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ABSTRACT
The effect of cholecalciferol (D3) and 25-hydroxycholecalciferol (25-OHD3) as isolated or associated sources of vitamin 

D (100%-0%, 75%-25%, 50%-50%, 25%-75%, 0%-100%) on the productive performance, egg quality, and bone characteristics 
was evaluated in white egg-laying hens fed two levels of calcium (Ca) and phosphorus (P) in the basal diet (BD) (BD1 = 0.38% 
Ca – 0.36% available P and BD2 = 3.2% Ca – 0.30% available P). Nine hundred and sixty Dekalb White hens (24 weeks old) 
were distributed into 80 cages, under a completely randomized factorial design for 16 weeks. The use of associated sources of 
vitamin D reduced the feed intake and feed conversion ratio, as well as BD1, which also increased the egg production and egg 
mass. The association of vitamin D sources with up to 50% 25-OHD3 increased the eggshell percentage. There was interaction 
(p<0.05) between the sources of vitamin D and the concentrations of Ca and available P, sources with at least 50% 25-OHD3 
increased ash percentage and bone radiographic densitometry (BRD) with BD1; in BD2 the use of 25-OHD3 as isolated vitamin 
D source increased BRD. The association of D3 and 25-OHD3 improved the productive performance, increased the percentage 
of eggshell and had different positive effects on the bone characteristics that depend on the concentrations of Ca and available 
P in the balanced feed of white egg-laying hens.

Index terms: Vitamin sources, productive performance, eggshell quality, bone characteristics.

RESUMO
O objetivo desta pesquisa foi avaliar o efeito da suplementação de colecalciferol (D3) e 25 hidroxicolecalciferol (25-OHD3) 

como fontes isoladas ou associadas (100%-0%; 75%-25%; 50%-50%; 25%-75%; 0%-100%) de vitamina D sobre o desempenho, 
a qualidade de casca e as características ósseas, em galinhas poedeiras de ovos brancos de 24 semanas de idade alimentadas com 
duas concentrações de cálcio (Ca) e fósforo disponível (Pdisp) na dieta basal (DB) (DB1 = 0,38% Ca – 0,36% Pdisp e DB2= 3,2% 
Ca – 0,30 % Pdisp), durante um período experimental de 16 semanas. Foram utilizadas 960 galinhas Dekalb White em delineamento 
inteiramente casualizado, com oito repetições e doze aves por unidade experimental. Os tratamentos foram constituídos de um fatorial 
(5x2), associações de vitamina D e concentrações de Ca e Pdisp. As fontes de vitamina D associadase a maior concentração de Ca 
e Pdisp diminuíram o consumo de ração e a conversão alimentar. Além disso, a maior concentração de Ca e Pdisp incrementou a 
produção e massa de ovo. A suplementação a partir de 50% de 25-OHD3 entre as associações de vitamina D aumentou a porcentagem 
de casca do ovo. Houve interação entre as fontes de vitamina D e as concentrações de Ca e Pdisp. As fontes de vitamina D na 
DB1 com pelo menos 50% de 25-OHD3 incrementaram a porcentagem de cinzas e a densitometria óssea radiográfica (BRD). A 
suplementação de 25-OHD3 na DB2 como fonte isolada de vitamina D aumentou a BRD.

Termos para indexação: Fontes de vitamina, desempenho produtivo, qualidade de casca, caraterísticas ósseas.
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INTRODUCTION
	
The high incidence of bone problems associated 

with osteoporosis in egg-laying hens housed in the battery 
position has generated concern in the scientific community 
about animal welfare associated with this production 
system (Rath et al., 2000). Moreover, problems with egg 
shell quality generate millions in losses to the poultry 
industry; thus, it is important to understand the factors that 
affect the internal and external quality of the egg (Roberts, 

2004). Bone structure and egg shell quality are influenced 
by environmental, handling, and nutritional factors (Nys, 
1999). Calcium, in addition to other functions, may be the 
most significant factor in eggshell formation and proper 
maintenance of the bone structure, considering this mineral 
constitutes 40% of the eggshell (Keshavarz, 2003) and that 
hydroxyapatite in bones constitutes 99% of the total Ca in 
the body of a bird (Johnston; Ivey 2002).

