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Bone Characteristics of Broilers Supplemented
with Vitamin D

ABSTRACT

Vitamin D is added to broiler diets to supply its physiological
requirement for bone formation. The fast growth rate of modern
broilers is often associated with poor bone formation. Increasing vitamin
D supplementation levels and the use of more available sources have
applied to try to prevent leg problems, to increase carcass yield, and
to improve the performance of broilers. The present study evaluated
three vitamin D supplementation levels (1) 3,500 IU (control); (2) control
+ 1,954 U of 25-hydroxycholecalciferol; and (3) control + 3,500 IU of
vitamin D in broiler diets supplied up to 21 days of age. The objective was
to investigate if the vitamin D levels above the recommendations could
reduce leg problems in broilers. In this experiment, a total of 1,296 one-
day-old male and female Cobb® 500 broilers were used. A 2 x 3 factorial
arrangement was applied, consisting of two sexes and three vitamin D
levels. No difference was found between the levels of vitamin D (p >
0.05), the performance of males or females, the gait score, the valgus
and varus incidence, the tibial dyschondroplasia incidence, the occurance
of femoral degeneration, the bone colorimetric, and the carcass yield.
Parts yield differences were found (p > 0.05), except for liver and intestine
yields. We concluded that the lowest tested vitamin D level (3,500 IU per
kilogram of feed) added to the diet was the best choice in terms of cost/
benefit to help minimizing leg problems in broilers.

INTRODUCTION

Cholecalciferol (vitamin D) plays an essential role in calcium (Ca) and
phosphorus (P) absorption, and, therefore, influences the utilization
of these minerals. Studies suggest that vitamin D and dietary phytase
activity may have synergistic actions (Edwards, 2002; Whitehead et al.,
2004; Afsharmanesh & Pourreza, 2005), such as enhancing phytate-
phosphorus utilization, and mobilizing Ca from the bone to the
extracellular fluid.

Vitamin D has been studied for the prevention of bone conditions
in broilers (Fritts & Waldroup, 2005; Rao et al., 2008). Until recently,
tibial dyschondroplasia was the main leg problem affecting broilers
(Almeida Paz et al., 2008). However, this issue does not seem to be
as severe because vitamin D supplementation has become increasingly
frequent, which together with genetic selection, has prevented that
disease (Khan et al., 2010).

Vitamin D is added to broiler diets to provide Ca balance, and to
improve Ca intestinal absorption (Waldenstedt, 2006). Studies indicates
that broiler body weight, weight gain, and bone strength are enhanced
with increasing dietary vitamin D levels (Whitehead et al., 2004; Rao
et al., 2008; Khan et al., 2010). Rostagno et al. (2011) recommend
the use of 1,290 IU of vitamin D for broilers reared under Brazilian
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conditions; however, most commercial farms use
3,500 IU to minimize leg problems. The severity of
tibial dyschondroplasia was higher in broilers fed diets
containing 200 IU of vitamin D3 /kg than those fed
with a higher level of vitamin D3 (Khan et al., 2010).
The authors also verified that feeding levels of 1,500
or 3,500 IU of vitamin D3 positively affected the birds’
immune system.

This  study aimed at investigating the
recommended vitamin D level with the addition of
25-hydroxycholecalciferol in broiler diet supplement,
and broiler performance variables, carcass and bone
characteristics at 42 days of growth.

METHODOLOGY

This experiment was approved by the Ethics
Committee on Animal Use (CEUA) of that university
(009/2013).

Location

The present study was carried out in an experimental
poultry house of the School of Agricultural Sciences
of the Federal University of Grande Dourados, Brazil,
located at latitude 22°13"18" S, longitude 54°48'23"
W, and altitude of 430 m. The regional climate is
characterized by humid and hot summers and dry
winters.

Birds, management, and diets

A total of 1,296 one-day-old male and female
Cobb®500 chicks was randomly distributed according
to an experimental design in a 2 x 3 factorial
arrangement (two sexes and three dietary vitamin D
levels), totaling six treatments with four replicates of 54
birds each. The house was equipped with evaporative
cooling equipment and exhaustion fans for internal
temperature control. The cooling equipment was
automatically activated to meet the birds’ thermal
comfort temperature. Tube feeders and bell drinkers
were used to supply feed and water ad libitum.

