
Abstract
An experiment was carried out with the objective of determining the bioavailability of calcium phosphate nanoparticles by 
supplementing calcium phosphate nanoparticles at graded levels from 50 to 100% of phosphorus content to the standard 
source (Dicalcium phosphate - coarse particle) at 10 per cent increment. Tibial bone morphometry, bone and serum 
mineral profile and carcass characters in broiler chicken were studied with mash form of feed in 70 male broiler chicks 
(Cobb 400) from day 1 to 28 indicated that the there was no significant variation in the parameters studied. The tibial 
bone ash, calcium and phosphorus content are unison for both the control and 50% calcium phosphate nanoparticles 
supplemented groups. The results indicated that the bioavailability of phosphorus in calcium phosphate nanoparticles was 
200 per cent when compared to dicalcium phosphate. This finding may help the poultry managers to minimize the feed 
transport cost and also minimize the mineral wastages.
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1.  Introduction

Supplementing calcium in poultry rations does not 
create a great impact on feed cost as most of the calcium 
sources are relatively cheaper. However, the trend is 
different with regard to phosphorus supplementation 
as phosphorus supplements are costlier and hence its 
inclusion creates an impact on feed cost. In the recent 
past various strategies have been explored to reduce 
the feed cost of poultry by reducing the cost of mineral 
supplementation. One such strategy is development of 
area specific mineral mixture and its supplementation 
which eliminates the supplementation of unwarranted 
minerals. However, this strategy is not recommended 
to intensive poultry farming. The ways for exploring 
methodologies for enhancing bioavailability of minerals 
especially phosphorus is yet another strategy to reduce 

the poultry feed cost. Nanoparticle-sized ingredients 
might increase the functionality or bioavailability of 
ingredients and nutrients, and thereby minimise the 
concentrations needed in the food product1. Nano 
form of supplementation increases the surface area 
which possibly could increase absorption2 and thereby 
utilization of minerals leading to reduction in the quantity 
of supplements and through higher bioavailability.

Current research on mineral nutrition is focused 
on reducing the inclusion levels and increasing the 
absorption of minerals by reducing their particle size in 
nanoforms3. The growing concerns with regard to the 
potential contribution of phosphorus in poultry excreta 
on eutrophication of surface waters has led to increas-
ing pressure being placed to limit the amount of excess 
phosphorus in poultry ration and thus reduce fecal out-
put of phosphorus4. Previous work by the same authors 
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based on production performance in broiler birds have 
indicated that 50% of the phosphorus concentration of 
dicalcium phosphate can be reduced by supplementing 
calcium phosphate as nanoparticles. However, bioavail-
ability of phosphorus in terms of deposition in target 
tissue Viz. Bone and the impact on serum mineral pro-
file and carcass characteristics by reducing phosphorus 
concentration in diet to the extent of 50 per cent through 
nano particles was not investigated. Hence this study 
was focused to determine bioavailability of phosphorus 
in calcium phosphate nanoparticles through bone mor-
phometric, mineral profile and carcass characteristics of 
broiler chicks. 

2.  Materials and Methods
Seventy day old male broiler chicks (Cobb- 400) belong-
ing to a single hatch were purchased from a commercial 
farm were wing banded, weighed individually and dis-
tributed randomly to the seven experimental groups of 
10 chicks each. The experimental birds were housed 
individually in five tiered, well ventilated battery cages 
provided with artificial lighting. The management prac-
tices adopted were as per the standards and were uniform 
for all the treatment groups. Graded levels of calcium 
phosphate nanoparticles (Synthesised following wet 
chemical method5) were included for 28 days. Dicalcium 
phosphate and calcite were used in control diet. The phos-
phorus content in dicalcium phosphate was replaced at 
graded level by calcium phosphate nanoparticles at 50 to 
100 per cent at 10 per cent interval. The treatment of 50% 
calcium phosphate nanoparticles means a 50% less than 
the phosphorous contribution as dicalcium phosphate 
(w/w) supplemented in control treatment. A 60, 70, 80, 
90 and 100% calcium phosphate nanoparticle mean a 40, 
30, 20, 10 and 0% less phosphorous contribution as dical-
cium phosphate supplemented in control respectively. At 
the end of 28th day, five birds from each treatment were 
slaughtered. The left tibial bone was dissected out and 
their adhered muscles together with connective tissue 
were thoroughly removed manually and boiled in water 
for five minutes and dried in hot air oven for overnight to 
study bone characteristics such as physical morphometry 
and bone ash content. De-fatting of dried bones was car-
ried out using diethyl ether, followed by petroleum spirit, 
for 16 hours each6. 