Thus, due to the physiological importance of Ca, 
this mineral is regulated by hormone systems that modulate 



RIVERA, D. F. R. et al.574

Ciênc. Agrotec., Lavras, v.38, n.6, p.573-580, nov./dez., 2014

physiological responses according to the plasma levels. 
Under a low concentration of Ca, parathyroid hormone 
stimulates the activation of calcitriol (1α,25(OH)2D3), 
which constitute the active form of vitamin D that acts 
to reabsorb Ca from the bones and kidney, and increases 
active transport in the intestine (Jhonston, Ivey 2002). 

Precursors of 1α,25(OH)2D3 can be obtained 
through the diet or synthesized in vivo through ultraviolet 
irradiation of 7-dehydrocholesterol. The physiologic 
reaction produces cholecalciferol (D3) in animals and 
ergocalciferol (D2) in plants; however, plasma proteins that 
transport 1α,25(OH)2D3 precursors do not bind effectively 
to D2 in birds, thereby decreasing the effectiveness of this 
compound as a source of vitamin D (Soares, Kerr; Gray, 
1995). Furthermore, in modern productions of laying 
hens the birds remain in battery cages,and therefore the 
physiological conversion of 7-dehydrocholesterol does not 
ensure sufficient 1α,25(OH)2D3for the birds (Goff, Horst, 
1995). Consequently, supplementation of vitamin D for 
those birds found under these production circumstances 
is necessary (Bertechini, 2012).

During phases of greater egg production, the 
metabolic demand and Ca excretion via eggshell increase 
(Saunders-Blade et al., 2009) so that, efficient utilization 
of this mineral is crucial for bone health, eggshell quality, 
and productive performance of hens. However, under 
commercial conditions, clinical signs of D3 deficiency, 
such as cage fatigue and eggs with deformed eggshells, 
are commonly observed (Webster, 2004).

D3, dietary or endogenous, is not the active form 
of vitamin D. To become active, it has to be transported to 
the liver and the kidney after being absorbed in the small 
intestine along with the lipids of the diet (Combs, 2012). 
Hepatic and renal hydroxylations at positions 25 and 1α, 
respectively, are the metabolic processes that convert D3to 
1α,25(OH)2D3  and regulate vitamin D function in the 
body (Crenshaw et al., 2011). Hepatic hydroxylation of 
D3 produces 25 hydroxycholecalciferol (25-OHD3), which 
is a metabolite with different characteristics than D3 that 
is currently available as a dietary source of vitamin D.

Different studies have been conducted evaluating 
vitamin D supplementation on performance and egg 
quality of laying hens. Hen layers supplemented with 
37.50 µ/kg of 25-OHD3from week 65 to 75and 1.0 mg/kg 
of 1α,25(OH)2D3  in diets containing 0.55% P and 3.75% 
of Ca showed significant improvement in egg production 
(Frost, Roland,1990). Carlos and Edwards (1998), also 
observed an improvement in egg production in layers hens 
from 65 to 78 weeks of age, when they were fed a diet 
containing 5 mg/kg of 1α,25(OH)2D3   with 3.0% Ca and 

0.33% P. However, some studies found no difference in 
productive performance when evaluating 25-OHD3 as an 
isolated source of vitamin D in egg-laying hens (Keshavarz 
2003; Matila et al., 2005).