Birds were fed a diet with identical nutritional
levels, except for vitamin D, between d1 and 21. The
following dietary treatments were applied: (T1) 3,500
IU of vitamin D (control); (T2) Control + 1,954 IU of
25-hydroxycholecalciferol, and (T3) Control + 3,500
IU (7,000) of vitamin D. The feeding program was
divided four phases (a) pre-starter (0-7 days): diet
with 22.5% crude protein (CP), 1.4% lysine, 0.6%
methionine, 0.92% calcium, and 0.51% phosphorus;
(b) starter (8 to 18 days): diet with 21% CP, 1.1%
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lysine, 0.51% methionine, 0.84% calcium, and 0.52%
phosphorus; (c) grower (19 to 36 days): diet with 18%
CP, 1% lysine, 0.45% methionine, 0.68% calcium,
and 0.45% phosphorus; (d) finisher, with 18% CP,
1% lysine, 0.45% methionine, 0.68% calcium, and
0.4% phosphorus. All other nutrients were supplied
according to the recommendations of Rostagno et al.
(2011). All birds received single diet after 21 days of
thee grow out.

Parameter measured

Birds, feed offer, and feed residues were weighed
weekly to evaluate their live performance (weight gain,
average weight, feed intake, feed conversion).

On d 42 of the grow-out, gait score (GS) was
evaluated according to the number of steps that the
bird walked along 1T m. A 0 to 5 scale was applied.
Score 0 was given to birds walking 10 steps; score 1
was given to birds walking 6-9 steps; score 2 was given
to birds walking 4-5 steps; score 3 was given to birds
that walked up to 3 steps; score 4 was given to lame
birds; and score 5 was given to severely lame birds that
were not able not walk (Kestin et al., 1992). Valgus and
varus (VG and VR) deformities and footpad dermatitis
(FD) were assessed in 50% of the birds on the same
day. The VG and VR deformities were assessed using a
caliper and a protractor to measure the angle between
the tibia and the third finger of birds’ right and left legs.
Valgus was characterized by an angle greater than 10°
and positive, and varus when the angle was lower than
10° and negative (Almeida Paz et al., 2010).

Footpad dermatities was scored according to lesion
severity according to a 0 to 2 scale. Score 0 was given
to birds with no footpad lesions; score 1 was given to
birds with lesions up to 5 mm in diameter; and score
2 for birds with lesions larger than 5 mm in diameter.
Both feet were scored.

On d 42 of the grow-out period, 144 broilers
were slaughtered according to the standard slaughter
method. Birds were selected according to gait score and
identified. Four birds with each gait score (0 to 5) were
randomly selected, totaling 24 birds per treatment.
During slaughter, old scratches (which occurred during
the grow-out) and new scratches (which possibly
occurred during harvesting and transportation) were
recorded. After evisceration, carcasses were weighed
to determine carcass yield (carcass weight relative to
live weight). Breast, leg (thigh and drumstick), wing,
back, heart, liver, and gizzard yields (parts weight
relative to carcass weight) were evaluated, as well as
intestines, neck, and head yieldss.
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The right and left femur edge were examined
for femoral degeneration (FDE). The integrity of the
femoral head was scored according to a 1 to 5 scale
under visual examination. Score 1 was given when
the femur head and joint capsule were intact; score
2 was given when the bone was still intact, but the
joint capsule was partially or completely detached;
score 3 was given when the femoral head presented
no cartilage and was partly broken; score 4 was given
when the femoral head was detached and the bone
tissue was exposed and reddish, but it still maintained
its anatomical shape; and score 5 was given when the
femoral head lost its anatomical shape (Almeida Paz et
al., 2008).

Tibial dyschondroplasia (TD) was evaluated by
visually examining the growth plate of the left and
right tibiae. Tibiae were scored according to a 0 to
4 scale, where score 0 indicates no thickening of the
growth plate (absence of lesion); score 1 shows the
accumulation of 3 mm of cartilage outside the range
of average growth; score 2 shows the development of
lesions between 3-6 mm; score 3 shows lesion larger
than 6 mm; and score 4 is given to cases where the
length of the lesion is in a large area or almost the
entire tibia epiphysis is damaged (Almeida Paz et al.,
2010).

