P in their diets.

Acknowledgements

We extend our appreciation to the Researchers Supporting Project (No.
RSP2024R218), King Saud University, Riyadh, Saudi Arabia

Disclosure statement

No potential conflict of interest was reported by the author(s).

Ethical statement

The experiments were conducted according to The University of Agricul-
ture, Animal Ethics Committee guidelines (Protocol Number, PS-123
dated, 3/4/2021).

References

Abdollahi MR, Duangnumsawang Y, Kwakkel RP, Steenfeldt S, Bootwalla
SM, Ravindran V. 2016. Investigation of the interaction between separate
calcium feeding and phytase supplementation on growth performance,
calcium intake, nutrient digestibility and energy utilisation in broiler

starters. Anim Feed Sci Technol. 219:48–58. doi:10.1016/j.anifeedsci.
2016.05.017.

Baradaran N, Shahir MH, Taheri HR, Bedford MR. 2021. Effect of sequential
feeding of phosphorus-deficient diets and high-dose phytase on
efficient phosphorus utilization in broiler chickens. Livest Sci.
243:104368. doi:10.1016/j.livsci.2020.104368.

Bizeray D, Leterrier C, Constantin P, Picard M, Faure JM. 2002. Sequential
feeding can increase activity and improve gait score in meat-type chick-
ens. Poult Sci. 81:1798–1806. doi:10.1093/ps/81.12.1798.

Dilger RN, Onyango EM, Sands JS, Adeola O. 2004. Evaluation of microbial
phytase in broiler diets. Poult Sci. 83(6):962–970. doi:10.1093/ps/83.6.
962.

Fallah H, Karimi A, Sadeghi A, Behroozi-Khazaei N. 2020. Modelling and
optimizing of calcium and non-phytate phosphorus requirements of
male broiler chickens from 1 to 21 days of age using response surface
methodology. animal. 14(8):1598–1609. doi:10.1017/
S1751731120000452.

Han JC, Chen GH, Wang JG, Zhang JL, Qu HX, Zhang CM, Yan YF, Cheng YH.
2016. Evaluation of relative bioavailability of 25-hydroxycholecalciferol
to cholecalciferol for broiler chickens. Asian-Australas J Anim Sci. 29
(8):1145–1151. doi:10.5713/ajas.15.0553.

Kermani ZA, Taheri HR, Faridi A, Shahir MH, Baradaran N. 2023. Interactive
effects of calcium, vitamin D3, and exogenous phytase on phosphorus
utilization in male broiler chickens from 1 to 21 days post-hatch: a
meta-analysis approach. Anim Feed Sci Technol. 295:115525. doi:10.
1016/j.anifeedsci.2022.115525.

Khan RU, Naz S, Ullah H, Khan NA, Laudadio V, Ragni M, Piemontese L,
Tufarelli V. 2023. Dietary vitamin D: growth, physiological and health
consequences in broiler production. Anim Biotechnol. 34:1635–1641.
doi:https://doi.org/10.108010495398.2021.2013861.

Leterrier C, Vallee C, Constantin P, Chagneau AM, Lessire M, Lescoat P, Berri
C, Baeza E, Bizeray D, Bouvarel I. 2008. Sequential feeding with variations
in energy and protein levels improves gait score in meat-type chickens.
Animal. 2:1658–1665. doi:10.1017/S1751731108002875.

Li J, Yuan J, Guo Y, Sun Q, Hu X. 2012. The influence of dietary calcium and
phosphorus imbalance on intestinal NaPi-IIb and calbindin mRNA
expression and tibia parameters of broilers. Asian-Australas J Anim Sci.
25(4):552–558. doi:10.5713/ajas.2011.11266.

Masuyama R, Nakaya Y, Katsumata S, Kajita Y, Uehara M, Tanaka S, Suzuki K.
2003. Dietary calcium and phosphorus ratio regulates bone mineraliz-
ation and turnover in vitamin D receptor knockout mice by affecting
intestinal calcium and phosphorus absorption. J Bone Miner Res.
18:1217–1226. doi:10.1359/jbmr.2003.18.7.1217.

Mello HH, Gomes PC, Rostagno HS, Albino LF, Rocha TC, Almeida RL,
Calderano AA. 2012. Dietary requirements of available phosphorus in
growing broiler chickens at a constant calcium:available phosphorus
ratio. Rev Bras Zootec. 41:2323–2328. doi:10.1590/S1516-
35982012001100004.

NRC. 1994. Nutrient requirements of poultry, 9th rev. ed. Washington, DC:
National Academy Press.