In broilers chickens some authors report positive 
effects on productive performance using 25-OHD3 as a 
source of vitamin D in broiler chickens (Yarger et al., 
1995; Fritts, Waldroup, 2003), including Brito et al. (2010), 
who determined that using D3 and 25-OHD3 together 
produces better zootechnical results than using any of this 
compounds  as  individual sources. However, the effects 
of using D3 and 25-OHD3 together as a dietary source of 
vitamin D has not been established in white egg-laying 
hens. Therefore, the aim of the present study was to 
determine the effects of using D3 and 25-OHD3 as isolated 
or associated sources of vitamin D in different proportions 
on the productive performance, eggshell quality, and bone 
structure characteristics in white commercial egg-laying 
hens (24 to 40 weeks old) fed with two levels of Ca and 
available phosphorus (avaP) in the diet.

MATERIAL  AND  METHODS

The experiment was conducted at the Center for 
Research in Poultry Technology (CPTA/Convention Federal 
University of Lavras), located in the Lavras municipality, 
southern region of the state of Minas Gerais, Brazil, at an 
altitude of 910 meters above sea level, latitude 21014’30’’ 
(S), longitude 45000’10’’. All procedures performed during 
the experimental period were approved by the bioethics 
committee of the Federal University of Lavras. 

Nine hundred and sixty Dekalb White hens 
(24 weeks old) were housed in coops with a natural 
environment. The birds were distributed into 80 cages, 
adopting a density of 375 cm2/bird per cage. Water 
and balanced feed were provided ad libitum, and 
recommendations for the lighting and management 
program were followed, based on Dekalb White 
management guide (Institut de selection animale B.V., 
2009). A completely randomized factorial design (5x2) 
was used, considering five vitamin D sources and two 
levels of Ca and available P in the diet, with eight 
repetitions and 12 hens per plot, for 16 weeks of research. 

The experimental diets were completely vegetarian 
(based on corn and soybean meal), isocaloric, and 
isoproteic and were supplemented with vitamins (vitamin 
premix without vitamin D) and minerals (mineral premix). 
Recommendations for minimal nutrients suggested by 
Rostagno et al. (2005) were followed, except for Ca and 
avaP, to meet the nutritional requirements of the birds 
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during the experimental period. Two basal diets (BD) 
were formulated (Table 1), with different concentrations 
of Ca and avaP while maintaining the ratio between both 
nutrients, according to the experimental design: 3.8% Ca 
with 0.36% avaP (BD1) and 3.2% Ca with 0.30% avaP 
(BD2). In BD1 and BD2, five different evaluated sources 
of vitamin D were added.

and 25-OHD3 at 2.000.000 UI per kilogram of product 
were provided by DSM Nutritional Products (Brazil), these 
products permitted  the production of the vitamin D sources 
referred at the experimental design (Table 2).

Table 1 – Basal diets percentage and nutritional 
composition.

Ingredients
Percentage (%)
BD1 BD2

Corn 65.652 65.652
Soybean meal 22.356 22.356
Soybean oil 1.000 1.000
Dicalcium phosphate 1.469 1.144
Limestone 8.813 7.731
Salt 0.358 0.358
Vitamin premix1 0.100 0.100
Mineral ore 0.100 0.100
DL-methionine 99% 0.072 0.072
Vitamin D source 0.080 0.080
Kaolin - 1.407
Total 100 100

Calculated Analysis
Metabolizable Energy (kcal/kg) 2830 2830
Crude Protein (%) 15.850 15.850
Digestible Methionine (%) 0.307 0.307
Digestible Methionine + Cistein (%) 0.540 0.540
Digestible Lysine (%) 0.720 0.720
Calcium (%) 3.800 3.200
Available Phosphorus (%) 0.360 0.300
Sodium (%) 0.180 0.180
1Vitamin mix provided the following per kg of diet:Vitamin A, 
7.000 U.I;Vitamin E, 8 U.I; Vitamin K3, 1 mg; Vitamin B12, 10 
mg; Folic acid, 300 mg; Pantothenic acid, 7.000 mg; Biotin, 20 
mg;Niacin20.000 mg; Pyridoxine, 1.000 mg; Riboflavin, 4.000 
mg; Thiamin1.000 mg. 2Mineral mix provided the following per 
kg of diet: 10.000 mg Cu; 50.000 mg Fe; 800 mg I,  65.000 g 
Mn; 60.000 mg Zn; 300 mg Se.