The weight of each tibial bone was recorded and 
expressed in percentage in proportion to live body 

weight. Bone morphological parameters were studied as 
per 7. The full length of each bone was measured from its 
proximal to distal end. 

The long axis width of each bone was measured at 
almost one cm below the proximal end of the dorsal sur-
face (across the flat). The short axis width of each bone 
was measured at almost one cm below the proximal end 
of the lateral surface. The mean value of long axis and 
short axis width was the actual width of the bone.

Estimation of bone ash (per cent tibia ash) of the dried 
and defatted bone was carried out as per the method of 6.

Bone ash was digested in 15 ml of 1+3 HCl, distilled 
water and 10 drops of concentrated nitric acid. The dis-
solved ash (soluble ash) was filtered via Whatman no 
42 filter paper and the soluble ash were made up to 50 
ml using distilled water. The soluble ash was assayed for 
calcium, magnesium, zinc, copper, iron and manganese 
content using atomic absorption spectrophotometer 
(Perkin-Elmer, Model 3110, 1994). Phosphorus content of 
the soluble ash was determined by Ammonium Molybdo-
Vanadate method prescribed by 6. The major minerals 
(calcium, phosphorus and magnesium) content of the 
bone were expressed in % per gram of tibia and minor 
minerals (zinc, copper, iron and manganese) as ppm per 
gram of tibia. 

The carcass parameters like carcass weight, heart 
weight, liver weight and gizzard weight were recorded 
and dressing percentage calculated. Heart, liver and giz-
zard weights were expressed in terms of their per cent 
body weight. 

Serum samples were collected from the birds at 28th 
day of age and the major minerals calcium, phospho-
rus, magnesium and minor minerals copper, zinc and 
manganese were estimated using Atomic Absorption 
Spectrophotometer (Perkin-Elmer, Model 3110, 1994) 
as per the procedure outlined in the reference manual. 
Phosphorus content of the samples was estimated by col-
orimetric method8.

Data were analysed with ANalysis Of VAriance 
(ANOVA) as per the procedure of statistical analysis sys-
tem (SPSS, version 17.0 for windows)9. When significant 
difference (P<0.05) were detected, the multiple range test 
was used to separate the mean value. 

3.  Result and Discussion
The data on mean tibial weight (g), tibial length (mm) 
and tibial width (mm), tibial ash and tibial mineral con-
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tent as influenced by various levels of calcium phosphate 
nanoparticles is presented in Table 1. There was no sig-
nificant (p<0.05) difference in tibial weight, tibial length 
and width of tibia among the various treatments. The 
mean tibial weight in broilers in the control group was 
comparable to the data recorded by 10. The mean tibial 
length and tibial width in broilers in the control group 
were comparable to the data recorded by 11.

The mean total ash per cent in broilers in the con-
trol group were comparable to the data recorded by 10. 
Supplementation of calcium phosphate nanoparticles at 
varying levels did not affect the tibial bone total ash con-
tent. The data on mean calcium, phosphorus, magnesium, 
zinc, copper, iron and manganese content as influenced 
by various levels of calcium phosphate nanoparticles 
revealed that there was no significant (p<0.05) difference 
among the various treatments in tibial bone mineral con-
tents. The mean calcium and phosphorus in broilers in 
the control group were comparable to the data recorded 
by 12. A non significant difference in weight of the tibia, 
and mean tibial bone length and width among treat-
ments indicates that the intervention made in feed does 
not influence the bone. 13,14 have recorded that calcium 
phosphate nanoparticles has similar chemical structure 
to bone and hence has a biocompatibility and bioactivity.