Colorimetric analysis was applied to the raw bones
of the right drumsticks and thighs. Forty-four samples
of the tibia and the femur were randomly selected
and analyzed using a colorimeter (Minolta® 400R),
operating with D65 illuminant and viewing angle of
10° in the CIELAB system positioned on the proximal
epiphysis. Bone lightness (L*), redness (a*), and
yellowness (b*) were determined. Triplicate readings
were made on each epiphysis, and their average was
used for statistical analysis.

The same number of thighs and drumsticks
(44) was used for the evaluation of the black bone
syndrome. These parts were baked in an oven until
the internal temperature reached 90 °C, which took
approximately 30 min. After baking, meat samples
were macroscopically examined for the darkening of
the meat around the bone. Meat samples were scored
for its apparent color on a 0 to 2 scale. Score 0 was
assigned when the meat was not dark; score 1 was
given when the meat was slightly darkened, and score
2 was given when the meat was dark.

Statistical analysis

A one-way analysis of variance was applied to
determine the main effects of dietary vitamin D levels
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on broiler performance, carcass and parts yields and
bone parameters. The ANOVA procedure of SAS®
statistical package, version 9.2 (SAS Institute, Cary, NC,
USA) was used to process data. Means were compared
by Fisher’s and Chi-square test at 5% probability level.
Spearman’s correlation test was applied to determine
possible correlations among treatments.

RESULTS AND DISCUSSION

Performance parameters were not affected by
dietary vitamin D levels or bird sex (p> 0.05). These
results are consistent with previous studies (Fritts &
Waldroup, 2005; Rao et al., 2008), whose authors did
not find any effect of different dietary levels of vitamin
D on broiler performance (p>0.05).

The prevalence of leg problems was not different
among treatments (p<0.05) leading to similar
performance among the studied groups. Probably,
all birds were equally able to reach the drinkers and
feeders. The lowest vitamin D level added to the
experimental diets was high when compared with the
Brazilian recommendations (Rostagno et al., 2011).
Different weight gain may have been obtained if
dietary Ca and P levels were unbalanced. It is reported
in current literature that vitamin D could increase the
intestinal absorption and decrease the renal excretion
to ensure homeostasis (Waldenstedt, 2006). Khan
et al. (2010) found a better body weight and feed
conversion ratio in 28 and 42-d-old broilers when a
high vitamin D level was fed. However, the vitamin D
levels used in that study were lower than those applied
in the present study. Whitehead et al. (2004) found that
body weight and bone strength increased as vitamin
D supplementation levels incrased, and obtained the
best results in the group fed 125 mg of vitamin D. The
authors evaluated different vitamin D levels in the diet
of broilers up to 14 days of age (5, 20, 125, 250 mg/
kg feed) associated with Ca (8 and 13 g/kg feed), and
P (3.5 and 5 g/kg of feed) levels.

Broilers fed with low dietary Ca and P levels
presented lower weight gain, feed conversion ratio,
tibial ash content, and Ca and P serum levels (p<0.05)
than those fed a balanced diet (Rao et al., 2008).
Waldenstedt (2006) also found that broiler vitamin
D requirements increased when dietary Ca or P
contents were below optimal levels. In the present
study, the lack of effect of dietary vitamin D may be
explained by the adequate dietary Ca and P balance,
and consequently, no vitamin D supplementation was
required. This result indicates that when broilers are
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fed diets with balanced Ca and P levels, the dietary
supplementation of high vitamin D levels does not
necessarily promote better performance or bone
characteristics.

No influence of treatments (p> 0.05) was found on
the whole carcass, breast, thigh and drumstick (leg),
wing, or back yields (Table 1). The carcass yield obtained
in the present trial did not differ from a previous study
(Angel et al., 2006) using different dietary P levels
of P and supplemental vitamin D sources, including
the 25-hydroxycholecalciferol. Brito et al. (2010)
obtained higher carcass yield (p<0.05) with the dietary
addition of 25-hydroxycholecalciferol compared with
cholecalciferol.

Results from the Fisher’s test applied to mean results
showed that dietary vitamin D supplementation had
different effects on tibial dyschondroplasia according
to sex. The incidence of DT was low (3.0%, 2.8%,
and 3.2% corresponding to vitamin D levels in T1, T2,
and T3, respectively) in the present study. Applying
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the tested levels of vitamin D might have prevented
DT. Whitehead (2009) also detected lower incidence
of DT in broilers fed diet containing 0.80% Ca and
0.50% P; and vitamin D levels between 5,000 IU to
10,000 IU/kg; compared with vitamin D levels lower
than 5000 |U.