The vitamin D was used at 1.600 IU/kg of diet 
according to the suggested nutritional value  by Rostagno 
et al., (2005) for white egg layers in production phase, D3 

Table 2 – Vitamin D sources composition according to the 
experimental design.	

 Vitamin D
source

Nutrient 
concentration Factorial 

combination%
D3

1
%

25-OHD3
2

%
Ca

%
Available P

100 - 3.80 0.36 1
75 25 3.80 0.36 2
50 50 3.80 0.36 3
25 75 3.80 0.36 4
- 100 3.80 0.36 5

100 - 3.20 0.30 6
75 25 3.20 0.30 7
50 50 3.20 0.30 8
25 75 3.20 0.30 9
- 100 3.20 0.30 10

1Cholecalciferol at 2.000.000 IU per kilogram of product.
225-Hydroxycholecalciferol at 2.000.000 IU per kilogram of 
product.

Feed intake, egg production, egg weight, egg 
mass, and feed conversion were recorded to evaluate 
the birds’ productive performance. To analyze the 
egg quality, the percentage of eggshell problems was 
calculated using the method described by Tactacan et al., 
(2009), which allowed quantification of the percentage 
of cracked eggs and soft eggshells produced daily. In 
addition, the percentage of yolk, albumen, and eggshell, 
as well asthe specific gravity of the eggs were determined 
using eight eggs per repetition, which were selected daily 
and randomly from the total eggs collected during the last 
2 days of every week. Eggs were weighed individually 
on a scale to the nearest 0.0001 g and were then broken. 
The yolk of each egg was separated and weighed; 
the respective eggshell was washed and air-dried for 
subsequent measurement of the weight without the inner 
membrane. The albumen weight was calculated by the 
difference between the total weight of each egg and the 
sum of the weight of the yolk and eggshell. Thereafter, 
the weight of each egg component was transformed to the 
percentage of the total weight of each egg analyzed. The 
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specific gravity was determined according to the method 
implemented by Araujo et al., (2008).

At the end of the experiment, one bird per plot 
was sacrificed by cervical dislocation, and the tibias were 
removed to determine the bone ash and Ca concentrations, 
using the methods described by AOAC (2005). In addition, 
the tibias were analyzed via bone densitometry, the 
methods, procedure and elements described by Barreiro 
et al., (2009) were followed; the analyzed tibias and the 
aluminum scale were imaged on the same film with X-ray 
equipment (Tridoro 812E Siemens), calibrated with a 
focus-film distance of  25 cm, and adjusted to 70kVp  with 
0.3 seconds exposure time in photographic film (Kodak 
24x18cm). Once the radiographs were obtained, they were 
processed in aA/T2000 XR (Air Techniques) developer, 
with a 4-minute processing time. The radiographs were 
digitized by a scanner (Kodak PS50) (with 300 dots per 
inch (DPI) resolution, 26% brightness, and 68% contrast)
and were stored in digital archives with TIF extension. 
Radiographs were then read to determine the density of 
the bone pieces with respect to the aluminum scale, using 
the free Image J 1.4 software, which has the histogram 
tool that allows analysis of the radiographic density of 
the selected area. The histograms are distributed on a grey 
scale that has 256 shades, where 0 represents black and 256 
represents white. The bone density was measured in the 
center area of the bone, and the bone densitometry results 
were expressed in millimeters of aluminum (mmAl). 

The obtained data were subjected to variance 
analysis using the SISVAR 4.5 software, as described 
by Ferreira et al., (2011). The F test (p<0.05) was used 
to compare means between the concentrations of Ca and 
avaP in the diet. The Scott Knott test (p<0.05) was used 
to compare the sources of vitamin D.

