
 

 

 

INTRODUCTION 

 

Ever-increasing prices of feed ingredients require formulating 

diets for poultry birds with greater competence and efficiency. 

Proteins, carbohydrates, fats, vitamins and minerals are major 

constituents of broilers’ diet. Vitamins and minerals are used 

in smaller quantities but have greater significance. Among the 

minerals, calcium (Ca) and phosphorus (P) are required in 

greater quantities and both play structural and regulatory role 

in animal body (Zhu et al., 2015; Beck-Cormier et al., 2019). 

Their absorption is linked to the supply of vitamin D 

thatexists as vitamin D2 (ergocalciferol) and D3 

(cholecalciferol). Vitamin D2 is found in plants and are 

synthesized from ergosterol, while vitamin D3 is synthesized 

in animal skin from 7-dehydroxycholestrol under the action 

of UV light. Vitamin D3 plays an important role in the 

synthesis of Ca binding proteins, which are essential for the 

absorption of dietary Ca (Zhu et al., 2015). Vitamin D3 also 

improves the utilization of phytate P by enhancing the activity 

of phytase (Edwards, 2002), promotes immunity (Fritts et al., 

2004) and increases tibial and toe ash (Fritts and Waldroup, 

2003; Roberson et al., 2005). 

Most of the birds are now reared in environmentally 

controlled houses, where exposure to sunlight is limited, and 

whole vitamin D3 is not assumed to be synthesized within 

bird's skin. Hence, bulk of the vitamin D requirements is met 

by supplemental vitamin D3 (Afsharmanesh and Pourreza, 

2005). Dietary vitamin D3 is not completely available as 

100% conversion to its active form is not performed by the 

birds. Series of metabolic pathways are required to convert 

vitamin D to its active form (Prosser and Jones, 2004). 

At the same time, over fortification is common under 

commercial broiler production which is reported to impair the 

solubility of other fat-soluble vitamins (Roberson et al., 

2005). There are the emerging interest of using hormonal and 

circulating forms of vitamin D (Driver et al., 2006) in poultry 

diets, because these bypasses the complex metabolic 

pathways of vitamin D. Also, vitamin D binding proteins 

show more affinity for vitamin D3 metabolites than vitamin 

D3 as such (Yousefzadeh et al., 2014).  

Therefore, in the present study, two commercially available 

products of vitamin D metabolites i.e. HyD® and Alpha D3
® 

were evaluated in terms of growth and bone mineralization in 

commercial broilers. HyD® contains circulating form of 

vitamin D i.e. 25 (OH) D3, while Alpha D3 contains 1α OH 

D3. which has an activity similar to 1, 25 (OH)2 D3.  

 

MATERIALS AND METHODS 

 

This experiment was conducted at SB Feeds Research and 
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Development Center, Islamabad. The experimental birds 

were kept on deep litter (3-4 cm) with rice husk as litter. Birds 

were vaccinated against Infectious Bronchitis (IB) on day 1st, 

Newcastle disease (ND) on day 12th, and Hydropericardium 

Syndrome (HPS) on day 15th. Booster shots of ND and IB 

were given on day 20th. 

Experimental birds and diets: Four hundred eighty, day-old 

Hubbard broiler chicks of similar weights (40g±1g) were used 

in this experiment. Chicks were individually weighed and 

randomly divided into sixteen experimental units/ pens (size 

6×5 sq. ft) of thirty chicks per pen.  

A basal low nutrient density diet (CP 20%; ME 2900 Kcal/kg) 

was formulated. Ingredients used in basal diet are presented 

in Table 1. While, chemical composition of basal diet is given 

in Table 2. The chemical composition of diet was determined 

by following the procedure as described in the recent studies 

(Arslan and Culpan, 2017; Hassan et al., 2017; Vasileva and 

Naydenova, 2017; Zulfiqar et al., 2017). The basal diet 

(control) was without any source of vitamin D, whereas 

Vitamin D3, HyD or Alpha D3 were added to the basal diet 

after mixing with vitamin and mineral premix to constitute 

treatments VD3, HyD and Alpha D3, respectively. All the 

ingredients used in experimental diets were provided by a 

commercial feed mill, Sadiq Feed Mill (Pvt. Ltd.) 