Joint deviation (left and right), gait score, FDE, and
the fresh (NS) and old scratch (OS) results are presented
in Table 2. There was no effect of treatment on FDE (p
> 0.05). Both male and female birds showed a higher
prevalence of valgus in the left leg (LVG) and varus
in the right leg (RVR). Regarding GS results obtained
with all treatments, 80% of females and 75% of the
males presented scores between 0 and 2. In birds with
more severe walking disability (scores 4 and 5), the
percentage was approximately 3% for females and
5% for males. This higher percentage of males with
gait problems is probably due to their higher body
weight compared with females. Leg angle deviation
and gait scores were evaluated by nonparametric tests
and were correlated (Table 3).

Table 1 - Carcass and parts yields of female and male broilers fed different dietary vitamin D levels.

} ) Sex Average
Yield (%) Vit. D levels CV% P-value
Female Male
T1 73.23 73.19 73.21
T2 72.94 74.01 73.45 3.01 0.45
Carcass
T3 73.21 74.00 73.65
Average 73.11 73.73
T1 41.28 40.90 41.08
T2 40.82 40.91 40.86 6.34 0.46
Breast
T3 39.62 40.74 40.22
Average 40.06 40.85
T1 28.64 29.43 29.04
T2 29.52 29.05 29.29 6.39 0.22
Leg T3 28.32 29.42 28.91
Average 28.88 29.30
T1 10.39 10.44 10.41
) T2 10.53 10.29 10.41 8.03 0.95
Wing
T3 10.46 10.36 10.41
Average 10.46 10.36
T 4.33 5.17 4.78
Feet T2 4.32 4.96 4.64 11.18 0.0001
ee
T3 4.46 5.06 4.79
Average 4.36 5.06
T 19.24 18.24 18.73
T2 18.16 18.95 18.55 9.54 0.1
Back
T3 19.46 18.84 19.12
Average 18.89 18.68

The absence of letters in rows and columns indicates no difference (p> 0.05) between sex and dietary vitamin D level. (T1) 3,500 IU of vitamin D (control); (T2) Control + 1,954 IU

of 25-hydroxycholecalciferol, and (T3) Control + 3,500 IU (7,000) of vitamin D.
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Table 2 - Percentage of right leg valgus (RVG), left leg valgus (LVG), right leg varus (RVR), left leg varus (LVR), new scratches
(NS), old scratches (OS), femoral degeneration (FDE) and gait score (GS) of female and male broilers fed different levels of

dietary vitamin D.

Female

T1 (%) T2 (%) T3 (%)
RVG 17.88 25.80 17.39
VG 21.85 43.55 20.65
RVR 14.60 8.87 9.78
LVR 7.28 5.64 7.60
NS 7.92 2.97 8.91
(O 4.95 2.97 3.96
FDE 1.64 1.58 1.47
GS
0 18.50 23.36 27.83
1 24.00 34.60 39.15
2 42.98 32,1 24.53
3 8.69 7.50 3.30
4 1.42 1.40 2.83
5 1.42 0.93 2.36

Male
T1 (%) T2 (%) T3 (%)
26.5 43.51 45.00
29,00 51.56 58.75
9.40 0.78 3.75
8.55 0.78 3.75
5.94 9.90 7.92
4.95 4.95 11.88
1.88 1.79 1.70
26.83 15.24 14.83
26.83 30.00 24.40
23.41 30.00 28.59
16.58 19.06 23.00
3.41 1.90 3.83
1.95 3.80 3.35

The absence of letters in rows and columns indicates no difference between numbers (p> 0.05).T1 (3,500 IU of vitamin D), T2 (3,500 IU of vitamin D + 1,954 IU of 25-hydroxycho-

lecalciferol), and T3 (7,000 IU of vitamin D).

A positive correlation between GS and RVG and
LVG was found (Table 4). Walking problems in chickens
are commonly associated with valgus deviation. A
positive correlation was also found between valgus of
the right leg with the valgus of the left leg. When one
of the legs presents a problem, it is accepted that the
birds overload the other limb, which causes pain or
discomfort while walking, and, consequently affecting
their gait. Positive correlations were found between
the variables VG (right and left feet), FD (right and
left feet), and VR (right and left feet). The positive
correlation between RVR and LVR is probably the result

of the bird’s attempt to maintain its body balance.
When varus is present in one leg (negative angle), the
bird tries to compensate this deviation by placing most
of the body weight on the other leg, overloading the
limb. Fernandes et al. (2012) analyzed the correlation
between gait score and valgus deformity and found
that the displacement of the hock joint on its axis was
a source of valgus deformity of both right and left
legs. Therefore, leg disorders are not always related to
femoral degeneration or tibial dyschondroplasia. Birds
with or without these lesions may present the same
gait scores.