RESULTS  AND  DISCUSSION

There was no interaction (p>0.05) between sources 
of vitamin D and concentrations of Ca and available P for 
any of the productive variables assessed in the experiment. 
The association of D3 with 25-OHD3 produces a lower 
(p<0.05) feed intake and feed conversion ratio than 
when using these sources of vitamin D individually. BD1 
reduced (p<0.05) the feed intake and feed conversion; 
additionally increased the percentage of production and 
egg mass (Table 3).

The reduced feed intake suggests that the 
combination of D3 and 25-OHD3 is more effective for 
meeting vitamin D requirements and maximizing the use of 
dietary Ca. The effect on feed intake explains the improved 
feed conversion and agrees with the results found by 

Brito et al. (2010), who determined that the combined 
use of these same sources of vitamin D improves the 
productive performance of broiler chickens in all phases 
of production. Other researchers have utilized isolated 
D3 and 25-OHD3 in diets for egg-laying hens, reporting 
different effects of 25-OHD3 as an isolated source of 
vitamin D; Salvador et al. (2009), found improved feed 
conversion using 2756 IU/kg vitamin D, and Keshavarz 
(2003), reported no significant effect on the performance 
of egg-laying hens using 2760 IU/kg vitamin D. In another 
experiment, Hernández et al. (2001), used 2750 IU/kg D3 
to meet the vitamin D requirements of egg-laying hens 
and also supplemented with 2760 IU/kg 25-OHD3 without 
observing effects on the productive performance of the 
assessed birds.The studies mentioned above used higher 
levels of vitamin D, which is necessary for further testing 
of the association between sources at various levels of 
dietary supplementation. Importantly, the NRC (1994) 
recommends the use of 375 IU/kg vitamin D; genetic 
considerations in the Dekalb White management guide 
(Institut de selection animale B.V., 2009) suggest the 
use of 1650 IU/kg and Rostagno et al. (2005), observed 
that 1600 IU/kg is sufficient to meet the requirements for 
vitamin D in egg-laying hens.

BD1, taking into account the feed intake, allowed 
the daily consumption of 4.1 g of Ca and 0.39 g of avaP 
per bird, which is an amount similar to that suggested by 
the Dekalb White 2009 (Institut de selection animale B.V., 
2009) management guide (4.2 g Ca/bird/day and 0.44 ava 
P/bird/day) and to the recommendation by Rostagno et al., 
(2005) of 4.02 g  Ca with 0.37 g  avaP bird/day for white 
hens in production. According to other authors, a daily Ca 
consumption of 3.25 g with 0.25 g of avaP(NRC, 1994) 
or 3.63 g  Ca with 0.43 avaP (Keshavarz,  2003) may be 
enough to ensure efficiency in the productive phase of 
egg-laying hens. Based on the results of the experiment, 
a consumption of 4.1 g/bird/day  Ca and 0.39 g/bird/day 
produces better zootechnical performance, except for egg 
weight, than does consumption of 3.45 g  Ca/bird/day and 
0.33 g  avaP/bird/day.

According to Safaa et al., (2008), increasing the 
daily Ca consumption from 4.06 g to 4.67 g improves 
egg production, egg mass, and feed conversion, 
without affecting the egg weight. Castillo et al., (2004) 
determined that although egg production is not affected 
by the level of Ca in the diet, Ca decreases feed intake. 
This situation occurred in this experiment and was 
similar to the linear response, described by Roland et 
al., (1996), between feed consumption and the level of 
dietary Ca. 
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Table 3 – Effects over the productive performance, eggshell and bone quality of white laying hens supplemented with 
different sources of vitamin D on diets with two calcium and available phosphorus concentrations.