Rawalpindi, Pakistan. Experimental diets were prepared in 

Sadiq Feed Mill (Pvt. Ltd.) Rawalpindi, Pakistan following 

the guideline given by production manager. The experimental 

units were randomly allotted to these treatments (control, 

VD3, HyD and Alpha D3) with final distribution of 4 

units/treatment. The allocated diets and fresh water were 

made available to the bird’s ad libitum for 35 days. The birds 

were allowed 23 h light and the light intensity was maintained 

between 10-12 lux throughout the experimental trail.  

 

Table 1. Ingredient composition of t basal diet 

Ingredients Parts (g/kg) 

Maize 589.00 

Rice polishing 30.00 

Soybean meal 184.90 

Rapeseed meal 40.00 

Sunflower meal 129.00 

Marble chips (CaCO3) 7.40 

Bone ash 10.20 

Salt 3.00 

L-Lysine HCl 1.39 

DL- Methionine 1.10 

*Phytase 1.00 

**Vitamin/ mineral premix 3.00 

Total 1000.00 
Phyzyme use as phytase enzyme, which is a product of VERENIUM 

INDUSTRY, EVOLVEDTM; ** Vitamin A 35 IU/Kg, vitamin E 75 

IU/Kg, vitamin K3 (Menadione) 3.6 mg/Kg, Thiamine 1.7 mg/Kg, 

Riboflavin10 mg/Kg, Niacin 35 mg/Kg, Pantothenic acid 11.1 

mg/Kg, Pyridoxine 3.1mg/Kg, Folic acid 1.1mg/Kg, 

Cynocobalalamine 1.2 mg/Kg, Biotin11.1 mg/Kg, Magnesium 

sulphate 18mg/Kg and Zinc sulphate 2 mg/Kg 

 

Table 2. Nutrient composition of the basal diet 

(Calculated) 

Nutrients Composition (DM%) 

Crude protein  20.00 

M.E. (Kcal/Kg) 2900.00 

Crude fiber  5.32 

Ether Extract  3.11 

 Digestible lysine  1.00 

 Digestible methionine  0.50 

Calcium  0.80 

Available Phosphorus 0.39 

Linoleic acid 1.53 

Sodium  0.20 

Potassium 0.87 

 

Growth and carcass yield: Data on feed intake and body 

weight for each replicate were collected on day 21and 35. and 

body weight gain and Feed:Gain were calculated. On day 21 

and 35, two birds from each replicate were randomly picked 

up and slaughtered for determining carcass yield and internal 

organ weight (liver, gizzard and heart). Birds were 

slaughtered humanly, and carcass parameters were measured 

by the protocol described in recent study of Hussain et al. 

(2018). In brief, birds were fasted for six hours before 

slaughter. Birds were slaughtered by cutting the carotid 

arteries for complete bleeding followed by de-feathering, 

shanks, viscera and removal of head. Slaughter weight and 

carcass weight were determined, and carcasses were cut up to 

measure breast, thigh, and abdominal fat weights. Carcass 

yield was calculated as a percentage of slaughter weight, and 

breast, thigh, and abdominal fat yields as a percentage of 

carcass weight. 

Serum calcium and phosphorus: On days 21 and 35, blood 

sample were collected from each replicate for collection of 

serum as described by the Toghyani et al. (2012). In brief, 

blood in 5mL syringe were collected by wing vein puncture 

from two birds randomly picked from each replicate. Serum 

separated and stored in Eppendorf tubes for calcium and 

phosphorus analysis. The serum calcium and phosphorus 

were determined photometrically using commercial kits 

diagnostic kits (Calcium AS FS (Diasys) and Fluitest PHOS-

Analyticon Biotechnologies AG). 

Bone mineralization: Bone mineraliztion was determined as 

described by Nourmohammadi et al. (2016). In brief, bone 

mineralization was measured in terms of tibial density, ash, 

Ca and P on days 21 and 35. For this purpose, right tibia of 

slaughtered birds was removed. Then meat portion was 

removed and tibia was scrubbed by knife. The scrubbed tibia 

was dried in oven at 105oC till constant weight. After drying, 

tibia was de-oiled by immersing in the extracting chamber for 

1 hour of Soxhlet apparatus filled with petroleum ether. Dried 



Vitamin D enhances broiler growth 

 257 

tibia was used for determining tibial density, ash, calcium and 

phosphorus. 