Table 3 — Spearman’s correlation coefficients between gait score (GS), right-leg valgus (RVG), left-leg valgus (LVG), right-leg
varus (RVR), left-leg varus (LVR), right-foot pad dermatitis (RFD), left-foot pad dermatitis (LFD), new scratches (NS), and old
scratches (OS) of female and male broilers fed different dietary vitamin D levels.

GS RVG VG RVR LVR RFD LFD NS 0S
GS 1.00 0.24*** 0.17** ns ns Ns ns Ns ns
RVR - 1.00 0.74*** ns ns 0.65*** 0.60*** Ns ns
VG - - 1.00 ns ns 0.54*** 0.57*** Ns ns
RVR - - - 1.00 0.57*** Ns ns Ns ns
LVR - - 1.00 Ns 0.21* Ns ns
RFD - 1.00 0.87*** Ns ns
LFD - - - - 1.00 Ns ns
NS - 1.00 ns
(ON = - - - - - 1.00

ns: not significant. * p <0.05 ** p <0.01 *** p <0.001.
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Bone color was not affected (p>0.05) by the
treatments (Table 4). Mean values of L* both of the
femur and tibia were within the acceptable range,
according to the scale of Mota (2013) (acceptable
L*>40, intermediate between 35 and 40, and
unacceptable < 35).

The results of the Chi-square test showed that the
effects of treatments and sex on the incidence of the
black bone syndrome in the femurs and tibiae were
not statistically dependent (p > 0.05). The incidence of
black bone syndrome was 33% when considering the
sum of the scores 1 and 2 in the 0 to 2 scale applied.
Dietary vitamin D supplementation level may have
reduced black bone syndrome severity. This syndrome
is associated with how chicken meat is stored, and it is
possibly caused by the presence of ice crystals within
the cells at the time of cooking (Baldo et al., 2013).

CONCLUSION

Different dietary levels of vitamin D had no effect
on broiler performance, carcass and parts yields, or on
the bone variables measured.
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Vitamin D

REFERENCES

Afsharmanesh M, Pourreza J. Effects of calcium, citric acid, ascorbic
acid, vitamin D on the efficacy of microbial phytase in broiler starters
fed wheat-based diets performance bone mineralization and ileal
digestibility. International Journal of Poultry Science 2005;4(6):418-
424,

Almeida Paz ICL, Garcia RG, Bernardi R, Naas IA, Caldara FR, Freitas LW,
Seno LO, Ferreira VMOS, Pereira DF, Cavichiolo F. 2010. Selecting
appropriate bedding to reduce locomotion problems in broilers. Revista
Brasileira de Ciéncia Avicola;12(3):189-195.

Almeida Paz ICL, Mendes AA, Balog A, Vulcano LC, Ballarin AW, Takahashi
SE, Komyiama CM, Silva MC, Cardoso KFG. 2008. Study on the Bone
Mineral Density of the Femur of Broilers Suffering Femur Degeneration.
Brazilian Journal of Poultry Science;10(2):103-108.

Angel R, Saylor WW, Mitchel AD, Powers W, Applegate TJ. 2006. Effect of
dietary phosphorus phytase and 25-hydroxycholecalciferol on broiler
chicken bone mineralization, phosphorus, and processing yields.
Poultry Science; 85(7):1200-1211.

Baldo GAA, Almeida Paz ICL, Alves MCF, Naas IA, Garcia RG, Caldara FR,
Gavilan CWS. 2013. Black bone syndrome in chicken meat. Revista
Brasileira de Ciéncias Avicola;15(4):317-322.

Brito JAG, Beterchini AG, Fassani EJ, Rodrigues PB, Lima ECM, Meneghetti
C. 2010. Efeito da vitamina D3 e 25-hidroxi-colecalciferol sobre o
desempenho, o rendimento de carcaca e a morfologia intestinal de
frangos de corte. Revista Brasileira de Zootecnia;39(12):2656-2663.