Variable
Ca/Available P (%)2 Vitamin D sources associations

D3/25OHD3 (%)1

3.8-0.36 3.2-0.3 100/0 75/25 50/50 25/75 0/100 C.V. (%)
Productive Performance

Feed intake (g/hen*day) 108.34A 108.85B 108.81b 108.46a 108.41a 108.45a 108.9b 0.75

Egg production (% egg/ hen*day)91.44A 90.79B 91.04 91.15 91.26 91.20 90.92 1.21
Egg weigth (g) 62.34 62.21 61.90 62.26 62.45 62.42 62.34 1.87

Feed:egg ratio(g feed/g egg) 1.904A 1.930B 1.932b 1.914a 1.905a 1.908a 1.926b 2.10
Egg mass (g) 57.02A 56.53B 56.46 56.75 57.10 56.96 56.70 2.09

Eggshell Quality
Eggshell problems# (%) 0.57A 0.73B 0.76 0.64 0.65 0.57 0.64 3.19
Specific gravity (g/cm3) 1.0849 1.0846 1.0843 1.0850 1.0853 1.0849 1.0844 0.28
Yolk (%) 25.37 25.38 25.35 25.42 25.33 25.36 25.39 1.67
Albumen (%) 64.01 64.15 64.18 63.76 64.02 64.13 64.10 3.76
Eggshell (%) 10.60A 10.46B 10.45b 10.60a 10.63a 10.50b 10.48b 3.61

Bone Quality
Calcium (%) 36.39A 34.70B 34.82 35.89 35.47 36.20 35.33 5.17
Ash (%)* 54.90 53.74 53.31 53.70 54.58 55.43 54.58 2.17
Bone densitometry (mm Al)* 2.64 2.51 2.47 2.49 2.60 2.64 2.67 10.12
1Means with different lowercase letter superscripts are significantly different by Skott-Knott test (p <0.05).
2Means with different capital letter superscripts are significantly different by F test (p <0.05).
#Cracked eggs and soft eggshells.
*Interaction (p<0.05) between the sources of vitamin D and the concentrations of Ca and available P in the feed (Table 4).

There was no interaction (p>0.05) between the 
sources of vitamin D and the concentrations of Ca and 
avaP for any of the assessed variables of eggshell quality. 
Associated sources of vitamin D composed of 25% and 
50% 25-OHD3 generated a greater (p<0.05) percentage 
of eggshell. BD1 increased (p<0.05) the percentage of 
eggshell and decreased (p<0.05) the percentage of eggshell 
problems (Table 3).

According to Bar and Hurtwitz (1973), vitamin 
D is possibly involved in Ca transport across the uterine 
membrane in birds. Associated sources consisting of up 
to 50% 25 OHD3 increased the eggshell percentage in 
the eggs analyzed, which indicates that the combination 
of the sources has a greater biological activity for this 
function. These results are similar to those found by 
Hernandez et al., (2001), who reported increased eggshell 
thickness using a source of vitamin D composed of 
D3 and 25-OHD3. By contrast, Salvador et al., (2009) 
established that there are no differences in the yolk, 

white, eggshell, specific gravity, and eggshell thickness 
percentage using any of the isolated sources, a conclusion 
that confirms the results obtained in this study. The 
increase in eggshell percentage was also generated 
by BD1, which is a similar finding to that reported by  
Keshavarz (1998), who observed an increase in eggshell 
when the Ca consumption increased from 3.51 g to 4.25 
g per hen daily. By contrast,  Rao et al., (2003) found 
no differences in weight or eggshell upon increasing the 
daily Ca consumption from 3.51 g to 4.85 g per bird. 

The decrease in cracked eggs and soft eggshells 
under the consumption of 4.1 g Ca/bird/day and 0.39 g 
avaP/bird/day differs from the results found by Keshavarz 
and Nakajima (1993), who established that consuming 
3.77 g Ca/bird/day is sufficient for producing eggshells 
of optimal quality.

There was an interaction (p<0.05) between the 
sources of vitamin D and the concentrations of Ca and 
available P in the feed with respect to the percentage of 
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ash and the radiographic bone densitometry of the analyzed 
tibias; BD1 increased (p<0.05) the percentage of Ca in 
analyzed tibias (Table 3).