The data on mean carcass weight, heart weight, liver 
weight, gizzard weight (% of body weight) and dressing 
percent as influenced by various levels of calcium phos-
phate nanoparticles is presented in Table 2. 

Significant difference (p<0.05) in carcass weight 
between birds fed with control and 50% (T1) calcium 
phosphate nanoparticles was observed. The 50% calcium 
phosphate nanoparticles supplementation significantly 
(p<0.05) increased carcass weight compared to control. 
However, when these values were translated to percentage 
of body weight, a non significant difference was observed 
in dressing percentage. There was no significant differ-
ence observed among the treatments on weight of the 
heart and liver as such or when converted to percentage 
of body weight. 

There was significant difference (p<0.05) in gizzard 
weight between control and treatments except birds fed 
with 100% (T6) calcium phosphate nanoparticles. An 
incremental decrease in gizzard weight was observed as 
the level of inclusion of calcium phosphate nanoparticles 
increases. However, when these values were converted to 
percentage of body weight, an incremental increase in 
gizzard weight was observed with corresponding increase 

in supplementation of calcium phosphate nanoparticles 
that was significantly (p<0.05) higher than control group. 

A non significant difference in dressing percentage, 
weight of the heart and liver among treatments indicates 
that the intervention made in feed does not influence the 
metabolism. However, increase in the weight of gizzard 
as percentage of body weight indicates that differences in 
the particle sizes provided for chicken can significantly 
influence the development of their gut15. The gizzard is 
the principal physical food-processing organ of food in 
avian species16. The mass of the gizzard relative to body 
weight has been reported to increase with increase in 
dietary particle size17. Since the feed intake is increased 
corresponding to increase in the level of supplementation 
of calcium phosphate nanoparticle, the stress of physical 
food processing would have increased the musculature of 
gizzard leading to increased weight.  

The effect of calcium phosphate nanoparticles on 
serum mineral profile of broilers is presented in Table 3. 
There was no significant different among the treatments 
in the major minerals calcium, phosphorus, magnesium 
and minor minerals copper, zinc and manganese. The 
results obtained in this study for serum copper, zinc and 
manganese in the control diet were in agreement with the 
observation recorded by 18, for magnesium by 19 and for 
calcium and phosphorus by 20. 

Similar to the results of bone mineral profile, the 
serum mineral profile also did not show any signifi-
cant difference due to interventions made which again 
reinforces the recommendation of reducing the level of 
phosphorus supplementation to 50% by calcium phos-
phate nanoparticles as the birds were healthy.

The non significant difference in tibial bone ash, cal-
cium and phosphorus between the control group which 
received 100% dicalcium phosphate and 50% calcium 
phosphate nanoparticles groups that received only 50% 
of phosphorus of dicalcium phosphate indicated that 
the bioavailability of calcium phosphate nanoparticles is 
200% when compared to dicalcium phosphate.

4.  Conclusion
The effect of various levels of calcium phosphate nanopar-
ticles on bone physical morphomerty and mineralization 
(bone ash) in broilers indicated that comparable in weight 
of the tibia, and mean tibial bone length and width among 
treatments which in turn indicates that the interventions 
made in feed does not influence the bone. Since calcium 
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phosphate nanoparticles have similar chemical structure 
to bone it has better biocompatibility and bioactivity. The 
tibial bone ash, calcium and phosphorus content are uni-
son for control group (which received 100% dicalcium 
phosphate) and 50% calcium phosphate nanoparticles 
groups (that received only 50% of phosphorus of dical-
cium phosphate) indicated that the bioavailability of 
calcium phosphate nanoparticle is 200% when compared 
to dicalcium phosphate. The findings may have greater 
potential in poultry industry especially in feed manage-
ment and in minimizing the mineral wastages. 
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