Table 4 - Lightness value (L*), redness (a*), and yellowness (b*) values of the femur and tibia of female and male broilers

fed different dietary vitamin D levels.

Bone Color Vit. D level Sex Average CV% P-value
Female Male
T 45.08 40.27 42.89
L* T2 43.99 47.84 45.91 9.60 0.1
T3 45.24 43.83 44.42
Average 44.70 44.37
T 7.13 7.65 7.37
Femur a* T2 7.24 6.85 7.04 17.09 0.52
T3 6.18 6.97 6.64
Average 6.91 7.10
T1 11.93 11.69 11.82
b T2 10.98 11.29 11.16 16.89 0.22
T3 17.36 9.71 13.54
Average 13.78 10.81
T1 41.07 40.40 40.77
L* T2 41.55 40.96 41.25 6.49 0.98
T3 41.68 41.24 41.42
Average 41.42 40.91
T1 8.84 10.44 9.57
Tibia a* T2 9.10 8.79 8.95 18.68 0.25
T3 7.84 9.69 8.92
Average 8.66 9.56
T1 11.94 12.54 12.21
b T2 11.93 10.77 11.35 9.17 0.08
T3 11.70 12.42 12.12
Average 11.87 11.85

The absence of letters in rows and columns indicates no difference (p>0.05) between the levels and variables. T1 (3,500 IU of vitamin D). T2 (3,500 IU of vitamin D + 1,954 U of

25-hydroxycholecalciferol), and T3 (7,000 IU of vitamin D).

330



Colet S, Garcia RG, Almeida Paz ICL,
Caldara FR, Borille R, Royer AFB,
Naas IA, Sgavioli S

Edwards JR, HM. Studies on the efficiency of cholecalciferol and derivatives
for stimulating phytate utilization in broilers. Poultry Science
2002;81(7):1026-1031.

Fernandes BCS, Martins MRFB, Mendes AA, Almeida Paz ICL, Komyiama
CM, Milbadt EL, Martins BB. 2012. Locomotion problems of broiler
chickens and its relationship with the gait score. Revista Brasileira de
Zootecnia;41(8):1951-1955.

Fritts CA, Waldroup PW. Comparison of cholecalciferol and
25-hydroxychloecalciferol in broilers diets designed to minimize
phosphorus excretion. Journal Applied Poultry Research 2005;14(1):
156-166.

Kestin SC, Knowles TG, Think AE, Gregory NG. Prevalence of leg weakness
in broiler chickens and its relationship with genotype. Veterinary Record
1992;131(9): 190-194.

Khan SH, Shahid R, Mian AA, Sardar R, Anjum MA. Effect of the level
of cholecalciferol supplementation of broiler diets on the performance
and tibial dyschondroplasia. Journal of Animal Physiology and Animal
Nutrition 2010;94(5):584-593.

Mota MM. Diferentes niveis vitaminicos na dieta de frangos de corte
[dissertation]. Pirassununga (SP): Universidade de Sao Paulo; 2013.

331

Bone Characteristics of Broilers Supplemented with
Vitamin D

Rao SVR, Raju MVLN, Panda AK, Saharai PN, Reddy MR, Sunder GS, Sharma
RP. Effect of surfeit concentrations of vitamin D3 on performance, bone
mineralization and mineral retention in broiler chicks. Journal of Poultry
Science 2008;45(1):25-30.

Rostagno HS, Albino LTF, Donzele JL, Gomes PC, Oliveira RF, Lopes DC,
Ferreira AS, Barreto SLT, Euclides RF. Composicao de alimentos e
exigéncias nutricionais de aves e suinos. Tabelas brasileiras para aves
e suinos. 3% ed. Vigosa: Universidade Federal de Vicosa; 2011. p.252.

Waldenstedt L. Nutritional factors of importance for optimal leg
health in broilers: A review. Animal Feed Science and Technology
2006;126(3):291-307.

Whitehead CC. Factores nutricionales que influyen en los problemas ¢seos
actuales de los broilers. Proceedings of the 46th Symposium Cientifico
de Avicultura; 2009; Zaragoza. Espafa. p. 69-80.

Whitehead CC, McCormack HA, Mctier L, Fleming RH. High vitamin D3
requirements in broilers for bone quality and prevention of tibial
dyschondroplasia and interactions with dietary calcium available
phosphorous and vitamin A. British Poultry Science 2004;45:425-436.