An increased percentage of ash (p<0.05) was 
found in tibias from birds fed BD1 and vitamin D source 
with at least 50% of 25OHD3. There were no significant 
differences (p>0.05) in the percentage of ash in the tibias 
of birds fed BD2. Associated sources of vitamin D with 
more than 25% of 25-OHD3 yielded a higher percentage 
of ash (p>0.05) in the tibias of birds fed with BD1.

The bone densitometry increased in tibias from 
birds that received BD1 with at least 50% of 25-OHD3. 
There was an increased (p<0.05) bone densitometry in the 
tibias of birds fed BD2 with 25-OHD3 asisolated source 
of vitamin D. Associated sources with 50% and 75% 
25-OHD3in BD1 increased (p<0.05) the bone densitometry 
(Table 4).   

To increase the plasma concentration of Ca, vitamin 
D promotes absorption of the mineral from the diet or 
bones (Johnston, Ivey 2002); however, Ca and the ratio of 
Ca to avaP in the diet affect the bone structure composition 
in egg-laying hens (Cheng; Coon, 1990).

This feature is reflected in the response of the 
evaluated bone characteristics; the ash percentage and the 
bone densitometry were greater when using sources with 
at least 25%  25-OHD3 in BD1 and 100%  25-OHD3 as a 
vitamin D source in BD2. Additionally, using 25-OHD3 as 
an isolated source produced the same results, regardless 
of the concentration of Ca and avaP in the diet. According 
to these data, 25-OHD3 is an alternative for improving the 
bone structure characteristics of white egg-laying hens 
during the phase of highest egg production. Keshavarz 
(2003), found no difference in the ash percentage when 
experimenting with 25-OHD3 (as an isolated source) and 
different concentrations of Ca and avaP in the diet. This 
result was confirmed by Salvador et al. (2009),who also 
discovered that the percentage of Ca in the tibias of egg-
laying hens increases when D3 is used as the only source 
of vitamin D. That finding was not observed in this study, 
as the percentage of Ca in the tibia was the same using 
all evaluated sources of vitamin D, contrasting with the 
increase observed with BD1. Schreiweis et al., (2003) 
observed that the mineral content and bone density of  
tibias decrease linearly with reduced Ca consumption. 

Table 4 – Effects over the bone characteristics of white laying hens supplemented with different sources of vitamin D 
on diets with two calcium and available phosphorus concentrations.

Ca/Available P (%)1

Vitamin D sources associations
D3/25OHD3 (%)2

100/0 75/25 50/50 25/75 0/100
- Ash (%) -

3.8/0.36 53.27bA 53.88bA 55.94aA 56.37aA 55.07aA

3.2/0.3 53.36aA 53.53aA 53.23aB 54.49aB 54.10aA

- Bone radiographic densitometry (mm Al) -
3.8/0.36 2.49bA 2.46bA 2.76aA 2.91aA 2.60aA

3.2/0.3 2.46bA 2.53bA 2.44bB 2.37bB 2.74aA

1Within a row, means with different capital letter superscripts are significantly different by F test (p <0.05). 2Within a column, means 
with different lowercase letter superscripts are significantly different by Skott-Knott test (p <0.05).
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CONCLUSIONS

The associated use of D3 and 25-OHD3 improves 
feed conversion in white egg-laying hens. Vitamin D sources 
associated with up to 50% 25-OHD3 increase the percentage 
of eggshell in eggs. There is a differential response between 
combinations of the studied vitamin D sources with respect 
to the bone mineral content and bone density, depending 
on the concentration of Ca and available P formulated in 
the diet, except when 25-OHD3 is used as the only source 
of vitamin D in feed. From week 24 to 40 of production 
in the laying cycle of white hens, diets with 3.8% Ca and 
0.36% available P better meet the nutritional requirements, 
compared with levels of 3.2% Ca and 0.30% available P. 
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