Tibial density: Tibial density (g/cm3) was measured by 

weight to volume ratio. For estimating tibia volume, it was 

sunk in water taken in a graduated glass cylinder (100 mL) 

and rise in water level with immersed tibia was recorded. 

Difference between initial and final volume was used to 

determine tibial volume. 

𝑇𝑖𝑏𝑖𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
Weight of tibial (gram)

Volume of tibia (ml) 
 

Tibia ash and Tibia calcium and phosphorus contents: Tibia 

ash, tibia calcium and phophorus mineraliztion was 

determined as described by Nourmohammadi et al. 2016. 

Dried and de-oiled tibia were ashed at 660oC for three hours 

in a Muffle furnace to determine the tibial ash. For tibia 

calcium and phosphorus, tibial ashwas transferred to100 mL 

beaker. 1-2 mL distilled water + 20mL of 50:50 HCl and few 

drops of HNO3were added. This mixture was boiled for few 

minutes. On cooling down, it was filtered and volume made 

to 250 mL. The filtrate was used for the determination of 

calcium and phosphorus photometrically using commercial 

diagnostic kits (Calcium AS FS (Diasys) and Fluitest PHOS-

Analyticon Biotechnologies AG). 

 

Statistical Analysis: Data collected were analyzed using 

Completely Randomized Design of Analysis of Variance 

Technique by using SAS. Treatment means were compared 

by DMR test (Steel et al., 1996).  

 

RESULTS AND DISCUSSION 

 

Bird growth and carcass yield: Results showed that 

supplementation of vitamin D3, Alpha D3 and HyD to the 

basal diet did improve the growth performance of birds during 

the during the starter phase (Table 3). However, lack of 

response in growth of broilers up to 14 days (Whitehead et al., 

2004) and 17 days (Roberson et al.,1999) of age with 

supplemental 25(OH)D3 has been reported previously which 

could be due to the presence of maternal cholecalciferol. 

Chicks showed better growth whose parents (breeder) were 

fed diets supplemented with 25(OH)D3 than those with 

vitamin D3 (Atencio et al., 2005). 

In the starting phase (day 1-21) supplementation of vitamin D 

sources improved body weight and feed conversion ratio 

(Table 3), however, the difference among vitamin D sources 

was non-significant (P>0.05). These findings are in 

agreement with the findings of Fritts and Waldroup (2003) 

who used different sources and levels of vitamin D. Graded 

levels of vitamin D3 demonstrated significant improvement 

(P<0.05) in weight gain, however, supplemental 25 (OH) D3 

showed no response at different levels. Yarger et al. (1995) 

reported that supplementation of 25 (OH) D3 showed little 

improvement in body weight when it was replaced with 

vitamin D3. These results are in agreement with those of 

Mitchell et al. (1997) and Kasim and Edwards (2000) who 

stated that supplementation of vitamin D sources improved 

body weight.  

During finisher phase (day 22-35), response of vitamin D3 and 

its metabolites in terms of weight gain and feed:gain was 

significantly higher than control. The response by HyD and 

Alpha D3 was more marked than vitamin D3. Overall, the 

results of the trial showed that vitamin D sources improved 

growth response and feed:gain over control from day 1-35 

(Table 3). Huff et al. (2005) also reported improved weight 

gain with supplemental 25(OH) D3. Robeson et al. (2009) 

reported improved feed conversion ratio with 

supplementation of 25(OH) D3 than vitamin D3. 

Carcass response, in general, is related to the growth of birds. 

In the present study, supplementation of different sources of 

vitamin D did not show any considerable effect on carcass 

(Table 4). Breast meat was observed to be improved in 

response to vitamin D sources only on day 21.  

Vitamin D and Bone mineralization: Bone mineralization 

which is mainly deposition of calcium hydroxyapatite 

(Ca10(PO4)6(OH)2) in the inorganic matrix of bones depends 

on the concurrent availability of calcium, phosphate, vitamin 

Table 3. Effect of different vitamin D sources on feed intake, growth and feed:gain. 