Proszkowiec-Weglarz M, Angel R. 2013. Calcium and phosphorus metab-
olism in broilers: effect of homeostatic mechanism on calcium and phos-
phorus digestibility. J Appl Poult Res. 22:609–627. doi:10.3382/japr.2012-
00743.

Rao SR, Raju MV, Reddy MR, Pavani P. 2006. Interaction between dietary
calcium and non-phytate phosphorus levels on growth, bone mineraliz-
ation and mineral excretion in commercial broilers. Anim Feed Sci
Technol. 131(1-2):135–150. doi:10.1016/j.anifeedsci.2006.02.011.

Sakkas P, Smith S, Hill TR, Kyriazakis I. 2019. A reassessment of the vitamin D
requirements of modern broiler genotypes. Poult Sci. 98(1):330–340.
doi:10.3382/ps/pey350.

Salisbury F, Cowieson AJ, Gous RM. 2021. Constraints on the modelling
of calcium and phosphorus growth of broilers: a systematic review.
Worlds Poult Sci J. 77(4):775–795. doi:10.1080/00439339.2021.
1974804.

Sandberg A-S, Larsen T, Sandström B. 1993. High dietary calcium level
decreases colonic phytate degradation in pigs fed a rapeseed diet. J
Nutr. 123:559–566. doi:10.1093/jn/123.3.559.

SAS Institute Inc. SAS/STAT User’s Guide, 9.1 ed.; SAS Institute Inc.: Cary, NC,
USA, 2002.

4 A. JABBAR ET AL.

https://doi.org/10.1016/j.anifeedsci.2016.05.017
https://doi.org/10.1016/j.anifeedsci.2016.05.017
https://doi.org/10.1016/j.livsci.2020.104368
https://doi.org/10.1093/ps/81.12.1798
https://doi.org/10.1093/ps/83.6.962
https://doi.org/10.1093/ps/83.6.962
https://doi.org/10.1017/S1751731120000452
https://doi.org/10.1017/S1751731120000452
https://doi.org/10.5713/ajas.15.0553
https://doi.org/10.1016/j.anifeedsci.2022.115525
https://doi.org/10.1016/j.anifeedsci.2022.115525
https://doi.org/10.1080/10495398.2021.2013861
https://doi.org/10.1017/S1751731108002875
https://doi.org/10.5713/ajas.2011.11266
https://doi.org/10.1359/jbmr.2003.18.7.1217
https://doi.org/10.1590/S1516-35982012001100004
https://doi.org/10.1590/S1516-35982012001100004
https://doi.org/10.3382/japr.2012-00743
https://doi.org/10.3382/japr.2012-00743
https://doi.org/10.1016/j.anifeedsci.2006.02.011
https://doi.org/10.3382/ps/pey350
https://doi.org/10.1080/00439339.2021.1974804
https://doi.org/10.1080/00439339.2021.1974804
https://doi.org/10.1093/jn/123.3.559


Sun ZW, Yan L, YY G, Zhao JP, Lin H, Guo YM. 2013. Increasing dietary
vitamin D3 improves the walking ability and welfare status of broiler
chickens reared at high stocking densities. Poult Sci. 92(12):3071–
3079. doi:10.3382/ps.2013-03278.

Tizziani T, Donzele RFMDO, Donzele JL, Silva AD, Muniz JCL, Jacob RDF,
Brumano G, Albino LFT. 2019. Reduction of calcium levels in rations sup-
plemented with vitamin D 3 or 25-OH-D 3 for broilers. Rev Bras Zootec.
48:e20180253.

Vazquez JR, Gómez GV, López CC, Cortés AC, Díaz AC, Fernández SR, Rosales
EM, Avila AG. 2018. Effects of 25-hydroxycholecalciferol with two
D3vitamin levels on production and immunity parameters in broiler chick-
ens. J Anim Physiol Anim Nutr. 102(1):e493–e497. doi:10.1111/jpn.12715.

Watson BC, Matthews JO, Southern LL, Shelton JL. 2006. The effects of
phytase on growth performance and intestinal transit time of broilers
fed nutritionally adequate diets and diets deficient in calcium and phos-
phorus. Poult Sci. 85:493–497. doi:10.1093/ps/85.3.493.

JOURNAL OF APPLIED ANIMAL RESEARCH 5

https://doi.org/10.3382/ps.2013-03278
https://doi.org/10.1111/jpn.12715
https://doi.org/10.1093/ps/85.3.493

	Abstract
	Introduction
	Materials and methods
	Diets and experimental treatments
	Performance traits
	Total tract digestibility assay
	Tibia measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Disclosure statement
	Ethical statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