Age  Parameters Experimental diets  

SEM 

 

C VD3 HyD Alpha D3 P value 

1-21  Feed intake (g) 1009 959 958 921 13.92 0.10 

Weight gain (g) 637c 708a 683ab 663bc 7.98 0.002 

Feed:gain (g/g) 1.58a 1.35b 1.40b 1.38b 0.03 0.01 

22-35 Feed intake (g) 1324 1408 1532 1431 41 0.3 

Weight gain (g) 620b 752ab 838a 783a 28 0.03 

Feed:gain (g/g) 2.11b 1.87a 1.83a 1.82a 0.005 0.03 

1-35 Feed intake (g) 2323 2367 2490 2353 41 0.5 

Weight gain (g) 1258b 1460a 1521a 1446a 34 0.02 

Feed:gain (g/g) 1.84a 1.62b 1.64b 1.62b 0.03 0.005 
Values having different super-scripts show significant difference (P<0.05); Treatment C: control: without vitamin D, Treatment VD3: 

vitamin D3 360000IU/kg , Treatment HyD: HyD 220800IU/Kg and Treatment Alpha D3: Alpha D3 500000IU/Kg 
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D and alkaline phosphatase (Rasmussen and Bordier, 1973). 

Bone mineralization in experimental birds was determined in 

terms of tibial density, tibial ash, tibial calcium and 

phosphorus, and toe ash. Tibial ash was observed to be 

statistically improved (P<0.05) with the supplementation of 

HyD and Alpha D3 over vitamin D3 on day 21. This trend, 

however, could not be maintained, though numerical 

improvement was observed on day 35. Decreasing trend in 

density by advancing age is a clear indication that the rate of 

mineralization does not have the same pace as that of growth 

in broilers. 

This is notable that all vitamin D sources significantly 

improved (P<0.05) tibial density, tibial ash and toe ash over 

control. Tibial ash (comprising mainly calcium and 

phosphorus) content was significantly (P<0.05) improved in 

response to vitamin D sources both on day 21 and 35 possibly 

by improved absorption of calcium and phosphorus from 

intestinal lumen (Tanaka et al., 1971; Tanaka et al., 1972; 

Tanaka and DeLuca, 1974). It was observed that 1, 25-

dihydroxy vitamin D3 was more efficient in improving tibial 

ash than vitamin D3. 
Likewise, Alpha-D3 containing 1α (OH) D3 was 8 times more 

efficient in improving tibial ash content (Edwards et al., 

2002). Tibial calcium was improved (P<0.05) with the 

supplementation of vitamin D sources over control both on 

day 21 and 35. Tibial phosphorus was observed to be 

numerically improved with supplementation of vitamin D 

sources on day 21. Tibial phosphorus was observed to be 

significantly (P<0.05) improved with HyD and Alpha D3 in 

the finishing stage. Lohakare et al. (2005) demonstrated that 

by enhancing the level of vitamin D3 from 200 to 800 IU/Kg 

numerically improved tibial calcium and phosphorus. Han et 

al. (2009) reported that supplementation of 1α (OH) D3 

improved both tibial calcium and phosphorus content. 

Vitamin D metabolites are reported to be quickly converted 

to enzymatic form of vitamin D (1,25(OH)2 D3) in the small 

intestine of broilers (Edelstein et al., 1978; Edelstein et al., 

1978). These results are in agreement with those of Fritts and 

Waldroup (2003) who found that tibial ash, calcium and 

phosphorus improved with the supplementation of vitamin D3 

in the diet of broilers. Vitamin D3 in breeder diet has also been 

reported to improve the bone calcification through improved 

dietary calcium absorption by stimulating calcium binding 

proteins (Driver et al., 2006). 

Results of the present study correspond closely to that of Rath 

et al. (2007). They supplemented different sources of vitamin 

D i.e. vitamin D3. 25(OH) D3 and 1,25(OH)2D3. Vitamin D 

sources improved tibial ash content but in the present study 

vitamin D metabolites enhanced tibial ash content over 

control as well as vitamin D3.  

Fritts et al. (2004) also reported that supplementation of 

25(OH) D3 improved tibial ash content over vitamin D3. Han 

et al. (2009) also demonstrated that supplementation of 

1α(OH) D3 added to the broiler diet @ 5µg/kg improved tibial 

ash. In the present study, toe ash was improved significantly 

(P<0.05) with the supplementation of HyD and Alpha D3 over 

vitamin D3 on day 21 and during finisher stage. Toe ash in 

response to different sources of vitamin D was, however, non-

significant (P>0.05). Alpha D3 and HyD numerically 

improved tibial ash content over vitamin D3. Abbasi et al. 

(2017) used 2 levels of vitamin D3 i.e. 200 and 2000 IU/Kg, 

with 25(OH) D3 added to the broiler diet @ 69µg/kg, 

however, toe ash was unchanged. Vitamin D3 and metabolites 

increased the inorganic matrix expressed as toe ash. Toe ash 

content in broiler birds were increased from 11.63 to 13.5%by 

increasing vitamin D3from 400 IU to 600 IU/kg diet. 

Serum calcium and phosphorus: Calcium (Ca+2) in 

extracellular fluid, roughly 40 percent is bound to albumin. It 

is complexed 10 percent with citrate and 50 percent exist as 

ionized calcium. The phosphorus in blood exists as 

phospholipids, ester phosphate and inorganic phosphate. The 

latter is completely ionized, existing in ionized extracellular 

Table 4. Effect of different vitamin D sources on relative organ weight and carcass response. 

Age (day) Parameters Experimental diets SEM P value 

C VD3 HyD Alpha D3 

21 

 

 

Dressing wt. (g/100g) 59.02 61.68 60.93 60.55 0.49 0.28 

Breast wt. (g/100g) 21.42b 22.28ab 23.64a 22.94ab 0.29 0.03 

Thigh wt. (g/100g) 10.25 10.40 10.03 10.22 0.12 0.30 

Liver wt. (g/100g) 2.53 2.63 2.48 2.55 0.02 0.80 

Gizzard wt. (g/100g) 1.45 1.40 1.41 1.40 0.03 0.30 

Heart wt. (g/100g) 0.54 0.57 0.53 0.52 0.01 0.10 

35 Dressing wt. (g/100g) 60.96 61.24 62.79 62.92 0.41 0.21 

 Breast wt. (g/100g) 21.53 21.70 22.46 22.00 0.24 0.59 

 Thigh wt. (g/100g) 8.87 8.90 8.95 9.00 0.10 0.90 

 Liver wt. (g/100g) 2.63 2.53 2.55 2.40 0.02 0.31 

 Gizzard wt. (g/100g) 1.400 1.407 1.417 1.450 0.03 0.95 

 Heart wt. (g/100g) 0.545 0.525 0.570 0.535 0.01 0.81 
Values having different super-scripts show significant difference (P<0.05); Treatment C: control: without vitamin D, Treatment VD3: 

vitamin D3 360000IU/kg , Treatment HyD: HyD 220800IU/Kg and Treatment Alpha D3: Alpha D3 500000IU/Kg 
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fluid. Although only a small fraction of total calcium and 

phosphorus is found in plasma. It is the plasma concentration 

of ionized calcium (Ca+2) and inorganic phosphate that are 

under hormonal control (Rose, 1977). In present trial, serum 

calcium and phosphorus were not observed to be affected with 

supplemental vitamin D sources on days 21 dictating that 

birds maintained calcium and phosphorus homeostasis, 

though both tibial ash and tibial density (g/cm3) were 

significantly higher (P<0.05) (Table 5). It is well documented 

that vitamin D has a role in improving the release/ hydrolysis 

of phytate phosphorus. The results of the present study are in 

agreement with those of Edward et al. (2002) who suggested 

that 25(OH) D3 improved the plasma calcium and 

phosphorus. In the present study, instead of cholecalciferol, 

vitamin D metabolites were used, that enhanced the serum 

calcium level over cholecalciferol supplemented and un-

supplemented groups. Also, results of the present study are 

similar to those of Huff et al. (2007) who used different 

sources of vitamin D i.e. vitamin D3, 25 (OH) D3, 1,25 (OH)2 

D3in turkeys’ diets and reported non-significant difference in 

serum calcium level. 

 

Conclusion: Based on the results, it is concluded that 

supplementation of vitamin D in any form enhance the growth 

of the broiler and feed efficiency as compare to negative 

control. However, supplementation of vitamin D forms do not 

influence the carcass parameter. It is recommended that 

vitamin D should be supplemented in the diet of broiler.  
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